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5HVHDUFK�&HQWHU�IRU�%LRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI �6FLHQFHV�&6&�/,3,��%RJRU��������,QGRQHVLD

5HFHLYHG����-XO\�������$FFHSWHG�����-XO\�����

$%675$&7

� 6DOLQH�VRLO�LV�D�FRPPRQ�SUREOHP�LQ�FRDVWDO�SDGG\�ILHOG��HVSHFLDOO\�LQ�,QGRQHVLD��6DOLQLW\�DIIHFWV�ULFH�JURZWK�DQG�WKH�
DFWLYLWLHV�RI �VRLO�IXQFWLRQDO�PLFUREHV��LQFOXGLQJ�IXQFWLRQDO�EDFWHULD��ZKLFK�SOD\�UROHV�LQ�SODQW�JURZWK��6RPH�RI �WKHVH�
PLFUREHV�DUH�DVVRFLDWHG�ZLWK�ULFH�SODQWV�DQG�DUH�DEOH�WR�VXUYLYH�XQGHU�VDOLQH�FRQGLWLRQ��7KH�SUHVHQFH�RI �IXQFWLRQDO�
PLFUREHV�LV�DOVR�LPSRUWDQW�WR�LPSURYH�VRLO�TXDOLW\��1LWURJHQ�DQG�SKRVSKDWH�DUH�HVVHQWLDO�VRLO�QXWULHQWV�DQG�LV�DYDLODEOH�LQ�
VRLO�GXH�WR�WKH�DFWLYLWLHV�RI �QLWURJHQ�IL[LQJ�EDFWHULD�DQG�IUHH�OLYLQJ�SODQW�DVVRFLDWHG�EDFWHULD��7KH�REMHFWLYH�RI �WKH�
SUHVHQW�VWXG\�ZDV�WR�REWDLQ�QLWURJHQ�IL[LQJ��SKRVSKDWH�VROXELOL]LQJ�DQG�,QGROH�$FHWLF�$FLG���,$$��SURGXFLQJ�EDFWHULD�
WKDW�DUH�DEOH�WR�VXUYLYH�DQG�SURPRWH�WKH�JURZWK�RI �ULFH�XQGHU�VDOLQH�FRQGLWLRQV��)URP�ULFH�DQG�SHDQXW�UKL]RVSKHUH��&D�
SKRVSKDWH��&D�3��VROXELOL]LQJ�DQG�QLWURJHQ�IL[LQJ�EDFWHULD�ZHUH�LVRODWHG�VHSDUDWHO\�XVLQJ�VSHFLILF�PHGLD��7KHQ��WKH�&D�
3�VROXELOL]LQJ�DELOLW\��SKRVSKRPRQRHVWHUDVH�DFWLYLW\�DQG�,$$�SURGXFLQJ�DELOLW\�ZHUH�TXDQWLWDWLYHO\�H[DPLQHG��%DVHG�
RQ�WKH�DELOLWLHV�����VWUDLQV�ZHUH�VHOHFWHG�DQG�LGHQWLILHG�DV�%XUNKROGHULD�FHSDFLD�FRPSOH[��%XUNKROGHULD�DQWKLQD��%XUNKROGHULD�
FHQRFHSDFLD��%DFLOOXV�FHUHXV�FRPSOH[��WKUHH�VWUDLQV���$FKURPREDFWHU�VSDQLXV��$]RVSLULOOXP�VS���IRXU�VWUDLQV���$]RWREDFWHU�VS��
�WKUHH�VWUDLQV���5KL]RELXP�OHJXPLQRVDUXP��5KL]RELXP�VS���WZR�VWUDLQV���DQG�3VHXGRPRQDV�VS���WKUHH�VWUDLQV���7KH�LQRFXODWLRQ�
RI �VHYHUDO�VLQJOH�VWUDLQV�RU�WKH�PL[WXUH�RI �WKH�VHOHFWHG�VWUDLQV�SURPRWHG�WKH�JURZWK�RI �ULFH�XQGHU�VDOLQH�FRQGLWLRQV��
7KHVH�LQRFXODQWV�FRXOG�EH�SRWHQWLDO�DV�ELRIHUWLOL]HU�LQ�VDOLQH�SDGG\�ILHOGV��

� .H\ZRUGV��,QGROH�$FHWLF�$FLG�SURGXFWLRQ���SKRVSKDWH�VROXELOL]DWLRQ��SODQW�JURZWK�SURPRWLQJ�EDFWHULD��QLWURJHQ�
IL[DWLRQ��UKL]RVSKHUH��ULFH
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0RVW�RI �WKH�IHUWLOH�SDGG\�ILHOGV�LQ�,QGRQHVLD�
DUH� ORFDWHG� LQ� FRDVWDO� DUHD� DQG� H[SHULHQFHV� VRLO�
VDOLQL]DWLRQ�GXH�WR�VHDZDWHU�LQWUXVLRQ��'MXIU\�HW�DO��
�������6DOLQLW\�DIIHFWV�QRW�RQO\�WKH�JURZWK�RI �ULFH�
�2U\]D� VDWLYD� /LQQ���� � EXW� DOVR� WKH� DFWLYLWLHV� RI �
IXQFWLRQDO�VRLO�PLFUREHV��LQFOXGLQJ�EDFWHULD����WKDW�
SOD\� UROHV� LQ� PLQHUDOL]DWLRQ� RI � PDFUR� DQG�
PLFURHOHPHQWV� IRU� SODQW� JURZWK� �%DOVHU� HW� DO��
�������6RPH�RI �WKHVH�EDFWHULD�DUH�DVVRFLDWHG�ZLWK�
ULFH� SODQWV� DQG� DUH� DEOH� WR� VXUYLYH� XQGHU� VDOLQH�
FRQGLWLRQ�� 7KH� DFWLYLW\� RI � VRLO� PLFUREHV� LV� DQ�
LPSRUWDQW� DVSHFW� RI � ELRJHRFKHPLFDO� F\FOHV� RI �
FDUERQ��QLWURJHQ��VXOIXU��SKRVSKRUXV��HWF���%DQLJ�
HW�DO���������7KH�SUHVHQFH�RI �IXQFWLRQDO�PLFUREHV�
LV� DOVR� LPSRUWDQW� WR� LPSURYH� WKH�TXDOLW\�RI � VRLO�
�:LMHEDQGDUD�HW�DO���������1LWURJHQ�DQG�SKRVSKDWH�
DUH�HVVHQWLDO�QXWULHQWV�DQG�DUH�DYDLODEOH�LQ�VRLO�GXH�
WR� WKH� DFWLYLWLHV� RI � QLWURJHQ�IL[LQJ� EDFWHULD� DQG�

IUHH�OLYLQJ�SODQW�DVVRFLDWHG�EDFWHULD� �6WHHQKRXGW�
	�9DQGHUOH\GHQ��������6HYHUDO�EDFWHULD�EHORQJLQJ�
WR� WKH� JHQHUD� 5KL]RELXP�� $]RWREDFWHU� � DQG�
$]RVSLULOOXP�DUH�DEOH�WR�IL[�QLWURJHQ�DQG�VROXELOL]H�
SKRVSKDWH��1RVUDWL�HW�DO�� ��������6RPH�PHPEHUV�
RI � WKHVH� JHQHUD� DOVR� SURGXFH� SODQW� JURZWK�
SURPRWLQJ�KRUPRQH�VXFK�DV�,QGROH�$FHWLF�$FLG�
�,$$���JLEEHUHOOLQV�DQG�F\WRNLQLQV��%KDWWDFKDU\\D�
	�-KD��������7KHUHIRUH��WKHVH�JHQHUD�DUH�UHJDUGHG�
DV� LPSRUWDQW� FRPSRQHQWV� RI � ELRIHUWLOL]HU� �5DR�
������%KDWWDFKDUMHH�	�'H\�������� ,QWURGXFWLRQ�
RI � JURZWK� SURPRWLQJ� EDFWHULD� FDQ� LQFUHDVH�
QLWURJHQ�DYDLODELOLW\�IRU�SODQWV�DQG�HQKDQFH�FURS�
SURGXFWLYLW\��+RZHYHU��YHU\� OLWWOH� LQIRUPDWLRQ� LV�
DYDLODEOH�IRU�WKH�HIIHFW�RI �VDOLQLW\�RQ�EDFWHULD�WKDW�
KDYH� EHQHILFLDO� IXQFWLRQV�� VXFK� DV� QLWURJHQ�
IL[DWLRQ�� SKRVSKDWH� VROXELOL]DWLRQ� DQG� WKH�
SURGXFWLRQ�RI �SODQW�JURZWK�KRUPRQH��3OLHJR�HW�DO��
������/XJWHQEHUJ� HW� DO�� ������1DNEDQSRWH� HW� DO��
������� 7KH� SXUSRVH� RI � WKLV� VWXG\� LV� WR� REWDLQ�
QLWURJHQ�IL[LQJ��SKRVSKDWH�VROXELOL]LQJ�DQG�,$$�
SURGXFLQJ� EDFWHULD� WKDW� DUH� DEOH� WR� VXUYLYH� DQG�
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SURPRWH� WKH� JURZWK� RI � ULFH� XQGHU� VDOLQH�
FRQGLWLRQV�

0$7(5,$/6�$1'�0(7+2'6

%DFWHULDO�6RXUFHV

� %DFWHULDO�VRXUFHV�ZHUH�REWDLQHG�IURP�FROOHFWHG�
UKL]RVSKHUH� RI � ULFH� �2U\]D� VDWLYD�� DQG� SHDQXW�
�$UDFKLV�K\SRJDHD��FXOWLYDWHG�LQ�WKH�UHVHDUFK�ILHOG�RI �
&LELQRQJ� 6FLHQFH� &HQWHU�� :HVW� -DYD� 3URYLQFH��
,QGRQHVLD��7KH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�
RI � WKLV� UHVHDUFK� ILHOG� LQGLFDWHG� WKDW� WKH� VRLO� LV�
LQIHUWLOH�VRLO��7DEOH����

,VRODWLRQ�RI �%DFWHULD

� 3KRVSKDWH�VROXELOL]LQJ�EDFWHULD�ZHUH�VFUHHQHG�
IROORZLQJ�WKH�PHWKRG�RI �3DUN�HW�DO����������+DOR�
]RQH� IRUPDWLRQ� DURXQG� FRORQLHV� DIWHU� �� GD\�
FXOWLYDWLRQ�DW�����&�RQ�3LNRYVND\D�PHGLXP�ZDV�
XVHG� DV� DQ� LQGLFDWRU� RI � &D�3KRVSKDWH� �&D�3��
VROXELOL]DWLRQ� �1JX\HQ� HW� DO�� ������� 1LWURJHQ�
IL[LQJ�EDFWHULD�ZHUH�LVRODWHG�WDUJHWLQJ�WKH�JHQHUD�
5KL]RELXP��$]RSLULOOXP� DQG�$]RWREDFWHU� DFFRUGLQJ�
WR�0XEDULN�HW�DO���������DQG�6DODPRQH�HW�DO���������
DV� ZHOO� DV� $TXLODQWL� DQG� &OHPHQWL� ��������
UHVSHFWLYHO\�

'HWHUPLQDWLRQ�RI �&D�3�6ROXELOL]DWLRQ

� &D�3�VROXELOL]LQJ�DELOLW\�RI �WKH�LVRODWHG�VWUDLQV�
ZDV�TXDQWLWDWLYHO\�GHWHUPLQHG�DFFRUGLQJ�WR�&KHQ�
HW�DO���������E\�PHDVXULQJ�RUWKRSKRVSKDWH�LQ�WKH�
FXOWXUH� IOXLG� DIWHU� �� GD\V� RI � FXOWLYDWLRQ��
2UWKRVSKRVSKDWH� GHWHUPLQDWLRQ�ZDV� FRQGXFWHG�
DFFRUGLQJ�WR�9DVVLOHYD�HW�DO���������

'HWHUPLQDWLRQ�RI �3KRVSKDWDVH�$FWLYLW\

� ([WUDFHOOXODU�SKRVSKRPRQRHVWHUDVH��30(DVH��
DFWLYLW\�RI � WKH�VWUDLQV�ZDV�GHWHUPLQHG�IROORZLQJ�

WKH� PHWKRG� RI � 7DEDWDEDL� DQG� %UHPQHU� �������
XVLQJ�S�QLWURSKHQ\O�SKRVSKDWH��7KH�XQLW�RI �WKH�
30(DVH� DFWLYLW\� ZDV� GHILQHG� DV� �PRO�KRI � S�
QLWURSKHQRO� UHOHDVHG� LQ� �� P/� RI � H[WUDFHOOXODU�
HQ]\PH�VROXWLRQ�WKDW�ZDV�IUDFWLRQHG�IURP�����P/�
RI �WKH�FXOWXUH�IOXLG�DIWHU���GD\V�RI �FXOWLYDWLRQ�

'HWHUPLQDWLRQ�RI �,$$�3URGXFWLRQ

� 7KH� ,$$� SURGXFWLRQ� RI � WKH� VWUDLQV� ZDV�
LQYHVWLJDWHG�DIWHU���GD\V�RI �FXOWLYDWLRQ��IROORZLQJ�
WKH�PHWKRGV�RI �&UR]LHU�HW�DO���������DQG�*UDYHO�HW�
DO���������

6HOHFWLRQ�DQG�,GHQWLILFDWLRQ�RI �%DFWHULD

� %DVHG� RQ� WKH� &D�3� VROXELOL]DWLRQ�� 30(DVH�
DFWLYLW\�DQG�,$$�SURGXFWLRQ�DELOLWLHV��D� WRWDO�RI �
��� VWUDLQV�ZHUH� VHOHFWHG� IURP� WKH�DERYH� VWUDLQV�
IRU� ULFH� JURZWK� DVVD\V�� ,GHQWLILFDWLRQ�RI � WKH� ���
VWUDLQV� ZDV� SHUIRUPHG� IROORZLQJ� WKH� PHWKRG�
RI �2WVXND�HW�DO���������EDVHG�RQ�WKH���6�U51$�
J H Q H � V H T X H Q F H � Z L W K � � � 6 � � ) � � � � �
*$*777*$7&&7**&7&$*���� DQG� ��6�
����5� ���**&7$&&77*77$&*$��� �
SULPHUV�

5LFH� *URZWK� $VVD\� DW� WKH� 6WDJH� RI �

*HUPLQDWLRQ�XQGHU�6DOLQH�&RQGLWLRQ

� 2QH�VWUDLQ�RXW�RI ����WD[RQRPLF�JURXSV�ZDV�
VHOHFWHG�DQG�VXEMHFWHG�WR�D�URRW�DQG�VKRRW�JURZWK�
DVVD\�RI �ULFH�DW�WKH�VWDJH�RI �JHUPLQDWLRQ�EDVHG�RQ�
=DOOHU��������DQG�&HUDEROLQL�HW�DO����������%ULHIO\��
WHQ� VHHGV� RI � WKUHH� ULFH� FXOWLYDUV�� ,13$5$����
,13$5,����DQG�,13$5$���ZHUH�VRDNHG�LQ�VWHULOH�
ZDWHU�IRU���KRXUV�LQ�WKHLU�UHVSHFWLYH�FRQWDLQHUV�� �
7KHVH����ULFH�VHHGV�ZHUH�WKHQ�DUUDQJHG�EDVHG�RQ�
WKHLU� UHVSHFWLYH� FXOWLYDUV� RQ� WRS� RI � ILOWHU� SDSHU�
ZKLFK� ZDV� SXW� � LQVLGH� � D� 3HWULGLVK� ���� FP� LQ�
GLDPHWHU��� )LIWHHQ� PLOOLOLWHU� RI � ���� J�/� 1D&O�
VROXWLRQ�ZDV�SRXUHG�RQWR�WKH�ILOWHU�SDSHU�LQVLGH�

�����7DEOH����3K\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI �VRLOV�LQ�WKH�UHVHDUFK�ILHOG�
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HDFK�3HWULGLVK��RQ�ZKLFK����ULFH�VHHGV�ZHUH�OLQHG�
XS�� IROORZHG� E\� ���� P/� RI � EDFWHULDO� LQRFXODQW�

��
VXVSHQVLRQ� FRQWDLQLQJ� �� FHOOV�P/�� 5RRW� DQG�
VKRRW� OHQJWKV� ZHUH� PHDVXUHG� DW� �� GD\V� DIWHU�
JHUPLQDWLRQ�� 7KLV� H[SHULPHQW�ZDV� VHW� XS� XVLQJ�
&RPSOHWH� 5DQGRPL]HG� 'HVLJQ� ZLWK� WKUHH�
UHSOLFDWLRQV�

5LFH�*URZWK�$VVD\�DW����'D\V�DIWHU�3ODQWLQJ�
XQGHU�6DOLQH�DQG�1RQ�6DOLQH�&RQGLWLRQV

� 7HQ� VWUDLQV� RXW� RI � ��� LVRODWHV� WHVWHG� � RQ�
JHUPLQDWLRQ� WHVW� ZHUH� WKHQ� VXEMHFWHG� WR� ULFH�
JURZWK�DVVD\�IRU����GD\V�XQGHU� �VDOLQH�FRQGLWLRQ�
ZLWK������1D&O�� �7KH�QXPEHU�RI �FHOOV�IRU�HDFK�

�
WUHDWPHQW�ZDV�DGMXVWHG� WR�DERXW�����[��� ��7KLV�
YDOXH� ZDV� VHOHFWHG� EDVHG� RQ� WKH� QXPEHU� RI �
EDFWHULD� FRPPRQO\� IRXQG� � LQ� SDGG\� ILHOG� VRLO�� �
,Q�D�SUHOLPLQDU\�WHVW��ULFH�JURZWK�DVVD\�DW�WKH�VWDJH�
RI � JHUPLQDWLRQ��� ,13$5,���� DQG� ,13$5$���
FRXOG� QRW� JURZ� ZHOO� XQGHU� WKH� VDPH� VDOLQH�
FRQGLWLRQ��7KHUHIRUH��RQO\�,13$5$���ZDV�XVHG�
LQ� WKLV� DVVD\�� )RXU� VHHGV� RI � ,13$5$��� ZHUH�
SODQWHG� WR� H[SHULPHQWDO� SRWV� ����� JDOORQ� SRWV��
FRQWDLQLQJ� VWHULOH� VDQGV� ����� NJ�� IORRGHG� ZLWK�
ZDWHU�ILHOG�FDSDFLW\�RI �VDQGV� �����RU�����P/���� �
7UHDWPHQWV� DSSOLHG� ZHUH�� ��� 6DOLQH� FRQGLWLRQ�
�DGGLQJ�����P/�RI ������1D&O����J�1D&O��WR�WKH�
���� JDOORQ� SRWV�� DQG� ��� QRQ�VDOLQH� FRQGLWLRQ�

�ZLWKRXW� �����1D&O��� ,QWR� HDFK� SRW�� ��P/� RI � �
EDFWHULDO� LQRFXODQW� VXVSHQVLRQ� ZDV� DGGHG�� 7KH�
UHVXOW�RI �H[SHULPHQW�LV�VKRZQ�LQ�7DEOH����$IWHU���
GD\V�� WKH� VHFRQG� LQRFXODWLRQ� ZLWK� WKH� VDPH�
DPRXQW�RI �EDFWHULDO�VXVSHQVLRQ�ZDV�FRQGXFWHG��
7KH�ZDWHU� OHYHO� LQ�SRW�ZDV� UHJXODWHG�E\�DGGLQJ�
VWHULOH� ZDWHU� WR� FRPSHQVDWH� ZDWHU� GHFUHDVH�
GXH� WR� HYDSRUDWLRQ�� 7KH� HOHFWULFDO� FRQGXFWLYLW\�
�(&�� YDOXH� RI � WKH� DVVD\� PHGLD� XQGHU� VDOLQH�
FRQGLWLRQ�ZDV�NHSW� DW�����P6�FP�� �$W����GD\V�
DIWHU�SODQWLQJ�WKH�JURZWK�RI �ULFH�ZDV�HYDOXDWHG��
7KLV�H[SHULPHQW�ZDV�VHW�DV�FRPSOHWH�UDQGRPL]HG�
GHVLJQ�SHUIRUPHG�ZLWK�WKUHH�UHSOLFDWLRQV�

5(68/76�$1'�',6&866,21

&RPSRVLWLRQ�RI �WKH�6WUDLQV

� 7KH� VHOHFWHG� ��� VWUDLQV�� RULJLQDWHG� IURP� WKH�
UKL]RVSKHUH�RI �ULFH�DQG�SHDQXW��EHORQJHG�WR�WKH�
JHQHUD� %XUNKROGHULD�� %DFLOOXV�� $FKURPREDFWHU��
3VHXGRPRQDV�� $]RVSLULOOXP�� 5KL]RELXP� DQG�
$]RWREDFWHU� �7DEOH� ����7KH� VHOHFWHG� VWUDLQV�ZHUH�
RULJLQDWHG� IURP�QRQ�VDOLQH� VRLO��7KH� UHDVRQ� IRU�
WKH� VHOHFWLRQ�ZDV� WR� FRPSDUH� WKH� SK\VLRORJLFDO�
FKDUDFWHULVWLFV�RI �PLFUREHV� LVRODWHG� IURP�VDOLQH�
DQG� QRQ�VDOLQH� VRLO�� 7KH� UHVXOW� RI � WKLV� VWXG\�
VKRZHG� WKDW� WKH� IXQFWLRQDO� PLFUREHV� IRU�

7DEOH����/LVW�RI �EDFWHULD�LVRODWHG�IURP�ULFH�DQG�SHDQXW�UKL]RVSKHUH

,VRODWH �
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 �
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 � 7D[RQ � 6RXUFH �
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3URWHREDFWHULD�%HWD� �
)LUPLFXWHV�%DFLOOL �
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�
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�
3URWHREDFWHULD�$OSKD�

�)LUPLFXWHV�%DFLOOL
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�3URWHREDFWHULD�*DPPD�
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�

5LFH� �
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5LFH� �
5LFH �
5LFH ��
5LFH� �
5LFH� �
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1RWHV�� 
�  � $�6WUDLQ�ZLWK�3�LQ�LWV�FRGH�ZHUH�LVRODWHG�DV�&D�3�VROXELOL]LQJ�EDFWHULD��DQG�WKDW�ZLWK�1�ZHUH�LVRODWHG�DV�QLWURJHQ�IL[LQJ�EDFWHULD
� 

� �$OSKD���%HWD���DQG�*DPPD��GHQRWH�WKH�FODVVHV�$OSKDSURWHREDFWHULD���%HWDSURWHREDFWHULD�DQG�*DPPDSURWHREDFWHULD���UHVSHFWLYHO\

%XUNKROGHULD�FHSDFLD�FRPSOH[
%XUNKROGHULD�FHQRFHSDFLD
%DFLOOXV�FHUHXV�FRPSOH[
$FKURPREDFWHU�VSDQLXV
%DFLOOXV�FHUHXV�FRPSOH[
3VHXGRPRQDV�VS�
$]RVSLULOOXP�VS�
$]RVSLULOOXP�VS�
5KL]RELXP�VS�
$]RWREDFWHU�VS�
$]RWREDFWHU�VS�
%XUNKROGHULD�DQWKLQD
5KL]RELXP�VS�
3VHXGRPRQDV�VS�
5KL]RELXP�OHJXPLQRVDUXP
$]RVSLULOOXP�VS�
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$]RWREDFWHU�VS�
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SURPRWLQJ� ULFH� JURZWK�ZHUH�QRW� GLIIHUHQW� IURP�
WKDW�UHSRUWHG�E\�6XVLORZDWL�HW�DO���������

3KRVSKDWH�6ROXELOL]LQJ�$ELOLW\�RI �WKH�6WUDLQV

� &D�3�VROXELOL]LQJ�DELOLW\�RI �WKH�VWUDLQV�LV�VKRZQ�
LQ�7DEOH����7KH�GLIIHUHQFH�LQ�WKH�VWUHQJWK�RI �&D�3�
VROXELOL]LQJ� DELOLW\� ZDV� QRW� UHODWHG� WR� WKH�
WD[RQRPLF�SURSHUW\��$OO�VWUDLQV�IRUPHG�KDOR�]RQH�
DURXQG� FRORQLHV�� DQG� WKH� DUHD� UDWLR� RI � WKH�KDOR�
]RQH� WR�D�FRORQ\�ZDV�YDULDEOH� �GDWD�QRW� VKRZQ��
LQGLFDWLQJ� WKH� DELOLW\� WR� VROXELOL]H�&D�3�GLIIHUHG�
DPRQJ�WKH�VWUDLQV��7KLV�ZDV�UHIOHFWHG�LQ�WKH�&D�3�
VROXELOL]LQJ� DELOLW\� ZKLFK� ZDV� TXDQWLWDWLYHO\�
GHWHUPLQHG� �7DEOH� ���� 7KH� KLJKHVW� &D�3�
VROXELOL]DWLRQ�DELOLW\�ZDV�VKRZQ�E\�3VHXGRPRQDV�VS��
&6&� 1�� DQG� WKH� ORZHVW� ZDV� VKRZQ� E\�
$FKURPREDFWHU� VSDQLXV� &6&� 3��� 7KH� DFWLYLW\� RI �
30(DVH� LV� VKRZQ� LQ� 7DEOH� ��� 3VHXGRPRQDV� VS��
&6&1�� DJDLQ� VKRZHG� WKH� KLJKHVW� 30(DVH�
DFWLYLW\��DQG�$FKURPREDFWHU�VSDQLXV�&6&�3��VHHPHG�
WR�KDYH�QR�H[WUDFHOOXODU�30(DVH�DFWLYLW\�

1LWURJHQ�)L[LQJ�$ELOLW\�RI �WKH�6WUDLQV

� $OO�VWUDLQV�EHORQJLQJ�WR�5KL]RELXP��$]RWREDFWHU�
DQG�$]RVSLULOOXP� � JHQHUD� ZHUH� DEOH� WR� JURZ� RQ�
QLWURJHQ�OLPLWHG�PHGLD�LPSO\LQJ�WKDW�WKHVH�VWUDLQV�
ZHUH�DEOH�WR�IL[�QLWURJHQ��&KLHQ�HW�DO��������

,$$�3URGXFWLRQ�RI �WKH�6WUDLQV

� ,$$� SURGXFWLRQ� RI � WKH� VWUDLQV� LV� VKRZQ� LQ�
7DEOH� ��� 7KH� DPRXQW� RI � ,$$�SURGXFHG� YDULHG�
GHSHQGLQJ�RQ�VWUDLQV��7KH�KLJKHVW�SURGXFWLRQ�ZDV�
DFKLHYHG� E\� $]RVSLULOOXP� VS�� &6&� 3�� DQG�
$]RVSLULOOXP� VS�� &6&� 3��� 7KH� ORZHVW� ,$$�
SURGXFWLRQ�ZDV�GHWHFWHG�LQ�$FKURPREDFWHU�VSDQLXV� � �
&6&�3��

(IIHFW�RI �%DFWHULDO�,QRFXODWLRQ�RQ�WKH�5LFH

� 'XULQJ�WKH���GD\�JHUPLQDWLRQ�DVVD\�ZLWK������
1D&O�� WKH� HIIHFW�RI �EDFWHULDO� LQRFXODWLRQ�YDULHG�
GHSHQGLQJ� RQ� WKH� VWUDLQV� �7DEOH� ���� 7KH� EHVW�
JURZWK�ZDV�REWDLQHG�E\�WKH�PL[WXUH�RI �VWUDLQV�RQ�
,13$5$����ZLWK������FP�DQG�����FP�LQ�VKRRW�DQG�
URRW�OHQJWK��UHVSHFWLYHO\��0HGLXP�OHYHO�HIIHFW�ZDV�
REVHUYHG�LQ�%XUNKROGHULD�FHSDFLD�FRPSOH[��%DFLOOXV�
FHUHXV�FRPSOH[�� 3VHXGRPRQDV� VS��� $]RVSLULOOXP� VS��
DQG� $]RWREDFWHU� VS�� +RZHYHU�� LQRFXODWLRQ� RI �
%XUNKROGHULD� FHQRFHSDFLD�� $FKURPREDFWHU� VSDQLXV��
5KL]RELXP�VS���%XUNKROGHULD�DQWKLQD�DQG�5KL]RELXP�
OHJXPLQRVDUXP� KDG� QR� HIIHFW� RQ� VKRRW� DQG� URRW�
OHQJWK�� &XOWLYDUV� ,13$5$��� DQG� ,13$5,����
FRXOG�QRW�JURZ�ZLWKRXW�DQ\�LQRFXODQW��FRQWURO��RU�
ZLWK�ILYH�VLQJOH�VWUDLQ�LQRFXODQWV�
� ,Q� WKH� ���GD\� JURZWK� DVVD\� �7DEOH� ���� WKH�
JURZWK�RI �ULFH�FXOWLYDU�,13$5$��� �XQGHU�VDOLQH�

%XUNKROGHULD�FHSDFLD�FRPSOH[
%XUNKROGHULD�FHQRFHSDFLD
%DFLOOXV�FHUHXV�FRPSOH[
$FKURPREDFWHU�VSDQLXV
%DFLOOXV�FHUHXV�FRPSOH[
3VHXGRPRQDV�VS�
$]RVSLULOOXP�VS�
$]RVSLULOOXP�VS�
5KL]RELXP�VS�
$]RWREDFWHU�VS�
$]RWREDFWHU�VS�
%XUNKROGHULD�DQWKLQD�
5KL]RELXP�VS�
3VHXGRPRQDV�VS�
5KL]RELXP�OHJXPLQRVDUXP
$]RVSLULOOXP�VS�
%DFLOOXV�FHUHXV�FRPSOH[
$]RWREDFWHU�VS�
3VHXGRPRQDV�VS�
$]RVSLULOOXP�VS�
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1RWH��9DOXHV�IROORZHG� �E\�WKH�VDPH�OHWWHU�LQ�WKH�VDPH�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW� �EDVHG�RQ�'XQFDQ
V�PXOWLSOH�UDQJH�WHVW�DW�
���OHYHO

FRQGLWLRQ� ZDV� OHVV� WKDQ� WKDW� XQGHU� QR� VDOLQH�
FRQGLWLRQ�� �8QGHU�VDOLQH�FRQGLWLRQ�� ULFH�FXOWLYDU�
,13$5$���LQRFXODWHG�ZLWK�WKH�PL[WXUH�RI �VWUDLQV�
VKRZHG�WKH�EHVW�JURZWK�ZLWK����FP�LQ�SODQW�KHLJKW�
DQG� ���� FP� LQ� URRW� OHQJWK�� $V� D� VLQJOH� LVRODWH�
LQRFXODWLRQ��3VHXGRPRQDV�VS��&6&�1��VKRZHG�WKH�
EHVW�HIIHFW�
� 7ZHQW\� VWUDLQV� ZLWK� &D�3� VROXELOL]LQJ��
H[WUDFHOOXODU� 30(DVH� SURGXFLQJ� DQG� ,$$�
SURGXFLQJ� DELOLWLHV� ZHUH� VXFFHVVIXOO\� REWDLQHG��
ZLWK�DQ�H[FHSWLRQ�RI �$��VSDQLXV�&6&�3��WKDW�GLG�

QRW�VKRZ�FOHDU�30(DVH�DFWLYLW\��7KHVH�VWUDLQV�GLG�
QRW� OHDQ� WR� D� VSHFLILF� WD[RQRPLF� OLQHDJH� DQG�
FRPSRVHG�RI �PHPEHUV�RI �WKH�SK\OD�3URWHREDFWHULD�
�WKH� FODVVHV� $OSKDSURWHREDFWHULD�� %HWDSURWHREDFWHULD�
DQG�*DPPDSURWHREDFWHULD��DQG�)HUPLFXWHV��7KH�IDFW�
WKDW� WKH� VWUDLQV�ZHUH� LVRODWHG� DV�QLWURJHQ�IL[LQJ�
EDFWHULD� LQFOXGLQJ� &D�3� VROXELOL]LQJ� PHPEHUV�
LQGLFDWHG� WKDW� &D�3� VROXELOL]LQJ� DELOLW\� ZDV�
FRPPRQ� DPRQJ�EDFWHULD�� DW� OHDVW� DPRQJ� WKRVH�
OLYLQJ�LQ�WKH�UKL]RVSKHUH��,W�ZDV�DOVR�SRVVLEOH�WKDW�
30(DVH� DFWLYLW\� ZDV� FRPPRQ� DPRQJ�
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UKL]RVSKHUH�EDFWHULD��,QWHUHVWLQJO\��WKH�VWUDLQV�ZLWK�
KLJKHU�&D�3�VROXELOL]LQJ�DELOLW\�JHQHUDOO\�VKRZHG�
KLJKHU�30(DVH�DFWLYLW\��,$$�SURGXFWLRQ�ZDV�DOVR�
UHSRUWHG�DV�FRPPRQ�DPRQJ�VRLO�EDFWHULD��+DVDQ�
������;LQ�HW�DO���������ZKLFK�ZDV�VXSSRUWHG�E\�WKH�
SUHVHQW�VWXG\�
� 6DOLQH�HQYLURQPHQW�LQKLELWV�ULFH�JURZWK��7KLV�LV�
EHFDXVH�ULFH�LV�D�VDOLQH�VHQVLWLYH�SODQW��$VKUDI �	�

� �
+DUULV��������DOVR�EHFDXVH�WKH�XSWDNH�RI �&D ��. ��

DQG�LQRUJDQLF�1�DQG� �3�DUH�GLVUXSWHG�XQGHU�KLJK�
1D� FRQFHQWUDWLRQ� �$VKUDI � 	� +DUULV� ������� ,Q�
DGGLWLRQ�� WKH� VDOLQLW\� DOVR� DIIHFWHG� VRLO� HQ]\PH�
DFWLYLWLHV� �6LGGLNHH� HW� DO�� ������� ZKLFK� FRXOG�
LQGLUHFWO\�DIIHFW�ULFH�JURZWK��7KH�LQRFXODWLRQ�RI �
WKH�VHOHFWHG�VWUDLQV�DIIHFWHG�JHUPLQDWLRQ�RI �ULFH�
XQGHU�VDOLQH�FRQGLWLRQ��7DEOH�����7KH�LQRFXODWLRQ�
RI �PL[WXUH�RI �WKH�VWUDLQV�UHVXOWHG�LQ�WKH�EHVW�ULFH�
JURZWK��$V�VLQJOH�VWUDLQ��$]RVSLULOOXP�VS��&6&�3��
DQG�3VHXGRPRQDV�VS��&6&�3��SURYLGHG�WKH�EHVW�DQG�
WKH�VHFRQG�EHVW�ULFH�JURZWK�VXSSRUW��UHVSHFWLYHO\��
,W�ZDV�SRVVLEOH�WKDW�WKH�LQRFXODQWV�VXSSRUWHG�WKH�
JURZWK�RI �ULFH�E\�VXSSO\LQJ�SKRVSKDWH�DQG�,$$��

$]RVSLULOOXP�VS��LV�D�SRWHQWLDO�QLWURJHQ�IL[HU�DQG�WKH�
PL[WXUH� RI � WKH� VWUDLQV� DOVR� LQFOXGHV� QLWURJHQ�
IL[HUV�� 7KHUHIRUH�� LW� ZDV� SRVVLEOH� WKDW� QLWURJHQ�
IL[HG�E\�WKH�LQRFXODQWV�PLJKW�DOVR�SURPRWH�ULFH�
JURZWK��5LFH�FXOWLYDUV�,13$5,����DQG�,13$5$�
�� GLG� QRW� JURZ� ZLWKRXW� WKH� H[LVWHQFH� RI �
LQRFXODQWV�� 7KH� SUHVHQW� VWXG\� VKRZHG� WKDW� WKH�
LQRFXODWLRQ� RI � ILYH� VWUDLQV� DQG� WKH� PL[WXUH� RI �
VWUDLQV� HQDEOHG� WKHVH� FXOWLYDUV� WR� JURZ�� 7KLV�
LQGLFDWHG�WKDW�WKH�LQRFXODWLRQ�QRW�RQO\�SURPRWHG�
ULFH�JURZWK�E\�VXSSO\LQJ�QXWULHQW�DQG�,$$��EXW�
DOVR�HQKDQFHG� ULFH� WROHUDQFH� WRZDUGV� VDOLQLW\�� ,W�
ZDV� LQWHUHVWLQJ� WKDW� VRPH� VWUDLQV� LVRODWHG� IURP�
SHDQXW�UKL]RVSKHUH�FRXOG�SURPRWH�DQG�VXSSRUW�
ULFH�JURZWK�
� $PRQJ�WKH�ULFH�FXOWLYDUV�WHVWHG�LQ�WKH�SUHVHQW�
VWXG\��RQO\�,13$5$���JUHZ�LQ�VDOLQH�FRQGLWLRQ�
ZLWKRXW� LQRFXODWLRQ� RI � WKH� VWUDLQV�� 7KHUHIRUH��
,13$5$��� ZDV� WKHQ� VXEMHFWHG� WR� ULFH� JURZWK�
DVVD\� ZLWK� ����� 1D&O�� ,Q� WKLV� DVVD\�� WKH�
LQRFXODWLRQ�RI ��WKH�PL[WXUH�RI �VWUDLQV��3VHXGRPRQDV�
VS��&6&�3��DQG�$]RVSLULOOXP�VS��&6&�3��SURYLGHG�

1RWHV�� 9DOXHV�IROORZHG��E\�WKH�VDPH�OHWWHU�LQ�WKH�VDPH�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�E\�'XQFDQ
V�PXOWLSOH�UDQJH�WHVW�DW����OHYHO�
� 1RQ�VDOLQH�FRQGLWLRQ� �����P/�IUHVKZDWHU��LQ�����JDOORQ�SRWV��
� 6DOLQH�FRQGLWLRQ� �����P/�IUHVKZDWHU�LQ�����JDOORQ�SRWV�ZDV�DGGHG�ZLWK������1D&O����J�1D&O��
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WKH�EHVW��WKH�VHFRQG�EHVW��DQG�WKH�WKLUG�EHVW�ULFH�
JURZWK� VXSSRUW�� UHVSHFWLYHO\�� 7KHVH� LQRFXODQWV�
PD\�EH�SURPLVLQJ�DV�ELRIHUWLOL]HU�WR�VXSSRUW�ULFH�
JURZWK�LQ�VDOLQH�SDGG\�ILHOGV�

��
&21&/86,216

� 7ZHQW\� VWUDLQV� RI � UKL]RVSKHUH� EDFWHULD� ZLWK�
&D�3�VROXELOL]LQJ�DELOLW\�DQG�,$$�SURGXFWLRQ�ZHUH�
VXFFHVVIXOO\�REWDLQHG�LQ�WKLV�VWXG\��7KRVH�EDFWHULD�
PDLQO\�EHORQJHG� WR�%XUNKROGHULD� FHSDFLD�FRPSOH[�� �
%XUNKROGHULD� DQWKLQD�� %XUNKROGHULD� FHQRFHSDFLD�� �
%DFLOOXV� FHUHXV�FRPSOH[�� $FKURPREDFWHU� VSDQLXV�� �
$]RVSLULOOXP� VS��� � $]RWREDFWHU� VS��� � 5KL]RELXP�
OHJXPLQRVDUXP���5KL]RELXP�VS��DQG�3VHXGRPRQDV�VS�
� 3RWHQWLDO� QLWURJHQ� IL[LQJ� EDFWHULD� DUH�
$]RVSLULOOXP� VS��� $]RWREDFWHU� VS��� 5KL]RELXP�
OHJXPLQRVDUXP� �DQG�5KL]RELXP�VS��0RVW�VWUDLQV�KDG�
30(DVH� DFWLYLW\�� 6RPH� VWUDLQV� VKRZHG� JURZWK�
SURPRWLQJ�HIIHFW�RQ�ULFH�XQGHU�VDOLQH�FRQGLWLRQV�
DQG� SURGXFHG� SODQW� JURZWK� KRUPRQH�� 7KHVH�
VWUDLQV�FRXOG�EH�FDQGLGDWHV�IRU�ELRIHUWLOL]HU�IRU�ULFH�
LQ� VDOLQH� SDGG\� ILHOG�� � ,W� LV� DOVR� LPSRUWDQW� WR�
FRQVLGHU� XVLQJ� FRPELQDWLRQ�RI � � LQRFXODQWV� DQG� �
ULFH�FXOWLYDUV�WR�REWDLQ�PD[LPXP�UHVXOW�

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

� 7KLV�ZRUN�ZDV�IXQGHG�E\�-,&$�-67�6$75(3�
�����������:H� WKDQN�'U� 6KLJHWR�2WVXND� IURP�
8QLYHUVLW\�RI �7RN\R�IRU�UHVHDUFK�JXLGDQFH�� �:H�
DUH�JUDWHIXO� WR�6HQOLH�2NWDYLWDQD��$QLV�0XWLUDQL�
DQG�5LQDWX�6LZL�IRU�WKHLU�DVVLVWDQFH�LQ�ODERUDWRU\�
ZRUNV�

5()(5(1&(6

$TXLODQWL� �/))��&OHPHQWL�)��������&RPSDULVRQ�RI �GLIIHUHQW�
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����������²���
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3ODQW�6RLO�����������

%DQLJ�$(��$O\�($��.KDOHG�$$��$PHO�.$��������,VRODWLRQ��
FKDUDFWHUL]DWLRQ� DQG� DSSOLFDWLRQ� RI � EDFWHULDO�
SRSXODWLRQ�IURP�DJULFXOWXUDO�VRLO�DW�6RKDJ�3URYLQFH��
(J\SW��0DOD\V�-�0LFURELRO�������������

%KDWWDFKDUMHH�5��'H\�8��������%LRIHUWLOL]HU�D�ZD\�WRZDUGV�
RUJDQLF�DJULFXOWXUH�D�UHYLHZ�� �$IU�-�0LFURELRO� �5HV�
��������������

%KDWWDFKDU\\D�31��-KD�'.��������3ODQW�JURZWK�SURPRWLQJ�
UKL]REDFWHULD� �3*35��� (PHUJHQFH� LQ� DJULFXOWXUH��
:RUOG�-�0LFURELRO�%LRWHFKQRO��������²���

&HUDEROLQL�%��$QGUHLV�'5��&HULDQL�50��3LHUFH�6��5DLPRQGL�
%�� ������ 6HHG� JHUPLQDWLRQ� DQG� FRQVHUYDWLRQ� RI �
HQDQGJHUHG�VSHFLHV�IURP�WKH�,WDOLDQ�$OSV��3K\VRSOH[LV�
FRPRVD� DQG� 3ULPXOD� JODXFHVFHQV�� %LRO� &RQVHUY� �
����������²��

&KHQ�<3��5HNKD�3'��$UXQ�$%��6KHQ�)7��/DL�:$��<RXQJ�
&&�� ������ 3KRVSKDWH� VROXELOL]LQJ� EDFWHULD� IURP�
VXEWURSLFDO� VRLO� DQG� WKHLU� WULFDOFLXP� SKRVSKDWH�
VROXELOL]LQJ�DELOLWLHV��$SSO�6RLO�(FRO���������²����

&KLHQ�&7��0DXQGX�-��&DYDQHVV�-��'DQGXUDQG�/0��2UVHU�&6��
������ &KDUDFWHUL]DWLRQ� RI � VDOW�WROHUDQW� DQG� VDOW�
VHQVLWLYH� PXWDQWV� RI � 5KL]RELXP� OHJXPLQRVDUXP�
ELRYDUYLFLDH� VWUDLQ�&����E��)(06�0LFURELRO�/HWW�
��������������

&UR]LHU� $�� $UUXGD� 3��0RQWHLUR� $0�� 6DQGEHUJ�*�� ������
$QDO\VLV�RI �LQGROH���DFHWLF�DFLG�DQG�UHODWHG�LQGROHV�
LQ� FXOWXUH�PHGLXP� IURP�$]RVSLULOOXP� OLSRIHUXP� DQG�
$]RVSLULOOXP� EUDVLOHQVH�� $SSO� (QYLURQ� � 0LFURELRO� �
�����������²��

'MXIU\�)��6XGDUVRQR�$��/HVWDUL�06��������7LQJNDW�WROHUDQVL�
EHEHUDSD�JDOXU�KDUDSDQ�SDGL�SDGD�NRQGLVL�VDOLQLWDV�GL�
ODKDQ�UDZD�SDVDQJ�VXUXW��-�$JULYLJRU���������������

*UDYHO� 9�� $QWRXQ� +�� 7ZHGGHOO� 5-�� ������ *URZWK�
VWLPXODWLRQ� DQG� IUXLW� \LHOG� LPSURYHPHQW� RI �
JUHHQKRXVH� WRPDWR� SODQWV� E\� LQRFXODWLRQ� ZLWK�
3VHXGRPRQDV�SXWLGD�RU�7ULFKRGHUPD�DWURYLULGH��3RVVLEOH�
UROH�RI �LQGROH�DFHWLF�DFLG��,$$���6RLO�%LRO�%LRFKHP�
�����������

+DVDQ� +$+�� ������ *LEEHUHOOLQ� DQG� DX[LQ�LQGROH�
SURGXFWLRQ� E\� SODQW� URRW�IXQJL� DQG� WKHLU�
ELRV\QWKHVLV� XQGHU� VDOLQLW\�FDOFLXP� LQWHUDFWLRQ�� �
$FWD�0LFURELRO�,PPXQRO�+XQJ����������²���

/XJWHQEHUJ�%��0DOIDQRYD�1��.DPLORYD�)��%HUJ�*�� ������
3ODQW�JURZWK�SURPRWLRQ�E\�PLFUREHV��,Q��%UXLMQ�)-�
GH� �HGLWRU��� 0ROHFXODU� PLFURELDO� HFRORJ\� RI � WKH�
UKL]RVSKHUH�� +RERNHQ� �86��� � :LOH\�%ODFNZHOO��
S����²���

0XEDULN�15��,PDV�7��:DK\XGL�$7��7ULDGLDWL��6XKDU\DQWR��
:LGLDVWXWL� +�� �����7KH� XVH� RI � DFLG� DOXPXQLXP�
WROHUDQW� %UDG\UKL]RELXP� MDSRQLFXP� IRUPXOD� IRU�
VR\EHDQ�JURZQ�RQ�ILHOG�DFLG�VRLO��:RUOG�$FDG�6FL�
(QJ�7HFKQRO�����������

1DNEDQSRWH�:��3DQLWOXUWXPSDL�1��6DQJGHH�$��6DNXOSRQH�1��
6LULVRP�3��3LPWKRQJ�$��������6DOW�WROHUDQW�DQG�SODQW�
JURZWK�SURPRWLQJ� EDFWHULD� LVRODWHG� IURP� =Q�&G�
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FRQWDPLQDWHG�VRLO��,GHQWLILFDWLRQ�DQG�HIIHFW�RQ�ULFH�
XQGHU� VDOLQH� FRQGLWLRQV�� -� 3ODQW� ,QWHUDFW� �
��������²���

1JX\HQ�&��<DQ�:��7DFRQ�)/��/DSH\ULH�)�� ������*HQHWLF�
YLDELOLW\� RI � SKRVSKDWH� VROXELOL]LQJ� DFWLYLW\� E\�
PRQRFDU\RWLF� DQG� GLFDW\RWLF� P\FHOLD� RI � WKH�
HFWRP\FRUUK\]DO�IXQJXV�/DFFDULD�ELFRORU��0DLUH��3'�� �
2UWRQ�3ODQW�6RLO���������

1RVUDWL�5��2ZOLD�3��6DGHUL�+��5DVRROL�,��0DOERREL�0$��������
$� FRQWULEXWLRQ� WR� VHW� D� OHJDO� IUDPHZRUN� IRU�
ELRIHUWLOLVHUV�SKRVSKDWH�VROXELOL]DWLRQ�FKDUDFWHULVWLFV�
RI � HIILFLHQW�QLWURJHQ� IL[LQJ� VRLO�$]RWREDFWHU� VWUDLQV��
,UDQ�-�0LFURELRO�������������

2WVXND� 6�� 6XGLDQD� ,0�� .RPRUL� $�� ,VREH� .�� 'HJXFKL� 6��
1LVKL\DPD�0��6HQRR�.��������&RPPXQLW\�VWUXFWXUH�
RI �VRLO�EDFWHULD�LQ�D�WURSLFDO�UDLQIRUHVW�VHYHUDO�\HDUV�
DIWHU� ILUH�� 0LFUREHV� DQG� (QYLURQPHQWV�-60(�
�����²����KWWS���GRL�RUJ���������MVPH�����������

3DUN�-��%RODQ�1��0DOODYDUDSX�0��1DLGX�5��������,VRODWLRQ�RI �
SKRVSKDWH� VROXELOL]LQJ�EDFWHULD� DQG� WKHLU�SRWHQWLDO�
IRU� OHDG� LPPRELOL]DWLRQ� LQ� VRLO�� -� +D]DUG� 0DWHU�
����������������

3OLHJR�&��.DPLORYD�)��/XJWHQEHUJ�%��������3ODQW�JURZWK�
SURPRWLQJ�EDFWHULD��)XQGDPHQWDOV�DQG�H[SORLWDWLRQ��
,Q�� 0DKHVKZDUL� '.� �HGLWRU��� %DFWHULD� LQ�
DJURELRORJ\�� &URS� HFRV\VWHPV�� +HLGHOEHUJ� �'(���
6SULQJHU�9HUODJ��S����²����

5DR� 6�� ������ 0LNURRUJDQLVPH� 7DQDK� GDQ� 3HUWXPEXKDQ�
7DQDPDQ��(GLVL����-DNDUWD��,'���8,�3UHVV�����S�

5RZHOO�'/��������6RLO�6FLHQFH��0HWKRGV�DQG�$SSOLFDWLRQ��
/RQJPDQ� 6FLHQWLILF� DQG� 7HFKQLFDO�� +DUORZ�� (VVH[�
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6DODPRQH�GH�,(*��)XQHV�-0��6DOYR�'L�/3��(VFREDU�2UWHJD�
-6�� $XULD�� /�� )HUUDQGR� )'�� 6FDYLQR� )�� ������
,QRFXODWLRQ�RI �SDGG\�ULFH�ZLWK�$]RVSLULOOXP�EUDVLOHQVH�
DQG� 3VHXGRPRQDV� IOXRUHVFHQV�� ,PSDFW� RI � SODQW�
JHQRW\SHV� RQ� UKL]RVSKHUH� PLFURELDO� FRPPXQLWLHV�

DQG� ILHOG� FURS� SURGXFWLRQ�� $SSO� 6RLO� (FRO�
������²����

6LGGLNHH�0G�$��7LSD\QR�6&���.LP�.��&KXQJ�-%��6D�7��������
,QIOXHQFH� RI � YDU\LQJ� GHJUHH� RI � VDOLQLW\�VRGLFLW\�
VWUHVV�RQ�HQ]\PH�DFWLYLWLHV�DQG�EDFWHULDO�SRSXODWLRQV�
RI � FRDVWDO� VRLOV� RI � <HOORZ� 6HD�� 6RXWK� .RUHD�� -�
0LFURELRO�%LRWHFKQRO�������������

6WHHQKRXGW�2��9DQGHUOH\GHQ�-��������$]RVSLULOOXP�� D� IUHH�
OLYLQJ�QLWURJHQ�IL[LQJ�EDFWHULXP�FORVHO\� DVVRFLDWHG�
ZLWK� JUDVVHV�� JHQHWLF�� ELRFKHPLFDO� DQG� HFRORJLFDO�
DVSHFWV��)(06�0LFURELRO�5HY������������

6XVLORZDWL� '1�� 6XGLDQD� ,0�� �0XEDULN�15�� 6XZDQWR� $�� �
������ 6SHFLHV� DQG� IXQFWLRQDO� GLYHUVLW\� RI �
UKL]REDFWHULD� RI � ULFH� SODQW� LQ� WKH� FRDVWDO� VRLOV� RI �
,QGRQHVLD�� ,QGRQHV� -� $JULF� 6FL� �������������'2,�
��������LMDV�Y��Q�������������

7DEDWDEDL�0$��%UHPQHU�-0��������8VH�RI �S�QLWURSKHQ\O�
SKRVSKDWH�IRU�DVVD\�RI �VRLO�SKRVSKDWH�DFWLYLW\��6RLO�
%LRO�%LRFKHP���������

9DVVLOHYD�0��$]FRQ�5��%DUHD�-0�� �9DVVLOHY�1��������5RFN�
SKRVSKDWH�VROXELOL]DWLRQ�E\�IUHH�DQG�HQFDSVXODWHG�
FHOOV� RI � <DURZLD� OLSRO\WLFD�� 3URFHVV� %LRFKHP�
���������²��

:LMHEDQGDUD�'0��,UDQLH�'��'DVRJ�*6��3DWLO�3/��+HEEDU�0��
������ 5HVSRQVH� RI � ULFH� WR� QXWULHQWV� DQG�
ELRIHUWLOL]HUV�XQGHU�FRQYHQWLRQDO�DQG�V\VWHP�RI �ULFH�
LQWHQVLILFDWLRQ� PHWKRGV� RI � FXOWLYDWLRQ� LQ�
7XQJDEKDGUD�FRPPDQG�RI �.DUQDWDND��.DUQDWDND�-�
$JULF�6FL��������������

;LQ�*��*ODZH�'��'RW\�6/��������&KDUDFWHUL]DWLRQ�RI �WKUHH�
HQGRSK\WLF�� LQGROH���DFHWLF� DFLG�SURGXFLQJ� \HDVWV�
RFFXUULQJ� LQ� 3RSXOXV� WUHHV� � 0\FRO� 5HV�
����������²���

=DOOHU�-*��������9HUPLFRPSRVW�DV�D�VXEVWLWXWH�IRU�SHDW�LQ�
SRWWLQJ� PHGLD�� (IIHFWV� RQ� JHUPLQDWLRQ�� ELRPDVV�
DOORFDWLRQ��\LHOGV�DQG�IUXLW�TXDOLW\�RI �WKUHH�WRPDWR�
YDULHWLHV��6FL�+RUW�����������²��
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