
�

�

7ZR�3HUPDQHQW�3ORW�0HWKRGV�)RU�
0RQLWRULQJ�&KDQJHV�,Q�*UDVVODQGV��

$�)LHOG�0DQXDO�
�
�
�
�
�
6�.��:LVHU�	�$�%��5RVH�

�
�
�
0DQDDNL�:KHQXD���/DQGFDUH�5HVHDUFK�

3�2��%R[����
&KULVWFKXUFK�
1HZ�=HDODQG�

�
�
�
�
�
�
�
�
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW��/&�

�
�
�

35(3$5('�)25��
'LUHFWRU��6FLHQFH�DQG�5HVHDUFK�
'HSDUWPHQW�RI�&RQVHUYDWLRQ�
3�2��%R[��������:HOOLQJWRQ�

'$7(��$SULO������



�

��

�������
�
7KLV� UHSRUW� KDV� EHHQ� SURGXFHG� E\� /DQGFDUH� 5HVHDUFK� 1HZ� =HDODQG� /WG� IRU� WKH� 1HZ� =HDODQG�
'HSDUWPHQW� RI� &RQVHUYDWLRQ�� $OO� FRS\ULJKW� LQ� WKLV� UHSRUW� LV� WKH� SURSHUW\� RI� WKH� &URZQ� DQG� DQ\�
XQDXWKRULVHG� SXEOLFDWLRQ�� UHSURGXFWLRQ�� RU� DGDSWDWLRQ� RI� WKLV� UHSRUW� LV� D� EUHDFK� RI� WKDW� FRS\ULJKW�
DQG�LOOHJDO��
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�����0RQLWRULQJ�JUDVVODQGV� ��
���� 3HUPDQHQW�SORWV�LQ�JUDVVODQGV� ��
���� 0RQLWRULQJ�LVVXHV� ��

������ ([LVWLQJ�SHUPDQHQW�SORWV� ��
������ 1HZ�PRQLWRULQJ�SURJUDPPHV� ��
������ 0HDVXULQJ�WKH�VXFFHVV�RI�D�PRQLWRULQJ�SURJUDPPH� ��

���� ([DPSOHV�RI�VWXGLHV�XVLQJ�SHUPDQHQW�SORWV�
������ $VVHVVLQJ�DQLPDO�LPSDFWV�RQ�YHJHWDWLRQ� ���
������ 'HWHUPLQLQJ�ORQJ�WHUP�WUHQGV�LQ�H[RWLF�ZHHGV� ���
������ 4XDQWLI\LQJ�FKDQJHV�LQ�VRLO�HURVLRQ� ���
������ (YDOXDWLQJ�YHJHWDWLRQ�DIWHU�GLVWXUEDQFH� ���
������ 'HVFULELQJ�FRPSRVLWLRQDO�YDULDWLRQ� ���
������ 8QGHUVWDQGLQJ�FDXVHV�RI�FKDQJH�LQ�LQVHFW�DEXQGDQFH� ���

���� 2WKHU�XVHV�RI�SHUPDQHQW�SORWV� ���
��� 9(*(7$7,21�6$03/,1*�'(6,*1� ���

����3ORW�ORFDWLRQ� ���
���� 6DPSOH�SORW�QXPEHUV� ���
���� 0DUNLQJ�SHUPDQHQW�SORWV� ���

��� 7+(�7:2�3(50$1(17�3/27�0(7+2'6� ���
���� :UDLJKW����[����P�TXDGUDW�PHWKRG� ���

������ 3ORW�OD\RXW� ���
������ 3ORW�PHDVXUHPHQW� ���
������ 6XPPDULVLQJ�GDWD� ���

���� 6FRWW�KHLJKW�IUHTXHQF\�PHWKRG�
������ 3ORW�OD\RXW� ���
������ 3ORW�PHDVXUHPHQW� ���
������ 6XPPDULVLQJ�GDWD� ���

��� 5(0($685,1*�3/276� ���
���� :UDLJKW����[����P�TXDGUDW�PHWKRG� ���
���� +HLJKW�IUHTXHQF\�WUDQVHFWV� ���

��� '$7$�6725$*(� ���
��� 67$7,67,&$/�$1$/<6,6�2)�9(*(7$7,21�&+$1*(� ���

���� 3DLUHG�W�WHVWV�DQG�UHSHDWHG�PHDVXUHV�$129$� ���
���� 2UGLQDWLRQ�DQG�FODVVLILFDWLRQ� ���
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���� 7LPH�VHJPHQW�DQDO\VLV� ���

��� 5()(5(1&(6� ���
��� $33(1',&(6� ���

$SSHQGL[����([DPSOH�RI�D�5(&&(�'HVFULSWLRQ�6KHHW� ���
$SSHQGL[����([DPSOHV�RI�6SHFLHV�)UHTXHQF\�6KHHWV��$�DQG�%�� ���
$SSHQGL[����&RYHU�(VWLPDWH�6KHHW� ���
$SSHQGL[����'LVWDQFH�6WDWXUH�0HDVXUHPHQW�6KHHW� ���
$SSHQGL[����([DPSOH�RI�D�+HLJKW�IUHTXHQF\�6KHHW� ���
$SSHQGL[����6XPPDULVHG�+HLJKW�IUHTXHQF\�'DWD� ���

��� $&.12:/('*(0(176� ���
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&ORVH� WR� VL[W\� SHUFHQW� RI� 1HZ� =HDODQG
V� YHJHWDWLRQ� LV� JUDVVODQG� RU� D� PRVDLF� RI� JUDVVODQG� DQG�
VKUXEODQG�� 0XFK� RI� WKH� OHVV� PRGLILHG� JUDVVODQGV� KDV� KLJK� FRQVHUYDWLRQ� YDOXHV� �H�J��� DOSLQH�
WXVVRFN� JUDVVODQGV�� UHG� WXVVRFN� ZHWODQGV��� 7R� SURWHFW� WKHVH� YDOXHV� UHTXLUHV� NQRZOHGJH� RI�
JUDVVODQG� VWUXFWXUH� DQG� FRPSRVLWLRQ� DV� ZHOO� DV� KRZ� WKHVH� DUH� FKDQJLQJ�� 7KH� XVH� RI� SHUPDQHQW�
VDPSOH� SORWV� LV� UHFRJQLVHG� DV� DQ� HIIHFWLYH� ZD\� WR� PRQLWRU� VXFK� FKDQJH�� 7KLV� PDQXDO� GHVFULEHV�
WZR� PHWKRGV� ZLGHO\� XVHG� WR� PRQLWRU� JUDVVODQG� YHJHWDWLRQ� RQ� 1HZ� =HDODQG
V� &RQVHUYDWLRQ� HVWDWH��
7KH� :UDLJKW� ��� [� ��� P� TXDGUDW� LQYROYHV� FROOHFWLQJ� SODQW� VSHFLHV� IUHTXHQF\� GDWD� IURP� D� VHULHV� RI�
VXETXDGUDWV�� DVVHVVLQJ� VSHFLHV� FRYHU� DW� HLJKW� UDQGRPO\� VHOHFWHG� ORFDWLRQV�� DQG� PHDVXULQJ� VWDWXUH�
DQG� GHQVLW\� RI� WKH� GRPLQDQW� WXVVRFN� VSHFLHV� RQ� WKH� SORW�� 7KH� 6FRWW� KHLJKW�IUHTXHQF\� WUDQVHFW�
LQYROYHV� FROOHFWLQJ� SODQW� VSHFLHV� IUHTXHQF\� GDWD� RYHU� D� UDQJH� RI� KHLJKW� WLHUV� IURP� D� VHULHV� RI�
VXETXDGUDWV� DORQJ� D� ��� P� WUDQVHFW�� $SSOLFDWLRQV� RI� WKH� WZR� PHWKRGV� DUH� GLVFXVVHG� DQG� VWDQGDUG�
GDWD�FROOHFWLQJ�SURWRFROV�DUH�RXWOLQHG��0HWKRGV�IRU�VXPPDULVLQJ�DQG�DQDO\VLQJ�GDWD�DUH�RXWOLQHG��
�
�
.H\ZRUGV�� FRQVHUYDWLRQ�� HQYLURQPHQWDO� PRQLWRULQJ�� JUDVVODQG�� LQYHQWRU\�� SHUPDQHQW� VDPSOH�
SORWV�
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�����0RQLWRULQJ�JUDVVODQGV�
�
:K\� KDYH� D�PDQXDO� RQ� JUDVVODQG�PRQLWRULQJ"� %HWZHHQ� ILIW\� DQG� VL[W\� SHUFHQW� RI�1HZ�
=HDODQG
V� YHJHWDWLRQ� LV� JUDVVODQG� RU� D� JUDVV�VKUXE� PRVDLF� �%ODVFKNH� HW� DO�� ������ 'DO\�
������� 7KLV� UDQJHV� IURP� DOSLQH� WXVVRFN� JUDVVODQGV� GRPLQDWHG� E\� VQRZ� WXVVRFNV�
�&KLRQRFKORD� VSS��� WR� SDVWRUDO� ODQGV� DW� ORZHU� DOWLWXGHV� GRPLQDWHG�E\� LQWURGXFHG�JUDVVHV�
VXFK�DV�EURZQWRS��$JURVWLV�FDSLOODULV��DQG�VZHHW�YHUQDO��$QWKR[DQWKXP�RGRUDWXP���'DO\�
������ :DUGOH� ������� 6RPH� JUDVVODQGV� RFFXS\� VLWHV� ZKHUH� HQYLURQPHQWDO� FRQGLWLRQV�
QDWXUDOO\� SUHFOXGH� WUHH� RU� VKUXE� JURZWK� �H�J��� DOSLQH� DQG� ZHWODQG� DUHDV��� RWKHUV� ZHUH�
LQGXFHG�DIWHU�SRGRFDUS�RU�EHHFK�IRUHVWV�ZHUH�EXUQW�E\�3RO\QHVLDQV�IURP������WR�����\HDUV�
E�S�� �0ROOR\�HW� DO�������� DQG� E\�(XURSHDQ� VHWWOHUV� LQ� WKH� ODVW� ���� \HDUV�� 6RPH� LQGXFHG�
JUDVVODQGV�DUH�PDLQWDLQHG�EHFDXVH�JUD]LQJ�RU�EXUQLQJ�SUHYHQWV�WKHLU�UHYHUVLRQ�WR�VKUXEODQG�
RU� IRUHVW��&RQVHUYDWLRQ�PDQDJHPHQW� LVVXHV� GLIIHU� EHWZHHQ�JUDVVODQG� W\SHV��)HUDO� DQLPDO�
LPSDFWV� DQG� FOLPDWH� FKDQJH� DUH�PDMRU� FRQFHUQV� IRU� DOSLQH� JUDVVODQGV�� UHWDLQLQJ� DQ�RSHQ�
FRQGLWLRQ� �IRU� DHVWKHWLF� RU� FXOWXUDO� UHDVRQV�� ZKLOH� SUHYHQWLQJ� LQYDVLYH� ZHHG� VSUHDG�
FRPPDQGV�PRUH�DWWHQWLRQ�IRU�LQGXFHG�JUDVVODQGV�DW�ORZHU�HOHYDWLRQV��
�
,Q�JUDVVODQGV��DV�IRU�YLUWXDOO\�DOO�HFRV\VWHPV��FKDQJH�LV�WKH�UXOH�UDWKHU�WKDQ�WKH�H[FHSWLRQ��
/RQJ�WHUP� UHVHDUFK�DQG�PRQLWRULQJ� LV� LPSRUWDQW� IRU�XQGHUVWDQGLQJ� WKH�GLUHFWLRQ�� FDXVHV��
DQG�FRQVHTXHQFHV�RI�VXFK�FKDQJH��/LNHQV�������&UDLJ�������5R\DO�6RFLHW\�RI�1HZ�=HDODQG�
�������)RU�FRQVHUYDWLRQ��PRQLWRULQJ�LV�HVVHQWLDO�WR�SURYLGH�FRQFUHWH�HYLGHQFH�WKDW�VSHFLILF�
PDQDJHPHQW�DFWLRQV�DUH�QHHGHG��WR�HIILFLHQWO\�DOORFDWH�PDQDJHPHQW�UHVRXUFHV��WR�HYDOXDWH�
WKH�UHVXOWV�RI�GLIIHUHQW�PDQDJHPHQW�UHJLPHV��DQG�WR�PRGLI\�PDQDJHPHQW�DV�UHTXLUHG��:KLWH�
	�%UDWWRQ��������������
�
1HZ�=HDODQG�KDV�DQ�LQYDOXDEOH�QHWZRUN�RI�SHUPDQHQW�YHJHWDWLRQ�SORWV� LQ�JUDVVODQGV�DQG�
IRUHVWV�� PDQ\� RI� ZKLFK� ZHUH� HVWDEOLVKHG� EHIRUH� ����� �)RUHVW� 5HVHDUFK� ,QVWLWXWH� ������
6WHZDUW�HW�DO��������0HXUN�	�%X[WRQ�������+DOO�HW�DO��������� ,Q� UHFHQW�\HDUV��KRZHYHU��
UHVHDUFK� SULRULWLHV� KDYH� VKLIWHG� WR� VKRUW�WHUP� SURMHFWV� ODUJHO\� EHFDXVH� RI� JRYHUQPHQW�
UHVWUXFWXULQJ�� IXQGLQJ� VKLIWV�� DQG� WKH� LQFUHDVLQJ� RULHQWDWLRQ� WR� FRQWUDFW�EDVHG� UHVHDUFK�
�6WHZDUW�HW�DO��������6WHYHQ��������&KDQJHV�LQ�RUJDQLVDWLRQDO�VWUXFWXUH�KDYH�GLVUXSWHG�WKH�
FRQWLQXLW\� HVVHQWLDO� WR� ORQJ�WHUP�PRQLWRULQJ��$W� WKH� VDPH� WLPH� WKHUH�KDV�EHHQ� D� FDOO� IRU�
LQFUHDVHG�HQYLURQPHQWDO�PRQLWRULQJ�E\�JRYHUQPHQW�DJHQFLHV�DQG�VFLHQWLVWV��H�J���0LQLVWU\�
IRU� WKH�(QYLURQPHQW�������������&UDLJ�������5R\DO�6RFLHW\�RI�1HZ�=HDODQG�������1HZ�
=HDODQG�(FRORJLFDO�6RFLHW\�DQG�1HZ�=HDODQG�6RFLHW\�RI�6RLO�6FLHQFH��������DQG�VWDWXWRU\�
REOLJDWLRQV�WR�SURWHFW�YHJHWDWLRQ�XQGHU�WKH�:LOG�$QLPDO�&RQWURO�$FW�������&RQVHUYDWLRQ�
$FW������DQG�5HVRXUFH�0DQDJHPHQW�$FW������GHSHQG�RQ�UHVRXUFH�PRQLWRULQJ��0RQLWRULQJ�
UHTXLUHV� UHSHDWHG� GDWD� FROOHFWLRQ� DW� SHUPDQHQW�� ZHOO�GHILQHG� ORFDWLRQV� �-RQJPDQ� HW� DO��
�������$SSURDFKHV�XVHG�RQ�FRQVHUYDWLRQ�ODQGV�KDYH�YDULHG�ZLWK�WKH�VFRSH�DQG�REMHFWLYHV�
RI�GLIIHUHQW�VWXGLHV��$SSURDFKHV�XVHG�KDYH�LQFOXGHG��
x� DHULDO�SKRWRJUDSK\�RU�VDWHOOLWH�LPDJHU\�WR�GHWHFW�VKLIWV�EHWZHHQ�JUDVVODQG�DQG�RWKHU�

YHJHWDWLRQ�W\SHV�RYHU�WLPH�DQG�WR�XSGDWH�PDSV�RI�JHQHUDOLVHG�YHJHWDWLRQ�FDWHJRULHV��H�J��7LPPLQV�
HW�DO���������

�
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�� UHSHDW�SKRWRJUDSK\�WR�VKRZ�FKDQJHV�LQ�JUDVVODQG�FRQGLWLRQ�RU�YHJHWDWLRQ�ERXQGDULHV�
�H�J���0DUN�������5R[EXUJK�HW�DO��������

�� PDSSLQJ�LQGLYLGXDO�SODQW�SRVLWLRQV�WR�GHWHUPLQH�YHJHWDWLRQ�WUDQVLWLRQV�DW�VSHFLILF�SRLQWV�
�H�J���/RXJK�HW�DO��������DQG�TXDQWLI\�VXUYLYDO�DQG�UHFUXLWPHQW�RI�LQGLYLGXDOV��H�J���
3ULPDFN��������

�� PHDVXULQJ�LQGLYLGXDOO\�WDJJHG�SODQWV�WR�VWXG\�JURZWK�UDWHV�DQG�UHSURGXFWLRQ��H�J���
6HZHOO�������3D\WRQ�	�0DUN��������

�� SHUPDQHQWO\�PDUNHG�SORWV�WR�TXDQWLWDWLYHO\�DVVHVV�FRPSRVLWLRQDO�FKDQJH��H�J���0HXUN�
������5RVH�	�3ODWW�������6FRWW�HW�DO���������

�
7KLV� PDQXDO� LV� D� JXLGH� WR� JUDVVODQG� YHJHWDWLRQ� PRQLWRULQJ� RQ� FRQVHUYDWLRQ� ODQGV�� DQG�
XSGDWHV� DQ� HDUOLHU� PDQXDO� �$OOHQ� HW� DO�� ������� 7KH� WZR� PHWKRGV� RXWOLQHG� KDYH� DOVR� EHHQ�
XVHG� LQ� RWKHU� VKRUW�VWDWXUHG� YHJHWDWLRQ� �H�J��� DOSLQH� KHUEILHOGV�� DQG� RFFDVLRQDOO\� LQ�
VKUXEODQGV� �H�J��� 'LFNLQVRQ� HW� DO�� ������� 7KH� :UDLJKW� ��� [� ��� P� TXDGUDW� PHWKRG� LQYROYHV�
FROOHFWLQJ� SODQW� VSHFLHV� IUHTXHQF\� GDWD� IURP� D� VHULHV� RI� VXETXDGUDWV�� GHWHUPLQLQJ� VSHFLHV�
FRYHU� DW� HLJKW� UDQGRPO\� VHOHFWHG� ORFDWLRQV�� DQG� PHDVXULQJ� VWDWXUH� DQG� GHQVLW\� RI� WKH�
GRPLQDQW� WXVVRFN� VSHFLHV�� 7KH� 6FRWW� KHLJKW�IUHTXHQF\� WUDQVHFW� PHWKRG� LQYROYHV� FROOHFWLQJ�
SODQW� VSHFLHV� IUHTXHQF\� GDWD� IURP� D� VHULHV� RI� VXETXDGUDWV� DORQJ� D� ��� P� WUDQVHFW�� 'DWD� DUH�
FROOHFWHG� IURP� D� UDQJH� RI� KHLJKW� WLHUV� WR� SURYLGH� LQIRUPDWLRQ� RQ� ERWK� VWUXFWXUH� DQG�
FRPSRVLWLRQ�� ,QVWUXFWLRQV� IRU� FRPSXWHU� GDWD� HQWU\�� VXPPDU\�� DQG� DQDO\VLV� ZLOO� EH� SURYLGHG�
LQ�D�FRPSDQLRQ�PDQXDO��+DOO���������
�
����3HUPDQHQW�SORWV�LQ�JUDVVODQGV�
�
&DOGHU
V� EHOW� WUDQVHFWV�� HVWDEOLVKHG� DW� $UWKXU
V� 3DVV� IURP� ����� WR� ������ ZHUH� WKH� ILUVW�
SHUPDQHQWO\� PDUNHG� SORWV� LQ� FRQVHUYDWLRQ� JUDVV�VKUXEODQGV� �&RFND\QH� 	� &DOGHU� �������
)URP� WKH� ����V� WR� WKH� PLG� ����V� FDWFKPHQW� ERDUGV� HVWDEOLVKHG� SHUPDQHQW� SORWV� DQG�
H[FORVXUHV� LQ� 1RUWK� &DQWHUEXU\�� 2WDJR�� DQG� 6RXWK� &DQWHUEXU\�� 7KH� SXUSRVH� RI� WKHVH� SORWV�
ZDV� WR� GHWHUPLQH� FRQVHTXHQFHV� RI� EXUQLQJ�� UHVWULFWLRQ� RI� RU� UHWLUHPHQW� IURP� JUD]LQJ��
RYHUVRZLQJ�� DQG� WRSGUHVVLQJ� RQ� YHJHWDWLRQ� FRYHU� DQG� HURVLRQ� RI� SDVWRUDO� OHDVHKROG� ODQG�
�'LFN� ������ 6FRWW� HW� DO�� ������ 0HXUN� 	� %X[WRQ� ������� )RUPHU� FDWFKPHQW� ERDUGV� DUH� QRZ�
LQFRUSRUDWHG� LQWR� WKH� FRUUHVSRQGLQJ� UHJLRQDO� FRXQFLOV�� 6RPH� RI� WKHVH� SORWV� FRQWLQXH� WR� EH�
PRQLWRUHG� HLWKHU� E\� WKH� UHJLRQDO� FRXQFLOV� WKHPVHOYHV� RU� WKURXJK� FRQWUDFWV� ZLWK� UHVHDUFK�
DJHQFLHV��
�
%\� IDU� WKH� JUHDWHVW� QXPEHU� RI� SHUPDQHQW� JUDVVODQG� SORWV� ZDV� HVWDEOLVKHG� E\� WKH� 1HZ�
=HDODQG� )RUHVW� 6HUYLFH� IURP� �������� WR� ��������� 6RPH� ����� SORWV� DUH� GLVWULEXWHG� IURP�
6WHZDUW� ,VODQG� WR� +DZNHV� %D\�� (DUO\� HIIRUWV� ZHUH� PRWLYDWHG� E\� D� QHHG� WR� PRQLWRU� WKH�
FRQGLWLRQ� RI� IRUHVWV� DQG� DOSLQH� JUDVVODQGV� DQG� VKUXEODQGV� IRU� ZDWHUVKHG� SURWHFWLRQ� �:UDLJKW�
������ DQG� WR� FRPSO\� ZLWK� REOLJDWLRQV� WR� FRQWURO� IHUDO� DQLPDOV� XQGHU� WKH� 1R[LRXV� $QLPDOV�
$FW� ������ ,PSDFWV� RI� LQWURGXFHG� EURZVLQJ� PDPPDOV�� WKHQ� WKRXJKW� WR� DFFHOHUDWH� HURVLRQ�� ZHUH�
HPSKDVLVHG��+ROORZD\��������
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(DUO\� JUDVVODQG� SORWV� FURVVHG� HFRWRQHV� EHWZHHQ� HURGHG�
DUHDV� RU� VFUHHV� DQG� FORVHG� FRPPXQLWLHV�� DQG� ZHUH� HVWDEOLVKHG� WR� KHOS� XQGHUVWDQG� WKH�
HURVLRQ� SURFHVV�� /DWHU� HPSKDVLV� VKLIWHG� WR� XQGHUVWDQGLQJ� YHJHWDWLRQ� FRPSRVLWLRQ� DQG�
DQLPDO� LPSDFWV� DFURVV� WKH� UDQJH� RI� DOSLQH� DQG� PRQWDQH� JUDVVODQGV� ZKHUH� LQWURGXFHG�
DQLPDOV� RFFXUUHG� �+ROORZD\� ������ $OOHQ� HW� DO�� ������ )RUHVW� 5HVHDUFK� ,QVWLWXWH� �������
([FORVXUHV� ZHUH� XVHG� LQ� FRQMXQFWLRQ� ZLWK� SHUPDQHQW� SORWV� LQ� VRPH� DUHDV� �6WHZDUW� HW� DO��
������� 2ULJLQDOO\�� SORWV� ZHUH� HVWDEOLVKHG� DQG� UHPHDVXUHG� E\� WKH� )RUHVW� DQG� 5DQJH�
([SHULPHQW� 6WDWLRQ�� 5DQJLRUD�� ZKLFK� ODWHU� EHFDPH� WKH� )RUHVW� DQG� :LOGODQGV� (FRV\VWHPV�
'LYLVLRQ� RI� WKH� )RUHVW� 5HVHDUFK� ,QVWLWXWH� DQG� LV� QRZ� LQFRUSRUDWHG� LQWR� /DQGFDUH� 5HVHDUFK�
1HZ� =HDODQG� /WG�� )RUHVW� 6HUYLFH� &RQVHUYDQFLHV� WRRN� UHVSRQVLELOLW\� IRU� VRPH� PRQLWRULQJ�
IURP� WKH� PLG� ����V� �+DOO� HW� DO�� ������� 6RPH� SORWV� KDYH� QHYHU� EHHQ� UHPHDVXUHG�� RWKHUV�
KDYH� EHHQ� UHPHDVXUHG� DV� UHFHQWO\� DV� ������ EXW� PRVW� KDYH� QRW� EHHQ� UHPHDVXUHG� IRU� DW� OHDVW�
��� \HDUV�� ,QLWLDO� ILQGLQJV� ZHUH� UHSRUWHG� LQ� QXPHURXV� LQ�KRXVH� UHSRUWV�� ,Q� ����� WKH� 1DWLRQDO�
,QGLJHQRXV� 9HJHWDWLRQ� 6XUYH\� 'DWDEDVH� EHJDQ� WR� FRPSXWHULVH�� FHQWUDOLVH� DQG� VWDQGDUGLVH�
WKH� LQGLJHQRXV� YHJHWDWLRQ� VXUYH\� DQG� SHUPDQHQW� SORW� GDWD� FROOHFWHG� E\� WKH� )RUHVW� 6HUYLFH�
�+DOO�HW�DO���������7KH�JUDVVODQG�SHUPDQHQW�SORW�GDWD�DUH�FXUUHQWO\�EHLQJ�LQFRUSRUDWHG��
�
,Q� WKH� HDUO\� ����V�� WKH� IRUPHU� 'HSDUWPHQW� RI� /DQGV� DQG� 6XUYH\� EHJDQ� D� YHJHWDWLRQ�
PRQLWRULQJ� SURJUDPPH� IRU� &URZQ� /DQG� 0DQDJHPHQW� $UHDV� LQFOXGLQJ� 6RXWK� ,VODQG�
KLJK�FRXQWU\� SDVWRUDO� OHDVH� ODQG� �VHH� :HEVWHU� ������� .QLJKW�)UDQN� 1HZ� =HDODQG� /WG�� QRZ�
PDLQWDLQV� WKH� SURJUDPPH� DV� SDUW� RI� D� FRQWUDFW� WR� DGPLQLVWHU� &URZQ� SDVWRUDO� OHDVHV�� 2YHU�
����� SHUPDQHQW� SORWV� KDYH� EHHQ� HVWDEOLVKHG� LQ� ���� VXUYH\� DUHDV� RYHU� D� UDQJH� RI� YHJHWDWLRQ�
W\SHV�� 0DQ\� SORWV� DUH� RQ� FRQVHUYDWLRQ� ODQGV� WKDW� ZHUH� JUD]HG� LQ� WKH� SDVW�� 7KH� SULPDU\� JRDO�
LV� WR� GHWHUPLQH� YHJHWDWLRQ� UHVSRQVH� WR� UHWLUHPHQW� IURP� JUD]LQJ� DQG� YDULRXV� PDQDJHPHQW�
UHJLPHV� DQG� DFWLYLWLHV�� 0HWKRGV� XVHG� LQFOXGH� TXDQWLWDWLYH� YHJHWDWLRQ� VDPSOLQJ� DORQJ�
SHUPDQHQWO\� PDUNHG� WUDQVHFWV�� VWHUHRSKRWR� SDLUV�� UHOHYHV�� DQG� SKRWRSRLQWV�� ([FORVXUHV�
ZHUH� HVWDEOLVKHG� DW� VRPH� VLWHV�� &RQWUROOHG� DJURQRPLF� ILHOG� WULDOV� KDYH� EHHQ� FDUULHG� RXW� DV�
ZHOO��
�
6SHFLILF� PRQLWRULQJ� VWXGLHV� KDYH� EHHQ� FDUULHG� RXW� E\� LQGLYLGXDOV� DVVRFLDWHG� ZLWK�
XQLYHUVLWLHV� RU� JRYHUQPHQW� GHSDUWPHQWV� RWKHU� WKDQ� WKRVH� GHVFULEHG� DERYH�� H�J��� WKH� IRUPHU�
%RWDQ\� DQG� *UDVVODQGV� 'LYLVLRQV� RI� '6,5� �QRZ� SDUW� RI� WKH� QHZ� &URZQ� 5HVHDUFK�
,QVWLWXWHV��� WKH� 0LQLVWU\� RI� $JULFXOWXUH� DQG� )LVKHULHV�� DQG� WKH� 1DWLRQDO� :DWHU� DQG� 6RLO�
&RQVHUYDWLRQ�2UJDQLVDWLRQ��0RVW�VXFK�VWXGLHV�ZHUH�LQLWLDWHG�DIWHU�������0HXUN�	�%X[WRQ�
�������
�
����0RQLWRULQJ�LVVXHV�
������([LVWLQJ�SHUPDQHQW�SORWV�

7KH� ������ SHUPDQHQW� SORWV� HVWDEOLVKHG� LQ� JUDVVODQGV� �6WHZDUW� HW� DO�� ������ 0HXUN� 	� %X[WRQ�
������ DUH� DQ� LQYDOXDEOH� UHVRXUFH� IRU� XQGHUVWDQGLQJ� FKDQJH� LQ� JUDVVODQG� YHJHWDWLRQ�� ,Q� WKH�
FXUUHQW� IXQGLQJ� HQYLURQPHQW�� LQLWLDWLRQ� RI� QHZ� ODUJH�VFDOH� JUDVVODQG� PRQLWRULQJ� SURJUDPPHV� LV�
XQOLNHO\�� QHZ� PRQLWRULQJ� ZLOO� EH� OLPLWHG� WR� DGGUHVVLQJ� VSHFLILF� SUREOHPV�
�6WHYHQ� ������ RU� SURYLGLQJ� EDVHOLQH� GDWD� LQ� XQXVXDO� KDELWDWV� ZKHUH� QR� SHUPDQHQW� SORWV�
H[LVW�� $V� D� FRQVHTXHQFH�� H[LVWLQJ� SHUPDQHQW� SORWV� ZLOO� IRUP� WKH� EXON� RI� WKH� JUDVVODQG�
PRQLWRULQJ� QHWZRUN�� RSSRUWXQLWLHV� WR� DSSO\� LPSURYHG� PHWKRGV� WR� QHZ� SORWV� PD\� EH� OLPLWHG��
$� SUHVVLQJ� LVVXH� LV� ZKHWKHU� H[LVWLQJ� SORWV� ZLOO� EH� UHPHDVXUHG� DQG� PDLQWDLQHG� DW� DOO�� ,I� WKH\�
DUH� WR� EH� DEDQGRQHG�� WKLV� PXVW� EH� D� FRQVFLRXV� GHFLVLRQ� UDWKHU� WKDQ� DQ� RXWFRPH� DULVLQJ� E\�
GHIDXOW��



�
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������ 1HZ�PRQLWRULQJ�SURJUDPPHV�

,Q� QHZ� PRQLWRULQJ� SURJUDPPHV�� REMHFWLYHV� QHHG� WR� EH� FOHDUO\� VWDWHG� IURP� WKH� RXWVHW�
�6WHZDUW� HW� DO�� ������ +HDO� ������ $OOHQ� ������� 2EMHFWLYHV� PD\� EH� QDUURZ� �H�J��� UHODWLQJ� WR� D�
VSHFLILF� TXHVWLRQ� RU� PDQDJHPHQW� REMHFWLYH�� RU� EURDG� �H�J��� WR� SURYLGH� EDVHOLQH� GDWD� ZLWK� WKH�
DELOLW\� WR� GHWHFW� FKDQJHV� IURP� D� ZLGH� UDQJH� RI� VRXUFHV� VXFK� DV� FOLPDWH� FKDQJH�� SROOXWLRQ��
ODQG� XVH� DQG� VSHFLHV� LQWURGXFWLRQV��� 'DWD� JDWKHUHG� IURP� D� VLQJOH� ORFDOLW\� ZLOO� EH� RI� OLPLWHG�
XVH� LQ� SURYLGLQJ� JHQHUDOLVDWLRQV� RU� LQ� DSSOLFDWLRQ� WR� RWKHU� DUHDV� �$XVWLQ� ������� /LNHZLVH��
GDWD� JDWKHUHG� WR� VDWLVI\� YHU\� VSHFLILF� REMHFWLYHV� PD\� EH� LQDGHTXDWH� IRU� DGGUHVVLQJ� QHZ�
SUREOHPV� WKDW� DULVH�� 2QH� VROXWLRQ� LV� WR� FRPSOHPHQW� LQWHQVLYH� VLWH�VSHFLILF� PRQLWRULQJ� ZLWK�
PRUH� H[WHQVLYH�� JHQHUDO�SXUSRVH� PRQLWRULQJ� XQGHUWDNHQ� OHVV� RIWHQ� �+HDO� ������� )RU� EURDG�
PRQLWRULQJ� LW� PXVW� EH� NHSW� LQ� PLQG� WKDW� XVHV� WR� ZKLFK� RQH� PLJKW� ZDQW� WR� DSSO\� WKHVH� GDWD�
PD\�EH�LPSRVVLEOH�WR�DQWLFLSDWH�DW�WKH�WLPH�SORWV�DUH�HVWDEOLVKHG��
�
$� VHFRQG� LVVXH� LV� ZKHWKHU� WKHUH� LV� ORQJ�WHUP� FRPPLWPHQW� WR� WKH� SURMHFW�� $UH� ILQDQFLDO�
UHVRXUFHV� VXIILFLHQW� IRU� WKH� SURMHFW� WR� DWWDLQ� LWV� REMHFWLYHV"� /DFN� RI� UHVRXUFHV� PD\� UHVXOW� LQ�
SORWV� QHYHU� EHLQJ� UHPHDVXUHG�� RU� LQ� DWWHPSWV� EHLQJ� PDGH� WR� XVH� LQFRQFOXVLYH� VKRUW�WHUP�
GDWD�WR�UHSUHVHQW�ORQJ�WHUP�WUHQGV��+HDO�������6FRWW�HW�DO���������
�
)LQDOO\�� FRPSDUDELOLW\� RI� WKH� LQWHQGHG� VDPSOLQJ� PHWKRG� ZLWK� PHWKRGV� DSSOLHG� SUHYLRXVO\� LQ�
WKH� UHJLRQ� PXVW� EH� GHWHUPLQHG�� ,I� WKH� GDWD� FROOHFWHG� ZLOO� VDWLVI\� WKH� VWXG\� REMHFWLYHV�� ZH�
VWURQJO\� XUJH� WKH� DGRSWLRQ� RI� RQH� RI� WKH� PHWKRGV� GHVFULEHG� LQ� WKLV� PDQXDO�� $V� D� SUDFWLFDO�
FRQVLGHUDWLRQ�� WKHUH� LV� H[WHQVLYH� WHFKQLFDO� NQRZOHGJH� RI� WKHVH� WZR� PHWKRGV�� DQG� FRPSXWHU�
SURJUDPV� DUH� DYDLODEOH� IRU� FRQVLVWHQW� GDWD� VWRUDJH� DQG� DQDO\VLV�� )XUWKHU�� DV� DSWO\� VWDWHG� E\�
*DXFK� �������� �$� VPDOO� VDFULILFH� LQ� DSSURSULDWHQHVV� PD\� EH� DPSO\� UHSDLG� E\� JDLQLQJ�
FRPSDUDELOLW\�ZLWK�RWKHU�VWXGLHV�DQG�FRPSDWLELOLW\�ZLWK�RWKHU�GDWD�EDVHV���
������ 0HDVXULQJ�WKH�VXFFHVV�RI�D�PRQLWRULQJ�SURJUDPPH�

)RU� FRQVHUYDWLRQ�� D� PRQLWRULQJ� SURJUDPPH
V� VXFFHVV� LV� EHVW� JDXJHG� E\� ZKHWKHU� WKH� ILQGLQJV�
DUH� LQFRUSRUDWHG� LQWR� DFWLRQV� WKDW� DFKLHYH� PDQDJHPHQW� JRDOV�� 7KLV� ZLOO� GHSHQG� RQ� WKH�
DELOLW\� RI� WKH� LQIRUPDWLRQ� FROOHFWHG� WR� GHWHFW� HFRV\VWHP� FKDQJH�� XQIRUHVHHQ� PDQDJHPHQW�
SUREOHPV�� DQG� WKH� FRQVHTXHQFHV� RI� PDQDJHPHQW� DFWLRQV�� DQG� KRZ� HIIHFWLYHO\� UHVXOWV� DUH�
FRPPXQLFDWHG� DQG� LQFRUSRUDWHG� LQWR� PDQDJHPHQW� SODQV�� ,W� LV� LPSRUWDQW� WKDW� UHVXOWV� EH�
HIIHFWLYHO\� FRPPXQLFDWHG� YLD� PDQDJHPHQW� UHSRUWV�� VFLHQWLILF� DQG� SRSXODU� DUWLFOHV��
FRQIHUHQFHV��HWF��



�

���

����([DPSOHV�RI�VWXGLHV�XVLQJ�SHUPDQHQW�SORWV�
������ $VVHVVLQJ�DQLPDO�LPSDFWV�RQ�YHJHWDWLRQ�

,Q� WKH� HDUO\� ����V�� UHG� GHHU� �&HUYXV� HODSKXV�� ZHUH� LQWURGXFHG� LQWR� QRUWKHUQ� )LRUGODQG� IRU�
UHFUHDWLRQDO� KXQWLQJ�� DQG� E\� WKH� ����V� DQG� ����V� ZHUH� UHFRJQLVHG� WR� EH� VWURQJO\� PRGLI\LQJ�
WKH� DOSLQH� JUDVVODQGV�� 5RVH� 	� 3ODWW� ������� XVHG� ��� SHUPDQHQW� SORWV� HVWDEOLVKHG� LQ� �����
�ZKHQ� GHHU� QXPEHUV� ZHUH� KLJK��� UHPHDVXUHG� LQ� ����� �VRRQ� DIWHU� FRPPHUFLDO� KXQWLQJ�
EHJDQ�� DQG� DJDLQ� LQ� ����� �DIWHU� ��� \HDUV� RI� LQWHQVLYH� KXQWLQJ��� WR� H[DPLQH� DOSLQH� JUDVVODQG�
UHFRYHU\�� *UDVVODQGV� RQ� IHUWLOH� VRLOV� ZHUH� PRVW� KHDYLO\� DIIHFWHG� E\� GHHU� EXW� DOVR� VKRZHG�
WKH� PRVW� GUDPDWLF� UHFRYHU\�� &ROOHFWLRQ� RI� GHHU� SHOOHW� GDWD� HQKDQFHG� WKH� DELOLW\� WR� DVVHVV�
DQLPDO�XVH�RI�WKH�SORWV��
������ 'HWHUPLQLQJ�ORQJ�WHUP�WUHQGV�LQ�H[RWLF�ZHHGV�

,QYDVLRQ� E\� H[RWLF� ZHHGV� LV� D� VHULRXV� WKUHDW� WR� PDQ\� 1HZ� =HDODQG� HFRV\VWHPV�� LQYDVLRQ� RI�
WXVVRFN� JUDVVODQGV� E\� +LHUDFLXP� VSS�� LV� ZLGHO\� UHFRJQLVHG� DV� D� WKUHDW� ERWK� WR� FRQVHUYDWLRQ�
YDOXHV� DQG� WR� VXVWDLQHG� SDVWRUDO� XVH�� &RPSRVLWLRQ� DQG� JURXQG� FRYHU� GDWD� FROOHFWHG� RQ�
VHYHQ� SHUPDQHQW� WUDQVHFWV� LQ� WKH� FHQWUDO� :DLPDNDULUL� %DVLQ�� RQ� ILYH� RFFDVLRQV�� IURP� �����
WR� ����� DOORZHG� 6FRWW� ������� WR� GRFXPHQW� WKH� HDUO\� HVWDEOLVKPHQW� DQG� H[SDQVLRQ� SKDVHV� RI�
+LHUDFLXP�� DQG� WR� GHWHUPLQH� UHODWLRQVKLSV� DPRQJ� WKH� UDWH� RI� FKDQJH� RI+LHUDFLXP�� JURXQG��
DQG�SULQFLSDO�VSHFLHV�FRYHU��
������ 4XDQWLI\LQJ�FKDQJHV�LQ�VRLO�HURVLRQ�

7R� GHWHUPLQH� WUHQGV� LQ� HURVLRQ� UDWHV�� :KLWHKRXVH� HW� DO�� ������� H[DPLQHG� FKDQJHV� LQ� EDUH�
JURXQG� RQ� SHUPDQHQW� SORWV� HVWDEOLVKHG� LQ� XQLPSURYHG� PRQWDQH� JUDVVODQGV� RI� WKH�
:DLPDNDULUL� %DVLQ�� 1R� FRQVLVWHQW� WUHQGV� LQ� SHUFHQWDJH� EDUH� JURXQG� ZHUH� REVHUYHG��
DOWKRXJK� VLJQLILFDQW� FKDQJHV� KDG� RFFXUUHG� RQ� LQGLYLGXDO� VLWHV� RU� EHWZHHQ� VSHFLILF�
UHPHDVXUHPHQW�SHULRGV��
������ (YDOXDWLQJ�YHJHWDWLRQ�DIWHU�GLVWXUEDQFH�

,Q� ����� URDG� EXLOGLQJ� GHVWUR\HG� DGMDFHQW� SODQW� FRYHU� LQ� DQ� DOSLQH� DUHD� RI� WKH� 2OG� 0DQ�
5DQJH�� $IWHU� URDG� FRQVWUXFWLRQ� ZDV� FRPSOHWHG�� QLQH� WUDQVHFWV� ZHUH� HVWDEOLVKHG� DFURVV� WKH�
GLVWXUEHG� DUHD� DQG� FRQWLQXLQJ� WKURXJK� LQWDFW� YHJHWDWLRQ�� 7UDQVHFWV� ZHUH� UHPHDVXUHG� LQ�
������ ������ ����� DQG� ����� �5R[EXUJK� HW� DO�� ������� 2YHU� WKH� ���\HDU� SHULRG� VSHFLHV�
FRPSRVLWLRQ� LQ� WKH� XQGLVWXUEHG� DUHD� VKRZHG� OLWWOH� FKDQJH�� ZKLOH� LQ� WKH� GLVWXUEHG� DUHD� LW�
FKDQJHG� PDUNHGO\�� %\� ����� PRVW� RI� WKH� GRPLQDQW� VSHFLHV� LQ� WKH� XQGLVWXUEHG� YHJHWDWLRQ�
KDG� UH�DSSHDUHG� LQ� WKH� GLVWXUEHG� YHJHWDWLRQ�� DOWKRXJK� LQ� WKH� GLVWXUEHG� DUHD� WRWDO� YHJHWDWLRQ�
FRYHU�ZDV�OHVV������YV������DQG�RYHUDOO�VSHFLHV�FRPSRVLWLRQ�ZDV�GLIIHUHQW��

������ 'HWHUPLQLQJ�LPSDFW�RI�H[FOXGLQJ�EURZVHUV�
$QLPDO� H[FORVXUHV� KDYH� EHHQ� HUHFWHG� WR� TXDQWLI\� DQLPDO� LPSDFWV� LQ� D� UDQJH� RI� KDELWDWV�� ,Q�
WKH� PRQWDQH�VXEDOSLQH� JUDVVODQG� RI� WKH� FHQWUDO� 1RUWK� ,VODQG
V� .DLPDQDZD� 0RXQWDLQV�� WKH�
GHVLUH� WR� SURWHFW� D� KHUG� RI� IHUDO� KRUVHV� DV� ZHOO� DV� FRQVHUYDWLRQ� YDOXHV� FUHDWHG� D� PDQDJHPHQW�
FRQIOLFW�� 3HUPDQHQW� SORWV� LQ� D� JUDVVODQG� H[FORVXUH� DQG� FRQWURO� DUHD�� DQG� D� QHWZRUN� RI�
SHUPDQHQW� SORWV� RYHU� WKH� DUHD�� DOORZHG� 5RJHUV� ������� WR� DVVHVV� KRUVH� LPSDFWV� RQ�
YHJHWDWLRQ�� ,Q� SDUWLFXODU�� WKH� H[FORVXUHV� DOORZHG� JUD]LQJ� SUHIHUHQFHV�� JUD]LQJ� LPSDFW� RQ�
VHHGOLQJ� UHFUXLWPHQW� DQG� VKRUW�WHUP� HIIHFWV� RQ� YHJHWDWLRQ� RI� UHOHDVH� IURP� JUD]LQJ� WR� EH�
GHWHUPLQHG��5RJHUV��������
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'HVFULELQJ�FRPSRVLWLRQDO�YDULDWLRQ�

8VLQJ� GDWD� FROOHFWHG� IURP� ��� VXEMHFWLYHO\� ORFDWHG� SHUPDQHQW� VDPSOH� SORWV�� :UDLJKW� �������
GHVFULEHG� WHQ� DOSLQH� JUDVVODQG� FRPPXQLWLHV� IURP� WKH� +RNLWLND� 5LYHU� FDWFKPHQW��
'LVWLQFWLYHQHVV� RI� WKUHH� FRPPXQLWLHV� DSSHDUHG� WR� UHVXOW� IURP� KHDY\� JUD]LQJ� E\� GHHU��
FKDPRLV�� RU� KDUHV�� :UDLJKW� FRQVLGHUHG� YHJHWDWLRQ� RQ� JUH\ZDFNH� WR� EH� PRUH� SURQH� WR�
HURVLRQ�WKDQ�YHJHWDWLRQ�RQ�VFKLVW��
������ 8QGHUVWDQGLQJ�FDXVHV�RI�FKDQJH�LQ�LQVHFW�DEXQGDQFH�
�
3HUPDQHQW� YHJHWDWLRQ� SORWV� H[LVWHG� RQ� VRPH� RI� WKH� VLWHV� FKRVHQ� IRU� FRPSDULVRQV� RI� HQGHPLF�
PRWK� IDXQD� DEXQGDQFH� LQ� �������� DQG� LQ� �������� �:KLWH� ������� $� JHQHUDO� FROODSVH� LQ�
SRSXODWLRQV� RI� FRPPRQ� PRWK� VSHFLHV� ZDV� REVHUYHG� RYHU� WLPH�� EURZQWRS� �$JURVWLV�
FDSLOODULV�� KDG� EHFRPH� LQFUHDVLQJO\� GRPLQDQW�� DQG� PDQ\� LQGLJHQRXV� SODQW� VSHFLHV� KDG�
GHFOLQHG� LQ� DEXQGDQFH�� 7KH� FRPPRQ� PRWKV� IHHG� RQ� D� UDQJH� RI� SODQW� VSHFLHV� DQG� LW� ZDV�
VXJJHVWHG� WKDW� WKHLU� GHFOLQH� FRXOG� KDYH� UHVXOWHG� IURP� WKH� LQFUHDVHG� IRUDJLQJ� WLPH� UHTXLUHG�
WR�ORFDWH�WKHLU�UHVSHFWLYH�IRRG�SODQWV��
�
����2WKHU�XVHV�RI�SHUPDQHQW�SORWV�

�� 5DUH� SODQW� PRQLWRULQJ� LQ� D� YHJHWDWLRQ� FRQWH[W�� 5DUH� SODQW� PRQLWRULQJ� XVXDOO\� IROORZV�
LQGLYLGXDO� VSHFLHV� �H�J��� 3DOPHU� ������ /HH� ������� EXW� WUHQGV� LQ� DVVRFLDWHG� VSHFLHV� DQG�
FRPPXQLWLHV� PD\� UHODWH� WR� RU� LQIOXHQFH� WUHQGV� LQ� WKH� VSHFLHV� RI� FRQFHUQ� �%UDGVKDZ� 	�
'RRG\�������*LYHQ��������

�� 'HWHUPLQDWLRQ� RI� RSWLPDO� GLVWXUEDQFH� OHYHOV� IRU� UHWHQWLRQ� RI� GHVLUHG� VSHFLHV� DQG�
FRPPXQLWLHV��:DUGOH��������

�� 4XDQWLILFDWLRQ�RI�YLVLWRU�LPSDFWV��SDUWLFXODUO\�WUDPSOLQJ��H�J���+DOO�	�.XVV��������
�� 3URYLGLQJ� FRQWH[W� IRU� VWXG\� RI� ORQJ�WHUP� WUHQGV� LQ� ELRSK\VLFDO� SURFHVVHV� RU� RWKHU� JURXSV�

RI�RUJDQLVPV�DQG�WKH�LQWHUDFWLRQV�EHWZHHQ�WKHP��L�H���
PXOWL�PHGLD
�PRQLWRULQJ�VHQVX�
+HDO��������

�� 4XDQWLILFDWLRQ� RI� SURJUHVV� LQ� DUHDV� EHLQJ� UHVWRUHG�� WR� GHWHUPLQH� WKH� QHHG� IRU� IXUWKHU�
LQWHUYHQWLRQ��$WNLQVRQ��������
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���9(*(7$7,21�6$03/,1*�'(6,*1�
�
%HIRUH� HVWDEOLVKLQJ� D� QHZ� JUDVVODQG� PRQLWRULQJ� SURJUDPPH�� WKH� DSSURSULDWH� DJHQFLHV� DQG�
LQGLYLGXDOV� �VHH� ,QWURGXFWLRQ�� VKRXOG� EH� FRQWDFWHG� WR� HQVXUH� WKDW� QR� SHUPDQHQW� SORWV� H[LVW� LQ�
WKH� DUHD� WKDW� FRXOG� VHUYH� WKH� LQWHQGHG� SXUSRVH�� :KHQ� VHWWLQJ� XS� D� QHZ� VWXG\� XVLQJ� HLWKHU� RI�
WKH� WZR� SORW� PHWKRGV� RQH� PXVW� DOVR� GHFLGH� ��� KRZ� WR� ORFDWH� VDPSOH� SORWV� DQG� ��� KRZ� PDQ\�
VDPSOH� SORWV� DUH� UHTXLUHG�� 7R� PDNH� WKHVH� GHFLVLRQV� XVXDOO\� UHTXLUHV� VLWH� UHFRQQDLVVDQFH� RU�
D� SLORW� VWXG\�� :KLOH� VSHFLILFV� ZLOO� GHSHQG� RQ� \RXU� REMHFWLYHV�� VRPH� EDVLF� SULQFLSOHV� DSSO\�
WR�PRVW�VLWXDWLRQV��
�
����3ORW�ORFDWLRQ�
�
:KHQ� GHFLGLQJ� KRZ� SORWV� DUH� WR� EH� ORFDWHG� \RX� PXVW� FRQVLGHU� ���� KRZ� WR� DGHTXDWHO\�
UHSUHVHQW� ERWK� GRPLQDQW� DQG� UDUH� VSHFLHV�� FRPPXQLWLHV� DQG� FRPELQDWLRQV� RI� HQYLURQPHQWDO�
FRQGLWLRQV�� ���� PLQLPLVLQJ� REVHUYHU� ELDV�� H�J��� FKRRVLQJ� VLWHV� ZLWK� KLJK� VSHFLHV� GLYHUVLW\�� ���
DVVXPSWLRQV� RI� VWDWLVWLFDO� DQDO\VHV� WKDW� \RX� SODQ� WR� XVH�� DQG� ���� SUDFWLFDO� FRQVLGHUDWLRQV��
VXFK� DV� WLPH� DYDLODEOH� �*DXFK� ������ -RQJPDQ� HW� DO�� ������ �NODQG� ������� 7KH� IRXU�
DSSURDFKHV� XVHG� WR� GHWHUPLQH� SORW� ORFDWLRQV� DUH� UDQGRP�� UHJXODU�� VWUDWLILHG� UDQGRP�� DQG�
VXEMHFWLYH�� (DFK� DSSURDFK� KDV� GLIIHUHQW� VWUHQJWKV� DQG� ZHDNQHVVHV� UHODWLYH� WR� WKH�
FRQVLGHUDWLRQV�DERYH�DQG�GLIIHUHQW�DSSURDFKHV�PD\�EH�FRPELQHG�LQ�D�JLYHQ�VWXG\��
�
)RU� UDQGRP� VDPSOLQJ�� SORW� ORFDWLRQV� PXVW� EH� GHWHUPLQHG� EHIRUH� ILHOG� VDPSOLQJ� EHJLQV��
W\SLFDOO\� E\� XVLQJ� UDQGRP� QXPEHUV� WR� VHOHFW� ORFDWLRQV� RQ� D� FRRUGLQDWH� V\VWHP� ODLG� RYHU� D�
PDS� RU� DHULDO� SKRWR� RI� WKH� VWXG\� DUHD�� 5DQGRP� VDPSOLQJ� DOORZV� WKH� XVH� RI� LQIHUHQWLDO�
VWDWLVWLFV� DQG� SUHYHQWV� V\VWHPDWLF� ELDV� LQ� VDPSOLQJ�� +RZHYHU�� UDUH� VSHFLHV� DQG� FRPPXQLWLHV�
ZLOO� WHQG� WR� EH� PLVVHG�� DQG� ORFDWLQJ� SUHVHOHFWHG� SORW� SRVLWLRQV� LQ� WKH� ILHOG� FDQ� EH� GLIILFXOW�� LI�
QRW� LPSRVVLEOH�� ,Q� PRVW� FRQWH[WV� WKH� GLVDGYDQWDJHV� RI� VWULFW� UDQGRP� VDPSOLQJ� RXWZHLJK� WKH�
DGYDQWDJHV��*DXFK��������NODQG��������
�
5HJXODU� RU� V\VWHPDWLF� VDPSOLQJ� LQYROYHV� SRVLWLRQLQJ� SORWV� V\VWHPDWLFDOO\� RQ� D� JULG� RU� DORQJ�
D� WUDQVHFW�� 7KLV� LV� D� JRRG� DSSURDFK� IRU� XQGHUVWDQGLQJ� VSDWLDO� SDWWHUQ�� YDULDWLRQ� ZLWKLQ�
FRPPXQLWLHV�� DQG� UHVSRQVHV� WR� REYLRXV� HQYLURQPHQWDO� JUDGLHQWV� �*DXFK� ������� 3ORW�
ORFDWLRQ� LQ� WKH� ILHOG� LV� VWUDLJKWIRUZDUG�� +RZHYHU�� UDUH� FRPPXQLWLHV� ZLOO� WHQG� WR� EH� PLVVHG��
DV�ZLWK�UDQGRP�VDPSOLQJ��
�
6WUDWLILHG� RU� UHVWULFWHG� UDQGRP� VDPSOLQJ� PD\� HQWDLO� HLWKHU� UDQGRP� VDPSOLQJ� ZLWKLQ�
UDQGRPO\� ORFDWHG� EORFNV� RU� WUDQVHFWV�� RU� UDQGRP� VDPSOLQJ� ZLWKLQ� EORFNV� SUHGHILQHG� RQ�
FULWHULD� VXFK� DV� WKH� GHVLUH� WR� VDPSOH� WKH� UDQJH� RI� FRPELQDWLRQV� RI� WKH� PDMRU� HQYLURQPHQWDO�
JUDGLHQWV� �H�J��� DOWLWXGH�� VORSH�� EHGURFN� W\SH�� ZLWKLQ� WKH� VWXG\� DUHD�� 7R� EHVW� GHILQH� VXFK�
EORFNV�� VRPH� NQRZOHGJH� RI� YHJHWDWLRQ�HQYLURQPHQW� UHODWLRQVKLSV� LQ� WKH� UHJLRQ� LV� QHFHVVDU\��
DQG� WKLV� PD\� EH� EDVHG� RQ� HLWKHU� SUHYLRXV� VWXGLHV� RU� UHFRQQDLVVDQFH� �0XHOOHU�'RPERLV� 	�
(OOHQEHUJ� ������ �NODQG� ������� 6DPSOH� QXPEHUV� PD\� EH� FKRVHQ� LQ� SURSRUWLRQ� WR� EORFN� DUHD�
RU� PRUH� YDULDEOH� EORFNV� PD\� EH� VDPSOHG� PRUH� LQWHQVLYHO\� �*DXFK� ������� ,Q� DUHDV� WKDW� DUH� QRW�
KRPRJHQRXV�� VWUDWLILHG� VDPSOLQJ� ZLOO� SURGXFH� PRUH� SUHFLVH� VWDWLVWLFDO� HVWLPDWHV� WKDQ�
HLWKHU� UDQGRP� RU� UHJXODU� VDPSOLQJ�� DV� UDUHU� FRPPXQLWLHV� DQG� HQYLURQPHQWDO� H[WUHPHV� ZLOO�
EH�VDPSOHG��*DXFK��������
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8VLQJ� VXEMHFWLYH� �DOVR� FDOOHG� VHOHFWLYH� RU� SUHIHUHQWLDO�� VDPSOLQJ�� SORWV� DUH� ORFDWHG� DFFRUGLQJ�
WR� ZKHWKHU� WKH\� DUH� SHUFHLYHG� DV� W\SLFDO�� UHSUHVHQWDWLYH�� XQGLVWXUEHG� HWF�� 7KLV� DSSURDFK�
PD\� UHTXLUH� IHZHU� VDPSOHV� WR� GHVFULEH� WKH� FRPSRVLWLRQDO� YDULDWLRQ� DQG� SORW� ORFDWLRQ� LV�
FRQYHQLHQW�� 'LVDGYDQWDJHV� DUH� WKDW� VDPSOLQJ� PD\� UHIOHFW� WKH� REVHUYHU
V� ELDVHV�� VWDWLVWLFDO�
HVWLPDWHV� DUH� QRW� YDOLG�� DQG� ILQGLQJV� FDQQRW� EH� H[WUDSRODWHG� WR� WKH� VWXG\� DUHD� DV� D� ZKROH��
+RZHYHU�� WKHVH� GDWD� DUH� DGHTXDWH� IRU� GHVFULSWLYH� SXUSRVHV� �*DXFK� ������� 2WKHU� SUREOHPV�
WR� EH� DZDUH� RI� ZKHQ� GHVLJQLQJ� D� VDPSOLQJ� VFKHPH�� SDUWLFXODUO\� WR� FRPSDUH� PDQDJHPHQW�
WUHDWPHQWV�� DUH� SVHXGRUHSOLFDWLRQ� DQG� VSDWLDO� DXWRFRUUHODWLRQ� �+XUOEXUW� ������ /HJHQGUH� 	�
)RUWLQ�������:HEVWHU��������
�
5HJDUGOHVV� RI� DSSURDFK�� LQ� WKH� ILHOG� HDFK� SORW� VKRXOG� EH� ORFDWHG� LQ� UHODWLYHO\� KRPRJHQHRXV�
YHJHWDWLRQ� �XQOHVV� REMHFWLYHV� GLFWDWH� RWKHUZLVH��� ,I� SORWV� DUH� QRW� VXEMHFWLYHO\� ORFDWHG�� \RX�
PXVW� GHILQH� FRQVLVWHQW� FULWHULD� IRU� UHMHFWLRQ� RI� D� QRPLQDO� SORW� ORFDWLRQ� EHIRUH� ILHOGZRUN�
EHJLQV�� )RU� H[DPSOH�� LQ� D� VWXG\� RQ� XQLPSURYHG� JUD]LQJ� ODQG�� SORW� ORFDOLWLHV� PLJKW� EH�
H[FOXGHG� ZKHUH� PRUH� WKDQ� KDOI� WKH� SRWHQWLDO� SORW� VLWH� LV� RQ� D� GHEULV� VOLGH�� RU� ZKHUH� VLWHV�
KDYH�EHHQ�UHFHQWO\�RYHUVRZQ�RU�WRSGUHVVHG��
�
'HVLJQV� FRPELQLQJ� HOHPHQWV� RI� UDQGRP�� VXEMHFWLYH�� DQG� UHJXODU� VDPSOLQJ� WKDW� FRXOG� EH�
HPSOR\HG�ZLWK�HLWKHU�RI�WKH�WZR�SORW�PHWKRGV�DUH�GHVFULEHG�EHORZ��
�
����6DPSOLQJ�GHVLJQ�H[DPSOHV��
�
7KH� LQYHQWRU\� GHVLJQ� WUDGLWLRQDOO\� XVHG� ZLWK� WKH� :UDLJKW� ��� [� ��� P� TXDGUDW� PHWKRG�
SURYLGHV� JRRG� FRYHUDJH� LQ� PRXQWDLQRXV� DUHDV�� 5DQGRP� WUDQVHFW� RULJLQV� DUH� VHOHFWHG� E\�
XVLQJ� 1=06� ���� PDSV� ����������� DQG� GLYLGLQJ� WKH� VXUYH\� DUHD� LQWR� ����� [� ����� P� EORFNV��
DV� LQGLFDWHG� E\� WKH� PDS� JULG�� 8VLQJ� D� UDQGRP� QXPEHU� FKDUW�� ;� DQG� <� FRRUGLQDWHV� DUH�
GHWHUPLQHG� WR� VHOHFW� D� QXPEHU� RI� WKHVH� VTXDUHV�� GHSHQGLQJ� RQ� VDPSOLQJ� LQWHQVLW\�� 7KH�
WUDQVHFW� RULJLQ� LV� WKH� QHDUHVW� SRLQW� RQ� D� IRUHVW�VKUXEODQG� PDUJLQ� �RU�� LQ� WKHLU� DEVHQFH��
ZDWHUFRXUVH�� IURP� WKH� FHQWUH� RI� WKH� VTXDUH� VHOHFWHG�� 7KH� WUDQVHFW� UXQV� GLUHFWO\� XSKLOO� WR� WKH�
QHDUHVW� ULGJH� WRS� RU� XSSHU� YHJHWDWLRQ� OLPLW�� DQG� LV� GUDZQ� RQ� WKH� PDS�� ,I� WKH� RULJLQ� IDOOV� RQ� D�
ZDWHUFRXUVH�� D� FRLQ� WRVV� GHFLGHV� ZKHWKHU� WKH� OLQH� VKRXOG� EH� RQ� WKH� YDOOH\
V� WUXH� ULJKW� RU� OHIW��
,I� V\VWHPDWLF� VDPSOLQJ� DORQJ� WKLV� OLQH� LV� GHVLUHG�� WKH� GLVWDQFH� EHWZHHQ� SORWV� LV� VHW� E\� WKH�
GHVLUHG� SORW� GHQVLW\� �VHH� EHORZ��� 7\SLFDOO\� SORWV� KDYH� EHHQ� VDPSOHG� DW� ���� P� DOWLWXGLQDO�
LQWHUYDOV��DOWKRXJK�VXEMHFWLYH�ORFDWLRQ�DORQJ�WKH�OLQHV�ZDV�XVHG�LQ�VRPH�VXUYH\V��
�
,Q� GLIILFXOW� DOSLQH� WHUUDLQ�� UDQGRPO\� VHOHFWHG� WUDQVHFW� RULJLQV� RIWHQ� ZHUH� LPSUDFWLFDO�� /LQHV�
ZHUH� WKHQ� GLVWULEXWHG� VR� DV� WR� FRYHU� WKH� UDQJH� RI� VORSH�� DVSHFW�� DOWLWXGH�� SK\VLRJUDSK\��
JHRORJLFDO�W\SHV��HWF���ZLWKLQ�WKH�OLPLWV�LPSRVHG�E\�WKH�WHUUDLQ�RU�E\�DFFHVVLELOLW\��
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6RPH� LQYHQWRULHV� HPSOR\� ERWK� UDQGRP� DQG� VXEMHFWLYHO\� ORFDWHG� SORWV�� 7R� GHWHUPLQH� WKH�
VXFFHVV� RI� D� ERDUGZDON� DW� PLQLPLVLQJ� WUDPSOLQJ� GDPDJH� WR� YHJHWDWLRQ�� 6XWWHU� HW� DO�� �������
HVWDEOLVKHG� ��� EHOW� WUDQVHFWV� ZLWK� UDQGRPO\� VHOHFWHG� RULJLQV� ZLWKLQ� D� ORZ� KHDWK� FRPPXQLW\��
7KH\� VXEMHFWLYHO\� ORFDWHG� VL[� DGGLWLRQDO� WUDQVHFWV� LQ� DUHDV� VXVSHFWHG� RI� UHFHLYLQJ� WKH� PRVW�
WUDPSOLQJ�� 7KH� UDQGRPO\� ORFDWHG� WUDQVHFWV� DOORZHG� WKH� DXWKRUV� WR� TXDQWLI\� WUDPSOLQJ�
LPSDFWV� RQ� WKH� FRPPXQLW\� DV� D� ZKROH�� WKH� VXEMHFWLYHO\� ORFDWHG� WUDQVHFWV� DOORZHG�
TXDQWLILFDWLRQ�RI�WKH�PRVW�VHYHUH�WUDPSOLQJ�LPSDFWV��
,Q� VPDOO� UHVHUYHV� IHZ� SORWV� �RIWHQ� OHVV� WKDQ� ��� SHU� UHVHUYH�� PD\� EH� XVHG� IRU� PRQLWRULQJ��
7\SLFDOO\� VXFK� SORWV� KDYH� EHHQ� ORFDWHG� VXEMHFWLYHO\�� RIWHQ� DW� VLWHV� VXLWHG� WR� D� SDUWLFXODU�
REMHFWLYH�� VXFK� DV� WKH� GHVLUH� WR� PRQLWRU� WKH� UDQJH� RI� YHJHWDWLRQ� W\SHV� SUHVHQW� �H�J���
'LFNLQVRQ�HW�DO���������
�
����6DPSOH�SORW�QXPEHUV�
�
7KH� IROORZLQJ� LVVXHV� VKRXOG� EH� FRQVLGHUHG� ZKHQ� GHFLGLQJ� RQ� WKH� QXPEHU� RI� VDPSOH� SORWV�
�*DXFK� ������ �NODQG� ������� ���� H[SHFWHG� YDULDWLRQ� LQ� YHJHWDWLRQ� DQG� VLWH� FRQGLWLRQV� �� WKH�
PRUH� YDULDEOH� WKH� YHJHWDWLRQ� WKH� PRUH� SORWV� ZLOO� EH� UHTXLUHG�� ���� SORW� SODFHPHQW� PHWKRG� ��
VXEMHFWLYH� SODFHPHQW� ZLOO� UHTXLUH� WKH� IHZHVW� SORWV� WR� PRQLWRU� DOO� YHJHWDWLRQ� W\SHV�� DQG�
UDQGRP� SODFHPHQW� ZLOO� UHTXLUH� WKH� PRVW�� ���� UHTXLUHG� UHSOLFDWLRQ� OHYHO� RI� HDFK� YHJHWDWLRQ�
W\SH�� ���� GHVLUHG� SUHFLVLRQ� RI� UHVXOWV�� DQG� ���� EXGJHWHG� UHVRXUFHV� DQG� ILHOG� WLPH�� 6RPH�
UHFRQQDLVVDQFH� EHIRUH� VDPSOLQJ� ZLOO� EH� UHTXLUHG� WR� DGGUHVV� WKHVH� LVVXHV�� 6DPSOLQJ�
GHQVLWLHV� HPSOR\HG� LQ� VHOHFWHG� JUDVVODQG� VXUYH\V� DUH� LQGLFDWHG� LQ� 7DEOH� ��� 0RVW� SXEOLVKHG�
VWXGLHV� GR� QRW� UHSRUW� WKH� VDPSOLQJ� GHQVLW\� XVHG� DQG� WKHUH� DUH� QR� FRPPRQO\� DFFHSWHG�
JXLGHOLQHV�� *HRJUDSKLF� LQIRUPDWLRQ� V\VWHPV� KDYH� EHHQ� XVHG� WR� HYDOXDWH� VDPSOLQJ�
DGHTXDF\�RI�SDVW�VXUYH\V�DQG�FDQ�DLG�LQ�SODQQLQJ�D�VDPSOLQJ�VWUDWHJ\��1HOGQHU�HW�DO���������

����0DUNLQJ�SHUPDQHQW�SORWV�
�
3ORWV� VKRXOG� EH� ZHOO� PDUNHG� VR� DV� WR� EH� HDVLO\� DQG� DFFXUDWHO\� UHORFDWHG�� &RQVSLFXRXV�
PDUNHUV� DLG� UHORFDWLRQ�� EXW� FDQ� DWWUDFW� GLVWXUEDQFH� E\� SHRSOH� DQG� DQLPDOV�� ,Q� DUHDV� JUD]HG�
E\� VKHHS�� ��� PP� VWHHO� UHLQIRUFLQJ� URG� ��� FP� ORQJ� LV� D� JRRG� RSWLRQ� DV� LW� FDQ� SHQHWUDWH� KDUG��
FRPSDFWHG�JURXQG�DQG�LV�QRW�FKHZHG�E\�DQLPDOV����FP�[���FP�ZRRGHQ�VWDNHV��DQJOHG�DOXPLQLXP�
VWDQGDUGV�� RU� ZDUDWDK� VWHHO� VWDQGDUGV� ORFDWHG� �� P� IURP� WKH� SORW� RULJLQ� RU� FRUQHU�
DQG�SURWUXGLQJ�������P�DERYH�WKH�JURXQG�DUH�PRUH�YLVLEOH�DQG�DLG�UHORFDWLRQ��

/RFDOLW\� $UHD��KD�� 'HQVLW\��QR��
SORWV�����KD��

5HIHUHQFH�

+RNLWLND� ������� �� :UDLJKW��������
:DLPDNDULUL� ������� �� :UDLJKW��������
1RUWKHUQ�)LRUGODQG� ������� �� (YDQV�������

7DEOH���6DPSOLQJ�LQWHQVLWLHV�IRU�VHOHFWHG�JUDVVODQG�VXUYH\V��
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$QLPDOV�OLNHWR�UXE�RQ�WKHP��KRZHYHU��VR�WKH\�VKRXOG�QRW�EH�WRR�FORVH�WR�WKH�SORW��,Q�UHPRWH�DUHDV�����
FP� [� ���� FP� DOXPLQLXP� SHJV� DUH� VXLWDEOH�� DQG� OLJKWHU� WR� FDUU\�� $� URFN� FDLUQ� FDQ� VHUYH� WKH�
VDPH� IXQFWLRQ� DV� ZRRGHQ� VWDNHV�� &RORXUHG� DOXPLQLXP� VWULSV� �L�H��� �SHUPRODW��� DUH� QRW�
UHFRPPHQGHG� IRU� 6RXWK� ,VODQG� DOSLQH� ]RQHV� DV� WKH\� DWWUDFW� NHD�� :KHUH� SORWV� DUH� GHQVHO\�
SODFHG�� WKH� OLQH� DQG� SORW� QXPEHU� VKRXOG� EH� ZULWWHQ� ZLWK� D� ZLGH�� 89�UHVLVWDQW�� VSLULW�EDVHG�
IHOW�WLSSHG� SHQ� RQ� ZRRGHQ� VWDNHV� DQG� FDUYHG� RU� HWFKHG� LQWR� ERWK� ZRRGHQ� DQG� PHWDO� VWDNHV��
,Q�DUHDV�DW�ULVN�IURP�YDQGDOV�XVH�LQFRQVSLFXRXV�PDUNHUV��
�
�
���7+(�7:2�3(50$1(17�3/27�0(7+2'6�
�
7KLV� PDQXDO� GHVFULEHV� WKH� WZR� SHUPDQHQW� SORW� PHWKRGV� JHQHUDOO\� XVHG� IRU� PRQLWRULQJ�
JUDVVODQGV� RQ� WKH� &RQVHUYDWLRQ� HVWDWH�� 7KH� ILUVW� LV� WKH� ��� [� ��� P� TXDGUDW� PHWKRG� LQLWLDOO\�
GHYHORSHG� E\� :UDLJKW� ������� DQG� ODWHU� PRGLILHG� E\� *�5�� (YDQV�� :LGHO\� XVHG� E\� WKH�
IRUPHU� 1HZ� =HDODQG� )RUHVW� 6HUYLFH�� LW� LQYROYHV� FROOHFWLQJ� IUHTXHQF\� GDWD� ZLWK� VPDOO�
VDPSOLQJ� ULQJV� HYHQO\� VSDFHG� DORQJ� D� WUDQVHFW�� FRYHU� GDWD� XVLQJ� VWHUHRSKRWR� SDLUV� RU� FRYHU�
TXDGUDWV� ORFDWHG� DW� HLJKW� UDQGRP� SRLQWV� LQ� WKH� ��� [� ��� P� TXDGUDW�� DQG� WXVVRFN� VWDWXUH�
PHDVXUHPHQWV� DW� WKHVH� VDPH� SRLQWV� �$OOHQ� HW� DO�� ������� 7KH� VHFRQG� LV� WKH� 6FRWW�
KHLJKW�IUHTXHQF\� PHWKRG� �6FRWW� ������ 'LFNLQVRQ� HW� DO�� ������ DV� XVHG� E\� WKH� IRUPHU� '6,5�
DQG� E\� XQLYHUVLW\� UHVHDUFKHUV�� ,W� HQWDLOV� FROOHFWLQJ� IUHTXHQF\� GDWD� IURP� GLIIHUHQW� KHLJKW�
WLHUV�LQ�VPDOO�TXDGUDWV�HYHQO\�VSDFHG�DORQJ�D����P�WUDQVHFW��
�
%RWK� PHWKRGV� DUH� UHSHDWDEOH�� DOORZ� D� TXDQWLWDWLYH� DVVHVVPHQW� RI� VSHFLHV� FRPSRVLWLRQ�� FDQ�
EH� DSSOLHG� WR� D� UDQJH� RI� ORZ�VWDWXUHG� YHJHWDWLRQ� W\SHV� DQG� RYHUFRPH� PDQ\� OLPLWDWLRQV� RI�
SRLQW� DQDO\VLV�� D� PHWKRG� ZLGHO\� XVHG� LQ� DJURQRPLF� WULDOV� LQ� JUDVVODQGV� �:UDLJKW� ������ 6FRWW�
������ 'LFNLQVRQ� HW� DO�� ������� %RWK� PHWKRGV� UHO\� KHDYLO\� RQ� IUHTXHQF\� GDWD� �L�H��� WKH�
QXPEHU� RI� RFFDVLRQV� WKDW� D� JLYHQ� VSHFLHV� RFFXUV� LQ� D� VHULHV� RI� TXDGUDWV�� ZKLFK� LV� OLNHO\� WKH�
PRVW� REMHFWLYH� DQG� UHSHDWDEOH� PHDVXUH� RI� DEXQGDQFH�� )UHTXHQF\�� KRZHYHU�� FRQIRXQGV�
DVVHVVPHQW� RI� FRYHU� �L�H��� WKH� SDUW� RI� D� VDPSOH� SORW� FRYHUHG� E\� D� SDUWLFXODU� SODQW� VSHFLHV��
ZLWK� GLVSHUVLRQ�� D� KLJK�FRYHU�� FOXPSHG� WXVVRFN� VSHFLHV� PD\� KDYH� WKH� VDPH� IUHTXHQF\� DV� D�
ORZ�FRYHU�� ZLGHO\� GLVSHUVHG� XQGHUVWRUH\� KHUE� ��NODQG� ������� )UHTXHQF\� GDWD� DUH� DOVR�
GHSHQGHQW� RQ� VDPSOLQJ� IUDPH� VL]H� DQG� VKDSH�� 'HSHQGLQJ� RQ� WLPH� FRQVWUDLQWV� DQG� VWXG\�
REMHFWLYHV�� IRU� ERWK� PHWKRGV� LW� PD\� EH� GHVLUDEOH� WR� FROOHFW� VXSSOHPHQWDU\� GDWD�� H�J��� RQ� VRLO�
IHUWLOLW\��IHUDO�RU�GRPHVWLF�DQLPDO�QXPEHUV�DQG�XVH��SKHQRORJ\��DQG�LQVHFW�SRSXODWLRQV��
�
����:UDLJKW����[����P�TXDGUDW�PHWKRG�
�
6SHFLHV� IUHTXHQF\� PHDVXUHPHQWV� SURYLGH� WKH� PHWKRG
V� 
FRUH
� GDWD�� 7KH\� RYHUFRPH� WKH�
SUREOHP� HQFRXQWHUHG� LQ� PRQLWRULQJ� JUDVVODQGV� WKDW� YHJHWDWLRQ� FKDQJHV� DUH� GLIILFXOW� WR�
TXDQWLI\� DQG� RIWHQ� 
QRLV\
� RZLQJ� WR� ���� VWUXFWXUDO� FRPSOH[LW\�� ���� SKHQRORJLFDO� WLPLQJ� RI�
UHPHDVXUHPHQW�DQG�����ZLQGLQHVV��7KHVH�IUHTXHQF\�GDWD�SURYLGH�D�FRDUVH�PHDVXUH�RI�FRPSRVLWLRQ�
WKDW� LV� VHQVLWLYH� RQO\� WR� ODUJH� FKDQJHV�� WUHQGV� DUH� OHVV� REVFXUHG� E\� UDQGRP�
YDULDWLRQ�WKDQ�ZKHQ�PRUH�VHQVLWLYH�PHDVXUHV�DUH�XVHG��
�
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,Q� VLWXDWLRQV� ZKHUH� D� UDSLG� DVVHVVPHQW� RI� WKH� YHJHWDWLRQ� LV� DOO� WKDW� LV� QHHGHG�� WKH� IUHTXHQF\�
GDWD� DORQH� FDQ� EH� FROOHFWHG�� :KHQ� PRUH� FRPSUHKHQVLYH� LQIRUPDWLRQ� LV� UHTXLUHG�� WKH�
WXVVRFN� VWDWXUH� RU� VSHFLHV� FRYHU� PHDVXUHPHQWV�� RU� ERWK�� DUH� JRRG� FRPSOHPHQWV� LQ� GHWHFWLQJ�
FKDQJH�� 7KH� WXVVRFN� VWDWXUH� PHDVXUHPHQWV� DOORZ� D� FRDUVH� DVVHVVPHQW� RI� VWUXFWXUDO� FKDQJH�
LQ� WKH� SK\VLRJQRPLFDOO\� GRPLQDQW� VSHFLHV�� 7KH� PHWKRG� XVHG� WR� DVVHVV� VSHFLHV� FRYHU� LV�
GLFWDWHG� E\� WKH� YHJHWDWLRQ� KHLJKW�� 6WHUHRSKRWR� SDLUV� �:LPEXVK� HW� DO�� ������ :HOOV� ������ DUH�
VXLWDEOH� LQ� YHJHWDWLRQ� OHVV� WKDQ� KDOI� D� PHWUH� WDOO�� ,Q� WDOOHU� JUDVVODQGV� WKH\� DUH� LQDGHTXDWH�� VR�
FRYHU� LV� HVWLPDWHG� LQ� TXDGUDWV� LQVWHDG�� 7KH� SKRWRJUDSKV� DUH� XVHIXO� IRU� SUHVHQWDWLRQV� DQG�
YLVXDO� GLVSOD\V� RI� FKDQJH�� DQG� SURYLGH� DFFXUDWH� FRYHU� PHDVXUHV� LQ� ORZ� YHJHWDWLRQ�� )XUWKHU��
WKH\� DOORZ� YHJHWDWLRQ� FKDQJH� WR� EH� H[DPLQHG� DW� D� YDULHW\� RI� VFDOHV� ZLWKLQ� WKH� TXDGUDW�
SKRWRJUDSKHG� �H�J��� LQGLYLGXDO� SODQW�� YHJHWDWLRQ� SDWFK�� DUHD� RI� JURXQG��� &RYHU� HVWLPDWHV� LQ�
TXDGUDWV� SURYLGH� PRUH� GHWDLOHG� LQIRUPDWLRQ� RQ� IORULVWLF� FRPSRVLWLRQ� DV� VSHFLHV� FDQ� EH�
GLIILFXOW� WR� LGHQWLI\� DQG� JURXQG� VSHFLHV� PD\� EH� REVFXUHG� LQ� VWHUHRSKRWRV�� )XUWKHU�� LQ� WDOO�
YHJHWDWLRQ� WKH\� RYHUFRPH� WKH� SUREOHP� RI� VWHUHRSKRWRV� WKDW� VSHFLHV� KHLJKW� DQG� FRYHU� DUH�
FRQIRXQGHG��
�
7KUHH� RU� IRXU� H[SHULHQFHG� SHRSOH� FDQ� HVWDEOLVK� DQG� PHDVXUH� RQH� ��� ;� ��� P� SHUPDQHQW� SORW�
LQ� URXJKO\� ���� KRXUV�� 'DWD� DUH� UHFRUGHG� RQ� 5(&&(� 'HVFULSWLRQ� 6KHHWV� �$SSHQGL[� ����
6SHFLHV� )UHTXHQF\� �$� DQG� %�� 6KHHWV� �$SSHQGL[� ���� 6SHFLHV� &RYHU� (VWLPDWH� 6KHHWV�
�$SSHQGL[� ���� DQG� 'LVWDQFH�6WDWXUH� 0HDVXUHPHQW� 6KHHWV� �$SSHQGL[� ���� ZKLFK� DUH� DYDLODEOH�
IURP� /DQGFDUH� 5HVHDUFK�� /LQFROQ�� (TXLSPHQW� UHTXLUHG� IRU� HVWDEOLVKLQJ� WKHVH� SORWV� LV�
GHWDLOHG�LQ�$SSHQGL[����
������ � � 3ORW�OD\RXW�
�
3ORWV� DUH� RULHQWHG� VR� WKDW� WZR� RSSRVLWH� VLGHV� DUH� SHUSHQGLFXODU� WR� WKH� FRQWRXU� �)LJ�� ��� DQG�
WKH�SORW�RULJLQ�LV�RQ�WKH�XSKLOO�VLGH�RI�WKH�SORW��/D\RXW�WKH�SORW�DV�IROORZV��

�� 0DUN� WKH� SORW� RULJLQ� ZLWK� WKH� DSSURSULDWH� PHWDO� SHJ� �KDOI� SURWUXGLQJ� DERYH� JURXQG���
)URP� WKH� RULJLQ�� UXQ� WKH� ��� P� FHQWUH� WDSH� �IRU� PHDVXULQJ� VSHFLHV� IUHTXHQF\�� GRZQKLOO� DW�
��� � WR� WKH� JHQHUDO� FRQWRXU�� 3XOO� WKH� WDSH� WDXW� DQG� SHUPDQHQWO\� PDUN� WKH� ��� P� SRLQW�
ZLWK� D� VHFRQG� SHJ�� 7HPSRUDULO\� VHFXUH� WKH� WDSH� DQG� PDUN� WKH� ��� P� SRLQW� ZLWK� D�
SHUPDQHQW� SHJ� DV� ZHOO� �)LJ�� �D��� 7R� DYRLG� WUDPSOLQJ� WKH� VDPSOLQJ� DUHD�� ZDON� D� IHZ�
PHWUHV� WR� WKH� VLGH� RI� LWV� LQWHQGHG� SRVLWLRQ� ZKLOH� UXQQLQJ� WKH� WDSH� RXW�� DQG� WKHQ� SXOO� WKH�
WDSH�LQWR�WKH�FRUUHFW�SRVLWLRQ�IURP�WKH�ERWWRP�HQG��
/D\� RXW� WKH� UHPDLQLQJ� IRXU� WDSHV� DV� VKRZQ� LQ� )LJ�� �E�� F�� 7DSHV� VKRXOG� UXQ� KRUL]RQWDOO\�
IURP� FRUQHU� $� WR� %� DQG� '� WR� &� DQG� GRZQKLOO� IURP� FRUQHU� $� WR� '� DQG� %� WR� &�� 8VH� D�
FRPSDVV� WR� KHOS� UXQ� WDSHV� DW� ULJKW� DQJOHV� WR� RQH� DQRWKHU�� DQG� SXOO� WKH� WDSHV� WDXW��
'RXEOH�FKHFN� WKDW� WKH� FHQWUH� WDSH� LQWHUVHFWV� WKH� KRUL]RQWDO� WDSHV� DW� WKHLU� ��� P� SRLQWV�� WKH�
FRUQHUV� DUH� ORFDWHG� H[DFWO\� ��� P� DSDUW�� DQG� WKH� SORW� LV� VTXDUH�� <RX� PD\� QHHG� WR� PDNH�
VHYHUDO� DGMXVWPHQWV� WR� REWDLQ� WKH� FRUUHFW� SRVLWLRQV�� EXW� SHUVHYHUH� �� DQ� H[DFW� OD\RXW� ZLOO� DLG�
UHORFDWLRQ� RI� SHJV�� 3HUPDQHQWO\� PDUN� HDFK� FRUQHU� ZLWK� D� ODUJH� PHWDO� SHJ� DQG�
WHPSRUDULO\�VHFXUH�WKH�WDSH�HQGV�WR�WKH�SHJV��
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�� 5HPRYH� RQH� RI� WKH� VLGH� WDSHV� DQG� XVH� LW� WR� ORFDWH� WKH� FHQWUH� SHJV� IRU� WKH� HLJKW�
SKRWRFHQWUHV� RU� FRYHU� TXDGUDWV�� 7KLV� LV� EHVW� GRQH� ZLWK� WZR� SHRSOH� KROGLQJ� WKH� WDSH� HQGV�
DQG� RQH� SHUVRQ� ORFDWLQJ� WKH� SKRWRFHQWUHV�� 7KH� SHJV� KDYH� WKH� VDPH� FR�RUGLQDWHV� IRU� DOO�
SORWV�� DQG� DUH� PRVW� HIILFLHQWO\� ORFDWHG� LQ� WKH� RUGHU� ���� ���� ���� ���� ���� ���� ���� ��� �)LJ�� ����
,QVHUW� D� VPDOO� DOXPLQLXP� SHJ� �KDOI� SURWUXGLQJ�� DW� HDFK� FRRUGLQDWH�� 7R� KHOS� ORFDWH� WKHVH�
SHJV� ZKLOH� PHDVXULQJ� WKH� SORW�� WKH\� FDQ� EH� PDGH� PRUH� FRQVSLFXRXV� E\� VSLNLQJ� SLHFHV� RI�
SDSHU� RQWR� WKHP� �UHPRYH� WKH� SDSHU� EHIRUH� WDNLQJ� WKH� VWHUHRSKRWRV��� 5HSODFH� WKH� VLGH�
WDSH��

�� 3ODFH� D� ODUJHU� LGHQWLI\LQJ� VWDNH� �ZRRGHQ� RU� PHWDO�� RU� FDLUQ� �� P� GLUHFWO\� DERYH� WKH� SORW�
RULJLQ��)LJ������

)LJXUH� �� 6WHSV� IRU� HVWDEOLVKLQJ� D� ��� [� ��P� SORW�� 1RWH� WKH� RULHQWDWLRQ� RI� WKH� SORW�� VLGH� $�%
LV� DFURVV� WKH� VORSH� RQ� WKH� XSKLOO� VLGH�� VLGH� '�&� LV� DFURVV� WKH� VORSH� RQ� WKH� GRZQKLOO� VLGH�
6ROLG�OLQHV�UHSUHVHQW���P�WDSHV��DOXPLQLXP�SHJV�DUH�LQGLFDWHG�E\�FLUFOHV��
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������ � � 3ORW�PHDVXUHPHQW�
�
/RFDWLRQ� LQIRUPDWLRQ�� 5HOHYHV� RU� UHFRQQDLVVDQFH� GHVFULSWLRQV� �5(&&(V� ��� $OOHQ� ������ DUH�
PDGH� IRU� ERWK� SORW� W\SHV�� 3ORW� ORFDWLRQ� GHWDLOV� DUH� UHFRUGHG� RQ� WKH� 5(&&(� 'HVFULSWLRQ�
6KHHW� �VHH� $SSHQGL[� �� IRU� DQ� H[DPSOH� RI� D� FRPSOHWHG� VKHHW��� 6RPH� RI� WKLV� LQIRUPDWLRQ�
�LQGLFDWHG� EHORZ� ZLWK� DQ� DVWHULVN�� LV� DOVR� UHFRUGHG� RQ� DOO� RWKHU� SORW� GDWD� VKHHWV� DQG� RQ� WKH�
ZKLWH� SODTXH� XVHG� LQ� VWHUHRSKRWRV�� ,I� D� IHDWXUH� LV� DEVHQW� LW� VKRXOG� EH� UHFRUGHG� DV� 
1LO
� VLQFH�
D�EODQN�LPSOLHV�WKDW�\RX�RPLWWHG�WKH�PHDVXUHPHQW��5HFRUG�WKH�IROORZLQJ�LQIRUPDWLRQ��

�� /LQH��OLQH�QXPEHU�DV�PDUNHG�RQ�WKH�WRSRJUDSKLF�PDS��GRHV�QRW�DSSO\�WR�VXEMHFWLYHO\�
ORFDWHG�SORWV���

�� 3ORW��SORW�QXPEHU��DV�LW�RFFXUV�VHTXHQWLDOO\�LI�DORQJ�D�WUDQVHFW�OLQH��
�� 6XUYH\��LQYHQWRU\�QDPH��H�J���+RNLWLND�6XUYH\��
�� &DWFKPHQW��WKH�QDPH�RI�WKH�FDWFKPHQW�ZKHUH�WKH�SORW�LV�ORFDWHG��H�J���7RDURKD��
�� $UHD��GHVFULEH�WKH�DSSUR[LPDWH�ORFDWLRQ�RI�WKH�SORW��H�J���6TXDOO�3HDN��
�� $HULDO�SKRWR�QR��DHULDO�SKRWRJUDSK�VHULHV�DQG�QXPEHU�IRU�WKH�SKRWRJUDSK�RQ�ZKLFK�WKH�

SORW�RFFXUV��H�J�����������
�� 'DWH��WKH�GDWH��LQ�WKH�IRUPDW�GD\��PRQWK��\HDU��H�J������)HE������
�� 0HDVXUHG�E\��QDPH�RI�WKH�SHUVRQ�WDNLQJ�WKH�PHDVXUHPHQWV��
�� 5HFRUGHG�E\��QDPH�RI�WKH�SHUVRQ�UHFRUGLQJ�WKH�PHDVXUHPHQWV��

)LJXUH���/RFDWLRQ�RI�SHJV��VPDOO�FLUFOHV��RQ����[���P�SORWV�IRU�HLWKHU�SKRWRFHQWUHV�RU�
FRYHU�TXDGUDWV��/DUJH�FLUFOHV�UHSUHVHQW�ODUJH�DOXPLQLXP�SHJV�PDUNLQJ�WKH�SORW��6KRUW�
GDUN�OLQHV�DORQJ�WKH�FHQWUH�OLQH�UHSUHVHQW�ORFDWLRQV�RI����FLUFXODU�VXETXDGUDWV�
FRPSULVLQJ�WKH�VSHFLILF�IUHTXHQF\�WUDQVHFW��
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�� /RFDWLRQ�� QRWH� IHDWXUHV� WKDW� PD\� DLG� IXWXUH� SORW� UHORFDWLRQ�� ,QFOXGH� GLVWLQFWLYH� IHDWXUHV�
RI� WKH� SORW� DQG� LPPHGLDWHO\� DGMDFHQW� DUHDV�� UHFRUGLQJ� WKHLU� DSSUR[LPDWH� GLVWDQFHV� IURP�
WKH�SORW��,I�DORQJ�D�VXUYH\�OLQH��QRWH�IHDWXUHV�EHWZHHQ�WKLV�DQG�WKH�SUHYLRXV�SORW��

�� 0DS� FRRUGLQDWHV�� UHFRUG� WKHVH� DIWHU� WKH� ILHOGZRUN� LV� FRPSOHWHG�� )RU� HDFK� SORW��
GHWHUPLQH� D� JULG� UHIHUHQFH� XVLQJ� WKH� 1=06� ���� �PHWULF�� WRSRJUDSKLFDO� PDS�� 8VH� WKH�
PHWKRG� GHVFULEHG� RQ� WKH� PDS� WR� REWDLQ� D� VL[�LQWHJHU� JULG� UHIHUHQFH�� 5HFRUG� WKH� PDS�
VKHHW� FRGH� �H�J��� .��� IRU� WKH� +DUSHU�$YRFD�� LQ� IURQW� RI� WKH� JULG� UHIHUHQFH�� :KHUH� WKHUH�
DUH� IHZHU� WKDQ� IRXU� PDS� VKHHW� FRGH� FKDUDFWHUV�� XVH� ]HUR� DV� D� SODFH� KROGHU� �WKXV� 6��� ZLOO�
EHFRPH� 6������ 7KH� PDS� FR�RUGLQDWH� IRU� HDFK� SORW� ZLOO� WKXV� EH� ��� ILJXUHV� LQ�
DOSKDQXPHULF�IRUPDW��

�� 2ULHQWDWLRQ�� WDNH� D� PDJQHWLF� FRPSDVV� EHDULQJ� WR� WKH� QHDUHVW� ��� IDFLQJ� XS�VORSH� DORQJ�
WKH� FHQWUH� WDSH� RU� WUDQVHFW� OLQH�� 7KLV� EHDULQJ� ZLOO� EH� XVHG� WR� UHORFDWH� WKH� WDSH� ZKHQ� SORWV�
DUH�UHPHDVXUHG��

�� /RFDWLRQ�'LDJUDP��6NHWFK�WKH�SORW�SRVLWLRQ��7KH�FRQYHQWLRQDO�RULHQWDWLRQ�IRU�WKLV�
VNHWFK�LV�ORRNLQJ�GRZQ�VORSH��0DUN�LQ�DQ\�SURPLQHQW�ODQGVFDSH�IHDWXUHV��H�J���
GLVWLQFW�FRPPXQLW\�ERXQGDULHV��HURVLRQ�SDYHPHQWV��VQRZ�KROORZV��VPDOO�VOLSV��
EOXIIV��JXWV��VKUXEV��DQG�WKH�ORFDWLRQ�RI�DQ\�FDLUQV�EXLOW��,QFOXGH�DQ�DSSUR[LPDWH�
VFDOH�DQG�GLVWDQFH�WR�ODQGVFDSH�IHDWXUHV�VKRZQ��,I�UHOHYDQW��VKRZ�WKH�SORW
V�SRVLWLRQ�
UHODWLYH�WR�WKH�VXUYH\�OLQH�DQG�LWV�GLUHFWLRQ��'HWDLO�LV�HVVHQWLDO�KHUH����WKLV�DQG�WKH�
ORFDWLRQ�SKRWRV��GHVFULEHG�EHORZ��ZLOO�EH�WKH�FKLHI�JXLGHV�IRU�UHORFDWLQJ�WKH�SORW��

�
7R� DLG� SORW� UHORFDWLRQ� WDNH� WZR� SKRWRJUDSKV�� RQH� IURP� HLWKHU� HQG� RI� WKH� FHQWUH� WDSH�� +ROG�
WKH� FDPHUD� DW� VWDQGLQJ� H\H� KHLJKW� DQG� VLJKW� DORQJ� WKH� WDSH�� 8VH� FRORXU� VOLGH� ILOP� LQ� D� ���
PP� VLQJOH� OHQV� UHIOH[� FDPHUD� ILWWHG� ZLWK� D� VWDQGDUG� ������� PP�� OHQV�� )RU� VFDOH�� LQVHUW� D�
RQH� PHWUH� VWDNH� JUDGXDWHG� LQ� ��� FP� VHFWLRQV� FORVH� WR� WKH� WDSH� FHQWUH� SRLQW�� 5HFRUG� VLWH�
QDPH�� OLQH� DQG� SORW� QXPEHU�� GDWH� DQG� DOWLWXGH� RQ� D� VPDOO� EODFNERDUG�� 2QH� SHUVRQ� VKRXOG�
VWDQG� KROGLQJ� LW� VR� WKDW� LW� ZLOO� EH� UHDGDEOH� LQ� WKH� SKRWRJUDSK�� ,I� SUDFWLFDO�� WDNH� D� WKLUG�
SKRWRJUDSK� RI� WKH� SORW� IURP� D� GLVWDQFH�� VKRZLQJ� SORW� SRVLWLRQ� UHODWLYH� WR� UHFRJQLVDEOH� ORFDO�
WHUUDLQ�IHDWXUHV��FDLUQV��HWF��
�
*OREDO� 3RVLWLRQLQJ� 6\VWHPV� �*36�� ZRUN� ZHOO� LQ� JUDVVODQGV�� ZLWK� VXLWDEOH� HTXLSPHQW��
SRVLWLRQ� FDQ� EH� GHWHUPLQHG� WR� ZLWKLQ� �� P�� 7KLV� KDV� JRRG� SRWHQWLDO� IRU� DLGLQJ� SORW� UHORFDWLRQ�
DQG�LQFRUSRUDWLQJ�SHUPDQHQW�SORW�GDWD�LQWR�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��
�
6LWH� FKDUDFWHULVWLFV� DQG� YHJHWDWLRQ� GHVFULSWLRQ�� 5(&&(� GHVFULSWLRQV� DOVR� UHFRUG� VLWH�
FKDUDFWHULVWLFV�� VSHFLHV� OLVWV� LQ� KHLJKW� WLHUV� DQG� DVVRFLDWHG� FRYHU� HVWLPDWHV� DQG� DGGLWLRQDO�
YHJHWDWLRQ� SDUDPHWHUV� �$SSHQGL[� ��� $OOHQ� ������� 5(&&(V� DUH� PDGH� IRU� WKH� DUHD� RI� WKH�
ZKROH� ��� [� ��� P� TXDGUDW�� 1RWH� WKDW� WKHVH� 5(&&(� SORWV� KDYH� GHILQLWH� ERXQGDULHV�� DQG� WKDW�
KHLJKW� WLHUV� DUH� GLIIHUHQW� IURP� IRUHVWV� �$OOHQ� ������� ,Q� WKH� SDVW�� VHOHFWHG� VLWH� FKDUDFWHULVWLFV�
IRU� :UDLJKW� ��� [� ��� P� TXDGUDWV� ZHUH� HQWHUHG� RQ� D� SORW� GHVFULSWLRQ� VKHHW�� WKHVH� DUH� QRZ�
LQFRUSRUDWHG� LQWR� WKH� 5(&&(� GHVFULSWLRQ�� 6LWH� FKDUDFWHULVWLFV� FRQVLGHUHG� QHFHVVDU\� DQG�
LQFOXGHG�RQ�5(&&(�GHVFULSWLRQV�DUH��
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$OWLWXGH� 'UDLQDJH� 6RLO�'HSWK�
$VSHFW� 6WDQGLQJ�FDQRS\�KHLJKW� 6XUIDFH�FKDUDFWHULVWLFV�
6ORSH� &XOWXUDO�LQIOXHQFHV�%URZVH�
3K\VLRJUDSK\� %LUGV�
3DUHQW�PDWHULDO� *URXQG�&RYHU�

�
5(&&(� GHVFULSWLRQV� PRUHRYHU� SURYLGH� LQIRUPDWLRQ� RQ� WRWDO� YHJHWDWLRQ� FRPSRVLWLRQ� IRU� WKH�
DUHD�� EURNHQ� GRZQ� LQWR� KHLJKW� WLHUV�� DQG� ZLOO� EH� HVSHFLDOO\� XVHIXO� LQ� DUHDV� ZKHUH� VXFFHVVLRQ�
PD\� OHDG� WR� PDMRU� FKDQJHV� LQ� GRPLQDQW� VSHFLHV�� H�J��� FRQYHUVLRQ� RI� D� JUDVVODQG� LQWR� D�
ZRRGODQG�RU�VKUXEODQG��)RU�IXUWKHU�LQVWUXFWLRQ�FRQVXOW�$OOHQ���������
�
6SHFLHV� IUHTXHQF\� WUDQVHFW�� 7KH� FHQWUDO� WUDQVHFW� LV� PDGH� XS� RI� ��� FLUFXODU� VXETXDGUDWV�
�)LJ�� ���� HDFK� GHOLQHDWHG� E\� D� ��� FP� LQWHUQDO� GLDPHWHU� VWHHO� ULQJ� �)LJ�� ���� 7KHVH� VXETXDGUDWV�
DUH� FHQWUHG� DW� ��� FP� LQWHUYDOV� �L�H��� ��� FP�� ��� FP�� ���� FP� ���� ����� FP�� DORQJ� WKH� WDSH��
VWDUWLQJ� DW� WKH� WRS� HQG� �WKH� ��� P�� ���� P� FR�RUGLQDWH� �� VHH� )LJ�� ��� DQG� DUH� SRVLWLRQHG�
SHUSHQGLFXODU� WR� WKH� WDSH�� 6HTXHQWLDOO\� UHFRUG� WKH� ILUVW� ��� VXETXDGUDWV� RQ� WKH� 6SHFLHV�
)UHTXHQF\� $� SORW� VKHHW� �$SSHQGL[� ���� EHJLQQLQJ� LQ� WKH� ILUVW� FROXPQ� KHDGHG� ������ 5HFRUG�
WKH� IROORZLQJ� ��� VXETXDGUDWV� RQ� WKH� 6SHFLHV� )UHTXHQF\� %� SORW� VKHHW� EHJLQQLQJ� LQ� &ROXPQ�
��������)RU�HDFK�VXETXDGUDW�UHFRUG�WKH�IROORZLQJ�LQIRUPDWLRQ��

�
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�� &RYHU�� /RZHU� D� SHQFLO� RU� SHQ� YHUWLFDOO\� DW� WKH� FHQWUH� RI� WKH� ULQJ� DQG� UHFRUG� WKH� ILUVW�
WKLQJ� KLW� E\� LWV� SRLQW� DV� IROORZV� �UHSURGXFWLYH� SDUWV� �� H�J��� VHHG� KHDGV�� IORZHU� VWDONV� �� DUH�
H[FOXGHG���
�
6� �� VFUHH�
9� �� OLYH�YHJHWDWLYH�WLVVXH��LQFOXGHV�EURZQHG�WLVVXH�VWLOO�DWWDFKHG�WR�WKH�SODQW��
/� �� OLWWHU��L�H���GHDG�GHWDFKHG�SODQW�PDWHULDO�
%*� �� EDUH�JURXQG��WRSVRLO�RU�VXEVRLO��SDUWLFOHV�����PP�LQ�GLDPHWHU��
(3� �� HURVLRQ�SDYHPHQW��ZKHUH�YHJHWDWLRQ�DQG�VRLO�KDYH�EHHQ�UHPRYHG�WR�H[SRVH�

WKH�VXEVRLO�DQG�URFN�IUDJPHQWV��
%5� �� EURNHQ�URFN��GHSRVLWHG�URFN��H�J���WDOXV��PRUDLQH���
5� �� URFN�WKDW�LV�SDUW�RI�WKH�LQWDFW�SDUHQW�PDWHULDO��L�H���EHGURFN�

�
1RWH�� :LWK� OLWWHU� �/�� WKHUH� DUH� QHDUO\� DOZD\V� SUREOHPV� GHILQLQJ� OLYH� YHUVXV� GHDG�
YHJHWDWLRQ�� WKLV� GLVWLQFWLRQ� EHWZHHQ� DWWDFKHG� DQG� GHWDFKHG� OLWWHU� LV� DQ� DUELWUDU\� FRQYHQWLRQ��
/LWWHU� DQG� YHJHWDWLRQ� LQWHUFHSWV� DUH� RIWHQ� VXPPHG� LQ� WKH� DQDO\VLV�� 1RWH� WKDW� GHDG� OHDI�WLSV�
RI� WXVVRFNV� XQGHU� WKLV� GHILQLWLRQ� DUH� UHFRUGHG� DV� 
OLYH
� YHJHWDWLRQ�� :KHQ� ODUJH�� SDUWLDOO\�
EXULHG� ERXOGHUV� FDQQRW� EH� GLVWLQJXLVKHG� IURP� EHGURFN�� UHFRUG� DV� URFN� UDWKHU� WKDQ� EURNHQ�
URFN��

�� 5RRWHG� ,QVLGH� 5LQJ�� 5HFRUG� DOO� OLYH� SODQW� VSHFLHV� URRWHG�� DW� OHDVW� LQ� SDUW�� ZLWKLQ� WKH� ���
FP� PHWDO� ULQJ� GHILQLQJ� WKH� VXETXDGUDW�� 5HFRUG� VSHFLHV� E\� DEEUHYLDWLRQ� RI� WKHLU� JHQHULF�
DQG� VSHFLILF� QDPHV� ZKLFK� PXVW� EH� XQLTXH� IRU� HDFK� VSHFLHV�� 8VXDOO\� WKLV� LV� WKH� ILUVW� WKUHH�
OHWWHUV� RI� WKH� JHQXV� �XSSHU� FDVH�� DQG� WKH� ILUVW� WKUHH� OHWWHUV� RI� WKH� VSHFLHV� �ORZHU� FDVH���
H�J��� &KLRQRFKORDSDWWHQV� EHFRPHV� �&+,SDO�� �VHH� +DOO� ������� (DFK� VSHFLHV� WDNHV� RQH�
URZ�� ZLWK� WKH� VSHFLHV� FRGH� ZULWWHQ� LQ� WKH� FROXPQ� FRUUHVSRQGLQJ� WR� WKH� ILUVW� VXETXDGUDW� LQ�
ZKLFK� LW� LV� HQFRXQWHUHG�� 5HFRUG� RFFXUUHQFH� LQ� DOO� VXETXDGUDWV� IROORZLQJ� WKH� ILUVW� ZLWK� D�
WLFN�LQ�WKH�DSSURSULDWH�FROXPQ��$GG�QHZ�VSHFLHV�GRZQ�WKH�URZV��
�
:KHUH� D� VSHFLHV� LV� XQNQRZQ�� FROOHFW� D� VLQJOH� VSHFLPHQ� LQFOXGLQJ� DV� PXFK� RI� WKH�
YHJHWDWLYH� DQG� IORUDO� SDUWV� DV� SUDFWLFDO�� &OHDUO\� ODEHO� ZLWK� WKH� SURYLVLRQDO� FRGH� XVHG� RQ�
WKH� SORW� VKHHW�� GDWH�� VXUYH\� DUHD�� DQG� OLQH�� SORW� DQG� VXETXDGUDW� QXPEHUV�� )RU� WKH� VKRUW��
WHUP� VWRUH� LQ� D� SODVWLF� EDJ�� LI� VWRULQJ� IRU� ORQJHU�� SUHVV� WKH� VSHFLPHQ� LQ� GU\� SDSHU�� :KHQ�
SRVVLEOH��FROOHFW�WKH�VSHFLPHQ�IURP�RXWVLGH�WKH�ULQJ�VXETXDGUDW��

�� 2YHUKDQJLQJ� 5LQJ�� 5HFRUG� DOO� VSHFLHV� IRU� ZKLFK� OLYH� YHJHWDWLYH� WLVVXH� RYHUKDQJV� WKH� ���
FP� VXETXDGUDW� LQ� LWV� YHUWLFDO� SURMHFWLRQ�� 'R� QRW� UHFRUG� LQ� WKLV� FDWHJRU\� VSHFLHV� WKDW� DUH�
URRWHG� ZLWKLQ� WKH� VDPH� VXETXDGUDW�� )RU� DQ� H[DPSOH� RI� D� FRPSOHWHG� GDWD� VKHHW� VHH�
$SSHQGL[����

�
1RWH�� ,Q� ZLQG\� FRQGLWLRQV�� VWRQHV� FDQ� EH� XVHG� WR� KROG� WKH� FHQWUH� WDSH� LQ� SRVLWLRQ�� 0DNH�
VXUH� ULQJ� UHPDLQV� FHQWUHG� ZKLOH� VHDUFKLQJ� IRU� VSHFLHV�� :KHQ� WKHUH� DUH� QRW� HQRXJK� URZV� RQ�
WKH� SORW� VKHHW� WR� UHFRUG� DOO� WKH� VSHFLHV�� FRQWLQXH� RQ� DQRWKHU�� VLPLODUO\� LGHQWLILHG��$OWKRXJK� RIWHQ�
FRPELQHG� ZLWK� URRWHG� VSHFLHV� LQ� DQDO\VLV�� RYHUKDQJLQJ� VSHFLHV� VKRXOG� EH� UHFRUGHG�
VHSDUDWHO\�WR�DYRLG�RYHUORRNLQJ�WKHP��
�



�

�

6WHUHRSKRWRV�� $W� HDFK� RI� WKH� HLJKW� UDQGRPO\� ORFDWHG� SRLQWV� ZLWKLQ� WKH� SORW�� PDUNHG� E\�
VKRUW� DOXPLQLXP� SHJV�� WDNH� D� SDLU� RI� FRORXU� VOLGHV�� 7KH� HTXLSPHQW� UHTXLUHG� WR� HVWDEOLVK�
VWHUHRSKRWR� SRLQWV� FRQVLVWV� RI� D� VWURQJ� ULJLG� DOXPLQLXP�IUDPHG� WULSRG� �)LJ�� �� 	� ���� D� VLQJOH�
OHQV� UHIOH[� FDPHUD� ILWWHG� ZLWK� D� ��� PP� ZLGH�DQJOH� OHQV� ZHOO� FRUUHFWHG� IRU� GLVWRUWLRQ� DQG�
ORDGHG� ZLWK� .RGDFKURPH� ��� $6$� FRORXU� VOLGH� ILOP�� DQG� DQ� HQJUDYHG� SODTXH� XVHG� WR�
LGHQWLI\� HDFK� SKRWRFHQWUH�� )RU� WUDQVSRUW� WKH� WULSRG� FDQ� EH� EURNHQ� GRZQ� LQWR� LWV� ILYH� SDUWV��
L�H��� WKH� VTXDUH� IUDPH� IRU� PRXQWLQJ� WKH� FDPHUD�� WKH� WKUHH� OHJV�� DQG� WKH� SHUSHQGLFXODU� URG�
�VWRUHG�LQVLGH�RQH�RI�WKH�OHJV���3URFHGXUH��

�� $VVHPEOH� WKH� WULSRG� DQG� DGMXVW� WKH� OHJV� WR� D� OHQJWK� RI� DERXW� �� P�� 6FUHZ� WKH� ORDGHG�
FDPHUD�RQWR�WKH�VOLGLQJ�EDVH�SODWH��$WWDFK�WKH�FDEOH�VKXWWHU�UHOHDVH�WR�WKH�FDPHUD��

�� $W� WKH� ILUVW� SKRWRFHQWUH�� SRVLWLRQ� WKH� WULSRG� VR� WKH� VLGH� ZLWK� WZR� OHJV� LV� GRZQKLOO�� )RU�
VWDELOLW\�� IRUFH� WKH� OHJ� WLSV� LQWR� WKH� JURXQG�� $GMXVW� DV� QHFHVVDU\� VR� WKDW� WKH� FDPHUD�
IUDPH� �DQG� KHQFH� WKH� ILOP� SODQH�� LV� SDUDOOHO� WR� WKH� VORSH� DQG� FRQWRXU� DW� WKH� SKRWRFHQWUH��
7KH� DQJOH� UHDGLQJ� RI� WKH� $EQH\� OHYHO� PRXQWHG� RQ� WKH� IUDPH� VKRXOG� EH� WKH� VDPH� DV� WKH�
VORSH� �)LJ�� ���� 8VH� WKH� UHFHVVHG� OHYHO� WR� HQVXUH� WKDW� WKH� IUDPH� LV� QRW� WLOWHG� IURP� VLGH� WR�
VLGH�� 7KH� DOXPLQLXP� URG� SURMHFWV� LQ� D� SHUSHQGLFXODU� OLQH� IURP� WKH� IUDPH�� $GMXVW� LWV�
OHQJWK� EHORZ� WKH� IUDPH� VR� WKDW� LW� WRXFKHV� WKH� SRLQW� ZKHUH� WKH� SKRWRFHQWUH� SHJ� HQWHUV� WKH�
JURXQG�� 5HILQH� WKH� DGMXVWPHQWV� WR� WKH� WULSRG� OHJV� DQG� WKH� DOXPLQLXP� URG� XQWLO� ERWK� DUH�
FRUUHFWO\�SRVLWLRQHG��

�� $IWHU� WKH� WULSRG� KDV� EHHQ� IXOO\� DGMXVWHG� �)LJ�� ���� ILOO� LQ� WKH� ZKLWH� SODTXH� XVHG� WR� LGHQWLI\�
WKH� SKRWRSRLQW� ZLWK� D� VSLULW�EDVHG� IHOW� WLS� SHQ�� 5HFRUG� VXUYH\�� DUHD�� OLQH�� SORW�� DQG� GDWH�
DV�EHIRUH��$GGLWLRQDO�LQIRUPDWLRQ�UHTXLUHG�LV�DV�IROORZV��

�

���



�

���

)LJXUH���7DNLQJ�SKRWRJUDSK�ZLWK�VWHURSKRWR�WULSRG�ZLWK�WKH�VWHUHRSKRWR�WULSRG�VHW�XS��
�
3KRWRFHQWUH��WKH�SKRWRFHQWUH�QXPEHU��DV�LQ�)LJ�����
+W�� 3HUS�� 5RG�� WKH� OHQJWK� �WR� WKH� QHDUHVW� ���� FP�� RI� WKH� DOXPLQLXP� URG� IURP� ZKHUH� LW�
WRXFKHV� WKH� JURXQG� DW� WKH� SKRWRFHQWUH� SHJ� WR� WKH� SRLQW� ZKHUH� LW� HPHUJHV� IURP� WKH� WRS� RI� WKH�
FDPHUD�IUDPH��
$EQH\� $QJOH�6ORSH�� WKH� VORSH� �WR� WKH� QHDUHVW� GHJUHH�� IURP� WKH� $EQH\� OHYHO� PRXQWHG� RQ�
WKH�FDPHUD�IUDPH��
7LPH��7R�WKH�QHDUHVW����PLQXWHV��H�J���������KRXUV��
:HDWKHU��1RWH�ZHDWKHU�FRQGLWLRQV�LQ�UHODWLRQ�WR�EULJKWQHVV�H�J���RYHUFDVW�DQG�GXOO��

�� 6HFXUH� WKH� VOLGLQJ� FDPHUD� PRXQW� LQ� WKH� 5,*+7�KDQG� SRVLWLRQ�� 5HOHDVH� WKH�
SHUSHQGLFXODU� URG� DQG� VHFXUH� LW� XS� RXW� RI� WKH� ILHOG� RI� YLHZ�� 3ODFH� WKH� LQVFULEHG� SODTXH�
ZLWKLQ� WKH� ILHOG� RI� YLHZ� LQ� D� SRVLWLRQ� ZKHUH� QR� GHWDLO� LV� REVFXUHG�� $GMXVW� WKH� FDPHUD� WR�
JLYH� WKH� JUHDWHVW� GHSWK� RI� ILHOG� SRVVLEOH�� $YRLG� FDVWLQJ� D� VKDGRZ� RQ� WKH� SORW�� 7DNH� WKH�
ILUVW� VOLGH�� WKHQ� PRYH� WKH� VOLGLQJ� FDPHUD� PRXQW� WR� WKH� /()7�KDQG� PDUN� DQG� VHFXUH��
5HPRYH�WKH�SODTXH�DQG�WDNH�WKH�VHFRQG�VOLGH��

�� &RPSOHWH� WKH� FRYHU� TXDGUDW� HVWLPDWHV� �LI� DSSOLFDEOH�� DQG� GLVWDQFH�VWDWXUH� PHDVXUHPHQWV�
�ERWK�GHVFULEHG�EHORZ��IRU�WKLV�SKRWRFHQWUH��

�� &OHDQ�WKH�SODTXH�XVLQJ�LVRSURS\O�DOFRKRO�DQG�D�UDJ��
�� 5HSHDW�WKH�SURFHGXUH�IRU�WKH�UHPDLQLQJ�VHYHQ�SKRWRFHQWUHV��

)LJXUH� �� &DPHUD� IUDPH� ZLWK� GHWDFKDEOH� WULSRG� OHJV� EROWHG� RQ� DQG� FDPHUD� LQ� SRVLWLRQ� IRU
WKH� ILUVW� SKRWRJUDSK�� %HIRUH� WDNLQJ� SKRWRJUDSKV�� WKH� SHUSHQGLFXODU� URG� LV� UHPRYHG� IURP� WKH
ILHOG� RI� YLHZ�� 7KH� VORSH� DW� WKH� SKRWRFHQWUH� LV� UHDG� IURP� WKH� $EQH\� OHYHO� PRXQWHG� RQ� WKH
VLGH� RI� WKH� IUDPH�� 7KH� VPDOO� OHYHO� UHFHVVHG� LQ� WKH� IUDPH� LV� XVHG� WR� DOLJQ� WKH� IUDPH� SDUDOOHO
WR�WKH�FRQWRXU��



�

���

1RWH�� (DFK� VOLGH� FRYHUV� DERXW� �� P��� WKH� H[DFW� DUHD� GHSHQGV� RQ� WKH� ILQDO� KHLJKW� RI� WKH�
WULSRG�� %HFDXVH� WKH� FDPHUD� LV� PRYHG� LQ� WKH� VOLGLQJ� IUDPH� EHWZHHQ� SKRWRJUDSKV�� WKHUH� LV� D�
VPDOO�DUHD�RI�QRQ�RYHUODS�RI�LPDJHV�DW�WKH�HGJHV��
�
5HFRUG� LGHQWLILFDWLRQV� �RU� PDNH� FROOHFWLRQV�� IRU� DQ\� VSHFLHV� WKDW� ZLOO� EH� GLIILFXOW� WR� LGHQWLI\�
LQ� WKH� SKRWRJUDSKV� �H�J��� ZKHUH� GLVWLQJXLVKLQJ� NH\� FKDUDFWHUV� UHTXLUH� D� KDQG� OHQV�� RQ� D�
6SHFLHV�&RYHU�VKHHW��$SSHQGL[�����
�
:HOOV� ������� GHVFULEHV� D� GRXEOH� FDPHUD� DSSDUDWXV� HQDEOLQJ� VWHUHRSKRWR� SDLUV� WR� EH� VKRW�
VLPXOWDQHRXVO\�� 7KLV� RYHUFRPHV� SUREOHPV� DVVRFLDWHG� ZLWK� FKDQJLQJ� OLJKW� FRQGLWLRQV� DQG�
ZLQG�JXVWV��
�
)LOO�LQ�IODVK�PD\�KHOS�WR�UHGXFH�VKDGRZ�LQ�VXQOLJKW��
�
&RYHU� TXDGUDWV�� :KHQ� YHJHWDWLRQ� H[FHHGV� ���� P�� PDNH� FRYHU� HVWLPDWHV� LQ� TXDGUDWV� FHQWUHG�
DW�WKH�VWHUHRSKRWR�SRLQWV��
�
:LWKLQ� D� �� P� [� �� P� TXDGUDW� FHQWUHG� DURXQG� HDFK� RI� WKH� HLJKW� DOXPLQLXP� SHJV�� YLVXDOO\�
HVWLPDWH� FRYHU� RI� HDFK� VSHFLHV� DQG� UHFRUG� WKH� DSSURSULDWH� FRYHU� FODVV�� &RYHU� LV� GHILQHG� DV�
WKH� SURSRUWLRQ� RI� JURXQG� DUHD� RFFXSLHG� E\� WKH� YHUWLFDO� SURMHFWLRQ� RI� WKH� YHJHWDWLYH� SDUWV� RI�
DOO� LQGLYLGXDOV� RI� D� VSHFLHV� �*UHLJ�6PLWK� ������� 7KLV� LV� XVXDOO\� OHVV� WKDQ� WKH� WRWDO� OHDI� DUHD�
RI� WKH� VSHFLHV�� DV� OHDYHV� RIWHQ� RYHUODS� �0XHOOHU�'RPERLV� 	� (OOHQEHUJ� ������� 7RWDO� FRYHU�
RI� DOO� VSHFLHV� PD\� H[FHHG� ������ &RYHU� FODVVHV� DUH� 
�
� ��� ����� 
�
� ��� �� ����� 
�
� ��� �� ������

�
� ���� �� ������ 
�
� ���� �� ������ DQG� 
�
� ���� �� ������� $� FRPSOHWHG� FRYHU� GDWD� VKHHW� LV� VKRZQ�
LQ�$SSHQGL[����
�
'LVWDQFH� DQG� 6WDWXUH� 0HDVXUHPHQWV�� )RU� WKH� WXVVRFN� VSHFLHV� WKDW� LV� GRPLQDQW� LQ� WHUPV� RI�
JURXQG� FRYHU� RQ� WKH� SORW�� KHLJKW�� GLDPHWHU�� DQG� QHDUHVW�QHLJKERXU� GLVWDQFH� DUH� PHDVXUHG� DW�
HDFK� RI� WKH� HLJKW� SHJV�� 7KHVH� PHDVXUHPHQWV� VKRZ� UHODWLYH� DEXQGDQFH� DQG� VWDWXUH�� DQG� WKH\�
DUH� VHQVLWLYH� RQO\� WR� JURVV� FKDQJHV�� ,I� WKHUH� DUH� QR� WXVVRFNV�� GR� QRW� PHDVXUH� RWKHU�
JUDPLQRLGV�� 0HDVXUH� DQG� UHFRUG� WKH� IROORZLQJ� �WR� WKH� QHDUHVW� FP�� RQ� WKH� 'LVWDQFH�6WDWXUH�
0HDVXUHPHQWV�VKHHWV��$SSHQGL[�����

�� 6XUYH\�� OLQH�� SORW�� GDWH�� FRYHU� SHJ�� KW�� SHUS�� URG�� DQG� $EQH\� DQJOH�VORSH� �WKH� ODVW� WZR�
DUH�UHFRUGHG�DV�
1�$
�LI�D�FRYHU�TXDGUDW�ZDV�H[DPLQHG���

�� 6SHFLHV�� WKH� SK\VLRJQRPLFDOO\� GRPLQDQW� WXVVRFN� VSHFLHV� RQ� WKH� ��� [� ��� P� TXDGUDW�� 7KH�
GRPLQDQW� VSHFLHV� LV� DVVHVVHG� IRU� DOO� HLJKW� PHDVXUHPHQW� SRLQWV�� HYHQ� LI� LW� LV� QRW� WKH� ORFDO�
GRPLQDQW�DW�DQ\�RQH�SRLQW��

�� ',67� ��� WKH� KRUL]RQWDO� GLVWDQFH� IURP� WKH� SKRWRFHQWUH� SHJ� WR� WKH� FHQWUH� RI� WKH� EDVH� RI� WKH�
QHDUHVW� WXVVRFN� �7XVVRFN� ��� )LJ�� ���� 7R� GHWHUPLQH� WKH� WXVVRFN� FHQWUH�� LPDJLQH� WZR� D[HV�
JRLQJ� DFURVV� DQG� SHUSHQGLFXODU� WR� WKH� VORSH�� WKH� ILUVW� FRQQHFWV� RSSRVLWH� VLGHV� RI� WKH�
WXVVRFN�DQG�ELVHFWV�WKH�WXVVRFN�EDVH��WKH�VHFRQG�ELVHFWV�WKH�ILUVW�DW������7KH�WXVVRFN�



�

���

FHQWUH�LV�WKH�LQWHUVHFWLRQ�RI�WKHVH�WZR�OLQHV��
�� +7� ��� WKH� GLVWDQFH� IURP� WKH� WXVVRFN� FHQWUH� DW� JURXQG� OHYHO� WR� WKH� OHDI�WLS� �LQFOXGLQJ� WLS�

GLH�EDFN��� 7KLV� PXVW� EH� PHDVXUHG� LPPHGLDWHO\� DGMDFHQW� WR� WKH� WXVVRFN� FURZQ� DW� JURXQG�
OHYHO�� 0HDVXUH� DW� ���� WR� WKH� VORSH�� SXOO� WKH� WLOOHU� WDXW� DORQJ� WKLV� D[LV� DQG� UHFRUG�
PD[LPXP�H[WHQGHG�WLOOHU�OHQJWK��QRW�VWDQGLQJ�KHLJKW��)LJ������

�� ',$0� ��� WKH� WXVVRFN� EDVH� GLDPHWHU�� 5HFRUG� WKH� DYHUDJH� OHQJWK� RI� WKH� WZR� D[HV�
�GLDPHWHUV��XVHG�WR�GHWHUPLQH�WKH�WXVVRFN�FHQWUH��

�� ',67� ��� WKH� KRUL]RQWDO� GLVWDQFH� IURP� WKH� FHQWUH� RI� 7XVVRFN� �� WR� WKH� FHQWUH� RI� WKH� QHDUHVW�
FRQVSHFLILF�QHLJKERXU��7XVVRFN�����

�� +7����DV�IRU�7XVVRFN����
�� ',$0����DV�IRU�7XVVRFN����
�
1RWH�� $V� D� FRQYHQWLRQ�� WXVVRFN� IUDJPHQWV� VHSDUDWHG� E\� OHVV� WKDQ� �� FP� DW� WKH� EDVH� FDQ� EH�
FRQVLGHUHG�SDUW�RI�WKH�VDPH�LQGLYLGXDO��
�
'LVWLQJXLVKLQJ� LQGLYLGXDO� WXVVRFNV� LV� XVXDOO\� SRVVLEOH� RQO\� LQ� VWDQGV� KDYLQJ� OHVV� WKDQ� ����
WXVVRFN� FDQRS\� FRYHU� �5RVH� 	� 3ODWW� ������� 0HDVXUH� GLVWDQFH� DQG� GLDPHWHU� RQO\� LI�
LQGLYLGXDOV� DUH� GLVWLQJXLVKDEOH�� RWKHUZLVH� HQWHU� 
Q�G�
� LQ� WKRVH� FROXPQV�� DQG� HQWHU� WKH�
PD[LPXP� H[WHQGHG� OHDI� OHQJWK� RI� WKH� QHDUHVW� SDWFK� WR� WKH� SKRWRFHQWUH� SRLQW�� :KHUH� WKH�
GRPLQDQW� WXVVRFN� IRUPV� D� PDW�� �H�J��� &KLRQRFKORD� RUHRSKLOD�� ZULWH� �PDW�� LQ� WKH� GLVWDQFH�
FROXPQ�DQG�UHFRUG�FRYHU�SHJ�QXPEHU��VSHFLHV��KHLJKW��DQG�VORSH�RQO\��
�
'R� QRW� PHDVXUH� WKH� VDPH� WXVVRFN� IURP� PRUH� WKDQ� RQH� RI� WKH� HLJKW� SRLQWV�� ,I� D� WXVVRFN� ILWV�
WKH� VHOHFWLRQ� FULWHULD� EXW� KDV� EHHQ� PHDVXUHG� DOUHDG\�� QRWH� WKLV� LQ� WKH� URZ� EHVLGH� WKH�
DSSURSULDWH�FRYHU�SHJ�QXPEHU��
�
%HIRUH� OHDYLQJ� WKH� SORW�� WKRURXJKO\� FKHFN� DOO� GDWD� VKHHWV� WR� HQVXUH� WKDW� WKHUH� DUH� QR� HUURUV�
RU�RPLVVLRQV�LQ�WKH�GDWD�DQG�WKDW�WKH�ZULWLQJ�LV�OHJLEOH��



�

�

�
)LJXUH� �� 7XVVRFN� GLVWDQFH�VWDWXUH� PHDVXUHPHQWV�� VKRZLQJ� QHDUHVW� WXVVRFN� �7O���
QHDUHVW�QHLJKERXU��7���DQG�WKH�EDVHV�RI�DGMDFHQW�WXVVRFNV��

�
)LJXUH���0HDVXULQJ�WKH�H[WHQGHG�WLOOHU�OHQJWK��KHLJKW��RI�D�WXVVRFN��

������ � � � � 6XPPDULVLQJ�GDWD�
6SHFLHV�IUHTXHQF\�WUDQVHFWV��7KH�SDFNDJH�3&�75$16(&7�DOORZV�HQWU\��FKHFNLQJ�DQG�DQDO\VLV�RI�
VSHFLHV� IUHTXHQF\� GDWD�� 7KLV� SDFNDJH� DOORZV� SORWV� WR� EH� FODVVLILHG� LQWR�
FRPPXQLWLHV�� DQG� SURYLGHV� VXPPDULHV� RI� VSHFLHV� IUHTXHQF\� DQG� HQYLURQPHQWDO� GDWD� E\�
FRPPXQLW\� RU� RWKHU� SORW� JURXSV� RI� LQWHUHVW� �H�J��� 5RVH� 	� 3ODWW� ������� 0RUHRYHU�� LW� ZULWHV�
GDWD�LQ�IRUPDWV�FRPSDWLEOH�ZLWK�RWKHU�FRPPXQLW\�DQDO\VLV�SDFNDJHV�VXFK�DV�&$12&2��WHU�
%UDDN�O������
�

�
�
�
�
�
�
�
���
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&RYHU� TXDGUDW� GDWD�� &RYHU� TXDGUDW� GDWD� FDQ� HLWKHU� EH� DQDO\VHG� DW� WKH� TXDGUDW� VFDOH�� RU�
VXPPDULVHG� WR� SURYLGH� PHDQ� FRYHU� YDOXHV� DFURVV� WKH� HQWLUH� ��� [� ��� P� SORW�� &RYHU� FODVV�
VFRUHV� DUH� FRQYHUWHG� WR� WKH� PHDQ� FRYHU� YDOXH� RI� WKDW� FODVV� L�H��� ��
'������ ��
'������
��
'���������
'���������
'���������
'�������7KHVH�YDOXHV�DUH�DYHUDJHG�E\�VSHFLHV��
�
6WHUHRSKRWR� SDLUV�� ,Q� WKH� SDVW�� VWHUHRSKRWR� GDWD� ZHUH� VXPPDULVHG� DIWHU� ILHOGZRUN� ZDV�
FRPSOHWHG�� 7KH� KLJK� GHJUHH� RI� YDULDWLRQ� EHWZHHQ� REVHUYHUV� LQ� WKHVH� VXPPDULHV�� KRZHYHU��
VXJJHVWV� WKDW� WR� TXDQWLI\� FKDQJH� RQH� REVHUYHU� �RU� WHDP� RI� REVHUYHUV�� VKRXOG� VXPPDULVH� DOO�
WKH�VWHUHRSKRWRV�WDNHQ�DW�GLIIHUHQW�WLPHV�IURP�D�JLYHQ�SORW�DW�RQFH��
�
$� IXOO� SRLQW�DQDO\VLV� E\� VSHFLHV� �$OOHQ� HW� DO�� ������ LV� YHU\� WLPH�FRQVXPLQJ�� DQG� PD\� QRW� EH�
UHTXLUHG� WR� PHHW� VRPH� VWXG\� REMHFWLYHV�� $QDO\VLV� RI� EDUH� JURXQG� DQG� YHJHWDWLRQ� FDWHJRULHV�
PD\� EH� HQRXJK�� $� UDSLG�� VXEMHFWLYH� DSSURDFK� LV� GHVFULEHG� KHUH�� IROORZLQJ� 5RVH� 	� 3ODWW�
�������� ,I� \RXU� REMHFWLYHV� UHTXLUH� D� IXOO� SRLQW�DQDO\VLV� E\� VSHFLHV�� VHH� $OOHQ� HW� DO�� ������� RU�
FRQWDFW�/DQGFDUH�5HVHDUFK�IRU�DGYLFH��

�� 8VLQJ� D� VOLGH� SURMHFWRU�� SURMHFW� D� VLQJOH� WUDQVSDUHQF\� DQG� DGMXVW� WKH� LPDJH� VL]H� VR� WKDW�
WKH�GLDJRQDO�OHQJWK�LV����FP��

�� 9LVXDOO\� HVWLPDWH� SHUFHQWDJH� FRYHU� IRU� HDFK� YHJHWDWLRQ� FDWHJRU\� �VHH� EHORZ�� DQG� UHFRUG�
WKH� DSSURSULDWH� FRYHU� FODVV� �VHH� S�� ��� 8VH� UHIHUHQFH� FDUGV� VKRZLQJ� WKH� DUHD� SDUDPHWHUV�
RI�HDFK�FODVV�WR�LPSURYH�WKH�DFFXUDF\�RI�FRYHU�HVWLPDWHV��

�� :KHUH� FDWHJRULHV� DUH� GLIILFXOW� WR� GHWHUPLQH� IURP� SURMHFWHG� VOLGHV�� H[DPLQH� VOLGHV� XVLQJ� D�
VWHUHRVFRSH� RU� D� VWHUHR� LPDJH� SURMHFWHG� RQ� D� OLJKW� WDEOH� �:LPEXVK� HW� DO�� ������ :HOOV�
������$OOHQ�HW�DO��������IRU�FODULILFDWLRQ��

�� &RPSDUH� VOLGHV� IURP� LQLWLDO� VXUYH\V� DQG� UHVXUYH\V� GLUHFWO\�� XVLQJ� WZR� VOLGH� SURMHFWRUV��
7KLV� DOORZV� \RX� WR� VHH� LI� WKH� DUHDV� SKRWRJUDSKHG� PDWFK� RU� LI� FURSSLQJ� LV� QHHGHG�� 7R� DGG�
D� FRQVHUYDWLYH� ELDV�� XVH� WZR� RU� PRUH� REVHUYHUV� DQG� UHTXLUH� FRQVHQVXV� DPRQJ� WKHP� WR�
FKDQJH�WKH�FRYHU�VFRUH�RI�D�YHJHWDWLRQ�FDWHJRU\�EHWZHHQ�VXUYH\V��

�
([DPSOHV�RI�9HJHWDWLRQ�&DWHJRULHV�� � ,Q�WKHLU�VWXG\�RI�JUDVVODQG�UHFRYHU\�LQ�QRUWKHUQ�
)LRUGODQG��5RVH�	�3ODWW��������XVHG�WKH�IROORZLQJ�FDWHJRULHV��
7XVVRFNV��PRVWO\�&KLRQRFKORD�VSHFLHV��EXW�LQFOXGLQJ�WDOO�VHGJHV�RU�UXVKHV��
&HOPLVLD��YLVXDOO\�FRQVSLFXRXV�DQG�RWKHU�UHDGLO\�LGHQWLILDEOH�VSHFLHV�RI�WKLV�JHQXV��
'LFRWV��WKH�ODUJH�OHDYHG�GLFRW\OHGRQRXV�KHUEV��H[FHSW�&HOPLVLD�VSS����
6KUXEV�� � � �ZRRG\�VKUXE�VSHFLHV��
0DW�� � � � � � � � ORZ�JURZLQJ�LQWHU�WXVVRFN�VSHFLHV��LQFOXGLQJ�EU\RSK\WHV���PDQ\�FDQQRW�EH�

GLVWLQJXLVKHG�RU�LGHQWLILHG���
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/LWWHU�� � � � � � GHDG�SODQW�PDWHULDO�XQDWWDFKHG�WR�OLYLQJ�SODQWV��
%DUH�� � � � � � � EDUH�VRLO�RU�URFN��
�
,Q� KLV� VWXG\� RI� IHUDO� KRUVH� LPSDFWV� LQ� WKH� .DLPDQDZD� 0RXQWDLQV�� 5RJHUV� ������� XVHG�
VKUXEV�� PDW�� EDUH�� DQG� OLWWHU� FDWHJRULHV� DV� DERYH� DQG� DGGHG� DV� LQGLYLGXDO� FDWHJRULHV� UHG�
WXVVRFN�� &KLRQRFKORD� SDOOHQV�� KDUG� WXVVRFN�� 3RD� FROHQVRL�� 5\WLGRVSHUPD� VHWLIROLXP��
&HOPLVLD�VSHFWDELOLV��DQG�PRVV��
�
,Q� D� &DQWHUEXU\� WXVVRFN� JUDVVODQG� VWXG\�� :KLWHKRXVH� HW� DO�� ������� H[DPLQHG� FKDQJHV� LQ� WKH�
SURSRUWLRQ�RI�EDUH�JURXQG��
�
'LVWDQFH� DQG� VWDWXUH� GDWD�� 7XVVRFN� GLVWDQFH� DQG� VWDWXUH� GDWD� FDQ� SURYLGH� LQIRUPDWLRQ� RQ�
WXVVRFN� VWDWXUH� DQG� GHQVLW\�� 'DWD� DUH� EHVW� VXPPDULVHG� E\� FRPPXQLW\� W\SH� RU� SORW� JURXSV��
DV� WKLV� SURYLGHV� VXIILFLHQW� VDPSOH� VL]H� IRU� UREXVW� SDUDPHWHU� HVWLPDWLRQ�� 7KH� PRVW�
VWUDLJKWIRUZDUG� DSSURDFK� WR� H[DPLQLQJ� VWDWXUH� LV� WR� DYHUDJH� WKH� KHLJKW� PHDVXUHPHQWV� DQG�
GLDPHWHU� PHDVXUHPHQWV� �ERWK� DUH� PHDVXUHG� ��� WLPHV� LQ� D� SORW�� VR� DV� WR� DOORZ� FRPSDULVRQ� RI�
GLIIHUHQW�FRPPXQLW\�W\SHV�DW�D�JLYHQ�WLPH��RU�JURXSV�RI�SORWV�RYHU�WLPH��
�
'LVWDQFH� PHDVXUHPHQWV� FDQ� EH� XVHG� WR� FDOFXODWH� WXVVRFN� GHQVLW\�� $JDLQ�� GHQVLW\� VKRXOG� EH�
FDOFXODWHG� E\� FRPPXQLW\� W\SH� RU� IRU� SORW� JURXSV� XVLQJ� GLVWDQFH� PHDVXUHPHQWV� IURP� D� WRWDO�
RI� DW� OHDVW� ��� SRLQWV�� 7KH� VLPSOHVW� FDOFXODWLRQV� DUH� EDVHG� RQ� HLWKHU� WKH�
SRLQW�WR�QHDUHVW�WXVVRFN� GLVWDQFHV� �'LVWDQFH� ��� RU� WKH� WXVVRFN�WR�QHDUHVW�QHLJKERXU�
GLVWDQFHV� �'LVWDQFH� ���� VHH� 0XHOOHU�'RPERLV� 	� (OOHQEHUJ� ������� RU� *UHLJ�6PLWK� �������
IRU� H[DPSOHV� RI� FDOFXODWLRQV�� ,QGLYLGXDO� WXVVRFNV� PD\� EH� KLJKO\� FOXPSHG�� KRZHYHU�� DQG�
WKHVH� DSSURDFKHV� ZLOO� WKHQ� XQGHUHVWLPDWH� WRWDO� GHQVLW\� �0XHOOHU�'RPERLV� 	� (OOHQEHUJ�
������ *UHLJ�6PLWK� ������� %DWFKHOHU� 	� %HOO� ������� VXJJHVW� D� PRGLILFDWLRQ� ZKLFK� XVHV� WKH�
SRLQW�WR�QHDUHVW�WXVVRFN� GLVWDQFHV� WR� REWDLQ� DQ� HVWLPDWH� RI� GHQVLW\� DVVXPLQJ� UDQGRP�
GLVWULEXWLRQ� RI� LQGLYLGXDOV�� $� FRUUHFWLRQ� LV� WKHQ� DSSOLHG� WR� WKLV� ILJXUH� XVLQJ� WKH�
WXVVRFN�WR�QHDUHVW�QHLJKERXU� GLVWDQFHV�� ZKLFK� VXJJHVW� WKH� GHJUHH� RI� FOXPSLQJ�� %DWFKHOHU�
	�%HOO��������DQG�%DGGHOH\��������H[SODLQ�WKH�UHTXLUHG�FRPSXWDWLRQV�LQ�GHWDLO��
�
����6FRWW�KHLJKW�IUHTXHQF\�PHWKRG�
�
7KH� KHLJKW�IUHTXHQF\� PHWKRG� ZDV� GHVLJQHG� WR� VDPSOH� YHUWLFDO� VWUXFWXUH� DQG� FRPSRVLWLRQ� RI�
WXVVRFN� JUDVVODQGV� �6FRWW� ������� ,Q� XQLPSURYHG� JUDVVODQG� LW� KDV� XVXDOO\� EHHQ� HPSOR\HG� DV�
D� QRQ�SHUPDQHQW� VDPSOLQJ� PHWKRG�� H�J��� WR� H[DPLQH� VRLO� GHYHORSPHQW� DQG� YHJHWDWLRQ� WUHQGV�
DORQJ� D� UDLQIDOO� JUDGLHQW� �0F,QWRVK� HW� DO�� ������� RU� WR� FRQWUDVW� YHJHWDWLRQ� DQG� VRLOV�
DVVRFLDWHG� ZLWK� WZR� VQRZ� WXVVRFN� VSHFLHV� �:LOOLDPV� ������� 0RVW� SHUPDQHQW� SORWV� ZHUH�
HVWDEOLVKHG� LQ� WKH� FHQWUDO� 2WDJR� UHJLRQ� DIWHU� WKH� PLG� ����V� E\� XQLYHUVLW\� VFLHQWLVWV� RU�
IRUPHU� '6,5� �QRZ� /DQGFDUH� 5HVHDUFK�� VFLHQWLVWV� �0HXUN� 	� %X[WRQ� ������ 'LFNLQVRQ� HW� DO��
������� 7KH� PHWKRG� KDV� DOVR� EHHQ� LQFRUSRUDWHG� LQWR� H[LVWLQJ� PRQLWRULQJ� VFKHPHV� HOVHZKHUH�
�5RJHUV�������:HEVWHU��������
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7KH� VWUHQJWK� RI� WKLV� DSSURDFK� LV� LWV� DELOLW\� WR� GHWHFW� FKDQJHV� LQ� YHUWLFDO� VWUXFWXUH� RI�
YHJHWDWLRQ� DQG� SURYLGH� LQGLUHFW� ELRPDVV� HVWLPDWHV� �6FRWW� ������ :LOOLDPV� ������� 7KLV� LV� RI�
SDUWLFXODU� XVH� ZKHQ� DVVHVVLQJ� LPSDFWV� RI� PDQDJHPHQW� H[SHFWHG� WR� DIIHFW� YHJHWDWLRQ� KHLJKW�
�H�J��� FKDQJH� LQ� JUD]LQJ� UHJLPH�� EXUQLQJ��� ,W� LV� PRUH� DSSURSULDWH� IRU� KLJKHU�VWDWXUHG�
YHJHWDWLRQ� �!�� P� �� WKDQ� WKH� :UDLJKW� ��� [� ��� P� TXDGUDW�� DQG� LV� PRUH� VHQVLWLYH� WR� VXEWOH�
YHJHWDWLRQ� FKDQJHV�� $� ZHDNQHVV� LV� WKDW� WKH� REVHUYHU� PXVW� PDNH� VXEMHFWLYH� GHFLVLRQV� RQ� WKH�
SODQW� ERXQGDU\� ORFDWLRQV� LQ� GLIIHUHQW� KHLJKW� WLHUV� �6FRWW� ������ ZKLFK� FDQ� EH� HVSHFLDOO\�
GLIILFXOW� LQ� ZLQG\� FRQGLWLRQV�� +HLJKW�IUHTXHQF\� GDWD� WDNH� ORQJHU� WR� FROOHFW� WKDQ� WKH�
IUHTXHQF\� GDWD� IURP� WKH� :UDLJKW� ��� [� ��� P� TXDGUDWV�� DQG� PD\� EH� PRVW� DSSURSULDWH� IRU�
PRUH� LQWHQVLYH� PRQLWRULQJ� DW� IHZHU� VLWHV� UDWKHU� WKDQ� EURDG�VFDOH� PRQLWRULQJ�� $V� WKH�
PHWKRG� SURYLGHV� RQO\� IUHTXHQF\� GDWD�� TXDQWLWDWLYH� DVVHVVPHQW� RI� YHJHWDWLRQ� FKDQJH� ZRXOG�
EH� HQKDQFHG� E\� FROOHFWLQJ� FRPSOHPHQWDU\� GDWD�� H�J��� VWHUHRSKRWRV� RU� FRYHU� HVWLPDWHV� LQ�
TXDGUDWV� FHQWUHG� RQ� D� VXEVHW� RI� WKH� VDPSOLQJ� SRLQWV� DV� GHVFULEHG� IRU� WKH� :UDLJKW� ��� [� ��� P�
TXDGUDW�PHWKRG��
�
7ZR� H[SHULHQFHG� SHRSOH� FDQ� HVWDEOLVK� DQG� PHDVXUH� RQH� SHUPDQHQW� ��� P� OLQH� LQ� URXJKO\� ��
KRXUV�� +HLJKW�IUHTXHQF\� GDWD� DUH� UHFRUGHG� RQ� +HLJKW�IUHTXHQF\� 6KHHWV� �$SSHQGL[� ����
DYDLODEOH� IURP� /DQGFDUH� 5HVHDUFK� �VHH� IRRWQRWH��� (TXLSPHQW� UHTXLUHG� IRU� HVWDEOLVKLQJ�
WKHVH�SORWV�LV�GHWDLOHG�LQ�$SSHQGL[����
������ 3ORW�OD\RXW�
�
7KH� VDPSOLQJ� SORW� OD\RXW� FRQVLVWV� RI� D� VHULHV� RI� VDPSOH� SRLQWV� RQ� HLWKHU� D� OLQH� WUDQVHFW� RU�
FRRUGLQDWHV� DORQJ� WZR� D[HV� �6FRWW� ������� 7\SLFDOO\� SRLQWV� DUH� VDPSOHG� DORQJ� ��� P� OLQHV��
WKH� QXPEHU� DQG� RULHQWDWLRQ� RI� OLQHV� LV� GLFWDWHG� E\� VWXG\� REMHFWLYHV� DQG� VXUYH\� GHVLJQ�� /D\�
RXW�WKH�SORW�DV�IROORZV��

�� 0DUN� WKH� SORW� RULJLQ� ZLWK� WKH� DSSURSULDWH� PHWDO� SHJ�� KDOI� SURWUXGLQJ� DERYH� JURXQG� �VHH�
S�� ����� 7KH� SHJ� VKRXOG� H[FHHG� WKH� YHJHWDWLRQ� LQ� KHLJKW�� )URP� WKH� RULJLQ�� UXQ� D� WDSH� WR�
����� P� DQG� SODFH� D� VHFRQG� SHJ� DQG� VWDNH� DW� WKDW� SRLQW�� 0DUN� WKH� ����� P� SRVLWLRQ� ZLWK� D�
VKRUWHU� PHWDO� VWDNH� WR� DLG� OLQH� UHORFDWLRQ�� 7R� DYRLG� WUDPSOLQJ� WKH� VDPSOLQJ� DUHD�� ZDON� D�
IHZ� VWHSV� WR� WKH� VLGH� RI� WKH� LQWHQGHG� OLQH� WUDQVHFW� ZKLOH� UXQQLQJ� RXW� WKH� WDSH� DQG� SXOO� LW�
LQWR� WKH� FRUUHFW� SRVLWLRQ� IURP� WKH� HQG�� 3XOO� WKH� WDSH� WDXW� DQG� DWWDFK� LW� VHFXUHO\� WR� WKH�
VWDNHV�DW�FDQRS\�KHLJKW��

�� 3ODFH� D� ORQJ� LGHQWLI\LQJ� VWDNH� �ZRRGHQ� RU� PHWDO�� �� P� GLUHFWO\� DERYH� RU� EHORZ� WKH� SORW�
RULJLQ��

������ 3ORW�PHDVXUHPHQW�

/RFDWLRQ� LQIRUPDWLRQ�� VLWH� FKDUDFWHULVWLFV� DQG� YHJHWDWLRQ� GHVFULSWLRQ�� 5HFRUG� ORFDWLRQ�
LQIRUPDWLRQ�� VLWH� FKDUDFWHULVWLFV� DQG� YHJHWDWLRQ� GHVFULSWLRQ� RQ� WKH� 5(&&(� 'HVFULSWLRQ�
6KHHW� �$SSHQGL[� ��� DV� GHVFULEHG� RQ� S�� ���� $� 5(&&(� LV� PDGH� IRU� WKH� DUHD� ZLWKLQ� ���� P� RI�
HLWKHU� VLGH� RI� WKH� 6FRWW� KHLJKW�IUHTXHQF\� WUDQVHFW� �D� �� P� [� ��� P� SORW��� 7R� DLG� SORW�
UHORFDWLRQ�WDNH�WZR�SKRWRJUDSKV��RQH�IURP�HLWKHU�HQG�RI�WKH�WUDQVHFW�WDSH�DV�GHVFULEHG�RQ�S��
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+HLJKW� IUHTXHQF\� WUDQVHFW�� 7KH� WUDQVHFW� LV� PDGH� XS� RI� ���� VDPSOLQJ� ORFDWLRQV� FHQWUHG� DW�
���� P� LQWHUYDOV� �L�H��� ���� P�� ���� P�� ���� P� ���� ��� P�� RQ� WKH� OHIW� HGJH� RI� WKH� WDSH� DV� YLHZHG�
IURP�WKH�RULJLQ�VWDNH��
�
9HJHWDWLRQ� LV� VDPSOHG� XVLQJ� D� URG� �� P� ORQJ� PDUNHG� DW� �� FP� LQWHUYDOV�� $� YROXPH� RI� ����
FP�� LV� GHILQHG� E\� WZR� RU� WKUHH� PHWDO� ULQJV� �� FP� LQ� GLDPHWHU� DWWDFKHG� WR� WKH� URG� WR� GHILQH� D�
FROXPQ� RU� WZR� SDLUV� RI� KRUL]RQWDO� SLQV� WR� GHILQH� DQ� RSHQ� ER[� �)LJV�� �� 	� ��� %XOORFK� �������
6SHFLHV� DUH� UHFRUGHG� DFFRUGLQJ� WR� ZKLFK� �� FP� KHLJKW� LQWHUYDO�V�� RI� WKLV� YROXPH� WKH\� RFFXU�
LQ�� 7KH� QXPEHU� RI� KHLJKW� LQWHUYDOV� H[DPLQHG� DW� HDFK� VDPSOLQJ� SRVLWLRQ� LV� GLFWDWHG� E\�
YHJHWDWLRQ� KHLJKW�� LI� WKH� YHJHWDWLRQ� LV� �� PHWUH� KLJK� WKHQ� WZHQW\� ���� FP�� YROXPHV� ZLOO� EH�
H[DPLQHG��

�� $W� HDFK� VDPSOLQJ� SRLQW�� ORZHU� WKH� URG� WKURXJK� WKH� YHJHWDWLRQ� XQWLO� LW� WRXFKHV� WKH� JURXQG��
3RVLWLRQ�WKH�URG�YHUWLFDOO\��QRW�SHUSHQGLFXODU��WR�WKH�VORSH��)LJ������

�� )RU� HDFK� VSHFLHV� DW� HDFK� VDPSOLQJ� SRLQW�� UHFRUG� WKH� �� FP� KHLJKW� LQWHUYDOV� DW� ZKLFK�
YHJHWDWLYH� SODQW� SDUWV� DUH� LQFOXGHG� LQ� WKH� YROXPH�� ,I� WKH� SODQW� LQWHUFHSWV� RQO\� SDUW� RI� WKH�
LQWHUYDO�� LW� LV� UHFRUGHG� DV� LQWHUFHSWLQJ� WKH� ZKROH� LQWHUYDO� �)LJ�� ���� 5HFRUG� WKH� GDWD� IRU�
HDFK� VSHFLHV� DV� VKRZQ� LQ� $SSHQGL[� ��� 5HFRUG� VSHFLHV� XVLQJ� XQLTXH� �� OHWWHU�
DEEUHYLDWLRQV� RI� JHQHULF� DQG� VSHFLILF� QDPHV� DV� GHVFULEHG� RQ� S�� ���� :KHUH� D� VSHFLHV� LV�
XQNQRZQ� UHFRUG� DQG� FROOHFW� DV� GHVFULEHG� RQ� S�� ���� 5HFRUG� WKH� GRPLQDQW� JURXQG� FRYHU�
LQ� WKH� �� FP� YROXPH� DW� JURXQG� OHYHO� XVLQJ� WKH� FDWHJRULHV� GHILQHG� RQ� S�� ���� ,I� OLWWHU� LV�
PRUH�WKDQ���FP�GHHS��UHFRUG�WKH�KHLJKW�LQWHUYDOV�WKDW�LW�RFFXSLHV��

�� ,I� WKH� GRPLQDQW� WXVVRFN� RQ� WKH� WUDQVHFW� LV� URRWHG� LQ� WKH� JURXQG�OHYHO� YROXPH�� PHDVXUH�
DQG�UHFRUG�LWV�PD[LPXP�H[WHQGHG�OHDI�OHQJWK�DV�GHVFULEHG�RQ�S������
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)LJXUH� �� 6DPSOLQJ� URG� SRVLWLRQHG� YHUWLFDOO\� WR� UHFRUG� VSHFLHV� RFFXUUHQFH� LQ� �FP� KHLJKW
LQWHUYDOV��

)LJXUH���5HFRUGLQJ�KHLJKW�LQWHUYDOV��7KH�VPDOO�KHUE��D��RFFXUV�LQ���KHLJKW�LQWHUYDOV��DQG�LV�



�

���

UHFRUGHG� DV� �������� 7KH� ODUJHU� JUDVV� �E�� LQWHUFHSWV� WKH� VDPSOLQJ� YROXPH� RYHU� �� LQWHUYDOV�
�UHFRUGHG�DV���������EXW�QRW�DW�JURXQG�OHYHO��
�
1RWH�� 5HFRUG� WKH� �� FP� KHLJKW� LQWHUYDOV� RI� WKH� WDOOHU�VWDWXUHG� VSHFLHV� ILUVW�� GHWHUPLQLQJ� WKHP�
IURP� D� VLGH� YLHZ�� 7KHQ� WKHVH� SODQWV� FDQ� EH� SXVKHG� DVLGH� WR� H[DPLQH� VSHFLHV� FORVHU� WR�
JURXQG� OHYHO�� ,Q� ZLQG\� FRQGLWLRQV� UHFRUG� VSHFLHV� DV� RFFXS\LQJ� WKH� KHLJKW� LQWHUYDOV� WKDW�
WKH\� ZRXOG� LQ� WKH� DEVHQFH� RI� ZLQG�� 0DNH� VXUH� WKDW� WKH� WDSH� GRHV� QRW� ZHLJK� WKH� YHJHWDWLRQ�
GRZQ��
�
%HIRUH� OHDYLQJ� WKH� SORW�� WKRURXJKO\� FKHFN� DOO� GDWD� VKHHWV� WR� HQVXUH� WKDW� WKHUH� DUH� QR� HUURUV�
RU�RPLVVLRQV�LQ�WKH�GDWD�DQG�WKDW�WKH�ZULWLQJ�LV�OHJLEOH��
������ � � 6XPPDULVLQJ�GDWD�
�
'DWD�DUH�VXPPDULVHG�DV�IROORZV��

�� 7DOO\� WKH� WRWDO� QXPEHU� RI� VDPSOLQJ� SRLQWV� LQ� HDFK� OD\HU� LQ� ZKLFK� WKH� VSHFLHV� RFFXUV�
�$SSHQGL[� ���� &DOFXODWH� WKH� IUHTXHQF\� LQ� D� KHLJKW� LQWHUYDO� DV� D� SHUFHQWDJH� RI� WKH� WRWDO�
QXPEHU� RI� VDPSOLQJ� SRLQWV�� &DOFXODWH� WKH� WRWDO� IUHTXHQF\� LQ� DOO� KHLJKW� LQWHUYDOV� WR�
SURYLGH� D� VLQJOH� LPSRUWDQFH� YDOXH� IRU� HDFK� VSHFLHV� RQ� WKH� VLWH� DW� WKDW� WLPH� �
DERYH�
JURXQG� ELRPDVV� LQGH[� RI� 0F,QWRVK� HW� DO�� ����� RU� 
VXPPHG� KHLJKW�IUHTXHQF\� YDOXH
� RI�
'LFNLQVRQ�HW�DO���������

�� :KHQ� PRUH� WKDQ� RQH� VSHFLHV� RFFXUV� DW� D� VDPSOH� SRLQW� LQ� D� JLYHQ� KHLJKW� LQWHUYDO�� WKLV�
IUHTXHQF\� WDOO\� ZLOO� RYHUHVWLPDWH� WKH� PDVV� RI� LQGLYLGXDO� VSHFLHV� DQG� WKH� WRWDO� PDVV� RI�
YHJHWDWLRQ�� :LOOLDPV� ������� KDV� PRGLILHG� WKH� GDWD� VXPPDU\� DSSURDFK� WR� FRSH� ZLWK� WKLV�
SUREOHP��
�
'DWD� FROOHFWHG� IURP� KHLJKW�IUHTXHQF\� WUDQVHFWV� DUH� RIWHQ� GLVSOD\HG� JUDSKLFDOO\�� ZLWK�
KLVWRJUDPV� UHSUHVHQWLQJ� D� YHUWLFDO� FRPPXQLW\� SURILOH� �6FRWW� ������ 0F,QWRVK� HW� DO�� ������
'LFNLQVRQ� HW� DO�� ������� +HLJKW� FODVVHV� DUH� VKRZQ� RQ� WKH� YHUWLFDO� D[LV�� )RU� HDFK� KHLJKW�
FODVV�� WKH� ZLGWK� RI� WKH� EDU� DORQJ� WKH� KRUL]RQWDO� D[LV� LV� SURSRUWLRQDO� WR� WKH� IUHTXHQF\� RI�
WKH� JLYHQ� VSHFLHV� LQ� WKDW� KHLJKW� FODVV�� 7KH� GLDJUDP� UHSUHVHQWV� WKH� YHJHWDWLRQ�
FRPSRVLWLRQ� DQG� VWUXFWXUH�� QRW� WKH� VKDSH� RI� SODQWV� �6FRWW� ������� 6HH� )LJ�� ��� IRU� DQ�
H[DPSOH��
�
7KH� SDFNDJH� 3&�7UDQVHFW� �VHH� S�� ���� FDQ� EH� XVHG� RQ� VXPPDULVHG� GDWD� WR� FODVVLI\� SORWV�
LQWR� FRPPXQLWLHV�� VXPPDULVH� VSHFLHV� IUHTXHQF\� DQG� HQYLURQPHQWDO� GDWD� E\� FRPPXQLW\�
RU� RWKHU� SORW� JURXSV� RI� LQWHUHVW�� DQG� ZULWH� GDWD� LQ� IRUPDWV� FRPSDWLEOH� ZLWK� RWKHU�
FRPPXQLW\�DQDO\VLV�SDFNDJHV��
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)LJXUH� ��� +HLJKW�IUHTXHQF\� VWUXFWXUH� GLDJUDP�� )UHTXHQF\� RI� DQ� LQGLYLGXDO� VSHFLHV�
�KRUL]RQWDO� D[LV�� LQ� D� JLYHQ� KHLJKW� LQWHUYDO� �YHUWLFDO� D[LV�� LV� FDOFXODWHG� DV� D� SHUFHQWDJH� RI�
WKH�WRWDO�QXPEHU�RI�VDPSOHV�WDNHQ�DW�WKDW�KHLJKW�LQWHUYDO���'DWD�DUH�IURP�$SSHQGL[�����
�
�
���5(0($685,1*�3/276�
�
5HVXUYH\V� DUH� RIWHQ� SURPSWHG� E\� PDQDJHPHQW� QHHGV�� DQG� JRDOV� PD\� GLIIHU� IURP� WKRVH� RI�
WKH� RULJLQDO� VXUYH\� �5RVH� ������� )LQDQFHV� PD\� GLFWDWH� WKDW� RQO\� D� VXEVHW� RI� SORWV� DUH�
UHPHDVXUHG�� $OWHUQDWLYHO\�� H[WUD� SORWV� PD\� KDYH� WR� EH� HVWDEOLVKHG� DQG�RU� VXSSOHPHQWDU\�
GDWD� FROOHFWHG� RQ� H[LVWLQJ� SORWV� WR� DGGUHVV� WKH� GHVLUHG� TXHVWLRQV�� 5RVH� ������� GHVFULEHV�
VRPH� FRQVLGHUDWLRQV� WR� DGGUHVV� EHIRUH� UHVXUYH\�� 5RVH� 	� 3ODWW� ������� GHVFULEH� RQH�
REMHFWLYH� ZD\� RI� VHOHFWLQJ� VXEVHWV� RI� SORWV� WR� UHPHDVXUH�� %HIRUH� WKHLU� ����� UHVXUYH\� RI�
QRUWKHUQ� )LRUGODQG� DOSLQH� JUDVVODQG�� WKH\� FODVVLILHG� WKH� RULJLQDO� ���� SORWV� LQWR� PDMRU�
JUDVVODQG� W\SHV� XVLQJ� FOXVWHU� DQDO\VLV�� 2I� WKHVH�� ��� RFFXUUHG� ZLWKLQ� WKH� VXEVHW� RI� WKH� DUHD�
WR� EH� UHVXUYH\HG�� DQG� ��� UHDGLO\� DFFHVVLEOH� SORWV� HQFRPSDVVLQJ� WKH� UDQJH� RI� JUDVVODQG� W\SHV�
ZHUH�FKRVHQ�WR�UHPHDVXUH��
�
5HPHDVXUHPHQW� LQWHUYDOV� ZLOO� GHSHQG� RQ� VWXG\� REMHFWLYHV� DQG� JUDVVODQG� KDELWDW� W\SH�� )RU�
JHQHUDO�SXUSRVH� PRQLWRULQJ�� ������ \HDU� LQWHUYDOV� VKRXOG� EH� HQRXJK�� GHSHQGLQJ� RQ� WKH� UDWH�
RI� YHJHWDWLRQ� FKDQJH�� $QQXDO� PHDVXUHPHQWV� PD\� EH� GHVLUHG� LQ� WKH� LQLWLDO� \HDUV� WR� HVWDEOLVK�
WKH� GHJUHH� RI� \HDU�WR�\HDU� YDULDWLRQ� DQG� WKH� UDWH� RI� FKDQJH� DW� D� VLWH� �6FRWW� HW� DO�� �������
7\SLFDOO\�� YHJHWDWLRQ� FKDQJH� ZLOO� EH� VORZHU� LQ� WKH� DOSLQH� ]RQH� WKDQ� LQ� ORZODQG� JUDVVODQGV��
:KHQ�VWXG\LQJ�PDQDJHPHQW�LPSDFWV��SORWV�VKRXOG�EH�UHPHDVXUHG�LPPHGLDWHO\�EHIRUH�DQG�DIWHU�WKH�
PDQDJHPHQW� DFWLRQ�� $IWHU� WKDW�� DQQXDO� UHPHDVXUHPHQW� PD\� EH� GHVLUDEOH� IRU� WKH�
ILUVW� IHZ� \HDUV�� ODWHU� WKH� UHPHDVXUHPHQW� LQWHUYDO� FDQ� EH� OHQJWKHQHG� DV� DSSURSULDWH�� *UHHQ�
������� DQG� 6WHZDUW�2DWHQ� 	� 0XUGRFK� ������� GLVFXVV� FRQVLGHUDWLRQV� WR� DGGUHVV� ZKHQ�
PRQLWRULQJ� LPSDFWV�� PDQDJHPHQW� RU� RWKHUZLVH�� 9HJHWDWLRQ� GDPDJH� E\� WKH� SHUVRQV� GRLQJ�
WKH� PRQLWRULQJ�� KRZHYHU�� PD\� OLPLW� UHPHDVXUHPHQW� IUHTXHQF\�� DQQXDO� PRQLWRULQJ� PD\� EH�
WRR� GHVWUXFWLYH� �'LFNLQVRQ� ������� $QRWKHU� FRQVLGHUDWLRQ� LV� WKDW� PDQ\� VWDWLVWLFDO� WHFKQLTXHV�
IRU� UHSHDWHG� PHDVXUHPHQWV� UHTXLUH� WKH� GDWD� WR� EH� FROOHFWHG� DW� HYHQO\� VSDFHG� LQWHUYDOV��
3HUPDQHQW� SORWV� UHTXLUH� PDLQWHQDQFH� �H�J��� UHSODFLQJ� PDUNHU� SHJV� GLVSODFHG� E\� IURVW� KHDYH�
RU� DQLPDOV�� UHEXLOGLQJ� PDUNHU� FDLUQV�� DV� LQDGHTXDWHO\� PDLQWDLQHG� SORWV� PD\� EH� LPSRVVLEOH�
WR�UHORFDWH��
�
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:KHQ� D� SUHYLRXVO\� VXUYH\HG� DUHD� LV� WR� EH� UHPHDVXUHG�� GHWHUPLQH� WKH� W\SH�� QXPEHU�� DQG�
GLVWULEXWLRQ� RI� SORWV� SUHYLRXVO\� HVWDEOLVKHG�� :KHUH� SRVVLEOH�� SORWV� VKRXOG� EH� UHPHDVXUHG� LQ�
WKH� VDPH� RUGHU� DQG� PRQWK� DV� ZKHQ� SUHYLRXVO\� PHDVXUHG�� /DPLQDWHG� SULQW� FRSLHV� RI� WKH�
RULJLQDO� SORW� ORFDWLRQ� VOLGHV�� DHULDO� SKRWRJUDSKV�� DQG� WRSRJUDSKLFDO� PDSV�� DOO� ZLWK� WKH� SORW�
ORFDWLRQV� PDUNHG�� DQG� SORW� GHVFULSWLRQ� VKHHWV� DUH� QHHGHG� WR� UHORFDWH� SORWV�� ,Q� VRPH�
LQVWDQFHV�\RX�ZLOO�QHHG�WR�WUDQVFULEH�ORFDWLRQ�GDWD�IURP�,PSHULDO�WR�0HWULF�PDSV��
�
%HIRUH� ILHOGZRUN� EHJLQV�� REVHUYHUV� VKRXOG� IDPLOLDULVH� WKHPVHOYHV� ZLWK� DOO� VSHFLHV�
SUHYLRXVO\� UHFRUGHG� RQ� WKH� SORW�� 7KLV� LV� HVSHFLDOO\� LPSRUWDQW� LI� UHPHDVXUHPHQW� LQWHUYDOV� DUH�
ORQJ�� DQG� WKH� REVHUYHUV� KDYH� QRW� PHDVXUHG� WKH� SORW� EHIRUH�� &KDQJHV� LQ� VSHFLHV� QDPHV�
VKRXOG� EH� GHWHUPLQHG� WR� HQVXUH� WKDW� GDWD� LV� FROOHFWHG� XVLQJ� FXUUHQW� QRPHQFODWXUH�� ,W� PD\� EH�
GHVLUDEOH�WR�WDNH�SKRWRFRSLHV�RI�RULJLQDO�SORW�GDWD�LQWR�WKH�ILHOG��
�
:KHQ� D� OLQH� RU� SORW� KDV� QRW� EHHQ� IRXQG� DIWHU� D� YHU\� WKRURXJK� VHDUFK�� GR� QRW� HVWDEOLVK� D� QHZ�
OLQH� RU� SORW� DV� WKLV� FDQ� EH� FRQIXVLQJ� LQ� WKH� IXWXUH�� UHFRUG� WKH� SORW� DV� 
ORVW
�� 
/RVW
� SORWV� KDYH�
RIWHQ�EHHQ�UHORFDWHG�GXULQJ�ODWHU�VXUYH\V��
�
����:UDLJKW����[����P�TXDGUDW�PHWKRG�
�
0RVW� 1HZ� =HDODQG� )RUHVW� 6HUYLFH� SORWV� HVWDEOLVKHG� VLQFH� ����� DUH� VWDQGDUGLVHG� DV� LQ� WKLV�
PDQXDO� DQG� LQ� $OOHQ� HW� DO�� �������� +RZHYHU�� EHIRUH� UHVXUYH\� WKH� OD\RXW� DQG� PHWKRG�
SUHYLRXVO\� XVHG� PXVW� EH� GHWHUPLQHG� EHFDXVH� D� VPDOO� FKDQJH� LQ� PHWKRG� FDQ� FDXVH� D� ODUJH�
FKDQJH� LQ� UHVXOWV�� 'HWDLOV� RI� SRVVLEOH� GHSDUWXUHV� IURP� VWDQGDUG� PHWKRGV� FDQ� EH� REWDLQHG� E\�
FRQWDFWLQJ� /DQGFDUH� 5HVHDUFK� DQG� E\� UHIHUHQFH� WR� RULJLQDO� SORW� VKHHWV� DQG� VXUYH\� UHSRUWV��
'LIIHUHQFHV�PD\�RFFXU�LQ��

�� VSHFLHV�IUHTXHQF\�WUDQVHFW�OHQJWK��SUH������WUDQVHFWV�PD\�EH����P�ORQJ���
�� VSHFLHV�IUHTXHQF\�GDWD�UHFRUGHG�LQ�DQ�XSKLOO�UDWKHU�WKDQ�D�GRZQKLOO�GLUHFWLRQ��
�� SORW�GDWD�PD\�FRQVLVW�RI�VSHFLHV�IUHTXHQF\�PHDVXUHPHQWV�RU�VWHUHRSKRWRV�RQO\��
�� VRPH�SORWV�GR�QRW�KDYH�GLVWDQFH�VWDWXUH�PHDVXUHPHQWV��
�� RQ�HDUO\�VXUYH\V�D���\G��DUHD�ZDV�PDSSHG�XVLQJ�D�JULG�V\VWHP��:UDLJKW��������
�� VWHUHRSKRWRV�PD\�KDYH�EHHQ�WDNHQ�DORQJ�WKH�VSHFLHV�IUHTXHQF\�WUDQVHFW��DQG�WKHUH�PD\�QRW�EH�

HLJKW�RI�WKHP��
�� OHQV� IRFDO� OHQJWK� RU� ILOP� W\SH� IRU� VWHUHRSKRWRV� PD\� KDYH� EHHQ� GLIIHUHQW� WKDQ� WKDW�

UHFRPPHQGHG�KHUH��
�� WKH� KHLJKW� RI� WKH� SHUSHQGLFXODU� URG� LQ� VWHUHRSKRWRV� ZDV� VRPHWLPHV� PHDVXUHG� DV� WKH�

GLVWDQFH� WR� WKH� WRS� RI� WKH� SKRWRFHQWUH� SHJ�� QRW� WR� WKH� SRLQW� ZKHUH� WKH� SHJ� HQWHUV� WKH�
JURXQG��



�
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7KH� SURFHGXUH� IRU� WKH� SORW
V� OD\RXW�� PHDVXUHPHQW�� DQG� UHFRUGLQJ� LV� HVVHQWLDOO\� WKH� VDPH� DV�
WKDW� GHVFULEHG� IRU� HVWDEOLVKLQJ� SHUPDQHQW� SORWV�� )RU� D� OLVW� RI� UHTXLUHG� HTXLSPHQW�� VHH�
$SSHQGL[� ��� &RSLHV� RI� WKH� 'LVWDQFH�6WDWXUH� VKHHW� DQG� D� VXPPDU\� RI� WKH� DOXPLQLXP� URG�
OHQJWKV� DQG� $EQH\� DQJOHV� IURP� DOO� WKH� SKRWRFHQWUHV� DUH� UHTXLUHG� LQ� RUGHU� WR� FRPSOHWHO\�
UHPHDVXUH� WKH� SHUPDQHQW� JUDVVODQG� SORWV�� 7R� SURYLGH� GDWD� FRQWLQXLW\� RQ� QRQ�VWDQGDUG�
SORWV�� WKH� SORW� VKRXOG� EH� UHPHDVXUHG� DV� HVWDEOLVKHG� DQG� WKHQ� WKH� VWDQGDUG� PHWKRGV� RXWOLQHG�
LQ� WKLV� PDQXDO� VKRXOG� EH� VXSHULPSRVHG�� ZKHUH� IHDVLEOH�� 2Q� WKH� �� \G�� PDSSLQJ� SORWV��
VWHUHRSKRWR�SRLQWV�RU�FRYHU�TXDGUDWV�VKRXOG�EH�HVWDEOLVKHG��

�� 5HSODFH� DQ\� PLVVLQJ� DOXPLQLXP� SHJV� ZKHQ� WKH� SORW� LV� ODLG� RXW�� 'R� WKLV� RQO\� DIWHU�
WKRURXJKO\� VHDUFKLQJ� IRU� WKH� PLVVLQJ� SHJV�� $� VPDOO� SRUWDEOH� PHWDO� GHWHFWRU� LV� XVHIXO� IRU�
ORFDWLQJ�SHJV�WKDW�KDYH�EHFRPH�EXULHG��

�� &RPSOHWH� D� 5(&&(� GHVFULSWLRQ�� &HUWDLQ� SORW� FKDUDFWHULVWLFV� ZLOO� EH� XQFKDQJHG� IURP�
SUHYLRXV� PHDVXUHPHQWV� �H�J��� DVSHFW�� DOWLWXGH��� EXW� RWKHUV� PD\� KDYH� FKDQJHG� �H�J��� VRLO�
FKDUDFWHULVWLFV��YHJHWDWLRQ�FRPSRVLWLRQ�DQG�FRYHU���

�� &ROOHFW�VSHFLHV�IUHTXHQF\�GDWD��
�� 3RVLWLRQ� WKH� WULSRG� DQG� FDPHUD� IUDPH� LQ� WKH� VDPH� SRVLWLRQ� DV� ZDV� XVHG� IRU� WKH� RULJLQDO�

VWHUHRSKRWR� SDLU�� 'RXEOH�FKHFN� WKLV� E\� HQVXULQJ� WKDW� �D�� WKH� OHQJWK� RI� DOXPLQLXP� URG�
SURMHFWLQJ� IURP� WKH� FDPHUD� IUDPH� WR� WKH� SRLQW� ZKHUH� WKH� SKRWRFHQWUH� SHJ� HQWHUV� WKH�
JURXQG� LV� WKH� VDPH� DV� ZKHQ� RULJLQDOO\� PHDVXUHG�� DQG� �E�� WKH� IUDPH� LV� SRVLWLRQHG� VR� WKDW�
WKH� ILOP� SODQH� LQ� WKH� FDPHUD� EDFN� LV� DJDLQ� SDUDOOHO� WR� WKH� VORSH�� XVLQJ� WKH� RULJLQDO� $EQH\�
DQJOH� UHDGLQJ�� 5HPHPEHU� WR� ILOO� RXW� WKH� ZKLWH� SODTXH� DQG� SRVLWLRQ� LW� LQ� WKH� FDPHUD
V�
ILHOG� RI� YLHZ� IRU� WKH� ILUVW� VOLGH�� 8VH� WKH� VDPH� OHQV�� ILOP� W\SH�� DQG� SURFHVVLQJ� DV� ZDV�
XVHG� IRU� SUHYLRXV� VXUYH\V�� 7DNH� SULQW� FRSLHV� RI� HDUOLHU� VOLGHV� LQWR� WKH� ILHOG� WR� JXLGH�
SUHFLVH� RULHQWDWLRQ� RI� WKH� ILHOG� RI� YLHZ� UHODWLYH� WR� IL[HG� IHDWXUHV� H�J��� EHGURFN�� PDUNHU�
SHJV��DQG�HQDEOH�DFFXUDWH�SRVLWLRQLQJ�RI�UHSODFHPHQW�SHJV��

�� )RU� WKH� GLVWDQFH�VWDWXUH� PHDVXUHPHQWV�� XVH� WKH� VDPH� VSHFLHV� DV� ZHUH� PHDVXUHG�
SUHYLRXVO\�� 2QO\� ZKHQ� D� VSHFLHV� LV� QR� ORQJHU� SUHVHQW� RQ� WKH� SORW� VKRXOG� WKH� QHZ�
SK\VLRJQRPLFDOO\� GRPLQDQW� WXVVRFN� EH� PHDVXUHG�� :KHUH� WKHUH� LV� D� VSHFLHV� FKDQJH�� QRWH�
WKLV�RQ�WKH�WRS�RI�WKH�GDWD�VKHHW��&ROOHFW�GDWD�DV�SUHYLRXVO\�GHVFULEHG��

�� ,I� WKH� YHJHWDWLRQ� DW� WKH� VWHUHRSKRWR� SRLQWV� LV� RYHU� ���� P� WDOO�� HVWDEOLVK� D� FRYHU� TXDGUDW�� ,I�
WLPH� SHUPLWV�� \RX� DOVR� VKRXOG� WDNH� WKH� VWHUHRSKRWRV� DV� WKLV� SURYLGHV� FRQWLQXLW\� LI� WKH\�
KDYH� EHHQ� WDNHQ� RQ� WKH� SORW� LQ� WKH� SDVW�� :KHQ� UHPHDVXULQJ� FRYHU� TXDGUDWV� WDNH� WKH�
SUHYLRXV� PHDVXUHPHQW� GDWD� LQWR� WKH� ILHOG�� 7KH� FRYHU� VFRUH� IRU� HDFK� VSHFLHV� VKRXOG� EH�
FKDQJHG� RQO\� LI� WKH� FKDQJH� LV� UHDGLO\� DSSDUHQW�� WKLV� SURYLGHV� D� FRQVHUYDWLYH� ELDV��
5HTXLULQJ�DJUHHPHQW�EHWZHHQ�WZR�RU�PRUH�REVHUYHUV�DOVR�KHOSV�WR�HOLPLQDWH�LQGLYLGXDOELDV�IURP�
FKDQJH�DVVHVVPHQW��
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����+HLJKW�IUHTXHQF\�WUDQVHFWV�
1RW� DOO� SORWV� HVWDEOLVKHG� XVLQJ� WKH� KHLJKW�IUHTXHQF\� PHWKRG� KDYH� IROORZHG� WKH� OD\RXW�
GHVFULEHG� KHUH�� :KHQ� UHPHDVXULQJ� DQ\� RI� WKHVH� SORWV�� FRQWDFW� WKH� LQGLYLGXDOV� ZKR�
HVWDEOLVKHG� WKHP�� RU� ZKR� NQRZ� DERXW� WKH� OD\RXW�� ,Q� VRPH� ORFDOLWLHV� PRQLWRULQJ� PD\� KDYH�
EHHQ� LQLWLDWHG�� EXW� WKH� H[DFW� OD\RXW� RI� WUDQVHFW� OLQHV� PD\� QRW� KDYH� EHHQ� SHUPDQHQWO\�
PDUNHG�� LQ� WKHVH� FLUFXPVWDQFHV� SHUPDQHQW� WUDQVHFW� ORFDWLRQV� ZLOO� KDYH� WR� EH� HVWDEOLVKHG� �FI��
'LFNLQVRQ� HW� DO�� ������� 7KH� VL]H� DQG� VKDSH� RI� WKH� YHUWLFDO� FROXPQ� IURP� ZKLFK� VSHFLHV�
RFFXUUHQFH� LV� UHFRUGHG� YDULHV� EHWZHHQ� VWXGLHV�� $V� IUHTXHQF\� GDWD� DUH� GHSHQGHQW� RQ� TXDGUDW�
VL]H� DQG� VKDSH�� WKHVH� PXVW� UHPDLQ� FRQVLVWHQW� LQ� ODWHU� UHVXUYH\V�� *HQHUDOO\�� 5(&&(�
GHVFULSWLRQV� KDYH� QRW� EHHQ� PDGH� IRU� WKHVH� SORWV� LQ� WKH� SDVW�� EXW� VKRXOG� EH� GRQH� DV� D� SDUW� RI�
IXWXUH�UHPHDVXUHPHQWV��
�
�
���'$7$�6725$*(�
�
$� V\VWHPDWLF� DSSURDFK� WR� GDWD� VWRUDJH� LV� HVVHQWLDO� DV� LW� PD\� EH� VHYHUDO� \HDUV� EHIRUH� WKHVH�
GDWD� DUH� ORRNHG� DW� DJDLQ�� YHU\� OLNHO\� E\� GLIIHUHQW� SHRSOH�� ,Q� D� FRPSXWHU� WH[W� ILOH�
DFFRPSDQ\LQJ� DQ\� GDWD� ILOHV�� GHVFULEH� SHUWLQHQW� VXUYH\� GHWDLOV� VXFK� DV� VDPSOH� GHVLJQ�� SORW�
ORFDWLRQV�� H[WUD� GDWD� FROOHFWHG�� DQG� GHSDUWXUHV� IURP� VWDQGDUG� PHWKRGV�� ,W� LV� UHFRPPHQGHG�
WKDW� D� FRS\� RI� DQ\� GDWD� EH� ORGJHG� ZLWK� WKH� 1,96� GDWDEDVH� KHOG� E\� /DQGFDUH� 5HVHDUFK��
/LQFROQ��
�
6WRUH� SORW� VKHHWV� LQ� ILOH� ER[HV� RU� ULQJ�ELQGHU� IROGHUV�� *URXS� SORW� VKHHWV� E\� W\SH� �L�H���
VSHFLHV� IUHTXHQF\� WUDQVHFWV�� GLVWDQFH�VWDWXUH� PHDVXUHPHQWV�� DQG� VHTXHQFH� E\� DVFHQGLQJ� OLQH�
DQG�RU� SORW� QXPEHUV� ZLWKLQ� HDFK� W\SH�� /DEHO� WKH� EDFN� RI� WKH� ER[� RU� IROGHU� ZLWK� WKH� VXUYH\�
DUHD�� VXUYH\� \HDU�� DQG� OLQH� DQG� SORW� QXPEHUV� LW� FRQWDLQV�� 3ORW� VKHHWV� VKRXOG� EH� PLFURILOPHG�
DQG�VWRUHG�LQ�D�ILUHSURRI�URRP�IRU�H[WUD�VHFXULW\��
�
$OO� VOLGHV� VKRXOG� EH� ODEHOOHG� ZLWK� WKH� VXUYH\� \HDU�� VXUYH\� DUHD�� OLQH� DQG�RU� SORW� QXPEHU� DQG�
VWHUHRSKRWR� SRLQW� QXPEHU�� DV� DSSOLFDEOH�� 6WRUH� VOLGHV� LQ� SXUSRVH�EXLOW� FDELQHWV� ZLWK� VORWWHG�
VOLGLQJ� GUDZHUV�� /DEHO� HDFK� GUDZHU� ZLWK� D� OLVW� RI� WKH� VXUYH\� DUHD�� OLQH� DQG� SORW� QXPEHUV��
DQG� VXUYH\� \HDUV� RI� WKH� VOLGHV� FRQWDLQHG�� 6WRUH� WKH� VWHUHRSKRWR� SDLUV� DQG� WKH� ORFDWLRQ� VOLGHV�
LQ� GLIIHUHQW� GUDZHUV�� 6OLGHV� DUH� DUUDQJHG� VHTXHQWLDOO\� E\� DVFHQGLQJ� OLQH�� SORW�� DQG�
VWHUHRSKRWR� SRLQW� QXPEHU�� 6OLGH� FDELQHWV� DUH� EHVW� ORFDWHG� LQ� D� ILUHSURRI� URRP� ZLWK� OLWWOH�
GXVW��ORZ�KXPLGLW\��DQG�FRQVWDQWO\�FRRO�WHPSHUDWXUHV��
�
6WRUH� PDSV� FRQWDLQLQJ� OLQH� DQG�RU� SORW� ORFDWLRQV� LQ� D� PDS� FDELQHW�� *URXS� SORWV� IRU� RQH�
VXUYH\� DUHD� WRJHWKHU�� DQG� UHFRUG� WKH� VXUYH\� DUHD� RQ� WKH� PDS� PRXQW�� 6RPH� 1,96� GDWDEDVH�
SORW�ORFDWLRQ� LQIRUPDWLRQ� LV� DOVR� VWRUHG� DV� SDUW� RI� D� *HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHP�� ZKLFK�
DOORZV�HDV\�SURGXFWLRQ�RI�PDSV�VKRZLQJ�SORW�ORFDWLRQV��
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6WRUH�DHULDO�SKRWRV�LQ�D�ILOLQJ�FDELQHW��ZLWK�DOO�WKRVH�IRU�RQH�VXUYH\�JURXSHG�WRJHWKHU��
�
�
���67$7,67,&$/�$1$/<6,6�2)�9(*(7$7,21�&+$1*(�
�
7KLV� VXPPDU\� EULHIO\� GHVFULEHV� VRPH� VWDWLVWLFDO� DSSURDFKHV� WKDW� KDYH� EHHQ� DSSOLHG� WR�
H[DPLQH� YHJHWDWLRQ� FKDQJH�� 7KH� LQWHQW� LV� WR� LOOXVWUDWH� D� UDQJH� RI� DQDO\WLFDO� RSWLRQV�� RQH�
VKRXOG� QRW� HPEDUN� RQ� VWDWLVWLFDO� DQDO\VLV� ZLWKRXW� D� ILUP� XQGHUVWDQGLQJ� RI� WKH� WHFKQLTXH�� LWV�
DVVXPSWLRQV�� DQG� LWV� OLPLWDWLRQV�� &RQVXOWDWLRQ� RI� DYDLODEOH� OLWHUDWXUH� DQG� D� VWDWLVWLFLDQ� LV�
HVVHQWLDO�� .HHS� LQ� PLQG� WKDW� PDQ\� VWDWLVWLFDO� WHVWV� UHTXLUH� LQGHSHQGHQW� VDPSOHV�� UHSHDWHG�
PHDVXUHV�RQ�SHUPDQHQW�VDPSOH�SORWV�DUH�QRW�LQGHSHQGHQW�DQG�UHTXLUH�SDUWLFXODU�VWDWLVWLFV�
�+XUOEXUW��������

���� 3DLUHG�W�WHVWV�DQG�UHSHDWHG�PHDVXUHV�$129$�
�
7R� DQDO\VH� FKDQJH� LQ� LQGLYLGXDO� IHDWXUHV� RI� SHUPDQHQW� SORWV� �H�J��� VSHFLHV� ULFKQHVV��
IUHTXHQF\� RU� FRYHU� RI� D� JLYHQ� VSHFLHV�� &KLRQRFKORD� KHLJKW�� EHWZHHQ� WZR� PHDVXUHPHQW�
LQWHUYDOV� D� SDLUHG� W�WHVW�� WZR�ZD\� DQDO\VLV� RI� YDULDQFH� �$129$�� ZLWKRXW� UHSOLFDWLRQ�� RU� WKH�
QRQ�SDUDPHWULF� :LOFR[RQ
V� VLJQHG�UDQNV� WHVW� IRU� SDLUHG� GDWD� FDQ� EH� DSSOLHG� �6RNDO� 	� 5RKOI�
������� 5RJHUV� ������� XVHG� D� SDLUHG� W�WHVW� WR� FRPSDUH� VSHFLHV� IUHTXHQFLHV� EHWZHHQ� �����
DQG� ����� VXUYH\V� LQ� WKH� .DLPDQDZD� 5DQJH�� $Q� DUFVLQH� VTXDUH� URRW� WUDQVIRUPDWLRQ� �6RNDO�
	� 5RKOI� ������ ZDV� DSSOLHG� WR� WKH� IUHTXHQF\� GDWD� WR� HQVXUH� D� PRUH� QRUPDO� GLVWULEXWLRQ��
.HHS� LQ� PLQG� WKDW� DV� FRYHU� LV� HVWLPDWHG�� DSSDUHQW� FKDQJH� PXVW� EH� DW� OHDVW� ���� EHIRUH� LW� FDQ�
EH� DVVXPHG� WR� UHSUHVHQW� FKDQJH� RWKHU� WKDQ� WKDW� FDXVHG� E\� VHDVRQDO� IOXFWXDWLRQV� RU�
PHDVXUHPHQW�HUURU��.HQQHG\�	�$GGLVRQ��������
�
7R� DQDO\VH� FKDQJH� LQ� VLPLODU� SDUDPHWHUV� RYHU� WKUHH� RU� PRUH� HYHQO\� VSDFHG� PHDVXUHPHQWV��
RU� WR� FRPSDUH� SORWV� ZLWK� GLIIHUHQW� WUHDWPHQWV� RYHU� WZR� RU� PRUH� PHDVXUHPHQWV�� UHSHDWHG�
PHDVXUHV� $129$� FDQ� EH� XVHG� �*UHHQ� ������� 5RVH� HW� DO�� ������� XVHG� PXOWLYDULDWH�
UHSHDWHG� PHDVXUHV� $129$� WR� FRPSDUH� IUHTXHQFLHV� RI� LQGLYLGXDO� VSHFLHV� LQ� VHWV� RI� SORWV�
ZLWK�WZR�GLIIHUHQW�JUD]LQJ�KLVWRULHV��PHDVXUHG�DW���\HDU�LQWHUYDOV�IURP������WR�������

���� 2UGLQDWLRQ�DQG�FODVVLILFDWLRQ�
�
2UGLQDWLRQ� DQG� FODVVLILFDWLRQ� �VHH� -RQJPDQ� HW� DO�� ������ �NODQG� ������ DOORZ� RQH� WR� H[DPLQH�
FKDQJHV� LQ� WRWDO� VSHFLHV� FRPSRVLWLRQ�� ,QGLUHFW� RUGLQDWLRQ� �H�J��� GHWUHQGHG� FRUUHVSRQGHQFH�
DQDO\VLV�� DUUDQJHV� SORWV� DFFRUGLQJ� WR� WKHLU� VLPLODULW\� WR� RQH� DQRWKHU�� FODVVLILFDWLRQ� VRUWV�
SORWV� LQWR� GLIIHUHQW� FRPPXQLW\� W\SHV�� %\� VLPXOWDQHRXVO\� DQDO\VLQJ� GDWD� IURP� WKH� VDPH� VHW�
RI� SORWV� PHDVXUHG� DW� GLIIHUHQW� WLPHV� RQH� FDQ� GHWHUPLQH� �D�� ZKHWKHU� WKH� YHJHWDWLRQ� LV� RQ� D�
QHW� WUDMHFWRU\� RU� �E�� ZKHWKHU� FRPPXQLWLHV� DUH� SHUVLVWLQJ� RU� FKDQJLQJ� �$XVWLQ� ������� 'LUHFW�
RUGLQDWLRQ� �H�J��� FDQRQLFDO� FRUUHVSRQGHQFH� DQDO\VLV�� DQDO\VHV� FRPSRVLWLRQDO� GDWD� LQ� WHUPV�
RI�NQRZQ�HQYLURQPHQWDO�JUDGLHQWV�� � � 7KLV�DSSURDFK�FDQ�EH�XVHG�WR�VKRZ����KRZ�
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���

FRPPXQLWLHV� LQ� VSHFLILF� HQYLURQPHQWV� KDYH� FKDQJHG�� RU� ��� KRZ� UHODWLRQVKLSV� EHWZHHQ�
YHJHWDWLRQ� DQG� HQYLURQPHQW� FKDQJH� RYHU� WLPH�� 7UHVNRQRYD� ������� XVHG� WKH� ODWWHU� WHFKQLTXH�
WR� H[DPLQH� FKDQJH� LQ� WDOO� WXVVRFN� JUDVVODQGV� LQ� WKH� 0DFNHQ]LH� &RXQWU\�� *OHQQ�/HZLQ� 	�
YDQ� GHU� 0DDUHO� ������� SS�� ������� UHYLHZ� WKH� XVH� RI� RUGLQDWLRQ� DQG� FODVVLILFDWLRQ� PHWKRGV� WR�
VWXG\� YHJHWDWLRQ� FKDQJH�� &ODUNH� ������� GHVFULEHV� WKH� XVH� RI� PXOWLGLPHQVLRQDO� VFDOLQJ�
RUGLQDWLRQ�LQ�HQYLURQPHQWDO�PRQLWRULQJ��

���� 7UDQVLWLRQ�PDWULFHV�
�
7UDQVLWLRQ� PDWULFHV� �YDQ� +XOVW� ������ DUH� XVHG� WR� SUHGLFW� KRZ� YHJHWDWLRQ� FRYHU� W\SHV� ZLOO�
FKDQJH�� 7KLV� LQIRUPDWLRQ� FDQ� WKHQ� EH� XVHG� WR� SUHGLFW� IXWXUH� FRYHU� W\SHV�� 9HJHWDWLRQ� FRYHU�
W\SHV� DUH� FODVVHG� LQWR� QRPLQDO� FDWHJRULHV� �H�J��� EDVHG� RQ� FRYHU� RI� GRPLQDQW� VSHFLHV�� DQG� WKH�
SUREDELOLW\� WKDW� RQH� YHJHWDWLRQ� FRYHU� W\SH� ZLOO� FKDQJH� WR� DQRWKHU� �RU� UHPDLQ� WKH� VDPH�� RYHU�
D� JLYHQ� WLPH� SHULRG� LV� FDOFXODWHG�� 7KLV� WHFKQLTXH� UHTXLUHV� WKDW� SORWV� EH� PHDVXUHG� DW� UHJXODU�
LQWHUYDOV�� DQG� UHTXLUHV� ODUJH� VDPSOH� QXPEHUV� WR� SURGXFH� UHOLDEOH� SUREDELOLW\� HVWLPDWHV��
([DPSOHV� RI� WUDQVLWLRQ� PDWULFHV� DSSOLHG� WR� DOSLQH� FXVKLRQILHOGV� PD\� EH� IRXQG� LQ� /RXJK� HW�
DO����������6FRWW�HW�DO���������DQG�5R[EXUJK�HW�DO����������

���� 7LPH�VHJPHQW�DQDO\VLV�

7KLV� DSSURDFK� LV� XVHG� WR� H[DPLQH� FKDQJHV� LQ� VSHFLILF� DWWULEXWHV� RQ� D� SHUPDQHQW� SORW� �H�J���
SHUFHQW� IUHTXHQF\� RI� D� VSHFLHV�� VSHFLHV� ULFKQHVV�� E\� FDOFXODWLQJ� WKH� PHDQ� RI� WKDW� DWWULEXWH�
DQG� LWV� UDWH� RI� FKDQJH� SHU� \HDU� �6FRWW� ������� ,W� FDQ� EH� XVHG� WR� GHWHUPLQH� ORQJ�WHUP� WUHQGV��
3ORW� PHDVXUHPHQWV� GR� QRW� QHHG� WR� EH� DW� UHJXODU� LQWHUYDOV� RU� HYHQ� VLPLODU� WLPH� LQWHUYDOV��
6FRWW� ������� LOOXVWUDWHV� WKLV� DSSURDFK� LQ� H[DPLQLQJ� FKDQJHV� LQ� +LHUDFLXP� FRYHU� LQ� WKH�
:DLPDNLULUL�%DVLQ�RYHU����\HDUV��
�
�
���5()(5(1&(6�
$OOHQ��5�%��������5(&&(��DQ�LQYHQWRU\�PHWKRG�IRU�GHVFULELQJ�1HZ�=HDODQG�YHJHWDWLRQ��

)RUHVW�5HVHDUFK�,QVWLWXWH�%XOOHWLQ������&KULVWFKXUFK��1HZ�=HDODQG��
�
$OOHQ��5�%��������$Q�DSSUDLVDO�RI�PRQLWRULQJ�VWXGLHV�LQ�6RXWK�,VODQG�WXVVRFN�JUDVVODQGV��

1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\������������
�
$OOHQ��5�%���$�%��5RVH��DQG�*�5��(YDQV��������*UDVVODQG�6XUYH\�0DQXDO��D�SHUPDQHQW�

SORW�PHWKRG��)RUHVW�5HVHDUFK�,QVWLWXWH�%XOOHWLQ�����&KULVWFKXUFK��1HZ�=HDODQG��
�
$WNLQVRQ��,�$�(��������3UHVLGHQWLDO�DGGUHVV��RSSRUWXQLWLHV�IRU�HFRORJLFDO�UHVWRUDWLRQ��1HZ�

=HDODQG�-RXUQDO�RI�(FRORJ\�����������
�
$XVWLQ��0�3��������8VH�RI�RUGLQDWLRQ�DQG�RWKHU�PXOWLYDULDWH�GHVFULSWLYH�PHWKRGV�WR�VWXG\�



�

���

VXFFHVVLRQ��9HJHWDWLRQ��������������
�
$XVWLQ�� 0�3�� ������ 3HUPDQHQW� TXDGUDWV�� DQ� LQWHUIDFH� IRU� WKHRU\� DQG� SUDFWLFH�� 9HJHWDWLRQ�

����������
�
%DGGHOH\�� &�-�� ������ $VVHVVPHQWV� RI� ZLOG� DQLPDO� DEXQGDQFH�� )RUHVW� 5HVHDUFK� ,QVWLWXWH�

%XOOHWLQ������&KULVWFKXUFK��1HZ�=HDODQG��
�
%DWFKHOHU�� &�/��� DQG� '�-�� %HOO�� ������ ([SHULPHQWV� LQ� HVWLPDWLQJ� GHQVLW\� IURP� MRLQW� SRLQW��

DQG� QHDUHVW�QHLJKERXU� GLVWDQFH� VDPSOHV�� 3URFHHGLQJV� RI� WKH� 1HZ� =HDODQG� (FRORJLFDO�
6RFLHW\��������������

�
%ODVFKNH�� 3�0��� *�*�� +XQWHU�� *�2�� (\OHV�� DQG� 3�5�� 9DQ� %HUNHO�� ������ $QDO\VLV� RI� 1HZ�

=HDODQG
V� YHJHWDWLRQ� FRYHU� XVLQJ� ODQG� UHVRXUFH� LQYHQWRU\� GDWD�� 1HZ� =HDODQG� -RXUQDO� RI�
(FRORJ\����������

�
%UDGVKDZ�� 0�(��� DQG� -�3�� 'RRG\�� ������ 3ODQW� SRSXODWLRQ� VWXGLHV� DQG� WKHLU� UHOHYDQFH� WR�

QDWXUH�FRQVHUYDWLRQ��%LRORJLFDO�&RQVHUYDWLRQ��������������
�
%XOORFK��%�7��������$�ORZ�DOWLWXGH�VQRZ�WXVVRFN�UHVHUYH�DW�%ODFN�5RFN��(DVWHUQ�2WDJR��

3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�(FRORJLFDO�6RFLHW\������������
�
&ODUNH�� .�5�� ������ 1RQ�SDUDPHWULF� PXOWLYDULDWH� DQDO\VLV� RI� FKDQJHV� LQ� FRPPXQLW\�

VWUXFWXUH��$XVWUDOLDQ�-RXUQDO�RI�(FRORJ\��������������
�
&RFND\QH�� /��� DQG� -�:�� &DOGHU�� ������ 7KH� SUHVHQW� YHJHWDWLRQ� RI� $UWKXU
V� 3DVV� �1HZ�

=HDODQG��DV�FRPSDUHG�ZLWK�WKDW�RI�WKLUW\�IRXU�\HDUV�DJR��-RXUQDO�RI�(FRORJ\�����
���������

�
&UDLJ�� %�� �HGLWRU��� ������ 3URFHHGLQJV� RI� D� V\PSRVLXP� RQ� HQYLURQPHQWDO� PRQLWRULQJ� LQ�

1HZ� =HDODQG� ZLWK� HPSKDVLV� RQ� 3URWHFWHG� 1DWXUDO� $UHDV�� 'HSDUWPHQW� RI� &RQVHUYDWLRQ��
:HOOLQJWRQ��

�
'DO\�� *�7�� ������ 7KH� JUDVVODQGV� RI1HZ� =HDODQG�� 3DJHV� ����� LQ� 5�+�0�� /DQJHU� �HGLWRU���

3DVWXUHV��WKHLU�HFRORJ\�DQG�PDQDJHPHQW��2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG��
�
'LFN��5�'��������7KH�FKDQJLQJ�WXVVRFN�JUDVVODQGV��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�

*UDVVODQG�$VVRFLDWLRQ��������������
'LFNLQVRQ��.�-�0��������0RQLWRULQJ�FKDQJHV�LQ�QRQ�IRUHVW�HFRV\VWHPV��FDVH�VWXGLHV�IURP�

0ROHVZRUWK�6WDWLRQ�DQG�WKH�0DFNHQ]LH��:DLWDNL��%DVLQ��1HZ�=HDODQG�(FRORJLFDO�
6RFLHW\�2FFDVLRQDO�3XEOLFDWLRQ�����������

�
'LFNLQVRQ��.�-�0���$�)��0DUN��DQG�:�*��/HH��������/RQJ�WHUP�PRQLWRULQJ�RI�QRQ�IRUHVW�
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FRPPXQLWLHV�IRU�ELRORJLFDO�FRQVHUYDWLRQ��1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������������
�
(YDQV�� *�5�� ������ 7KH� DOSLQH� JUDVVODQGV� RI� QRUWKHUQ� )LRUGODQG�� 1HZ� =HDODQG� )RUHVW�

5HVHDUFK�,QVWLWXWH��3URWHFWLRQ�)RUHVWU\�%UDQFK�5HSRUW�����
�
)RUHVW�5HVHDUFK�,QVWLWXWH��������1HZ�=HDODQG
V�LQGLJHQRXV�JUDVVODQGV��:KDW
V�1HZ�LQ�

)RUHVW�5HVHDUFK������
�
*DXFK�� +�*�� ������ 0XOWLYDULDWH� DQDO\VLV� LQ� FRPPXQLW\� HFRORJ\�� &DPEULGJH� 8QLYHUVLW\�

3UHVV��&DPEULGJH��
�
*LYHQ�� '�5�� ������ 0RQLWRULQJ� RI� WKUHDWHQHG� SODQWV�� 3DJHV� �������� LQ� %�� &UDLJ�� �HGLWRU���

3URFHHGLQJV� RI� D� V\PSRVLXP� RQ� HQYLURQPHQWDO� PRQLWRULQJ� LQ� 1HZ� =HDODQG� ZLWK�
HPSKDVLV�RQ�3URWHFWHG�1DWXUDO�$UHDV��'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ��

�
*OHQQ�/HZLQ�� '�&��� DQG� (�� YDQ� GHU� 0DDUHO�� ������ 3DWWHUQV� DQG� SURFHVVHV� RI� YHJHWDWLRQ�

G\QDPLFV�� 3DJHV� ������ LQ� '�&�� *OHQQ�/HZLQ�� 5�.�� 3HHW�� DQG� 7�7�� 9HEOHQ�� 3ODQW�
VXFFHVVLRQ��WKHRU\�DQG�SUHGLFWLRQ��&KDSPDQ�DQG�+DOO��/RQGRQ��

�
*UHHQ�� 5�+�� ������ 6DPSOLQJ� GHVLJQ� DQG� VWDWLVWLFDO� PHWKRGV� IRU� HQYLURQPHQWDO� %LRORJLVWV��

:LOH\��1HZ�<RUN��
�
*UHHQ�� 5�+�� ������ $SSOLFDWLRQ� RI� UHSHDWHG� PHDVXUHV� GHVLJQV� LQ� HQYLURQPHQWDO� LPSDFW� DQG�

PRQLWRULQJ�VWXGLHV��$XVWUDOLDQ�-RXUQDO�RI�(FRORJ\������������
�
*UHLJ�6PLWK�� 3�� ������ 4XDQWLWDWLYH� SODQW� HFRORJ\�� 7KLUG� HGLWLRQ�� �6WXGLHV� LQ� HFRORJ\� YRO��

����%ODFNZHOO�6FLHQWLILF�3XEOLFDWLRQV��2[IRUG��
�
+DOO�� &�1��� DQG� )�5�� .XVV�� ������ 9HJHWDWLRQ� DOWHUDWLRQ� DORQJ� WUDLOV� LQ� 6KHQDQGRDK� 1DWLRQDO�

3DUN��9LUJLQLD��%LRORJLFDO�&RQVHUYDWLRQ��������������
�
+DOO�� *�0�-�� ������ 3&� �� 5(&&(�� 9HJHWDWLRQ� ,QYHQWRU\� 'DWD� $QDO\VLV�� )RUHVW� 5HVHDUFK�

,QVWLWXWH�%XOOHWLQ������&KULVWFKXUFK��1HZ�=HDODQG��
�
+DOO��*�0�-��������3&���75$16(&7��YHJHWDWLRQ�WUDQVHFW�GDWD�DQDO\VLV��0DQDDNL�:KHQXD�

��/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�/WG���/LQFROQ�����S��
�
+DOO�� *�0�-��� ,�� 3D\WRQ�� /�� %XUURZV�� 0�� )DVWLHU�� DQG� 6�� $QGUHDVHQG�� ������ 1DWLRQDO�

,QGLJHQRXV� 9HJHWDWLRQ� 6XUYH\� GDWDEDVH�� GDWDEDVH� GLUHFWRULHV�� )RUHVW� 5HVHDUFK� ,QVWLWXWH�
FRQWUDFW�UHSRUW�):(��������SUHSDUHG�IRU�WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ��

�
+HDO�� 2�:�� ������ 7KH� UROH� RI� VWXG\� VLWHV� LQ� ORQJ�WHUP� HFRORJLFDO� UHVHDUFK�� $� 8�.��

H[SHULHQFH��3DJHV�������LQ�3�*��5LVVHU��HGLWRU���/RQJ�WHUP�HFRORJLFDO�UHVHDUFK��DQ�
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LQWHUQDWLRQDO�SHUVSHFWLYH��:LOH\�DQG�6RQV��&KLFKHVWHU��
�
+ROORZD\�� -�7�� ������ 7KH� UROH� RI� WKH� 3URWHFWLRQ� )RUHVWU\� %UDQFK�� )RUHVW� 5HVHDUFK� ,QVWLWXWH��

LQ�WKH�KLJK�FRXQWU\��7XVVRFN�*UDVVODQGV�DQG�0RXQWDLQ�/DQGV�,QVWLWXWH�5HYLHZ�����
�������

�
+XUOEXUW�� 6�+�� ������ 3VHXGRUHSOLFDWLRQ� DQG� WKH� GHVLJQ� RI� HFRORJLFDO� ILHOG� H[SHULPHQWV��

(FRORJLFDO�0RQRJUDSKV��������������
�
-RQJPDQ�� 5�+�*��� &�-�)�� WHU� %UDDN�� DQG� 2�)�5�� YDQ� 7RQJHUHQ�� ������ 'DWD� DQDO\VLV� LQ�

FRPPXQLW\�DQG�ODQGVFDSH�HFRORJ\��3XGRF��:DJHQLQJHQ��
�
.HQQHG\�� .�$��� DQG� 3�$�� $GGLVRQ�� ������ 6RPH� FRQVLGHUDWLRQV� IRU� WKH� XVH� RI� YLVXDO�

HVWLPDWHV�RI�SODQW�FRYHU�LQ�ELRPRQLWRULQJ��-RXUQDO�RI�(FRORJ\��������������
�
/HH�� :�*�� ������ 0RQLWRULQJ� &KLRQRFKORD� VSLUDOLV� LQ� 7DNDKH� 9DOOH\�� )LRUGODQG�� '6,5�

%RWDQ\�'LYLVLRQ�5HSRUW������
�
/HJHQGUH�� 3��� DQG� 0�� )RUWLQ�� ������ 6SDWLDO� SDWWHUQ� DQG� HFRORJLFDO� DQDO\VLV�� 9HJHWDWLRQ� ����

���������
�
/LNHQV�� *�(�� �HGLWRU��� ������ /RQJ�WHUP� VWXGLHV� LQ� HFRORJ\�� DSSURDFKHV� DQG� DOWHUQDWLYHV��

6SULQJHU�9HUODJ��1HZ�<RUN��
�
/RXJK�� 7�-��� -�%�� :LOVRQ�� $�)�� 0DUN��� DQG� $�&�� (YDQV�� ������ 6XFFHVVLRQ� LQ� D� 1HZ� =HDODQG�

DOSLQH�FXVKLRQ�FRPPXQLW\��D�0DUNRYLDQ�PRGHO��9HJHWDWLRQ��������������
�
0DUN��$�)�������� � 3HUPDQHQW�SKRWRJUDSKLF�SRLQWV�IRU�IROORZLQJ�YHJHWDWLRQ�FKDQJHV��

7XVVRFN�*UDVVODQGV�DQG�0RXQWDLQ�/DQGV�,QVWLWXWH�5HYLHZ������������
�
0F,QWRVK�� 3�'��� :�*�� /HH�� DQG� 7�� %DQNV�� ������ 6RLO� GHYHORSPHQW� DQG� YHJHWDWLRQ� WUHQGV�

DORQJ�D�UDLQIDOO�JUDGLHQW�RQ�WKH�HDVW�2WDJR�XSODQGV��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�
��������������

�
0HXUN�� &�'�� ������ 5HJHQHUDWLRQ� RI� VXEDQWDUFWLF� SODQWV� RQ� &DPSEHOO� ,VODQG� IROORZLQJ�

H[FOXVLRQ�RI�VKHHS��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�����������
�
0HXUN�� &�'��� DQG� 5�3�� %X[WRQ�� ������ $� 1HZ� =HDODQG� UHJLVWHU� RI� SHUPDQHQW� YHJHWDWLRQ�

SORWV�� '6,5� /DQG� 5HVRXUFHV�� &KULVWFKXUFK�� FRQWUDFW� UHSRUW� ������� SUHSDUHG� IRU� WKH�
'HSDUWPHQW�RI�&RQVHUYDWLRQ��

�
0LQLVWU\� IRU� WKH� (QYLURQPHQW�� ������ (QYLURQPHQWDO� UHVHDUFK� DJHQGD� ����� �� ������

:HOOLQJWRQ��1HZ�=HDODQG��
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0LQLVWU\� IRU� WKH� (QYLURQPHQW�� ������ (QYLURQPHQWDO� UHVHDUFK� DJHQGD� ������ :HOOLQJWRQ��
1HZ�=HDODQG��

�
0ROOR\�� %�3�-��� &�-�� %XUURZV�� &�(�� &R[�� -�$�� -RKQVWRQ�� DQG� 3�� :DUGOH�� ������ 'LVWULEXWLRQ�

RI� VXEIRVVLO� IRUHVW� UHPDLQV�� HDVWHUQ� 6RXWK� ,VODQG�� 1HZ� =HDODQG�� 1HZ� =HDODQG� -RXUQDO� RI�
%RWDQ\�����������

�
0XHOOHU�'RPERLV�� '��� DQG� +�� (OOHQEHUJ�� ������ $LPV� DQG� PHWKRGV� RI� YHJHWDWLRQ� HFRORJ\��

:LOH\�DQG�6RQV��,QF���1HZ�<RUN��
�
1HOGQHU�� 9�-��� '�&�� &URVVOH\�� DQG� 0�� &RILQDV�� ������ 8VLQJ� JHRJUDSKLF� LQIRUPDWLRQ�

V\VWHPV� �*,6�� WR� GHWHUPLQH� WKH� DGHTXDF\� RI� VDPSOLQJ� LQ� YHJHWDWLRQ� VXUYH\V�� %LRORJLFDO�
&RQVHUYDWLRQ�����������

�
1HZ� =HDODQG� (FRORJLFDO� 6RFLHW\� DQG� 1HZ� =HDODQG� 6RFLHW\� RI� 6RLO� 6FLHQFH�� ������ 5HYLHZ�

RI� 6RXWK� ,VODQG� KLJK� FRXQWU\� ODQG� PDQDJHPHQW� LVVXHV�� MRLQW� VXEPLVVLRQ� WR� WKH�
0LQLVWHULDO�+LJK�&RXQWU\�5HYLHZ�&RPPLWWHH��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�����
�������

�
�NODQG�� 5�+�� ������ 9HJHWDWLRQ� HFRORJ\�� WKHRU\�� PHWKRGV� DQG� DSSOLFDWLRQV� WR�

)HQQRVFDQGLD��6RPPHUIHOWLD��VXSSOHPHQW������������
�
3DOPHU�� 0�(�� ������ $� FULWLFDO� ORRN� DW� UDUH� SODQW� PRQLWRULQJ� LQ� WKH� 8QLWHG� 6WDWHV��

%LRORJLFDO�&RQVHUYDWLRQ��������������
�
3D\WRQ�� ,�-�� DQG� $�)�� 0DUN�� ������ /RQJ�WHUP� HIIHFWV� RI� EXUQLQJ� RQ� JURZWK�� IORZHULQJ�� DQG�

FDUERK\GUDWH� UHVHUYHV� LQ� QDUURZ�OHDYHG� VQRZ� WXVVRFN� �&KLRQRFKORD� ULJLGD��� 1HZ�
=HDODQG�-RXUQDO�RI�%RWDQ\������������

�
3ULPDFN�� 5�%�� ������ (IIHFWV� RI� JUD]LQJ� RQ� LQGLJHQRXV� VKUXEV� LQ� WXVVRFN� JUDVVODQG� DW� &DVV��

&DQWHUEXU\��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������������
�
5RJHUV��*�0�������� �.DLPDQDZD�IHUDO�KRUVHV�DQG�WKHLU�HQYLURQPHQWDO�LPSDFWV��1HZ�

=HDODQG�-RXUQDO�RI�(FRORJ\������������
�
5RVH�� $�%�� ������ 3HUPDQHQW� SORW� PRQLWRULQJ� LQ� DOSLQH� JUDVVODQGV�� 3DJHV� ������ LQ� 6WHZDUW��

*�+�� DQG� -�� 2UZLQ� �HGLWRUV��� ,QGLJHQRXV� YHJHWDWLRQ� VXUYH\V�� PHWKRGV� DQG� LQWHUSUHWDWLRQ��
3DSHUV� SUHVHQWHG� DW� D� ZRUNVKRS� KHOG� DW� )RUHVWU\� 5HVHDUFK� &HQWUH�� )RUHVW� 5HVHDUFK�
,QVWLWXWH��&KULVWFKXUFK��

�
5RVH�� $�%��� DQG� .�+�� 3ODWW�� ������ 5HFRYHU\� RI� QRUWKHUQ� )LRUGODQG� DOSLQH� JUDVVODQGV� DIWHU�

UHGXFWLRQ�LQ�WKH�GHHU�SRSXODWLRQ��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\������������



�

���

5RVH�� $�%��� DQG� .�+�� 3ODWW�� ������ $JH�VWDWHV�� SRSXODWLRQ� VWUXFWXUH�� DQG� VHHGOLQJ�
UHJHQHUDWLRQ� RI� &KLRQRFKORD� SDOOHQV� LQ� &DQWHUEXU\� DOSLQH� JUDVVODQGV�� 1HZ� =HDODQG��
-RXUQDO�RI�9HJHWDWLRQ�6FLHQFH�����������

�
5RVH�� $�%��� .�+�� 3ODWW�� DQG� &�0�� )UDPSWRQ�� ������ 9HJHWDWLRQ� FKDQJH� RYHU� ��� \HDUV� LQ� D�

1HZ� =HDODQG� VKRUW�WXVVRFN� JUDVVODQG�� HIIHFWV� RI� VKHHS� JUD]LQJ� DQG� H[RWLF� LQYDVLRQV��
1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������������

�
5R[EXUJK�� 6�+��� -�%�� :LOVRQ�� DQG� $�)�� 0DUN�� ������ 6XFFHVVLRQ� DIWHU� GLVWXUEDQFH� RI� D� 1HZ�

=HDODQG�KLJK�DOSLQH�FXVKLRQILHOG��$UFWLF�DQG�$OSLQH�5HVHDUFK��������������
�
5R\DO� 6RFLHW\� RI� 1HZ� =HDODQG�� ������ *OREDO� FKDQJH� LQ� 1HZ� =HDODQG�� SURFHHGLQJV� RI� WKH�

5R\DO� 6RFLHW\� RI� 1HZ� =HDODQG� FRQIHUHQFH� ������ -XQH� ������ 7KH� 5R\DO� 6RFLHW\� RI� 1HZ�
=HDODQG�%XOOHWLQ�����

�
6FRWW�� '�� ������ $� KHLJKW� IUHTXHQF\� PHWKRG� IRU� VDPSOLQJ� WXVVRFN� DQG� VKUXE� YHJHWDWLRQ��

1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\�������������
�
6FRWW�� '�� ������ 7LPH� VHJPHQW� DQDO\VLV� RI� SHUPDQHQW� TXDGUDW� GDWD�� FKDQJHV� LQ� +LHUDFLXP�

FRYHU�LQ�WKH�:DLPDNDULUL�LQ����\HDUV��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\������������
�
6FRWW�� '��� 5�'�� 'LFN�� DQG� *�*�� +XQWHU�� ������ &KDQJHV� LQ� WKH� WXVVRFN� JUDVVODQGV� LQ� WKH�

FHQWUDO� :DLPDNDULUL� 5LYHU� EDVLQ�� &DQWHUEXU\�� 1HZ� =HDODQG�� ����������� 1HZ� =HDODQG�
-RXUQDO�RI�%RWDQ\��������������

�
6HZHOO�� 7�*�� ������ 7XVVRFN� JUDVVODQG� LQYHVWLJDWLRQV�� 3URFHHGLQJV� RI� WKH� 1HZ� =HDODQG�

*UDVVODQG�$VVRFLDWLRQ��������������
�
6RNDO�� 5�5��� DQG� )�-�� 5RKOI�� ������ %LRPHWU\�� 6HFRQG� HGLWLRQ�� )UHHPDQ� DQG� &RPSDQ\��

1HZ�<RUN��
�
6WHYHQ�� -�� ������ (QYLURQPHQWDO� TXDOLW\� PRQLWRULQJ� DQDO\VLV� RI� D� VXUYH\� RI� SXEOLF� DJHQFLHV��

8QSXEOLVKHG� UHSRUW� IRU� WKH� 0LQLVWU\� RI� WKH� (QYLURQPHQW�� &HQWUH� IRU� 5HVRXUFH�
0DQDJHPHQW��/LQFROQ�8QLYHUVLW\��

�
6WHZDUW�� *�+��� 3�1�� -RKQVRQ�� DQG� $�)�� 0DUN�� ������ 0RQLWRULQJ� WHUUHVWULDO� YHJHWDWLRQ� IRU�

ELRORJLFDO� FRQVHUYDWLRQ�� 3DJHV� �������� LQ� %�� &UDLJ� �HGLWRU��� 3URFHHGLQJV� RI� D�
V\PSRVLXP� RQ� HQYLURQPHQWDO� PRQLWRULQJ� LQ� 1HZ� =HDODQG� ZLWK� HPSKDVLV� RQ� 3URWHFWHG�
1DWXUDO�$UHDV��'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ��

�
6WHZDUW�2DWHQ�� $��� DQG� :�:�� 0XUGRFK�� ������ (QYLURQPHQWDO� LPSDFW� DVVHVVPHQW��

�SVHXGRUHSOLFDWLRQ��LQ�WLPH"�(FRORJ\��������������



�

���

6XWWHU�� 5�'��� 6�(�� %HQMDPLQ�� 1�� 0XUGRFN�� DQG� %�� 7HDJXH�� ������ 0RQLWRULQJ� WKH�
HIIHFWLYHQHVV� RI� D� ERDUGZDON� DW� SURWHFWLQJ� D� ORZ� KHDWK� EDOG� LQ� WKH� 6RXWKHUQ�
$SSDODFKLDQV��1DWXUDO�$UHDV�-RXUQDO��������������

�
WHU�%UDDN��&�-�)��������&$12&2���D�)2575$1�SURJUDP�IRU�FDQRQLFDO�FRPPXQLW\�

RUGLQDWLRQ� E\� >SDUWLDO@� >GHWUHQGHG@� >FDQRQLFDO@� FRUUHVSRQGHQFH� DQDO\VLV�� SULQFLSDO�
FRPSRQHQWV� DQDO\VLV� DQG� UHGXQGDQF\� DQDO\VLV� �YHUVLRQ� ������ 712� ,QVWLWXWH� RI� $SSOLHG�
&RPSXWHU�6FLHQFH��:DJHQLQJHQ��

�
7LPPLQV�� 6�0��� %�'�� &ODUNVRQ�� :�%�� 6KDZ�� DQG� ,�$�(�� $WNLQVRQ�� ������ 0DSSLQJ� QDWLYH�

YHJHWDWLRQ�XVLQJ�/DQGVDW�GDWD��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������������
�
7UHVNRQRYD�� 0�� ������ &KDQJHV� LQ� WKH� VWUXFWXUH� RI� WDOO� WXVVRFN� JUDVVODQGV� DQG� LQIHVWDWLRQ�

E\� VSHFLHV� RI� +LHUDFLXP� LQ� WKH� 0DFNHQ]LH� FRXQWU\�� 1HZ� =HDODQG�� 1HZ� =HDODQG� -RXUQDO�
RI�(FRORJ\������������

�
YDQ� +XOVW�� 5�� ������ 2Q� WKH� G\QDPLFV� RI� YHJHWDWLRQ�� 0DUNRY� FKDLQV� DV� PRGHOV� RI�

VXFFHVVLRQ��9HJHWDWLRQ�����������
�
:DUGOH�� 3�� ������ *UD]LQJ� DQG� PDQDJHPHQW� RI� QDWXUDO� DUHDV�� UH�LQWURGXFLQJ� DQ� LQGLJHQRXV�

IDFWRU"� 3DJHV� ������ LQ� '�$�� 1RUWRQ� �HGLWRU��� 0DQDJHPHQW� RI� 1HZ� =HDODQG
V� QDWXUDO�
HVWDWH��1HZ�=HDODQG�(FRORJLFDO�6RFLHW\�2FFDVLRQDO�3XEOLFDWLRQ����

�
:DUGOH��3��������9HJHWDWLRQ�RI�1HZ�=HDODQG��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��
�
:HEVWHU�� %�� ������ 9HJHWDWLRQ� PRQLWRULQJ� �� /DQGFRUS� 3URSHUW\� /WG� SURJUDPPH� DQG� GDWD��

3URFHHGLQJV� RI� WKH� ����� 1HZ� =HDODQG� &RQIHUHQFH� RQ� 6XVWDLQDEOH� /DQG� 0DQDJHPHQW��
���������/LQFROQ�8QLYHUVLW\��&DQWHUEXU\��

�
:HEVWHU�� '�%�� ������ 9LHZSRLQW�� UHSOLFDWLRQ�� UDQGRPLVDWLRQ�� DQG� VWDWLVWLFV� LQ� UDQJH�

UHVHDUFK��-RXUQDO�RI�5DQJH�0DQDJHPHQW��������������
�
:HOOV�� .�)�� ������ 0HDVXULQJ� YHJHWDWLRQ� FKDQJHV� RQ� IL[HG� TXDGUDWV� E\� YHUWLFDO� JURXQG�

VWHUHRSKRWRJUDSK\��-RXUQDO�RI�5DQJH�0DQDJHPHQW��������������
�
:KLWH�� (�*�� ������ 7KH� FKDQJLQJ� DEXQGDQFH� RI� PRWKV� LQ� WXVVRFN� JUDVVODQG�� ����������� DQG�

����WR����\HDU�WUHQGV��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�����������
:KLWH�� 3�6��� DQG� 6�3�� %UDWWRQ�� ������ $IWHU� SUHVHUYDWLRQ�� SKLORVRSKLFDO� DQG� SUDFWLFDO�

SUREOHPV�RI�FKDQJH��%LRORJLFDO�&RQVHUYDWLRQ��������������
�
:KLWH�� 3�6��� DQG� 6�3�� %UDWWRQ�� ������ 0RQLWRULQJ� YHJHWDWLRQ� DQG� UDUH� SODQW� SRSXODWLRQV� LQ�

8�6��QDWLRQDO�SDUNV�DQG�SUHVHUYHV��3DJHV���������LQ�+��6\QJH��HGLWRU���7KH�ELRORJLFDO�
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���

DVSHFWV�RI�UDUH�SODQW�FRQVHUYDWLRQ��:LOH\�DQG�6RQV��&KLFKHVWHU��
�
:KLWHKRXVH�� ,�(��� -�5�,�� &XII�� *�5�� (YDQV�� DQG� &�� -HQVHQ�� ������ 7UHQG� LQ� EDUH� JURXQG� IURP�

WXVVRFN�JUDVVODQG�VXUYH\V��&DQWHUEXU\��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�
�����������

�
:LOOLDPV�� 3�$�� ������ 6WXGLHV� RI� WKH� WDOO�WXVVRFN� �&KLRQRFKORD�� YHJHWDWLRQ�VRLO� V\VWHPV� RI�

WKH�VRXWKHUQ�7DUDUXD�5DQJH��1HZ�=HDODQG����7KH�YHJHWDWLRQ�VRLO�UHODWLRQVKLSV��1HZ�
=HDODQG�-RXUQDO�RI�%RWDQ\��������������

�
:LPEXVK�� '�-��� 0�'�� %DUURZ�� DQG� $�%�� &RVWLQ�� ������ &RORU� VWHUHRSKRWRJUDSK\� IRU� WKH�

PHDVXUHPHQW�RI�YHJHWDWLRQ��(FRORJ\��������������
�
:UDLJKW��0�-��������7KH�DOSLQH�JUDVVODQGV�RI�WKH�+RNLWLND�5LYHU�&DWFKPHQW��:HVWODQG��

1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�������������
�
:UDLJKW�� 0�-�� ������ 0HWKRGV� RI� PHDVXUHPHQW� RI� DOSLQH� JUDVVODQG�� 3DJHV� ������ LQ�

PHWKRGV� RI� PHDVXULQJ� SODQW� FRPPXQLWLHV�� 1HZ� =HDODQG� ,QVWLWXWH� RI� $JULFXOWXUDO�
6FLHQFH��

�
:UDLJKW�� 0�-�� ������ 7KH� DOSLQH� DQG� XSSHU� PRQWDQH� JUDVVODQGV� RI� WKH� :DLPDNLULUL�

FDWFKPHQW��1HZ�=HDODQG�)RUHVW�5HVHDUFK�,QVWLWXWH��3URWHFWLRQ�)RUHVWU\�'LYLVLRQ�5HSRUW�
����
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���$33(1',&(6�
�
$SSHQGL[����([DPSOH�RI�D�5(&&(�'HVFULSWLRQ�6KHHW�

�
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$SSHQGL[����([DPSOHV�RI�6SHFLHV�)UHTXHQF\�6KHHWV��$�DQG�%��

�
�
*5$66/$1'�6859(<��63(&,(6�)5(48(1&<��%��
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$SSHQGL[����&RYHU�(VWLPDWH�6KHHW�
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$SSHQGL[����'LVWDQFH�6WDWXUH�0HDVXUHPHQW�6KHHW�
�
�

*5$66/$1'�6859(<���',67$1&(���67$785(�0($685(0(176�
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&DEOH�VKXWWHU�UHOHDVH�
7ULSRG�GHVLJQHG�IRU�WDNLQJ�VWHUHRSKRWRV�
(QJUDYHG�ZKLWH�IRUPLFD�SODTXH�����FP�[���FP��
����PO�LVRSURS\O�DOFRKRO�
3ODVWLF� EDJV� �IRU� SODQW� VSHFLPHQV� DQG� IRU� FRYHULQJ� FOLSERDUG� ZKHQ�
UHFRUGLQJ�LQ�WKH�UDLQ��
/DEHOV��IRU�SODQW�VSHFLPHQV��
6PDOO�EODFNERDUG�
5LJLG���P�[���P�IUDPH�IRU�FRYHU�TXDGUDWV�
6PDOO�SRUWDEOH�PHWDO�GHWHFWRU�
*OREDO�3RVLWLRQ�6\VWHP��LI�DYDLODEOH��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��
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$SSHQGL[����([DPSOH�RI�D�+HLJKW�IUHTXHQF\�6KHHW�
�
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$SSHQGL[����6XPPDULVHG�+HLJKW�IUHTXHQF\�'DWD��
�
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���$&.12:/('*(0(176�
:H� WKDQN� WKH� QXPHURXV� LQGLYLGXDOV� ZKR� GHYHORSHG� DQG� UHILQHG� WKHVH� VDPSOLQJ� PHWKRGV�
RYHU� WKH� \HDUV�� 6HYHUDO� SHRSOH� KDYH� FRQWULEXWHG� WKHLU� H[SHUWLVH� WR� WKLV� PDQXDO�� SDUWLFXODUO\�
5RE� $OOHQ�� /DUU\� %XUURZV�� *UDHPH� +DOO�� *UDQW� +XQWHU�� %LOO� /HH�� &DUROLQH� 0DVRQ�� DQG� ,DQ�
3D\WRQ�� :H� WKDQN� 5DOSK� $OOHQ�� 5RE� $OOHQ�� 3HWHU� %HOOLQJKDP�� 7\PRQ� 'XYDOO�� *UDQW�
+XQWHU�� DQG� .HYLQ� 3ODWW� IRU� FULWLFDOO\� UHYLHZLQJ� WKH� PDQXVFULSW�� 3UHSDUDWLRQ� RI� WKLV� PDQXDO�
ZDV�IXQGHG�E\�WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ��


