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IUDFWLRQV�LQ�VXQIORZHU�EDVH�RLO�ZLWK�WKH�&URVV�PRGHO�DSSOLHG�������������������������������������� ��
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)LJXUH�����&2) YV�FRQFHQWUDWLRQ�IRU�FRFRQXW�RLO�ZLWK�QDQRSDUWLFOHV� ������������������������������������������ ��

)LJXUH�����:HLJKW�ORVV�YV�FRQFHQWUDWLRQ�IRU�FRFRQXW�RLO� ������������������������������������������������������������� ��

)LJXUH�����&2)�YV�&RQFHQWUDWLRQ�IRU�6XQIORZHU�RLO� ������������������������������������������������������������������� ��

)LJXUH�����:HLJKW�ORVV�YV�&RQFHQWUDWLRQ�IRU�VXQIORZHU�RLO� ��������������������������������������������������������� ��

)LJXUH�����&2)�YV�&RQFHQWUDWLRQ�IRU�*UDSHVHHG�RLO�IRU�FURVV�F\OLQGHU� �������������������������������������� ��

)LJXUH�����:HLJKW�ORVV�YV�&RQFHQWUDWLRQ�IRU�*UDSHVHHG�2LO�IRU�FURVV�F\OLQGHU��������������������������� ��

)LJXUH�����)ULFWLRQ�IRUFH�UHVXOWV�IRU�VXQIORZHU�RLO�PRGLILHG�ZLWK���D��6L2���DQG��E��7L2�

QDQRSDUWLFOHV����������������������������������������������������������������������������������������������������������������� ��

)LJXUH�����&2)�UHVXOWV�IRU�VXQIORZHU�RLO�PRGLILHG�ZLWK���D��6L2���DQG��E��7L2�

QDQRSDUWLFOHV����������������������������������������������������������������������������������������������������������������� ��
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)LJXUH�����0HDQ�YROXPHWULF�ZHDU�RI�$,6,�����F\OLQGHUV�OXEULFDWHG�ZLWK�VXQIORZHU�RLO
PRGLILHG�ZLWK���D��6L2���DQG��E��7L2� QDQRSDUWLFOHV���������������������������������������������������� ��

)LJXUH�����)ULFWLRQ�IRUFH�UHVXOWV�IRU�JUDSHVHHG�RLO�PRGLILHG�ZLWK��D��6L2� DQG��E��7L2�

QDQRSDUWLFOHV����������������������������������������������������������������������������������������������������������������� ��

)LJXUH�����&2)�UHVXOWV�IRU�JUDSHVHHG�RLO�PRGLILHG�ZLWK���D��6L2���DQG��E��7L2� QDQRSDUWLFOHV��� ��

)LJXUH�����0HDQ�YROXPHWULF�ZHDU�RI�$,6,�����F\OLQGHUV�OXEULFDWHG�ZLWK�JUDSHVHHG�RLO�
PRGLILHG�ZLWK���D��6L2���DQG��E��7L2� QDQRSDUWLFOHV���������������������������������������������������� ��

)LJXUH�����)ULFWLRQ�IRUFH�UHVXOWV�IRU�FRFRQXW�RLO�PRGLILHG�ZLWK��D��6L2� DQG��E��7L2�
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)LJXUH�����0HDQ�YROXPHWULF�ZHDU�RI�$,6,�����F\OLQGHUV�OXEULFDWHG�ZLWK�FRFRQXW�RLO�PRGLILHG�
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�D��VXQIORZHU�RLO���E��VXQIORZHU�RLO�ZLWK�6L2� QDQRSDUWLFOHV�DW������ZW���
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)LJXUH�����6(0�PLFURJUDSK�DQG�('6�VSHFWUD�RI�ZRUQ�VXUIDFHV�SURGXFHG�GXULQJ�ZHDU�WHVWV�
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)LJXUH�����3UHOLPLQDU\�(QHUJ\�FRQVXPSWLRQ�DQG�FRVW�XVLQJ�FURVV�F\OLQGHU�FRQILJXUDWLRQ���������� ��
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7KHUH�KDV�EHHQ�JURZLQJ�FRQFHUQ�RYHU�WKH�HQYLURQPHQWDO�LPSDFW�RI�WKH�XVH�RI�SHWUROHXP�

EDVHG�OXEULFDQWV�LQ�UHFHQW�\HDUV��(YHU\�\HDU� DERXW����PLOOLRQ�PHWULF�WRQV�RI�OXEULFDQWV�DUH�XVHG�

ZRUOGZLGH��DQG�WKH�PRVW�FRPPRQ�OXEULFDQW�LV�PLQHUDO�RLO� ZKLFK�LV�SHWUROHXP�EDVHG�>��@��

)XUWKHUPRUH��GHSOHWLRQ�RI�IRVVLO�IXHOV�DQG�IOXFWXDWLRQ�RI�SHWUROHXP�SULFHV�KDV�GULYHQ�LQWHUHVW�

WRZDUGV�ELRGHJUDGDEOH�OXEULFDQWV��/XEULFDQWV�SOD\�DQ�LPSRUWDQW�UROH�RI�GHFUHDVLQJ�IULFWLRQ�DQG�

ZHDU�RI�PHFKDQLFDO�FRQWDFWV�>��@� )ULFWLRQ�LV�GHVFULEHG�WR�EH�WKH�UHVLVWDQFH�RI�RQH�VXUIDFH�RU�

REMHFW�WKDW�LV�GHYHORSHG�ZKHQ�WZR�VXUIDFHV�PRYH�UHODWLYH�WR�HDFK�RWKHU���,Q�FHUWDLQ�PDFKLQHU\�

IULFWLRQ�LV�UHTXLUHG�DV�LQ�FOXWFKHV��EHOWV��SXOOH\V��DQG�EUDNLQJ�V\VWHPV��+RZHYHU��LQ�PDFKLQLQJ��

SLVWRQ�ULQJ�LQWHUIDFH�DQG�EHDULQJ�VXSSRUW�V\VWHPV�IULFWLRQ LV�XQGHVLUDEOH��,I�PRUH�IULFWLRQ�LV�

SUHVHQW�PRUH�PHFKDQLFDO�HQHUJ\�LV�ORVW�FDXVLQJ�WKH�V\VWHP�WR�XVH�PRUH�ZRUN�WR�SHUIRUP�WKH�VDPH�

WDVN����

%HIRUH�PLQHUDO�ZDV�GLVFRYHUHG��YHJHWDEOH�RLOV�ZHUH�H[WHQVLYHO\�XVHG�LQ�PDFKLQHU\��'XH�

WR�LWV�UHODWLYHO\�ORZ�FRVW�DQG�JRRG�SHUIRUPDQFH�PLQHUDO�RLO�ZDV�EHHQ�H[WHQVLYHO\�XVHG��,Q�UHFHQW�

\HDUV�GXH�WR�SULFH�IOXFWXDWLRQ��OHJDO�LVVXH��DQG�JURZLQJ�FRQFHUQ�RI�HQYLURQPHQWDO�KHDOWK�KDYH�

JLYHQ�ELRGHJUDGDEOH�RLO�D�EHWWHU�VFRSH�IRU�OXEULFDWLRQ>��@���5HFHQWO\�PXFK�IRFXV�KDV�VKLIWHG�

WRZDUGV�YHJHWDEOH�RLOV�VXFK�DV�FDQROD�RLO��VXQIORZHU�RLO��FRFRQXW�RLO��UDSHVHHG�RLO��MRMRED�RLO��

VR\EHDQ�RLO��DQG�SRQJDPLD�RLO��9HJHWDEOH�RLOV�SRVVHVV�KLJK�OXEULFLW\��KLJK�YLVFRVLW\�LQGH[��DQG�
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ORZ�YRODWLOLW\� ZKLFK�DUH�H[FHOOHQW�OXEULFDWLQJ�SURSHUWLHV�>�����@��6LQFH�WKH�PDLQ�GUDZEDFN�RI�

YHJHWDEOH�RLOV�LV�SRRU�R[LGDWLRQ��PXFK�KDV�EHHQ�JLYHQ�LQ�LPSURYLQJ�WKHUPR�R[LGDWLRQ�>�@��

2[LGDWLRQ�RFFXUV�LQ�YHJHWDEOH�RLOV�WKURXJK�IUHH�UDGLFDO�PHFKDQLVP�DQG�FDQ�EH�UHGXFHG�E\�

GHFUHDVLQJ�IUHH�IDWW\�DFLGV��

7R�LPSURYH�WKH�OXEULFDQW�RLO�SURSHUWLHV��DGGLWLYHV�KDYH�EHHQ�XVHG�VXFK�DV�DQWLZHDU�

DGGLWLYHV��H[WUHPH�SUHVVXUH�DGGLWLYHV��YLVFRVLW\�FRQWURO�DGGLWLYHV��ILOP�IRUPLQJ�DGGLWLYHV��DQG�

GHSRVLW�FRQWURO�DGGLWLYHV�>��@��5HFHQWO\�PXFK�DWWHQWLRQ�KDV�EHHQ�JLYHQ�WRZDUGV�QDQRSDUWLFOHV��

VLQFH�WKH\�SRVVHVV�XQLTXH�SURSHUWLHV�ZKHQ�FRPSDUHG�WR�WKHLU�EXON�FRXQWHUSDUWV��6WXGLHV�LQ�WKH�XVH�

RI�QDQRSDUWLFOHV�DV�DGGLWLYHV�KDYH�VKRZQ�WR�UHGXFH�IULFWLRQ�DQG�ZHDU�

����3UREOHP�6WDWHPHQW

6LQFH�FRQYHQWLRQDO�PLQHUDO�RLO�KDV�PDQ\�GUDZEDFNV�WKHUH�H[LVWV�D�GHPDQG�IRU�DQ�

DOWHUQDWLYH�ELRGHJUDGDEOH�OXEULFDQW��&XUUHQW�DOWHUQDWLYH�LV�YHJHWDEOH�RLO��EXW�LQ�LWV�FXUUHQW�VWDWH�LW�

KDV�PDQ\�GUDZEDFNV�DVVRFLDWHG�ZLWK�LW�DQG�PRUH�UHVHDUFK�LV�QHHGHG�WR�LPSURYH�LWV SURSHUWLHV�

7KH�REMHFWLYH�WKH�SUHVHQW VWXG\�ZDV�WR�HYDOXDWH�WKH�UKHRORJLFDO�DQG�WULERORJLFDO�EHKDYLRU�RI�

FRFRQXW��VXQIORZHU��DQG�JUDSHVHHG�RLO�PRGLILHG�E\�WKH�DGGLWLRQ�RI�6L2���&X2��DQG�7L2�

QDQRSDUWLFOHV�DW�GLIIHUHQW�FRQFHQWUDWLRQV WR�LPSURYH�WKH�WULERORJLFDO�SURSHUWLHV�
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����%DFNJURXQG RQ�/XEULFDQWV

$�OXEULFDQW�LV�D�VXEVWDQFH�WKDW�UHGXFHV�IULFWLRQ�EHWZHHQ�VXUIDFHV�LQ�FRQWDFW>��@� 7KLV�LQ�

UHWXUQ�PDNHV�WKH�VXUIDFHV KHDW�XS�OHVV�DQG�UHGXFH�ZHDU�SUHVHQW��/XEULFDQWV�KDYH�EHHQ�

LPSOHPHQWHG�IRU�WKRXVDQGV�RI�\HDUV��2QH�RI�WKH�ILUVW�OXEULFDQWV�ZHUH�FDOFLXP�VRDSV�ZKLFK�ZHUH�

XVHG�WR�OXEULFDWH�FKDULRWV�D[OHV�EDFN�LQ������%&��/XEULFDWLRQ�EHFDPH�PRUH�LPSRUWDQW�GXULQJ�WKH�

LQGXVWULDO�UHYROXWLRQ�ZKHUH�D�ORW�RI�PDFKLQHU\�UHTXLUHG�OXEULFDWLRQ�IRU�PHWDO�IRUPLQJ� ,QLWLDOO\�

QDWXUDO�RLOV�ZHUH�XVHG�DV�OXEULFDQWV��EXW�GLVFRYHU\�RI�SHWUROHXP�PDGH�WKH�VZLWFK�WR�SHWUROHXP�

EDVHG�OXEULFDQWV� 6LQFH�WKH�����V�WKH�PRVW�FRPPRQ�OXEULFDQW�KDV�EHHQ�PLQHUDO�RLO��0DQ\�RWKHU�

IRUPV�RI�OXEULFDQWV�H[LVW�WRGD\�DQG�DUH�VKRZQ�LQ�7DEOH����

7DEOH��� 6XPPDU\�RI�GLIIHUHQW�/XEULFDWLRQ�RLOV>��@
7\SHV�RI�/XEULFDQWV

7\SHV�RI�2LOV 'HVFULSWLRQ
9HJHWDEOH�RLOV x &RFRQXW�2LO

x *UDSHVHHG�2LO
x 6XQIORZHU�2LO�
x 3DOP�2LO
x 5DSHVHHG�2LO

$UH�GHVFULEHG�DV�ELROXEULFDQWV
DQG�DUH�UHQHZDEOH��0RVWO\�
REWDLQHG�IURP�SODQWV�PDNLQJ�
WKHP�WULJO\FHULGH�HVWHUV��

0LQHUDO�2LOV x 3DUDIILQV
x ,VRSDUDIILQV
x $URPDWLF

0LQHUDO RLO�FRPHV�IURP�FUXGH�
RLO�DQG�FDQ�EH�DVVLJQHG�WR���
JURXSV�E\�WKH�$PHULFDQ�
3HWUROHXP�,QVWLWXWH��

6\QWKHWLF x $ON\ODWHG�DURPDWLFV
x 3RO\DOSKDROHILQV
x 3RO\EXWHQV
x (VWHUV�'LHVWHUV
x 3RO\RO�(VWHUV

6\QWKHWLF�RLO�LV�SHWUROHXP�
GHULYHG�WKDW�LV�PRGLILHG�ZLWK�
V\QWKHWLF�K\GURFDUERQV��
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&XUUHQW�WHFKQRORJ\�GHPDQGV�IRU�D�VXVWDLQDEOH�DQG�PRUH�HQYLURQPHQWDOO\�IULHQGO\�

OXEULFDQW��,Q�WKH�SDVW�\HDUV�WKH�XVH RLO�KDV�LQFUHDVHG�DQG�HYHQWXDOO\�ZLOO�UHDFK�LWV�SHDN�DV�VKRZQ�

E\�ZRRG�>��@�LQ�)LJXUH����:KHQ�WKH�SHDN�LV�UHDFKHG�LQ�WKH���VW FHQWXU\�WKHUH�ZLOO�EH�D�

FDWDVWURSKLFDOO\�GHSOHWLRQ RI�WKH�ZRUOG¶V RLO��)XUWKHUPRUH��JHQHUDO�FRQFHUQ�RI�WR[LF�OXEULFDQWV�KDV�

SURPRWHG�UHVHDUFK�WR�ELRGHJUDGDEOH�OXEULFDQWV��0XFK�LQWHUHVW�KDV�EHHQ�JLYHQ�WRZDUGV�YHJHWDEOH�

RLOV�VLQFH�WKH\�DUH�UHQHZDEOH�DQG�GR�QRW�FRQWDPLQDWH�WKH�HQYLURQPHQW��)XUWKHUPRUH��YHJHWDEOH�

RLOV�SRVVHVV�PDQ\�VRXJKW�RXW�SURSHUWLHV�VXFK�DV�JRRG�OXEULFDWLRQ�LQ�FRQWDFW�DUHD��KLJK�IODVK�SRLQW��

KLJK�ELRGHJUDGDELOLW\��DQG�ORZ�YRODWLOLW\ >������@��7KH�KLJK�SRODULW\�RI�YHJHWDEOH�RLOV�DOORZV�WKHP�

WR�EH�XVHIXO�ERXQGDU\�OXEULFDQWV�>�@�

)LJXUH��� 2LO�FRQVXPSWLRQ�SHU�ELOOLRQ�EDUUHOV�YHUVXV�\HDU >��@�

����9HJHWDEOH�2LOV

$V�VKRZQ�LQ�WKH�SUHYLRXV�VHFWLRQV�WKHUH�LV�PXFK�QHHG�IRU�DQ�DOWHUQDWLYH�OXEULFDQW�WR�

UHSODFH�FXUUHQW�PLQHUDO�DQG�V\QWKHWLF�RSWLRQV��9HJHWDEOH�RLOV�KDYH�VSLNHG�PXFK�LQWHUHVW�LQ�UHFHQW�

\HDUV�LQ�GXH�WR�WKHP�EHLQJ�ELRGHJUDGDEOH�LQ�QDWXUH�DQG�QRQ�WR[LF��



�

9HJHWDEOH�RLO�FRPHV�LQ�OLTXLG�IRUP�DQG�LV H[WUDFWHG�IRUP�FDVK�FURSV�DQG�SODQWV���0RVW�

YHJHWDEOH�RLO�LV�PDGH�XS�RI�WULJO\FHULGHV��ZKLFK�DUH�JO\FHURO�PROHFXOHV�FRQVLVWLQJ�RI�WKUHH�ORQJ�

FKDLQ�IDWW\�DFLGV�WKDW�DUH�FRQQHFWHG�YLD�HVWHU�OLQNDJHV�DW�WKH�K\GUR[\�JURXSV>��@��$�

UHSUHVHQWDWLRQ�RI�WKHVH�WULJO\FHULGHV�FKDLQV�LV�VKRZQ�)LJXUH����

)LJXUH��� &RPSRVLWLRQ�RI�7ULJO\FHULGHV >��@�

0RVW�RI�WKH�IDWW\�DFLGV�IRXQG�ZLWKLQ�YHJHWDEOH�RLOV�DUH�EHWZHHQ����WR����FDUERQV�ORQJ��

)XUWKHUPRUH��WKH�OHYHO�RI�VDWXUDWLRQ�YDULHV�GHSHQGLQJ�RQ�WKH�IDWW\�DFLGV��)DWW\�DFLGV�VXFK�DV�ROHLF�

DFLG�LV�DEVRUEHG�E\�K\GURFDUERQ�VROXWLRQV�DW�WKH�VXUIDFH�PHWDO�WRRO��7KLV�DWWUDFWLRQ�WR�PHWDO�

VXUIDFH�DQG�YHJHWDEOH�RLO�KDV�EHHQ�DVVXPHG�WR�EH�WKH�UHDVRQ�IRU�HQKDQFHG�OXEULFDWLQJ�

FKDUDFWHULVWLFV�LQ�YHJHWDEOH�RLO>��@� 2WKHU�FRPPRQ�IDWW\�DFLGV�IRXQG�ZLWKLQ�YHJHWDEOH�RLOV�DUH�

3DOPLWLF�IDWW\�DFLGV��6WHDULF�IDWW\�DFLGV��/LQROHLF�IDWW\�DFLGV��DQG�/LQROHQLF�IDWW\�DFLGV��'HSHQGLQJ�

RI�WKH�YHJHWDEOH�RLO�WKH�SHUFHQWDJH�FRPSRVLWLRQ�RI�WKH�IDWW\�DFLG�ZLOO�GLIIHU��)RU�H[DPSOH�

VXQIORZHU�RLO�KDV�������/LQROHLF�IDWW\�DFLG�FRPSRVLWLRQ�PHDQZKLOH�*URXQGQXW�KDV�RQO\�����

FRPSRVLWLRQ��)RU�D�IXOO�OLVW�RI�FRPPRQ�YHJHWDEOH�RLOV�DQG�WKHLU�FRUUHVSRQGLQJ�IDWW\�DFLG�

FRPSRVLWLRQ� VHH�7DEOH��� 1RWH�WKDW�³QG´ UHSUHVHQWV�WKDW�WKH IDWW\�DFLG�FRPSRVLWLRQ�ZDV�QRW�

GHWHUPLQHG��7KHVH�IDWW\�DFLGV�DUH�ZKDW�JLYH�YHJHWDEOH�RLOV�WKHLU�XQLTXH�SURSHUWLHV�GHSHQGLQJ�RQ�
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ZKDW�IDWW\�DFLG�WKH\ KDYH�WKH�PRVW��)RU�H[DPSOH� YHJHWDEOH�RLO�KLJK�LQ�ROHLF�DFLG�WHQG�WR�KDYH�

EHWWHU�R[LGDWLYH�VWDELOLW\��

7DEOH��� 3URSHUWLHV�RI�6RPH�9HJHWDEOH�2LOV >����@�

9HJHWDEOH�
2LOV

'RXEOH�
%RQGV

3HUFHQWDJH�RI�)DWW\�$FLGV
2OHLF�
������

/LQROHLF�
������

/LQROHQLF�
������

3DOPLWLF�
������

6WHDULF�
������

/DXULF�
������

5DSHVHHG ��� ���� ���� ���� ��� ��� QG
&RFRQXW�2LO ��� ��� ��� QG ��� ����
6XQIORZHU�
2LO

��� ���� ���� ��� ��� ��� ����

*UDSH�6HHG� ���� ���� ���� ��� ��� ����
&RUQ�2LO ��� ���� ���� ��� ���� ��� QG

$OWKRXJK�YHJHWDEOH�RLOV�VHHP�WR�VXLWDEOH�UHSODFHPHQW�IRU�FRQYHQWLRQDO�PLQHUDO�RLO��WKHUH�

DUH�PDQ\�OLPLWDWLRQV�DQG�GUDZEDFNV�DVVRFLDWHG�WR�YHJHWDEOH�RLO�WKDW�KDYH�QRW�PDGH�LW�SRVVLEOH��

6RPH�RI�WKH�FXUUHQW�GLVDGYDQWDJHV�DVVRFLDWHG�ZLWK�WKH�XVH�RI�YHJHWDEOH�RLO�LV�WKDW�LW�SHUIRUPV�

ZRUVH�ZKHQ�FRPSDUHG�ZLWK�PLQHUDO�RLO��ORZ�WKHUPDO�VWDELOLW\��ORZ�R[LGDWLYH�DQG�K\GURO\WLF�

VWDELOLW\��DQG�SRRU�ORZ�WHPSHUDWXUH�SHUIRUPDQFH>����@��5HFHQWO\�PRVW�QHZ�UHVHDUFK�LV�IRFXVHG�

RQ�IL[LQJ�WKH�GUDZEDFNV�RI�YHJHWDEOH�RLOV YLD�FKHPLFDOO\�PRGLILFDWLRQ�DV�VKRZQ�E\�EXWDQHWKLRO

>�@��RU�E\�WKH�DGGLWLRQ�RI�QDQRSDUWLFOHV��

������&RFRQXW�2LO

'XULQJ�WKH�SUH�PLQHUDO�RLO�FRFRQXW�RLO�ZDV�ZLGHO\�XVHG�LQ�JDV�HQJLQHV��&RFRQXW�RLO�LV�

FRQVLGHUHG�RQH�RI�WKH�PRVW�VWDEOH�RLOV��&RFRQXW�RLO�EHORQJV�WR�WKH�ODXULF�RLO�JURXSV��/DXULF�DFLG�LV�

WKH�PRVW�DEXQGDQW�IDWW\�DFLG�IRXQG�LQ�FRFRQXW�RLO��&RFRQXW�RLO�KDV�����VDWXUDWHG�DFLGV�ZKLFK�

KDYH�EHHQ�IRXQG�WR�EH�DQWLR[LGDQW��1�+��-D\DGDV�DQG�3UDEKDNDUDQ >��@ VKRZHG�WKDW�FRFRQXW�RLO�

KDG�JRRG�OXEULFDQW�SURSHUWLHV�VXFK�DV�KLJK�YLVFRVLW\�LQGH[��KLJK�IODVK�SRLQW��JRRG�OXEULFLW\��DQG�

ORZ�HYDSRUDWLYH�ORVV��
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������6XQIORZHU�2LO

6XQIORZHU�RLO�ZDV�LQLWLDOO\�XVHG�DV�JUHDVH�DQG�GLHVHO�IXHO�VXEVWLWXWHV��6XQIORZHU�PDLQ�

IDWW\�DFLG�LV�OLQROHLF�ZLWK�D�FRQFHQWUDWLRQ�RI��������DV�VKRZQ�LQ�7DEOH����0RVW�RI�WKH�UHVHDUFK�

GRQH�RQ�VXQIORZHU�KDV�EHHQ�WR�LPSURYH�LWV�R[LGDWLRQ�SURSHUWLHV�� 0LQDPL�FRQGXFWHG�SLQ�RQ�GLVN�

H[SHULPHQWV�DQG�FDPH�WR�WKH�FRQFOXVLRQ�WKDW�KLJK�ROHLF�VXQIORZHU�RLO�SHUIRUPHG�ZHOO�ZLWKRXW�

DGGLWLYHV�DW���R&��DQG�WKDW�DGGLWLRQ�RI�VWHDULF�DFLG�LQFUHDVHG�SHUIRUPDQFH�DW�KLJKHU�ORDGV�>��@��

7KHUHIRUH��VXQIORZHU�KDV�SRWHQWLDO�LQ EHLQJ�D�ELRGHJUDGDEOH�QRQWR[LF�OXEULFDQW�UHSODFHPHQW��

������*UDSHVHHG�2LO

$OWKRXJK�JUDSHVHHG�RLO�KDV�H[LVWHG�IRU�����V�RI�\HDUV�OLWWOH�UHVHDUFK�KDV�EHHQ�GRQH�

H[SORULQJ�WULERORJLFDO�SHUIRUPDQFH�RI�*UDSHVHHG�RLO��*UDSHVHHG�PRVW�DEXQGDQW�IDWW\�DFLG�LV�

OLQROHLF�DFLG�DW�������FRQFHQWUDWLRQ��*UDSHVHHG�FDQ�EH�IRXQG�LQ�JUHDW�DEXQGDQFH�LQ�%UD]LO�

WKHUHIRUH��PDNLQJ�LW�D�YLDEOH�VROXWLRQ�WR�VXEVWLWXWH�FRQYHQWLRQDO�PLQHUDO�RLO�LI�SHUIRUPDQFH�LV�

FRPSDUDEOH�WR�PLQHUDO�RLO��6HUUD�LQ������FRPSDUHG�EDVH�JUDSHVHHG�RLO�ZLWK�PLQHUDO�RLO�DQG�IRXQG�

WKDW�LQ�SK\VLFDO�SURSHUWLHV�VXFK�DV�IODVK�SRLQW�DQG�SRXU�SRLQW�JUDSHVHHG�SHUIRUPHG�EHWWHU��EXW�LQ�

ZHDU�WHVW�PLQHUDO�RLO�KDG�OHVV�ZHDU�>��@�

����)HHGVWRFN�&RQVLGHUDWLRQV�

7R�FRQVLGHU�YHJHWDEOH�RLO�DV�UHSODFHPHQW�WR�FRQYHQWLRQDO�PLQHUDO�RLO�LW�KDV�WR�EH�DEOH�WR�

NHHS�XS�ZLWK�WKH�GHPDQG�QHHGHG��&XUUHQWO\�WKHUH�H[LVWV�RYHU�����GLIIHUHQW�FURSV�WKDW�YHJHWDEOH�

RLO�FDQ�EH�H[WUDFWHG�IURP�>��@��2XW�RI�WKH�ORQJ�OLVW�RI�YHJHWDEOH�RLO�WKH�SRSXODU�IHHGVWRFN�RLOV�DUH�

FRFRQXW��VXQIORZHU��FDQROD�VR\EHDQ��FDVWRU��SHDQXW�RLO��DQG�MDWURSKD�RLO��ZLWK�D�ORW�PRUH�RLOV�WR�

FRQVLGHU�WKDW�FDQ�EH�XVHG�WR�VXEVWLWXWH�FRQYHQWLRQDO�PLQHUDO�RLO��9HJHWDEOH�RLO�FDQ�HLWKHU�EH�

HGLEOH�RU�QRQ�HGLEOH��DQG�LGHDOO\�ILQGLQJ�XVH�IRU�D�QRQ�HGLEOH�YHJHWDEOH�RLO�ZRXOG�EH�LGHDO��7KLV�

QRQ�HGLEOH�RLO�ZRXOG�KDYH�OLWWOH�WR�QR�LQIOXHQFH�RQ�FXUUHQW�FRVW�RI�YHJHWDEOH�RLO�RU�SURGXFWLRQ��



�

6XFK�RLOV�WKDW�DUH�FRQVLGHUHG�QRQ�HGLEOH�DUH�FDVWRU��ULFH�EUDQ��MDWURSKD�DQG�PDQ\�PRUH��7KHVH��

QRQ�HGLEOH�FRXOG�EH�JURZQ�LQ�D�ODQG�QH[W�WR�HGLEOH�FURSV��WKHUHIRUH�QR�LQWHUIHUHQFH�ZRXOG�KDSSHQ�

WR�HGLEOH�YHJHWDEOH�RLO >��@���)RU�WKLV�SDSHU�WKUHH�YHJHWDEOH�RLO�ZLOO�EH�FRQVLGHUHG�ZKLFK�ZLOO�EH�

FRFRQXW��VXQIORZHU��DQG�JUDSHVHHG��$OWKRXJK�WKHVH YHJHWDEOH�RLOV�DUH�DPRQJ�WKH�HGLEOH�FDWHJRU\�

WKH�JUHDW�DEXQGDQFH�DYDLODEOH�DOORZV�WKHP�WR�EH�FRQVLGHUHG�DV�UHSODFHPHQW�WR�FRQYHQWLRQDO

PLQHUDO�RLO��

��� $GGLWLRQ�RI�1DQRSDUWLFOHV

7R�LPSURYH�WKH�OXEULFDQW�RLO�SURSHUWLHV��DGGLWLYHV�KDYH�EHHQ�XVHG�VXFK�DV�DQWLZHDU�

DGGLWLYHV��H[WUHPH�SUHVVXUH�DGGLWLYHV��YLVFRVLW\�FRQWURO�DGGLWLYHV��ILOP�IRUPLQJ�DGGLWLYHV��DQG�

GHSRVLW�FRQWURO�DGGLWLYHV�>��@��5HFHQWO\�PXFK�DWWHQWLRQ�KDV�EHHQ�JLYHQ�WRZDUGV�QDQRSDUWLFOHV��

VLQFH�WKH\�SRVVHVV�XQLTXH�SURSHUWLHV�ZKHQ�FRPSDUHG�WR�WKHLU�EXON�FRXQWHUSDUWV��6WXGLHV�LQ�WKH�XVH�

RI�QDQRSDUWLFOHV�DV�DGGLWLYHV�KDYH�VKRZQ�WR�UHGXFH�IULFWLRQ�DQG�ZHDU�

7KLV�UHGXFWLRQ�LQ�IULFWLRQ�LV�GXH�WR�WKH�QDQRSDUWLFOHV�GXH�WR�WKHLU�H[WUHPHO\�VPDOO�VL]H�

DOORZV�WKHP�WR�VOLS�LQWR�WKH�FRQWDFW�DUHDV�RI�WKH�WZR�PHWDOV��0HQGLQJ�HIIHFW��UROOLQJ�HIIHFW��

SROLVKLQJ�HIIHFW��DQG�SURWHFWLYH�ILOP�PHFKDQLVPV�KDYH�EHHQ�SURSRVHG�WR�GHVFULEH�WKH�UROH�RI�

QDQRSDUWLFOHV�LQ�OXEULFDQW�RLO��DQG�LV�VKRZQ�LQ�)LJXUH����3HQJ�DQG�FR�ZRUNHUV�IRXQG�WKDW�E\�

DGGLQJ�6L2� DQG�GLDPRQG�QDQRSDUWLFOHV�LQ�OLTXLG�SDUDIILQ�IULFWLRQ�GHFUHDVHG�ZKHQ�FRPSDUHG�WR�

SODLQ�OLTXLG�SDUDIILQ�RLO�>��@��+HUQDQGH]�VWXGLHG�WKH�HIIHFW�RI�DGGLQJ�=Q2��&X2��DQG�=U2�

QDQRSDUWLFOHV�LQ�SRO\DOSKDROHILQ�DQG�IRXQG�IULFWLRQ�DQG�ZHDU�GHFUHDVHG�GXH�WR�WKH�QDQRSDUWLFOHV�

DFWLQJ�ORDG�EHDULQJV�>��@��$OWKRXJK�QDQRSDUWLFOHV�KDYH�SURYHQ�WR�HQKDQFH�OXEULFDQW�SURSHUWLHV�

WKH�FXUUHQW�LVVXH�LV�FRPSDWLELOLW\�DV�VWDWHG�E\�*XO]DU�DQG FR�ZRUNHUV�>��@��$IWHU�VRPH SHULRG�RI�

WLPH� QDQRSDUWLFOHV�WHQG�WR�VHGLPHQW�PDNLQJ�WKH�OXEULFDQW�QR�ORQJHU�XQLIRUP��
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)LJXUH �� 5ROH�RI�1DQRSDUWLFOHV�LQ�9HJHWDEOH�EDVHG�/XEULFDQWV�

����� 7\SHV�RI�1DQRSDUWLFOHV

6LQFH�EDVH�RLO�KDYH�PDQ\�GUDZEDFNV� LQ�UHFHQW�GHFDGH�LQFUHDVHG�DWWHQWLRQ�WR�

QDQRSDUWLFOHV�VXFK�DV�PHWDOV��PHWDO�R[LGH��PHWDO�VXOILGH��PHWDO�ERUDWH��PHWDO�FDUERQDWH��FDUERQ�

FRPSRXQGV��DQG�6L2���(DFK�QDQRSDUWLFOH�KDV�WKHLU�XQLTXH�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV��

:KHQ�HYDOXDWLQJ�D�QDQRSDUWLFOH��LW�LV�LPSRUWDQW�WR�DQVZHU�WKUHH�TXHVWLRQV��:KDW�OXEULFDWLRQ�

PHFKDQLVP�LV�DW�SOD\�IURP�)LJXUH��"�:KDW�LV�WKH�LPSRUWDQFH�RI�WKH�FKHPLFDO�FRPSRVLWLRQ�DQG�LWV�

HIIHFW�RQ�WKH�WULERORJLFDO�SHUIRUPDQFH"�/DVWO\� ZKDW�HOHPHQWV�DYDLODEOH�IURP�QDQRSDUWLFOHV�DUH�

SRVLWLYH�IRU�QDQR�OXEULFDWLRQ�>�@"� )LJXUH���VKRZV�VRPH�QDQRSDUWLFOHV�WKDW�KDYH�EHHQ�SUHYLRXVO\�

VWXGLHG�DQG�LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�PRVW�VWXGLHG�QDQRSDUWLFOHV�DUH�PHWDO�R[LGH�DQG�PHWDOV�

FRQVXPLQJ�����DQG�����UHVSHFWLYHO\ RI�WRWDO�SHUFHQW��)RU�WKLV�VSHFLILF�VWXG\� WKH�IRFXV�ZDV�

PDLQO\�RQ�WKUHH�QDQRSDUWLFOHV�VLQFH�ZH�ZDQWHG�WR�H[SORUH�WKH�HIIHFW RI 7LWDQLXP�R[LGH�RI���QP��

6LOLFRQ�GLR[LGH������QP��DQG�&RSSHU�R[LGH���QP RQ�WKH�WULERORJLFDO�SHUIRUPDQFH�VLQFH�QR�

SUHYLRXV�UHVHDUFK�H[LVWHG�RI�WKHVH�YHJHWDEOH�RLOV�ZLWK�WKHVH�VSHFLILF�QDQRSDUWLFOHV�



��

)LJXUH��� 6WDWLVWLFV�RI�1DQRSDUWLFOHV�VWXGLHG�DV�OXEULFDQW�DGGLWLYHV��5HFRQVWUXFWHG�IURP�>�@��

������6L2� DV�1DQRSDUWLFOH�OXEULFDQW�DGGLWLYH

6LOLFRQ�GLR[LGH�EHORQJV�WR�WKH�RWKHU JURXS�RI�OXEULFDQW�DGGLWLYHV DQG�LV�RQH�RI�WKH�PRVW�

FRPPRQ�DGGLWLYHV�XVHG�WR�LPSURYH�OXEULFDQW�EDVH�SHUIRUPDQFH� VLQFH�LW�HDVLO\�REWDLQHG�DQG�

FKHDS>��@��$V�PHQWLRQHG�EHIRUH�3HQJ�IRXQG�WKDW�E\�WKH�DGGLWLRQ�LQ�OLTXLG�SDUDIILQ�WKH�IULFWLRQ�

ZDV�ORZHUHG�ZKHQ�FRPSDUHG�WR�EDVH�RLO�E\�LWVHOI��2WKHU�UHVHDUFK�ZDV�GRQH�/L�DQG�FRZRUNHUV�

ZKHUH�WKH\�VWXGLHG�VXUIDFH�PRGLILHG�6L2� >��@� 7KH\�IRXQG�WKDW�E\�PRGLI\LQJ�WKH�VXUIDFH�WKH�

VXVSHQVLRQ�RI�QDQRSDUWLFOHV�LQ�RLOV�LPSURYHG��'DPEDWWD DQG�FR�ZRUNHUV VWXGLHG�WKH�WULERORJLFDO�

SHUIRUPDQFH�RI�6L2� LQ�QDQRIOXLGV�VSHFLILFDOO\�LQ�WKH�DUHD�RI�PLQLPXP�TXDQWLW\�OXEULFDWLRQ>�@��

(YDOXDWLQJ�WKH�VXUIDFH�ILQLVK�DQG�JULQGLQJ�IRUFHV�'DPEDWWD�DQG FR�ZRUNHUV�ZHUH�DEOH�WR�ILQG�WKDW�

DQ�RSWLPDO�OHYHO�RI�6L2� H[LVWV��DQG�WKDW�E\�DGGLQJ�QDQRSDUWLFOHV�IULFWLRQ�ZDV�UHGXFHG�WKURXJK�D�

WULERILOP�DW�VXUIDFH��7KHUHIRUH��6L2��KDV�EHHQ�VWXGLHG�EHIRUH DQG�VKRZV�SURPLVLQJ�UHVXOWV�LI�

PL[HG�ZLWK�YHJHWDEOH�RLOV�

Ϯϯй

ϭϲй

Ϯϲй

ϳй

ϲй

ϳй

ϭϱй

DĞƚĂůƐ

^ƵůĨŝĚĞ

DĞƚĂů�KǆŝĚĞ

�ĂƌďŽŶ
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������&X2�DV�1DQRSDUWLFOH�OXEULFDQW�DGGLWLYH

&X2 QDQRSDUWLFOHV�EHORQJ�WR�WKH�PHWDO�R[LGH�JURXS��5HVHDUFK�KDV�VKRZQ�&X2�KDV�WKH�

SRWHQWLDO�WR�UHGXFH�IULFWLRQ�DQG�ZHDU�LPSURYLQJ�WULERORJLFDO�SHUIRUPDQFH�ZKHQ�FRPSDUHG�WR�EDVH�

RLO��:DQJ�DQG�FR�ZRUNHUV�H[SORUHG�WKH�DQWLZHDU�DQG�UHSDLULQJ�SHUIRUPDQFH�RI�OXEULFDQW�

HQKDQFHG�ZLWK�&X2�QDQRSDUWLFOHV >��@��:DQJ�FRQFOXGHG�WKDW�WKH�ZHDU�VFDU�DQG�IULFWLRQ�UHGXFHG�

E\�����DQG�����UHVSHFWLYHO\�ZKHQ�DQDO\]HG�E\�IULFWLRQ�DQG�ZHDU�WHVW�PDFKLQH��7KH�HIIHFWV�RI�

&X2�LQ�3RO\�DOSKD�ROHILQ���DQG�*/���RLO�ZHUH�DOVR DQDO\]HG�XVLQJ�D RSWLPDO�659���WHVWHU DQG�

H[WUHPH�SUHVVXUH�E\�D IRXU�EDOO�WHVWLQJ�PDFKLQH�E\�3HxD�3DUiV�D�DQG�FRZRUNHUV >��@� 7KH\�

FRQFOXGHG�WKDW�WKH�DGGLWLRQ�RI�&X2�KHOSHG�LPSURYH�WKH�FDUU\LQJ�FDSDFLW\�OLNHO\�GXH�WR�WKH�

WULERVLQWHULQJ�RI�WKH�QDQRSDUWLFOHV��)XUWKHUPRUH�&X2�KDG�PRUH�HIIHFW�LQ�3$2���RLO�LPSURYLQJ�

WULERORJLFDO�SHUIRUPDQFH� 7KHUHIRUH��WKH�DGGLWLRQ�RI�&X2�QDQRSDUWLFOHV�KDYH�VKRZQ�SRVLWLYH�

UHVXOWV�LQFUHDVLQJ�WKH�WULERORJLFDO�SHUIRUPDQFH�RI�EDVH�RLOV��2QH�WKLQJ�WR�QRWH�LV�WKDW�WKH�

QDQRSDUWLFOH�ZLOO�UHDFW�GLIIHUHQW�LQ�GLIIHUHQW�EDVH�RLO�VR�SHUIRUPDQFH�ZLOO�GLIIHU DV�WKH�EDVH�RLO LV�

FKDQJHG�

������7L2� DV�1DQRSDUWLFOH�OXEULFDQW�DGGLWLYH

7LWDQLXP�R[LGH�OLNH &X2�EHORQJV�WR�WKH�PHWDO�R[LGH�JURXS��7KH�PHWDOOLF�QDQRSDUWLFOHV�

KDYH�XQLTXH�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV��0HWDO�R[LGHV�KDYH�EHHQ�IRXQG�WR�LPSURYH�

OXEULFDWLRQ�SHUIRUPDQFH�WKURXJK�D�OXEULFDWLRQ�ILOP�NQRZQ�DV�D�WULER�ILOP��UROOLQJ�HIIHFW�GXH�WR�WKH�

QDWXUH�RI�VHPLVSKHULFDO�VKDSH�QDQRSDUWLFOHV��DQG�UROOLQJ�HIIHFW��)RU�H[DPSOH��.DR�DQG�/LQ�IRXQG�

WKDW�WKH�DGGLWLRQ�RI�VSKHULFDO�WLWDQLXP�R[LGH�QDQRSDUWLFOHV�LQWR�SDUDIILQ�RLO�UHGXFHG�WKH�IULFWLRQ�

FRHIILFLHQW�E\�WKH�UROOLQJ�HIIHFW�DQG�VXUIDFH�UHSDLULQJ�HIIHFW�DOVR�NQRZQ�DV�WKH�PHQGLQJ�HIIHFW

>��@� 2WKHU�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�DGGLWLRQ�RI�7L2��LPSURYHG�ORDG�FDUU\LQJ�FDSDFLW\��

UHGXFHG�IULFWLRQ��DQG�ZHDU�ZKHQ�FRPSDUHG�WR�WKH�EDVH�RLO�>�������@�



��

��� $SSOLFDWLRQ

,I�VXFFHVVIXO� WKH�DSSOLFDWLRQV�IRU�ELRGHJUDGDEOH�OXEULFDQWV�LV�YDVW��)RU�RXU�WKUHH�VHOHFWHG�

YHJHWDEOH�RLOV�WKH�WHPSHUDWXUH�DQG�SRWHQWLDO�R[LGDWLRQ�ZLOO�EH�OLPLWLQJ�IDFWRUV��6HFWRUV�ZKHUH�

YHJHWDEOH�RLO�PRGLILHG�ZLWK�QDQRSDUWLFOHV�FDQ�EH�XVHG�DUH�FXWWLQJ�IOXLGV��UHIULJHUDQW�V\VWHPV��

HQJLQH�SLVWRQ�VHDOV��EHDULQJV�DQG�PXFK�PRUH��,Q�FXWWLQJ�IOXLGV��WKH�SXUSRVH�RI�WKH�OXEULFDQW�LV�

SURWHFWLQJ�WKH�WRRO�PHDQZKLOH�HQVXULQJ�WKH�SURGXFW�VXUIDFH�LV�QRW�GDPDJH��)RU�UHIULJHUDQW�

V\VWHPV�WKH�OXEULFDQW�UROH�LV�WR�SURWHFW�WKH�SXPS�IURP�GDPDJLQJ�LWVHOI�WKURXJK�H[FHVVLYH�IULFWLRQ�

DQG�ZHDU��,Q�SLVWRQ�VHDOV�WKH�SXUSRVH�RI�WKH�OXEULFDQW�LV�WR�HQVXUH�WKH�VXUIDFH�RI�WKH�SLVWRQ�LV�

SURWHFWHG�WR�HQVXUH�QR�OHDNDJH�RFFXUV�E\�GDPDJHG�SLVWRQ�ZDOOV�� )XUWKHUPRUH��LW�LV�LPSRUWDQW�WR�

QRWH�WKDW�FORVH�V\VWHPV�DUH�LGHDO�VLQFH�RSHQ�V\VWHPV�ZLOO�EH�H[SRVHG�WR�WKH�HQYLURQPHQW�PDNLQJ�

YHJHWDEOH�RLOV�R[LGL]H�TXLFNO\��$OWKRXJK�PXFK�UHVHDUFK�GRQH�LV�SUHOLPLQDU\�HYDOXDWLQJ�

H[SHULPHQWDOO\�YHJHWDEOH�RLOV�LQ�ZHDU�WHVWLQJ�PDFKLQHV��PXFK�LPSURYHPHQW�WR�EDVH�RLO�KDV�

DOUHDG\�EHHQ�GRQH�E\�WKH�DGGLWLRQ�RI�DGGLWLYHV�DQG�FKHPLFDO�PRGLILFDWLRQ��,I�VXFFHVVIXO� ZH�FDQ�

EH�VHHLQJ�D�ZRUOG�ZKHUH�PRVW�FRPSRQHQWV�DUH�OXEULFDWHG�E\�DQ HQYLURQPHQWDOO\ IULHQGO\�

ELRGHJUDGDEOH�OXEULFDQW�

����(QHUJ\�&RQVLGHUDWLRQV

)RU�ELJ�FRUSRUDWLRQ�FRPSDQLHV� RSWLPL]LQJ�IRU�PD[LPXP�SURILW�LV�WKH�PDLQ�JRDO��

5HSODFLQJ�FRQYHQWLRQDO�PLQHUDO�RLO�ZLWK�YHJHWDEOH�EDVHG�RLO�PD\�FDXVH�DQ�LPSDFW�RQ�WKH�HQHUJ\�

XVHG�E\�WKH�PDQXIDFWXULQJ�HTXLSPHQW��'XULQJ�WKH�PDFKLQLQJ�SRUWLRQ�WKH�FXWWLQJ�WRRO�H[SHULHQFHV�

ZHDU DQG�IULFWLRQ� DQG�WKLV�IDFWRUV DIIHFW WKH�SRZHU�FRQVXPSWLRQ�DQG�VXUIDFH�ILQLVK�>��@��(QHUJ\�

FRQVXPSWLRQ�LV�QRW�RQO\�ORVW�LQ�PDQXIDFWXULQJ�HTXLSPHQW��)RU�OXEULFDQWV�WKHLU�DSSOLFDWLRQV�

LQFOXGH�WUDQVSRUWDWLRQ�VXFK�DV�FDUV��WUXFN��DQG�EXVHV� )XUWKHUPRUH� SRZHU�JHQHUDWLRQ�DOVR�

UHTXLUHV OXEULFDQWV��7KHUHIRUH� PLQLPL]LQJ�IULFWLRQ�DQG�ZHDU�LV�LPSRUWDQW�VLQFH�LQ�UHWXUQ�



��

FRQVXPSWLRQ�RI�HQHUJ\�ZLOO�ORZHU��&2� HPLVVLRQV�ZLOO�ORZHU��DQG�HFRQRPLF�H[SHQGLWXUH�ZLOO�

RFFXU >��@� 6WXGLHV�KDYH�VKRZQ�����RI�WKH�ZRUOGV�HQHUJ\�LV�FRQVXPHG�E\�WULERORJLFDO�FRQWDFWV�

DQG�����RI�LW�LV�WR�RYHUFRPH�IULFWLRQ >��@��
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����1DQR�/XEULFDQW�3UHSDUDWLRQ

,Q�WKH�SUHVHQW�VWXG\��6L2���&X2��DQG�7L2� QDQRSDUWLFOHV�IURP�86�5HVHDUFK�1DQR�&R��

�+RXVWRQ��7;��86$��ZHUH�GLVSHUVHG�LQ�FRPPHUFLDOO\�DYDLODEOH�VXQIORZHU��JUDSHVHHG��DQG�

FRFRQXW�RLO�LQ�GLIIHUHQW�FRQFHQWUDWLRQV�WR�IRUPXODWH�WKH�QDQR�OXEULFDQWV��7KH�PDLQ�SURSHUWLHV�RI�

WKH�OXEULFDQW�DQG�VHOHFWHG�QDQRSDUWLFOHV�DUH�VKRZQ�LQ�7DEOH����'HQVLW\�RI�WKH�RLO�ZDV�PHDVXUHG�

RQ�D�ZHLJKW�WR�YROXPH�EDVLV�XVLQJ�D����P/�IODVN�DQG�D�0HWWOHU�7ROHGR�;6���'8�HOHFWURQLF�

EDODQFH��0HWWOHU�7ROHGR�//&��&ROXPEXV��2+��86$��WR�DQ�DFFXUDF\�RI������PJ��7KH�

PRUSKRORJ\�RI�WKH�SDUWLFOHV�ZDV�YHULILHG�XVLQJ�)LHOG�(PLVVLRQ�6FDQQLQJ�(OHFWURQ�0LFURVFRSH�

�)(�6(0��=(,66�6,*0$�93��&DUO�=HLVV�6%(��7KRUQZRRG��1<��86$� VKRZQ�EHORZ�LQ�)LJXUH�

��

)LJXUH��� 6FDQQLQJ�(OHFWURQ�0LFURVFRSH>��@�



��

1DQR�OXEULFDQWV�WKHQ�ZHUH�SUHSDUHG�E\�WKH�DGGLQJ�RI�������������������������DQG������ZW���

QDQRSDUWLFOHV�LQWR�WKH�YHJHWDEOH�OXEULFDQW XVLQJ�WKH�0HWWOHU�7ROHGR�;6���'8�HOHFWURQLF�EDODQFH�

VKRZQ�LQ�)LJXUH���

)LJXUH��� 0HWWOHU�7ROHGR�HOHFWURQLF�EDODQFH�



��

8OWUDVRQLFDWLRQ�ZDV�IROORZHG�IRU���PLQ�ZLWK�D�����:DWW�VRQLF�GLVPHPEUDWRU�VKRZQ�LQ�)LJXUH���

ZLWK�D�IUHTXHQF\�RI����N+]�WR�HQVXUH�XQLIRUP�GLVSHUVLRQ�DQG�JRRG�VXVSHQVLRQ�VWDELOLW\� 7KH�

YHJHWDEOH�RLOV�ZHUH�WKHQ�LPPHGLDWHO\�WHVWHG�XVLQJ�WKH�PRGLILHG�WULERWHVWHU�WR�HQVXUH�VWDELOLW\�RI�

WKH�QDQRSDUWLFOHV�ZLWKLQ�WKH�YHJHWDEOH�RLO�

)LJXUH �� 8OWUDVRQLF�0L[HU�



��

7DEOH��� 0DWHULDO�3URSHUWLHV�

0DWHULDO 3URSHUWLHV
/XEULFDQW
6XQIORZHU�RLO 'HQVLW\�����&��������J�FP�

9LVFRVLW\�����&������P3DV
*UDSHVHHG�RLO 'HQVLW\�����&��������J�FP�

9LVFRVLW\�����&��������P3DV
&RFRQXW�RLO 'HQVLW\�����&��������J�FP�

9LVFRVLW\�����&������P3DV
1DQRSDUWLFOHV
6LOLFRQ�GLR[LGH &KHPLFDO�)RUPXOD��6L2���3XULW\�������

3DUWLFOH�VL]H��������QP
&RSSHU�R[LGH &KHPLFDO�)RUPXOD��&X2��3XULW\�����

3DUWLFOH�VL]H��������QP
7LWDQLXP�R[LGH &KHPLFDO�)RUPXOD��7L2���DQDWDVH���3XULW\�������

3DUWLFOH�VL]H�����QP�
6SHFLPHQV
&\OLQGHUV $,6,�����VWHHO��G� ������PP��O� ����PP��KDUGQHVV�����

+5&
%ORFNV $,6,�����VWHHO��GLPHQVLRQV�����[������[������PP��

KDUGQHVV������+5%
5LQJV $,6,�������VWHHO��G� ����PP��KDUGQHVV�����+5&
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����5KHRORJLFDO�0HDVXUHPHQWV

7KH�UKHRORJLFDO�SURSHUWLHV�RI�6L2� DQG�7L2� QDQRSDUWLFOHV�LQ��VXQIORZHU��JUDSHVHHG��DQG�

FRFRQXW�RLO�ZHUH�HYDOXDWHG�E\ PHDQV�RI�D�FRPPHUFLDO�UKHRPHWHU�+$$.(�56�����5KHR6WUHVV�

�+DDNH�,QVWUXPHQWV��,QF���3DUDPXV��1-��86$��ZLWK�D�VSHFLDO�SODWH��GRXEOH�SDUDOOHO�SODWHV��VSLQGOH

VKRZQ�LQ�)LJXUHV ��DQG����7KH�GLVWDQFH�EHWZHHQ�XSSHU�DQG�ORZHU�SODWHV�ZDV�����PP�DQG�����P/�

RI�WKH�WHVWLQJ�VDPSOH�ZDV�SODFHG�RQ�WKH�SODWH��,Q�WKLV�VWXG\��YLVFRVLWLHV�ZHUH�VWXGLHG�DW�����&��

ZKLFK�ZDV�FRQWUROOHG�GXULQJ�WKH�PHDVXUHPHQWV� 'XULQJ�WKH UKHRPHWHU PHDVXUHPHQWV��LW�LV�

LPSRUWDQW�WR�PDNH�VXUH�WKH�ZKROH�VXUIDFH�DUHD�RI�ERWK�SDUDOOHO�SODWHV�LV�FRYHUHG�FRPSOHWHO\�

EHIRUH�VWDUWLQJ�WKH�H[SHULPHQW��)XUWKHUPRUH��DQ\�YLEUDWLRQ�RU�VXGGHQ�PRYHPHQW�ZRXOG�FDXVH�

HUURU�LQ�UXQ��VR�H[SHULPHQWV�WKDW�KDG�VRPH�HUURU�ZHUH�GLVUHJDUGHG� 7KH�VKHDU�UDWH�IRU�DOO�VDPSOHV�

ZDV�VHW�IURP����WR�����Ví�� (DFK�RI�WKH�UXQV�ZDV�UHSHDWHG���WLPHV�WR�HQVXUH�UHSHDWDELOLW\�

)LJXUH��� 56�����5KHRPHWHU�



��

)LJXUH��� 3DUDOOHO�3ODWH�&RQILJXUDWLRQ�

����7ULERORJLFDO�&KDUDFWHUL]DWLRQ

7KH�WULERORJLFDO H[SHULPHQWV�ZHUH�FDUULHG�RXW LQWR�WZR�VWDJHV�����8VLQJ�D�FXVWRP�PDGH

WULERWHVWHU�ZLWK�FURVV�F\OLQGHUV FRQILJXUDWLRQ�����8VLQJ EORFN�RQ�ULQJ�FRQILJXUDWLRQ� 7KH�

FKDUDFWHULVWLFV�RI�WKH�WHVWHG PDWHULDOV�DUH�SUHVHQWHG�LQ�7DEOH��� $�VFKHPDWLF�RI�WKH�WULERWHVWHU�ZLWK

FURVV�F\OLQGHU�FRQILJXUDWLRQ LV�VKRZQ�LQ�)LJXUH�����

)LJXUH���� 7ULERWHVWHU�ZLWK�FURVV�F\OLQGHU�FRQILJXUDWLRQ�



��

)RU�WKH�WULERORJLFDO�H[SHULPHQWV�XVLQJ�FURVV�F\OLQGHUV FRQILJXUDWLRQ� DOO�WHVWV�ZHUH�UXQ�

IROORZLQJ�WKH�$670�*������ VWDQGDUG�>��@ DW�D�WHPSHUDWXUH�RI����R&������USPV�DQG�����V��$OO�

FRQFHQWUDWLRQV RI�YHJHWDEOH�RLOV�ZHUH�WHVWHG� DQG�WKH�EHVW�ZHUH�VHOHFWHG�IRU�EORFN�RQ�ULQJ�

WULERWHVWHU�EDVHG�RQ�FULWHULD�RI�ORZHVW�YROXPHWULF�ZHDU� ,Q�VWDJH �� VOLGLQJ�ZHDU�WHVWV�ZHUH�

SHUIRUPHG�XVLQJ�WKH�FXVWRP�PDGH�WULERWHVWHU�ZLWK�D�EORFN�RQ�ULQJ�FRQILJXUDWLRQ�WR�GHWHUPLQH�

&2)�EDVHG�RQ�$670�*��������>��@� 7KH�WULERWHVWHU ZLWK�EORFN�RQ�ULQJ�FRQILJXUDWLRQ LV�VKRZQ�

LQ�)LJXUH����

)LJXUH���� 6FKHPDWLF�GLDJUDP�RI�WKH�EORFN�RQ�ULQJ�WULERWHVWHU�

)RU�WKH�EORFN�RQ�ULQJ�H[SHULPHQWV�WKH�WHVW�SDUDPHWHUV�ZHUH�DV�IROORZHG��D�ORDG�RI����1��

WHPSHUDWXUH�RI���R&������USPV��DQG�����V��)RU�WKH�HYDOXDWLRQ��WKH�QDQR�OXEULFDQWV�ZHUH�SODFHG�LQ�

WKH�RLO�FKDPEHU�DOORZLQJ�IRU�FRQVWDQW�OXEULFDWLRQ��GXH�WR�WKH�FHQWULIXJDO�IRUFH�RI�WKH�URWDWLQJ�

EHDULQJ��:KHQ�GRLQJ�DQ\�NLQG�RI�WULERORJLFDO H[SHULPHQWV�HVSHFLDOO\�EORFN�RQ�ULQJ�LQLWLDO�VHWXS�

LV�FUXFLDO��:HDU�VFDU�PXVW�KDYH�XQLIRUP�UHFWDQJXODU�SDWWHUQ��LI�H[FHVVLYHO\ GHYLDWLRQ�RFFXUV�WKH�

UXQ�PXVW EH�GLVUHJDUGHG� 7KHUHIRUH��FRQVLGHUDEOH DWWHQWLRQ�ZDV�JLYHQ�WR�LQLWLDO�VHWXS�RI�WKH�

FRQWDFW�RI�WKH�EORFN ZLWK�WKH�F\OLQGULFDO�EHDULQJ��6HWXS�LPDJH�LV�VKRZQ�EHORZ�LQ�)LJXUH����



��

)LJXUH���� %ORFN�RQ�5LQJ�,QLWLDO�6HWXS�

$IWHU�H[SHULPHQW�ZDV�RYHU�WKH�ZHDU�ZDV�GHWHUPLQHG�JUDYLPHWULFDOO\�XVLQJ�DQ�HOHFWURQLF�

EDODQFH��0HWWOHU�7ROHGR�;6��'8��WR�DQ�DFFXUDF\�RI������PJ��%HIRUH�WKH�JUDYLPHWULF�

PHDVXUHPHQWV�RI�ZHDU��WKH�F\OLQGHUV�DQG�EORFNV�ZHUH�ZDVKHG�LQ�VRDS\�ZDWHU��FOHDQHG�

XOWUDVRQLFDOO\�LQ�DFHWRQH�DQG�PHWKDQRO�IRU���PLQXWHV�HDFK�DQG�OHIW�LQ�WKH�DWPRVSKHUH�FRQWUROOHG�

URRP�IRU����K�WR�GU\�DQG�WKHUPDOO\�VWDELOL]H��8VLQJ�WKH�VSHFLILF�GHQVLW\�RI���J�FP� IRU�$,6,�����

VWHHO�WKH�ZHLJKW�ORVV�ZDV�FRQYHUWHG�LQWR�YROXPH�ORVV��)RU�DOO�WKH�H[SHULPHQWV�WKH�IULFWLRQ�IRUFH�

ZDV�PHDVXUHG�FRQWLQXRXVO\�XVLQJ�D�9HUQLHU�'XDO�5DQJH�)RUFH�6HQVRU�



��

����6XUIDFH�&KDUDFWHUL]DWLRQ

0RUSKRORJ\�RI�WKH�ZHDU�VFDUV�RQ�WKH�ZRUQ�VSHFLPHQV�ZDV DQDO\]HG�ZLWK�D�)LHOG�

(PLVVLRQ�6FDQQLQJ�(OHFWURQ�0LFURVFRSH��)(�6(0��=(,66�6,*0$�93��&DUO�=HLVV�6%(��

7KRUQZRRG��1<��86$� VKRZQ�LQ�)LJXUH��� (QHUJ\�GLVSHUVLYH�;�UD\�VSHFWURVFRS\�DQDO\VLV�ZDV�

GRQH�RQ�WKH�VSHFLPHQ�VXUIDFH�EHIRUH�DQG�DIWHU�WKH�H[SHULPHQWV WR�GHWHUPLQH�LWV�FKHPLFDO�

FRPSRVLWLRQ�TXDOLWDWLYHO\�DQG�VHPL�TXDQWLWDWLYHO\� 7KH VXUIDFH�URXJKQHVV RI�WKH�VSHFLPHQV�

EHIRUH�WKH�WULERORJLFDO�WHVWV�DQG�WKH VXUIDFH�URXJKQHVV RI�WKH�ZHDU�VFDUV�DIWHU WKH�ZHDU�WHVWV ZDV�

PHDVXUHG E\�PHDQV�RI�D�0DKU 6XUI�0���&�SURILORPHWHU� VKRZQ�LQ�)LJXUH����

)LJXUH�����5RXJKQHVV�7HVWHU�0DKU����F�



��
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����0RUSKRORJ\

0RUSKRORJ\ DQDO\VLV RI�WKH�QDQRSDUWLFOHV�ZDV�GRQH�LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�LWV UROH�

LQ�WKH OXEULFDWLRQ�PHFKDQLVPV� $OO�LPDJHV�ZHUH�GRQH�ZLWK�D�������; PDJQLILFDWLRQ�IRU�

FRQVLVWHQF\�EHWZHHQ�LPDJHV��DQG WR�DOORZ�FRPSDULVRQ��$FFRUGLQJ�WR�WKH�VXSSOLHU��6LOLFD��6L2��

QDQRSDUWLFOHV�VKRXOG�KDYH�D�GLDPHWHU�RI������QP� )URP�WKH�6(0�LPDJH�VKRZQ�LQ�)LJXUH���� LW�LV�

REVHUYHG�WKDW�WKH�QDQRSDUWLFOHV�DUH�FORVHU�WR�������QP�LQ�GLDPHWHU��)XUWKHUPRUH� WKH�

QDQRSDUWLFOHV�PRUSKRORJ\�RI�6L2� ZDV IDLUO\ VSKHULFDO LQ�VKDSH��

)LJXUH�����6(0�PLFURJUDSK�RI�6L2� QDQRSDUWLFOHV�DW�������;�



��

6(0�LPDJH�IRU�7L2� QDQRSDUWLFOHV�DUH�VKRZQ�EHORZ�LQ�)LJXUH�����6(0�PLFURJUDSK�

VKRZV�WKH�PRUSKRORJ\�RI�7L2� QDQRSDUWLFOHV�ZLWK�SDUWLFOH�VL]HV�EHWZHHQ����DQG���QP��

)XUWKHUPRUH��LW�FDQ�EH�REVHUYHG�WKDW�WKH�QDQRSDUWLFOHV�DUH�IDLUO\�VSKHULFDO�LQ�VKDSH��VLPLODU�WR�

6L2� QDQRSDUWLFOHV��

)LJXUH���� 6FDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��PLFURJUDSKV�RI�7L2� QDQRSDUWLFOHV DW�������;�

)LJXUH �� GLVSOD\V�6(0�LPDJHV�RI�WKH &X2�QDQRSDUWLFOHV��,W�LV�QRWHG�WKDW�WKH�RI�VL]H�RI�

WKH�QDQRSDUWLFOHV�UDQJHV EHWZHHQ���QP�DQG���QP��7KLV�SDUWLFOH�VL]H�LV�D�IDU�JUHDWHU�UDQJH�WKDQ�

6L2��DQG�7L2��QDQRSDUWLFOHV�VKRZHG��)URP�WKH�6(0�LPDJHV�LW�LV�DOVR�QRWHG�WKDW�WKH�VKDSH�RI�

&X2�YDULHV�JUHDWO\�IURP�EHLQJ�IDLUO\�VSKHULFDO�WR�ORQJ�RYDO�VKDSHG�SDUWLFOHV��7KLV�YDULDWLRQ�RI�

QDQRSDUWLFOH�PRUSKRORJ\ FDQ�DIIHFW�WKH�WULERORJ\ EHKDYLRU VLQFH�WHVW�UHVXOWV�FRQVLVWHQF\�PD\�EH�

DIIHFWHG�



��

)LJXUH���� 6FDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��PLFURJUDSKV�RI�&X2�QDQRSDUWLFOHV�

2YHUDOO�FRPSDULQJ�WKH�WKUHH�QDQRSDUWLFOHV� 7L2� KDG�WKH�VPDOOHVW�GLDPHWHU�ZKLFK�UHVWDWHV�

PDQXIDFWXUHU�FODLP�RI�WKH�QDQRSDUWLFOHV�EHLQJ���QP��$OWKRXJK�WKH�REVHUYHG�GLDPHWHUV�DUH�

VOLJKWO\ ODUJHU�LQ�JHQHUDO� 7KLV�FRXOG�EH�GXH�WR�WKDW�WKH�SDUWLFOHV�DUH�VWLOO�LQ�FOXVWHUV�DQG�ZKDW�ZH

DUH�REVHUYLQJ�DUH�WKH�FOXVWHUV�DQG�QRW�WKH�DFWXDO�QDQRSDUWLFOHV��,Q�RUGHU�WR�VROYH�DQG�SUHYHQW�WKLV�

LVVXH�QDQRSDUWLFOHV�ZHUH�GLVSHUVHG�LQ�HWKDQRO�DQG�PL[HG�WKRURXJKO\�LQ�DQ�XOWUDVRQLF�EDWK��)URP�

WKH�XOWUDVRQLF�EDWK�LW�ZDV�QRWHG�WKDW IRU�VLOLFD FOXVWHUV�H[LVWHG��DQG�LW�ZDV�KDUG�WR�GLVWLQJXLVK�

DFWXDO�LQGLYLGXDO�QDQRSDUWLFOHV��7KHUHIRUH��DIWHU�LQLWLDO�LPDJHV WKH�QHZ�DSSURDFK�RI�PL[LQJ�WKH�

QDQRSDUWLFOHV�ZDV�GRQH�XVLQJ�WKH�XOWUDVRQLF�SUREH�PL[HU��7KLV�SURYLGHG�D�PRUH�HIILFLHQW�ZD\�RI�

PL[LQJ�DQG�DOORZHG�WR�VHH�WKH�QDQRSDUWLFOHV�EHWWHU�XQGHU�WKH�6(0��7KH�LPDJHV�DERYH�ZHUH�GRQH�

XVLQJ�ODWWHU�PHWKRG�LQ�RUGHU�WR�HQVXUH�WKH�PRVW�SRVVLEOH�VHSDUDWLRQ�RI�QDQRSDUWLFOH�FOXVWHUV��



��

����5KHRORJLFDO 0HDVXUHPHQWV�$QDO\VLV

,Q�RUGHU�WR�EHWWHU�XQGHUVWDQG�WKH�EHKDYLRU�RI�WKH�YHJHWDEOH RLOV�ZLWK�QDQRSDUWLFOHV DV�

OXEULFDQW�DGGLWLYHV� UKHRORJLFDO�SURSHUWLHV�ZHUH VWXGLHG��5KHRORJLFDO�SURSHUWLHV�ZHUH�

H[SHULPHQWDOO\�HYDOXDWHG�IRU�WKH�WKUHH YHJHWDEOH�RLOV ZLWK�6L2� DQG�7L2��QDQRSDUWLFOHV�

5KHRORJLFDO�SURSHUWLHV�IRU�WKH�YHJHWDEOH�EDVHG�OXEULFDQWV�DUH�VKRZQ�WKURXJK�)LJXUHV �������

������5KHRORJLFDO�$QDO\VLV RI�6XQIORZHU�RLO�PRGLILHG�ZLWK�QDQRSDUWLFOHV

)LJXUHV �� DQG��� VKRZ WKH�HIIHFW�RI�GLIIHUHQW�FRQFHQWUDWLRQV RI�6L2� ����WR���QP�

QDQRSDUWLFOHV�RQ VXQIORZHU�EDVH�RLO��,W�LV�QRWHG�WKDW�WKH�EDVH�VXQIORZHU�RLO�KDV�WKH�ORZHVW�

YLVFRVLW\�RI�DURXQG�RI����F3��7KH�DGGLWLRQ�RI�QDQRSDUWLFOHV�FDQ�DOWHU�WKH�YLVFRVLW\�DV�VHHQ�LQ�

)LJXUH�����)URP�)LJXUH��� LW�LV HYLGHQW�WKDW�DV�WKH�FRQFHQWUDWLRQ�RI�6L2��LQFUHDVHV� WKH�PHDVXUHG�

YLVFRVLW\�LQFUHDVHV�DV�ZHOO��7KH�KLJKHVW�YLVFRVLW\�REVHUYHG�ZDV�RI�����F3�DW�WKH�KLJKHVW�

FRQFHQWUDWLRQ�RI�������6L2���7KH�LQILQLWH�YLVFRVLW\�UDQJH�IRU�VXQIORZHU�RLO�ZLWK�6L2�

QDQRSDUWLFOHV�LV�RI����WR����F3��ZKLFK�LV�D�JRRG�LQGLFDWH�RI�D�JRRG�OXEULFDQW��7KLV�UDQJH�RI�

YLVFRVLW\�LV�VLPLODU�WR�PLQHUDO�RLO�YLVFRVLW\�LQGH[�RI�JURXS�, ZKLFK�DUH�XVHG�IRU�OXEULFDWLQJ�

FKDLQVDZ�DQG�RWKHU�FXWWLQJ�PDFKLQHU\�
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)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�6L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW
IUDFWLRQV�LQ�VXQIORZHU�EDVH�RLO�ZLWK�WKH�SRZHU�ODZ�DSSOLHG�

)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�6L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�VXQIORZHU�EDVH�RLO�ZLWK�WKH�&URVV�PRGHO�DSSOLHG�
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^ƵŶĨůŽǁĞƌ
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Ϭ͘Ϯϱй�^ŝKϮ

Ϭ͘ϱϬй�^ŝKϮ

Ϭ͘ϳϱй�^ŝKϮ

ϭ͘ϬϬй�^ŝKϮ

ϭ͘Ϯϱй�^ŝKϮ

WŽǁĞƌ�>Ăǁ
�ĂƐĞ
WŽǁĞƌ�>Ăǁ
Ϭ͘Ϯϱй�^ŝKϮ
WŽǁĞƌ�>Ăǁ
Ϭ͘ϱϬй�^ŝKϮ
WŽǁĞƌ�>Ăǁ
Ϭ͘ϳϱй�^ŝKϮ
WŽǁĞƌ�>Ăǁ
ϭ͘ϬϬй�^ŝKϮ
WŽǁĞƌ�>Ăǁ
ϭ͘Ϯϱй�^ŝKϮ
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^ƵŶĨůŽǁĞƌ��ĂƐĞ

Ϭ͘Ϯϱй�^ŝKϮ

Ϭ͘ϱϬй�^ŝKϮ

Ϭ͘ϳϱй�^ŝKϮ

ϭ͘ϬϬй�^ŝKϮ

ϭ͘Ϯϱй�^ŝKϮ

�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
�ĂƐĞ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
Ϭ͘Ϯϱй�^ŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
Ϭ͘ϱϬй�^ŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
Ϭ͘ϳϱй�^ŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘ϬϬй�^ŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘Ϯϱй�^ŝKϮ
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)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�7L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�VXQIORZHU�EDVH�RLO�ZLWK�WKH�SRZHU�ODZ�DSSOLHG�

)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�7L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�VXQIORZHU�EDVH�RLO�ZLWK�WKH�&URVV�PRGHO�DSSOLHG�
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Ϭ͘ϱϬй�dŝKϮ

Ϭ͘ϳϱй�dŝKϮ

ϭ͘ϬϬй�dŝKϮ

ϭ͘Ϯϱй�dŝKϮ

^ƵŶĨůŽǁĞƌ
WŽǁĞƌ��ĂƐĞ
WŽǁĞƌ�>Ăǁ
Ϭ͘Ϯϱй�dŝKϮ
WŽǁĞƌ�>Ăǁ
Ϭ͘ϱϬй�dŝKϮ
WŽǁĞƌ�>Ăǁ
Ϭ͘ϳϱй�dŝKϮ
WŽǁĞƌ�>Ăǁ
ϭ͘ϬϬй�dŝKϮ
WŽǁĞƌ�>Ăǁ
ϭ͘Ϯϱй�dŝKϮ
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ϲϱ

ϳϬ
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Ϭ͘Ϯϱй�dŝKϮ

Ϭ͘ϱϬй�dŝKϮ

Ϭ͘ϳϱй�dŝKϮ

ϭ͘ϬϬй�dŝKϮ

ϭ͘Ϯϱй�dŝKϮ
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�ĂƐĞ
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Ϭ͘Ϯϱй�dŝKϮ
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Ϭ͘ϳϱй�dŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘ϬϬй�dŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘Ϯϱй�dŝKϮ
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7KH�HIIHFWV�RI�7L2��QDQRSDUWLFOHV�LQ�VXQIORZHU�EDVH�RLO�LV�VKRZQ�LQ�)LJXUHV �� DQG����

&RQWUDU\�WR�6L2� QDQRSDUWLFOHV��7L2� QDQRSDUWLFOHV�LQ�VXQIORZHU�RLO�ORZHUHG�WKH�YLVFRVLW\��7KH�

YLVFRVLW\�VKRZHG�VLPLODU�EHKDYLRU�IRU ������DQG�������7L2� FRQFHQWUDWLRQV��7KH�ORZHVW�

YLVFRVLW\�EHKDYLRU�ZDV�REVHUYHG�DW�D�������7L2� FRQFHQWUDWLRQ��6LPLODU�EHKDYLRU�ZDV�DOVR�

REVHUYHG�DW�������DQG�������7L2� QDQRSDUWLFOH�FRQFHQWUDWLRQV��$OWKRXJK�WKH�YLVFRVLW\�

GHFUHDVHG�ZLWK�WKH�DGGLWLRQ�RI�7L2���VKHDU�WKLFNHQLQJ�EHKDYLRU�ZDV�REVHUYHG�ZKHQ�7L2� ZDV�

DGGHG�JLYHQ�WKDW�WKH�SRZHU�ODZ�LQGH[�ZDV�JUHDWHU�WKDQ����6LPLODU�UHVXOWV�ZHUH�REWDLQHG�E\�

*KDVHPL�HW DO��ZKHQ�WKH\�VWXGLHG�WKH�UKHRORJLFDO�EHKDYLRU�RI��7L2���QDQRSDUWLFOHV�GLVSHUVHG�LQ�

DQ�HQJLQH�OXEULFDQW�RLO�>��@� ,W�LV�ZHOO�NQRZQ�WKDW�WKH�QDQRSDUWLFOH�VL]H�DQG�FRQFHUWDWLRQ�FDQ�

DIIHFW�WKH�UKHRORJLFDO�SURSHUWLHV�RI�FROORLGDO�VXVSHQVLRQV�VXFK�DV�RLO�QDQRSDUWLFOH�V\VWHPV�>�@�

����� 5KHRORJLFDO�$QDO\VLV RI�*UDSHVHHG�RLO�PRGLILHG�ZLWK�QDQRSDUWLFOHV

7KH�UKHRORJLFDO�EHKDYLRU�JUDSHVHHG�RLO�ZLWK�6L2��QDQRSDUWLFOHV�DV�OXEULFDQW�DGGLWLYHV�LV

VKRZQ�LQ�)LJXUHV �� DQG�����,W�LV�DJDLQ�HYLGHQW�WKDW�WKH�YLVFRVLW\�LV�DIIHFWHG�E\�WKH�FRQFHQWUDWLRQ�

RI�6L2� QDQRSDUWLFOHV��*UDSHVHHG�EDVH�RLO�E\�LWVHOI�KDV�WKH�ORZHVW�YLVFRVLW\�ZLWK�DQ�LQILQLWH�

YLVFRVLW\�RI�DURXQG����F3��$V�WKH�FRQFHQWUDWLRQ�RI�6L2� LQFUHDVHV�WKH�YLVFRVLW\�LQFUHDVHV�DOVR��

ZKLFK�LV�VLPLODU�WR�ZKDW�KDSSHQV�WR�VXQIORZHU�RLO�YLVFRVLW\�ZKHQ�WKH�VDPH�QDQRSDUWLFOH�LV�

LQWURGXFHG��8OWLPDWHO\�WKH�KLJKHVW�YLVFRVLW\�UHFRUGHG�ZDV�RI�������F3�DW������V�VKHDU�UDWH�IRU�

������ZW��FRQFHQWUDWLRQ�RI�6L2��QDQRSDUWLFOHV��)URP�)LJXUH��� LW�LV�QRWHG�WKDW�JUDSHVHHG�RLO�LV�

VKHDU�WKLQQLQJ�LQ�QDWXUH�GXH�WR�WKH�YLVFRVLW\�GHFUHDVHV�DV�VKHDU�UDWH�LQFUHDVHV��7KLV�VKHDU�WKLQQLQJ�

EHKDYLRU�LV�PRUH�SURPLQHQW�LQ�KLJK�FRQFHQWUDWLRQV�RI�6L2� QDQRSDUWLFOHV��
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)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH IRU�6L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�*UDSHVHHG�EDVH�RLO�ZLWK�WKH�3RZHU�PRGHO�DSSOLHG�

)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�6L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�*UDSHVHHG�EDVH�RLO�ZLWK�WKH�&URVV�PRGHO�DSSOLHG�
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Ϭ͘Ϯϱй�^ŝKϮ
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Ϭ͘ϳϱй�^ŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘ϬϬй�^ŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘Ϯϱй�^ŝKϮ
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)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�7L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�*UDSHVHHG�EDVH�RLO�ZLWK�WKH�3RZHU�PRGHO�DSSOLHG�

)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�7L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�*UDSHVHHG�EDVH�RLO�ZLWK�WKH�&URVV�PRGHO�DSSOLHG�
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Ϭ͘ϱй�dŝKϮ
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Ϭ͘ϳϱй�dŝKϮ
WŽǁĞƌ�>Ăǁ
ϭ͘ϬϬй�dŝKϮ
WŽǁĞƌ�>Ăǁ
ϭ͘Ϯϱй�dŝKϮ
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Ϭ͘ϳϱй�dŝKϮ

ϭ͘ϬϬй�dŝKϮ

ϭ͘Ϯϱй�dŝKϮ
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�ĂƐĞ
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Ϭ͘Ϯϱй�dŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
Ϭ͘ϱй�dŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
Ϭ͘ϳϱй�dŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘ϬϬй�dŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘Ϯϱй�dŝKϮ
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)LJXUHV �� DQG��� VKRZ�WKH�HIIHFWV�RI�7L2� LQ�JUDSHVHHG�EDVH�RLO��7KH�WLWDQLXP�R[LGH�

SDUWLFOHV�KDG�OLWWOH�HIIHFW�RQ�WKH�FKDQJH�RI�YLVFRVLW\�LQGLFDWHG�E\�WKH�UDQJH�RI�WKH�LQILQLWH�YLVFRVLW\�

EHLQJ�IURP����WR����F3��$OWKRXJK�WKH�YLVFRVLW\�ZDV QRW DIIHFWHG�FRQVLGHUDEO\� LW�FDQ�EH�QRWHG�

WKDW�WKH KLJKHVW�YLVFRVLW\�LV�WKDW�RI�������ZW��FRQFHQWUDWLRQ�DQG�WKH�ORZHVW�YLVFRVLW\�RI�IRU�������

ZW�FRQFHQWUDWLRQ��)XUWKHUPRUH��YLVFRVLW\�KDV�D�VKHDU�WKLQQLQJ�EHKDYLRU�PHDQLQJ�WKDW�DV�WKH�VKHDU�

UDWH�LQFUHDVHV�WKH�YLVFRVLW\�GHFUHDVHV��7KLV�EHKDYLRU�LV�RSSRVLWH�WR�WKH�VKHDU�WKLFNHQLQJ�WKH�7L2�

QDQRSDUWLFOHV�FDXVHG�LQ�VXQIORZHU�RLO��

����� 5KHRORJLFDO�$QDO\VLV RI�&RFRQXW�RLO�PRGLILHG�ZLWK�QDQRSDUWLFOHV

7KH�UKHRORJLFDO�EHKDYLRU�RI�FRFRQXW�EDVH�RLO�LV�VKRZQ�LQ�)LJXUHV �� � ����)RU�DOO�FRFRQXW�

UKHRPHWHU�H[SHULPHQWV LW�LV�QRWHG�WKDW�LQLWLDOO\�WKH�YLVFRVLW\�GHFUHDVHV�WKHQ�UHPDLQV�FRQVWDQW�DV�LW�

DSSURDFKHV�������V�VKHDU�UDWH��7KHUHIRUH� WKH�YLVFRVLW\�H[SHULHQFHV�VKHDU�WKLQQLQJ�EHIRUH�

DSSURDFKLQJ�D�FRQVWDQW��)LJXUHV �� DQG��� SUHVHQW�YLVFRVLW\�DW�GLIIHUHQW�FRQFHQWUDWLRQV�RI�6L2� LQ�

FRFRQXW�RLO��)RU�FRQFHQWUDWLRQV�RI�������DQG�ORZHU�WKH�YLVFRVLW\�VWHDG\�RXW�DW�ORZHU�YDOXHV�ZKHQ�

FRPSDUHG�WR FRFRQXW�ZLWKRXW�DGGLWLYHV��)RU�FRQFHQWUDWLRQV�DERYH�������6L2� WKH�YLVFRVLW\�ZDV�

JUHDWHU�WKDQ�WKH�EDVH�RLO�DQG�LW�H[SHULHQFHG�VKHDU�WKLQQLQJ�EHKDYLRU�XQWLO�WKH�HQG��,W�LV�HYLGHQW�

WKDW�YLVFRVLW\�LV�GHSHQGHQW�RI�WKH�FRQFHQWUDWLRQ�RI�6L2��LQ�FRFRQXW�EDVH�RLO��

5KHRORJLFDO�EHKDYLRU�IRU�FRFRQXW�RLO�ZLWK�7L2� QDQRSDUWLFOHV�LV�VKRZQ�LQ�)LJXUHV �� DQG�

����$V�FRQFHQWUDWLRQ�RI�7L2� LQFUHDVHV�WKH�YLVFRVLW\�LQFUHDVHV DOVR� ,QLWLDOO\�WKH�YLVFRVLW\�

GLVSOD\V�VRPH�VKHDU�WKLQQLQJ�DV�LQGLFDWHG�E\�WKH�SRZHU�ODZ�LQGH[�RI�OHVV�WKDQ�RQH�ZKHQ�ILWWLQJ�

GDWD�LQWR�HPSLULFDO�PRGHOV��$W�KLJKHU�VKHDU�UDWHV�WKH�YLVFRVLW\�UHPDLQV�FRQVWDQW��7KHUHIRUH��

FRQFOXGLQJ�WKDW�YLVFRVLW\�EHKDYLRU�RI�WKH�QDQROXEULFDQW�LV�GHSHQGHQW�RI�WKH�FRQFHQWUDWLRQ�
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)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�6L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�FRFRQXW EDVH�RLO�ZLWK�WKH�3RZHU�PRGHO�DSSOLHG�

)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�6L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�FRFRQXW EDVH�RLO�ZLWK�WKH�&URVV�PRGHO�DSSOLHG�
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Ϭ͘ϱϬй�^ŝKϮ

Ϭ͘ϳϱй�^ŝKϮ

ϭ͘ϬϬй�^ŝKϮ

ϭ͘Ϯϱй�^ŝKϮ

WŽǁĞƌ�>Ăǁ
ďĂƐĞ
WŽǁĞƌ�>Ăǁ
Ϭ͘Ϯϱй�^ŝKϮ
WŽǁĞƌ�>Ăǁ
Ϭ͘ϱй�^ŝKϮ
WŽǁĞƌ�>Ăǁ
Ϭ͘ϳϱй�^ŝKϮ
WŽǁĞƌ�>Ăǁ
ϭ͘ϬϬй�^ŝKϮ
WŽǁĞƌ�>Ăǁ
ϭ͘Ϯϱй�^ŝKϮ
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ϭ͘ϬϬй�^ŝKϮ

ϭ͘Ϯϱй�^ŝKϮ

�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
�ĂƐĞ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
Ϭ͘Ϯϱй�^ŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
Ϭ͘ϱй�^ŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
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�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘ϬϬй�^ŝKϮ
�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘Ϯϱй�^ŝKϮ
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)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�7L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�FRFRQXW�EDVH�RLO�ZLWK�WKH�3RZHU PRGHO�DSSOLHG�

)LJXUH���� (IIHFW�RI�VKHDU�YLVFRVLW\�YHUVXV�VKHDU�UDWH�IRU�7L2� GLVSHUVLRQ�LQ�YDULRXV�ZHLJKW�
IUDFWLRQV�LQ�FRFRQXW�EDVH�RLO�ZLWK�WKH�&URVV�PRGHO�DSSOLHG�
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WŽǁĞƌ�>Ăǁ
ϭ͘ϬϬй�dŝKϮ
WŽǁĞƌ�>Ăǁ
ϭ͘Ϯϱй�dŝKϮ
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Ϭ͘ϳϱй�dŝKϮ

ϭ͘ϬϬй�dŝKϮ
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�ƌŽƐƐͲ�ƋƵĂƚŝŽŶ
ϭ͘Ϯϱй�dŝKϮ



��

����5KHRORJ\�0RGHOV

$OWKRXJK�WKH�UKHRPHWHU�SURYLGHV�WKH�YLVFRVLW\�DW�WKH�LQWHUYDOV�RI����WR�������V�VKHDU�UDWH�

LW�LV�RIWHQ�QHHGHG�WR�ILQG�WKH�YLVFRVLW\�DW�DQRWKHU�YDOXH�WKDQ�WKH�RQH�REWDLQHG�H[SHULPHQWDOO\��

7KLV�VFHQDULR�RIWHQ�RFFXUV�ZKHUH�PDQXIDFWXUHUV�QHHG�WKH�YLVFRVLW\�DW�DQ�H[DFW�VKHDU�UDWH�WR�

FDOFXODWH�WKH�DPRXQW�RI�SRZHU�QHHGHG�WR�SXVK�WKH�IOXLG�LQ�WKH�WXEHV��,I�LW LV�WRR�YLVFRXV� WKHQ�WKH�

IOXLG�ZLOO�QRW�IORZ�DQG�OXEULFDWH�SURSHUO\��7KHUHIRUH��WR�RYHUFRPH�WKLV�REVWDFOH�ZH�GHFLGHG�WR�

PRGHO�WKH�UKHRORJLFDO�SURSHUWLHV�XVLQJ�WKH�SRZHU�DQG�&URVV�HTXDWLRQ�PRGHO��

������3RZHU�0RGHO

7KH�VLPSOHVW�PRGHO�WR�UHSUHVHQW�YLVFRVLW\�YHUVXV�VKHDU�UDWH�EHKDYLRU�LV�WKH�SRZHU�ODZ��

7KH�SRZHU�ODZ�FRQVLVWV�WZR�SDUDPHWHU�ZKLFK�KHOS�H[SUHVV�YLVFRVLW\��Ș��DV�VKRZQ�LQ�HTXDWLRQ����

ߟ ൌ ሶሻିଵߛሺܭ ���

:KHUH�. UHSUHVHQWV�WKH�FRQVLVWHQF\�FRHIILFLHQW�DQG�Q WKH�SRZHU�ODZ�LQGH[��:KHQ�Q � ��LW�

UHSUHVHQWV�VKHDU�WKLQQLQJ�EHKDYLRU��ZKHQ�Q  ��LW�UHSUHVHQWV�D�1HZWRQLDQ�IOXLG��DQG�ZKHQ�Q ! ��LW�

UHSUHVHQWV�VKHDU�WKLFNHQLQJ�EHKDYLRU��7KH�SRZHU�ODZ�ILWWHG�HTXDWLRQV�DUH�VKRZQ�RQ�)LJXUHV ���

��� ��� ��� ��� DQG����

������&URVV�0RGHO

7R�IXUWKHU�LPSURYH�HPSLULFDO�PRGHO�WKH�FURVV�PRGHO�FDQ�EH�XVHG��(TXDWLRQ���UHSUHVHQWV�

WKH�&URVV�PRGHO��

ߟ ൌ
ఎబିఎಮ

ଵାሺఊሶ ሻ
 ஶߟ ���

ZKHUH�Ș� UHSUHVHQWV�YLVFRVLW\�DW�D�YHU\�ORZ�VKHDU�UDWH��Șˁ UHSUHVHQWV�LQILQLWH�YLVFRVLW\��. LV�

FRQVLVWHQF\�LQGH[��DQG�Q�LV�WKH�IORZ�EHKDYLRU�LQGH[ >��@�

7KH�&URVV�HTXDWLRQ�ILWWHG�GDWD�IRU�DOO�WKH�YHJHWDEOH RLOV ZLWK�6L2� DQG�7L2� DUH�VKRZQ�LQ�

)LJXUH���� ��� ��� ��� ����DQG��� UHVSHFWLYHO\��7KH�SDUDPHWHUV�IRU�WKH�HPSLULFDO�PRGHOV�DUH�
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VKRZQ�LQ�7DEOH����8VLQJ�WKH�FRHIILFLHQW�RI�GHWHUPLQDWLRQ��5���WKH�EHWWHU�HPSLULFDO�PRGHO�ZDV�

IRXQG�WR�EH�WKH�FURVV�HTXDWLRQ� 7KH�FORVHU�WKH�YDOXH�RI�5� LV�WR���WKH�PRUH�SUHFLVH�WKH�HPSLULFDO�

PRGHO�LV�UHSUHVHQWLQJ�WKH�GDWD��$�YDOXH�RI���PHDQV�WKDW�WKH�GDWD�LV�SHUIHFWO\�UHSUHVHQWHG��2YHUDOO��

WKH�&URVV�HTXDWLRQ�SURYLGHG�KLJKHU�5� YDOXHV� 7KLV�LV�GXH�WR�WKDW�DW�KLJKHU�VKHDU�UDWH�YDOXHV�WKH�

OXEULFDQWV�EHKDYH�LQ�D�QRQOLQHDU�IDVKLRQ��7KHUHIRUH��WKH�SDUDPHWHUV�RI�Ș� DQG�Șˁ DUH�QHHGHG�WR�

H[SUHVV�WKLV�EHKDYLRU��7KHVH�SDUDPHWHUV�DUH�QRW�XVHG�IRU�WKH�SRZHU�ODZ�DQG�IURP�WKH�SDVW�ILJXUHV�

LW�LV�HYLGHQW�WKHVH�FRQWULEXWHG�WR�WKH�ORZHU�5� YDOXHV�VLQFH�LW�ZDV�DW�WKH�HQGV�WKDW�WKH�SRZHU�ODZ�

PRGHO�VWUXJJOHG�WR�UHSUHVHQW�SUHFLVH WKH�GDWD�SRLQWV��

7DEOH��� 5HJUHVVLRQ�SDUDPHWHUV�IRU�VRPH�YHJHWDEOH�RLOV�
����� �������������  � �Ř Ŗ ǈ ���

�� ��ȱ��  ������ ��ȱ���ȱ ȦŗǯŘśƖȱ���Ř ŖŗŞŖǯŚ ŖǯŞśŚŝ ŖǯŞśŗŜ �Ȧ� �Ȧ� ŗŗŖǯř
�����ȱ�������� ������ ��ȱ���ȱ ȦŗǯŘśƖȱ���Ř ǯŗŗřŚ ǯşŞŝŚ ǯŞŞŝŝ ŗşŖ ŞŚǯŚş ŞǯřŚŝ
�� ��ȱ��  ������ ��ȱ���ȱ ȦŗǯŖŖƖȱ���Ř śŖǯşŘ ŗǯŖřŘ ǯŝřşś �Ȧ� �Ȧ� ŘŝǯŗŜ

�����ȱ�������� ������ ��ȱ���ȱ ȦŗǯŖŖƖȱ���Ř ŖǯŖŗŝś řǯřŖřŘ ǯŞŘŚś śśǯşŗ śşǯşş ŗŞǯř
�� ��ȱ��  �������ȱ���ȱ ȦȱŗǯŘśƖȱ���Ř şř ŖǯŞŗŝŚ ŖǯşŗşŘ �Ȧ� �Ȧ� ŗŗŜǯŗ

�����Ȭ�������� �������ȱ���ȱ ȦȱŗǯŘśƖȱ���Ř Řŝŗǯŗ ŖǯşŖŘş ŖǯşŞŚŗ řŝŖ řŝǯŘŝ ŘŘǯŞŝ
�� ��ȱ��  �������ȱ���ȱ ȦȱŗǯŖŖƖȱ���Ř śŘǯśş ŖǯşŖřŜ ŖǯŜŜŝŗ �Ȧ� �Ȧ� Řśǯŗŗ

�����Ȭ�������� �������ȱ���ȱ ȦȱŗǯŖŖƖȱ���Ř ŗǯŖśř ŖǯşŘ ŖǯŞřŜŚ şşǯśŘ řřǯŞŝ ŗŝǯŜŜ

����7ULERORJLFDO�5HVXOWV�

7KH�WULERORJLFDO�SHUIRUPDQFH�RI�FRFRQXW�RLO��VXQIORZHU�RLO��DQG�JUDSHVHHG�RLO�ZDV�

DVVHVVHG�ZLWK�DQG�ZLWKRXW�QDQRSDUWLFOH DGGLWLRQV� 7KH�FRHIILFLHQW�RI�IULFWLRQ�DQG�ZHDU�ORVV�YDOXHV�

ZHUH�IRXQG��7KHVH�YDOXHV�ZHUH�GHWHUPLQHG�IURP�WKH WULERORJLFDO�WHVWV�XQGHU EORFN�RQ�ULQJ�DQG�

FURVV�F\OLQGHU�FRQILJXUDWLRQ��(TXDWLRQ���ZDV�XVHG�WR�FDOFXODWH�WKH�FRHIILFLHQW�RI�IULFWLRQ�DQG�LV�

VKRZQ�EHORZ��

ߤ ൌ Ȁܰܨ
���

:KHUH�) LV�WKH�IULFWLRQ�IRUFH��1 LV�WKH�QRUPDO�IRUFH�DSSOLHG��DQGߤ� LV�WKH�FRHIILFLHQW�RI�IULFWLRQ��

7KH�IULFWLRQ�IRUFH�LV�FDOFXODWHG�XVLQJ�WKH�IRUFH�VHQVRU�DV�VKRZQ�LQ�)LJXUHV ���DQG�����7KH�QRUPDO�
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IRUFH LV�WKH�IRUFH�DSSOLHG�YHUWLFDOO\�DW�WKH�ORFDWLRQ�RI�WKH�VDPSOH��)RU�WKH�WULERORJLFDO�WHVWV�XVLQJ�

FURVV�F\OLQGHU�FRQILJXUDWLRQ��WKH�QRUPDO�IRUFH�ZDV�DSSOLHG�XVLQJ�D�EDODQFLQJ�DUP�ZLWK�D�

FRXQWHUZHLJKW�IRU�ILQH�DGMXVWPHQWV��$OWKRXJK�WKLV�FRQILJXUDWLRQ�ZRUNHG�ILQH�IRU�EORFN�RQ�ULQJ�

WKH�PD[LPXP�IRUFH�WKDW�FRXOG�EH�DSSOLHG�ZDV�RI���1� ZKLFK�LV�WR VPDOO�VLQFH�LW�ZLOO�QRW FUHDWH D�

VFDU�LQ�WKH�EORFN�VDPSOHV��7KHUHIRUH��D�PRGLILFDWLRQ�WR�WKH�FXUUHQW EORFN�RQ�ULQJ FRQILJXUDWLRQ�

ZDV�QHHGHG��7KH�EORFN�RQ�ULQJ FRQILJXUDWLRQ XVHV PRPHQW�DUPV�WR�PXOWLSO\�WKH�IRUFH�E\������

WLPHV��7KLV�DOORZV IRU�WKH�IRUFH�WR�EH�DSSOLHG�WR�EH�RI����1�ZKLFK�LV�DOPRVW����WLPHV�DV�PXFK�DV�

EHIRUH��8VLQJ�WKH�UHVXOWV�IURP�ERWK�WKH�FURVV�F\OLQGHUV�DQG�EORFN�RQ�ULQJ�H[SHULPHQWV�WKH�ILQDO�

FRQFOXVLRQV�ZHUH�REWDLQHG��

������3UHOLPLQDU\�5HVXOWV�&URVV�&\OLQGHU

,QLWLDOO\��WULERORJLFDO�WHVWV�XQGHU FURVV�F\OLQGHU�FRQILJXUDWLRQ�ZHUH�FRQGXFWHG�SULRU�WR�

EORFN�RQ�ULQJ�H[SHULPHQWV��7KLV�ZDV�GRQH�WR�VFUHHQ�WKH YHJHWDEOH�RLO�WULERORJLFDO�SHUIRUPDQFH�

ZLWK�6L2���&X2��DQG�7L2� QDQRSDUWLFOHV�DV�OXEULFDQW�DGGLWLYHV��7KLV�SUHOLPLQDU\�GDWD�ZLOO�DLG�XV�

LQ�WKH�VHOHFWLQJ�SURFHVV�IRU�EORFN�RQ�ULQJ�WHVWV��2QO\�WKH�EHVW�SHUIRUPDQFH�YHJHWDEOH�RLO�DQG�

QDQRSDUWLFOHV�ZLOO�EH�DOORZHG�WR�EH�UHWHVWHG�IRU�WKH�EORFN�RQ�ULQJ�FRQILJXUDWLRQ��)LJXUHV ���� ��

VKRZ�WKH�WULERORJLFDO UHVXOWV�REWDLQHG XVLQJ�WKH�FURVV�F\OLQGHU�FRQILJXUDWLRQ��
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)LJXUH���� &2)�YV�FRQFHQWUDWLRQ�IRU�FRFRQXW�RLO�ZLWK�QDQRSDUWLFOHV�

)LJXUH���� :HLJKW�ORVV�YV�FRQFHQWUDWLRQ�IRU�FRFRQXW�RLO�

)URP�)LJXUH��� WKH�ILUVW�DVSHFW WR�QRWH�LV�WKH�KLJK�FRHIILFLHQW�RI�IULFWLRQ�LV�PLQHUDO�RLO�RI�

�������7KLV�LV�UHODWLYHO\�KLJK�ZKHQ�FRPSDUHG�WR�YHJHWDEOH�RLO�FRXQWHUSDUWV��:KHQ�FRPSDULQJ�WKH�

DŝŶĞƌĂů �ŽĐŽŶƵƚ Ϭ͘Ϯϱ�ǁƚ͘�й Ϭ͘ϱ�ǁƚ͘�й Ϭ͘ϳϱ�ǁƚ͘�й ϭ�ǁƚ͘�й

DŝŶĞƌĂů Ϭ͘Ϭϱϲϱ

�ŽĐŽŶƵƚ��ŽŶƚƌŽů Ϭ͘ϬϮϮϱ

�ŽĐŽŶƵƚ�^ŝKϮ Ϭ͘Ϭϭϯϴ Ϭ͘ϬϭϮϵ Ϭ͘ϬϭϬϲ Ϭ͘ϬϬϵϱ

�ŽĐŽŶƵƚ��ƵK Ϭ͘ϬϮϳϱ Ϭ͘Ϭϭϴϴ Ϭ͘ϬϮϮϱ Ϭ͘ϬϬϳϴ

��ŽĐŽŶƵƚ�dŝKϮ Ϭ͘Ϭϭϳϲ Ϭ͘Ϭϭϭϴ Ϭ͘Ϭϭϯϴ Ϭ͘ϬϮϬϮ

Ϭ͘ϬϬϬϬ

Ϭ͘ϬϭϬϬ

Ϭ͘ϬϮϬϬ

Ϭ͘ϬϯϬϬ

Ϭ͘ϬϰϬϬ

Ϭ͘ϬϱϬϬ

Ϭ͘ϬϲϬϬ
�Ž

ĞĨ
ĨŝĐ
ŝĞ
Ŷƚ
�Ž
Ĩ�&

ƌŝĐ
ŝŽ
ƚŶ

DŝŶĞƌĂů �ŽĐŽŶƵƚ��ŽŶƚƌŽů �ŽĐŽŶƵƚ�^ŝKϮ �ŽĐŽŶƵƚ��ƵK ��ŽĐŽŶƵƚ�dŝKϮ

DŝŶĞƌĂů �ŽĐŽŶƵƚ Ϭ͘Ϯϱ�ǁƚ͘�й Ϭ͘ϱ�ǁƚ͘�й Ϭ͘ϳϱ�ǁƚ͘�й ϭ�ǁƚ͘�й

DŝŶĞƌĂů Ϭ͘ϬϬϬϬ

�ŽĐŽŶƵƚ��ŽŶƚƌŽů Ϭ͘ϬϬϮϳ

�ŽĐŽŶƵƚ�^ŝKϮ Ϭ͘ϬϬϮϬ Ϭ͘ϬϬϮϳ Ϭ͘ϬϬϮϮ Ϭ͘ϬϬϭϴ

�ŽĐŽŶƵƚ��ƵK Ϭ͘ϬϬϮϳ Ϭ͘ϬϬϮϬ Ϭ͘ϬϬϮϰ Ϭ͘ϬϬϭϴ

��ŽĐŽŶƵƚ�dŝKϮ Ϭ͘ϬϬϭϲ Ϭ͘ϬϬϮϬ Ϭ͘ϬϬϮϬ Ϭ͘ϬϬϭϳ

Ϭ͘ϬϬϬϬ

Ϭ͘ϬϬϬϱ

Ϭ͘ϬϬϭϬ

Ϭ͘ϬϬϭϱ

Ϭ͘ϬϬϮϬ

Ϭ͘ϬϬϮϱ

Ϭ͘ϬϬϯϬ

t
Ğŝ
ŐŚ

ƚ�>
ŽƐ
Ɛ�
;Ő
Ϳ

DŝŶĞƌĂů �ŽĐŽŶƵƚ��ŽŶƚƌŽů �ŽĐŽŶƵƚ�^ŝKϮ �ŽĐŽŶƵƚ��ƵK ��ŽĐŽŶƵƚ�dŝKϮ
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SHUIRUPDQFH�RI�WKH�QDQRSDUWLFOHV�LW�LV�QRWHG�WKDW�DW�������FRQFHQWUDWLRQV�6L2��DQG�&X2�KDG�WKH�

ORZHVW�&2)��7KH�FRHIILFLHQW�RI�IULFWLRQ�RI�FRFRQXW�RLO�ZDV�ORZHUHG�E\�������������DQG�������E\�

DGGLQJ�6L2���&X2��DQG�7L2� QDQRSDUWLFOHV�UHVSHFWLYHO\��:KHQ�REVHUYLQJ�WKH�ZHLJKW�ORVV�YDOXHV�

RI�FRFRQXW�RLO�LQ�)LJXUH��� LW�LV�HYLGHQW�WKDW�PLQHUDO�RLO�LV�VXSHULRU��0LQHUDO�RLO�ZHLJKW�ORVV�LV�

ORZHU�WKDQ�ZKDW�WKH�0HWWOHU�7ROHGR�EDODQFH�ZDV�DEOH�WR�PHDVXUH�VLQFH�LW�UHSRUWHG�D�YDOXH�RI��J��

$OWKRXJK�FRFRQXW�RLO�H[SHULHQFHG�PRUH�ZHDU�WKH�ZHLJKW�ORVV�ZDV�GHFUHDVHG�E\�������������DQG�

������E\�DGGLQJ�6L2���&X2��DQG�7L2� QDQRSDUWLFOHV�UHVSHFWLYHO\��

)LJXUH��� DQG��� GLVSOD\�WKH�HIIHFWV�RI�QDQRSDUWLFOHV�RQ�FRHIILFLHQW�RI�IULFWLRQ�DQG�ZHLJKW�

ORVV�UHVSHFWLYHO\�RQ�VXQIORZHU�RLO� /LNH FRFRQXW�RLO�WKH�&2)�IRU�WKH�YHJHWDEOH�RLO�ZDV�ORZHU�

ZKHQ�FRPSDUHG�WR�WKH�PLQHUDO�RLO��$V�6L2� FRQFHQWUDWLRQ�LQFUHDVHG�WKH�FRHIILFLHQW�RI�IULFWLRQ��

)RU�&X2�WKH�FRHIILFLHQW�RI�IULFWLRQ�ZDV�WKH�ORZHVW�DW������ZW���FRQFHQWUDWLRQ��)RU�7L2� WKH�

ORZHVW�FRHIILFLHQW�RI�IULFWLRQ�ZDV�RI��������IRU������ZW���FRQFHQWUDWLRQ��)RU�ZHLJKW�ORVV�LW�LV�

REVHUYHG�WKDW�WKH�EDVH�VXQIORZHU�RLO�KDV�WKH�KLJKHVW�ZHLJKW�ORVV��:KHQ�DQDO\]LQJ�WKH�

FRQFHQWUDWLRQV��LW�LV�QRWHG�WKDW�VXQIORZHU�RLO�SHUIRUPV�WKH�EHVW�DW�GLIIHUHQW�FRQFHQWUDWLRQV�RI�

QDQRSDUWLFOHV�GHSHQGLQJ�RQ�WKH�SDUWLFOH��7KH�EHVW�SHUIRUPDQFH�ZDV�IRU������ZW���6L2� ZKHUH�LW�

PDWFKHG�PLQHUDO�RLO�ZHLJKW�ORVV��7KH�QH[W�FORVHVW�ZDV�RI������ZW���7L2� ZKHUH�WKH�ZHLJKW�ORVV�

ZDV�RI������J��7KHUHIRUH��VXQIORZHU�RLO�SHUIRUPDQFH�DV�EDVH�RLO�LV�SRRU�IRU�ZHDU�SURWHFWLRQ�EXW�

FDQ�EH�HQKDQFHG������E\�DGGLQJ�QDQRSDUWLFOHV��1RWH�WKLV�LV�RQO\�IRU�WKLV�FDVH�VWXG\�DQG�

SHUIRUPDQFH�FDQ�FKDQJH�GXH�WR�PDQ\�YDULDEOHV�VXFK�DV�FKDQJH�RI�VSHHG��ORDG��PDWHULDO��

WHPSHUDWXUH��HQYLURQPHQW��DQG�PDQ\�PRUH�YDULDEOHV��
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)LJXUH���� &2)�YV�&RQFHQWUDWLRQ�IRU�6XQIORZHU�RLO�

)LJXUH���� :HLJKW�ORVV�YV�&RQFHQWUDWLRQ�IRU�VXQIORZHU�RLO�
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)LJXUH���� &2)�YV�&RQFHQWUDWLRQ�IRU�*UDSHVHHG�RLO�IRU�FURVV�F\OLQGHU�

)LJXUH���� :HLJKW�ORVV�YV�&RQFHQWUDWLRQ�IRU�*UDSHVHHG�2LO�IRU�FURVV�F\OLQGHU�

)LJXUHV �� DQG��� GLVSOD\�WKH�HIIHFW�RI�QDQRSDUWLFOHV�RQ�JUDSHVHHG�RLO¶V�FRHIILFLHQW�RI�
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WKH�JUDSHVHHG�LV�ORZHU�WKDQ�WKH�PLQHUDO�RLO��)RU�6L2� QDQRSDUWLFOHV�RQO\�DW������ZW����GLG�WKH�

FRHIILFLHQW�RI�IULFWLRQ�ORZHUHG��*UDSHVHHG�IULFWLRQ�LQFUHDVHG�ZLWK�&X2�QDQRSDUWLFOHV�DQG�XVLQJ�

7L2��QDQRSDUWLFOHV�WKH�FRHIILFLHQW�RI�IULFWLRQ�ORZHUHG�WR��������DQG��������XVLQJ������DQG������

ZW���FRQFHQWUDWLRQ�UHVSHFWLYHO\��2YHUDOO��WKH�EHVW�SHUIRUPDQFH�ZDV�VKRZQ�LQ�YHJHWDEOH�RLO�

HQKDQFHG�ZLWK�6L2� DQG�7L2� QDQRSDUWLFOHV��%XW�WKH�ORZ�ZHLJKW�ORVV�YDOXHV�OHDYH�URRP�IRU�HUURU�

VR�WKHUHIRUH��XVLQJ�D�EORFN�RQ�ULQJ�WHVW�ZLOO�SURYLGH�KLJKHU�ORDGV�DQG�PRUH�ZHDU�WKDW�ZLOO�DOORZ�XV�

WR�VHH�PRUH�FOHDUO\�WKH�ELJJHU�SLFWXUH��7KH�IROORZLQJ�VHFWLRQ�ZLOO�KLJKOLJKW�WKH�HIIHFWV�RI�6L2�

DQG�7L2� QDQRSDUWLFOHV�LQ�WKUHH�YHJHWDEOH�RLOV�XVLQJ�D�PRGLILHG�WULERWHVWHU�LQ�D�EORFN�RQ�ULQJ�

FRQILJXUDWLRQ��

������%ORFN�RQ�5LQJ�5HVXOWV

)URP�WKH�SUHOLPLQDU\�UXQV�LW�ZDV�VHOHFWHG�WKDW�6L2� DQG�7L2� QDQRSDUWLFOHV�SHUIRUPHG�

EHWWHU�WKDQ�&X2�QDQRSDUWLFOHV��7KHUHIRUH��GXH�WR�WKLV�UHDVRQ�LW�ZDV�VHOHFWHG�WKDW�WKRVH�

FRQFHQWUDWLRQV�EH�WHVWHG�LQ�WKH�XQGHU EORFN�RQ�ULQJ�FRQILJXUDWLRQ��)LJXUHV ������ VKRZ�WKH�

WULERORJLFDO�UHVXOWV REWDLQHG�IURP�WKH�EORFN�RQ�ULQJ�H[SHULPHQWV�IRU�VXQIORZHU RLO�HQKDQFHG�ZLWK�

WKH�DGGLWLRQ�RI�6L2� DQG�7L2��QDQRSDUWLFOHV��

)LJXUH���� )ULFWLRQ�IRUFH�UHVXOWV�IRU�VXQIORZHU�RLO�PRGLILHG�ZLWK���D��6L2���DQG��E��7L2�

QDQRSDUWLFOHV�
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)LJXUH���� &2)�UHVXOWV�IRU�VXQIORZHU�RLO�PRGLILHG�ZLWK���D��6L2���DQG��E��7L2� QDQRSDUWLFOHV�

)LJXUH���� 0HDQ�YROXPHWULF�ZHDU�RI�$,6,�����F\OLQGHUV�OXEULFDWHG�ZLWK�VXQIORZHU�RLO�PRGLILHG�
ZLWK���D��6L2���DQG��E��7L2� QDQRSDUWLFOHV�

7KH�FRHIILFLHQWV RI�IULFWLRQ�VKRZQ�LQ�)LJXUH �� ZHUH�FDOFXODWHG�LQ�WKH�VWHDG\�VWDWH�ZKLFK�

LV�WKH�ILQDO�WLPHV�RI�)LJXUH���� 7KLV�ZDV�GRQH�IRU�DOO�H[SHULPHQWV�IRU FRQVLVWHQF\��9HJHWDEOH�RLOV�

ZHUH�QRW�FRPSDUHG�WR�PLQHUDO RLOV�LQ�WKLV�VHFWLRQ�GXH�WKDW�LW�ZDV�QRW�SRVVLEOH�IRU�PLQHUDO�RLO�WR�

ILQLVK�WKH�H[SHULPHQW�UHJDUGOHVV�RI�WULDOV��0LQHUDO�RLO�ZRXOG�LPPHGLDWHO\�KDYH�H[FHVVLYH�ZHDU�

FKDUDFWHUL]HG�E\�D�KLJK�SLWFKHG QRLVH�DQG�WKH�H[SHULPHQW�KDG�WR�EH�VWRSSHG�WR�HQVXUH�VDIHW\�RI�

HTXLSPHQW��)URP�)LJXUH����D�� LW�LV�QRWHG�WKDW�WKH�DGGLWLRQ�RI�6L2� QDQRSDUWLFOHV�GHFUHDVHV�WKH�

IULFWLRQ�IRUFH��7KH�FRHIILFLHQW�RI�IULFWLRQ�DOVR�ORZHUHG�ZLWK�WKH�DGGLWLRQ�RI�QDQRSDUWLFOHV�ZKLFK�LV�

VLPLODU�WR�3HQJ�DQG�FRZRUNHUV�ILQGLQJV�>��@��)RU�VXQIORZHU RLO ZLWK�6L2�� WKH�FRHIILFLHQW�RI�

IULFWLRQ�ORZHUHG�IURP��������ZKLFK�FRUUHVSRQGV�WR�VXQIORZHU�ZLWKRXW�QDQRSDUWLFOHV�WR��������

FRUUHVSRQGLQJ�WR�������6L2� FRQFHQWUDWLRQ��DV�VKRZQ�RQ�)LJXUH���D��)URP�WKHUH� WKH�&2)�

LQFUHDVHG�XS�WR��������DW�������6L2� DQG�WKHQ�DIWHUZDUGV�GHFUHDVHG�WR�LWV�PLQLPXP�RI��������



��

FRUUHVSRQGLQJ�WR�D�FRQFHQWUDWLRQ�RI�������6L2���7KH�HIIHFW�RI�7L2� QDQRSDUWLFOHV�RQ�WKH�&2)�LV�

VKRZQ�RQ�)LJXUH���E��7L2� QDQRSDUWLFOHV�ORZHUHG�WKH�FRHIILFLHQW�RI�IULFWLRQ�ZKLFK�LV�DQ�

DJUHHPHQW�ZLWK�6DUDYDQDNXPDU�DQG�FR�ZRUNHUV >��@� $V�WKH�FRQFHQWUDWLRQ�RI�QDQRSDUWLFOHV�

LQFUHDVHV�WKH�&2)�GHFUHDVHV�XQWLO�WKH�7L2� FRQFHQWUDWLRQ�UHDFKHV��������DV�VKRZQ�LQ�)LJXUH�

��E��%\�DGGLQJ�6L2� DQG�7L2� QDQRSDUWLFOHV�WR�WKH�VXQIORZHU�EDVHG�RLO�WKH�&2)�ZDV�GHFUHDVHG�

E\��������DQG��������UHVSHFWLYHO\�

7KH�YROXPHWULF�ZHDU�ORVV�RI�WKH�$,6,�����VWDLQOHVV�VWHHO�VSHFLPHQV�DIWHU�WKH�EORFN�RQ�ULQJ�

UXQV�LV�VKRZQ�LQ�)LJXUH�����)URP�)LJXUH���D�LW�FDQ�EH�REVHUYHG�WKDW�DV�WKH�DGGLWLRQ�RI�6L2� WKH�

YROXPHWULF�ZHDU�GHFUHDVHG�LQLWLDOO\�WKHQ�LQFUHDVHG��EXW�HYHQWXDOO\�UHDFKLQJ�D�PLQLPXP�DW�WKH�

KLJKHVW�6L2� FRQFHQWUDWLRQ�RI�������6L2���&RPSDUHG�WR�WKH�VXQIORZHU�EDVH�RLO�ZLWKRXW�

QDQRSDUWLFOH�DGGLWLYHV��WKH�DGGLWLRQ�RI�������6L2� ORZHUHG�WKH�YROXPHWULF ZHDU�E\���������

6LPLODU�WR�WKH�6L2� QDQRSDUWLFOHV��WKH�DGGLWLRQ�RI�7L2� QDQRSDUWLFOHV�ORZHUHG�WKH�YROXPHWULF�

ZHDU��$W�WKH�FRQFHQWUDWLRQ�RI�������7L2� LW�FDQ�EH�REVHUYHG�WKDW�WKH�YROXPHWULF�ZHDU�GHFUHDVHG�

E\��������FRPSDUHG�WR�VXQIORZHU�EDVH�RLO��DV�VKRZQ�LQ�)LJXUH���E��

)LJXUH���� )ULFWLRQ�IRUFH�UHVXOWV�IRU�JUDSHVHHG�RLO�PRGLILHG�ZLWK��D��6L2� DQG��E��7L2�

QDQRSDUWLFOHV�
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)LJXUH���� &2)�UHVXOWV�IRU�JUDSHVHHG�RLO�PRGLILHG�ZLWK���D��6L2���DQG��E��7L2� QDQRSDUWLFOHV�

)LJXUH����0HDQ�YROXPHWULF�ZHDU�RI�$,6,�����F\OLQGHUV�OXEULFDWHG�ZLWK�VXQIORZHU�JUDSHVHHG�RLO�
PRGLILHG�ZLWK���D��6L2���DQG��E��7L2� QDQRSDUWLFOHV�

)LJXUHV ������ VKRZ�WKH�WULERORJLFDO�UHVXOWV REWDLQHG�IURP�WKH�EORFN�RQ�ULQJ�H[SHULPHQWV�

IRU�JUDSHVHHG RLO�HQKDQFHG�ZLWK�WKH�DGGLWLRQ�RI�6L2� DQG�7L2��QDQRSDUWLFOHV��)LJXUH��� VKRZV�WKH�

IULFWLRQ�IRUFH�REWDLQHG�IURP�WKH�EORFN�RQ�ULQJ�H[SHULPHQWV�IRU�JUDSHVHHG�RLO�ZLWK�6L2� DQG�7L2��

QDQRSDUWLFOHV��)LJXUH��� WKHQ�ZDV�REWDLQHG�IURP�WKH�VWHDG\�VWDWH�SRUWLRQ�RI�WKH�)LJXUH�����)URP�

)LJXUH���D�LW�LV�QRWHG�WKDW�IRU�������DQG�������6L2� FRQFHQWUDWLRQ�WKHUH�LV�VXGGHQ�ULVH�LQ�

IULFWLRQ�IRUFH�LQ�EHWZHHQ�����DQG����V�WKHQ�SURFHHGV�WR�ORZHU��7KLV�ULVH�RI�IULFWLRQ�LV�QRW�QRWHG�LQ�

7L2� QDQRSDUWLFOHV�DV�VKRZQ�LQ�)LJXUH���E��7KH�&2)�RI�IULFWLRQ�LV�VKRZQ�LI�)LJXUH��� DQG�LW�

VKRZV�WKHUH�H[LVWV�DQ�RSWLPDO�FRQFHQWUDWLRQ�RI�QDQRSDUWLFOHV�WKDW�ZLOO�ORZHU�WKH�IULFWLRQ��)RU�6L2�

DQG�7L2��WKLV�RSWLPDO�FRQFHQWUDWLRQ�LV�������ZKLFK�ORZHUHG�&2)�E\��������DQG�������

UHVSHFWLYHO\��7KH�ZHLJKW�ORVV�ZDV�PHDVXUHG�DQG�FRQYHUWHG�WR�YROXPHWULF�ORVV�DQG�WKH�YDOXHV�IRU�

JUDSHVHHG�RLO�DUH�VKRZQ�LQ�)LJXUH�����%RWK�WKH�DGGLWLRQ�RI�6L2� DQG�7L2��QDQRSDUWLFOHV ORZHUHG�
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WKH�YROXPHWULF�ORVV�E\�������DQG�������UHVSHFWLYHO\��)RU�JUDSHVHHG�RLO�WKH�RSWLPDO�

FRQFHQWUDWLRQ�RI�6L2��DQG�7L2� QDQRSDUWLFOHV�H[LVW�DW�������FRQFHQWUDWLRQ�

)LJXUHV ������ VKRZ�WKH�WULERORJLFDO�UHVXOWV REWDLQHG�IURP�WKH�EORFN�RQ�ULQJ�H[SHULPHQWV�

IRU�FRFRQXW RLO�HQKDQFHG�ZLWK�WKH�DGGLWLRQ�RI�6L2� DQG�7L2��QDQRSDUWLFOHV��)URP�ILJXUH���E�LW�LV�

QRWHG�WKDW�FRQFHQWUDWLRQ�RI������ZW��7L2��GLG�QRW�ILQLVK�WKH�H[SHULPHQW�IURP�WKH�WZR�WULDOV�LW�UDQ�

DQG�WKHUHIRUH�WKH�UHVXOWV�IRU�&2)�DQG�YROXPHWULF�ZHDU�ORVV�DUH�QRW�SUHVHQWHG��7KH�UHDVRQ�WKH�

H[SHULPHQW�GLG�QRW�ILQLVK�LV�GXH�WR WKH�IULFWLRQ�LQFUHDVHG�DURXQG����V�FDXVLQJ�H[FHVVLYH�ZHDU�DQG�

GXH�WR�VDIHW\�FRQFHUQV�WKH�H[SHULPHQW�ZDV�SDXVHG��7KH�DGGLWLRQ�RI�6L2� QDQRSDUWLFOHV�ORZHUHG�

WKH�IULFWLRQ�PHDQZKLOH�WKH�DGGLWLRQ�RI�7L2��QDQRSDUWLFOHV�LQFUHDVHG�WKH�IULFWLRQ�ZKHQ�FRPSDUHG�

WR�FRFRQXW EDVH�RLO��,Q�WKH�RWKHU�KDQG�WKH�DGGLWLRQ�RI�ERWK������ZW��6L2� DQG������ZW��7L2��

GHFUHDVHG�WKH�YROXPHWULF�ZHDU�E\��������DQG��������UHVSHFWLYHO\�

)LJXUH���� )ULFWLRQ�IRUFH�UHVXOWV�IRU�FRFRQXW�RLO�PRGLILHG�ZLWK��D��6L2� DQG��E��7L2�

QDQRSDUWLFOHV�

)LJXUH���� &2)�UHVXOWV�IRU�FRFRQXW�RLO�PRGLILHG�ZLWK���D��6L2���DQG��E��7L2� QDQRSDUWLFOHV�



��

)LJXUH���� 0HDQ�YROXPHWULF�ZHDU�RI�$,6,�����F\OLQGHUV�OXEULFDWHG�ZLWK�FRFRQXW�RLO PRGLILHG�
ZLWK���D��6L2���DQG��E��7L2� QDQRSDUWLFOHV�

��� :HDU�6XUIDFH�&KDUDFWHUL]DWLRQ

7R�IXUWKHU�DQDO\]H�WKH�ZHDU�PHFKDQLVPV� SUHVHQW�RQ�WKH�ZHDU�VFDUV� 6(0�DQG�('6�

VSHFWUD DQDO\VLV ZHUH�GRQH� $QDO\]LQJ�DOO�ZHDU�VFDUV�ZRXOG�EH�H[FHVVLYH��VR�RQO\�WKH�RSWLPDO�

FRQFHQWUDWLRQV�DQG�WKH�FRQWURO�IRU�HDFK�YHJHWDEOH�RLO�JURXS�ZHUH�VHOHFWHG��)URP�WKH�SUHYLRXV�

UHVXOWV�LQ�VHFWLRQ�����LW�ZDV�FRQFOXGHG�WKDW�IRU�VXQIORZHU�RLO�������6L2� DQG�������7L2�

SHUIRUPHG�WKH�EHVW�UHJDUGLQJ�ZHDU�DQG�IULFWLRQ� )RU�JUDSHVHHG�RLO�WKH�VHOHFWHG�VDPSOHV�ZHUH�

����� FRQFHQWUDWLRQV RI�6L2� DQG�7L2�� )RU�FRFRQXW�RLO WKH�VHOHFWHG�VDPSOHV�ZHUH�������6L2�

DQG�������7L2�� 0LFURJUDSKV�VKRZLQJ�WKH�VXUIDFH�PRUSKRORJ\�RI�WKH�ZHDU�VFDUV�SURGXFHG�RQ�

WKH�VSHFLPHQV�OXEULFDWHG�ZLWK�VXQIORZHU�RLO�DUH�VKRZQ�LQ�)LJXUH�����)LJXUH���D�GLVSOD\V�ZHDU�

VFDU�SURGXFHG�RQ�WKH�VSHFLPHQ�OXEULFDWHG�ZLWK VXQIORZHU�EDVH�RLO��7KH�ZHDU�VFDU SURGXFHG�RQ�WKH�

VSHFLPHQ�OXEULFDWHG�ZLWK VXQIORZHU ZLWK �����ZW��6L2� GLVSOD\V�JURRYHV�LQ�WKH�VOLGLQJ�GLUHFWLRQ�

DQG�VRPH�IXUURZV DOVR��/RFDOL]HG�PLFUR�SLWV�DUH�DOVR�SUHVHQW�LQ�)LJXUH���E��$�PLFURJUDSK�RI�WKH�

ZHDU�VFDU�SURGXFHG�RQ�WKH�VSHFLPHQ�OXEULFDWHG�ZLWK VXQIORZHU�ZLWK������ 7L2��LV�VKRZQ�LQ�

)LJXUH���F�VKRZV�VKDOORZ�JURRYHV�LQ�WKH�VOLGLQJ�GLUHFWLRQ��3UHVHQW�DOVR�DUH�SLWV�DQG�VKDOORZ�

IXUURZ��7KH�VKDOORZ�JURRYHV�DOORZHG�IRU�WKH�VXUIDFH�IRU������ZW���7L2��WR�KDYH�WKH�VPRRWKHVW�

VXUIDFH�DW�������5D��ȝP��DV�VKRZQ�LQ�)LJXUH�����)LJXUH��� GLVSOD\V�WKH�VXUIDFH�URXJKQHVV�5D�



��

YDOXHV�REWDLQHG�XVLQJ�WKH�0DKU����F SURILORPHWHU� 'XULQJ�WKH�WULERORJLFDO�WHVWV�XVLQJ�VXQIORZHU�

EDVH�RLO DV�OXEULFDQW� WKH�VXUIDFH�URXJKQHVV�LQFUHDVHG�E\ �����ZKHQ FRPSDUHG�WR WKH�FRQWUROOHG�

QRQ�WHVWHG�VDPSOH� :KHQ�XVLQJ�QDQRSDUWLFOHV� WKH�URXJKQHVV�GHFUHDVHG�E\�������DQG�����XVLQJ�

6L2� DQG�7L2� QDQRSDUWLFOHV�UHVSHFWLYHO\� 7KLV�GHFUHDVLQJ�LQ�URXJKQHVV�E\�QDQRSDUWLFOHV�LV�

NQRZQ�DV�WKH�SROLVKLQJ�HIIHFW��7KH�SROLVKLQJ�HIIHFW�FDQ�EH�DFFRPSOLVKHG�ZLWK�WKH�DSSURSULDWH�

VL]H��KDUGQHVV��DQG�YROXPH�FRQWHQW��QDQRSDUWLFOHV�FDQ�SROLVK�WKH�FRXQWHUSDUW�VXUIDFH�LQ�D�YHU\�

ILQH�VFDOH>��@�

)LJXUH����0RUSKRORJ\�RI�ZHDU�VFDUV�SURGXFHG�GXULQJ�ZHDU�WHVWV�OXEULFDWHG�ZLWK��D��VXQIORZHU�
RLO���E��VXQIORZHU�RLO�ZLWK�6L2� QDQRSDUWLFOHV�DW������ZW ���DQG��F��VXQIORZHU�RLO�ZLWK�7L2�

QDQRSDUWLFOHV�DW�����ZW���



��

)LJXUH���� $YHUDJH�VXUIDFH�URXJKQHVV�YDOXHV��5D��PHDVXUHG�RQ�WKH�ZHDU�VFDUV�SURGXFHG�GXULQJ�
ZHDU�WHVWLQJ�XVLQJ�VXQIORZHU�RLO�DV�OXEULFDQW��6XQIORZHU�VXUIDFH�URXJKQHVV�

6(0�PLFURJUDSKV�RI�WKH�ZHDU�VFDUV�SURGXFHG�RQ�WKH�VSHFLPHQV�OXEULFDWHG�XVLQJ�

JUDSHVHHG�RLO�ZLWK�6L2� DQG�7L2��QDQRSDUWLFOHV�DUH�VKRZQ�LQ�)LJXUH�����6XUIDFH�RI�WKH�ZHDU�WUDFN

SURGXFHG�RQ�WKH�VSHFLPHQV�OXEULFDWHG�XVLQJ�JUDSHVHHG�RLO�ZLWKRXW�QDQRSDUWLFOHV�LV VKRZQ�LQ�

)LJXUH���D��$�PLFURJUDSK�RI�WKH�ZHDU�VFDU�SURGXFHG�RQ�WKH�VSHFLPHQ�OXEULFDWHG�XVLQJ�JUDSHVHHG�

ZLWK �����ZW ��6L2� QDQRSDUWLFOHV�LV�VKRZQ�LQ�)LJXUH���E��)LJXUH���E�GLVSOD\V�DEUDVLYH�JURRYHV�

ZLWK�D�VKDOORZ�IXUURZ�DW�WKH�OHIW�XS TXDGUDQW��$�PLFURJUDSK�RI�WKH�ZHDU�VFDU�SURGXFHG�RQ�WKH�

VSHFLPHQ�OXEULFDWHG�XVLQJ�JUDSHVHHG�ZLWK������ZW��7L2� QDQRSDUWLFOHV�LV VKRZQ�LQ�)LJXUH���F

DQG�GLVSOD\V�VKDOORZ�JURRYHV�ZLWK�PLFUR�SLWWLQJ��:KHQ�FRPSDULQJ�WKH�WKUHH�6(0 LPDJHV� WKH�

RQHV�ZLWK�QDQRSDUWLFOHV�SUHVHQW VKDOORZ�JURRYHV�ZKLFK�PD\�KDYH�EHHQ�FDXVHG�E\�WKH�SROLVKLQJ�

HIIHFW��,Q�WKH SROLVKLQJ�HIIHFW�WKH�QDQRSDUWLFOHV�PDNH�VKDOORZ�JURRYHV�DOORZLQJ�WKH�SDUWLFOHV�WR�

SDVV�WKHVH�QHZ�FKDQQHOV��)XUWKHUPRUH��DV�VKRZQ�LQ�)LJXUH��� WKH�VXUIDFH�URXJKQHVV�ZDV�ORZHUHG�

ZKHQ�WKH�QDQRSDUWLFOHV�ZHUH�DGGHG�LQWR�JUDSHVHHG�UHLQVWDWLQJ�WKDW�WKH�SROLVKLQJ�HIIHFW�

PHFKDQLVP�SOD\V�D�UROH�LQ�ORZHULQJ�IULFWLRQ�DQG�ZHDU� 7KH�URXJKQHVV�VWD\HG�WKH�VDPH�ZKHQ�

FRPSDULQJ�WKH�VDPSOH�EHIRUH�WHVWLQJ�DQG�DIWHU�WHVWLQJ�ZLWK�JUDSHVHHG�EDVH��,Q�WKLV�FDVH�WKH�

VPRRWK�VXUIDFH�ZDV�IRU WKH�VSHFLPHQ�OXEULFDWHG�XVLQJ�JUDSHVHHG RLO�ZLWK �����ZW���6L2�

QDQRSDUWLFOHV�FRQFHQWUDWLRQ��



��

)LJXUH����0RUSKRORJ\�RI�ZHDU�VFDUV�SURGXFHG�GXULQJ�ZHDU�WHVWV�OXEULFDWHG�ZLWK��D��JUDSHVHHG�
RLO���E��JUDSHVHHG�RLO�ZLWK�6L2� QDQRSDUWLFOHV�DW������ZW����DQG��F��JUDSHVHHG�RLO�ZLWK�7L2�

QDQRSDUWLFOHV�DW������ZW���

)LJXUH���� $YHUDJH�VXUIDFH�URXJKQHVV�YDOXHV��5D��PHDVXUHG�RQ�WKH�ZHDU�VFDUV�SURGXFHG�GXULQJ�
ZHDU�WHVWLQJ�XVLQJ�JUDSHVHHG�RLO�DV�OXEULFDQW��6XUIDFH�URXJKQHVV�IRU�JUDSHVHHG�EORFN�RQ�ULQJ�

H[SHULPHQWV�
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6(0�PLFURJUDSKV�RI�WKH�ZHDU�VFDUV�SURGXFHG�RQ�WKH�VSHFLPHQV�OXEULFDWHG�XVLQJ�FRFRQXW

RLO�DUH�VKRZQ�LQ�ILJXUH���� )URP�ILJXUH���D�VKDOORZ�JURRYHV�DUH�REVHUYHG�LQ�WKH�ULJKW�TXDGUDQW��

)URP�WKH�ZHDU�VFDU�RI�FRFRQXW�RLO�ZLWK�������6L2� VKRZQ�LQ�ILJXUH���E�VKDOORZ�JURRYHV�DUH�

REVHUYHG�WKURXJKRXW�WKH�6(0�PLFURJUDSK��0LFUR�SLWWLQJ�DOVR�H[LVWV�DW�WKH�FHQWHU�RI�WKH�

PLFURJUDSK��)URP�YLVXDO�REVHUYDWLRQ�LW�LV�QRWHG�WKDW�WKH�VXUIDFH�DSSHDUV�VPRRWKHU�LQ�WKH�

PLFURJUDSK�SHUWDLQLQJ�WR�WKH�ZHDU�VFDU�RI�������6L2� FRQFHQWUDWLRQ�LQ�FRFRQXW��

)LJXUH���� 0RUSKRORJ\�RI�ZHDU�VFDUV�SURGXFHG�GXULQJ�ZHDU�WHVWV�OXEULFDWHG�ZLWK��D��FRFRQXW RLO��
�E��FRFRQXW RLO�ZLWK�6L2� QDQRSDUWLFOHV�DW������ZW���

7R�IXUWKHU LGHQWLI\�WKH�OXEULFDWLRQ�PHFKDQLVPV�DW�SOD\� LW�LV�LPSRUWDQW�WR�SHUIRUP ('6�

DQDO\VLV�RQ�WKH�ZHDU�VXUIDFH��)LJXUH��� VKRZV�('6�DQDO\VLV�UHVXOWV�IRU�ZRUQ�VXUIDFHV DIWHU�

WHVWLQJ�XVLQJ�VXQIORZHU RLO�DV�OXEULFDQW��)RU�WKH VSHFLPHQ WHVWHG�XVLQJ VXQIORZHU�RLO ZLWK�7L2�

QDQRSDUWLFOHV DV�OXEULFDQW�DGGLWLYHV� D�7L�FRQFHQWUDWLRQ�RI������ZW���ZDV�IRXQG��DV�VKRZQ�LQ�

7DEOH��� 7KLV�LV�DQ�LPSRUWDQW�GLVFRYHU\��VLQFH�7L�LV�QRW�SUHVHQW�LQ�WKH�$,6,�����VWDLQOHVV�VWHHO�

FKHPLFDO�FRPSRVLWLRQ� 7KLV�PHDQV�VRPH�RI�WKH�7L2� QDQRSDUWLFOHV�ZHUH�SODFLQJ�WKHPVHOYHV�LQWR�

WKH�VXUIDFH�RI�WKH�$,6,�����VWHHO��7KLV�PHFKDQLVP�LV�NQRZQ�DV�WKH SURWHFWLYH�ILOP HIIHFW�DQG�

RFFXUV�LI�WKH�FRUUHFW�DPRXQW�RI�SUHVVXUH��SDUWLFOH�VL]H��KDUGQHVV��DQG�VXUIDFH�ILQLVK�DUH�SUHVHQW��



��

)RU�WKH�VXQIORZHU�OXEULFDQWV�ZLWK�6L2� QDQRSDUWLFOHV DV�OXEULFDQW�DGGLWLYHV� WKH�FRQFHQWUDWLRQ�RI�

6L2� GLG�QRW�LQFUHDVH�VXEVWDQWLDOO\� PHDQLQJ�WKH�SURWHFWLYH�ILOP HIIHFW�LV�QRW�SUHVHQW��

)LJXUH���� 6(0�PLFURJUDSK�DQG�('6�VSHFWUD�RI�ZRUQ�VXUIDFHV�SURGXFHG GXULQJ�ZHDU�WHVWV�
OXEULFDWHG�ZLWK��D��VXQIORZHU�RLO���E��VXQIORZHU�RLO�ZLWK�6L2� QDQRSDUWLFOHV�DW������ZW����DQG��F��

VXQIORZHU�RLO�ZLWK�7L2� QDQRSDUWLFOHV�DW�����ZW���

7DEOH��� ('6�HOHPHQW�FRQFHQWUDWLRQ�IRU�VXQIORZHU�RLO

(OHPHQW
6XQIORZHU�2LO��62�

&RQF���:W���
62�ZLWK�6L2� ������

&RQF���:W���
62 ZLWK�7L2� �����

&RQF���:W���

&�. ���� ���� ����

2�. ���� ���� ����

&U�/ ����� ����� ����

0Q�/ ���� ���� ����
)H�/ ����� ����� �����

1L�/ ����� ����� �����

$O�. ���� ���� ����

6L�. ���� ���� ����

3�. ���� ���� ����

6�. ���� ���� ����

7L�/ � � ����
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)LJXUH��� VKRZV�WKH�6(0�PLFURJUDSKV�DQG�('6 DQDO\VLV IRU�WKH�ZRUQ�VXUIDFHV�DIWHU�WKH�

ZHDU�WHVWV�XVLQJ�JUDSHVHHG�DV�D�EDVH�OXEULFDQW��)URP�WKH�('6 DQDO\VLV SUHVHQWHG�LQ�7DEOH��� LW�LV�

QRWHG�WKDW�7L ZDV�SUHVHQW�LQ�WKH�ZHDU�WHVWV�WKDW�XVHG�JUDSHVHHG�RLO�ZLWK�7L2� DV�OXEULFDQW DGGLWLYH��

7KHUHIRUH��WKH�SURWHFWLYH�ILOP HIIHFW�LV�SUHVHQW�LQ�WKLV�FDVH�LQGLFDWHG�E\�WKH�SUHVHQFH�RI�LPEHGGHG�

7L2� QDQRSDUWLFOHV�LQ�WKH�VXUIDFH��)RU�WKH�JUDSHVHHG�RLO�PRGLILHG�ZLWK�6L2��QDQRSDUWLFOHV�WKH�

ZHLJKWW�FRQFHQWUDWLRQ�IRXQG�RI�6L2��QDQRSDUWLFOHV�LQFUHDVHG�IURP������WR������ZW����7KLV�LV�QRW�D�

VLJQLILFDQW�LQFUHDVH�WKHUHIRUH�WKHUH�LV�QRW�D�SURWHFWLYH�ILOP�EHLQJ�FUHDWHG�ZLWK�6L2� QDQRSDUWLFOHV

)LJXUH���� 6(0�PLFURJUDSK�DQG�('6�VSHFWUD�RI�ZRUQ�VXUIDFHV�SURGXFHG�GXULQJ�ZHDU�WHVWV�
OXEULFDWHG�ZLWK��D��JUDSHVHHG RLO���E��JUDSHVHHG�RLO�ZLWK�6L2� QDQRSDUWLFOHV�DW������ZW����DQG��F��

JUDSHVHHG�RLO�ZLWK�7L2� QDQRSDUWLFOHV�DW�����ZW���



��

7DEOH��� ('6�HOHPHQW�FRQFHQWUDWLRQ�IRU�JUDSHVHHG�RLO�

(OHPHQW
*UDSHVHHG�2LO��*2�

&RQF���:W���
*2�ZLWK�6L2� ������

&RQF���:W���
*2�ZLWK�7L2� ������

&RQF���:W���

&�. ����� ���� ����

2�. ���� ���� ����

&U�/ ���� ����� ����

0Q�/ ���� ���� ����
)H�/ ����� ����� �����

1L�/ ���� ����� ����

6L�. ���� ���� ����

3�. ���� ���� ����

6�. � ���� ����

7L�/ � � �����

7R�IXUWKHU�XQGHUVWDQG�WKH�HIIHFWV�RI�FRFRQXW�RLO�LQ�WKH�ZHDU�VFDU�('6�VSHFWUD�ZDV�GRQH�

IRU�WKH�ZHDU�VFDUV�DQG�WKH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUH����DQG�7DEOH����:KHQ�FRPSDULQJ�WKH�

FRFRQXW�EDVH�RLO�WR�FRFRQXW�ZLWK�������6L2� LW�ZDV�QRWHG�WKDW�6L�ZW��FRQFHQWUDWLRQ�GHFUHDVHG�

IURP������WR��������7KHUHIRUH��WKH�6L2��ZHUH�QRW�DGKHULQJ�WR�WKH�VXUIDFH�LQ�VXFK�D�ZD\�WKDW�WKH�

PHQGLQJ�HIIHFW�RU�SURWHFWLYH�ILOP�ZRXOG�GR��$OWKRXJK�IURP�WKH�EORFN�RQ�ULQJ�UHVXOWV�WKH�ZHDU�

ZDV�ORZHUHG�WKH�PHFKDQLVP�UHVSRQVLEOH�ZDV�HLWKHU�WKH�SROLVKLQJ�HIIHFW�RU�UROOLQJ�HIIHFW��

)LJXUH���� 6(0�PLFURJUDSK�DQG�('6�VSHFWUD�RI�ZRUQ�VXUIDFHV�SURGXFHG�GXULQJ�ZHDU�WHVWV�
OXEULFDWHG�ZLWK��D��FRFRQXW RLO���E��FRFRQXW RLO�ZLWK�6L2� QDQRSDUWLFOHV�DW������ZW���



��

7DEOH��� ('6�HOHPHQW�FRQFHQWUDWLRQ�IRU�FRFRQXW RLO�

����(QHUJ\�&RQVXPSWLRQ�$QDO\VLV

,Q�DGGLWLRQ�WR�WKH�IULFWLRQ�DQG�ZHDU�UHVXOWV� HQHUJ\�ORVW�GXH�WR�IULFWLRQ�ZDV�FDOFXODWHG IURP�

WKH�WULERORJLFDO�WHVWV��7R�FDOFXODWH�WKH�SRZHU�XVHG�E\�IULFWLRQ�WKH�HTXDWLRQ�EHORZ�ZDV�XVHG��

ሶܹ ൌ
்

ଽହସଽ
���

:KHUH� ሶܹ LV�WKH�SRZHU�RU�WKH�WLPH�UDWH�RI�HQHUJ\�WUDQVIHU��N:���7 LV�WKH�7RUTXH��1�P���DQG�Q LV�

URWDWLRQDO�VSHHG��USP���)URP�WKH�VWHDG\�VWDWH�FRHIILFLHQW�RI�IULFWLRQ��D�SUHGLFWLRQ�RI�FRVW�VDYLQJV�

FDQ�EH�PDGH��7KH�IROORZLQJ�JUDSKV�ZHUH�PDGH�ZLWK�D�VFHQDULR�RI�WKH�PDFKLQH�UXQQLQJ�IRU����

KRXUV�D�ZHHN�GXULQJ�IRXU�ZHHNV�SHU�PRQWK�SHULRG�LQ�RUGHU�WR�ILQG�HQHUJ\�FRQVXPHG E\�IULFWLRQ��

)RU�WKH�FURVV�F\OLQGHU�FRQILJXUDWLRQ� WKH�WRUTXH�ZDV�FDOFXODWHG�XVLQJ�WKH IULFWLRQ�IRUFH�PHDVXUHG�

E\�VHQVRU�WLPHV D�GLVWDQFH�RI ����P�ZKLFK�FRUUHVSRQGV�WR�WKH�UDGLXV�RI�WKH�ULQJ�RQ�WKH�WULERWHVWHU��

7KH�URWDWLRQDO�VSHHG IRU�WKH�FURVV�F\OLQGHU�DQG�EORFN�RQ�ULQJ�FRQILJXUDWLRQV�ZHUH�����DQG�����

USP�UHVSHFWLYHO\��

(OHPHQW
&RFRQXW�2LO��&2�
&RQF���:W���

&2�ZLWK�6L2� ������
&RQF���:W���

&�. ���� ����

2�. ���� ����

&U�/ ���� �����

0Q�/ ���� ����
)H�/ ����� �����

1L�/ ���� �����

6L�. ���� ����

3�. ���� ����

6�. ���� ����

7L�/ ���� �
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)LJXUH���� 3UHOLPLQDU\�(QHUJ\�FRQVXPSWLRQ�DQG�FRVW�XVLQJ�FURVV�F\OLQGHU�FRQILJXUDWLRQ�

7DEOH��� (QHUJ\�FRQVXPHG�DQG�FRVW�YDOXHV�

/XEULFDQW
(QHUJ\�&RQVXPHG�

�.:K� &RVW��
0LQHUDO ������ ������
&RFRQXW ������ ������
6XQIORZHU ������ ������
*UDSHVHHG ������ ������
&2�ZLWK�6L2� ������ ������
&2 ZLWK�&X2 ������ ������
&2�ZLWK�7L2� ������ ������
62�ZLWK�6L2� ������ ������
62�ZLWK�&X2 ������ ������
62�ZLWK�7L2� ������ ������
*2�ZLWK�6L2� ������ ������
*2�ZLWK�&X2 ������ ������
*2�ZLWK�7L2� ������ ������

)LJXUH��� GLVSOD\V�WKH�VFHQDULR�DQG�IURP�LW�LV�QRWHG�WKDW�WKH�FRVW�ZLOO�GHFUHDVH�LI�WKH�

DSSURSULDWH�OXEULFDQW�LV�XVHG��7KH�ORZHVW�&2)�IURP�6L2�� &X2��DQG�7L2� FRQFHQWUDWLRQV�ZHUH�

VHOHFWHG�LQ�WKLV�HQHUJ\�FRQVXPSWLRQ�DQG�FRVW�VWXG\��:KHQ XVLQJ�PLQHUDO�RLO��WKH�HQHUJ\�

Ϭ͘ϬϬϬϬ

Ϭ͘ϮϬϬϬ

Ϭ͘ϰϬϬϬ

Ϭ͘ϲϬϬϬ

Ϭ͘ϴϬϬϬ

ϭ͘ϬϬϬϬ

ϭ͘ϮϬϬϬ

ϭ͘ϰϬϬϬ

ϭ͘ϲϬϬϬ

ϭ͘ϴϬϬϬ

Ϯ͘ϬϬϬϬ

Ϭ͘ϬϬϬϬ

Ϭ͘ϬϮϬϬ

Ϭ͘ϬϰϬϬ

Ϭ͘ϬϲϬϬ

Ϭ͘ϬϴϬϬ

Ϭ͘ϭϬϬϬ

Ϭ͘ϭϮϬϬ

Ϭ͘ϭϰϬϬ

Ϭ͘ϭϲϬϬ
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FRQVXPHG�E\�IULFWLRQ�IRU�WKH�PRQWK�SHULRG�ZDV�D�WRWDO�RI��������.:K�UHVXOWLQJ�LQ�D�WRWDO�FRVW�RI�

�������FHQWV��7KH�FRVW�ZDV�FDOFXODWHG DVVXPLQJ�WKH�DYHUDJH�FRVW�RI�HOHFWULFLW\�RI�������>��@� %\�

XVLQJ�JUDSHVHHG�RLO�ZLWK����� ZW���6L2� WKH�FRVW�ZDV�ORZHUHG����������$OWKRXJK�LWV�RQO\�FHQWV�

VDYHG� WKLV ZRXOG�EH�PRUH�VLQFH�PRUH�WKDQ�RQH�PDFKLQH�ZLOO�EH�UXQQLQJ�DW�WKH�VDPH�WLPH�DQG�LQ�

WKH�ORQJ�UXQ�WKH�VDYLQJV�ZRXOG�EH�JUHDWHU�E\�XVLQJ�WKH�FRUUHFW�OXEULFDQW��

)XUWKHU�HQHUJ\�FRQVXPSWLRQ�DQG�FRVW�DQDO\VLV�ZDV�GRQH�IRU�EORFN�RQ�ULQJ�FRQILJXUDWLRQ�

DV�VKRZQ�LQ�)LJXUH����DQG�7DEOH����:KHQ�FRPSDULQJ�WKH�EDVH�RLOV�LW�ZDV�QRWHG�WKDW�FRFRQXW�RLO�

IULFWLRQ�SRZHU�FRQVXPSWLRQ�ZDV�JUHDWHU�DW������� .ZK�ZKHQ�FRPSDUHG�WR VXQIORZHU RLO DQG�

JUDSHVHHG�RLO SRZHU�FRQVXPSWLRQ�RI�������.ZK�DQG�������.ZK�UHVSHFWLYHO\��)XUWKHUPRUH��LW�

ZDV�QRWHG�WKDW�WKH�DGGLWLRQ�RI�QDQRSDUWLFOHV�ZLOO�ORZHU�WKH�IULFWLRQ�HQHUJ\�FRQVXPSWLRQ��:KHQ�

XVLQJ�6L2��DV�DQ�DGGLWLYH�LQ�WKH�YHJHWDEOH�EDVH�RLO�WKH�FRVW�LQ�FHQWV�GHFUHDVHG�E\���������

��������DQG��������ZKHQ�FRPSDUHG�WR�EDVH�FRFRQXW�RLO��VXQIORZHU�RLO��DQG�JUDSHVHHG�RLO�

UHVSHFWLYHO\��7KH�DGGLWLRQ�RI�7L2��QDQRSDUWLFOHV�LQ�FRFRQXW�RLO�LQFUHDVHG�WKH�SRZHU�FRQVXPSWLRQ�

E\�������PHDQZKLOH�LQ�VXQIORZHU�RLO�DQG�JUDSHVHHG�RLO�LW�GHFUHDVHG�LW�E\��������DQG��������

UHVSHFWLYHO\��)RU�WKHVH�EORFN�RQ�ULQJ�UHVXOWV�WKH�ORZHVW�IULFWLRQ�SRZHU�FRQVXPSWLRQ�ZDV�SURYLGHG�

E\�VXQIORZHU�RLO�ZLWK�7L2� DW������� .ZK� $OVR� SRZHU�FRQVXPSWLRQ�RI�IULFWLRQ�LV�UHODWHG�WR�

DSSOLFDWLRQ�VLQFH�WKH�UDQJH�RI�FRVW�IRU�EORFN�RQ�ULQJ�H[SHULPHQWV�ZDV�JUHDWHU�WKDQ�WKH�UDQJH�RI�

FURVV�F\OLQGHU�H[SHULPHQWV��$W�KLJKHU�ORDGV�WKHUH�ZLOO�EH�KLJKHU�IULFWLRQ�DQG�WKDW�KLJKHU�IULFWLRQ�

PHDQV�PRUH�HQHUJ\�LV�EHLQJ�ZDVWHG�GXH�WR�IULFWLRQ��7KHUHIRUH��XVLQJ�WKH�FRUUHFW�FRQFHQWUDWLRQ�

DQG�YHJHWDEOH�RLO�ZLOO�UHVXOW�LQ�WKH�ORZHVW�IULFWLRQ�SRZHU�FRQVXPSWLRQ�YDOXHV��



��

)LJXUH���� (QHUJ\�&RQVXPSWLRQ�RI�%ORFN�RQ�ULQJ�FRQILJXUDWLRQ�

7DEOH����%ORFN�RQ�5LQJ�(QHUJ\�FRQVXPSWLRQ�YDOXHV

/XEULFDQW
(QHUJ\�&RQVXPHG�

�.:K�
&RVW��

&RFRQXW ������ �������

6XQIORZHU ������ �������

*UDSHVHHG ������ �������

&2�ZLWK�6L2� ������ �������

&2�ZLWK�7L2� ������ �������

62�ZLWK�6L2� ����������� ������

62�ZLWK�7L2� ����������� ������

*2�ZLWK�6L2� ����������� ������

*2�ZLWK�7L2� ����������� ������
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ϭϯ͘Ϯ
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&+$37(5�9

&21&/86,21

,Q�WKH�SUHVHQW�UHVHDUFK�SURMHFW��WKH�UKHRORJLFDO�EHKDYLRU�DQG�WULERORJLFDO�SHUIRUPDQFH�RI�

VXQIORZHU�RLO��JUDSHVHHG�RLO��DQG�FRFRQXW�HQKDQFHG�ZLWK�QDQRSDUWLFOH�DGGLWLRQV�DW�GLIIHUHQW�

FRQFHQWUDWLRQV�KDYH�EHHQ�H[WHQVLYHO\�GLVFXVVHG��%DVHG�RQ�WKH�UHVHDUFK�FRQGXFWHG��LW�FDQ�EH�

FRQFOXGHG�WKDW�

x 7KH�UKHRORJLFDO�EHKDYLRU�RI�WKH�QDQR�OXEULFDQW�LV�GHSHQGHQW�RI�WKH�FRQFHQWUDWLRQ��)RU�6L2�

QDQRSDUWLFOHV�WKH�YLVFRVLW\�LQFUHDVHG�DW�KLJKHU�FRQFHQWUDWLRQ�LQ�VXQIORZHU�RLO��FRFRQXW�RLO��

DQG� JUDSHVHHG� RLO�� 7KH� YLVFRVLW\� RI� VXQIORZHU� RLO� GHFUHDVHG� ZKHQ� 7L2� QDQRSDUWLFOH�

FRQFHQWUDWLRQ�LQFUHDVHG��7KH�DGGLWLRQ�RI�7L2��LQ�JUDSHVHHG�RLO�ORZHUHG�WKH�YLVFRVLW\�DW������

ZW���FRQFHQWUDWLRQ��

x 'LIIHUHQW�UKHRORJLFDO�EHKDYLRU�ZDV�REVHUYHG�ZKHQ�DQDO\]LQJ�GLIIHUHQW�YHJHWDEOH�RLOV DQG�

QDQRSDUWLFOH�DGGLWLYHV��$OO�WKH�YHJHWDEOH�RLOV�GLVSOD\HG�VKHDU�WKLQQLQJ�EHKDYLRU�H[FHSW�IRU�

VXQIORZHU�RLO�ZLWK�7L2� QDQRSDUWLFOHV��ZKLFK�SUHVHQWHG�D�VKHDU�WKLFNHQLQJ�EHKDYLRU�

x 6L2� DQG�7L2� QDQRSDUWLFOHV�ZHUH�HIIHFWLYH�DGGLWLYHV�IRU�LQFRUSRUDWLRQ�LQWR�WKH�VXQIORZHU�

RLO��WKH\�UHGXFHG�WKH�&2)�DQG�ZHDU�YROXPH�ORVV�E\�������DQG��������DQG�������DQG�

�������UHVSHFWLYHO\��

x 6L2� DQG�7L2� QDQRSDUWLFOHV�ZHUH�HIIHFWLYH�DGGLWLYHV�IRU�LQFRUSRUDWLRQ�LQWR�WKH�JUDSHVHHG�

RLO��WKH\�UHGXFHG�WKH�&2)�DQG�ZHDU�YROXPH�ORVV�E\�������DQG�������DQG������DQG�������

UHVSHFWLYHO\��



��

x 6L2� DQG�7L2� QDQRSDUWLFOHV�ZHUH�HIIHFWLYH�DGGLWLYHV�IRU�LQFRUSRUDWLRQ�LQWR�WKH�FRFRQXW

RLO��WKH\�UHGXFHG�WKH�&2)�DQG�ZHDU�YROXPH�ORVV�E\������ DQG��������DQG������ DQG�

�������UHVSHFWLYHO\��

x 7KH�SURWHFWLYH�ILOP DQG�SROLVKLQJ�HIIHFW�PHFKDQLVPV�ZHUH�IRXQG�WR�EH�SUHVHQW�LQ�ZHDU�

WHVW�XVLQJ�7L2� DV�D�QDQRSDUWLFOH�DGGLWLYH�LQ�YHJHWDEOH RLO��)RU�QDQR�OXEULFDQWV�HQKDQFHG�

ZLWK�6L2� QDQRSDUWLFOHV�WKH�SROLVKLQJ�HIIHFW�PHFKDQLVP�ZDV�IRXQG�

x (QHUJ\�FRQVXPSWLRQ�GXULQJ�WKH�FURVV�F\OLQGHU�ZDV�ORZHU�ZKHQ�XVLQJ�WKH�YHJHWDEOH�RLOV�

ZLWK�QDQRSDUWLFOHV�ZKHQ�FRPSDUHG�WR�PLQHUDO�RLO��,I�WKH�FRUUHFW�RLO�DQG�QDQRSDUWLFOH�

FRQFHQWUDWLRQ�WKH�HQHUJ\�FRQVXPSWLRQ�FDQ�EH�ORZHUHG�E\������� LQ�FURVV�F\OLQGHU

H[SHULPHQWV� )XUWKHUPRUH��HQHUJ\�FRQVXPSWLRQ�ZDV�FRQFOXGHG�WR�EH�GHSHQGHQW�RQ�

DSSOLFDWLRQ�SDUDPHWHUV��+LJKHU�ORDGV�DQG�USPV�ZLOO�UHVXOW LQ�KLJKHU�SRZHU�FRQVXPSWLRQV�

9HJHWDEOH�RLO�HQKDQFHG�ZLWK�QDQRSDUWLFOHV�VKRZ�JUHDW�SRWHQWLDO�DV�UHSODFLQJ�FRQYHQWLRQDO�

PLQHUDO�RLO��$OWKRXJK�YHJHWDEOH�RLO�VWLOO�KDV�VRPH�GUDZEDFNV�WKLV�VWXG\�SURYHG�WKDW�IULFWLRQ�DQG�

ZHDU�FDQ�EH�UHGXFHG�WKURXJK�WULERORJLFDO�H[SHULPHQWDWLRQ�

����)XWXUH�:RUN

7KLV�UHVHDUFK�DUHD�LV�QHZ�LQ�WKH�875*9�DQG�WKLV�ZRUN�KDV�KHOSHG�VHW�WKH�IRRWZRUN�IRU�

PRUH�IXWXUH�ZRUN��/XEULFDQWV�FDQ�KDYH�PDQ\�LPSRUWDQW�DVSHFWV�DQG�IXWXUH�ZRUN�ZLOO�EH�

H[SORULQJ GLIIHUHQW�SURSHUWLHV VXFK�DV WKHUPDO�FRQGXFWLYLW\ DPRQJ�RWKHUV��/XEULFDQWV�LQ�UHDO�

ZRUOG�DSSOLFDWLRQ�QRW RQO\�KDYH�WR�UHGXFH�IULFWLRQ�DQG�ZHDU� LQ�VRPH�VFHQDULRV�WKH\�QHHG�WR�

UHPRYH�KHDW�IURP�FRPSRQHQWV�VXFK�DV�LQ�DXWRPRELOH�HQJLQHV��)XUWKHUPRUH��H[SHULPHQWV�DW�

GLIIHUHQW�WHPSHUDWXUHV�QHHG�WR�EH�GRQH�VLQFH�YHJHWDEOH�RLO�SURSHUWLHV�GLPLQLVK�DW�KLJK�

WHPSHUDWXUHV��



��

2WKHU�IXWXUH�ZRUN�ZLOO�EH�DQDO\]LQJ�PRUH�YHJHWDEOH�RLOV�DQG�QDQRSDUWLFOHV��)RU WKH�

QDQRSDUWLFOHV� PRUH�QDQRSDUWLFOHV�QHHG�WR�EH�DQDO\]HG�WR�VHH�LI�WKHUH�LV�EHWWHU�VXVSHQVLRQ�DQG�

WULERORJLFDO�SURSHUWLHV��1DQRSDUWLFOHV�DOVR�FRPH�LQ�PDQ\�GLIIHUHQW�GLDPHWHU�VL]HV�DQG�VKDSH��

)XWXUH�ZRUN�ZLOO�UHYROYH�DURXQG�DQDO\]LQJ�WKH�HIIHFW�RI�GLIIHUHQW�VL]H�QDQRSDUWLFOHV�LQ�YHJHWDEOH�

RLO�

:KHQ�LW�FRPHV�WR�WULERORJLFDO�H[SHULPHQWDWLRQ�WHVWV� IXWXUH�ZRUN�ZLOO�EH�UHYROYHG�XVLQJ�

WKH�PRGLILHG�WULERWHVWHU��WDSSLQJ�WRUTXH WHVWV��DQG�SLQ�RQ�GLVN�H[SHULPHQWDWLRQV��)XUWKHUPRUH��

DGGLQJ�WH[WXUH�WR�VDPSOHV�VXFK�DV�SUH�FKDQQHO�JURRYHV�DQG�VHHLQJ�LI�WKLV�KDV�DQ\�HIIHFW�RQ�ZHDU�

DQG�IULFWLRQ��

5HQHZDELOLW\�LV�DQ�LPSRUWDQW�FKDUDFWHULVWLF�WKDW�ZLOO�EH�DQDO\]HG�LQ�WKH�IXWXUH��&HQWULIXJDO�

IRUFH�KDV�VKRZQ�WR�EH�DEOH�WR�UHPRYH�QDQRSDUWLFOHV�IURP�WKH�IOXLG��,Q�FRQFOXVLRQ� PXFK�PRUH�

ZRUN�LV�QHHGHG�LQ�RUGHU�WR�HQVXUH�YHJHWDEOH�EDVHG�OXEULFDQW�LV�UHDG\�IRU�WKH�PDUNHW�WR�FRPSHWH�

DJDLQVW�FRQYHQWLRQDO�PLQHUDO�RLO��



��

5()(5(1&(6

�� $OFRXWODEL��0DWD]��6��*��%DHN��-��-��0DJGD��;LDQJIX�6KL��6��$��+XWFKHVRQ��DQG�*��%��
0F.HQQD��������³$�&RPSDULVRQ�RI�7KUHH�'LIIHUHQW�0HWKRGV�IRU�0HDVXULQJ�%RWK�
1RUPDO�6WUHVV�'LIIHUHQFHV�RI�9LVFRHODVWLF�/LTXLGV�LQ�7RUVLRQDO�5KHRPHWHUV�´�5KHRORJLFD�
$FWD �����������±�����KWWSV���GRL�RUJ���������V���������������]�

�� $OYHV��6� 0���%��6��%DUURV��0��)��7UDMDQR��.��6��%��5LEHLUR��DQG�(��0RXUD��������
³7ULERORJLFDO�%HKDYLRU�RI�9HJHWDEOH�2LO�%DVHG�/XEULFDQWV�ZLWK�1DQRSDUWLFOHV�RI�2[LGHV�
LQ�%RXQGDU\�/XEULFDWLRQ�&RQGLWLRQV�´�7ULERORJ\�,QWHUQDWLRQDO����WK�/(('6�/<21�
6<0326,80�21�75,%2/2*<�6SHFLDO�,VVXH��*UHDW�&KDOOHQJHV�LQ�7ULERORJ\�����
�6HSWHPEHU�����±����KWWSV���GRL�RUJ���������M�WULERLQW�������������

�� %DUW]��:LOIULHG�-��������³/XEULFDQWV�DQG�WKH�(QYLURQPHQW�´�7ULERORJ\�,QWHUQDWLRQDO ���
�������±����KWWSV���GRL�RUJ���������6��������;������������

�� %LQX��.��*���%��6��6KHQR\��'��6��5DR��DQG�5��3DL��������³$�9DULDEOH�9LVFRVLW\�$SSURDFK�
IRU�WKH�(YDOXDWLRQ�RI�/RDG�&DUU\LQJ�&DSDFLW\�RI�2LO�/XEULFDWHG�-RXUQDO�%HDULQJ�ZLWK�
7L2��1DQRSDUWLFOHV�DV�/XEULFDQW�$GGLWLYHV�´�3URFHGLD�0DWHULDOV�6FLHQFH���UG�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0DWHULDOV�3URFHVVLQJ�DQG�&KDUDFWHULVDWLRQ��,&03&����������
�-DQXDU\�������±����KWWSV���GRL�RUJ���������M�PVSUR�������������

�� %LUHVDZ��*LUPD��*ULJRU�%��%DQWFKHY��DQG�6WHYHQ�&��&HUPDN��������³7ULERORJLFDO�
3URSHUWLHV�RI�9HJHWDEOH�2LOV�0RGLILHG�E\�5HDFWLRQ�ZLWK�%XWDQHWKLRO�´�7ULERORJ\�/HWWHUV
����������±����KWWSV���GRL�RUJ���������V���������������]�

�� %RVV��3���DQG�7�9��2RPPHQ��������³1HZ�,QVXODWLQJ�)OXLGV�IRU�7UDQVIRUPHUV�%DVHG�RQ�
%LRGHJUDGDEOH�+LJK�2OHLF�9HJHWDEOH�2LO�DQG�(VWHU�)OXLG�´ ,Q�,((�&ROORTXLXP�RQ�
,QVXODWLQJ�/LTXLGV��5HI��1R����������������������KWWSV���GRL�RUJ���������LF����������

�� 'DL��:HL��%DVVHP�.KHLUHGGLQ��+RQJ�*DR��DQG�+RQJ�/LDQJ��������³5ROHV�RI�
1DQRSDUWLFOHV�LQ�2LO�/XEULFDWLRQ�´�7ULERORJ\�,QWHUQDWLRQDO �����2FWREHU�����±����
KWWSV���GRL�RUJ���������M�WULERLQW�������������

�� 'DPEDWWD��<XVXI�6���0��6D\XWL��$KPHG�$�'��6DUKDQ��0��+DPGL��6�0� 0DQODGDQ��DQG�0��
5HGG\��������³7ULERORJLFDO�3HUIRUPDQFH�RI�6L2��%DVHG�1DQRIOXLGV�LQ�0LQLPXP�
4XDQWLW\�/XEULFDWLRQ�*ULQGLQJ�RI�6L�1��&HUDPLF�´�-RXUQDO�RI�0DQXIDFWXULQJ�3URFHVVHV
����0D\������±����KWWSV���GRL�RUJ���������M�MPDSUR�������������



��

�� 'DUPLQHVK��6DWKXUDPDOLQJDP�3LOOD\��1RU�$]ZDGL�&KH�6LGLN��*��1DMDIL��5L]DOPDQ�
0DPDW��7DQ�/LW�.HQ��DQG�<XWDND�$VDNR��������³5HFHQW�'HYHORSPHQW�RQ�%LRGHJUDGDEOH�
1DQROXEULFDQW��$�5HYLHZ�´�,QWHUQDWLRQDO�&RPPXQLFDWLRQV�LQ�+HDW�DQG�0DVV�7UDQVIHU ���
�$XJXVW������±����KWWSV���GRL�RUJ���������M�LFKHDWPDVVWUDQVIHU�������������

��� ³(,$�� /RQJ�7HUP�:RUOG�2LO�6XSSO\�´�Q�G��$FFHVVHG�0DUFK�����������
KWWS���ODUJH�VWDQIRUG�HGX�SXEOLFDWLRQV�SRZHU�UHIHUHQFHV�ZRRG��

��� ³(OHFWULFLW\�5DWHV�E\�6WDWH��8SGDWHG�$SULO�������± (OHFWULF�&KRLFH�´�Q�G��$FFHVVHG�$SULO�
����������KWWSV���ZZZ�HOHFWULFFKRLFH�FRP�HOHFWULFLW\�SULFHV�E\�VWDWH��

��� )R[��1�-���DQG�*�:��6WDFKRZLDN��������³9HJHWDEOH�2LO�%DVHG�/XEULFDQWV²$�5HYLHZ�RI�
2[LGDWLRQ�´�7ULERORJ\�,QWHUQDWLRQDO ������������±����
KWWSV���GRL�RUJ���������M�WULERLQW�������������

��� *���&RPPLWWHH��Q�G��³7HVW�0HWKRG�IRU�5DQNLQJ�5HVLVWDQFH�RI�0DWHULDOV�WR�6OLGLQJ�:HDU�
8VLQJ�%ORFN�RQ�5LQJ�:HDU�7HVW�´�$670�,QWHUQDWLRQDO��$FFHVVHG�-XQH���������D��
KWWSV���GRL�RUJ���������*��������

��� ³7HVW�0HWKRG�IRU�:HDU�7HVWLQJ�ZLWK�D�&URVVHG�&\OLQGHU�$SSDUDWXV�´�$670�
,QWHUQDWLRQDO��$FFHVVHG�-XQH���������E��KWWSV���GRL�RUJ���������*��������

��� *KDVHPL��5H]YDQ��$OLUH]D�)D]ODOL��DQG�$PLU�+��0RKDPPDGL��������³(IIHFWV�RI�7L2��
1DQRSDUWLFOHV�DQG�2OHLF�$FLG�6XUIDFWDQW�RQ�WKH�5KHRORJLFDO�%HKDYLRU�RI�(QJLQH�
/XEULFDQW�2LO�´�-RXUQDO�RI�0ROHFXODU�/LTXLGV �����2FWREHU������±����
KWWSV���GRL�RUJ���������M�PROOLT�������������

��� *QDQDVHNDUDQ��'KRUDOL��DQG�9HQNDWD�3UDVDG�&KDYLGL��������9HJHWDEOH�2LO�%DVHG�%LR�
/XEULFDQWV�DQG�7UDQVIRUPHU�)OXLGV��0DWHULDOV�)RUPLQJ��0DFKLQLQJ�DQG�7ULERORJ\��
6LQJDSRUH��6SULQJHU�6LQJDSRUH��KWWSV���GRL�RUJ���������������������������

��� *XO]DU��0���+��+��0DVMXNL��0��$��.DODP��0��9DUPDQ��1��:��0��=XONLIOL��5��$��0XIWL��5��
=DKLG��DQG�5��<XQXV��������³'LVSHUVLRQ�6WDELOLW\�DQG�7ULERORJLFDO�&KDUDFWHULVWLFV�RI�7L2�
� �6L2�� 1DQRFRPSRVLWH�(QULFKHG�%LREDVHG�/XEULFDQW�´�7ULERORJ\�7UDQVDFWLRQV ��������
���±����KWWSV���GRL�RUJ�������������������������������

��� +HUQiQGH]�%DWWH]��$���5��*RQ]iOH]��-�/��9LHVFD��-�(��)HUQiQGH]��-�0��'tD]�)HUQiQGH]��$��
0DFKDGR��5��&KRX��DQG�-��5LED��������³&X2��=U2��DQG�=Q2�1DQRSDUWLFOHV�DV�$QWLZHDU�
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6WDWH�RI�WKH�$UW�(TXLSPHQW
(TXLSPHQW 3XUSRVH 5HVXOWV�2EWDLQHG
6(0 0LFURVFRSH�WR�REVHUYH�QDQRSDUWLFOHV��

DQG�ZHDU�EORFN�VDPSOHV
1DQRSDUWLFOHV�PRUSKRORJ\�ZDV�REVHUYHG�DQG�LV�
VKRZQ�LQ�ILJXUH����WKURXJK�����:HDU�VFDUV�
ZHUH�DEOH�WR�EH�REVHUYHG�DQG�DUH�VKRZQ�LQ�
ILJXUH���������DQG�����

('6 7R�NQRZ�WKH�ZHLJKW���FRPSRVLWLRQ�
RI�WKH�VDPSOHV�DIWHU�WKH�H[SHULPHQW��

(OHPHQW�FRQFHQWUDWLRQ�ZW���IRU WKH�EDVH�
VXQIORZHU��EDVH�JUDSHVHHG��DQG�EDVH�FRFRQXW�
RLO�DQG�RSWLPDO�FRQGLWLRQV�ZLWK�6L2� DQG�7L2�

DQG�ZHUH�IRXQG�IRXQG�DQG�DUH�VKRZQ�LQ�WDEOH����
���DQG����

3URILORPHWHU 0HDVXUH�WKH�URXJKQHVV�RI�WKH�EORFN
VDPSOHV EHIRUH�DQG�DIWHU�WKH�EORFN�RQ�
ULQJ�WHVWV��

$YHUDJH�URXJKQHVV�IRU�WKH�EORFN�VDPSOHV�DIWHU�
WKH�EORFN�RQ�ULQJ�H[SHULPHQWV�IRU�EDVH�
VXQIORZHU�RLO��DQG�EDVH�JUDSHVHHG�RLO�DQG�LV�
VKRZQ�LQ�ILJXUH����DQG�����7KH�DYHUDJH�
URXJKQHVV�ZDV�DOVR�FDOFXODWHG IRU�WKH�EORFN�
VDPSOHV�FRUUHVSRQGLQJ�IRU�WKH�RSWLPDO�
FRQFHQWUDWLRQ�RI�6L2� DQG�7L2� QDQRSDUWLFOHV�
WHVW�UXQV��7KH�UHVXOWV�DUH�VKRZQ�LQ�ILJXUH����
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5KHRPHWHU 0HDVXUH�WKH�YLVFRVLW\�DW�GLIIHUHQW�
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QDQRSDUWLFOHV���

9LVFRVLW\�ZDV�PHDVXUHG�IURP����V�� WR�����V���

VKHDU�UDWH�IRU�VXQIORZHU�RLO��JUDSHVHHG�RLO��DQG�
FRFRQXW�RLO�PRGLILHG�ZLWK�QDQRSDUWLFOHV�DQG�LV�
VKRZQ�LQ�ILJXUH�������

6WDWH�RI�WKH�$UW�6RIWZDUH
(TXLSPHQW 3XUSRVH 5HVXOWV�2EWDLQHG
0DWODE )LW�VKHDU�UDWH�YV�YLVFRVLW\�GDWD�WR�FRPPRQ�
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)LOWHU�UKHRORJ\�DQG�EORFN�RQ�ULQJ�GDWD��
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UHPRYH�QRLVH�IURP�EORFN�RQ�ULQJ�
GDWD
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9LFHQWH�&RUWHV�ZDV�ERUQ�LQ�0LVVLRQ��7H[DV�RQ�$XJXVW����������ZKHUH�KH�FXUUHQWO\�

UHVLGHV��+H�DWWHQGHG�VFKRRO�LQVWLWXWLRQV�LQ�WKH�0LVVLRQ�&RQVROLGDWHG�,QGHSHQGHQW�6FKRRO�'LVWULFW�

�0&,6'��ZKLFK�LQFOXGHV�3HDUVRQ�(OHPHQWDU\��.HQQHWK�:KLWH�-U��+LJK��DQG�0LVVLRQ�+LJK�

6FKRRO��9LFHQWH�DWWHQGHG�WKH�WKHQ�8QLYHUVLW\�RI�7H[DV�± 3DQ�$PHULFDQ��QRZ�8QLYHUVLW\�RI�7H[DV�

± 5LR�*UDQGH�9DOOH\��ORFDWHG�LQ�(GLQEXUJ��7H[DV�LQ�$XJXVW������DQG�JUDGXDWHG�LQ�0D\������

ZLWK�KLV�%DFKHORU�RI�6FLHQFH�LQ�0HFKDQLFDO�(QJLQHHULQJ��7KURXJKRXW�KLV�XQGHUJUDG�\HDUV��

9LFHQWH�ZDV�D�PHPEHU�RI�6RFLHW\�RI�+LVSDQLF�(QJLQHHUV��DQG�$HUR�&OXE�

,Q�$XJXVW�������KH�UHWXUQHG�WR�WKH�8QLYHUVLW\�RI�7H[DV�± 5LR�*UDQGH�9DOOH\�DQG�UHFHLYHG�

D�0DVWHU�RI�6FLHQFH�LQ�0HFKDQLFDO�(QJLQHHULQJ�LQ�0D\�������6LQFH�HQWHULQJ�WKH�JUDGXDWH�

SURJUDP��9LFHQWH�KDV�EHHQ�HPSOR\HG�DV�D�JUDGXDWH�UHVHDUFK�DVVLVWDQW�XQGHU�KLV�SURIHVVRU��'U��

2UWHJD��ZKLFK�KDV�DOORZHG�KLP�WR�IXUWKHU�KLV�UHVHDUFK�HIIRUWV��9LFHQWH�PD\�EH�UHDFKHG�E\�HPDLO�

DW�FRUWHVY��#JPDLO�FRP
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