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2LO�SDOP��(ODHLV�JXLQHHQVLV��LV�DPRQJ�WKH�PRVW�
LPSRUWDQW� FURS� ZKLFK� SURGXFHV� YHJHWDEOH� RLO�� �
9HJHWDWLYH�SURSDJDWLRQ�IRU�RLO�SDOP�FDQ�RQO\�EH�
FRQGXFWHG�XVLQJ�WLVVXH�FXOWXUH�PHWKRGV�WR�REWDLQ�
KLJKO\� SURGXFWLYH� RLO� SDOP� VHHGV� �:RQJ� HW� DO��
�������7LVVXH�FXOWXUH� WHFKQLTXH� LV�EHQHILFLDO� IRU�
LQGLYLGXDO� SURSDJDWLRQ� RI � RLO� SDOP� KDYLQJ� KLJK�
SURGXFWLYLW\�DQG�RU�FHUWDLQ�WUDLW�RI �LQWHUHVW��7KH�
WLVVXH� FXOWXUH� WHFKQLTXH� FDQ� LQFUHDVH� RLO� SDOP�
SURGXFWLRQ�E\�����FRPSDUHG�WR�WKH�FRPPHUFLDO�
VHHG�'XUD�;�3LVLIHUD��';3��RQ�D�ODUJH�VFDOH�ILHOG�
WULDOV� �&RFKDUG� HW� DO�� ������ :DKLG� HW� DO�� �������
7LVVXH�H[SODQWV�RI �RLO�SDOP�UHVXOWHG�IURP�LQ�YLWUR�
FXOWXUH� DUH� GHYHORSHG� WKURXJK� FDOOXV� IRUPDWLRQ�
RU� QRUPDOO\� WHUPHG� DV� LQGLUHFW� HPEU\RJHQHVLV�
�7H�FKDWR� 	� +LODH� ������� +RZHYHU�� QRW� DOO� RI �
WKH� FXOWXUHG� H[SODQWV� KDYH� WKH� SRWHQWLDO� WR� EH�
GHYHORSHG� LQWR� HPEU\RJHQLF� FDOOXV�� 7KRVH�

H[SODQWV� ZKLFK� DUH� QRW� VXFFHVVIXOO\� GHYHORSHG� �
LQWR� HPEU\RJHQLF� FDOOXV� XVXDOO\� IRUP� D� QRQ�
HPEU\RJHQLF�FDOOXV��WKDW�ZLOO�UHPDLQ�LQ�WKH�IRUP�
RI �FDOOXV�ZLWKRXW�DQ\�SRVVLELOLW\�WR�GHYHORS�LQWR�
UDPHW��5RKDQL�HW�DO��������
&RUOH\� DQG� 7LQNHU� ������� UHSRUWHG� WKDW� WKH�

OHYHO�RI �FDOORJHQHVLV�LQ�RLO�SDOP�LV�VWLOO�ORZ��DURXQG�
������ZKLOH�WKH�DELOLW\�WR�IRUP�VRPDWLF�HPEU\RLG�
LV� RQO\� �� �� ��� �:RRL� �������2QH� RI � WKH�PDLQ�
IDFWRUV�WKDW�GHWHUPLQH�WKH�DELOLW\�RI �RLO�SDOP�WLVVXH�
FXOWXUH�LV�WKH�JHQHWLF�IDFWRU��ZKLFK�LV�LQGLFDWHG�E\�
WKH�IDFW�WKDW�VRPH�JHQRW\SHV�DUH�PRUH�SURGXFWLYH�
WKDQ�WKH�RWKHUV��:RRL�������
,GHQWLI LFDWLRQ� RI � 6LQJOH� 1XFOHRWLGH�

3RO\PRUSKLVP� �613�� LQ� RLO� SDOP� JHQRPH� KDG�
EHHQ� DWWHPSWHG� LQ� VHYHUDO� VWXGLHV�� ,GHQWLILFDWLRQ�
RI � 4XDQWLWDWLYH� 7UDLW� /RFL� �47/V�� DVVRFLDWHG�
ZLWK�FDOORJHQHVLV�DQG�HPEU\RJHQHVLV�LQ�RLO�SDOP�
ZLWK� EURDG� UDQJH� RI � PDUNHUV� IURP� $)5/3V��
5)/3V�� DQG� 665V� KDV� EHHQ� GRQH� �7LQJ� HW� DO��
������� EXW� VWXGLHV� WR� GHWHUPLQH� WKH� SURFHVV�
RI � GH�GLIIHUHQWLDWLRQ� DQG� HPEU\RJHQHVLV� ZLWK��&RUUHVSRQGLQJ�DXWKRU��LUDQJZDK\XQDQWR#KRWPDLO�FRP
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VSHFLILF�613�PDUNHUV�LQ�SODQW�JHQRPHV�DUH�OLPLWHG��
,Q�WKLV�VWXG\��WKH�LGHQWLILFDWLRQ�RI �FDQGLGDWH�613�
DVVRFLDWHG�ZLWK�VRPDWLF�HPEU\RJHQHVLV�LQ�RLO�SDOP�
ZHUH� GRQH� LQ� VLOLFR�� ZKLFK�ZDV� FRQWLQXHG� WR� WKH�
YDOLGDWLRQ�SURFHVV�EDVHG�RQ�WKH�SKHQRW\SH�GDWD�RI �
RLO�SDOP�WLVVXH�FXOWXUH��7KLV�VWXG\�ZDV�DLPHG� WR�
REWDLQ�613�PDUNHU�FDQGLGDWHV�ZKLFK�UHSUHVHQWV�
WKH�HPEU\RJHQHVLV�SRWHQWLDO��WR�EH�IXUWKHU�XVHG�LQ�
PDUNHU�DVVLVWHG�VHOHFWLRQ�RI �RLO�SDOP�RUWHWV��DQG�
WKXV�LQFUHDVH�WKH�WLVVXH�FXOWXUH�SURFHVV�HIILFLHQF\�

0$7(5,$/6�$1'�0(7+2'6

*O�TJMJDP�6HOHFWLRQ�RI �613V�0DUNHU

� 7DUJHW� JHQHV� ZHUH� GHULYHG� IURP� ([SUHVVHG�
6HTXHQFH�7DJV��(67V��IURP�/RZ�HW�DO����������DQG�
/LQ�HW�DO���������ZKLFK�ZHUH�GHSRVLWHG�LQ�*HQ%DQN�
GDWDEDVH�(<�������(<�������DQG�*+�������
*+��������(67V�ZHUH� VXEVHTXHQWO\� DVVHPEOHG�
XVLQJ� &$3�� SURJUDP� �+XDQJ� 	�0DGDQ� �������
&RQWLJV�DQG�VLQJOHWRQV�ZHUH�DQQRWDWHG�WR�RLO�SDOP�
F'1$� GDWDEDVH� IURP� 032%
V� UHVHDUFK�
�JHQRPVDZLW�PSRE�JRY�P\�� �6LQJK� HW� DO�� �������
XVLQJ� WKH� %/$67� WRRO� �$OWVFKXO� HW� DO�� ������ WR�
REWDLQ�D�OLVW�RI �JHQHV�WKDW�ZDV�H[SUHVVHG�GXULQJ�WKH�
SURFHVV�RI �HPEU\RJHQHVLV�
� 7KH� FDQGLGDWH� JHQHV�ZHUH� IXUWKHU� DOLJQHG� WR�
WKH� RLO� SDOP� JHQRPH� VHTXHQFH� �JHQRPVDZLW��
PSRE�JRY�P\���6LQJK�HW�DO��������WR�JHW�WKH�IXOO�
OHQJWK�JHQH�VHTXHQFH��7KH�DOLJQPHQW�SURFHVV�ZDV�
GRQH� XVLQJ� 6LP�GE� SURJUDP� �:DOHQ]�	�)ORUHD�

������� 7KH� IXOO�OHQJWK� JHQH� VHTXHQFH� ZDV�
JHQHUDWHG� XVLQJ� *HW)DVWD%HG� WRRO� LQ� *DOD[\�
SODWIRUP��4XLQODQ�	�+DOO��������7KHQ��WKH�IXOO�
OHQJWK�JHQH�VHTXHQFHV�ZHUH�XVHG�DV�WKH�GDWDEDVH�
IRU�%/$67�DOLJQPHQW�RI �RLO�SDOP�613�VHTXHQFHV�
REWDLQHG� IURP� 032%� �JHQRPVDZLW�PSRE�JRY��
P\���7LQJ�HW�DO���������DQG�1&%,��7HK�HW�DO��������
DV�WKH�TXHULHV��)LJ�����
� 7HQ� FDQGLGDWH� 613� PDUNHUV� ZHUH� VHOHFWHG�
EDVHG�RQ�WKH�IXQFWLRQ��H[SUHVVLRQ�DQG�VHQVLWLYLW\�
RI � WKH� PXWDWLRQ� SRVLWLRQ�� '1$� IUDJPHQW�
VHTXHQFHV�ZHUH� �DOLJQHG�XVLQJ�8QLSUR�8*(1(�
�2NRQHFKQLNRY� ��������3ULPHUV�RI �HDFK�613�HW�DO�
PDUNHU�ZHUH�GHVLJQHG�XVLQJ�3ULPHU�%/$67�WRRO�
IURP�1&%,��ZKLFK�FRPELQHG� WKH�DOJRULWKP�RI �
3ULPHU�� �8QWHUJUDVVHU� � ������ DQG� 1&%,�HW� DO�
%/$67��3ULPHU�TXDOLW\�ZDV�DQDO\]HG�DQG�VHOHFWHG�
XVLQJ�1HW3ULPHU�7RROV�IURP�3UHPLHU�%LRVRIW�

613V�0DUNHU�9DOLGDWLRQ�

� 7KLUW\� RUWHWV� ZHUH� NLQGO\� SURYLGHG� E\� WKH�
7LVVXH�&XOWXUH�/DERUDWRU\�RI �37�60$57�7EN��
7KHVH� RUWHWV�ZHUH� VHOHFWHG� EDVHG� RQ� WKH� WLVVXH�
FXOWXUH�SURGXFWLYLW\� GDWD�� LQFOXGLQJ� FDOORJHQHVLV�
DQG� HPEU\RJHQHVLV� UDWH�� *HQRPLF� '1$� ZHUH�
LVRODWHG� DQG� SXULILHG� IURP� OHDI � WLVVXH� XVLQJ�
1XFOHR6SLQ� 3ODQW� ,,� NLW� �0DFKHUH\�1DJHO�
*PE+�	�&R�.*��'XUHQ��*HUPDQ\���7KH�TXDOLW\�
RI � H[WUDFWHG� '1$� ZDV� PHDVXUHG� XVLQJ� ���
DJDURVH� JHO� HOHFWURSKRUHVLV� DQG� QDQRGURS�
VSHFWURSKRWRPHWHU � �7KHUPRVF LHQW L I LF� �
0DVVDFKXVHWWV��86$���7KH�'1$�ZDV�DPSOLILHG�E\�
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� &RQWLJV�DQG�VLQJOHWRQV�IURP�DVVHPEO\�SURFHVV�
ZHUH� DOLJQHG� WR� WZR� VHWV� RI � 032%
V� F'1$�
GDWDEDVH��JHQRPVDZLW�PSRE�JRY�P\���QDPHO\�9��
DQG�9���7DEOH����
� 7KH� JHQHV� ZHUH� VHOHFWHG� EDVHG� RQ� LWV�
FRUUHODWLRQ� WR� HPEU\RJHQHVLV� IXQFWLRQ� YLD� WH[W�
PLQLQJ�PHWKRGV��6HOHFWLRQ�RI �WKH�HPEU\RJHQHVLV�
UHODWHG�JHQH�FDQGLGDWHV
�VHOHFWLRQ�ZDV�DFFRUGLQJ�
WR� (OKLWL� HW� DO�� �������� UHVXOWLQJ� LQ� ����
HPEU\RJHQHVLV� UHODWHG� JHQHV��7KHVH� JHQHV� RQO\�
ZRUN�DV�UHIHUHQFH�IRU�WKLV�VWXG\��7KHUH�PLJKW�VWLOO�
EH�RWKHU�JHQHV�LQYROYHG�LQ�HPEU\RJHQHVLV�GXH�WR�
WKH� FRPSOH[LW\� RI � HPEU\RJHQHVLV� SURFHVV�� 7KH�
VHTXHQFHV� ZHUH� DOLJQHG� WR� 032%
V� JHQRPH�
GDWDEDVH� XVLQJ� 6LP�GE� SURJUDP� WR� ORFDWH� WKH�
LQGH[�SRVLWLRQ�RI �WKH�LQWDFW�JHQH��LQWURQ�H[RQ���
7KH�LQGH[�SRVLWLRQ�LQ�JII��IRUPDW�ZDV�WKHQ�XVHG�
DV� LQSXW� WR� JHQHUDWH� WKH� LQWDFW� JHQH
V� )$67$�
VHTXHQFH�
� 7KH� ZKROH� JHQRPLF� VHTXHQFH� RI � FDQGLGDWH�
JHQHV�ZDV�XVHG� DV� WKH�GDWDEDVH� WR� DOLJQ� WKH�RLO�
SDOP� 613�PDUNHUV�� )URP�032%
V� ������ 613�
SRVLWLRQV��WKHUH�ZHUH����613V�ZLWK�SRVLWLYH�KLW�WR�
WDUJHW�JHQHV�����613V�ZHUH�LQ�LQWURQV��ZKLOH�WKH�
RWKHU� WZR� ZHUH� V\QRQ\PRXV� FRGRQ� YDULDQW� LQ�
H[RQV�� ,Q� 1&%,�� ZKLFK� KDV� �������� 613�
SRVLWLRQV��WKHUH�ZHUH�������SRVLWLYH�KLWV�WR�WDUJHW�

GHVLJQHG�SULPHUV�XVLQJ�3&5��7KH�3&5�SURGXFWV�
ZHUH�FRQILUPHG�XVLQJ�DJDURVH�JHO�HOHFWURSKRUHVLV�
� 3&5�SURGXFWV�ZHUH�SXULILHG�XVLQJ�4,$TXLFN�
3&5� 3XULILFDWLRQ� .LW� �&DWDORJ� 1R��������
4,$*(1�� +LOGHQ�� *HUPDQ\��� 3XULILHG� 3&5�
SURGXFWV� ZHUH� VHTXHQFHG�� WKHQ� VWDWLVWLFDOO\�
DQDO\]HG�DQG�FRPSDUHG�ZLWK�WKH�FDOORJHQHVLV�DQG�
HPEU\RJHQHVLV� SURGXFWLYLWLHV� GDWD� XVLQJ� 6366�
����� �6366� ,QF���&KLFDJR��86$���)RU�RGGV� UDWLR�
DQDO\VLV�� WLVVXH� FXOWXUH� SURGXFWLYLW\� GDWD�
�FDOORJHQHVLV� DQG� HPEU\RJHQHVLV� UDWH�� ZHUH�
FRQYHUWHG� LQWR� FDWHJRULFDO� GDWD� �ORZ� FDOORJHQLF��
KLJK� FDOORJHQLF�� ORZ� HPEU\RJHQLF� DQG� KLJK�
HPEU\RJHQLF��� WKHQ� FRPSDUHG� ZLWK� QXFOHRWLGH�
YDULDWLRQ�XVLQJ�Q�&RFKUDQ
V�DQG�0DQWHO�+DHQV]HO�
FURVV� WDEXODWLRQ� VWDWLVWLFV� LQ� 6366�� 7KH� WLVVXH�
FXOWXUH�SURGXFWLYLW\�GDWD� YDULDWLRQ�ZDV� DQDO\]HG�
ZLWK�2QH�ZD\�$129$�
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� $�WRWDO�RI ��������HPEU\RJHQHVLV�UHODWHG�(67V�
ZHUH�REWDLQHG�IURP�/RZ�HW�DO���������DQG�/LQ�HW�DO��
��������7KH�(67V�OLEUDULHV�ZHUH�DVVHPEOHG�XVLQJ�
&$3��SURJUDP�UHVXOWLQJ�WR��������VHTXHQFHV�RI �
FRQWLJV�DQG�VLQJOHWRQV��7DEOH����

�

�

7DEOH����(67V�DVVHPEO\�UHVXOWV

6RXUFH � 6XEMHFWV � (67V � &RQWLJV���VLQJOHWRQV �

/RZ�HW�DO�� ������� � 1(& � ����� � ����� �

� (& � ����� � ����� �

/LQ�HW�DO�������� � (0% � ����� � ����� �

� ,QLWLDWLRQ � ��� � ��� �

� 3UROLIHUDWLRQ � ��� � ��� �

1RWH�� 6RXUFH� RI � (67V�� 1RQ�(PEU\RQLF� &DOOXV� �1(&��� (PEU\RJHQLF� &DOOXV� �(&��� (PEU\RLG� �(0%��� (PEU\RLG� ,QLWLDWLRQ� � DQG� �
(PEU\RLG��3UROLIHUDWLRQ

7DEOH�����(PEU\RJHQHVLV�UHODWHG�FDQGLGDWH�JHQHV�QXPEHU

6XEMHFWV� &RQWLJV���VLQJOHWRQV � 9���JHQHV� � 9���JHQHV� �

1(&� ����� � ����� � ����� �
(&� ����� � ����� � ��� �
(0%� ����� � ����� � ����� �

,QLWLDWLRQ� ��� � ��� � ��� �
3UROLIHUDWLRQ ��� ��� ���

1RWH�� 6RXUFH� RI � (67V�� 1RQ�(PEU\RQLF� &DOOXV� �1(&��� (PEU\RJHQLF� &DOOXV� �(&��� (PEU\RLG� �(0%��� (PEU\RLG� ,QLWLDWLRQ� � DQG� �
(PEU\RLG��3UROLIHUDWLRQ
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7DEOH�����613V�ZLWK�SRVLWLYH�KLWV�WR�WDUJHW�JHQHV

613V�GDWDEDVH� )XQFWLRQDO�&RQVHTXHQFH � $PRXQW��+LWV��

�
032%�� ,QWURQ�YDULDQW � �� �

032%�� 6\QRQ\PRXV�FRGRQ � � �

1&%,� ,QWURQ�YDULDQW � �� �
1&%,� 'RZQVWUHDP�YDULDQW � �� �
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1&%,� 0LVVHQVH�YDULDQW � �� �

1&%, 8QGHILQHG �����
� �

7DEOH�����613V�PDUNHU�IRU�RLO�SDOP�HPEU\RJHQHVLV

613V� *HQH � $PLQR�DFLG�YDULDWLRQ � 8VHG�IRU�)XUWKHU�
6HTXHQFLQJ �

(0%�� (ODHLV�JXLQHHQVLV�(��XELTXLWLQ�SURWHLQ�OLJDVH�5,1*��OLNH��
WUDQVFULSW�YDULDQW�;���P51$

/HX�:�6HU � <HV �

(0%�� (ODHLV�JXLQHHQVLV �DX[LQ�UHVSRQVLYH�SURWHLQ�,$$���OLNH��
P51$ �

$UJ�:�6HU � <HV �

(0%�� (ODHLV�JXLQHHQVLV� HWK\OHQH�UHVSRQVLYH�WUDQVFULSWLRQ�IDFWRU���
OLNH��WUDQVFULSW�YDULDQW�;���PLVFB51$ �

,OH�:�9DO � <HV �

(0%�� (ODHLV�JXLQHHQVLV �SURWHLQ�SKRVSKDWDVH ��&�DQG�F\FOLF�
QXFOHRWLGH�ELQGLQJ�NLQDVH�GRPDLQ�FRQWDLQLQJ�SURWHLQ��
WUDQVFULSW�YDULDQW�;���PLVFB51$

7KU�:�$OD � <HV �

(0%�
�

(ODHLV�JXLQHHQVLV
�
SUREDEOH�:5.<�WUDQVFULSWLRQ�IDFWRU�����

P51$ �

*OX�:�*O\
�

<HV
�

(0%�� (ODHLV�JXLQHHQVLV �DX[LQ�UHVSRQVH�IDFWRU�OLNH��P51$ � ,OH �:�0HW � <HV �

(0%�
�

(ODHLV�JXLQHHQVLV F\WRFKURPH�3������$��OLNH��WUDQVFULSW�
YDULDQW�;���P51$ �

3UR�:�6HU
�

<HV
�

(0%�� (ODHLV�JXLQHHQVLV �FRDWRPHU�VXEXQLW�EHWD���OLNH��P51$ � ,OH�:�/HX�:�9DO � 1R �

(0%�
�

(ODHLV�JXLQHHQVLV
�
FRDWRPHU�VXEXQLW�EHWD���OLNH��P51$

�
3UR�:�$OD�:�6HU

�
1R

�
(0%��

�
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JHQHV��ZKLFK�LQFOXGHV�������XQGHILQHG�YDULDQWV�����
GRZQVWUHDP�YDULDQWV�����LQWURQ�YDULDQWV����VSOLFH�
GRQRU�YDULDQWV�����XSVWUHDP�YDULDQWV������
875�
YDULDQWV�� ��� �
875� YDULDQWV�� ��� V\QRQ\PRXV�
FRGRQ�YDULDQWV�DQG����PLVVHQVH�YDULDQWV��7DEOH����
� ,Q�WKLV�VWXG\��ZH�IRFXVHG�RQ�PLVVHQVH�613V��
+RZHYHU�� WKH� VHOHFWLRQ� RI � 613V� PDUNHU� KDG�
IXQFWLRQDO� FRQVHTXHQFH� RQO\� DV� D� SULRULW\� VFDOH�
DGMXVWLQJ� WR� WKH� VFRSH� DQG� UHVHDUFK� UHVRXUFHV��
613� YDULDWLRQV� LQ� RWKHU� IXQFWLRQDO� SRVLWLRQV�
UHPDLQ�D�SRWHQWLDO�GHWHUPLQDQW�RI �HPEU\RJHQHVLV�
UDWH��7LQJ� ��������� �)URP����PLVVHQVH�YDULDQW�HW�DO
613V�� ��� 613V� ZHUH� HOLPLQDWHG� EHFDXVH� WKH�
F'1$�DQQRWDWLRQ�RI �WKH�(67V�GLG�QRW�PDWFK�ZLWK�
WKH�JHQH�ORFXV�GHILQHG�LQ�WKH�613�LQIRUPDWLRQ��
7KLUWHHQ�613V�SRVLWLRQ�XVHG�IRU�IXUWKHU�SURFHVV�
ZHUH�GHVFULEHG�LQ�7DEOH���
� )URP�DOO�WKLUWHHQ�VHOHFWHG�613V��RQO\����ZHUH�
VHOHFWHG� IRU� IXUWKHU� '1$� VHTXHQFLQJ� SURFHVV�� �
)URP�'1$�VHTXHQFLQJ�SURFHVV��ZH�REWDLQHG�GDWD�
RI �613�YDULDWLRQV��ZKLFK�ZHUH�IXUWKHU�VWDWLVWLFDOO\�
DQDO\]HG�XVLQJ�&URVV�7DE�&KL�6TXDUH��RGGV�UDWLR�

DQDO\VLV� DQG� 2QH�ZD\� $129$� �6366� ������
�7DEOH� ���� &URVV� 7DE� &KL� 6TXDUH� ZDV� XVHG� WR�
DQDO\]H�WKH�GHJUHH�RI �GHSHQGHQF\�EHWZHHQ�613�
YDULDWLRQV� ZLWK� HPEU\RJHQHVLV� UDWH�� 2QH�ZD\�
$129$�ZDV�XVHG� WR�REVHUYH� WKH�GLIIHUHQFH� LQ�
HPEU\RJHQHVLV� UDWH� EHWZHHQ� 613� YDULDWLRQV��
2GGV� UDWLR� DQDO\VLV� ZDV� XVHG� WR� FRPSDUH� WKH�
UHODWLYH� RGGV� RI � WKH� 613� YDULDWLRQV� WR� WKH�
RFFXUUHQFH�RI �KLJK�HPEU\RJHQHVLV��)URP����613�
SRVLWLRQV�� RQO\� RQH� 613�� LQ� $X[LQ� 5HVSRQVH�
)DFWRU�IDPLO\��(0%����VKRZHG�VLJQLILFDQW�UHVXOW�
LQ� &URVV� 7DE� &KL�6TXDUH� DQG� LQ� 2QH�ZD\�
$129$�� 2GGV� UDWLR� DQDO\VLV� VKRZHG� �� WLPHV�
FKDQFH�RI �KLJKHU�HPEU\RJHQHVLV�ZKHQ�WKH�613�DW�
(0%��LV�$GHQLQH�KRPR]\JRWH��$�$��FRPSDUHG�
WR�$GHQLQH�*XDQLQH�KHWHUR]\JRWH��$�*��
� 6DPSOH�VL]H�RI �SRSXODWLRQ�LQ�WKLV�VWXG\�LV�VWLOO�
UHODWLYHO\�VPDOO��)XUWKHU�REVHUYDWLRQ�ZLWK� ODUJHU�
SRSXODWLRQ� LV� QHHGHG� IRU� PDUNHU� UHYDOLGDWLRQ��
7KHUH� LV� DOVR� D� SRVVLELOLW\� RI � RWKHU� JHQHV�
LQIOXHQFLQJ� HPEU\RJHQHVLV� RI � RLO� SDOP�� ZKLFK�
QHHGV�IXUWKHU�LQYHVWLJDWLRQ�

7DEOH�����6WDWLVWLFDO�UHVXOW�RI �613�YDULDWLRQ�DQG�HPEU\RJHQHVLV�UDWH
�
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� $X[LQ�5HVSRQVH�)DFWRUV��$5)��IDPLO\�KDV�EHHQ�
VXJJHVWHG� WR� SOD\� D� NH\� UROH� LQ� UHJXODWLQJ� WKH�
H[SUHVVLRQ� RI � DX[LQ� UHVSRQVH� JHQHV� �/LVFXP�	�
5HHG��������*OLZLFND�HW�DO���������IRXQG�WKDW�WKH�
H[SUHVVLRQ�RI �RYHU�KDOI �RI �$8;�,$$�DQG�$5)�
J HQHV � ZHUH � FKDQJ HG � GXU LQJ � VRPDW L F �
HPEU\RJHQHVLV�LQ�$UDELGRSVLV��$X[LQV�SOD\�FULWLFDO�
UROHV� LQ� PRVW� RI � WKH� PDMRU� JURZWK� UHVSRQVHV�
WKURXJKRXW� GLIIHUHQW� GHYHORSPHQWDO� VWDJHV� RI �
SODQWV�� VXFK� DV� RUJDQRJHQHVLV�� YDVFXODU� WLVVXH�
GLIIHUHQWLDWLRQ��DSLFDO�GRPLQDQFH��URRW�LQLWLDWLRQ��
DQG� WURSLVP�� DV� ZHOO� DV� FHOOXODU� OHYHO� SURFHVVHV�
LQFOXGLQJ�H[WHQVLRQ��GLYLVLRQ��DQG�GLIIHUHQWLDWLRQ�
�*XLOIR\OH�	�+DJHQ�� ������0RFNDLWLV�	�(VWHOOH��
������6X�HW�DO���������$�ODUJH�QXPEHU�RI �SRWHQWLDOO\�
DX[LQ�UHJXODWHG�FDQGLGDWH�JHQHV��ZKLFK�IXQFWLRQ�LQ�
JURZWK�DQG�GHYHORSPHQWDO�SURFHVVHV��KDYH�EHHQ�

LGHQWLILHG� LQ�$UDELGRSVLV�DQG�RWKHU�SODQW� VSHFLHV�
�5RVDGR�HW�DO��������/LX�HW�DO��������'L�HW�DO��������
*XLOIR\OH�������
� $5)� UHJXODWLRQ� LV�ZHOO�VWXGLHG� �6DOHKLQ� HW� DO��
������� $W� ORZ� DX[LQ� OHYHOV�� $X[�,$$� SURWHLQV�
IRUP�GLPHUV�ZLWK�$5)V�WR� LQKLELW�$5)�DFWLYLW\�
UHVXOWLQJ� LQ� WKH� UHSUHVVLRQ� RI � DX[LQ�UHVSRQVLYH�
JHQHV��$W�KLJK�DX[LQ�OHYHOV��$X[�,$$V�ELQG�WR�WKH�

7,5��$)%
6&) � FRPSOH[� DQG� VXEVHTXHQWO\� EHFRPH�
XELTXLWLQDWHG� DQG� GHJUDGHG� E\� WKH� ��6�
SURWHDVRPH�� 7KH� $5)� LV� WKHQ� UHOHDVHG� DQG�
UHJXODWH� WKH� WUDQVFULSWLRQ� RI � LWV� WDUJHW� DX[LQ�
UHVSRQVH�JHQHV��:DQJ�	�(VWHOOH��������)LJ�����
� 0RVW�RI � WKH�$5)�SURWHLQV�FRQVLVW�RI �DQ�1�
WHUPLQDO�%��W\SH�'1$�ELQGLQJ�GRPDLQ��'%'���D�
YDULDEOH� PLGGOH� UHJLRQ� WKDW� IXQFWLRQV� DV� DQ�
DFWLYDWLRQ� GRPDLQ� �$'�� RU� UHSUHVVLRQ� GRPDLQ�

�
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�5'��DQG�D�FDUER[\�WHUPLQDO�GLPHUL]DWLRQ�GRPDLQ�
�&7'�GRPDLQ� ,,,�,9��� ZKLFK� LV� LQYROYHG� LQ�
SURWHLQ²� SURWHLQ� LQWHUDFWLRQV� E\� GLPHUL]LQJ�
ZLWK� DX[LQ�,QGROH���$FHWLF� $FLG� �$X[�,$$��
IDPLO\�JHQHV�RU�EHWZHHQ�$5)V��.LP�HW�DO��������
*XLOIR\OH�	�+DJHQ�������3L\D�HW�DO���������(0%��

WK
ZDV� ORFDWHG� DW� WKH� ��� � DPLQR� DFLG�� LQVLGH� WKH�
FRQVHUYHG�GRPDLQ�RI �$5)� IDPLO\� �)LJ�� ����7KH�
SRVLWLRQ�ZDV�LQ�WKH�PLGGOH�UHJLRQ�ZKLFK�LV�FULWLFDO�
LQ� GHWHUPLQLQJ� $5)� IXQFWLRQ�� 7KH� YDULDWLRQV�
IRXQG� LQ� WKLV� VWXG\�ZHUH�$�$�DQG�$�*��ZKLFK�
FKDQJH� WKH� DPLQR� DFLG� IURP� LVROHXFLQH� WR�
PHWKLRQLQH�� $OWKRXJK� ERWK� DPLQR� DFLGV� DUH�
K\GURSKRELF�DQG�KDYH�VLPLODU�VL]H��PHWKLRQLQH�KDV�
D�XQLTXH�VWUXFWXUH�DV�D�VXOSKXU�FRQWDLQLQJ�DPLQR�
DFLG��ZKLFK�PLJKW�FKDQJH�WKH�SURWHLQ�IROGLQJ�GXH�
WR�LWV�VXOSKXULF�ERQG�

&21&/86,216

� ,Q� WKLV� VWXG\�� ELRLQIRUPDWLF� DQDO\VLV� RI � 613�
PDUNHUV�ZDV�SHUIRUPHG�E\� FRPSDULQJ� WKH�613�
GDWDEDVH�ZLWK�WKH�JHQHV�UHODWHG�WR�HPEU\RJHQHVLV��
2QH�613� � ORFDWHG� LQ�DQ�$X[LQ�5HVSRQH�)DFWRU�
IDPLO\�JHQH�VKRZHG�D�VLJQLILFDQW�DVVRFLDWLRQ�ZLWK�
WKH�HPEU\RJHQHVLV�UDWH�RI �RLO�SDOP�WLVVXH�FXOWXUH��
7KLV�613�PD\�EH�XVHG�DV�D�PDUNHU�WR�VHOHFW�VDPSOH�
VRXUFH�WR�LQFUHDVH�WKH�HIILFLHQF\�RI �RLO�SDOP�WLVVXH�
FXOWXUH� SURFHVV� LQ� WKH� QHDU� IXWXUH�� )XUWKHU�
REVHUYDWLRQ�ZLWK�D�ODUJHU�SRSXODWLRQ�LV�QHHGHG�IRU�
PDUNHU�UHYDOLGDWLRQ�

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

� 7KLV�UHVHDUFK�ZDV�FRQGXFWHG�DW�%LRWHFKQRORJ\�
'HSDUWPHQW�/DERUDWRU\�� WKH� VDPSOHV� DQG� WLVVXH�
FXOWXUH�SURGXFWLYLW\�GDWD�ZHUH�REWDLQHG�IURP�WKH�
7LVVXH�&XOWXUH�'HSDUWPHQW��%RWK�SODFHV�DUH�SDUW�
RI � WKH� 3ODQW� 3URGXFWLRQ� DQG� %LRWHFKQRORJ\�
'LYLVLRQ�RI �37�60$57�7EN�

5()(5(1&(6

$OWVFKXO�6)��*LVK�:��0LOOHU�:��0\HUV�(:��/LSPDQ�'-��������
%DVLF�ORFDO�DOLJQPHQW�VHDUFK�WRRO��-�0RO�%LRO���������
���

&RFKDUG� %�� 'XUDQG�*DVVHOLQ� 7�� $PEODUG� 3�� .RQDQ� (.��
*RJRU� 6�� ������ 3HUIRUPDQFH� RI � DGXOW� RLO� SDOP�
FORQHV�� ,Q� $ULIILQ�'�� &KDQ�.:�� 6KDULIDK�� HGLWRUV��

(PHUJLQJ� WHFKQRORJLHV� DQG� RSSRUWXQLWLHV� LQ� WKH�
QH[W� PLOOHQQLXP�� DJULFXOWXUH� FRQIHUHQFH��
3URFHHGLQJV� RI � ����� 325,0� ,QWHUQDWLRQDO� 3DOP�
2LO�&RQJUHVV����²���)HEUXDU\�������.XDOD�/XPSXU�
�0<���S��������

&RUOH\� 5+9�� 7LQNHU� 3%�� ������ 7KH� RLO� SDOP�� � )RXUWK�
HGLWLRQ��2[IRUG��8.���%ODFNZHOO�6FLHQFH�/WG��S������
���

'D�&RVWD�&7��GH�$OPHLGD�05��5XHGHOO�&0��6FKZDPEDFK�-��
0DUDVFKLQ�)6��)HWW�1HWR�$*��������:KHQ�VWUHVV�DQG�
GHYHORSPHQW� JR� KDQG� LQ� KDQG�� 0DLQ� KRUPRQDO�
FRQWUROV� RI � DGHQWLWLRXV� URRWLQJ� LQ� FXWWLQJV�� )URQW�
3ODQW�6FL�������

'L� ':�� =KDQJ� &�� /XR� 3�$Q� &:�� *XR� *4�� ������ 7KH�
ELRV\QWKHVLV�RI �DX[LQ���+RZ�PDQ\�SDWKV�WUXO\�OHDG�WR�
,$$"�3ODQW�*URZWK�5HJXO��²���

(OKLWL�0��7DKLU0��*XOGHQ�5+��.KDPLVV�.��6WDVROOD�&��������
0RGXODWLRQ�RI �HPEU\R�IRUPLQJ�FDSDFLW\�LQ�FXOWXUH�
WKURXJK�WKH�H[SUHVVLRQ�RI �%UDVVLFD�JHQHV�LQYROYHG�
LQ�WKH�UHJXODWLRQ�RI �WKH�VKRRW�DSLFDO�PHULVWHP��-�([S�
%RW��������²���

*OLZLFND�0��1RZDN�.��%DOD]DGHK�6��0XHOOHU�5REEHU�%��*DM�
0'�� ������ ([WHQVLYH� PRGXODWLRQ� RI � WKH�
WUDQVFULSWLRQ� IDFWRU� WUDQVFULSWRPH� GXULQJ� VRPDWLF�
HPEU\RJHQHVLV� LQ� 3/R6�21(�$UDELGRSVLV� WKDOLDQD��
������H������

*XLOIR\OH� 7-�� ������ 7KH� 3%�� GRPDLQ� LQ� DX[LQ� UHVSRQVH�
IDFWRU�DQG�$X[�,$$�SURWHLQV��$�YHUVDWLOH�SURWHLQ�
LQWHUDFWLRQ�PRGXOH�LQ�WKH�DX[LQ�UHVSRQVH��3ODQW�&HOO�
�����²���

*XLOIR\OH�7-��+DJHQ�*��������$X[LQ�UHVSRQVH�IDFWRUV��&XUU�
�2SLQ��3ODQW�%LRO ������²����

+XDQJ� ;�� � 0DGDQ� $�� ������ &$3��� $� '1$� VHTXHQFH�
DVVHPEO\�SURJUDP��*HQRPH�5HV�� ��������

.LP� -�� +DUWHU� .�� 7KHRORJLV� $�� ������ 3URWHLQ²SURWHLQ�
LQWHUDFWLRQV� DPRQJ� WKH� $X[�,$$� SURWHLQV�� 3URF�
1DWO�$FDG�6FL�86$���������²���

/LQ� +&�� 0RUFLOOR� )�� 'XVVHUW� 6�� 7UDQFKDQW�'XEUHXLO� &��
7UHJHDU� -:�� 7UDQEDUJHU� 7-�� ������ 7UDQVFULSWRPH�
DQDO\VLV� GXULQJ� VRPDWLF� HPEU\RJHQHVLV� RI � WKH�
WURSLFDO� PRQRFRW� �� (YLGHQFH� IRU�(ODHLV� JXLQHHQVLV
FRQVHUYHG� JHQH� IXQFWLRQV� LQ� HDUO\� GHYHORSPHQW��
3ODQW�0RO�%LRO�����������

/LX�;��'LQK�77��/L�'��6KL�%��/L�<��&DR�;��*XR�/��3DQ�<��-LDR�
<��&KHQ�;��������$8;,1�5(63216(��)$&725���
LQWHJUDWHV� WKH� IXQFWLRQV� RI � DQG�$*$0286�
$3(7$/$���LQ�IORUDO�PHULVWHP�GHWHUPLQDF\��3ODQW�
-�������²���

/LVFXP�(��5HHG�-��������*HQHWLFV�RI �$X[�,$$�DQG�$5)�
DFWLRQ�LQ�SODQW�JURZWK�DQG�GHYHORSPHQW��3ODQW�0RO�
%LRO ������²�����

/RZ�(7/��$OLDV�+��%RRQ�6+��6KDULII �(0��7DQ�&<$��2RL�
/&/�������6LQJK�5��������2LO�SDOP�� ��(ODHLV�JXLQHHQVLV
-DFT��� WLVVXH� FXOWXUH� (67V�� ,GHQWLI\LQJ� JHQHV�
DVVRFLDWHG� ZLWK� FDORJHQHVLV� DQG� HPEU\RJHQHVLV��
%0&�3ODQW�%LRO������

���

$Q�613�PDUNHU�SRWHQWLDOO\�OLQNHG�WR�VRPDWLF�HPEU\RJHQHVLV�RI �RLO�SDOP�²�:DK\XQDQWR�HW�DO�



0RFNDLWLV�.��(VWHOOH�0�� ������$X[LQ� UHFHSWRUV� DQG�SODQW�
GHYHORSPHQW��$�QHZ�VLJQDOLQJ�SDUDGLJP��$QQX�5HY�
&HOO��'HY�%LRO������²���

2NRQHFKQLNRY�.��*RORVRYD�2��)XUVRY�0��8*(1(�7HDP��
������ 8QLSUR� 8*(1(�� $� XQLILHG� ELRLQIRUPDWLFV�
WRRONLW��%LRLQIRUPDWLFV��������������

3L\D�6��6KUHVWKD�6.��%LQGHU�%��6WHZDUW�&1��-U��+HZH]L�7��
������ 3URWHLQ�SURWHLQ� LQWHUDFWLRQ� DQG� JHQH� FR�
H[SUHVVLRQ� PDSV� RI � $5)V� DQG� $X[�,$$V� LQ�
$UDELGRSVLV��)URQW�3ODQW�6FL�������

4XLQODQ�$5��+DOO�,0��������%('7RROV��$�IOH[LEOH�VXLWH�RI �
XWLOLWLHV� IRU� FRPSDULQJ� JHQRPLF� IHDWXUHV��
%LRLQIRUPDWLFV����������²��

5RKDQL�2�� 6KDULIDK� 6$�� 5DILL�0<��2QJ�0�� 7DUPL]L� $+��
=DP]XUL� ,�� ������ 7LVVXH� FXOWXUH� RI � RLO� SDOP�� ,Q�
%DVLURQ�<��-DODQL�%6��&KDQ�.:��HGLWRUV��$GYDQFHV�LQ�
RLO�SDOP�UHVHDUFK��%DQJL��0<���0DOD\VLDQ�3DOP�2LO�
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