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� $HURPRQDV�K\GURSKLOD�LV�D�SDWKRJHQLF�EDFWHULD�WKDW�FDXVHV�PDVV�PRUWDOLW\�LQ�FDWILVK��,Q�SUHYLRXV�VWXGLHV��VSHFLILF�
SDWKRJHQ�UHVLVWDQW��635���$��K\GURSKLOD�UHVLVWDQW�$IULFDQ�FDWILVK�ILUVW�JHQHUDWLRQ��)���KDV�EHHQ�FXOWLYDWHG�E\�PDUNHU�
DVVLVWHG�VHOHFWLRQ�XVLQJ�WKH�PDMRU�KLVWRFRPSDWLELOLW\�FRPSOH[��0+&����DV�D�PROHFXODU�PDUNHU��,Q�WKLV�VWXG\��JURZWK�
SHUIRUPDQFH��LQKHULWDQFH�RI �WKH�0+&�'1$�PDUNHU�LQ�WKH�VHFRQG�JHQHUDWLRQ��)���RI �FDWILVK�DQG�GLVHDVH�UHVLVWDQFH�
DJDLQVW�$�� K\GURSKLOD� LQIHFWLRQ�ZHUH� REVHUYHG�� � 7KH� )�� SURJHQLHV� ZHUH� SURGXFHG� E\� FURVVLQJ� )�� ILVK� EHWZHHQ�
WKHPVHOYHV��1XUVHU\�ZDV�SHUIRUPHG�LQ����/�JODVV�DTXDULD����UHSOLFDWLRQV�IRU�HDFK�FURVV��DW�WKH�VDPH�LQLWLDO�GHQVLW\��IRU���
PRQWKV�RI �UHDULQJ��7KH�UHVXOWV�VKRZHG�WKDW�GDLO\�JURZWK�UDWH�RI �)��SURJHQLHV�IURP�WKH�635�EURRGV�ZDV�VLJQLILFDQWO\�
KLJKHU�WKDQ�WKRVH�IURP�EURRGV�ZLWKRXW�WKH�PDUNHU���5HVXOWV�RI �WKH�3&5�DQDO\VLV�VKRZHG�WKDW�DYHUDJH�QXPEHU�RI �)��
SURJHQLHV�IURP�635�EURRGV�FDUU\LQJ�WKH�0+&�PDUNHU�ZDV�DERXW�����KLJKHU�WKDQ�WKDW�RI �FRQWURO�� �$IWHU�WKH�ILVK�

�
UHDFKHG�DERXW����FP�ERG\�OHQJWK��WKH\�ZHUH�FKDOOHQJHG�E\�LQWUDPXVFXODUO\�LQMHFWLQJ�RI �����P/�$��K\GURSKLOD��/' ���� ���
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&)8�PO ��IRU���GD\V��5HVXOWV�RI �FKDOOHQJH�WHVW�VKRZHG�WKDW�VXUYLYDO�RI �)��RIIVSULQJ�IURP�WKH�FURVVHV�RI �635�EURRGV�
��������ZDV�DERXW�WZR�WLPHV�KLJKHU�WKDQ�WKRVH�IURP�EURRG�ZLWKRXW�0+&�PDUNHU���������� �'LIIHUHQWLDO�OHXNRF\WH�
FRXQW�VXSSRUWHG�WKH�KLJK�UHVLVWDQFH�RI �)��SURJHQLHV�IURP�)��EURRGV�KDYLQJ�0+&�,�PDUNHU�DJDLQVW�$��K\GURSKLOD�
LQIHFWLRQ��,Q�FRQFOXVLRQ��$IULFDQ�FDWILVK�IDUPLQJ�FDUU\LQJ�0+&�PDUNHU�SRWHQWLDOO\�KDYH�KLJKHU�SURGXFWLYLW\�DQG�
UHGXFHV�ILVK�ORVH�GXH�WR�LQIHFWLRQ�E\�$��K\GURSKLOD��

� .H\ZRUGV��$HURPRQDV�K\GURSKLOD��$IULFDQ�FDWILVK��GLVHDVH�UHVLVWDQFH��JURZWK��0+&�,
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$IULFDQ� FDWILVK� �&ODULDV� JDULHSLQXV�� LV� RQH� RI �
,QGRQHVLD
V� OHDGLQJ� IUHVKZDWHU� DTXDFXOWXUH�
VSHFLHV��00$)��������(IIRUWV�WR�LQFUHDVH�$IULFDQ�
FDWILVK�SURGXFWLRQ�LV�FRQWLQXRXVO\�GRQH�WKURXJK�
DTXDFXOWXUH� LQWHQVLILFDWLRQ�� +RZHYHU�� IDUPHUV�
RIWHQ�VXIIHU�ORVV�IURP�ORZ�VXUYLYDO�UDWH��ZKHWKHU�
GXULQJ�QXUVHU\�RU�JURZLQJ�SKDVH��/RZ�VXUYLYDO�LV�
XVXDOO\� FDXVHG� E\�$HURPRQDV� K\GURSKLOD� EDFWHULDO�
LQIHFWLRQ� ZKLFK� FDQ� UHVXOW� LQ� ����PRUWDOLW\� LQ�
FDWILVK� �=KDQJ� HW� DO�� ������� *HQHWLFDOO\� VSHFLILF�
SDWKRJHQ�UHVLVWDQW�$IULFDQ�FDWILVK�FXOWLYDWLRQ�FDQ�
EH�DQ�DOWHUQDWLYH�LQ�SUHYHQWLQJ�ORVV�FDXVHG�E\�WKH�
LQIHFWLRQ�RI �WKLV�GLVHDVH�

&XOWLYDWLQJ� GLVHDVH� UHVLVWDQW� FDWILVK� FDQ� EH�
GRQH� WKURXJK� FRQYHQWLRQDO� VHOHFWLRQ�� KRZHYHU��
WKLV� PHWKRG� WDNHV� UHODWLYHO\� ORQJ� WLPH�� IRU�
H[DPSOH�� GURSV\�UHVLVWDQW� .DVQRGDU� FRPPRQ�
FDUS� �&\SULQXV� FDUSLR�� GHYHORSPHQW� WRRN� ��
JHQHUDWLRQV��.LUSLFKQLNRY��������7KH�DOWHUQDWLYH�
HIIRUW�LV�PROHFXODU�PDUNHU�DVVLVWHG�VHOHFWLRQ��7KLV�
PHWKRG�KDV�EHHQ�VXFFHVVIXOO\�XWLOL]HG�WR�GHYHORS�
0DMDOD\D�YDULHW\�RI �FRPPRQ�FDUS�UHVLVWDQW�DJDLQVW�
.+9�LQIHFWLRQ��$OLPXGGLQ�HW�DO���������DQG�.+9�
UHVLVWDQW�FRPPRQ�FDUS�YDULHW\�KDV�SDVVHG�YDULHW\�
HYDOXDWLRQ�WHVW�DQG�VSUHDG�WR�IDUPHUV�LQ�������,Q�
RXU� SUHYLRXV� UHVHDUFK� WKURXJK� FKDOOHQJH� WHVW��
GLIIHUHQFHV� RI � HQGXUDQFH� DJDLQVW� $�� K\GURSKLOD�
LQIHFWLRQ�ZDV�IRXQG�LQ�$IULFDQ�FDWILVK��$]LV�HW�DO��
����D��� 3&5� DQDO\VLV� ZLWK� VSHFLILF� SULPHU� IRU��&RUUHVSRQGLQJ�DXWKRU��DOLPXGGLQ#DSSV�LSE�DF�LG
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PDMRU�KLVWRFRPSDWLELOLW\�FRPSOH[�,��0+&�,��JHQH�
VKRZHG�WKDW�WKHUH�DUH�GLIIHUHQFHV�EHWZHHQ�ILVKHV�
WKDW� OLYHG� RU� GLHG� SRVW� $�� K\GURSKLOD� EDFWHULDO�
LQIHFWLRQ� �$]LV� HW� DO�� ����D���0+&
V� UROH� LQ� WKH�
LPPXQH�V\VWHP�LV�WR�UHSUHVHQW�DQWLJHQ��:LWK�WKLV�
UHVXOW��ZH�VXJJHVWHG�WKDW�0+&�,�FDQ�EH�XVHG�DV�D�
PROHFXODU� PDUNHU� RI � $�� K\GURSKLOD� LQIHFWLRQ�
UHVLVWDQW�$IULFDQ�FDWILVK��$IWHUZDUG��FKDOOHQJH�WHVW�
ZLWK�$��K\GURSKLOD�DJDLQVW�WKH�ILUVW�JHQHUDWLRQ��)���
RI �FURVVLQJ�EHWZHHQ�ILVKHV�H[KLELWLQJ�PROHFXODU�
PDUNHU� VKRZHG� WKDW� WKH� UHVLVWDQFH� FDQ� EH�
LQKHULWHG�� 7KH� VXUYLYDO� UDWH� LV� DERXW� ���� WLPHV�
KLJKHU�WKDQ�)��RI �ILVK�ZLWK�QR�PROHFXODU�PDUNHU��
0+&�,�PROHFXODU�PDUNHU�FDQ�EH�LQKHULWHG�E\�)��
JHQHUDWLRQ�ZLWK������������SHUFHQWDJH��ZKLOH�IRU�
FRQWURO�LWV�RQO\��������$]LV�HW�DO������E��
,Q� WKLV� UHVHDUFK�� VHFRQG� JHQHUDWLRQ� �)��� RI �

$IULFDQ� FDWILVK� ZDV� SURGXFHG� E\� FURVVLQJ� )��
ILVKHV�H[KLELWLQJ�0+&�,�PDUNHUV��7KH�SXUSRVH�RI �
WKLV�UHVHDUFK� V�WR�HYDOXDWH�PDUNHU�LQKHULWDQFH��ZD
UHVLVWDQFH $��K\GURSKLOD�DJDLQVW� �DQG�JURZWK�GXULQJ�
QXUVHU\�

0$7(5,$/6�$1'�0(7+2'6

,GHQWLILFDWLRQ�RI �)��%URRGV�&DUU\LQJ�0+&�
0DUNHU

� ,GHQWLILFDWLRQ� RI � ILVK� KDYLQJ� WKH� 0+&� ,�
PDUNHU� ZDV� FRQGXFWHG� E\� IROORZLQJ� $]LV� HW� DO��
�����D�� PHWKRG�� $� WRWDO� RI � ILYH� SDLUV� PDWXUHG�
EURRGV�ZHUH�UDQGRPO\�WDNHQ�IURP�WKH�SRQG��7KHLU�
JHQRPLF�'1$�ZDV�H[WUDFWHG�IURP�ILQ�WDLO�WLVVXH�
XVLQJ�'1$�LVRODWLRQ�NLW��3XUHJHQH��0LQQHDSROLV��
86$�� E\� IROORZLQJ� PDQXIDFWXUHU� LQVWUXFWLRQ��
'1$�ZDV�GLOXWHG�ZLWK���P/�VWHULOH�GLVWLOOHG�ZDWHU�
�6':���3XULW\�DQG�'1$�FRQWHQW�ZDV�PHDVXUHG�
XVLQJ� VSHFWURSKRWRPHWHU� �*HQH� 4XDQW�� DW� ����
QP�DQG�����QP�ZDYHOHQJWK�
� 3&5� DPSOLILFDWLRQ�ZDV� SHUIRUPHG� DW� ���P/�
ILQDO� UHDFWLRQ� YROXPH��7KH� VROXWLRQ�RI � UHDFWLRQ�
FRQVLVWHG�RI ����� /���[�3&5�EXIIHU��� /�G173�¬ ¬

PL[�� � /� RI � IRUZDUG� DQG� UHYHUVH� &O0+$K����¬

SULPHUV�� ���� / '1$� SRO\PHUDVH� �.$3$�¬ 7DT
%LRV\VWHPV��� �� /� JHQRPLF�'1$� DQG� ����� /�¬ ¬

6':�� 3UH�GHQDWXUDWLRQ� RI � 3&5� SURFHVV� ZDV�
SHUIRUPHG� DW� ���&� IRU� �PLQ�� ��� F\FOHV� RI �
DPSOLILFDWLRQ�ZLWK�GHQDWXUDWLRQ�DW����&�IRU����VHF��
DQQHDOLQJ� DW� ���&� IRU� ��� VHF�� DQG� H[WHQVLRQ� DW�
���&�IRU����VHF��DQG�D�ILQDO�H[WHQVLRQ�DW����&�IRU���
PLQ�� 3&5� SURGXFWV� ZHUH� VHSDUDWHG� E\�

HOHFWURSKRUHVLV� ������Z�Y��DJDURVH�JHO��DW����RQ
YROWV�IRU����PLQ��'1$�ZDV�YLVXDOL]HG�XVLQJ�UHG�
JHO� �%LRWXP� ,QF�� &DOLIRUQLD�� 86�� DQG� 89�
WUDQVLOOXPLQDWRU�

3URGXFWLRQ� DQG� 0DLQWHQDQFH� RI � )��
*HQHUDWLRQ

� 7KUHH�SDLUV�RI �)��$IULFDQ�FDWILVK�EURRGVWRFN�
FDUU\LQJ�0+&�,�PDUNHU�DQG�VH[XDOO\�PDWXUH�ZHUH�
FKRVHQ��2YXODWLRQ�DQG�VSHUPLDWLRQ�ZHUH�LQGXFHG�
E\� LQMHFWLQJ� RYDSULP� �6\QGHO� /DERUDWRULHV� /WG��

��
ZLWK�����P/NJ �GRVDJH��$UWLILFLDO�IHUWLOL]DWLRQ�ZDV�
GRQH� E\� PL[LQJ� HJJV� ZLWK� VSHUP� LQ� D� SODVWLF�
FRQWDLQHU�� )�� SURJHQ\� ZDV� DOVR� GHYHORSHG� E\�
PDWLQJ�FDWILVK�EURRGVWRFNV� WKDW�GLG�QRW�H[KLELW�
0+&�,�PDUNHU�DV�D�FRQWURO�
� (JJV� ZHUH� LQFXEDWHG� LQ� ��� OLWHU� DTXDULXP��
$IULFDQ�FDWILVK�ZHUH�UHDUHG�IRU�����PRQWKV��DW�WKH�
VDPH�LQLWLDO�GHQVLW\��)LVKHV�ZHUH�JLYHQ�WXELILFLG�DV�
OLYH�IRRG�IURP���GD\V�XQWLO����GD\V�DIWHU�KDWFKLQJ�
�'$+���DG�OLELWXP��,Q�������'$+��LQ�DGGLWLRQ�WR�
WXELILFLG�� ILVKHV� ZHUH� DOVR� IHG� ZLWK� 3)������
FRPPHUFLDO� IHHG� XQWLO� ���'$+��$IWHUZDUG� WKH�
ILVKHV�ZHUH�IHG�+L�3URYLW�FRPPHUFLDO�IHHG�XQWLO�
HQG�RI �UHVHDUFK��&RPPHUFLDO�IHHG�ZDV�JLYHQ�WKUHH�
WLPHV� GDLO\�� DW� VDWLDWLRQ�� 7R� NHHS� JRRG� ZDWHU�
TXDOLW\�� DTXDULXP� ZDWHU� UHSODFHPHQW� ZDV�
FRQGXFWHG� IRU� ����RI � WRWDO� DPRXQW� HYHU\� WZR�
GD\V��:DWHU�TXDOLW\�ZDV�PHDVXUHG�EHIRUH�DQG�DIWHU�
ZDWHU� UHSODFHPHQW�� 2[\JHQ� DQG� DPPRQLD�
FRQFHQWUDWLRQ�ZDV�PHDVXUHG�E\�WLWUDWLRQ�PHWKRG�
�$3+$��������ZKHUHDV�WHPSHUDWXUH�DQG�S+�ZHUH�
GLUHFWO\�PHDVXUHG�E\�XVLQJ�WKHUPRPHWHU�DQG�S+�
PHWHU�

$QDO\VLV�RI �0DUNHU�,QKHULWDQFH�DQG�*URZWK�
3HUIRUPDQFH

� )�� SURJHQLHV� KDYLQJ� WKH� 0+&� ,� PDUNHU�
LGHQWLILFDWLRQ�ZDV�FDUULHG�RXW�E\�3&5�PHWKRG�DV�
GHVFULEHG� DERYH�� 0+&� ,� PDUNHU� LGHQWLILFDWLRQ�
ZDV�FRQGXFWHG�RQ����'$+�)��ILVKHV��$�WRWDO�RI �
���LQGLYLGXDO�)��SURJHQLHV�ZHUH�UDQGRPO\�WDNHQ�
IURP� HDFK� FURVV� WR� GHWHUPLQH� 0+&� ,� PDUNHU�
LQKHULWDQFH�
� *URZWK�SHUIRUPDQFH�WHVW�RQ�)��SURJHQLHV�ZDV�
FRQGXFWHG�IRU�WZR�PRQWKV��$�WRWDO�RI ����ILVKHV�
�ERG\�ZHLJKW�����������J��ZHUH�WDNHQ�IURP�HDFK�
FURVV�ZKLFK�FDUULHG�DQG�GLG�QRW�FDUULHG�0+&�,�
PDUNHU��7KUHH�UHSOLFDWLRQV�ZHUH�WDNHQ�IURP�HDFK�
FURVV��:HLJKLQJ�ZHUH�FRQGXFWHG�HYHU\�WZR�ZHHNV��

��
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6XUYLYDO ZH � ��RI �$��%�DQG�&�FURVV� UH��� ��� ����
�� ��� � ��� DQG� �� ��� ���� UHVSHFWLYHO\��� � � �
0HDQZKLOH��QHJDWLYH�FRQWURO�ILVK�IURP�HYHU\�FURVV�
LQMHFWHG�ZLWK�3%6�DOO�VXUYLYHG��7KLV�VKRZHG�WKDW�
ILVK�PRUWDOLW\�ZDV�D�UHVXOW�RI �$��K\GURSKLOD�EDFWHULDO�
LQIHFWLRQ�
� 2XU�SUHYLRXV�UHVHDUFK�KDV�SURGXFHG�)��$ILFDQ�
FDWILVK�WKURXJK�0+&�,�PROHFXODU�PDUNHU�EDVHG�
VHOHFWLRQ��$]LV�HW�DO������E���,Q�WKLV�UHVHDUFK��)��
$IULFDQ�FDWILVK�ZHUH�FKDOOHQJHG�DJDLQVW�$HURPRQDV�
K\GURSKLOD� LQIHFWLRQ�� )��$IULFDQ� FDWILVK� UHVLVWDQW�
ZDV� FRQVLVWHQW� ZLWK� WKH� )�� ILVK�� LQ� ZKLFK� WKH�
RIIVSULQJV� RI � EURRGVWRFN� H[KLELWLQJ� 0+&� ,�
PDUNHU�KDYH�KLJKHU�UHVLVWDQFH�FRPSDUHG�WR�ILVKHV�
ZKRVH�EURRGVWRFNV�GLG�QRW��7DEOH�����7KH�KLJK�
VXUYLYDO� RI �)�� ILVK�SRVW�$�� K\GURSKLOD� FKDOOHQJH�
ZDV�FRQVLVWHQW�ZLWK�WKH�SHUFHQWDJH�RI �LQGLYLGXDOV�
FDUU\LQJ�WKH�PDUNHU��ZKLFK�ZDV�KLJKHU�FRPSDUHG�
WR� ILVKHV� ZKRVH� SDUHQW� GLG� QRW� FDUU\� 0+&� ,�
PDUNHU�� 7KH� QXPEHU� RI � )�� ILVK� IURP� PDUNHU�
H[KLELWLQJ�SDUHQW�FURVV�ZDV�DSSUR[LPDWHO\���WLPHV�
KLJKHU�FRPSDUHG�WR�WKRVH�ZKRVH�SDUHQW�GLG�QRW�
H[KLELW�0+&�,�PDUNHU��7DEOH�����7KH�LQKHULWDQFH�
RI �PDUNHU�LQ�)��ILVKHV��������������ZDV�UHODWLYHO\�
VLPLODU�WR�ZKDW�ZDV�UHSRUWHG�LQ�)��ILVK�E\�$]LV�HW�
DO�� �����E���ZKLFK� LV� ������������7KLV� VXJJHVWV�
WKDW� WKH� 0+&� ,� PDUNHU� ZDV� SDVVHG� RQ� WR� )��
RIIVSULQJV��6LPLODU�SDWWHUQ�KDV�DOVR�EHHQ�IRXQG�LQ�
WKH� LQKHULWDQFH� RI � &\FD�'$%���� 0+&� ,,�
PDUNHU�LQ�,QGRQHVLDQ�FRPPRQ�FDUS�UHVLVWDQW�WR�
SDWKRJHQ�LQIHFWLRQ��������DQG�������LQ�WKH�)��
DQG� )�� JHQHUDWLRQ�� UHVSHFWLYHO\� �'HFUHH� RI �
0DULQH�DQG�)LVKHU\�0LQLVWHU�1R����.(30(1�
.3�������
� 0+&� FRQVLVWV� RI � PDQ\� JHQHV� DQG� LV�
SRO\PRUSKLF��5DNXV��������7KH�ROLJRQXFOHRWLGH�
SULPHU�XVHG� LQ�WKLV�VWXG\�JHQHUDWHV�WKUHH�'1$�
EDQGV�RI �3&5�DPSOLILFDWLRQ�SURGXFW��$]LV�HW�DO��
����E��� 7KHVH� WKUHH� '1$� 3&5� SURGXFWV� DUH�
VXVSHFWHG� WR�EH�GLIIHUHQW� JHQHV�RI � WKH�0+&� ,�
JURXS��$]LV�HW�DO������D���7KH�VHOHFWLRQ�SHUIRUPHG�
RQ� $IULFDQ� FDWILVK� KDV� QRW� \HW� XWLOL]HG� RQH� RI �
WKRVH�JHQHV��WKXV�WKH�LQKHULWDQFH�RI �WKH�0+&�,�
JHQH� PDUNHU� GLG� QRW� IROORZ� 0HQGHOLDQ�
VHJUHJDWLRQ� SDWWHUQ�� ,Q� DGGLWLRQ�� )�� ILVK� IURP�
SDUHQWV�ZLWKRXW�0+&�,�PDUNHU�ZHUH�DOVR�IRXQG�
WR�EH�SRVLWLYH�IRU�WKH�'1$�PDUNHU�
� 7KH� QXPEHU� RI � )�� ILVK� VXIIHULQJ� IURP�
XOFHUDWLRQ�ZDV�IHZHU�WKDQ�LQ�ILVKHV�ZKRVH�SDUHQW�
GLG� QRW� H[KLELW� 0+&� ,� PDUNHU�� 7KH� VDPH�
RFFXUUHQFH� ZDV� IRXQG� LQ� )�� ILVK� �$]LV� HW� DO��
����E���'1$�DQDO\VLV�E\�3&5�UHYHDOHG�WKDW�����

7KH�QXPEHU�RI �ILVK�ZDV�FRXQWHG�DW�WKH�HQG�RI �WKH�
UHVHDUFK�WR�GHWHUPLQH�VXUYLYDO�UDWH�

&KDO OHQJH� 7HVW � DJDLQVW � "FSPNPOBT �
IZESPQIJMB

� $HURPRQDV�K\GURSKLOD�LVRODWH�ZDV�REWDLQHG�IURP�
)LVK� +HDOWK� /DERUDWRU\�� 'HSDUWPHQW� RI �
$TXDFXOWXUH��,3%��$�WRWDO�RI ����ILVKHV��WRWDO�ERG\�
OHQJWK�������FP��RI �HDFK�FURVV�ZHUH�FKDOOHQJHG�E\�
LQWUDPXVFXODUO\�LQMHFWLQJ�����P/�RI �$��K\GURSKLOD�

�� ��
�/' ���� FIX�P/ �� WKLV�ZDV�REWDLQHG� IURP�RXU���

SUHOLPLQDU\�VWXG\���1HJDWLYH�FRQWURO�ILVKHV�ZHUH�
LQMHFWHG�ZLWK�����P/�SKRVSKDWH�EXIIHU�VDOLQH��7KH�
ILVK�ZHUH�NHSW�LQ����/�YROXPH�JODVV�DTXDULD�DQG�
HDFK� FURVV� KDG� WKUHH� DTXDULXPV� DV� UHSOLFDWLRQV��
2EVHUYDWLRQV� GXULQJ� FKDOOHQJH� WHVW� WUHDWPHQW�
LQYROYHG�HU\WKURF\WH�FRXQW��OHXFRF\WH�FRXQW�DQG�
GLIIHUHQWLDWLRQ�� KHPDWRFULW�� FOLQLFDO� VLJQV�� DQG�
PRUWDOLW\��%ORRG�VDPSOHV�RI �QLQH�ILVKHV�IURP�HDFK�
FURVV�ZHUH�WDNHQ�EHIRUH�DQG�DIWHU�FKDOOHQJH��7KH�
QXPEHU� RI � HU\WKURF\WHV� DQG� OHXNRF\WHV� ZHUH�
DQDO\]HG� E\� XVLQJ� WKH� PHWKRG� RI � %OD[KDOO� DQG�
'DLVOH\���������DQG�KHPDWRFULW�E\�$QGHUVRQ�DQG�
6LZLFNL��������

'DWD�$QDO\VLV

� *URZWK� UDWH�� VXUYLYDELOLW\� DQG� EORRG� FRXQW�
ZHUH� DQDO\]HG� ZLWK� $129$� ZLWK� WKH� KHOS� RI �
0LFURVRIW� ([FHO� ����� DQG� 6366� YHUVLRQ� �����
SURJUDP�ZLWK�����FRQILGHQFH�LQWHUYDO��'DWD�WKDW�
ZHUH�VLJQLILFDQWO\�GLIIHUHQW�ZDV�DQDO\]HG�IXUWKHU�
E\�'XQFDQ�0XOWLSOH�5DQJH��'05��WHVW��0+&�,�
PDUNHU� LQKHULWDQFH� GDWD� RQ� )�� JHQHUDWLRQ�� DQG�
TXDOLW\� RI � ZDWHU� UHDULQJ� ZHUH� DQDO\]HG� E\�
GHVFULSWLYH�VWDWLVWLFV�
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0+&� ,� 0DUNHU� ,QKHULWDQFH� DQG� 3RVW�
&KDOOHQJH�6XUYLYDELOLW\�

� 8WLOL]LQJ� PHWKRG� LQWURGXFHG� E\� $]LV� HW� DO��
�����E���0+&� ,�PDUNHU� LQKHULWDQFH� SHUFHQWDJH�
IURP�PDUNHU� H[KLELWLQJ� EURRGV� REWDLQHG� YDOXHV�
UDQJLQJ�EHWZHHQ�������������ZKHUHDV�EURRGV �WRFN
ZLWKRXW� PDUNHU� �FRQWURO�� KDG� ������ �7DEOH� ����
&KDOOHQJH�WHVW�UHVXOW�VKRZHG�WKDW� RI �)��VXUYLYDO�
$IULFDQ� FDW � IURP�0+&� ,�PDUNHU� H[KLELWLQJ�ILVK
EURRGV � V� KLJKHU� �S������� FRPSDUHG� WR�WRFNV ZD
FRQWURO�ZLWKRXW� PDUNHU��FURVV�'���� ��� �����WKH� � �
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RI �GHDG�ILVK�IURP�SDUHQWV�QRW�H[KLELWLQJ�0+&�,�
PDUNHU��Q ����GLG�QRW�FDUU\�0+&�,�PDUNHU��GDWD�
QRW� VKRZQ��� 7KLV� VKRZHG� D� VWURQJ� FRUUHODWLRQ�
EHWZHHQ�WKH�SUHVHQFH�RI �0+&�,�PDUNHU�ZLWK�ILVK�
VXUYLYDO�DJDLQVW�$��K\GURSKLOD�LQIHFWLRQ�

%ORRG�&RXQW�DQG�&OLQLFDO�6\PSWRPV

� %ORRG� FRXQW� DQDO\VLV� UHVXOW� LV� SUHVHQWHG� LQ�
7DEOH����*HQHUDOO\�� HU\WKURF\WH�FRXQW�� OHXFRF\WH�
FRXQW� DQG� KHPDWRFULW� IURP� ILVKHV� RI � DOO� FURVV�
EHIRUH�FKDOOHQJH�ZHUH�VLPLODU��(U\WKURF\WH�FRXQW�
RI � $IULFDQ� FDWILVK� EHIRUH� FKDOOHQJH� UDQJHG�
EHWZHHQ� ���������� �ï�� FHOO� PP ��� OHXFRF\WH�

�� ��

FRXQW�ZDV� DERXW����������� �ï�� FHOO�PP �� DQG�
�� ��

KHPDWRFULW� DURXQG� �������������� $IWHU� WKH�
FKDOOHQJH�� OHXFRF\WH� FRXQW� EHWZHHQ� FKDOOHQJHG�
FURVVHV� ZDV� VLPLODU�� DQG� HDFK� ORZHU� �S�������
FRPSDUHG�WR�FRQWURO�WKDW�ZHUH�QRW�FKDOOHQJHG�E\�
$��K\GURSKLOD�RU�RQO\�LQMHFWHG�E\�3%6��.$��.%��.&��
DQG�.'���0HDQZKLOH��KHPDWRFULW�OHYHO�RI �DOO�FURVV�
FKDOOHQJHG� E\� EDFWHULD� VXIIHUHG� GHFUHDVH�
FRPSDUHG� ZLWK� 3%6� LQMHFWHG� FRQWURO� �7DEOH� ����
/HXFRF\WH�FRXQWV�RI �ILVKHV�LQMHFWHG�E\�3%6��.D��

.%��.&�DQG�.'��ZHUH�ORZHU�FRPSDUHG�WR�$��%��&�
DQG�'�FURVV�WKDW�ZHUH�FKDOOHQJHG��7DEOH����
� �WHVW R%HIRUH�WKH�FKDOOHQJH ��EO RG�FRXQW�DQDO\VLV�
VKRZHG� WKDW�)��$IULFDQ�FDWILVK�ZHUH�KHD WK\�� ,W�O
ZDV� VKRZQ�E\� WKH� HU WKURF\WH� FRXQW�� OHXFRF\WH�\
FRXQW��DQG�KHPDWRFULW�ZKLFK� V�ZLWKLQ�WKH�UDQJH�ZD
RI � KHDOWK\� FDWILVK� �7DEOH� ��� 7KH� HU WKURF\WH�� \
FRXQW� UDQJH� RI � KHDOWK\� FDWILVK� LV� �������� �ï�� �

�

FHOOPP �� �+DVWXWL� 	� 6XEDQGL\RQR� ������� WRWDO�
��

OHXFRF\WH�FRXQW�UDQJHG������������[�� FHOO�PP ��
�� �

�7UL\DQLQJVLK� ������ DQG� KHPDWRFULW� YDOXH�HW� DO��
EHWZHHQ�������������<DQWR� ������� PPXQH�HW�DO�� ,
UHVSRQVH� DJDLQVW� �EDFWHULDO�RI �)��ILVK� $��K\GURSKLOD
LQIHFWLRQ� FDQ�EH� LQIHUUHG� IURP�FRPSOHWH�EORRG�
FRXQW� SDUDPHWHU�� $IWHU� FKDOOHQJH�� HU WKURF\WH�\
FRXQW�GHFUHDVHG�WR������������ï�� �FHOOPP ���DQG�

� ��

KHPDWRFULW�YDOXH�WR�������������7DEOH� ���8OFHU�LQ��
LQIHFWHG� ILVK� FDXVHG� EORRG� YHVVHO� WR� EXUVW� DQG�
GHFUHDVH� HU WKURF\WH� FRXQW�� 8O HUDWLRQ� V� WKH�\ F ZD
UHVXOW�RI �EDFWHULDO�KHPRO\VLQ�WR[LQ�RQ�ILVK
V�ERG\�
VXUIDFH� �'HO� &RUDO� �� ������� ,Q� FRQWUDVW�� DV�HW� DO
VKRZQ�LQ�7DEOH� ��DIWHU�WKH�FKDOOHQJH��OHXFRF\WH��
FRXQW� LQFUHDVHG� WR� � ���� ��� � �ï�� � FHOOPP ���

� ��
� �

7KLV�LQFUHDVH�LV�WKH�ILVK
V�UHVSRQVH�WR�GHIHQGLQJ�

7DEOH��� (U\WKURF\WH�FRXQW��OHXFRF\WH�FRXQW��DQG�KHPDWRFULW�RI �VHFRQG�JHQHUDWLRQ�$IULFDQ�FDWILVK�IURP�SDUHQWV�H[KLELWLQJ�
0+&�,�PDUNHU�EHIRUH�DQG�DIWHU�$HURPRQDV�K\GURSKLOD�LQMHFWLRQ � �

7UHDW
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7DEOH��� 3HUFHQWDJH� RI �0+&� ,�PDUNHU� LQKHULWDQFH� DQG� VXUYLYDO� RI �$IULFDQ� FDWILVK� VHFRQG� JHQHUDWLRQ� SRVW�$HURPRQDV�
K\GURSKLOD�EDFWHULDO�LQIHFWLRQ

3DUDPHWHU�
&URVVHV

$� % � & � ' �

)LVK�FDUU\LQJ�WKH�PDUNHU� ���� ������ ���� � ���� � ���� �
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DJDLQVW�SDWKRJHQ�LQIHFWLRQ��/L� ��������+DVWXWL�HW�DO
	�6XEDQGL\RQR�������
� /HXFRF\WH� GLIIHUHQWLDWLRQ� ZDV� RQO\� REVHUYHG�
SRVW�LQIHFWLRQ� �7DEOH� ���� /\PSKRF\WH� FRXQW� RI �
ILVKHV� FKDOOHQJHG� E\�$�� K\GURSKLOD� EDFWHULD� ZDV�
ORZHU� FRPSDUHG� WR� WKRVH� LQMHFWHG� E\� 3%6�
�S�������� /\PSKRF\WH� FRXQW� RI � '� FURVV� ILVK�
��������������� FKDOOHQJHG�E\�$�� K\GURSKLOD�ZDV�
ORZHU� �S������� FRPSDUHG� WR� $� FURVV� ������� ��
�������� %� FURVV� ������� �� �������� DQG� &� FURVV�
������� �� �������� 1HXWURSK\O� FRXQW� RI � ILVK�
LQMHFWHG� ZLWK� 3%6� ����������� ��� ZDV� ORZHU�
FRPSDUHG� WR� WKRVH� FKDOOHQJHG� E\�$�� K\GURSKLOD�
�S�������� %HWZHHQ� FKDOOHQJHG� FURVVHV�� '� FURVV�
ILVKHV� ������� �� ������� KDG� KLJKHU� QHXWURSK\O�
FRXQW�FRPSDUHG�WR�$�FURVV� �����������������%�
����������������� DQG�&�FURVV� �����������������
0RQRF\WH� FRXQW� ZDV� DOVR� KLJKHU� LQ� ILVKHV�
FKDOOHQJHG�E\�$��K\GURSKLOD�EDFWHULD��S��������DQG��
PRQRF\WH�FRXQW�EHWZHHQ�DOO�FURVVHV�ZHUH�VLPLODU�
�S!������
� 6LJQLILFDQWO\� GLIIHUHQW� OHXFRF\WH� SURILOH�
EHWZHHQ� )�� ILVK� IURP� EURRGV � H[KLELWLQJ�WRFN
PDUNHU�DQG� WKRVH� IURP�EURRGV� WKDW�GLG�QRW�DUH�
OHXFRF\WH� GLIIHUHQWLDWLRQ�� HVSHFLDOO\� O\PSKRF\WH�
DQG� QHXWURSK\O� �7DEOH� ��� 7KH� GHFUHDVH� RI ��
O\PSKRF\WH�LQ�ILVK�ZKRVH�SDUHQWV�H[KLELWLQJ�0+&�
,� PDUNHU� SRVW� EDFWHULDO� LQIHFWLRQ� LV� ORZHU�
FRPSDUHG�WR�WKRVH�ZKRVH�SDUHQW�GLG�QRW�H[KLELW�
0+&� ,� PDUNHU�� 7KH� O\PSKRF\WH�GHFUHDVHG� LQ�
FRXQW�DIWHU�FKDOOHQJH� LQ�)��ILVKHV�ZKRVH�SDUHQW�
H[KLELW� 0+&� PDUNHU� V� ORZHU� FRPSDUHG� WR�ZD
WKRVH�ZKRVH�SDUHQW�GLG�QRW�H[KLELW�0+&�,�PDUNHU��
,Q�FRQWUDVW��WKH�LQFUHDVH� �LQ�QHXWURSK\O�FRXQW�RI �
WKHLU�SURJHQLWRU�GLG�QRW� H[KLELW�0+&�,�PDUNHU�
ZDV� KLJKHU� FRPSDUHG� WR� WKRVH� ZKRVH� SDUHQW�

H[KLELW� 0+&� ,� PDUNHU�� 7KH� GLIIHUHQFH� LQ�
O\PSKRF\WH�DQG�QHXWURSK\O�FRXQW� LQGLFDWHG�WKH�
SRWHQWLDO� RI � XVLQJ� OHXFRF\WH� GLIIHUHQWLDO�
SDUDPHWHU� WR� LGHQWLI\� ILVKHV� UHVLVWDQW� WR�
SDWKRJHQLF� EDFWHULDO� LQIHFWLRQ�� ,Q� DGGLWLRQ��
GLIIHUHQFH� LQ� O\PSKRF\WH�DQG�QHXWURSK\O� FRXQW�
VKRZHG� WKHLU� UROH� LQ� $�� K\GURSK\OD� EDFWHULD�
SKDJRF\WRVLV� WKDW� UHVXOWHG� LQ�)�� ILVK�H[KLELWLQJ�
0+&�,�PDUNHU�VKRZLQJ�KLJKHU� ��+DVWXWL�VXUYLYDO
	�6XEDQGL\RQR�������
� /\PSKRF\WH� FRXQW� LQ� KHDOWK\� FDWILVK� UDQJHV�
EHWZHHQ�������������PRQRF\WH�OHVV�WKDQ���������
DQG�QHXWURSK\O� DERXW�����������$QGD\DQL� HW� DO��
�������7KH�O\PSKRF\WH�FRXQW�RI �ILVK�FKDOOHQJHG�
E\� EDFWHULD� ������������� V� OHVV� FRPSDUHG� WR�ZD
XQFKDOOHQJHG� ILVK� �������������� 7KLV� LV� LQ� OLQH�
ZLWK�ZKDW�ZDV�UHSRUWHG�E\� � ���0DUWLQV�HW�DO�� ����
WKDW� O\PSKRF\WH�SHUFHQWDJH�GHFUHDVHG�ZKHQ�DQ�
LQGLYLGXDO� LV� VXIIHULQJ� IURP� GLVHDVH ��� LQIHFWLRQ
1HXWURSK\O�RI �ILVK�WKDW�ZHUH�QRW�FKDOOHQJHG������
������ V� ORZHU� FRPSDUHG� WR� ILVKHV� WKDW�ZHUH�ZD
FKDOOHQJHG� �������������� 1HXWURSK\O� KDV� DQ�
DFWLYH� UROH� LQ� ILUVW� SKDVH� RI � LQIODPPDWLRQ��
1HXWURSK\O�ZRXOG�EH�SURGXFHG�DURXQG�WKH�ILUVW���
KRXU� DIWHU� LQIODPPDWLRQ� �.XE\� ������� 7KXV��
QHXWURSK\O�FRXQW�ZRXOG�LQFUHDVH�LI �LQIODPPDWLRQ�
FDXVHG�E\�$HURPRQDV�K\GURSKLOD�EDFWHULDO�LQIHFWLRQ�
RFFXUV��)��ILVK�SHUFHQWDJH�ZLWK�LQIODPDWLRQ�ZDV��D�
ELW�ORZHU�FRPSDUHG�WR�ILVK�ZKRVH�SDUHQW�GLG�QRW�
H[KLELW�0+&�,�PDUNHU��7KLV� VXSSRUW� WKH� ORZHU�
QHXWURSK\O�FRXQW�FRPSDUHG�WR�ILVK�ZKRVH�SDUHQW�
GLG�QRW�H[KLELW�0+&�,�PDUNHU��0RQRF\WH�FRXQW�
RI � ILVKHV� WKDW�ZHUH�FKDOOHQJHG�ZDV�KLJKHU� �����
������� FRPSDUHG� WR� PRQRF\WH� FRXQW� RI � ILVK�
LQMHFWHG� E\� 3%6� ������������ 7KH� LQFUHDVH� � LQ�
PRQRF\WH� FRXQW� VKRZHG� QRQ�VSHFLILF� LPPXQH�

7DEOH���/\PSKRF\WH��QHXWURSKLO��DQG�PRQRF\WH�SHUFHQWDJH�RI �VHFRQG�JHQHUDWLRQ�$IULFDQ�FDWILVK�IURP�SDUHQWV�H[KLELWLQJ�
0+&�,�PDUNHU�FKDOOHQJHG�E\�$HURPRQDV�K\GURSKLOD�EDFWHULD
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$� ������������E� ������������F � ������������FG �
%� ������������EF� ������������EF � �����������EF �
&� ������������F� ������������E � �����������EFG �
'� ������������D� ������������G � ������������G �
.$� ������ ������

G
� �����������D � �����������D �

.%� ������������G� �����������D � �����������DE �

.&� ������������G� �����������D � �����������D �

.'
�

������������G
�

�����������D
�

�����������D
�

1RWH��$ �&URVV�RI �5 [5 $IULFDQ�FDWILVK�EURRGV�H[KLELWLQJ�0+&�,�PDUNHU��% �&URVV�RI �5 [5 �$IULFDQ�FDWILVK�EURRGV�H[KLELWLQJ�0+&�,�PDUNHU��& �&URVV�� �� � �

RI �5 [5 �$IULFDQ�FDWILVK�EURRGV�H[KLELWLQJ�0+&�,�PDUNHU��' �&URVV�RI �$IULFDQ�FDWILVK�FRQWURO�JURXS�WKDW�GLG�QRW�H[KLELW�0+&�,�PDUNHU��.D��.%��� �

.&��DQG�.'�UHVSHFWLYHO\�DUH�ILVK�IURP�$��%��&��DQG�'�FURVVLQJ�LQMHFWHG�E\�SKRVSKDWH�EXIIHU�VDOLQH��3%6���'LIIHUHQW�VXSHUVFULSW�OHWWHU�LQ�WKH�VDPH�
FROXPQ�VKRZHG�D�VLJQLILFDQW�GLIIHUHQFH��S�������

��

*URZWK�DQG�UHVLVWDQFH�RI �)��$IULFDQ�FDWILVK�DJDLQVW�$HURPRQDV�K\GURSKLOD�²�$OLPXGGLQ�HW�DO�



UHVSRQVH�IURP�FDWILVK
V�ERG\�DJDLQVW� K �$�� \GURSKLOD
SDWKRJHQ�
� &OLQLFDO�V\PSWRPV�REVHUYDWLRQ�ZDV�FRQGXFWHG�
������ KRXUV� SRVW� FKDOOHQJH�� 2EVHUYHG� FOLQLFDO�
V\PSWRPV� ZHUH� XOFHUDWLRQ� RQ� VNLQ� DQG� GURSV\�
�HGHPD�� E\� WKH� XQGHU� EHOO\� RI � $IULFDQ� FDWILVK��
)URP� YLVXDO� REVHUYDWLRQ�� DERXW� ���� RI � )��
RIIVSULQJV�RI �EURRGV�H[KLELWLQJ�0+&�,�PDUNHU�
VXIIHUHG� XOFHUDWLRQ�� KRZHYHU� DOO� FRQWURO� ILVK�
VXIIHUHG� XOFHUDWLRQ�� 2WKHU� VWXGLHV� VXSSRUW� WKH�
DVVHUWLRQ�WKDW�)��ILVK�IURP�SDUHQWV�FDUU\LQJ�WKH�
0+&�,�PDUNHU�KDV�D�KLJKHU�UHVLVWDQFH�WKDQ�WKDW�RI �
IURP�SDUHQWV�ZLWKRXW�WKH�PDUNHU�
� &OLQLFDO�V\PSWRPV�VKRZQ�E\�)��FDWILVK�ZHUH�
VLPLODU�ZLWK�WKRVH�UHSRUWHG�E\�SUHYLRXV�UHVHDUFK��
&OLQLFDO�V\PSWRPV�FDQ�EH�REVHUYHG�LQ�������KRXUV�
SRVW� LQIHFWLRQ�� &OLQLFDO� V\PSWRPV� FRPPRQO\�
REVHUYHG�LQ����KRXUV�SRVW�LQIHFWLRQ�ZHUH�VZHOOLQJ�
VNLQ�DQG�LQIODPPDWLRQ�DURXQG�LQMHFWLRQ�DUHD�RI �$��
K\GURSKLOD�� $IWHUZDUG�� ILVK� ZRXOG� VKRZ� GURSV\��
IROORZHG�E\�XOFHUDWLRQ��:XODQGDUL�HW�DO���������7KH�
EHKDYLRU� RI � ILVKHV� GXULQJ� FKDOOHQJHG� WHVW� ZHUH�
ORZHULQJ�DSSHWLWH�DQG�LUUHJXODU�VZLPPLQJ�SDWWHUQ��
)LVKHV� WHQG� WR� KDQJ� IORDWLQJ� LQ� WKH� VXUIDFH� RU�
SDVVLYHO\�DW�WKH�ERWWRP�RI �WKH�DTXDULD��0RVW�RI �WKH�
ILVKHV�GLHG�ZLWK�GDPDJHG�ILQ�DQG�H[XGHG�PXFXV��
$FFRUGLQJ� WR�5H\� HW� DO�� �������� ILVK� LQIHFWHG� E\�
$HURPRQDV� K\GURSKLOD�ZLOO� VKRZ�GURSV\�RU� OLTXLG�
ILOOHG� VZHOOLQJ� EHOO\�� GDPDJHG� PHDW� RU� XOFHU�
LQGLFDWHG� E\� VNLQ� LQMXU\�� DQG� ORVV� RI � EORRG��
,QIHFWHG� ILVK� ZLOO� DOVR� VKRZ� FOLQLFDO� V\PSWRPV�
VXFK�DV�LUUHJXODU�VZLPPLQJ�RU�ILVK�GDPDJH�

:HLJKW� *DLQ� DQG� 6XUYLYDO� 5DWH� GXULQJ�
1XUVHU\

� )�� ILVK� ERG\� ZHLJKW� JDLQ� DQG� VXUYLYDO� UDWH�
GXULQJ� QXUVHU\� DUH� SUHVHQWHG� LQ� 7DEOH� ��� 7KH�
LQLWLDOERG\�ZHLJKW�RI �ILVKHV�UHDUHG�IRU�JURZWK�UDWH�
WHVW�ZDV�����������J��7KH�UHVXOWV�VKRZHG�WKDW�GDLO\�

JURZWK� UDWH� �'*5�� IURP� WZR� 0+&� ,� PDUNHU�
H[KLELWLQJ�)��FURVV��FURVV�%��������GD\ �DQG�&��

��

������ GD\ �� ZDV� KLJKHU� �S������� FRPSDUHG� WR�
��

FRQWURO�ZKLFK�GLG�QRW�H[KLELW�WKH�PDUNHU�HIIHFW��'�
FURVV��������GD\ ���+RZHYHU��'*5�RI �ILVK�FURVV�

��

$�ZDV�WKH�VDPH�DV�FURVV�'��S!�������0HDQZKLOH��
VXUYLYDO� UDWH�RI �DOO� WUHDWPHQW�ILVK�ZDV� WKH�VDPH�
�S!�������7KH�ZDWHU�TXDOLW\�GXULQJ�QXUVHU\�ZDV�
����������&� WHPSHUDWXUH�� ���������� PJ� /

���

GLVVROYHG�R[\JHQ������������PJ/ �DPPRQLD�DQG�
��

���������S+�
� *URZWK� DQG� � GHWHUPLQH� DTXDFXOWXUH�VXUYLYDO
SURGXFWLYLW\�OHYHO��,Q�WKLV�UHVHDUFK��)��JHQHUDWLRQ�
RI � $IULFDQ� FDWILVK� ZDV� QXUVHG� LQ� DTXDU � ZLWK�LD
UHODWLYHO\�JRRG�ZDWHU�TXDOLW\��,Q�WKDW�FRQGLWLRQ��)��
$IULFDQ�FDWILVK�IURP�SDUHQWV�ZLWK�0+&�,�PDUNHU�
�FURVVHV�%�DQG�&��KDG�KLJKHU�ZHLJKW�JDLQ��ZKLOH�
WKH� ZDV� WKH� VDPH�ZLWK� $IULFDQ� FDWILVK�VXUYLYDO�
ZLWK�WKRVH�WKDW�GLG�QRW�H[KLELW�WKH�PDUNHU��7DEOH�
����7KXV��FXOWLYDWLRQ�RI �$IULFDQ�FDWILVK�H[KLELWLQJ�
0+&�,�PDUNHU�KDV�WKH�SRWHQWLDO�LQ�KDYLQJ�KLJKHU�
SURGXFWLYLW\��+RZHYHU��ZHLJKW�JDLQ�YDU\� DPRQJ�
FURVVHV�� �QHFHVVDU\�WR�FKRRVH�SDUHQW�WKHUIRUH��LWV
WKDW� SURGXFHV� KLJKHU� JURZWK�� ,Q� DGGLWLRQ�� LW� LV�
PRVW�OLNHO\�WKDW�QR�OLQN�EHWZHHQ�ZHLJKW�JDLQ�DQG�
SUHVHQFH� RI � 0+&� PDUNHU� LQ� SDUHQW� �
)XUWKHUPRUH�� $��K\GURSKLODLI � �EDFWHULDO� LQIHFWLRQ�
H[LVW��IDUPHUV�WKDW�UHDU�$IULFDQ�FDWILVK�H[KLELWLQJ�
0+&�,�PDUNHU�KDV�JUHDWHU�SUREDELOLW\�LQ�JHWWLQJ�
KLJKHU� KDUYHVW� FRPSDUHG� WR� WKRVH� ZLWK� ILVK�
ZLWKRXW� 0+&� ,� PDUNHU�� 7KH� VWDWHPHQW� LV�
VXSSRUWHG�E\�WKH�UHVXOW�RI �WKLV�UHVHDUFK��WKURXJK�
$�� K\GURSKLOD VXUYLYDO�� FKDOOHQJH� ZLWK� �� KLJKHU�
FRPSDUHG�WR�)��ILVK�ZKRVH�SDUHQW�GLG�QRW�H[KLELW�
WKH� 0+&� ,� PDUNHU�� 7KLV� UHVXOW� LV� UHODWLYHO\�
FRQVLVWHQW�ZLWK�ZKDW�ZDV�UHSRUWHG�E\�$]LV� ��HW�DO

�����E��LQ�)��JHQHUDWLRQ�RI �$IULFDQ�FDWILVK��7KLV�
UHVXOW�DOVR�VKRZHG�WKDW�0+&�,�PDUNHU�H[SUHVVLQJ�
$IULFDQ� FDWILVK
V � LV� VWDEOH�� ,Q�� UHVLVWDQFH

7DEOH��� 'DLO\�JURZWK�UDWH��'*5��DQG�VXUYLYDO�UDWH�RI �VHFRQG�JHQHUDWLRQ�$IULFDQ�FDWILVK�WKDW�H[KLELWHG�0+&�,�PDUNHU�DQG�
WKDW�GLG�QRW�H[KLELW�0+&�,�PDUNHU��LQ�UHODWLRQ�WR�WKHLU�HQGXUDQFH�DJDLQVW�$HURPRQDV�K\GURSKLOD�EDFWHULDO�LQIHFWLRQ�
ZKLOH�NHSW�LQ����/�YROXPH�DTXDULD�IRU�����PRQWKV

3DUDPHWHU �

&URVVHV

$� % � & � ' �

'*5����GD\ �� � ����������DE� � ����������EF� �����������F � � ����������D �

6XUYLYDO�UDWH ��� �� �����������D �� ����������D �� ����������D �� ����������D

1RWH��$ �&URVV�RI �5 [5 $IULFDQ�FDWILVK�EURRGV�H[KLELWLQJ�0+&�,�PDUNHU��% �&URVV�RI �5 [5 �$IULFDQ�FDWILVK�EURRGV�H[KLELWLQJ�0+&�,�PDUNHU��& �&URVV�� �� � �

RI �5 [5 �$IULFDQ�FDWILVK�EURRGV�H[KLELWLQJ�0+&�,�PDUNHU��' �&URVV�RI �$IULFDQ�FDWILVK�FRQWURO�JURXS�WKDW�GLG�QRW�H[KLELW�0+&�,�PDUNHU��'LIIHUHQW�� �

VXSHUVFULSW�OHWWHU�LQ�WKH�VDPH�URZ�VKRZHG�D�VLJQLILFDQW�GLIIHUHQFH��S�������
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DFFRUGDQFH� WR� YDULHWLHV� IURP� EUHHGLQJ� LQ�
,QGRQHVLD��DW�OHDVW� JHQHUDWLRQ� �UHTXLUHG�WR�WHVW�)�� LV
WKH�SHUIRUPDQFH�FRQVLVWHQF\�RI �0+&�,�PDUNHU�
H[KLELWLQJ� $IULFDQ� FDWILVK� EHIRUH� LW� FRXOG� EH�
UHOHDVHG ,Q�IDFW� �.+9�UHVLVWDQW��IRU�SXEOLF�XVH�� WKH
FRPPRQ�FDUS�VWUDLQ�GHYHORSHG�WKURXJK�0+&�,,�
PDUNHU�EDVHG�VHOHFWLRQ��$OLPXGGLQ� ��������KDV�HW�DO

SDVV�UHOHDV�DV�D�QHZ�ILVK�VWUDLQ�DW�WKLUG�JHQHUDWLRQ�
LQ������

&21&/86,21

� 6HFRQG� JHQHUDWLRQ� $IULFDQ� FDWILVK� IURP�
SDUHQWV� H[KLELWLQJ�0+&� ,� PDUNHU� LV� NQRZQ� WR�
KDYH� KLJKHU� JURZWK� UDWH� DQG� UHVLVWDQW� DJDLQVW�
$HURPRQDV�K\GURSKLOD�EDFWHULDO�LQIHFWLRQ�FRPSDUHG�
WR� ILVK� ZKRVH� SDUHQWV� GLG� QRW� H[KLELW� 0+&� ,�
PDUNHU�� 0+&� ,� PDUNHU� LV� LQKHULWHG� E\� )��
JHQHUDWLRQ��VLPLODU�SHUFHQWDJH�WR�ZKDW�LV�IRXQG�LQ�
)��JHQHUDWLRQ��)XUWKHU�VWXG\�LV�QHHGHG�WR�REVHUYH�
ZKHWKHU� WKH� ROLJRQXFOHRWLGH� SULPHUV� DQQHDOV� WR�
DQRWKHU�JHQH�WKDW�KDYLQJ�WKH�VDPH�QXFOHRWLGH�DW��
��
DQG�WKH�3&5�SURGXFWV�DUH�WKH�VDPH�JHQH�DV�WKDW�
IRXQG�LQ�)��ILVK�IURP�SDUHQWV�FDUU\LQJ�WKH�0+&�,�
PDUNHU�

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

� 7KLV�UHVHDUFK�ZDV�SDUWLDOO\�VXSSRUWHG�E\�368�
5HVHDUFK�*UDQW�1R�������,7������31������IURP�
0LQLVWU\� RI � 5HVHDUFK� DQG� +LJKHU� (GXFDWLRQ��
,QGRQHVLD�

5()(5(1&(6

$OLPXGGLQ�� 0XELQXQ�� 6DQWLND� $�� &DUPDQ� 2�� )DL]DO� ,��
6XPDQWDGLQDWD� .�� ������ ,GHQWLILFDWLRQ� RI � WKH�
0DMDOD\D� FRPPRQ� FDUS� VWUDLQ� UHVLVWDQFH� WR� .+9�
LQIHFWLRQ� XVLQJ�&\FD�'$%���� DOOHOH� DV� D�PDUNHU��
,QGRQHVLDQ�$TXDFXOWXUH�-RXUQDO�������������

$PHULFDQ� 3XEOLF� +HDWOK� $VVRFLDWLRQ� �$3+$�� >,QWHUQHW@��
������ 6WDQGDUG� PHWKRGV� IRU� WKH� H[DPLQDWLRQ� RI �
ZDWHU�DQG�ZDVWHZDWHU��>FLWHG������$XJ���@��$YDLODEOH�
IURP�� KWWS���ZZZ�PZD�FR�WK�GRZQORDG�ILOHB�
XSORDG�60::B����������SGI

$QGD\DQL��0DUVRHGL�6��6DQRHVL�(��:LOXMHQJ�$(��6XSUDVWLDQL�
+��������3URILO�KHPDWRORJLV�EHEHUDSD�VSHVLHV�LNDQ�DLU�
WDZDU�EXGLGD\D��>+HPDWRORJ\�SURILOH�RI �IUHVKZDWHU�
ILVK� VSHFLHV@�� 1DWLRQDO� &RQIHUHQFH� ²� *UHHQ�
7HFKQRORJ\����S��������

$QGHUVRQ�'3�� 6LZLFNL� $.�� ������ %DVLF� KHPDWRORJ\� DQG�
VHURORJ\�IRU�ILVK�KHDOWK�SURJUDPV��0DQLOD��3+���)LVK�
+HDOWK�6HFWLRQ��$VLDQ�)LVKHULHV�6RFLHW\�

$]LV��$OLPXGGLQ��6XNHQGD��=DLULQ�0-U������D��,GHQWLILNDVL�
NDQGLGDW� PDUND� 0+&� ,� SDGD� LNDQ� OHOH�
�&ODULDV� VS��� WDKDQ� LQIHNVL� $HURPRQDV� K\GURSKLOD��
>,GHQWLILFDWLRQ� RI � 0+&� ,� PDUNHU� FDQGLGDWH� LQ�
FDWILVK� �&ODULDV� VS��� UHVLVWDQFH� WR� $HURPRQDV�
K\GURSKLOD� LQIHFWLRQ@�� -XUQDO� 5LVHW� $NXDNXOWXU�
������������

$]LV�� $OLPXGGLQ�� 6XNHQGD�� =DLULQ� 0-U�� ����E�� 0+&� ,�
PROHFXODU�PDUNHU� LQKHULWDQFH� DQG� ILUVW� JHQHUDWLRQ�
FDWILVK� �&ODULDV� VS��� UHVLVWDQFH� DJDLQVW� $HURPRQDV�
K\GURSKLOD� LQIHFWLRQ�� 3DN� -� %LRWHFKQRO� ������
������

%OD[KDOO� 3&�� 'DLVOH\� .:�� ������ 5RXWLQH� KHPDWRORJLFDO�
PHWKRGV� IRU� XVH� ZLWK� ILVK� EORRG�� -� )LVK� %LRO�
������������

'HO� &RUDO� )�� 6KRWWV� (%�� � %URZQ� -�� ������ $GKHUHQFH�
KDHPDJJOXWLQDWLRQ� DQG� FHOO� VXUIDFH� FKDUDFWHULVWLFV�
RI �PRWLOH�DHURPRQDGV�YLUXOHQW�IRU�ILVK��-�)LVK�'LV�
���������²���

+DVWXWL� 6�� 6XEDQGL\RQR�� ������ &DWILVK� �&ODULDV� JDULHSLQXV�
%XUFK�� ZHOO�EHLQJ� ZKLFK�PDLQWDLQHG� ZLWK� ELRIORF�
WHFKQRORJ\��,-)67������������

.LUSLFKQLNRY�96��������*HQHWLFV�DQG�EUHHGLQJ�RI �FRPPRQ�
FDUS��3DULV��)5���,15$�(GLWLRQV�

.XE\�-��������,PPXQRORJ\��&DOLIRUQLD��86���:�+�)UHHPDQ�
DQG�&RPSDQ\�

/L�&��:DQJ�5��6X�%��/XR�<��7HUKXQH�-��%HFN�%��3HDWPDQ�(��
������ (YDVLRQ� RI � PXFRVDO� GHIHQVHV� GXULQJ�
$HURPRQDV� K\GURSKLOD� LQIHFWLRQ� RI � FKDQQHO� FDWILVK�
�,FWDOXUXV� SXQFWDWXV�� VNLQ�� 'HY� &RPS� ,PPXQRO�
�������������

0DUWLQV�0/��0RXULxR�-/3��$PDUDO�*9��9LHLUD�)1��'RWWD�
*�� -DWREi� $0%�� «� 3HUHLUD�-U� *�� ������
+DHPDWRORJLFD O � FKDQJHV� LQ� 1LOH � W L ODS LD �
H[SHULPHQWDOO\�LQIHFWHG�ZLWK�(QWHURFRFFXV�VS�� �%UD]�-�
%LRO��������������

0LQLVWU\� RI � 0DULQH� $IIDLUV� DQG� )LVKHULHV� 5HSXEOLF� RI �
,QGRQHVLD� �00$)�� >,QWHUQHW@�� ������ 00$)�
GHYHORSHG�HQYLURQPHQWDO�IULHQGO\�PHWKRG�LQ�FDWILVK�
IDUPLQJ�ZLWK�ELRIORF��>FLWHG������$XJ���@��$YDLODEOH�
IURP�� KWWS���ZZZ�GMSE�NNS�JR�LG�DUVLS�F������
NNS�NHPEDQJNDQ�WHNQRORJL�EXGLGD\D�LNDQ�OHOH�
UDPDK� O LQJNXQJDQ�PHWRGH�E LRIRN�XQWXN�
NHEHUODQMXWDQ�"FDWHJRU\BLG 

5DNXV� /.�� ������ 0DMRU� KLVWRFRPSDWLELOLW\� �0+��
SRO\PRUSKLVP�RI �FRPPRQ�FDUS� OLQN�ZLWK�GLVHDVH�
UHVLVWDQFH� >7KHVLV@�� 5HWUHLYHG� IURP� :DJHQLQJHQ�
8QLYHUVLW\�

5H\� $�� 9HUMDQ� 1�� )HUJXVRQ� +:�� ,UHJXO� &�� ������
3DWKRJHQHVLV� RI �$HURPRQDV� K\GURSKLOOD� VWUDLQ�.-���
LQIHFWLRQ� DQG� LWV� H[WUDFHOXOODU� SURGXFWV� LQ� WZR�
VSHFLHV� RI � ILVK�� 9HW� 5HF� ��������������� GRL��
��������YU�����������

���

*URZWK�DQG�UHVLVWDQFH�RI �)��$IULFDQ�FDWILVK�DJDLQVW�$HURPRQDV�K\GURSKLOD�²�$OLPXGGLQ�HW�DO�



7UL\DQLQJVLK��6DUMLWR��3UD\LWQR�6%��������3DWKRJHQLFLW\�RI �
$HURPRQDV� K\GURSKLOD� LVRODWHG� IURP� FDWILVK� �&ODULDV�
JDULHSLQXV��GHULYHG�IURP�%R\RODOL��-$07HFK���������
��

:XODQGDUL�$��3UD\LWQR�6%��6DUMLWR��������3DWKRJHQLFLW\�RI �
.��� LVRODWH� ZKLFK� LVRODWHG� IURP� FDWILVK� �&ODULDV�
JDULHSLQXV��GHULYHG�IURP�'HPDN��-$07HFK����������
��

<DQWR�+��+DVDQ� 6XQDUWR��������6WXGL�KHPDWRORJL�XQWXN�+��
GLDJQRVD�SHQ\DNLW�LNDQ�VHFDUD�GLQL�GL�6HQWUD�3URGXNVL�

%XGLGD\D� ,NDQ� $LU� 7DZDU� 6XQJDL� .DSXDV� .RWD�
3RQWLDQDN�� >(DUO\� ILVK� GLVHDVH� GLDJQRVH� WKURXJK�
KDHPDWRORJLFDO� DQDO\VLV� LQ� 0DLQ� &HQWHU� IRU�
)UHVKZDWHU�$TXDFXOWXUH��.DSXDV�5LYHU��3RQWLDQDN@��
-XUQDO�$NXDWLND����� �������

=KDQJ '�+� 6KRHPDNHU ([SHULPHQWDO� '�� ;X� � � &�� ������ �
LQGXFWLRQ RI PRWLOH LQ FKDQQHO� � �$HURPRQDV�VHSWLFHPLD� � �
FDWILVK � � E\ ZDWHUERUQH FKDOOHQJH� ,FWDOXUXV�SXQFWDWXV � � � �
Z � � $HURPRQDV� K\GURSKLOD�� �LWK YLUXOHQW $TXDFXOWXUH
5HSRUWV � �� ���� � �
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