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$33(1',;�����(FRORJLFDO�6LWH�&ODVVLILFDWLRQ�
$�����,QWURGXFWLRQ�

7KH�(FRORJLFDO�6LWH�&ODVVLILFDWLRQ��(6&��IRU�IRUHVWU\�LQ�*UHDW�%ULWDLQ�FODVVLILHV�D�
VLWH�LQ�WHUPV�RI�LWV�FOLPDWH�DQG�VRLO�TXDOLW\��3\DWW�	�6XDUH]��������3\DWW�HW�DO�����������
$�SURJUDP�FDOOHG�WKH�(6&�'HFLVLRQ�6XSSRUW�6\VWHP��'66��KDV�EHHQ�ZULWWHQ�WR�DLG�
FODVVLILFDWLRQ��5D\����������,I�WKH�HOHYDWLRQ�DQG�JULG�UHIHUHQFH�RI�D�VLWH�LV�NQRZ��WKH�
SURJUDP�FDQ�DXWRPDWLFDOO\�FDOFXODWH�IRXU�FOLPDWH�IDFWRUV�ZKLFK�GHILQH�WKH�FOLPDWH�RI�
WKH�VLWH��DFFXPXODWHG�WHPSHUDWXUH��PRLVWXUH�GHILFLW��ZLQGLQHVV�DQG�FRQWLQHQWDOLW\���
([FHSW�IRU�ZLQGLQHVV��WKH�FOLPDWLF�IDFWRUV�KDYH�EHHQ�FDOFXODWHG�IURP�GDWD�IURP�WKH�
&OLPDWLF�5HVHDUFK�8QLW��&38��GDWDEDVH��8QLYHUVLW\�RI�(DVW�$QJOLD��IRU�WKH�UHFRUGLQJ�
SHULRG�����������&38�YDULDEOHV�IRU�HDFK����NP�[����NP�VTXDUH�ZHUH�LQWHUSRODWHG�WR�
D�ILQHU�UHVROXWLRQ�WR�SURYLGH�YDOXHV�IRU�DQ\�����P�[�����P�JULG�UHIHUHQFH�LQ�%ULWDLQ��

6RLO�TXDOLW\�LV�GHILQHG�E\�WZR�IDFWRUV��VRLO�QXWULHQW�UHJLPH��615��DQG�VRLO�
PRLVWXUH�UHJLPH��605���,Q�(6&�'66��605�LV�GHILQHG�E\�VRLO�W\SH�ZKLOVW�615�LV�
GHILQHG�E\�SODQW�W\SH��SODQW�LQGLFDWRU�VSHFLHV����,I�PRUH�LQIRUPDWLRQ�LV�NQRZQ�RQ�
URRWLQJ�GHSWK��VRLO�WH[WXUH��VWRQLQHVV��D�PRUH�SUHFLVH�HVWLPDWH�RI�605�FDQ�EH�PDGH���
,I�WKH�OLWKRORJ\�LV�NQRZQ��FRPELQHG�ZLWK�VRLO�W\SH�DQG�NQRZOHGJH�RI�SODQW�LQGLFDWRU�
VSHFLHV��WKHQ�D�PRUH�SUHFLVH�HVWLPDWH�RI�615�FDQ�EH�JDLQHG���2QFH�VRLO�TXDOLW\�DQG�
WKH�FOLPDWH�]RQH�KDYH�EHHQ�LGHQWLILHG��WKH�(6&�'66�FODVVLILHV�WKH�VLWH�TXDOLW\�DQG�
JHQHUDWHV�VXJJHVWLRQV�RI�DSSURSULDWH�WUHH�VSHFLHV�DQG�ZRRGODQG�W\SHV����

�

$�������&OLPDWLF�IDFWRUV�
$FFXPXODWHG�WHPSHUDWXUH�LV�WKH�DFFXPXODWHG�GD\�GHJUHHV�DERYH�D�JURZWK�

WKUHVKROG�WHPSHUDWXUH��DERYH���&��DQG�LW�SURYLGHV�D�PHDVXUH�RI�VXPPHU�ZDUPWK�
�3\DWW�HW�DO�����������0RLVWXUH�GHILFLW��PP��UHIOHFWV�WKH�EDODQFH�EHWZHHQ�SRWHQWLDO�
HYDSRUDWLRQ�DQG�UDLQIDOO�DQG�HPSKDVLVHV�WKH�GU\QHVV�RI�WKH�JURZLQJ�VHDVRQ���,W�LV�
FDOFXODWHG�E\�VXEWUDFWLQJ�PRQWKO\�UDLQIDOO�IURP�PRQWKO\�HYDSRUDWLRQ�DQG�NHHSLQJ�D�
UXQQLQJ�EDODQFH�WKURXJKRXW�WKH�VXPPHU���7KH�SHDN�YDOXH�UHDFKHG�LV�WKH�PRLVWXUH�
GHILFLW�IRU�WKDW�\HDU���:LQGLQHVV�LV�XVHG�WR�UHSUHVHQW�WKH�DPRXQW�RI�SK\VLRORJLFDOO\�RU�
SK\VLFDOO\�GDPDJLQJ�ZLQG�WKDW�D�IRUHVW�VWDQG�RQ�D�SDUWLFXODU�VLWH�H[SHULHQFHV�LQ�WKH�
\HDU���:LQGLQHVV�LV�H[SUHVVHG�LQ�'$06��GHWDLOHG�DVSHFW�PHWKRG�RI�VFRULQJ��ZLWK�
VFRUHV�UDQJLQJ�IURP���WR����GLYLGHG�LQWR�QLQH�FODVVHV���&RQWLQHQWDOLW\�H[SUHVVHV�WKH�
VHDVRQDO�YDULDELOLW\�RI�WKH�FOLPDWH�DQG�LW�LV�EDVHG�RQ�WKH�&RQUDG�,QGH[���7KH�LQGH[�
LQFUHDVHV�ZLWK�HOHYDWLRQ��ZLWK�HDVWLQJ�DQG�ZLWK�GLVWDQFH�IURP�VHD�EXW�GHFUHDVHV�ZLWK�
QRUWKLQJ���7KH�UDQJH�RI�YDOXHV�LQ�%ULWDLQ�LV�IURP���WR����JURXSHG�LQWR�IRXU�FODVVHV��
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$�������3ODQW�LQGLFDWRU�VSHFLHV�
7KH�XVH�RI�LQGLFDWRU�SODQWV�LQ�IRUHVWU\�WR�LQGLFDWH�VRLO�VXLWDELOLW\�IRU�SODQWLQJ�

FHUWDLQ�WUHHV�KDV�EHHQ�ZLGHO\�UHFRJQLVHG��(OOHQEHUJ��������5RGZHOO�	�3DWWHUVRQ��
������3\DWW�HW�DO���������$QGHUVRQ����������,QGLFDWRU�YDOXHV�GLUHFWO\�UHODWHG�WR�(6&�
VRLO�QXWULHQW�UHJLPH�ZHUH�REMHFWLYHO\�GHULYHG�IRU�DERXW����YDVFXODU�SODQWV�JURZLQJ�LQ�
%ULWLVK�ZRRGODQGV��3\DWW�HW�DO�����������:LOVRQ¶V�LQGLFDWRU�YDOXHV�DUH�EDVHG�RQ�
FRPELQLQJ�YHJHWDWLRQ�DQG�VRLO�FKHPLFDO�GDWD�IURP����VLWHV�LQ�WKH�8.��:LOVRQ����������
$QRWKHU�VHW�RI�LQGLFDWRU�YDOXHV�FDOOHG�WKH�+LOO�(OOHQEHUJ�YDOXHV�DUH�DOVR�XVHG���7KH\�
UHSUHVHQW�D�FDOLEUDWLRQ�RI�)��5�DQG�1�YDOXHV�IRU�RYHU������SODQWV�DQG�DUH�EDVHG�RQ�
YHJHWDWLRQ�FRPSRVLWLRQ�UDWKHU�WKDQ�VRLO�DQDO\VLV��

,Q�WKH�(6&�'66��ERWK�LQGLFDWRU�YDOXHV�DUH�ZHLJKWHG�GHSHQGLQJ�RQ�WKH�DEXQGDQFH�
RI�HDFK�SODQW�DQG�WZR�PHDQ�LQGLFDWRU�VLWH�YDOXHV�FDOFXODWHG�IRU�HDFK�VLWH���7KH�(6&�
'66�UHFRPPHQGV�ZKLFK�VLWH�YDOXH�WR�XVH�WR�FODVVLI\�615��JRYHUQHG�E\�WKH�JUHDWHU�
SURSRUWLRQ�RI�+LOO�RU�:LOVRQ�LQGLFDWRU�SODQW�VSHFLHV�IRXQG�DW�WKH�VLWH��

7KH�:LOVRQ�YDOXHV�ZKLFK�DUH�XVHG�LQ�(6&�DUH�EDVHG�RQ�GDWD�IURP�VLWHV�ZKLFK�DUH�
QRW�ZHOO�UHSUHVHQWDWLYH�RI�YHU\�SRRU�WR�SRRU�XSODQG�VLWHV���+RZHYHU��UHFHQW�DGGLWLRQDO�
VDPSOLQJ�KDV�LQFOXGHG����RI�WKHVH�VLWHV��JHQHUDWLQJ�QHZ�:LOVRQ�VSHFLHV�YDOXHV�DQG�
HQDEOLQJ�DGMXVWPHQWV�WR�WKH�RULJLQDOV��:LOVRQ����������$V�\HW��QHZ�:LOVRQ�YDOXHV�
KDYH�QRW�EHHQ�LQWHJUDWHG�LQWR�WKH�(6&�'66��VR�WKH�FODVVLILFDWLRQ�UHVXOWV�DUH�EDVHG�RQ�
WKH�RULJLQDO�YDOXHV���7KH�QHZ�:LOVRQ�YDOXHV�KRZHYHU��ZHUH�XVHG�DV�LQGLUHFW�
TXDQWLWDWLYH�PHDVXUHV�RI�VRLO�QXWULHQWV��HQDEOLQJ�DQ�DQDO\VLV�RI�YDULDQFH�EHWZHHQ�
VWDQG�WUHDWPHQWV��
�

$�����0HWKRGV�
'DWD�RQ�SODQW�LQGLFDWRU�VSHFLHV�DQG�VRLOV�ZHUH�FROOHFWHG�IROORZLQJ�ILHOGZRUN�

PHWKRGRORJ\�RXWOLQHG�LQ�WKH�(6&�'66�XVHU¶V�JXLGH��5D\����������:LWKLQ�HDFK�
WUHDWPHQW�SORW��D���P�[���P�TXDGUDW�ZDV�ODLG�GRZQ���$OO�YDVFXODU�SODQWV�SUHVHQW�
ZLWKLQ�WKH�TXDGUDW�ZHUH�UHFRUGHG�ZLWK�DQ�HVWLPDWH�RI�JURXQG�FRYHU�IRU�HDFK�VSHFLHV�
������7KHVH�GDWD�ZHUH�UHFRUGHG�LQ�DQRWKHU�IRXU�TXDGUDWV�ZKLFK�ZHUH�SODFHG�DURXQG�
WKH�SORW�RQ�UHSUHVHQWDWLYH�JURXQG���

6RLO�SLWV�DGMDFHQW�WR�HDFK�SORW�ZHUH�GXJ��DSSUR[�����P�GHHS����$�GHVFULSWLRQ�RI�WKH�
VRLO�SURILOH�ZDV�PDGH��QRWLQJ�WKH�IROORZLQJ�IDFWRUV�DW�HDFK�VRLO�KRUL]RQ��WKLFNQHVV�
�LQFOXGLQJ�GHSWK�RI�PRVV�	�OLWWHU�OD\HU���VRLO�FRORXU�DQG�PRWWOLQJ��VWRQLQHVV��WH[WXUH�
DQG�URRWLQJ�GHSWK���6RLO�W\SH�ZDV�WKHQ�FODVVLILHG�LQ�DFFRUGDQFH�ZLWK�WKH�)RUHVWU\�
&RPPLVVLRQ�VRLO�FODVVLILFDWLRQ��3\DWW����������'HWDLOV�RQ�VRLO�DQG�YDVFXODU�SODQWV�
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HQDEOHG�D�GHWDLOHG�DVVHVVPHQW�RI�VLWH�TXDOLW\��(6&�3UR��WR�EH�FDUULHG�RXW�LQ�(6&�
'66��

�
$�����5HVXOWV�

&OLPDWLF�IDFWRUV�JHQHUDWHG�IURP�(6&�'66�IRU�WKH�JULG�UHIHUHQFH�DQG�HOHYDWLRQ�RI�
HDFK�LQGLYLGXDO�VLWH�KDYH�EHHQ�OLVWHG�LQ�7DEOH�$������2OG�JURZWK�VWDQGV�ZHUH�PRVW�
YDULDEOH�LQ�WHUPV�RI�VRLO�W\SH�ZLWK�D�PL[WXUH�RI�SHDW\�SRG]ROV��SHDW\�JOH\V��LURQSDQV�
DQG�6SKDJQXP�ERJ��7DEOH�$�������2SHQ�VLWHV�ZHUH�GRPLQDWHG�E\�6SKDJQXP�ERJV�
ZKLOVW�SROH�VWDQGV�ZHUH�GRPLQDWHG�E\�6SKDJQXP�ERJV�DQG�SHDW\�SRG]ROV��

2SHQ�VLWHV�ZHUH�GRPLQDWHG�E\�ZHW�WR�YHU\�PRLVW�605V��7DEOH�$�������3ROH�DQG�
ROG�JURZWK�VLWHV�ZHUH�PRUH�YDULDEOH�EXW�VLPLODU��HQFRPSDVVLQJ�GULHU�UHJLPHV�IURP�
PRGHUDWHO\�GU\�WR�ZHW�FODVVHV���6RLO�QXWULHQW�UHJLPHV�DFURVV�VLWHV�ZHUH�PRUH�XQLIRUP�
GRPLQDWHG�E\�WKH�YHU\�SRRU�FODVV���7KH�SUHVHQFH�RI�D�OHVV�SRRU�VLWH��SRRU��LQ�WZR�SROH�
SORWV�VXJJHVWV�D�VOLJKWO\�LPSURYHG�615�IRU�WKLV�VWDQG�WUHDWPHQW���:LOVRQ�YDOXHV�ZHUH�
UHFRPPHQGHG�WR�FODULI\�615�UDWKHU�WKDQ�+LOO�YDOXHV�IRU�DOO�VLWHV���%RWK�RULJLQDO�DQG�
QHZ�:LOVRQ�PHDQ�VLWH�YDOXHV��SRROHG�DFURVV�EORFNV��LQGLFDWH�YHU\�SRRU�VLWHV�GHVSLWH�
VOLJKWO\�KLJKHU�HVWLPDWHV�IRU�WKH�QHZ�YDOXHV��7DEOH�$������

(6&�'66�JHQHUDWHV�D�OLVW�RI�WUHH�VSHFLHV�DQG�LQGLFDWHV�ZKLFK�VSHFLHV�DUH�
FRQVLGHUHG�LQ�IRUHVWU\�WHUPV�WR�EH�XQVXLWDEOH��VXLWDEOH�RU�YHU\�VXLWDEOH��WR�VLWHV�
GHSHQGLQJ�RQ�FOLPDWH�DQG�VRLO�TXDOLW\�FODVVLILFDWLRQV���$FURVV�DOO�VLWHV��$OGHU�ZDV�
IRXQG�WR�EH�XQVXLWDEOH�IRU�JURZWK�ZLWK�615�EHLQJ�WKH�OLPLWLQJ�IDFWRU���'RZQ\�%LUFK�
KRZHYHU�ZDV�YHU\�VXLWDEOH�IRU�DOO�VLWHV���1R�LQIRUPDWLRQ�ZDV�DYDLODEOH�IRU�+ROO\�RU�
5RZDQ���7KH�PDMRULW\�RI�VLWHV�ZHUH�IRXQG�WR�EH�XQVXLWDEOH��IRU�WKH�GHYHORSPHQW�RI�
DQ\�W\SH�RI�ZRRGODQG�FRPPXQLW\���([FHSWLRQV�ZHUH�%ORFN���DQG���LQ�WKH�ROG�JURZWK�
DQG�%��LQ�3ROH�VWDJH�ZKHUH�:���3LQXV�V\OYHVWULV�ZRRGODQG�ZDV�PDUNHG�DV�VXLWDEOH��
�
�
�

�������������������������������������������������
��,Q�YHU\�VXLWDEOH�FRQGLWLRQV��D�WUHH�VSHFLHV�LV�H[SHFWHG�WR�DFKLHYH�����RU�PRUH�RI�LWV�PD[LPXP�

\LHOG��UHPDLQ�XQVXVFHSWLEOH�WR�GLVHDVH�RU�SHVW�DWWDFN�DQG�EH�FDSDEOH�RI�SURGXFLQJ�YLDEOH�VHHG��3\DWW�HW�
DO�����������,Q�VXLWDEOH�FRQGLWLRQV��D�WUHH�VSHFLHV�LV�H[SHFWHG�WR�DFKLHYH��������RI�LWV�PD[LPXP�\LHOG�
DQG�JURZWK�WR�PDWXULW\�EXW�SURGXFWLRQ�RI�YLDEOH�VHHG�LV�QRW�JXDUDQWHHG���,Q�XQVXLWDEOH�FRQGLWLRQV��D�
WUHH�VSHFLHV�DFKLHYHV�OHVV�WKDQ�����RI�LWV�PD[LPXP�\LHOG�VHYHUHO\�OLPLWLQJ�WKH�SURGXFWLRQ�RI�VDZORJV��

��,Q�XQVXLWDEOH�FRQGLWLRQV��QDWXUDO�UHJHQHUDWLRQ�RI�HLWKHU�WKH�WUHH�VSHFLHV�RU�VRPH�RI�WKH�
FKDUDFWHULVWLF�VSHFLHV�RI�WKH�JURXQG�IORUD�ZRXOG�QRW�RFFXU���,Q�VXLWDEOH�FRQGLWLRQV��WKH�ZRRGODQG�FDQ�EH�
H[SHFWHG�WR�UHJHQHUDWH�LWVHOI��
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7DEOH�$�����&OLPDWH�GDWD�RXWSXW�IURP�WKH�(6&�'66�IRU�HDFK�VLWH��5D\����������&OLPDWH�GDWD�
DUH�EDVHG�RQ�WKH�0HWHRURORJLFDO�2IILFH����\HDU�UHFRUGLQJ�SHULRG��������������VSHFLILF�WR�WKH�
JULG�UHIHUHQFH�DQG�HOHYDWLRQ�RI�HDFK�VLWH����
*ULG�
UHIHUHQFH�

%ORFN� (OHYDWLRQ�
�P��

$FF��7HPS��
�GD\�GHJUHHV�
DERYH���&��

0RLVWXUH��
'HILFLW��PP��

:LQGLQHVV�
�'$06��
�

&RQWLQHQWDOLW\�
�&RQUDG�
LQGH[��

2SHQ�
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ���� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��

3ROH�
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ���� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��

2OG�JURZWK�
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ���� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
1+������� �� ���� ����� ��� ��� ��
�
7DEOH�$�����6RLO�W\SHV�IRU�RSHQ��SROH�DQG�ROG�JURZWK�WUHDWPHQW�SORWV�LQ�*OHQ�$IIULF�ZLWK�)RUHVWU\�
&RPPLVVLRQ�FODVVLILFDWLRQ�FRGHV���1XPEHUV�HTXDO�WR�EORFN��
� 2SHQ� 3ROH� 2OG�JURZWK�

�
�� 8SODQG�6SKDJQXP�%RJ����E�� 7\SLFDO�3RG]RO��3HDW\������� 7\SLFDO�3RG]RO��3HDW\������
�� 8SODQG�6SKDJQXP�%RJ����E�� 8SODQG�6SKDJQXP�%RJ����E�� 7\SLFDO�3RG]RO��3HDW\������
�� 8SODQG�6SKDJQXP�%RJ����E�� 8SODQG�6SKDJQXP�%RJ����E�� 3RG]ROLF�,URQSDQ�6RLO���]��
�� 7\SLFDO�3RG]RO��3HDW\������ +DUGSDQ�3RG]RO���P�� 3HDW\�3RG]ROLF�JOH\���]��
�� 8SODQG�6SKDJQXP�%RJ����E�� 8SODQG�6SKDJQXP�%RJ����E�� 3HDW\�3RG]ROLF�JOH\���]��
�� 7\SLFDO�%URZQ�(DUWK����� 8SODQG�6SKDJQXP�%RJ����E�� 7\SLFDO�3RG]RO��3HDW\������
�� 8SODQG�6SKDJQXP�%RJ����E�� 7\SLFDO�3RG]RO��3HDW\������� 8SODQG�6SKDJQXP�%RJ����E��

�
�
�
�
�
�
�
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7DEOH�$�����6RLO�TXDOLW\�EHVW�HVWLPDWHV�IURP�(6&�'66��5D\����������
6RLO�PRLVWXUH�UHJLPH��605��DQG�VRLO�QXWULHQW�UHJLPH��615���IURP�
:LOVRQ�PHDQ�VLWH�YDOXHV��IRU�DOO�EORFNV�LQ�WKH�WKUHH�VWDQG�WUHDWPHQWV��
RSHQ��SROH�DQG�ROG�JURZWK��605��ZHW��:���YHU\�PRLVW��90���IUHVK��)���
VOLJKWO\�GU\��6'���PRGHUDWHO\�GU\��0'���YHU\�GU\��9'����615��YHU\�SRRU�
�93���SRRU��3���PHGLXP��0���ULFK��5���YHU\�ULFK��95���
� 2SHQ� 3ROH� 2OG�JURZWK�
%ORFN� 605�� 615� 605� 615� 605� 615�

�
�� :� 93� :� 93� 90� 93�
�� 90� 93� 90� 93� )� 93�
�� :� 93� 90� 93� :� 93�
�� :� 93� 0'� 3� :� 93�
�� 90� 93� :� 3� :� 93�
�� 90� 93� 90� 93� 90� 93�
�� 90� 93� :� 93� :� 93�
0HDQ� 90� 93� 90� 93� 90� 93�

�
7DEOH�$�����2ULJLQDO�DQG�QHZ�:LOVRQ�PHDQ�VLWH�YDOXHV�IRU�RSHQ��SROH�
DQG�ROG�JURZWK�WUHDWPHQW�SORWV��
� 2SHQ� 3ROH� 2OG�JURZWK�
%ORFN
V�

2ULJLQDO� 1HZ� 2ULJLQDO� 1HZ� 2ULJLQDO� 1HZ�
�

�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
0HDQ� ����� ����� ����� ����� ����� �����
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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