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� %LRUHPHGLDWLRQ��LQYROYLQJ�ELRVWLPXODWLRQ�DQG�RU�ELRDXJPHQWDWLRQ��LV�D�SURPLVLQJ�PHWKRG�WR�RYHUFRPH�RLO�VSLOOV�LQ�
&LODFDS�FRDVWDO�ZDWHUV���&LODFDS�FRDVWDO�DUHD�KDV�KLJK�ULVN�RQ�RLO�SROOXWLRQ��7KLV�VWXG\�LQYHVWLJDWHG�WKH�VWLPXODWRU\�HIIHFW�
RI �QLWURJHQ�FRQFHQWUDWLRQ��EDFWHULDO�GHQVLW\�DQG�WKH�FRPSRVLWLRQ�RI �EDFWHULDO�FXOWXUH�LQ�HQKDQFLQJ�RLO�GHJUDGDWLRQ�LQ�
WKLV�DUHD��7KH�DSSOLFDWLRQV�RI ���GLIIHUHQW�FRQFHQWUDWLRQV�RI �6ORZ�5HOHDVH�)HUWLOL]HU��65)��DQG���GLIIHUHQW�GHQVLWLHV�RI �
EDFWHULDO�FHOOV�LQ�WKH�IRUP�RI �VLQJOH��5&2�%���B�����DQG�PL[HG�FXOWXUH�ZHUH�HPSOR\HG�LQ�PLFURFRVP�H[SHULPHQWV�
IRU����GD\V��7KH�HIILFDF\�RI �FRPELQLQJ�EDFWHULDO�FXOWXUH�DQG�IHUWLOL]HU�DSSOLFDWLRQ�LQ�YDULRXV�FRQFHQWUDWLRQV�ZDV�DOVR�
WHVWHG��2LO� GHJUDGDWLRQ��EDFWHULDO� JURZWK� DQG� HQYLURQPHQWDO� SDUDPHWHUV�ZHUH�PRQLWRUHG�SHULRGLFDOO\� GXULQJ� WKH�
H[SHULPHQWV�� 7KH� UHVXOWV� VKRZHG� WKDW� RLO� GHJUDGDWLRQ� UDWH� ZDV� PRUH� LQIOXHQFHG� E\� QXWULHQW� FRQFHQWUDWLRQ�
�ELRVWLPXODWLRQ�� WKDQ� EDFWHULDO� QXPEHU� RU� FXOWXUH� FRPSRVLWLRQ� �ELRDXJPHQWDWLRQ�� DGGHG�� 7KH� HIILFDF\� RI �
ELRVWLPXODWLRQ�LQ�GHJUDGLQJ�RLO�ZDV�EHWWHU�WKDQ�WKDW�RI �ELRDXJPHQWDWLRQ��%LRVWLPXODWLRQ�LQFUHDVHG�RLO�GHJUDGDWLRQ�XS�

�
WR�����WLPHV�KLJKHU�WKDQ�WKH�FRQWURO�� �7KH�RSWLPXP�RI �IHUWLOL]HU�FRQFHQWUDWLRQ�DGGHG�ZDV�����PJ�1�J�&�1�UDWLR�RI �
�������������ZKLFK�LQFUHDVHG�GHSOHWLRQ�UDWH�ERWK�LQ�ELRVWLPXODWLRQ�RQO\�DQG�WKH�FRPELQDWLRQ�RI �ELRVWLPXODWLRQ�ZLWK�
ELRDXJPHQWDWLRQ�XS�WR�����DQG�����WLPHV�KLJKHU�WKDQ�WKH�FRQWURO��UHVSHFWLYHO\��,W�LV�VXJJHVWHG�WKDW�ELRUHPHGLDWLRQ�RI �
RLO�FRQWDPLQDWHG�VDQG\�EHDFK�LQ�&LODFDS�ZRXOG�EH�RSWLPDO�E\�HPSOR\LQJ�D�FRPELQDWLRQ�RI �6ORZ�5HOHDVH�)HUWLOL]HU�DW�

�
FRQFHQWUDWLRQ�KDYLQJ�&�1�UDWLR� ������������DQG�5&2�%���B����FXOWXUH�DW�GHQVLW\�RI �����[��� �FHOOV�P/�������
KRPRORJ\�ZLWK�$OFDQLYRUD[�VS��7(�����

� .H\ZRUGV��%DFWHULD��ELRUHPHGLDWLRQ��FRDVWDO��IHUWLOL]HU��,QGRQHVLD��RLO��RSWLPDO�
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3HWUROHXP� DQG� LWV� GHULYHG� SURGXFWV� DUH� WKH�
PDMRU� VRXUFH� RI � HQHUJ\�� 7R� HQVXUH� ORQJ�WHUP�
HQHUJ\� VHFXULW\� IRU� ,QGRQHVLD�� 3HUWDPLQD� �WKH�
,QGRQHVLDQ� 2LO� DQG� *DV� &RPSDQ\�� SODQV� WR�
H[SDQG�DQG�XSJUDGH�WKH�UHILQHU\�FDSDFLW\�SODQW�LQ�
'XPDL�� &LODFDS� DQG� %DORQJDQ�� 7KLV� H[SDQVLRQ�
LQFUHDVHV� WKH� SROOXWLRQ� ULVN� RI � &LODFDS� FRDVWDO�
ZDWHUV�GXH�WR�RLO�VSLOO��7KHUHIRUH��WKHUH�LV�D�QHHG�WR�
DQWLFLSDWH�WKH�LPSDFW�RI �RLO�SROOXWLRQ�LQ�WKLV�DUHD�
%LRUHPHGLDWLRQ� LV� FRQVLGHUHG� WR� EH� D�

SURPLVLQJ� ELRORJLFDO� DSSURDFK� WR� RYHUFRPH� RLO�
SROOXWLRQ� LQ�PDULQH�HQYLURQPHQW� �6ZDQQHO� HW� DO��

������ -DFNVRQ� 	� 3XUGXH� ������ 0XQDZDU� HW� DO��
������;X�������� �%LRUHPHGLDWLRQ� LV�EDVLFDOO\�DQ�
HQKDQFHPHQW� RI � ELRGHJUDGDWLRQ� UDWH� �/HDK\� 	�
&ROZHOO�������0UR]LND�	�6HJHW��������%LRORJLFDO�
GHJUDGDWLRQ�SURFHVV�GHSHQGV�RQ� VHYHUDO� IDFWRUV�
VXFK� DV� HQYLURQPHQWDO� FRQGLWLRQV� �S+��
WHPSHUDWXUH�� GLVVROYHG� R[\JHQ�'2�� GHJUHH� RI �
DFFOLPDWLRQ��DFFHVVLELOLW\�RI �QXWULHQWV���QXPEHUV�
RI � PLFURRUJDQLVPV�� W\SHV� RI � PLFURRUJDQLVPV��
FHOOXODU� WUDQVSRUW� SURSHUWLHV�� FKHPLFDO�
SDUWLWLRQLQJ� LQ� JURZWK� PHGLXP� DQG� FKHPLFDO�
VWUXFWXUH�RI �FRPSRXQGV�GHJUDGHG��&RDUWHV�HW�DO��
������/LQ�HW�DO��������
7R�HQKDQFH�WKH�HIIHFWLYLW\�RI �ELRUHPHGLDWLRQ��

WKRVH� HQYLURQPHQWDO� IDFWRUV� DUH� PRGLILHG� ZLWK�
D S S O L H G � Q X W U L H Q W � V X S S O HP H Q W D W L R Q �
�&RUUHVSRQGLQJ�DXWKRU��\HWL�GDUPD\DWL#\DKRR�FRP
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�ELRVWLPXODWLRQ�� DQG� LQWURGXFWLRQ� RI � VSHFLILF�
F RPSH W H Q W � V W U D L Q V � R U � F RQ VR U W L D � R I �
PLFURRUJDQLVPV� �ELRDXJPHQWDWLRQ�� �0UR]LND� 	�
6HJHW�������;X�	�/LX�������
)HZ�VXFFHVVHV�RI �LPSOHPHQWLQJ�ELRVWLPXODWLRQ�

DQG� ELRDXJPHQWDWLRQ� VWUDWHJLHV� IRU� UHPHGLDWLQJ�
RLO� FRQWDPLQDWHG� PDULQH� VHGLPHQW� LQ� VHYHUDO�
WURSLFDO�FRXQWULHV� �VXFK�DV�6LQJDSRUH��,QGRQHVLD�
DQG�,QGLD�ZHUH�UHSRUWHG��;X� ������� �;X� �HW�DO� HW�DO�
������ 0XQDZDU� �� ������ 'DUPD\DWL� ������HW� DO
'DUPD\DWL� �� ������ 3DVXPDUWKL� 	� 0XWQXUL�HW� DO
������
)LHOG� LQYHVWLJDWLRQ� LQ� LQWHU�WLGDO� IRUHVKRUH�

HQYLURQPHQW� LQ� 6LQJDSRUH� DQG� ,QGRQHVLD�
GHPRQVWUDWHG�WKDW�IHUWLOL]HU��2VPRFRWH��ZDV�DEOH�
WR� VLJQLILFDQWO\� HQKDQFHG� K\GURFDUERQRFODVWLF�
EDFWHULDO�JURZWK�DQG�LQFUHDVHG�WKH�ELRGHJUDGDWLRQ�
RI � DOLSKDWLFV� DQG� 3RO\F\FOLF� $URPDWLF�
+\GURFDUERQ��3$+�� �������'DUPD\DWL����� ��;X �
2VPRFRWH� LV� DQ� DQRUJDQLF� 6ORZ� 5HOHDVH�

)HUWLOL]HU� �65)��FRDWHG�E\�SRO\PHULF� UHVLQ� � DQG�
FRQVLVWHG� RI � ZDWHU�VROXEOH� 1²3².� DW�
FRQFHQWUDWLRQV� RI � ����� ����� DQG� �������
UHVSHFWLYHO\���3HWURJDQLN��DQRWKHU�IHUWLOL]HU�W\SH��LV�
RUJDQLF�QXWULHQW�KDYLQJ�FDSDELOLW\�RI �VWLPXODWLQJ�
VRLO� PLFURRUJDQLVPV� DQG� HQKDQFLQJ� RLO�
GHJUDGDWLRQ�LQ�RLO�FRQWDPLQDWHG�6XUDED\D�FRDVWDO�
DUHD��0XQDZDU� �������HW�DO�
,QWURGXFWLRQ�RI �VHYHUDO�VHOHFWHG�EDFWHULD�LQ�RLO�

FRQWDPLQDWHG� &LODFDS� FRDVWDO� DUHD� WKURXJK�
PHVRFRVP�VWXG\�ZDV�SURYHQ�WR�LQFUHDVH�WKH�UDWH�
RI �RLO�GHJUDGDWLRQ�XS�WR�����������WLPHV�KLJKHU�WKDQ�
WKH� UDWH� RI � RLO� GHJUDGDWLRQ� LQ� WKH� FRQWURO� VLWH�
�'DUPD\DWL� ��������HW�DO
8QWLO� QRZ�� LQIRUPDWLRQ� LV� ODFNLQJ� RQ� WKH�

RSWLPDO� EDFWHULDO� GHQVLW\� DQG� IHUWLOL]HU� GRVDJH�
QHHGHG� WR� LQFUHDVH� RLO� GHJUDGDWLRQ� UDWH� LQ�
,QGRQHVLDQ�FRDVWDO�DUHD�� �7KLV�SUHVHQW�VWXG\�ZDV�
DLPHG�WR�VWXG\�WKH�VWLPXODWRU\�HIIHFW�RI �QLWURJHQ�
FRQFHQWUDWLRQ��EDFWHULDO�GHQVLW\�DQG�FRPSRVLWLRQ�
RI �EDFWHULDO�FXOWXUH�WR�DFFHOHUDWH�RLO�GHJUDGDWLRQ�LQ�
&LODFDS�FRDVWDO�DUHD��&LODFDS�FRDVWDO�DUHD��LV�RQH�RI �
WKH�PRVW�RIWHQ�DUHDV�SROOXWHG�E\�RLO�VSLOOV�

0$7(5,$/6�$1'�0(7+2'6

3UHSDUDWLRQ�RI �%DFWHULDO�&XOWXUH

� 7KUHH� LVRODWHV� RI � RLO� DQG� 3$+V� GHJUDGLQJ�
EDFWHULD�FROOHFWHG�IURP�-DNDUWD�%D\�VHGLPHQW�ZHUH�
SURYLGHG� E\� 0DULQH� 0LFURELRORJ\� /DERUDWRU\��

5HVHDUFK� &HQWHU� IRU� 2FHDQRJUDSK\�� /HPEDJD�
,OPX� 3HQJHWDKXDQ� ,QGRQHVLD� �/,3,�,QGRQHVLDQ�
,QVWLWXWH� RI � 6FLHQFHV��� � 7KH� LVRODWHV� ZHUH�
5&2�%���������$%������ �VS��7(����$OFDQLYRUD[
VLPLODULW\� ������� 5&2�%�������� �$0�������
3VHXGRPRQDV� EDOHDULFD�� VLPLODULW\� ����� DQG�
5&2�%��������� 7KH� ILUVW� WZR� LVRODWHV� ZHUH�
LGHQWLILHG�XVLQJ�SDUWLDO�VHTXHQFLQJ�RI ���V�U51$��
7KH� WKLUG� LVRODWH� KDG� QRW� EHHQ� VHTXHQFHG� \HW��
WKHUHIRUH��LW�RQO\�KDG�D�QDPH�FRGH��+DWPDQWL�	�
'DUPD\DWL� ������� 7R� SUHSDUH� WKH�PL[� FXOWXUHG�
LQRFXOXP��WKH�WKUHH�VWUDLQV�ZHUH�JURZQ�VHSDUDWHO\�
LQ�PDULQH�DJDU�DW���� &�IRU����KRXUV��(DFK�VWUDLQ�

R

ZDV�KDUYHVWHG�XVLQJ�'ULJODVN\�VWLFN�DQG�VWHULOL]HG�
VDOLQH�ZDWHU��WKHQ�WUDQVIHUUHG�LQWR�VWHULOL]HG�WXEH��
7KH�GHQVLW\�RI �HDFK�VWUDLQ�ZDV�FDOFXODWHG�XVLQJ�
PHDVXUHPHQW�RI �2SWLFDO�'HQVLW\��2'��DQG�JUDSK�
ZKLFK� FRUUHODWH�2'� DQG� EDFWHULDO� FHOO� QXPEHU��
'LOXWLRQ�PHWKRG�XVLQJ�VWHULOL]HG�VDOLQH�ZDWHU�ZDV�
FRQGXFWHG�WR�PDNH�VLPLODU�GHQVLW\�� �7KH�PL[HG�
FXOWXUH�ZDV� IRUPXODWHG� E\�PL[LQJ� DOO� WKH� WKUHH�
VWUDLQ� FXOWXUHV� LQ� WKH� VDPH� YROXPH� WR� KDYH� D�
GHQVLW\�UDWLR�RI �����������

3UHSDUDWLRQ�RI �$UWLILFLDOO\�2LO�&RQWDPLQDWHG�

6HGLPHQW

� 2LO� FRQWDPLQDWHG� VHGLPHQW�ZDV�SUHSDUHG�E\�
VSLNLQJ�RLO�PRXVVH�RI �$UDELDQ�/LJKW�&UXGH�2LO�
�$/&2��LQWR�WKH�VDPSOH�RI �VDQG\�VHGLPHQW�DQG�
VHDZDWHU�FROOHFWHG�IURP�&LODFDS�FRDVWDO�DUHD��2LO�
PRXVVH�LV�D�WKLFN�IRDP\�PL[WXUH�RI �RLO�DQG�ZDWHU�
ZKLFK� LV� IRUPHG�ZKHQ� SHWUROHXP�SURGXFWV� DUH�
PL[HG�ZLWK�ZDWHU�GXH�WR�WKH�DFWLRQV�RI �ZLQG�DQG�
ZDYHV��3HWURSHGLD�,QF���������2LO�PRXVVH�XVHG�LQ�
WKLV� VWXG\� ZDV� SUHSDUHG� E\� PL[LQJ� &LODFDS�
VHDZDWHU�DQG�$/&2�LQ���������SURSRUWLRQ�XVLQJ�
VWHULOL]HG�PL[HU��IRU����[���PLQXWHV���2LO�PRXVVH�RI�
�� PJ� ZDV� VSLNHG� LQWR� ��� J� VDPSOH� RI � &LODFDS�
VHGLPHQW� WR� DFKLHYH� WDUJHW� FRQFHQWUDWLRQ� RI �
�������� SSP� ����� PJ�J�� RI � RLO�FRQWDPLQDWHG�
VHGLPHQW�

)HUWLOL]HU�$SSOLFDWLRQ

� *UDPDIL[�� IHUWLOL]HU�ZDV� XVHG� LQ� WKLV� VWXG\�� �
7KLV� IHUWLOL]HU� LV� D� JUDQXODU� 65)� IHUWLOL]HU�
FRQWDLQLQJ� PDFUR� DQG� PLFUR� QXWULHQWV�
�1�3�.�0J�&�6�0LFUR�HOHPHQW� �������������������
7KLV�IHUWLOL]HU�LV�FRPPRQO\�XVHG�IRU�DJULFXOWXUDO�
SXUSRVHV���7KLV�IHUWLOL]HU�ZDV�VHOHFWHG�GXH�WR�WKHLU�
JRRG� SHUIRUPDQFH� LQ� SUHYLRXV� VWXGLHV� RQ� RLO�

���

2SWLPDO�EDFWHULDO�GHQVLW\�DQG�IHUWLOL]HU�GRVDJH�IRU�ELRUHPHGLDWLRQ



� (DFK�PLFURFRVP�LQ�VOXUU\�IRUP�FRQWDLQHG����
P/�VHDZDWHU�DQG����J�RLO�FRQWDPLQDWHG�VHGLPHQW�
KDYLQJ� FRQFHQWUDWLRQ� RI � ���� PJ�J�� � $�
PLFURFRVP� LV� DQ� H[SHULPHQWDO� XQLW� LQ� D� ���P/�
VWHULOL]HG�IDOFRQ�WXEH�
� ([SHULPHQWV�ZHUH�FRQGXFWHG�IRU����GD\V�LQ�DQ�
LQFXEDWRU� VKDNHU� �KDYLQJ� VKDNLQJ� VSHHG�RI � ����
USP��DW�URRP�WHPSHUDWXUH��������� &��

R

� 0HDVXUHPHQW� RI � RLO� FRQFHQWUDWLRQ� ZDV�
FRQGXFWHG�LQ�WULSOLFDWHV�IRU�HDFK�WUHDWPHQW�DW�HDFK�
VDPSOLQJ� WLPH�� � 0HDVXUHPHQWV� RI � VXSSRUWLQJ�
GDWD� VXFK� DV� QXPEHUV� RI � EDFWHULDO� FHOOV��
HQYLURQPHQWDO� IDFWRUV� �'LVVROYHG�2[\JHQ�'2��
S+�DQG�VDOLQLW\��DQG�QXWULHQW��QLWURJHQ�WRWDO��ZHUH�
FRQGXFWHG� ZLWKRXW� DQ\� UHSOLFDWLRQV� LQ� HDFK�
WUHDWPHQW�DW�HDFK�VDPSOLQJ�WLPH�
� )RU�ELRVWLPXODWLRQ�H[SHULPHQW��PHDVXUHPHQWV�
ZHUH�FRQGXFWHG�DW�GD\����GD\����DQG�GD\����DIWHU�
H[SRVXUH��0HDVXUHPHQWV�RI �DOO�SDUDPHWHUV�IRU�WKH�
ELRDXJPHQWDWLRQ� DQG� FRPELQDWLRQ� ZHUH�
FRQGXFWHG� RQO\� DW� GD\��� DQG� GD\���� DIWHU�
H[SRVXUH�

$QDO\VLV�RI �2LO��%DFWHULD�DQG�(QYLURQPHQWDO�
3DUDPHWHUV

� 2LO� FRQFHQWUDWLRQ� ZDV� PHDVXUHG� IURP� WKH�
VOXUU\�RI �WKH�ZKROH�FRQWHQW�RI �HDFK�PLFURFRVP��
7KH� H[WUDFWLRQ� RI � RLO� ZDV� FDUULHG� RXW� XVLQJ�
FHQWULIXJDWLRQ� DQG� PDFHUDWLRQ� PHWKRGV� ZLWK� D�

GHJUDGDWLRQ� UDWH� FRQGXFWHG� LQ� RXU� ODERUDWRU\�
�XQSXEOLVKHG�GDWD��
� 7KHUH� ZHUH� �� H[SHULPHQWV� FRQGXFWHG� WR�
GHWHUPLQH� WKH� RSWLPDO� IHUWLOL]HU� GRVDJH� IRU�
ELRUHPHGLDWLRQ� L�H�� ELRVWLPXODWLRQ�� ELRDXJ�
PHQWDWLRQ� DQG� FRPELQDWLRQ� EHWZHHQ� ELR�
VWLPXODWLRQ�DQG�ELRDXJPHQWDWLRQ�
� ,Q�WKH�ELRVWLPXODWLRQ�H[SHULPHQW��WKH�DSSOLHG�
IHUWLOL]HU� GRVDJHV�ZHUH� � �����PJ�1�J�� �����PJ�
1�J�� ����� � PJ� 1�J� � DQG� ������ PJ� 1�J��

� �

UHVSHFWLYHO\� �7DEOH� ���� � ,Q� WKH� ELRDXJPHQWDWLRQ�
H[SHULPHQW��WKHUH�ZDV�QR�IHUWLOL]HU�DSSOLHG��7DEOH�
���� � ,Q�WKH�FRPELQDWLRQ�EHWZHHQ�ELRVWLPXODWLRQ�
DQG� ELRDXJPHQWDWLRQ� H[SHULPHQW�� WKH� DSSOLHG�
IHUWLOL]HU�GRVDJHV�ZHUH������PJ�1�JDQG�������PJ�

�

1�J��7DEOH����

([SHULPHQWDO�'HVLJQ

� 7R� VWXG\� WKH� VWLPXODWRU\� HIIHFW� RI � QLWURJHQ�
FRQFHQWUDWLRQ�� EDFWHULDO� GHQVLW\� DQG� WKH�
FRPSRVLWLRQ�RI �EDFWHULDO�FXOWXUH�LQ�DFFHOHUDWLQJ�RLO�
GHJUDGDWLRQ��WKUHH�H[SHULPHQWV�ZHUH�FRQGXFWHG�LQ�
&RPSOHWHO\�5DQGRPL]HG�'HVLJQ��7DEOH����
� 7KH�WUHDWPHQWV�DSSOLHG�ZHUH�VHSDUDWH�$/&2�
VSLNHG� VHGLPHQW� WUHDWPHQWV� DPHQGHG� ZLWK�
QLWURJHQ�XVLQJ�GLIIHUHQW�IHUWLOL]HU�GRVDJHV�DQG�RU�
EDFWHULD�DW�GLIIHUHQW�GHQVLWLHV�DQG�FRPSRVLWLRQV��
2QH�FRQWURO�WUHDWPHQW�ZDV�VHW�XS�DV�QRW�KDYLQJ�
65)�IHUWLOL]HU�DQG�QR�EDFWHULDO�DPHQGPHQW�

%,27523,$�9RO�����1R���������

7DEOH����7UHDWPHQW�SHUIRUPHG�LQ�HDFK�GLIIHUHQW�H[SHULPHQW

([SHULPHQW� 7UHDWPHQW �
1LWURJHQ �

FRQFHQWUDWLRQ �
�PJ�J� �

6LQJOH�FXOWXUH �
GHQVLW\ �
�FHOO�P/� �

0L[HG�FXOWXUH �
GHQVLW\ �
�FHOO�P/� �

%LRVWLPXODWLRQ� &RQWURO � QR�IHUWLOL]HU�DQG�EDFWHULD�DGGLWLRQ �
$ � ���� � � � � �
% � ���� � � � � �
& � ���� � � � � �
' � ����� � � � � �� � � �

�%LRDXJPHQWDWLRQ � &RQWURO � QR�IHUWLOL]HU�DQG�EDFWHULD�DGGLWLRQ �
$ � � � ����[���� � � �
% � � � ����[���� � � �
& � � � � � ����[���� �
' � � � � � ����[���� �

�&RPELQDWLRQ� &RQWURO � QR�IHUWLOL]HU�DQG�EDFWHULD�DGGLWLRQ �
$ � ���� � ����[���� � � �
% � ���� � ����[���� � � �
& � ���� � � � ����[���� �
' � ���� � � � ����[���� �
( � ����� � ����[���� � � �
) � ����� � ����[���� � � �
* � ����� � � � ����[���� �
+
�
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PL[WXUH� RI � 'LFKORURPHWKDQH�� Q�KH[DQD� ��� �� ���
KDYLQJ�SURDQDO\VLV�JUDGH�DV�D�VROYHQW��1D 62 �ZDV�� �

XVHG�WR�DEVRUE�WKH�ZDWHU�UHPDLQHG�LQ�WKH�H[WUDFWHG�
RLO��2LO�FRQFHQWUDWLRQ�LQ�WKH�VOXUU\�UHSUHVHQWHG�WKH�
FRQFHQWUDWLRQ�RI �RLO�LQ�WKH�WUHDWPHQW�
� 7KH� QXPEHUV� RI � EDFWHULDO� FHOOV� RQ� RYHUO\LQJ�
ZDWHU� LQGLFDWHG� WKH� GHQVLW\� RI � EDFWHULDO� FHOOV� LQ�
SRUHZDWHU�LQVLGH�WKH�PLFURFRVP�� �$�GHWDFKPHQW�
RI � EDFWHULD� ZDV� FRQGXFWHG� E\� SODFLQJ� WKH�
PLFURFRVP��LQ�D�YRUWH[�DQG�VKDNLQJ�WKH�YRUWH[�DW�
����USP�IRU���PLQXWHV�� �$�VXEVDPSOH�ZDV�GUDZQ�
IURP�WKH�VKDNHQ�PLFURFRVP�� �&RXQWLQJ�RI �WRWDO�
EDFWHULDO� FHOOV� ZDV� FRQGXFWHG� XVLQJ� GLOXWLRQ�
PHWKRG�FRQGXFWHG�RQ�WKH�VXEVDPSOH�� �$FULGLQH�
2UDQJH�VROXWLRQ��������������P/��ZDV�DGGHG�LQWR�
WKH�VXEVDPSOH���7KH�VXSHUQDWDQW�ZDV�WKHQ�ILOWHUHG�
XVLQJ�SRO\FDUERQDWH�PHPEUDQH�KDYLQJ�SRUH�VL]H�
RI �������P�� �7KH�SRO\FDUERQDWH�PHPEUDQH�ZDV�
SUHYLRXVO\�VXEPHUJHG�LQ�6XGDQ�%ODFN�VROXWLRQ�WR�
REWDLQ�D�FRQWUDVW�EDFNJURXQG���'LUHFW�FRXQWLQJ�RI �
WRWDO� EDFWHULDO� FHOOV� ZDV� FRQGXFWHG� XQGHU�
HSLIOXRUHVFHQW�PLFURVFRSH��+REELH�HW�DO��������
� 7R� PRQLWRU� WKH� FKDQJHV� RI � HQYLURQPHQWDO�
FRQGLWLRQ� DQG� QLWURJHQ� FRQFHQWUDWLRQ� LQ� WKLV�
PLFURFRVP�V\VWHP�GXULQJ�H[SHULPHQW��RQH�VHW�RI�
PLFURFRVP�ZDV�SURYLGHG�IRU�HDFK�SXUSRVH��7KH�
PLFURFRVP� VHW� ZDV� SUHSDUHG� VLPLODUO\� ZLWK� WKH�
PLFURFRVP�IRU�PHDVXULQJ�RLO� FRQFHQWUDWLRQ�DQG�
FRXQWLQJ�WKH�QXPEHUV�RI �EDFWHULDO�FHOOV��+RZHYHU��
WKH�QXPEHUV�RI �PLFURFRVPV�ZHUH�RQO\�SUHSDUHG�
IRU�RQH�UHSOLFDWLRQ�DW�HDFK�VDPSOLQJ�WLPH�LQ�HDFK�
WUHDWPHQW�� 0HDVXUHPHQWV� RI � VDOLQLW\�� S+� DQG�
'LVVROYHG�2[\JHQ��'2��ZHUH�FDUULHG�RXW�IRU�WKH�
RYHUO\LQJ� ZDWHU� XVLQJ� KDQG� UHIUDFWRPHWHU� �IRU�
PHDVXULQJ�VDOLQLW\���S+�PHWHU��+RULED��1DYL�'�����
DQG�'2�PHWHU��+RULED��<6,������UHVSHFWLYHO\�
� &RQFHQWUDWLRQ�FKDQJHV�RI �VROXEOH�QLWURJHQ��1��
ZHUH� PHDVXUHG� E\� ILOWHULQJ�� H[WUDFWLQJ� DQG�
DQDO\]LQJ� WRWDO� QLWURJHQ� FRQFHQWUDWLRQ� IRU� WKH�
ZKROH� FRQWHQW� RI � PLFURFRVPV�� � 3HUVXOIDWH�
GLJHVWLRQ�PHWKRG�ZDV�XVHG�IRU�H[WUDFWLRQ�SULRU�WR�
QXWULHQW� PHDVXUHPHQW� ��� 7RWDO��=KX� HW� DO�� ����
QLWURJHQ� FRQFHQWUDWLRQ� ZDV� GHWHUPLQHG� XVLQJ�
+$&+�'5����� FRORULGLUHFW�UHDGLQJ� PHWHU�XVLQJ�
+$&+ ��SURSULHWDU\�UHDJHQWV

$QDO\WLFDO�'DWD

� ([SHULPHQWV� ZHUH� FRQGXFWHG� XVLQJ� WKUHH�
LQGHSHQGHQW� UHSOLFDWLRQV� IRU� RLO� FRQFHQWUDWLRQ�� �
3HUFHQWDJH�RI �RLO�GHSOHWLRQ�ZDV�FDOFXODWHG�IURP�
RLO�FRQFHQWUDWLRQ�DSSOLHG�LQ�WKH�ILUVW�DQG�WKH�WKLUG�

H[SHULPHQWV� DIWHU� ��� GD\V� RI � LQFXEDWLRQ�� 2LO�
GHJUDGDWLRQ�GDWD�ZHUH�DQDO\]HG�XVLQJ�2QH�:D\�
$129$��7KH�PHDQ�RI �WKH�GDWD�ZHUH�FRPSDUHG�
E\�'XQFDQ�0XOWLSOH�5DQJH�7HVW��'057��DW�S���
������.ROPRJRURY�6PLUQRY�WHVW�ZDV�XVHG�WR�WHVW�
WKH�QRUPDOLW\�RI �GDWD��ZKLOH�WKH�/HYHQH�6WDWLVWLF�
WHVW� ZDV� XVHG� WR� WHVW� GDWD� KHWHURJHQHLW\�� � �
6WDWLVWLFDO�VRIWZDUH�XVHG�ZDV�6366����
� 1XPEHUV� RI � EDFWHULDO� FHOOV�� QLWURJHQ�
FRQFHQWUDWLRQ� DQG� HQYLURQPHQWDO� GDWD� ZHUH�
SURYLGHG�DV�VXSSRUWLQJ�GDWD�� �7KHVH�VXSSRUWLQJ�
GDWD�ZHUH�RQO\�DYDLODEOH�IRU�HDFK�WUHDWPHQW�DW�HDFK�
VDPSOLQJ� WLPH� �ZLWKRXW� DQ\� UHSOLFDWLRQ��� 7KHVH�
VXSSRUWLQJ�GDWD�ZHUH�TXDOLWDWLYHO\�DQDO\]HG�

5(68/76�$1'�',6&866,21

%LRVWLPXODWLRQ

� $SSOLFDWLRQ�RI �6ORZ�5HOHDVH�)HUWLOL]HU��65)��
LQFUHDVHG�RLO�GHJUDGDWLRQ�UDWH�LQ�RLO�FRQWDPLQDWHG�
FRDVWDO�HQYLURQPHQW��+RZHYHU��WKH�FRQFHQWUDWLRQ�
RI �65)�VKRXOG�EH�FDUHIXOO\�FDOFXODWHG�WR�DYRLG�D�
VLGH�HIIHFW�LQ�WKH�RLO�FRQWDPLQDWHG�DUHD��VXFK�DV� �
H[FHVVLYH� DOJDO� JURZWK��7KLV� VWXG\� VKRZHG� WKDW�
65)�ZDV� � HIIHFWLYH� WR� LQFUHDVH�RLO� GHJUDGDWLRQ��
$SSOLFDWLRQV� RI � 65)� DW� DOO� WHVWHG� 1�
FRQFHQWUDWLRQV�ZHUH�DEOH�WR�LQFUHDVH�GHJUDGDWLRQ�
UDWH�VLJQLILFDQWO\��7DEOH�����2LO�ZHLJKW�DIWHU�EHLQJ�
WUHDWHG�ZLWK�65)��IRU����GD\V��UDQJHG�IURP��������
�������WR��������������J�SHU����J�VHGLPHQW��7KH�
UHPDLQLQJ�RLO� � �LQ�WKH�FRQWURO�ZDV�DW�WKH�OHYHO�RI �
�������������J�SHU����J�VHGLPHQW���7KH�SHUFHQWDJH�
RI � � RLO� GHSOHWLRQ� LQ� WKH� 65)� � WUHDWPHQW� ZDV�
EHWZHHQ� ����� �� ����� DQG� ����� �� ������ 7KH�
SHUFHQWDJH� � LQ� WKH�FRQWURO� WUHDWPHQW� �ZDV�RQO\�
������������� �7KHUH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�
GLIIHUHQFH�EHUZHHQ�FRQWURO�DQG�WUHDWPHQWV�
� 2LO�GHSOHWLRQ�DQG��D�QXPEHUV�RI �EDFWHULDO�FHOOV�
ZHUH�REVHUYHG�LQ�WKH�FRQWURO��7KH�UHVXOWV�VKRZHG�
WKDW�RLO�GHJUDGLQJ�EDFWHULD�ZHUH�DYDLODEOH�LQ�WKLV�
VWXG\�VLWH��+RZHYHU��WKH�QXWULHQWV�DYDLODELOLW\�ZDV�
LQVXIILFLHQW� IRU� WKH� JURZWK� RI � RLO� GHJUDGLQJ�
EDFWHULD� � GXH� WR� WKH� RFFXUUHQFH� RI � RLO� VSLOO��
1XWULHQWV� FRQFHQWUDWLRQ� DQG� K\GURFDUERQ�
ELRDYDLODELOLW\� DUH� WKH� NH\� IDFWRUV� DIIHFWLQJ� RLO�
ELRGHJUDGDWLRQ� UDWHV� LQ� RLO�FRQWDPLQDWHG� VLWHV�
�;X� HW� DO�� �������2WKHU� VWXGLHV� SURYHG� WKDW� WKH�
JURZWK� RI � RLO� GHJUDGLQJ� EDFWHULD� DQG� WKXV�� RLO�
GHJUDGDWLRQ� UDWH� FDQ� EH� VWURQJO\� LQFUHDVHG� E\�
DSSO\LQJ�IHUWLOL]HUV�FRQWDLQLQJ�LQRUJDQLF�1�DQG�3�

���
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�6ZDQQHOO�HW�DO��������5|OLQJ�HW�DO��������&RXORQ�HW�
DO���������'DUPD\DWL�������
� 7KHUH�ZDV�QR�JXDUDQWHH� WKDW�KLJKHU� IHUWLOL]HU�
GRVDJH� UHVXOWHG� WR� KLJKHU� RLO� GHJUDGDWLRQ� UDWH��
5HVXOWV�RI �WKLV�VWXG\�VKRZHG�WKDW�H[FHVVLYH�GRVDJH�
RI �IHUWLOL]HU�LQKLELWHG�WKH�LQFUHDVH�RI �RLO�GHSOHWLRQ�
UDWH� DQG� EDFWHULDO� QXPEHUV�� � %LRVWLPXODWLRQ�
WUHDWPHQWV� DSSO\LQJ� IHUWLOL]HU� ZLWK� QLWURJHQ�
FRQFHQWUDWLRQ�RI ������DQG������PJ�J��VKRZHG�DQ�
LQFUHDVH�LQ�RLO�GHSOHWLRQ�HIILFLHQF\�DQG�LQ�EDFWHULDO�
JURZWK���7KH�RLO�GHSOHWLRQ�HIILFLHQF\�LQFUHDVHG�LQ�D�
UDQJH� RI � ���� �� ���� WLPHV� FRPSDUHG� WR� WKDW� LQ�
FRQWURO�� �7KH�EDFWHULDO�GHQVLW\�ZHUH�LQ�D�UDQJH�RI �
����������WLPHV�KLJKHU�FRPSDUHG�WR�WKDW�LQ�FRQWURO�
�7DEOH����
� +RZHYHU��WKH�HQKDQFHPHQW�RI �RLO�GHJUDGDWLRQ�
ZDV�RQO\�����WLPHV�ZKHQ�QLWURJHQ�FRQFHQWUDWLRQ�
LQFUHDVHG�XS�WR������PJ�J����7KLV�UHVXOW�LQGLFDWHG�
WKDW�&DUERQ�1LWURJHQ��&�1��UDWLR�RI ������������
DQG��������������SURYLGHG�EHWWHU�HQYLURQPHQW�IRU�
WKH�JURZWK�RI �RLO�GHJUDGLQJ�EDFWHULD�WKDQ�WKH�UDWLR�
RI � ������ �� �����;X� ������PHQWLRQHG� WKDW�HW� DO�� �
DGGLQJ������ �RI �QLWURJHQ��&�1�UDWLR�������������
DQG������RI �QLWURJHQ��&�1�UDWLR�������������RI �
6ORZ�5HOHDVH�)HUWLOL]HU���2VPRFRWH��FRQVLVWLQJ�RI �
����QLWURJHQ�������SKRVSKRU�DQG������NDOLXP�
�Z�Z�� WR� RLO� FRQWDPLQDWHG� VHGLPHQW� ZHUH�
VXIILFLHQW� WR�PD[LPL]H� WKH�PHWDEROLF� DFWLYLW\�RI �
ELRPDVV� DQG� WR� LQFUHDVH� ELRGHJUDGDWLRQ� RI �

VWUDLJKW� FKDLQ� DQG� EUDQFK� FKDLQ� RI � Q�DONDQH��
UHVSHFWLYHO\�
� 7KHUH�ZDV�KLJK�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�
SHUFHQWDJH�RI �RLO�GHSOHWLRQ�DQG�EDFWHULDO�GHQVLW\��
7KLV� ZDV� HVSHFLDOO\� VKRZQ� EHWZHHQ� WKH�
SHUFHQWDJH� RI � RLO� GHSOHWLRQ� REWDLQHG� DW� GD\����
DQG� WKH� EDFWHULDO� GHQVLW\� DW� GD\���� �U�  � ������� �
&RHIILFLHQW�RI �GHWHUPLQDWLRQ� �RI � ������VKRZHG�
WKDW�����RI �YDULDWLRQV� LQ� WKH�SHUFHQWDJH�RI �RLO�
GHSOHWLRQ� ZHUH� H[SODLQHG� E\� EDFWHULDO� GHQVLW\��
ZKLOH� WKH� UHPDLQLQJ� ���� RI � YDULDWLRQV� LQ�
SHUFHQWDJH�RI �RLO�GHSOHWLRQ�PLJKW�EH�GXH�WR�RWKHU�
IDFWRUV� VXFK� DV� QXWULHQWV� � DQG� RWKHU�
HQYLURQPHQWDO�IDFWRUV�
� 8QWLO�FHUWDLQ�OHYHO��KLJK�RLO�FRQFHQWUDWLRQ�DQG�
KLJK� QXWULHQW� DYDLODELOLW\� PD\� LQFUHDVH� EDFWHULDO�
JURZWK��7KLV�VWXG\�VKRZHG�WKDW�EDFWHULDO�GHQVLW\�
LQ�PLFURFRVP�ZLWK�65)�DSSOLFDWLRQ�ZDV�����²�����
WLPHV�KLJKHU�WKDQ�WKDW�LQ�FRQWURO�DW�GD\�����7DEOH�
���� +LJK� EDFWHULDO� GHQVLW\� LQ� WKLV� H[SHULPHQW�
UHSUHVHQWHG� KLJK� DEXQGDQFH� RI � RLO²GHJUDGLQJ�
EDFWHULD��&RXORQ� � �������PHQWLRQHG�WKDW�1�HW�DO�
DQG�3�LQFUHDVHG�WKH�DEXQGDQFH�RI �RLO�GHJUDGLQJ�
EDFWHULD�DQG�WRWDO�RLO�GHJUDGDWLRQ��2XU�SUHYLRXV�
VWXG\� VKRZHG� DOVR� WKDW� PLFURELDO� ELRPDVV�
LQFUHDVHG� DQG� WKH� JURZWK� UDWH�RI �RLO� GHJUDGLQJ�
EDFWHULD�ZDV�KLJKHU�WKDQ�WRWDO�EDFWHULD��'DUPD\DWL�
�������3RSXODWLRQ�RI �RLO�GHJUDGLQJ�EDFWHULD�XVHG�
RLO�DV�WKHLU�VRXUFH�RI �HQHUJ\�DQG�QXWULHQW��+LJKHU�

7DEOH�����7KH�LPSDFW�RI �QLWURJHQ�DGGLWLRQ�DW�YDULRXV�FRQFHQWUDWLRQV��PJ�J��RQ�RLO�GHSOHWLRQ�HIILFLHQF\�DQG�EDFWHULDO�GHQVLW\�
GXULQJ����GD\V�H[SRVXUH��LQFOXGLQJ�DYHUDJH�DQG�VWDQGDUG�GHYLDWLRQV�RI �RLO�FRQWHQW�DQG�RLO�GHSOHWLRQ��Q� �����DOVR�
EDFWHULDO�QXPEHU��Q� ����

1LWURJHQ�
FRQFHQWUDWLRQ�
DGGHG��PJ�J��

2LO�FRQWHQW���J� �
2LO�GHSOHWLRQ��
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QXPEHU�RI �RLO�GHJUDGLQJ�EDFWHULD�OHG�WR�KLJKHU�UDWH�
RI �RLO�GHSOHWLRQ�

%LRDXJPHQWDWLRQ

� %LRDXJPHQWDWLRQ� ZDV� DEOH� WR� LQFUHDVH� RLO�
GHJUDGDWLRQ�� ERWK� LQ� VLQJOH� RU� PL[HG� FXOWXUH�
W UHDWPHQW � � +RZHYHU� � E LRDXJPHQWDW LRQ�
FRQWULEXWHG� ORZHU� LQFUHDVH� RI � RLO� GHJUDGDWLRQ�
FRPSDUHG� WR� WKH� LQFUHDVH� FDXVHG� E\�
ELRVWLPXODWLRQ���6LJQLILFDQW��S���������LQFUHDVH�RQ�
WKH� SHUFHQWDJH� RI � RLO� GHJUDGDWLRQ� FDXVHG� E\�
ELRDXJPHQWDWLRQ�UDQJHG�IURP� ������������� �WR� �
�������������7DEOH�����ZKLOH�WKH�LQFUHDVH�RI �RLO�
GHJUDGDWLRQ�SHUFHQWDJH�FDXVHG�E\�ELRVWLPXODWLRQ�
UDQJHG�IURP��������������WR�����������������7DEOH�
���
� 7KLV�RFFXUUHQFH�KDSSHQHG�EHFDXVH�WKH�JURZWK�
RI � RLO� GHJUDGLQJ� EDFWHULD� � �K\GURFDUERQRFODVWLF�
EDFWHULD��ZDV�OLPLWHG�E\�QXWULHQW�LQVXIILFLHQF\�LQ�
WKH�DUHD�RI �RLO�VSLOO��&�1�UDWLR�ZDV�KLJKHU�WKDQ�LW�
VKRXOG�EH�ZKHQ�RLO�VSLOO�RFFXUUHG�DQG�QR�DGGHG�
QXWULHQW�DGPLQLVWHUHG�WR�WKH�RLO�VSLOO�DUHD�
� ,QFUHDVH�RI �EDFWHULDO�GHQVLW\�LQ�HDFK�WUHDWPHQW�
ZDV�REVHUYHG��EXW�WKH�LQFUHDVH�ZDV�LQ�D�ORZ�UDWH�� �
7KH�KLJKHVW�QXPEHUV�RI �EDFWHULDO�FHOOV������[��� �

�

FHOOV�P/��ZDV�REVHUYHG�DW�GD\����DIWHU�WUHDWPHQW�
LQ� WKH� PLFURFRVP� VXSSOHPHQWHG� ZLWK� PL[HG�
FXOWXUH�� �7KLV�QXPEHU�ZDV�RQO\������WLPHV�KLJKHU�
WKDQ�WKH�EDFWHULDO�QXPEHU�LQ�FRQWURO�
� 7KHUH� ZDV� D� VWURQJ� SRVLWLYH� FRUUHODWLRQ�
EHWZHHQ� QXPEHUV� RI � EDFWHULDO� FHOOV� DQG� RLO�
GHJUDGDWLRQ�SHUFHQWDJH��U� �������LQ�WKLV�VWXG\��2LO�
GHJUDGDWLRQ�ZDV� VXSSRUWHG� E\� ELRDXJPHQWDWLRQ�
ZLWK� � VS�� ZKLFK� ZDV� PXFK� PRUH�$OFDQLYRUD[
HIIHFWLYH� WKDQ� QXWULHQW� DGGLWLRQ� �0F.HZ� ��HW� DO
�������2LO�SROOXWLRQ�LQ�7KDPHV�(VWXDU\�ZDV�LQ�OHVV�
GHQVLW\�FRPSDUHG�WR�WKDW�LQ�&LODFDS�FRDVWDO�DUHD�� � � � � �

7KH�&LODFDS�FRDVWDO�DUHD�DUH�KHDYLO\�FRQWDPLQDWHG�
E\� RLO� GXH� WR� LQGXVWULHV� DQG� RLO� UHILQHU\�
HVWDEOLVKPHQWV�ORFDWHG�LQ�WKH�DUHD�
� ,QWURGXFWLRQ�RI �PL[HG�FXOWXUH��$OFDQLYRUD[�VS��
7(����3VHXGRPRQDV�EDOHDULFD�DQG�5&2�%���� �����
DQG� VLQJOH�FXOWXUH� �$OFDQLYRUD[� VS���GLG�QRW�JLYH�
DQ\�VLJQLILFDQW�HIIHFWV�RQ�RLO�GHJUDGDWLRQ�UDWH�LQ�
&LODFDS� FRDVWDO� DUHD�� 'LIIHUHQW� QXPEHUV� RI �
EDFWHULDO� FHOOV� VXSSOHPHQWHG� GLG� QRW� H[KLELW�
VLJQLILFDQW�LPSDFW�RQ�RLO�GHSOHWLRQ�UDWH��7DEOH����� �
7UHDWPHQW� � DGPLQLVWHULQJ� $OFDQLYRUD[� VS�� 7(�

�
�7(��� KDYLQJ� GHQVLW\� RI � ���� [� �� � FHOOV�P/�
H[KLELWHG�WKH�KLJKHVW�RLO�GHJUDGDWLRQ�UDWH��������
LQ� ��� GD\V��� DOWKRXJK� LW� ZDV� QRW� VLJQLILFDQWO\�
GLIIHUHQW�IURP�WKH�RWKHU�WKUHH�WUHDWPHQWV��7DEOH�
����� �&LODFDS�FRDVWDO�DUHD�KDG�KLJK�GLYHUVLW\�RI �RLO�
GHJUDGLQJ�EDFWHULD�DQG�YDULRXV�HQ]\PHV�QHHGHG�
IRU�RLO�GHJUDGDWLRQ�ZHUH�DYDLODEOH�LQ�WKLV�DUHD���2LO�
GHJUDGLQJ� EDFWHULD� DYDLODEOH� LQ� &LODFDS� FRDVWDO�
DUHD� ZHUH� )OH[LEDFWHUDFHDH� EDFWHULXP�� %DFLOOXV�
DTXDPDULV�� %�� PHJDWHULXP�� %�� SXPLOLV�� +DOREDFLOOXV�
WUXHSHUL�DQG�5KRGREDFWHUDFHDH�EDFWHULXP��6\DNWL�HW�DO��
������

&RPELQDWLRQ�7UHDWPHQW

� &RPELQDWLRQ�WUHDWPHQW�RI �ELRVWLPXODWLRQ�DQG�
ELRDXJPHQWDWLRQ�H[KLELWHG�WKH�EHVW�SHUIRUPDQFH�
RI � RLO� ELRUHPHGLDWLRQ�� ,Q� WKLV� H[SHULPHQW�� RLO�
UHGXFWLRQ�ZDV�REVHUYHG� LQ�WKH�UDQJH�RI ��������
����� ²� ����� �� ���� DW� GD\���� GD\V� DIWHU��
WUHDWPHQW��%LRDXJPHQWDWLRQ�VXSSOHPHQWHG�ZLWK�
65)�IHUWLOL]HU�KDYLQJ�QLWURJHQ�FRQFHQWUDWLRQ�RI �
����PJ�J�VKRZHG�KLJKHU�RLO�UHGXFWLRQ�WKDQ�WKDW�LQ�
FRPELQDWLRQ�WUHDWPHQW�VXSSOHPHQWHG�ZLWK�65)�
IHUWLOL]HU�KDYLQJ� �QLWURJHQ�FRQFHQWUDWLRQ�RI ������
PJ�J��7DEOH����� �7KHVH�UHVXOWV�RFFXUUHG�ERWK�LQ�
VLQJOH�VWUDLQ�RU�PL[HG�FXOWXUH�DQG�DOVR�LQ�KLJK�RU�

7DEOH����7KH�LPSDFW�RI �EDFWHULDO�DPHQGPHQW�RQ�RLO�GHSOHWLRQ�UDWH���DW����GD\V��DQG�EDFWHULDO�DEXQGDQFH��DW����GD\V���LQFOXGLQJ�
DYHUDJH�DQG�VWDQGDUG�GHYLDWLRQV�RI �RLO�GHSOHWLRQ��Q� ���

7UHDWPHQW�
%DFWHULDO�FHOO�DGGLWLRQ��

�FHOOV�P/�
�

2LO�GHSOHWLRQ������
%DFWHULDO�FHOOV�QXPEHU�

�FHOOV�P/�
�

&RQWURO� �� ������������D� ����(����

6LQJOH�&XOWXUH� ����[����� ������������E� ����(����

� ����[����� ������������E��� ����(����

0L[HG�&XOWXUH� ����[����� ������������E� ����(����

� ����[����� ��������������E� ����(����
1RWH��7KH�VDPH�OHWWHU��D���E��LQ�WKH�VDPH�FROXPQ�VKRZHG�WKDW�WKH�GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��S��������

���
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ORZ�EDFWHULDO�GHQVLW\�� �7KLV�VWXG\�FRQILUPHG�WKDW�
&�1�UDWLR�RI ������������ZDV�EHWWHU�WKDQ�������������
IRU� EDFWHULDO� JURZWK�� ([FHVVLYH� QXWULHQWV�
FRQFHQWUDWLRQ� PLJKW� VXSSUHVV� WKH� JURZWK� RI �
EDFWHULD�� ZKHUHDV� LQ� FRPELQDWLRQ� WUHDWPHQWV��
QXWULHQWV�FRQFHQWUDWLRQ�ZDV�ORZHU��EXW�VXIILFLHQW�
IRU�EDFWHULDO� JURZWK�� 6XIILFLHQW� ORDGLQJ� UDWHV�RI �
QLWURJHQ� ZLO O � EH� QHFHVVDU\� WR� WU LJ JHU�
ELRVWLPXODWLRQ��$FFRUGLQJ� WR�*LEEV� HW�DO�� �������
DSSUR[LPDWHO\���P0�RI �QLWURJHQ�ZDV�UHTXLUHG�WR�
EUHDNGRZQ���PJ�RI �FUXGH�RLO��SKRVSKRUXV�GLG�QRW�
OLPLW�3�1�UDWLR�WR�D�PLQLPXP�RI �������/RDGLQJ�
UDWHV� RI � QXWULHQWV� EHORZ� FULWLFDO� FRQFHQWUDWLRQ�
ZRXOG� EH� D� ZDVWH� RI � UHVRXUFHV�� WKH� VDPH� DV�
H[FHVVLYH� XVH� ZKLFK� FRXOG� SURPRWH� VHFRQGDU\�
LPSDFWV�VXFK�DV�KDUPIXO�DOJDO�EORRP�DQG�R[\JHQ�
GHSOHWLRQ� �%UDJJ� HW� DO�� ������ -DFNVRQ�	� 3DUGXH�
������
� 7KH� FRPELQDWLRQ� RI � ELRDXJPHQWDWLRQ� DQG�
ELRVWLPXODWLRQ�DSSURDFK�E\�QLWURJHQ�DPHQGPHQW�
DW�PRGHUDWH� OHYHO�ZDV�SURYHQ�� LQ� WKH� ODERUDWRU\�
DQG�LQ�WKH�ILHOG��DV�WKH�EHVW�DSSURDFK�IRU�UHGXFLQJ�
RLO� LQ� HQYLURQPHQW� �'DUPD\DWL� HW� DO�� ������
3DVXPDUWKL�	�0XWQXUL��������2XU�VWXG\�LQ�&LODFDS�
FRDVWDO�DUHD�XVLQJ�PHVRFRVP�DSSURDFK�FRQILUPHG�
WKDW� FRPELQDWLRQ� RI � ELRDXJPHQWDWLRQ�
ELRVWLPXODWLRQ�LV�WKH�EHVW�VWUDWHJ\�IRU�FOHDQLQJ�XS�
RLO�VSLOOV��'DUPD\DWL�HW�DO���������2WKHU�VWXGLHV�LQ�
*RD��,QGLD��DQG�(J\SW�VXSSRUWHG�WKLV�FRQFOXVLRQ�
�3DVXPPDUWKL�	�0XWQXUL� ������ � (O�%RUDL� HW� DO��
������

(QYLURPHQWDO�&RQGLWLRQ

� (QYLURQPHQWDO�FRQGLWLRQV��S+��WHPSHUDWXUH��
GLVVROYHG� R[\JHQ�� GHJUHH� RI � DFFOLPDWLRQ��
DFFHVVLELOLW\�RI �QXWULHQWV��DUH� �DPRQJ�LPSRUWDQW�
IDFWRUV� LQ� ELRORJLFDO� GHJUDGDWLRQ� SURFHVVHV��
EHVLGHV� QXPEHUV� RI � PLFURRUJDQLVPV�� W\SHV� RI �
PLFURRUJDQLVPV�� FHOOXODU� WUDQVSRUW� SURSHUWLHV��
FKHPLFDO� SDUWLWLRQLQJ� LQ� JURZWK� PHGLXP� DQG�
FKHPLFDO� VWUXFWXUH� RI � GHJUDGHG� FRPSRXQGV�
�&RDUWHV�HW�DO��������/LQ�HW�DO���������,Q�WKLV�VWXG\��
WKH� LPSDFW� RI � QXWULHQWV� DGGLWLRQ� LQWR�
HQYLURQPHQW�FRXOG�EH�REVHUYHG�REYLRXVO\�VXFK�DV�
WKH� FKDQJHV� RI � VDOLQLW\� DQG� '2� OHYHOV� GXULQJ�
H[SRVXUHV�WLPH��)LJ�����
� 6DOLQLW\�ZDV�VKRZQ�DV�DQ�LPSRUWDQW�IDFWRU�LQ�
EDFWHULDO�JURZWK� �LQIOXHQFLQJ�RLO�ELRGHJUDGDWLRQ�
LQ� WKLV� VWXG\�� 7KH� DGGLWLRQ� RI � 65)� IHUWLOL]HU�
LQFUHDVHG� VDOLQLW\� GHSHQGLQJ� RQ� WKH� DGGHG�
IHUWLOL]HU� FRQFHQWUDWLRQ�� 65)� DSSOLFDWLRQ� DW� ����

�
PJ�1�P/LQFUHDVHG�VDOLQLW\�XS�WR����SSW��)LJ������
7KH� LQFUHDVH� RI � VDOLQLW\� PLJKW� EH� FDXVHG� E\�
*UDPDIL[�ZKLFK�FRQWDLQHG�KLJK�FRQFHQWUDWLRQ�RI �
P D F U R Q X W U L H Q W V � � 13. � � � V H F R Q G D U \ �
PDFURQXWULHQWV� �0J�� 6�� &D�� DQG�PLFURQXWULHQWV�
�=Q��)H��&O��0Q��%��%R��0R���7KH�UDWLR�RI �0J��&D��6�
DQG�PLFURQXWULHQW�ZDV����������+LJK�FRQWHQW�RI �
PLQHUDOV�LQ�WKLV�65)�IHUWLOL]HU�VHHPHG�WR�SOD\�DQ�
LPSRUWDQW�UROH�LQ�LQFUHDVLQJ��WKH�FDWDO\WLF�DFWLYLW\�
RI �HQ]\PHV�SURGXFHG�E\�RLO�GHJUDGLQJ�EDFWHULD��

�� ��
&RRNVRQ�-U��������PHQWLRQHG�WKDW�0J �DQG�&D �

7DEOH��� &RPSDULVRQ�RI �RLO�GHSOHWLRQ�SHUFHQWDJH��DW����GD\V��DQG�EDFWHULDO�DEXQGDQFH��DW����GD\V��LQ�RLO�FRQWDPLQDWHG�
VHGLPHQW�H[SRVHG�E\�GLIIHUHQW�WUHDWPHQW�RI �1�FRQFHQWUDWLRQ�DQG�EDFWHULDO�DPHQGPHQW�IRU����GD\V�H[SHULPHQW

7UHDWPHQW� 3DUDPHWHU�PHDVXUHG�

)HUWLOL]HU� &XOWXUH�
%DFWHULDO�FHOO�QXPEHU�

DGGHG�
2LO�GHSOHWLRQ�

����
%DFWHULDO�GHQVLW\��
�FHOOV��P/��

&RQWURO� �� �� �����������D� ��(����

1� �����PJ�J� 6LQJOH� ����[������ �����������F� ��(����

� ����[������ �����������I� ��(����

0L[HG� ����[������ �����������G� ��(����

� ����[������ �����������H� ��(����

1� �����PJ�J� 6LQJOH� ����[������ �����������F� ��(����

� ����[������ �����������E� ��(����

0L[HG� ����[������ �����������D� ��(����

�� ����[������ ����������
�D
� ��(����

1RWH��&ROXPQV�PDUNHG�E\�WKH�VDPH�OHWWHU��D�WR�J��DUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQW��S����������1R�UHSOLFDWLRQV�IRU�EDFWHULDO�FHOOV�
QXPEHU

���
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DUH�PHWDOOLF�LRQV�WKDW�FDQ�IXQFWLRQ�DV�D�FR�IDFWRU�LQ�
WKH�FDWDO\WLF�HQ]\PH�DFWLYLW\�RI �PLFUREHV�
� ,Q�WKLV�VWXG\��WKH�UDQJH�RI �VDOLQLW\�GXULQJ�WKH�
H[SHULPHQW�ZDV����²����SSW��7KLV�KLJK� OHYHO�RI �
VDOLQLW\� PLJKW� VWLOO� EH� WROHUDEOH� E\� PDULQH� RLO�
GHJUDGLQJ� EDFWHULD�� ZKLFK� ZDV� VKRZQ� E\� WKH�
EDFWHULDO�JURZWK�REVHUYHG�DW�GD\������7DEOH���	������
2WKHU�VWXG\�IRFXVHG�RQ�ELRGHJUDGDWLRQ�RI �FUXGH�

RLO�E\�D�PL[HG�EDFWHULDO�FRPPXQLW\�LVRODWHG�IURP�
PDULQH�VHGLPHQW�ZLWK�YDU\LQJ�FRQFHQWUDWLRQV�RI �
VRGLXP�FKORULGH� �0LOOH� ���� ��� ,QLWLDOO\�� WKH�HW� DO� �
DPRXQW�RI �GHJUDGHG�RLO�LQFUHDVHG�ZLWK�LQFUHDVLQJ�
VDOW� FRQFHQWUDWLRQ�� WR� D� PD[LPXP� OHYHO� RI � ����
PRO�/1D&O��7KHUHDIWHU��WKH�DPRXQW�RI �GHJUDGHG�

�

RLO�GHFUHDVHG�ZLWK�LQFUHDVLQJ�VDOW�FRQFHQWUDWLRQ��
SUREDEO\�EHFDXVH�WKH�VDOW�WROHUDQFH�OLPLW�RI �WKH�

)LJXUH��� (QYLURQPHQWDO� SDUDPHWHUV� FRQGLWLRQ� DW� GD\��� DQG� GD\���� RI � H[SHULPHQWV� � LQ� WKUHH� GLIIHUHQW� ELRUHPHGLDWLRQ�
H[SHULPHQWV

���
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EDFWHULD� ZDV� UHDFKHG�� ,Q� WKLV� H[SHULPHQW�� WKH�
VDOLQLW\� RI � VHDZDWHU� DPHQGHG� E\� IHUWLOL]HU� DW�
QLWURJHQ� FRQFHQWUDWLRQ� RI � � ����PJ�J� VHGLPHQW �

�

DQG�������PJ�J�VHGLPHQW�LQFUHDVHG�XS�WR����²����
SSW�DQG����²����SSW��UHVSHFWLYHO\��7KH�VDOLQLW\�YDOXH�
LQ� ELRVWLPXODWLRQ� DQG� FRPELQDWLRQ� RI �
ELRVWLPXODWLRQ�ELRDXJPHQWDWLRQ� WUHDWPHQWV� ZDV�
KLJKHU�WKDQ�FRQWURO��)LJ�����
� 7KHVH� H[SHULPHQWV� ZHUH� FRQGXFWHG� LQ� WKH�
UDQJH�RI �'LVVROYHG�2[\JHQ��'2��YDOXH�EHWZHHQ�
�����²������PJ�/��S+�YDOXH�RI ������²������DQG�
VDOLQLW\�YDOXH�RI ����²����SSW��)LJ������'XULQJ�WKH�
H[SHULPHQWV��'2�YDOXH�ZDV�DOZD\V�JHWWLQJ�ORZHU�
DORQJ� ZLWK� LQFXEDWLRQ� WLPH� DQG� LQFUHDVHG�
QXPEHUV� RI � EDFWHULD�� 'LVVROYHG� 2[\JHQ� ZDV�
VXIILFLHQWO\�DYDLODEOH�WR�EH�FRQVXPHG�E\�EDFWHULD�
WR� PHWDEROL]H� RLO�� 1R� DHUDWLRQ� ZDV� SURYLGHG�
GXULQJ� WKH� H[SHULPHQWV�� 7KH� R[LGDWLRQ� RI � WKH�
VXEVWUDWH� E\� R[\JHQDVHV� GXULQJ� WKH� SURFHVV� RI �
DHURELF�UHVSLUDWLRQ��IRU�ZKLFK�PROHFXODU�R[\JHQ�LV�
UHTXLUHG��RFFXUV�LQ�WKH�LQLWLDO�VWHSV�RI �FDWDEROLVP�
RI �DOLSKDWLF��F\FOLF�DQG�DURPDWLF�K\GURFDUERQV�E\�
EDFWHULD�DQG�IXQJL��/HDK\�	�&ROZHOO�������
� S+� YDOXH� GXULQJ� WKH� H[SHULPHQW� ZDV� LQ� WKH�
UDQJH�RI ������²������ZKLFK�ZDV�RSWLPDO�UDQJH�IRU�
ELRGHJUDGDWLRQ� SURFHVV�� %LRUHPHGLDWLRQ�
WUHDWPHQW�XVHG�LQ�WKLV�VWXG\�SURYLGHG�JRRG�UHVXOWV�
IRU�UHGXFLQJ�RLO�LQ�WKH�PDULQH�HQYLURQPHQW�
� 1LWURJHQ�DYDLODELOLW\�LQ�FRQWURO�ZDV�LQ�QDWXUDO�
FRQGLWLRQ��ZKLFK�ZDV�LQ�WKH�UDQJH�RI ��������PJ�/���
$GGLWLRQ� RI � IHUWLOL]HU� LQFUHDVHG� QLWURJHQ�
DYDLODELOLW\� LQ� PLFURFRVP�� � +RZHYHU�� DYDLODEOH�
QLWURJHQ�REVHUYHG�LQ�PRGHUDWH�FRQFHQWUDWLRQ��RI �
QLWURJHQ������PJ�J��ZHUH�KLJKHU�WKDQ�WKDW�LQ�KLJK�
FRQFHQWUDWLRQ�RI �QLWURJHQ� ������PJ�J�� �)LJ�� ���� �
7KLV��PLJKW�EH�FDXVHG�E\�H[FHVVLYH�QLWURJHQ�ZKLFK�
VXSSUHVVHG� WKH� JURZWK� RI � EDFWHULD� LQ� WKH�
HQYLURQPHQW�ZLWK�KDYLQJ�QLWURJHQ�FRQFHQWUDWLRQ�
RI � �������²�������SSP��VR� �WKDW�WKH�QXPEHUV�RI �
EDFWHULDO�FHOOV�ZHUH�ORZHU�DQG�RLO�GHJUDGDWLRQ�UDWH�
ZDV�VORZHU�WKDQ�WKH�FRPELQDWLRQ�WUHDWPHQW� ��DW�
QLWURJHQ�FRQFHQWUDWLRQ�RI �������²�������SSP��

&21&/86,216

� 2LO� GHSOHWLRQ� UDWH� ZDV� LQIOXHQFHG� E\� WKH�
QXPEHUV� RI � EDFWHULDO� FHOOV� DQG� QXWULHQWV�
FRQFHQWUDWLRQ�� (IILFLHQF\� RI � RLO� GHJUDGDWLRQ� LQ�
ELRVWLPXODWLRQ�WUHDWPHQW�ZDV�EHWWHU�WKDQ�WKDW�LQ�
ELRDXJPHQWDWLRQ�WUHDWPHQW��+RZHYHU��WKH�KLJKHVW�
RLO� GHJUDGDWLRQ� UDWH� ZDV� REVHUYHG� DW� D�

FRPELQDWLRQ�RI �ELRDXJPHQWDWLRQ�ELRVWLPXODWLRQ�
WUHDWPHQW��7KLV�WUHDWPHQW�ZDV�DEOH�WR�LQFUHDVH�RLO�
GHJUDGDWLRQ�UDWH�XS�WR�����WLPHV�KLJKHU�WKDQ�WKDW�
LQ�FRQWURO��,Q�DGGLWLRQ��WKH�VDOLQLW\�UDQJH�RI ����²�
���SSW�FDXVHG�E\�IHUWLOL]HU�DGGLWLRQ�PLJKW�VWLOO�EH�
WROHUDEOH� IRU� PDULQH� RLO�GHJUDGLQJ� EDFWHULD��
%LRUHPHGLDWLRQ�RI �RLO�FRQWDPLQDWHG�VDQG\�EHDFK�
LQ� &LODFDS� ZRXOG� EH� RSWLPDO� E\� HPSOR\LQJ� D�
FRPELQDWLRQ� RI � 6ORZ� 5HOHDVH� )HUWLOL]HU� �*�� DW�
&�1� UDWLR� RI � ������ �� ��� DQG� 5&2�%���B����
FXOWXUH� KDYLQJ� EDFWHULDO� GHQVLW\� RI � � ���� [� �� �

�

FHOOV�P/� ������KRPRORJ\�ZLWK� VS��$OFDQLYRUD[�
7(����

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

� 7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�WKH�5HVHDUFK�
&HQWUH� 2FHDQRJUDSK\�,QGRQHVLDQ� ,QVWLWXWH� RI �
6FLHQFHV�XQGHU�',3$������DQG�WKH�0LQLVWU\�RI �
5HVHDUFK� DQG� 7HFKQRORJ\�� ,QGRQHVLD�� 7KH� ILUVW�
DXWKRU� WKDQNV� /LQGD� 6DILWUL�� 6XUDKPDQ�� 1RRU�
)DULGD�DQG�$]KDU�=DNL�1XJURKR�ZKR�DVVLVWHG�LQ�
WHFKQLFDO�PDWWHUV�

5()(5(1&(6

%UDJJ� -5�� 3ULQFH� 5&�� +DUQHU� (-�� $WODV� 50�� ������
(IIHFWLYHQHVV� RI � ELRUHPHGLDWLRQ� IRU� WKH�
([[RQ²9DOGH]�RLO�VSLOO��1DWXUH������������

&RDUWpV�*&��&DUULOOR�7��3HxDVFR,�=��$YLOD�-5��$Np�/4��&UX]�
-0��/RUD�32�������0LFURFRVP�DVVD\V�DQG�WDJXFKL�
H[SHULPHQWDO� GHVLJQ� IRU� WUHDWPHQW� RI � RLO� VOXGJH�
FRQWDLQLQJ� KLJK� FRQFHQWUDWLRQ� RI � K\GURFDUERQV��
%LR�7HFKQRO������������

&RRNVRQ�-U�-7��������%LRUHPHGLDWLRQ�HQJLQHHULQJ��'HVLJQ�
DQG�DSSOLFDWLRQ��1HZ�<RUN��86���0F*UDZ+LOO��,QF��
S������

&RXORQ�)��0F.HZ�%$��2VERUQ�$0��0F*HQLW\�7-��7LPPLV�
.1�� ����� � (IIHFW � RI � WHPSHUDWXUH� DQG�
ELRVWLPXODWLRQ� RQ� RLO�GHJUDGLQJ� PLFURELDO�
FRPPXQLWLHV�LQ�WHPSHUDWH�HVWXDULQH�ZDWHUV��(QYLURQ�
0LFURELRO����������

'DUPD\DWL� < � ���� %LRUHPHGLDWLRQ� RI � FUXGH� RLO�� ��
FRQWDPLQDWHG� VHGLPHQW� XVLQJ� VORZ� IHUWLOL]HU��
K\GURFDUERQRFODVWLF�EDFWHULD�SRSXODWLRQ�G\QDPLFV��
,-06����������

'DUPD\DWL�<��6DQXVL�+6��3UDUWRQR�7��6DQWRVD�'$��1XFKVLQ�
5�� ����� 7KH� HIIHFW� RI � ELRVWLPXODWLRQ� DQG��
ELRVWLPXODWLRQ�ELRDXJPHQWDWLRQ�RQ�ELRGHJUDGDWLRQ�
RI � RLO�SROOXWLRQ� RQ� VDQG\� EHDFK� PHVRFRVP��
,QWHUQDWLRQDO�-RXUQDO�RI �0DULQH�6FLHQFH�������������
'2,���������LMPV��������������

���
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(O�%RUDL� $�� (OWD\HE�.0��0RVWDID� $5�� (O�$VVDU� 6�� �����
%LRGHJUDGDWLRQ�RI �LQGXVWULDO�RLO�SROOXWHG�ZDVWHZDWHU�
LQ� (J\SW� E\� EDFWHULDO� FRQVRUWLXP� LPPRELOL]HG� LQ�
GLIIHUHQW� W\SHV� RI � FDUULHUV�� 3RO - (QYLURQ 6WXG� � � �
�������������'2,�����������SMRHV��������

*LEEV�&)��3XJK�.%��$QGUHZ�$5��������4XDQWLWDWLYH�VWXGLHV�
RQ� PDULQH� ELRGHJUDGDWLRQ� RI � RLO� �� ,,�� (IIHFW� RI �
WHPSHUDWXUH��3URFHHGLQJV�RI �5R\DO�6RFLHW\�/RQGRQ�
6HULHV� %� ORJLFDO� HQFH �� ����������� %LR 6FL �� -DQ� � � �
/RQGRQ��8.���+DUULVRQ�	�6RQV�

+DWPDQWL� $�� 'DUPD\DWL� <�� ������ &KDUDFWHUL]DWLRQ� DQG�
SK\ORJHQHWLF� DQDO\VLV� RI � SRWHQWLDO� RLO� DQG� 3$+�
GHJUDGLQJ� EDFWHULD� IURP� -DNDUWD� %D\� ZDWHUV�� ,Q�� �
1XU\DQWR�$��%XGLVDQWRVR�,��$UGOL�(5��3UDERZR�5(��
HGLWRUV�� 3URFHHGLQJ� RI � %LRORJ\� 1DWLRQDO� 6HPLQDU�
�������S����������>LQ�,QGRQHVLDQ@�

+REELH� -(��'DOH\�5-�� -DVSHU�6�� ������8VH�RI �QXFOHRSRUH�
ILOWHUV� IRU� FRXQWLQJ� EDFWHULD� E\� IOXRUHVFHQFH�
PLFURVFRS\��$SSO��(QYLURQ�0LFURELRO����������

-DFNVRQ�:$��3DUGXH�-+�������3RWHQWLDO�IRU�HQKDQFHPHQW�RI �
ELRGHJUDGDWLRQ�RI �FUXGH�RLO�LQ�/RXVLDQD�VDOW�PDUVKHV�
XVLQJ� QXWULHQW� DPHQGPHQWV�� :DWHU�� $LU�� DQG� 6RLO�
3ROOXWLRQ������������
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