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8� 1� 3PDDIJ
WR REWDLQ WKH GHJUHH RI 0DVWHU RI 6FLHQFH
DW WKH 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\�

WR EH GHIHQGHG SXEOLFO\ RQ 7XHVGD\ -DQXDU\ ��� ���� DW ����� $0�

6WXGHQW QXPEHU� �������
3URMHFW GXUDWLRQ� 0DUFK ��� ���� ǿ -DQXDU\ ��� ����
7KHVLV FRPPLWWHH� $VVRFLDWH SURIHVVRU� GU� LU� 3� -� 9DUGRQ� 78 'HOIW� VXSHUYLVRU

3URIHVVRU GU� LU� )� 0XOGHU� 78 'HOIW
'U� LU� -� 0� %ORHPHQGDO� 78 'HOIW� GDLO\ VXSHUYLVRU
,U� )� :ROWHUV� 3Z&� FRPSDQ\ VXSHUYLVRU
$VVLVWDQW SURIHVVRU� GU� LU� 0� %UHKPH� 78 'HOIW

7KLV WKHVLV LV FRQILGHQWLDO DQG FDQQRW EH PDGH SXEOLF XQWLO -DQXDU\ ��� �����

$Q HOHFWURQLF YHUVLRQ RI WKLV WKHVLV LV DYDLODEOH DW KWWS���UHSRVLWRU\�WXGHOIW�QO��



$EVWUDFW
+LJK WHPSHUDWXUH DTXLIHU WKHUPDO HQHUJ\ VWRUDJH �+7�$7(6� FDQ SRWHQWLDOO\ VROYH WKH PLV�
PDWFK EHWZHHQ KHDW VXSSO\ DQG �GHPDQG� ,W FDQ SURYLGH D ODUJH VFDOH VHDVRQDO KHDW VWRUDJH
VROXWLRQ� 7KHUHE\ LW HQDEOHV DQ LQFUHDVH LQ IXOO ORDG KRXUV RI WKH EDVH KHDW VRXUFH� ZKLFK FDQ
EHQHILW SURMHFW SHUIRUPDQFH RQ ERWK FRVWV DQG HPLVVLRQV� +RZHYHU� WKH OLPLWHG QXPEHU RI
VXFFHVVIXO SLORW SURMHFWV LQGLFDWHV WKH WHFKQRORJ\ KDV QRW HVFDSHG LWV VWDWH RI LQIDQF\� 7KHUH
LV D JDS IURP FRQFHSW WR LPSOHPHQWDWLRQ� ZKLFK LV VLJQLILHG E\ WKH GLVDJUHHPHQW RI H[SHUWV RQ
SHUIRUPDQFH GULYHUV DQG �EDUULHUV RI +7�$7(6� 7KLV UHVHDUFK DLPV WR QDUURZ WKH GHVFULEHG
NQRZOHGJH JDS� E\ LPSURYLQJ LGHQWLILFDWLRQ RI +7�$7(6 SHUIRUPDQFH GULYHUV DQG �EDUULHUV�
7KHUHE\ LW VWULYHV WR LPSURYH GHFLVLRQ PDNLQJ RI +7�$7(6 LPSOHPHQWDWLRQ� DQG IXUWKHU HQ�
KDQFH IXWXUH +7�$7(6 DSSOLFDWLRQ LQ KHDWLQJ SURMHFWV�

7KH EURDG VFRSH RI UHVHDUFK GHPDQGV ERWK D GLDJQRVWLF DQG GHVLJQ�RULHQWDWHG DSSURDFK�
DQG ILWV VHDPOHVVO\ ZLWK D PXOWL�FULWHULD GHFLVLRQ DQDO\VLV� 7KH DQDO\VLV HQWDLOV WKH VWDJHV
RI FUHDWLQJ� HYDOXDWLQJ� FRPSDULQJ DQG UDQNLQJ RI FDVH�VSHFLILF VFHQDULRȄV� 3DUDPHWULF YDULD�
WLRQ FKDQJHV WKH FRQGLWLRQV IRU +7�$7(6 LPSOHPHQWDWLRQ DFURVV WKH VFHQDULRȄV� $ VLPXODWLRQ
PRGHO LV GHYHORSHG DQG FRQQHFWHG WR D JURXQGZDWHU PRGHO WR DSSO\ WKH SDUDPHWULF YDULDWLRQ�
WR FUHDWH WKH GLIIHUHQW VFHQDULRȄV� DQG FRQVHTXHQWO\ WR SURGXFH WKH TXDQWLWDWLYH LQIRUPDWLRQ
IRU IXUWKHU HYDOXDWLRQ� 'XULQJ WKH VWDJHV RI FUHDWLQJ� HYDOXDWLQJ� FRPSDULQJ DQG UDQNLQJ� WKH
PHWKRGRORJ\ V\VWHPDWLFDOO\ SURGXFHV QHZ UHVXOWV RQ WKH RSSRUWXQLWLHV DQG ULVNV LQWURGXFHG
E\ +7�$7(6� DQG DGGLWLRQDOO\ RQ WKH +7�$7(6 SHUIRUPDQFH GULYHUV DQG �EDUULHUV�

7KH UHVXOWV VKRZ WKDW +7�$7(6 HQDEOHV WKH RSSRUWXQLW\ RI LPSURYLQJ SURMHFW SHUIRUPDQFH
ZLWK UHVSHFW WR WKH LQWHUQDO UDWH RI UHWXUQ DQG HPLVVLRQV� *URXQGZDWHU LPSDFW UHPDLQV WKH
JUHDWHVW ULVN� EXW LW FDQ EH PLQLPLVHG ZLWK VPDUW GHFLVLRQ PDNLQJ� 7R VXSSRUW WKH GHFL�
VLRQ PDNHU DQG WR RYHUFRPH WKH ULVN RI JURXQGZDWHU LPSDFW� WKH UHVHDUFK SURSRVHV VHYHUDO
SHUIRUPDQFH�HQKDQFLQJ� QRQ�H[SOLFLW JXLGHOLQHV� 7KH JXLGHOLQHV IRFXV RQ UHDOLVLQJ DQ +7�
$7(6 LPSOHPHQWDWLRQ� ZKHUH SURMHFW SHUIRUPDQFH ZLWK UHVSHFW WR LQWHUQDO UDWH RI UHWXUQ�
HPLVVLRQV DQG JURXQGZDWHU LPSDFW DUH EDODQFHG� 7KHUHE\ WKH\ H[SODLQ WKH PDMRU +7�$7(6
SHUIRUPDQFH GULYHUV DQG �EDUULHUV� 7KH JXLGHOLQHV DUH VXPPDULVHG EHORZ� 7KH GHFLVLRQ
PDNHU LV UHFRPPHQGHG WR ��

�� �� PLQLPLVH WKH XQFHUWDLQW\� WKURXJK WKRURXJK VXEVXUIDFH FKDUDFWHUL]DWLRQ EHIRUH LP�
SOHPHQWDWLRQ� 6HFRQGO\� WR IRFXV RQ DTXLIHUV ZLWK D PLQLPXP GHSWK RI ��� >P@ DQG D
PLQLPXP K\GUDXOLF FRQGXFWLYLW\ RI � >P G��@

�� �� DVVXUH QHWZRUN UHWXUQ WHPSHUDWXUHV GXULQJ SHDN GHPDQG DUH EHORZ H[SHFWHG VWRUDJH
WHPSHUDWXUHV

�� �� QRW FRQVLGHU SURMHFW OLIH�WLPHV H[FHHGLQJ �� \HDUV

�� �� DVVXUH \HDUO\ PD[LPXP EDVH VRXUFH KHDW SURGXFWLRQ LV DOZD\V ORZHU WKDQ \HDUO\
FRQVXPHU KHDW GHPDQG

�� �� WR VWULYH IRU D IODW GHPDQG FXUYH DQG DSSO\ SHDN�VKDYLQJ� E\ PHDQV RI� IRU H[DPSOH�
YDULDEOH KHDW SULFHV

&XUUHQWO\� WKH JXLGHOLQHV KDYH WKH SXUSRVH RI JLYLQJ GLUHFWLRQ WR WKH GHFLVLRQ PDNHU� EXW
WKH\ ZLOO EHFRPH PRUH H[SOLFLW RQFH WKH PHWKRGRORJ\ LV LPSURYHG� DQG WKH XQFHUWDLQW\ DQG
QXPEHU RI DVVXPSWLRQV LQ WKH PRGHO LV GHFUHDVHG�
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$FNQRZOHGJHPHQWV
)LUVWO\� , DP JUDWHIXO WR WKH 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\ IRU JLYLQJ PH WKH RSSRUWXQLW\ WR
FRQGXFW UHVHDUFK RQ WKLV WRSLF�

, ZRXOG DOVR OLNH WR H[SUHVV P\ VLQFHUH JUDWLWXGH WR 3Z&� DQG LQ SDUWLFXODU WR 'XFR %URXZ�
HUV DQG 6WHSKDQH -DJHU IRU DFFHSWLQJ PH DV D JUDGXDWH LQWHUQ� DQG SURYLGLQJ PH ZLWK WKH
IUHHGRP WR H[SORUH DQG H[SHULPHQW WKURXJKRXW WKH HQWLUH GXUDWLRQ RI WKH SURMHFW� 0\ LQWUR�
GXFWLRQ DW 3Z& IHOW OLNH D ZDUP EDWK� DQG , H[SHULHQFHG WKH FRPSDQ\ DQG RIILFH FXOWXUH DV
SOHDVDQW DQG UHIUHVKLQJ�

7KH HIIRUWV RI GU� LU� 0DUWLQ %ORHPHQGDO DQG DVVRFLDWH SURI� 3KLO 9DUGRQ� UHVSHFWLYHO\ P\
ZHHNO\ VXSHUYLVRU DQG WKHVLV VXSHUYLVRU� GHVHUYH H[SOLFLW UHFRJQLWLRQ� 7KHLU DYDLODELOLW\� KX�
PRXU� DQG DSSURSULDWH FULWLFLVP IXHOHG P\ SXUVXLWV� 7R QR OHVVHU H[WHQG , ZDQW WR H[SUHVV P\
JUDWLWXGH WR P\ FRPSDQ\ VXSHUYLVRU LU� )ULWV :ROWHUV� ZKR VHUYHG DV D PHQWRU ZLWKLQ 3Z&�
DQG ZKRVH GRZQ�WR�HDUWK YLHZ DQG FULWLFDO TXHVWLRQV JUHDWO\ LPSURYHG WKLV SURMHFW� )ULWV
WDXJKW PH WKDW OLVWHQLQJ LV DQ LQYDOXDEOH DQG XQGHUYDOXHG VNLOO� )XUWKHUPRUH� , ZRXOG OLNH WR
WKDQN DVVLVWDQW SURI� 0DUHQ %UHKPH DQG SURI� )RNNR 0XOGHU� IRU IXQFWLRQLQJ DV DGGLWLRQDO
FRPPLWWHH PHPEHUV�

,Q DGGLWLRQ WR P\ FRPPLWWHH� WKHUH LV D JURXS RI H[SHUWV DQG RUJDQLVDWLRQV� WKDW SURYLGHG
PH ZLWK FULWLFDO LQSXW IRU WKH SURMHFW� ZKR GHVHUYH D EULHI PHQWLRQ DQG WR DOO RI ZKRP , DP
JUDWHIXO� , ZRXOG OLNH WR WKDQN 6WHIDQ $DUWV RI 7HFKQLSODQ $GYLVHXUV %9� ZKR VHUYHG DV DQ
LQVSLUDWLRQ WR WKH VLPXODWLRQ PRGHO� , ZRXOG OLNH WR WKDQN -RULV .RRUQHHI RI 712 DQG *XLGR
%DNHPD RI ,) 7HFKQRORJ\ IRU SURYLGLQJ PH ZLWK NH\ ILQDQFLDO ILJXUHV� , ZRXOG OLNH WR WKDQN
WKH � RUJDQLVDWLRQV� ZKLFK SUHIHU WR UHPDLQ DQRQ\PRXV� IRU WUXVWLQJ PH DQG VKDULQJ FRQIL�
GHQWLDO LQIRUPDWLRQ UHJDUGLQJ WKHLU KHDWLQJ VXSSO\ DQG �GHPDQG�

)LQDOO\� , DP JUDWHIXO IRU P\ GHDU IDPLO\ DQG IULHQGV� ZKR VXSSRUWHG PH ERWK GXULQJ DQG
RXWVLGH RIILFH KRXUV� DQG ZLWKRXW ZKRP , FRXOG QRW KDYH DFFRPSOLVKHG WKH VDPH�

:� 3� 5RFFKL
'HOIW� -DQXDU\ ����
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/LVW RI )LJXUHV

��� 0LVPDWFK VXSSO\ DQG GHPDQG >��@� � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� &RPSOH[LW\ RI DQ HQHUJ\ V\VWHP >��@ � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 3URMHFW FRQWH[W � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 3DUDPHWULF YDULDWLRQ LQ WKH PRGHO YLVXDOLVHG� EDVH VFHQDULR � � � � � � � � � � � � �
��� 3DUDPHWULF YDULDWLRQ LQ WKH PRGHO YLVXDOLVHG� VFHQDULR ; � � � � � � � � � � � � � � �

��� 7ZR WDEOHV� DGDSWHG IRUP 6KHSDUG � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 7KH FRQVHFXWLYH VWHSV RI D PXOWL�FULWHULD GHFLVLRQ DQDO\VLV � � � � � � � � � � � � ��
��� $ VXFFHVVIXO KHDWLQJ V\VWHP VXEGLYLGHG LQWR PDLQ REMHFWLYHV � � � � � � � � � � � ��
��� &ULWHULD WUHH RI REMHFWLYHV IRU D VXFFHVVIXO KHDWLQJ V\VWHP � � � � � � � � � � � � � ��
��� 9DOXH IXQFWLRQV IRU TXDQWLWDWLYH HYDOXDWLRQ FULWHULD � � � � � � � � � � � � � � � � � ��
��� 7LPHOLQH RI PHWKRGRORJ\� SDUDOOHO SDWKV WRZDUG SUREDELOLW\ RI VFHQ� UDQN � � � � ��

��� 6FKHPDWLF UHSUHVHQWDWLRQ� FDVH $ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� %DVH VFHQDULR� FDVH $ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� :HLJKWHG VFRUHV� FDVH $� LQYHVWRU�RSHUDWRU SHUVS� � � � � � � � � � � � � � � � � � ��
��� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR OLIH�WLPH� FDVH $ � � � � � � � � � � � � � � � � � � ��
��� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR VHDVRQDO JHRWKHUPDO YDULDWLRQ� FDVH $ � � � � � ��
��� 7KH LQIOXHQFH RI K\GUDXOLF FRQGXFWLYLW\ RQ VXEVXUIDFH KHDW EHKDYLRXU LQ FDVH $ ��
��� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR DTXLIHU K\GUDXOLF FRQGXFWLYLW\� FDVH $ � � � � ��
��� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR DTXLIHU GHSWK� FDVH $ � � � � � � � � � � � � � � ��
��� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR DTXLIHU WKLFNQHVV� FDVH $ � � � � � � � � � � � � ��
����6FKHPDWLF UHSUHVHQWDWLRQ� FDVH % � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����%DVH VFHQDULR� FDVH % � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����:HLJKWHG VFRUHV� FDVH % � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����+HDW SURGXFWLRQ SHU VRXUFH� EHIRUH DQG DIWHU +7�$7(6 LPSOHPHQWDWLRQ� FDVH $ ��
����+HDW SURGXFWLRQ SHU VRXUFH� EHIRUH DQG DIWHU +7�$7(6 LPSOHPHQWDWLRQ� FDVH % ��
����7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR V\VWHP IORZ FDSDFLW\� FDVH % � � � � � � � � � � ��
����7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR KHDW GHPDQG� FDVH % � � � � � � � � � � � � � � � ��
����,QIOXHQFH RI K\GUDXOLF FRQGXFWLYLW\ RQ VXEVXUIDFH KHDW EHKDYLRXU� FDVH % � � � ��
����7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR DTXLIHU K\GUDXOLF FRQGXFWLYLW\� FDVH % � � � � ��
����7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR DTXLIHU WKLFNQHVV� FDVH % � � � � � � � � � � � � ��
����6FKHPDWLF UHSUHVHQWDWLRQ� FDVH & � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����%DVH VFHQDULR� FDVH & � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

$�� 7KH LQWHUYHQWLRQ F\FOH >��@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
$�� )UDPHZRUN� GLVFRYHU� GHVLJQ DQG GHOLYHU � � � � � � � � � � � � � � � � � � � � � � � ��

%�� 7KHUPDO IURQW DQG WLOWLQJ WLPH >��@ � � � � � � � � � � � � � � � � � � � � � � � � � � ��
%�� 7KH OLWKRVWUDWLJUDSK\ RI WKH 1HWKHUODQGV >��@ � � � � � � � � � � � � � � � � � � � � ��
%�� 6LPSOLVWLF YLVXDOLVDWLRQ RI '+ QHWZRUN� LQFOXGLQJ VHYHUDO HQHUJ\ VXSSOLHUV � � � ��
%�� 'LVSDWFK RUGHU LQ WKH HOHFWULFLW\ PDUNHW >��@ � � � � � � � � � � � � � � � � � � � � � ��

&�� 9DOXH WUHH RI FRVWV DQG EHQHILWV RI D VXFFHVVIXO KHDWLQJ V\VWHP � � � � � � � � � � ��
&�� 6XEVLG\ VFKHPH LQ WKH 1HWKHUODQGV IRU VKDOORZ JHRWKHUPDO HQHUJ\ � � � � � � � ��

'�� 6LPSOLVWLF REMHFWLYH KLHUDUFK\ RI VXFFHVVIXO VXUJHU\ >��@ � � � � � � � � � � � � � � ��

(�� :HLJKW GLVWULEXWLRQ DQG XQZHLJKWHG VFRUHV� FDVH $� LQYHVWRU�RSHUDWRU SHUVS� � ��

LY



/LVW RI )LJXUHV Y

(�� 3DUDPHWULF YDULDWLRQ RI GHVLJQ� FDVH $� LQYHVWRU�RSHUDWRU SHUVS� � � � � � � � � � ��
(�� *HRORJLFDO SDUDPHWULF YDULDWLRQ� FDVH $� LQYHVWRU�RSHUDWRU SHUVS� � � � � � � � � ��
(�� :HLJKW GLVWULEXWLRQ DQG XQZHLJKWHG VFRUHV� FDVH %� LQYHVWRU�RSHUDWRU SHUVS� � ��
(�� 3DUDPHWULF YDULDWLRQ RI GHVLJQ� FDVH %� LQYHVWRU�RSHUDWRU SHUVS� � � � � � � � � � ��
(�� *HRORJLFDO SDUDPHWULF YDULDWLRQ� FDVH %� LQYHVWRU�RSHUDWRU SHUVS� � � � � � � � � ��
(�� :HLJKW GLVWULEXWLRQ DQG XQZHLJKWHG VFRUHV� FDVH &� LQYHVWRU�RSHUDWRU SHUVS� � ��
(�� :HLJKWHG VFRUHV� FDVH &� LQYHVWRU�RSHUDWRU SHUVS� � � � � � � � � � � � � � � � � � ��
(�� 3DUDPHWULF YDULDWLRQ RI GHVLJQ� FDVH &� LQYHVWRU�RSHUDWRU SHUVS� � � � � � � � � � ��
(���*HRORJLFDO SDUDPHWULF YDULDWLRQ� FDVH &� LQYHVWRU�RSHUDWRU SHUVS� � � � � � � � � ��



/LVW RI 7DEOHV

��� 6FRUHV SHU TXDOLWDWLYH ELQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� &RQVXPHU ZHLJKW GLVWULEXWLRQ� DOSKDEHWLFDOO\ � � � � � � � � � � � � � � � � � � � � ��
��� ,QYHVWRU�RSHUDWRU ZHLJKW GLVWULEXWLRQ� DOSKDEHWLFDOO\ � � � � � � � � � � � � � � � � ��

��� .H\ ILJXUHV RI EDVH VFHQDULR� FDVH $ � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3DUDPHWULF YDULDWLRQ� FDVH $ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3UREDELOLW\ RI VFHQDULR UDQN� FDVH $� LQYHVWRU�RSHUDWRU SHUVS� � � � � � � � � � � ��
��� .H\ ILJXUHV RI EDVH VFHQDULR� FDVH % � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3DUDPHWULF YDULDWLRQ� FDVH % � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3UREDELOLW\ RI VFHQDULR UDQN� FDVH %� LQYHVWRU�RSHUDWRU SHUVS� � � � � � � � � � � ��
��� .H\ ILJXUHV RI EDVH VFHQDULR� FDVH & � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3DUDPHWULF YDULDWLRQ� FDVH & � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&�� )LQDQFLDO PRGHO DVVXPSWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

(�� 3UREDELOLW\ RI VFHQDULR UDQN� FDVH $� FRQVXPHU SHUVS� � � � � � � � � � � � � � � � ��
(�� 3UREDELOLW\ RI VFHQDULR UDQN� FDVH %� FRQVXPHU SHUVS� � � � � � � � � � � � � � � � ��
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TXDQWLWLHV RI ZDWHU IRU ORQJHU SHULRGV RI WLPH >��@� 'HVSLWH WKH REYLRXV SRWHQWLDO RSSRUWXQL�
WLHV� WKH QXPEHU RI UHDOLVHG +7�$7(6 SURMHFWV LV OLPLWHG� 7KLV VLJQLILHV WKH JDS IURP FRQFHSW
WR LPSOHPHQWDWLRQ� ZKLFK LV WKH FHQWUDO SUREOHP WKDW WKLV UHVHDUFK SURMHFW ZLOO WDUJHW�

)LJXUH ���� 0LVPDWFK VXSSO\ DQG GHPDQG >��@�

�



� �� ,QWURGXFWLRQ

���� 3UHOLPLQDU\ OLWHUDWXUH VWXG\
7KLV VHFWLRQ LV D FRQWLQXDWLRQ RQ WKH LQWURGXFWLRQ DQG HQWDLOV WKH IRXQGDWLRQ IRU IXUWKHU
UHVHDUFK�

������ 3LORW SURMHFWV HQGHG SUHPDWXUHO\
7KH FRQFHSW RI +7�$7(6 KDV EHHQ UHVHDUFKHG H[WHQVLYHO\ VLQFH WKH ��ȄV� EXW D OLPLWHG QXP�
EHU RI SURMHFWV KDYH EHHQ UHDOLVHG VR IDU >��@� RI ZKLFK WKH PDMRULW\ KDV EHHQ SURYHQ WR EH
XQVXFFHVVIXO� � RXW RI � NQRZQ SURMHFWV LQ WKH 1HWKHUODQGV KDYH EHHQ HQGHG SUHPDWXUHO\�
IRU GLIIHUHQW UHDVRQV�

�� ,Q 8WUHFKW WKH SURMHFW HQGHG EHFDXVH WKHUH ZDV DQ XQEULGJHDEOH JDS EHWZHHQ WKH VWRUDJH
WHPSHUDWXUH DQG WKH VXSSO\� DQG UHWXUQ WHPSHUDWXUHV UHTXLUHG E\ WKH EXLOGLQJV >��@�

�� 7KH =ZDPPHUGDP +7�$7(6 SURMHFW ZDV QR ORQJHU FRVW�HIIHFWLYH� EHFDXVH WKH DFWXDO
�FRQQHFWHG� KHDW GHPDQG ZDV VPDOOHU WKDQ WKH SURMHFWHG KHDW GHPDQG >��@�

,Q ERWK H[DPSOHV� FRQGLWLRQV RXWVLGH WKH UHVHUYRLU �QHWZRUN WHPSHUDWXUH DQG KHDW GH�
PDQG� GHWHUPLQHG WKH SHUIRUPDQFH RI WKH +7�$7(6 V\VWHP� DQG HYHQWXDOO\ UHVXOWHG LQ FORVLQJ
WKH V\VWHP� 7KHUHIRUH� LW LV UHPDUNDEOH WR GLVFRYHU WKDW PRVW UHVHDUFK WR LPSURYH +7�$7(6
SHUIRUPDQFH� LV GHYRWHG WR LQ�UHVHUYRLU FKDUDFWHULVWLFV� ZLWK WKH FRPPRQ JRDO WR LPSURYH WKH
WKHUPDO UHFRYHU\ HIILFLHQF\ �75(� >��@� 7KLV GHILQLWLRQ ZLOO EH H[SODLQHG LQ DSSHQGL[ %� 7KH
DSSHQGL[ FDQ EH DGRSWHG E\ WKH UHDGHU WR UHDG LQWR FRQFHSWV RI +7�$7(6 DQG '+�

������ /LWHUDWXUH GLVDJUHHV RQ SHUIRUPDQFH GULYHUV DQG �EDUULHUV
$ UHFHQW VWXG\ E\ 8WUHFKW 8QLYHUVLW\ DQG 712 LQYHVWLJDWHV WKH SHUIRUPDQFH RI +7�$7(6 E\
HYDOXDWLQJ WKH PDUNHW SRWHQWLDO� 7KH UHVHDUFK GRHV VR E\ FRPSDULQJ +7�$7(6 WR QDWXUDO
JDV ERLOHUV DV WKH UHIHUHQFH WHFKQRORJ\ >��@� ,W VHHPV VRPHZKDW UHGXQGDQW ZKLOH FRQGXFW�
LQJ UHVHDUFK ZLWKLQ WKH HUD RI WKH VXVWDLQDEOH HQHUJ\ WUDQVLWLRQ� QDWXUDO JDV ERLOHUV LV QRW
D WHFKQLTXH \RX FRXOG FRQVLGHU IRU IXWXUH KHDWLQJ SXUSRVHV� ZKHQ WKH ZRUOG LV GHVSHUDWH WR
FXW HPLVVLRQV PRUH WKDQ HYHU�

)XUWKHUPRUH� FRPSDULQJ +7�$7(6 WR ERLOHUV LV OLNH FRPSDULQJ DSSOHV WR SHDUV� ,W ZLOO EH
KDUG WR SURYH FRVW�HIIHFWLYHQHVV RI DQ LPPDWXUH WHFKQRORJ\ WR D ZLGHO\�DGRSWHG� UHOLDEOH� DQG
FKHDS WHFKQRORJ\ DV QDWXUDO JDV ERLOHUV� 'HVSLWH DOO� :HVVHOLQN HW DO� ILQGV RSSRUWXQLWLHV IRU
FRVW�HIIHFWLYHQHVV RI +7�$7(6� DQG VWDWHV WKDW OLIHWLPH RI WKH V\VWHP DQG KHDW GHPDQG DUH
FUXFLDO SLOODUV IRU D VXFFHVVIXO EXVLQHVV FDVH >��@� 7KHUHE\� WKH ILQGLQJV RI :HVVHOLQN HW DO�
DUH LQ OLQH ZLWK WKH FKDOOHQJHV LQ WKH DIRUHPHQWLRQHG SLORW SURMHFWV� &RQGLWLRQV RXWVLGH WKH
UHVHUYRLU GLFWDWH WKH V\VWHP SHUIRUPDQFH�

3OXH\PDNHUV HW DO� EHOLHYHV WKDW D PL[ RI VXUIDFH� DQG VXEVXUIDFH IDFWRUV GHWHUPLQH WKH
RYHUDOO V\VWHP SHUIRUPDQFH� IRUPDWLRQ OD\HU FRQGXFWLYLW\� VWRUDJH WHPSHUDWXUH DQG +7�$7(6
IXOO�ORDG KRXUV DUH WKH FUXFLDO SHUIRUPDQFH GULYHUV >��@� ,W FDQ EH FRQFOXGHG WKDW VFLHQWLVWV
DUH XQDEOH WR DJUHH RQ WKH FULWLFDO SHUIRUPDQFH IDFWRUV� ZKLFK VHUYHV DV IXHO WR WKLV UHVHDUFK
SURMHFW�

������ 7KH XUJH IRU D EURDGHU SHUVSHFWLYH
7KH FRQFHSW RI +7�$7(6 KDV WR EH DSSURDFKHG ZLWK DQ RSHQ PLQG� XQELDVHG� DQG ZLWK DQ
HDJOH�H\H SHUVSHFWLYH� VLQFH WKH NH\ SHUIRUPDQFH GULYHUV DUH QRW EH DJUHHG XSRQ� %HVLGHV
HFRQRPLFDO�� HQYLURQPHQWDO� DQG WHFKQLFDO IDFWRUV� DOVR OHJDO� DQG VRFLDO IDFWRUV PXVW EH
WDNHQ LQWR FRQVLGHUDWLRQ� 7KLV EURDG SHUVSHFWLYH ILWV VHDPOHVVO\ ZLWK D PXOWL�FULWHULD GHFL�
VLRQ DQDO\VLV �0&'$��

7KH 0&'$ LV D WRRO IRU GHFLVLRQ PDNHUV �'0� DQG LV FRQVLGHUHG DV WKH WKH IRXQGDWLRQ RI
WKH UDWLRQDO GHFLVLRQ PDNLQJ SURFHVV >��@� 0&'$ IRU D PRUH VXFFHVVIXO HQHUJ\ WUDQVLWLRQ� LV
QRW UHYROXWLRQDU\ DQG KDV EHHQ GRQH EHIRUH� >���@ Ȅ6XVWDLQDELOLW\ PHUHO\ LV D EDODQFH RI VRFLDO
DQG HFRQRPLF DFWLYLWLHV� DQG WKH HQYLURQPHQWȄ >��@� 7KH LPSRUWDQFH RI EDODQFLQJ FULWHULD LV



���� 3UHOLPLQDU\ OLWHUDWXUH VWXG\ �

DFNQRZOHGJHG LQ WKH IROORZLQJ FLWDWLRQ RI *HRUJRSRXORX HW DO�� ZKR ZDV DKHDG RI KLV WLPH
LQ ����� >���@ Ȅ,Q WKH SDVW� WKH FKRLFH DPRQJ DOWHUQDWLYH HQHUJ\ SROLFLHV DW UHJLRQDO OHYHO ZDV
EDVHG RQO\ RQ FRVW PLQLPL]DWLRQ� /DWHO\� LW LV ZLGHO\ UHFRJQLVHG WKDW UHJLRQDO HQHUJ\ SODQQLQJ
IRUPV D PXOWL�DFWRU DQG PXOWL�FULWHULD SUREOHPȄ >��@� 7KH FRPSOH[LW\ UHJDUGLQJ EDODQFHG GHFL�
VLRQ PDNLQJ RQ HQHUJ\ V\VWHPV LV YLVXDOLVHG LQ ILJXUH ���� ,W VKRZV WKDW WKH SDWK WRZDUGV
WKH RSWLPDO VROXWLRQ�UHVXOW LV QRW DOZD\V HYLGHQW� 7KH 0&'$ FDQ VXSSRUW LQ QDYLJDWLQJ LQ
FRUUHFW GLUHFWLRQ� 2WKHU WKDQ WKH 0&'$ LQ WKH JHQHUDO HQHUJ\ WUDQVLWLRQ >��� ��@� D 0&'$
VSHFLILFDOO\ IRFXVHG RQ +7�$7(6 LPSOHPHQWDWLRQ� KDV QHYHU EHHQ SHUIRUPHG EHIRUH� &KDSWHU
� DQG DSSHQGL[ ' HQWDLO D PRUH GHWDLOHG H[SODQDWLRQ RI WKH 0&'$�

)LJXUH ���� &RPSOH[LW\ RI DQ HQHUJ\ V\VWHP >��@

������ 4XDQWLWDWLYH IRXQGDWLRQ IRU WKH PXOWL�FULWHULD GHFLVLRQ DQDO\VLV
)LJXUH ��� HQWDLOV VHYHUDO VXEMHFWV WKDW DUH EDVHG RQ TXDQWLWDWLYH LQIRUPDWLRQ� )RU WKLV UHD�
VRQ� D VLPXODWLRQ PRGHO LV GHHPHG QHFHVVDU\ WR VXSSRUW WKH 0&'$� DQG WR SURYLGH TXDQWL�
WDWLYH LQSXW WR WKH IXUWKHU DQDO\VLV� &KDSWHU � DQG DSSHQGL[ & HQWDLO D PRUH GHWDLOHG H[SOD�
QDWLRQ RI WKH VLPXODWLRQ PRGHO�



� �� ,QWURGXFWLRQ

���� &RQWH[W� REMHFWLYH DQG RXWOLQH
������ 5HVHDUFK SURMHFW FRQWH[W
+DYLQJ LGHQWLILHG WKH SUREOHP DQG WKH QHHG RI D EURDGHU SHUVSHFWLYH� WKH VWHS WRZDUGV SURMHFW
FRQWH[WXDOLVDWLRQ LV QRW D GLIILFXOW RQH� 7R UHFDSLWXODWH WKH SUHYLRXV VHFWLRQV� DOWKRXJK WKH
SRWHQWLDO V\QHUJLHV RI +7�$7(6� '+ DQG D *' DUH REYLRXV� RQO\ D OLPLWHG QXPEHU RI SURMHFWV
KDYH EHHQ VXFFHVVIXO VR IDU� 7KLV UHVHDUFK DLPV DW QDUURZLQJ WKH H[LVWLQJ NQRZOHGJH JDS
IURP FRQFHSW WR LPSOHPHQWDWLRQ� E\ LPSURYLQJ LGHQWLILFDWLRQ RI SHUIRUPDQFH GULYHUV DQG �
EDUULHUV� 7KHUHE\ WKH UHVHDUFK FRQWULEXWHV WR EHWWHU GHFLVLRQV RQ +7�$7(6� DQG HYHQWXDOO\
D PRUH RSWLPDO XVH RI +7�$7(6 LQ IXWXUH KHDWLQJ SURMHFWV� EDODQFLQJ WKH LQWHUHVWV RI DOO
VWDNHKROGHUV� 7KH UHVHDUFK PHWKRGRORJ\ LV PRUH WKRURXJKO\ H[SODLQHG LQ FKDSWHU $� 7KH
SURMHFW FRQWH[W LV YLVXDOLVHG LQ ILJXUH ����

)LJXUH ���� 3URMHFW FRQWH[W

������ 5HVHDUFK SURMHFW REMHFWLYH
$Q HIIHFWLYH UHVHDUFK REMHFWLYH LV XVHIXO DQG IHDVLEOH >��@� 7KH UHVHDUFK REMHFWLYH RI WKLV SURMHFW
LV DV IROORZV� WR LPSURYH LGHQWLILFDWLRQ RI +7�$7(6 SHUIRUPDQFH GULYHUV DQG �EDUULHUV LQ KHDWLQJ
SURMHFWV� E\ GHOLYHULQJ D VLPXODWLRQ PRGHO DQG VXEVHTXHQW IUDPHZRUN IRU GHFLVLRQ�PDNLQJ� 7R
DFKLHYH WKH UHVHDUFK REMHFWLYH� VHYHUDO VWHSV� LQFOXGLQJ LQWHUPHGLDWH REMHFWLYHV� DUH RXJKW WR
EH WDNHQ� (YHU\ LQWHUPHGLDWH VWHS FRUUHVSRQGV WR D VSHFLILF SKDVH RI WKH UHVHDUFK� 7KH VWHSV
WRZDUGV WKH REMHFWLYH DUH VSHFLILHG EHORZ�

�� 7R JDLQ XQGHUVWDQGLQJ RI WKH +7�$7(6 FRQFHSW LQ JHQHUDO� E\ SHUIRUPLQJ D OLWHUDWXUH
VWXG\ DQG E\ FRQVXOWLQJ H[SHUWV DQG VWDNHKROGHUV

�� 7R GHYHORS D VLPXODWLRQ PRGHO DQG D PXOWL�FULWHULD GHFLVLRQ PHWKRG �0&'0�� E\ DGRSW�
LQJ WKH SURIRXQG FRQFHSW XQGHUVWDQGLQJ

�� 7R FUHDWH� HYDOXDWH DQG UDQN VFHQDULRȄV� E\ WHVWLQJ DQG XVLQJ WKH VLPXODWLRQ PRGHO DQG
VXEVHTXHQW 0&'0 RQ PXOWLSOH FDVHV

�� 7R LGHQWLI\ PDMRU SHUIRUPDQFH GULYHUV DQG �EDUULHUV� DQG WR UHFRJQLVH FDVH�ZLGH WUHQGV�
E\ DQDO\]LQJ WKH UHVXOWV



���� &RQWH[W� REMHFWLYH DQG RXWOLQH �

������ 5HVHDUFK SURMHFW RXWOLQH
7R UHDFK WKH REMHFWLYH� WKH SURMHFW KDV EHHQ VWUXFWXUHG LQWR WKH IROORZLQJ FKDSWHUV�

Ȍ &KDSWHU � LGHQWLILHV WKH SUREOHP� DQG VWDWHV WKH SURMHFW FRQWH[W DQG UHVHDUFK REMHF�
WLYH� $SSHQGLFHV $ DQG % DUH D FRQWLQXDWLRQ RI FKDSWHU �� DQG SURYLGH D PRUH GHWDLOHG
H[SODQDWLRQ RI UHVSHFWLYHO\ WKH UHVHDUFK PHWKRGRORJLHV DQG OLWHUDU\ EDFNJURXQG�

Ȍ &KDSWHU � LQWURGXFHV WKH VLPXODWLRQ PRGHO� ,W H[SODLQV WKH SXUSRVH RI WKH DSSOLHG SDUD�
PHWULF YDULDWLRQ� DQG WKH DGRSWHG SHUVSHFWLYH RI PXWDWLRQ� 0RUH LQIRUPDWLRQ UHJDUGLQJ
WKH VLPXODWLRQ PRGHO LV HQWDLOHG LQ DSSHQGL[ &�

Ȍ &KDSWHU � HQWDLOV WKH GHYHORSHG 0&'0� LQFOXGLQJ FULWHULD VHOHFWLRQ� �ZHLJKWLQJ� DQG SHU�
IRUPDQFH VFRULQJ� ,Q DGGLWLRQ� LW HODERUDWHV RQ WKH PHWKRG XQFHUWDLQW\� ,W LV D SURGXFW
RI DQ H[WHQVLYH OLWHUDWXUH VWXG\ RQ GHFLVLRQ PDNLQJ �DSSHQGL[ '��

Ȍ &KDSWHU � VKRZV DQG DQDO\VHV WKH UHVXOWV RI WKH GLIIHUHQW FDVH VWXGLHV� LQ ZKLFK WKH
GHYHORSHG 0&'0 DQG VLPXODWLRQ PRGHO DUH SXW WR SUDFWLFH� 7KH UHVXOWV KDYH D FRP�
SDUDWLYH QDWXUH� GXH WR WKH SHUVSHFWLYH RI PXWDWLRQ� $GGLWLRQDO UHVXOWV DUH LQFOXGHG LQ
DSSHQGL[ (�

Ȍ &KDSWHU � FRQWDLQV D VWHS�ZLVH GLVFXVVLRQ RI WKH DSSOLHG PHWKRGRORJ\ DQG ILQDO UHVXOWV�
6LPXOWDQHRXVO\� LW SURYLGHV UHFRPPHQGHG LPSURYHPHQWV IRU IXWXUH DSSOLFDWLRQ RI WKH
PRGHO DQG VXEVHTXHQW IUDPHZRUN�

Ȍ &KDSWHU � LGHQWLILHV WKH +7�$7(6 SHUIRUPDQFH GULYHUV DQG �EDUULHUV� E\ IRUPXODWLRQ RI
� SHUIRUPDQFH HQKDQFLQJ JXLGHOLQHV IRU WKH '0� 'XULQJ WKLV SURFHVV LW FRQVLGHUV WKH
GLVFXVVLRQ LQ WKH SUHYLRXV FKDSWHU�



�
6LPXODWLRQ PRGHO

7KH VLPXODWLRQ PRGHO FUHDWHV GLIIHUHQW FDVH�VSHFLILF VFHQDULRȄV WKURXJK SDUDPHWULF YDULDWLRQ�
7KH SDUDPHWULF YDULDWLRQ HQWDLOV WKH IROORZLQJ SDUDPHWHUV� SURMHFW OLIH�WLPH� FXW�RII WHPSHU�
DWXUH� FRQVXPHU GHPDQG� V\VWHP IORZ FDSDFLW\� WKLFNQHVV� GHSWK� DQG K\GUDXOLF FRQGXF�
WLYLW\� )RU HYHU\ VFHQDULR WKH PRGHO SURGXFHV TXDQWLWDWLYH SHUIRUPDQFH PHWULFV RQ FDUERQ
HPLVVLRQV� JURXQGZDWHU WHPSHUDWXUH DQG ILQDQFLDO SHUIRUPDQFH� 7KH PHWULFV SURYLGH QHZ
LQVLJKWV LQWR WKH IXQFWLRQ RI +7�$7(6 ZLWKLQ D '+ QHWZRUN� DQG VHUYH DV LQSXW WR WKH IXUWKHU
HYDOXDWLRQ� 7KLV VSHFLILF FKDSWHU IRFXVHV RQ WKH PRGHO SHUVSHFWLYH� DQG WKH DSSOLHG SDUD�
PHWULF YDULDWLRQ ZLWKLQ WKH PRGHO� 7KH JUHDW QXPEHU RI DVVXPSWLRQV IRUFHV WKH PRGHO WR
DGRSW WKH SHUVSHFWLYH RI PXWDWLRQ� 7KHUHE\ LW GHWHUPLQHV WKH PXWDWLRQ RI WKH TXDQWLWDWLYH
SHUIRUPDQFH PHWULFV XSRQ +7�$7(6 LPSOHPHQWDWLRQ IRU HYHU\ VFHQDULR� 6WHYHQ $DUWV VHUYHG
DV DQ LQVSLUDWLRQ WR PRGHO VHW�XS� %DFNJURXQG LQIRUPDWLRQ UHJDUGLQJ WKH PRGHO ORJLF� PRGHO
DVVXPSWLRQV� DQG PRGHO YDOLGDWLRQ LV LQFOXGHG LQ WKH DSSHQGL[ &

���� 3HUVSHFWLYH RI PXWDWLRQ RQ SHUIRUPDQFH PHWULFV
+HDWLQJ SURMHFWV DUH FRPSOH[� EHFDXVH PDQ\ IDFWRUV PXVW EH WDNHQ LQWR FRQVLGHUDWLRQ� 7KHUH
DUH YDULRXV KHDW VRXUFHV DQG PXOWLSOH VWDNHKROGHUV� ZLWK GLIIHUHQW LQFHQWLYHV� %HFDXVH WLPH
LV WKH FUXFLDO FRQVWUDLQW �VHFWLRQ $���� IRFXV UHPDLQV RQ +7�$7(6 ZLWKLQ WKLV UHVHDUFK� DQG
WR OHVVHU H[WHQW WLPH LV GHYRWHG WR WKH �VXVWDLQDEOH� EDVH VRXUFH DQG GLVWULEXWLRQ QHWZRUN�
)RU ERWK VHYHUDO� FULWLFDO DVVXPSWLRQV DUH GRQH�

7R JLYH D EULHI H[DPSOH� WKHUPDO ORVVHV LQ WKH GLVWULEXWLRQ QHWZRUN DUH GHSHQGDQW RI GLV�
WDQFH DQG GHSWK RI WKH QHWZRUN� RI SLSH GLDPHWHU DQG � PDWHULDO� RI W\SH RI IORZ �WXUEXOHQW
RU ODPLQDU� HWF� 7KHVH KDYH QRW EHHQ FRQVLGHUHG LQ WKH PRGHO� LW DVVXPHV FRQVWDQW WKHUPDO
ORVVHV� )RU WKLV UHDVRQ WKH PRGHO LV XQDEOH WR SURYLGH UHDOLVWLF SUHGLFWLRQV RQ WKH GLVWULEXWLRQ
ORVVHV� &RQVHTXHQWO\� LW FDQ QRW SURYLGH UHDOLVWLF SUHGLFWLRQV RI WKH DEVROXWH SHUIRUPDQFH RQ
TXDQWLWDWLYH PHWULFV�

)RU WKLV UHDVRQ� WKH PRGHO DGRSWV WKH SHUVSHFWLYH RI PXWDWLRQ� DQG FRQVLGHUV WKH VFH�
QDULR ZLWKRXW +7�$7(6 DV D SRLQW RI UHIHUHQFH� ,W IRFXVHV RQ WKH UHODWLYH SHUIRUPDQFH� 1RQ�
LPSOHPHQWDWLRQ RI +7�$7(6 LV WKH EDVH VFHQDULR� ZKLFK SURYLGHV WKH EDVHOLQH RI SHUIRUPDQFH�
7KH SDUDPHWULF YDULDWLRQ PDLQWDLQV FRQVWDQW LQSXW DQG H[WHUQDO FRQGLWLRQV� DQG RQO\ DG�
MXVWV DQG WZHDNV WKH �LPSOHPHQWDWLRQ RI� +7�$7(6� 7KH FRQVHTXHQW PXWDWLRQ RQ TXDQWLWDWLYH
SHUIRUPDQFH PHWULFV �IURP WKH EDVHOLQH� LV WKH TXDQWLILFDWLRQ RI +7�$7(6 SHUIRUPDQFH� DQG
VHUYHV DV LQSXW WR WKH IXUWKHU DQDO\VLV�

�



���� 3DUDPHWULF YDULDWLRQ DQG VFHQDULR¶V �

���� 3DUDPHWULF YDULDWLRQ DQG VFHQDULR¶V
3DUDPHWULF YDULDWLRQ KDV EHHQ DSSOLHG WR LPSURYH XQGHUVWDQGLQJ RI WKH LQIOXHQFH RI SDUDP�
HWHUV RQ WKH SURMHFW SHUIRUPDQFH ZLWK UHVSHFW WR WKH TXDQWLWDWLYH SHUIRUPDQFH FULWHULD� 7KH
SDUDPHWULF YDULDWLRQ KDV EHHQ DSSOLHG WR � GLIIHUHQW SDUDPHWHUV� � GHVLJQ SDUDPHWHUV DQG �
JHRORJLFDO SDUDPHWHUV� ZKLFK KDYH D GHIDXOW�� ORZ�� DQG KLJK YDOXH� 7KH\ FUHDWH D WRWDO RI ��
VFHQDULRȄV� LQ DGGLWLRQ WR WKH EDVH VFHQDULR ZLWKRXW +7�$7(6�

7KH FRQWURO ERDUG RI WKH +7�$7(6 V\VWHP DQG WKH VXEVHTXHQW SDUDPHWULF YDULDELOLW\
ZLWKLQ WKH PRGHO LV YLVXDOLVHG LQ ILJXUHV ��� DQG ���� %RWK ILJXUHV KDYH WKH SXUSRVH RI LQ�
FUHDVLQJ XQGHUVWDQGLQJ RI WKH PRGHO� ,Q ILJXUH ��� WKH +7�$7(6 LV VZLWFKHG RII DQG QRW
FRQWULEXWLQJ WR VDWLVI\ FRQVXPHU GHPDQG� 7KLV LV WKH EDVH VFHQDULR� 7KH PRGHO SURGXFHV
TXDQWLWDWLYH PHWULFV WKDW IRUP WKH EDVHOLQH RI SHUIRUPDQFH� ,Q ILJXUH ��� WKH +7�$7(6 LV
VZLWFKHG RQ� ,W FRQWULEXWHV WR VDWLVI\ FRQVXPHU GHPDQG� XQGHU FHUWDLQ SDUDPHWHU FRQGL�
WLRQV� 7KLV LV VFHQDULR ;� 7KH PRGHO RXWSXW RQ WKH TXDQWLWDWLYH SHUIRUPDQFH PHWULFV FKDQJHV
ZLWK UHVSHFW WR WKH SHUIRUPDQFH EDVHOLQH� 7KLV PXWDWLRQ LV WKH TXDQWLILFDWLRQ RI WKH +7�$7(6
LPSDFW�SHUIRUPDQFH� DQG VHUYHV DV LQSXW WR WKH IXUWKHU DQDO\VLV�

8QGHUVWDQGLQJ WKH LPSDFW RI LQGLYLGXDO SDUDPHWHUV� DQG FRQVHTXHQWO\ WKH UHODWLYH LPSRU�
WDQFH DPRQJ SDUDPHWHUV� FDQ LPSURYH LGHQWLILFDWLRQ RI +7�$7(6 RSSRUWXQLWLHV LQ PXOWLSOH
ZD\V� )LUVWO\� WKH SDUDPHWULF YDULDWLRQ GLUHFWV WKH '0 WRZDUGV WKH RSWLPDO SDUDPHWHU YDO�
XHV� DQG HQDEOHV WKH '0 WR GLVFDUG FHUWDLQ VFHQDULRȄV� )RU H[DPSOH� LI D +7�$7(6 V\VWHP
ZLWK KLJK IORZ FDSDFLW\ LV PRUH H[SHQVLYH� EXW RQ WKH FRQWUDU\ GRHV QRW UHVXOW LQ DQ\ DGGL�
WLRQDO EHQHILWV UHODWLYH WR WKH GHIDXOW� RU ORZ IORZ FDSDFLW\ VFHQDULRȄV� WKH '0 GRHV QRW KDYH
WR WDNH WKLV VFHQDULR LQWR IXUWKHU FRQVLGHUDWLRQ� 6HFRQGO\� WKH SHUIRUPDQFH VHQVLWLYLW\ WR
LQGLYLGXDO SDUDPHWHUV OHDUQV WKH '0 ZKLFK SDUDPHWHUV GHPDQG PRVW IRFXV DQG DWWHQWLRQ�
)RU H[DPSOH� LI WKH SDUDPHWULF YDULDWLRQ VKRZV WKDW SURMHFW SHUIRUPDQFH LV PRUH VHQVLWLYH WR
JHRORJLFDO SDUDPHWHUV� LW OHDUQV WKH '0 WKDW WKH PDMRULW\ RI DYDLODEOH UHVRXUFHV VKRXOG EH
DOORFDWHG WR VXEVXUIDFH FKDUDFWHUL]DWLRQ� 7R PLQLPLVH VXEVXUIDFH XQFHUWDLQW\ DQG WR HQVXUH
FHUWDLQ SURSHUWLHV RI WKH GHVLJQDWHG DTXLIHU�



� �� 6LPXODWLRQ PRGHO

)LJXUH ���� 3DUDPHWULF YDULDWLRQ LQ WKH PRGHO YLVXDOLVHG� EDVH VFHQDULR

)LJXUH ���� 3DUDPHWULF YDULDWLRQ LQ WKH PRGHO YLVXDOLVHG� VFHQDULR ;



�
0XOWL�FULWHULD GHFLVLRQ PHWKRG

7KLV FKDSWHU HQWDLOV � RI WKH � SDUDOOHO DFWLYLWLHV IURP WKH GHVLJQ SKDVH �VHH DSSHQGL[ $�� ,W
SURSRVHV D 0&'0 IRU +7�$7(6 LPSOHPHQWDWLRQ� +7�$7(6 FDQ EH IXOO\ FDSWXUHG LQ � HYDOX�
DWLRQ FULWHULD� $ VWDNHKROGHU�VSHFLILF VXUYH\ GHWHUPLQHV WKH ZHLJKWLQJ RI HYDOXDWLRQ FULWHULD�
4XDQWLWDWLYH FULWHULD DUH VFRUHG E\ PHDQV RI YDOXH IXQFWLRQV� 4XDOLWDWLYH FULWHULD DUH VFRUHG
E\ PHDQV RI GLUHFW UDWLQJ� %RWK VWHSV RI ZHLJKWLQJ DQG VFRULQJ HQWDLO XQFHUWDLQW\� ZKLFK
LV H[SRVHG WKURXJK D 0RQWH &DUOR LWHUDWLRQ� 7KH OLWHUDWXUH VWXG\ XQGHUO\LQJ WKH SURSRVHG
0&'0 LV LQFOXGHG LQ DSSHQGL[ '�

���� $Q LQWURGXFWLRQ WR WKH PXOWL�FULWHULD GHFLVLRQ DQDO\VLV
������ +XPDQ GHFLVLRQ PDNLQJ
7KH KXPDQ PLQG LV QRW ZLWKRXW ELDV DQG EOXQGHU� 7KLV LV LOOXVWUDWHG E\ WKH RSWLFDO LOOXVLRQ
RI 6KHSDUGȄV WDEOH WRSV LQ ILJXUH ���� :KDW DSSHDU WR EH � GLVWLQFW WDEOH WRSV� ZLWK XQLTXH
OHQJWK DQG ZLGWK� DUH DFWXDOO\ LGHQWLFDO SDUDOOHORJUDPV� 7KLV EHFRPHV PRUH REYLRXV ZKHQ
WKH OHJV DUH HUDVHG DQG WKH WRSV DUH RULHQWHG LQWR WKH VDPH GLUHFWLRQ�

)LJXUH ���� 7ZR WDEOHV� DGDSWHG IRUP 6KHSDUG

>���@ Ȅ1RUPDOO\ WKH KXPDQ PLQG ZRUNV UHPDUNDEO\ ZHOO� :H FDQ UHFRJQLVH SHRSOH ZH KDYH
QRW VHHQ LQ \HDUV� XQGHUVWDQG WKH FRPSOH[LWLHV RI RXU QDWLYH ODQJXDJH� DQG UXQ GRZQ D IOLJKW
RI VWDLUV ZLWKRXW IDOOLQJ� 6RPH RI XV VSHDN WZHOYH ODQJXDJHV� LPSURYH WKH IDQFLHVW FRPSXWHUV�
DQG�RU FUHDWH WKH WKHRU\ RI UHODWLYLW\� +RZHYHU� HYHQ (LQVWHLQ ZRXOG SUREDEO\ EH IRROHG E\
WKRVH WDEOHVȄ >��@� 7KH H[DPSOH VKRZV WKH KXPDQ PLQG LV YXOQHUDEOH IRU H[WHUQDO LQIOXHQWLDO
IDFWRUV� ,Q WKLV FDVH GHFHSWLYH IUDPLQJ RI WKH WDEOHV FDXVHV D PLVFRQFHSWLRQ RI WKH DFWXDO
OHQJWK DQG ZLGWK UDWLRȄV� 7KH VDPH SULQFLSOH KROGV IRU KXPDQ GHFLVLRQ PDNLQJ� ZKLFK FDQ EH
VHHQ IRU H[DPSOH LQ WKH VXSHUPDUNHW� 3URGXFW SODFHPHQW �LQIOXHQWLDO IDFWRUV� ZLWKLQ D VWRUH
LQIOXHQFHV WKH HYHQWXDO SXUFKDVHV �GHFLVLRQV�� ,I PDNLQJ D XQELDVHG GHFLVLRQ RQ ZKHWKHU

�



�� �� 0XOWL�FULWHULD GHFLVLRQ PHWKRG

WR EX\ DQ DSSOH RU D SHDU LV DOUHDG\ GLIILFXOW� KRZ FDQ D '0 PDNH D UDWLRQDO GHFLVLRQ RQ
LPSOHPHQWDWLRQ RI +7�$7(6"

������ 0XOWL�FULWHULD GHFLVLRQ DQDO\VLV IRU UDWLRQDO GHFLVLRQ PDNLQJ
,Q DQ DWWHPSW WR E\SDVV WKH EOXQGHUV RI WKH KXPDQ PLQG� DQG WR HQDEOH PRUH UDWLRQDO GHFL�
VLRQ PDNLQJ� WKH 0&'$ KDV EHHQ GHYHORSHG� 0&'$ LV DQ XPEUHOOD WHUP IRU D FROOHFWLRQ RI
PHWKRGV� ZKLFK HQDEOH SHRSOH WR H[SHULPHQW ZLWK GHFLVLRQV� DQG WR FRQVLGHU PXOWLSOH FULWH�
ULD >��@� E\ PHDQV RI D PXOWL�FULWHULD HYDOXDWLRQ� 0&'$ FDQ LQFOXGH ERWK TXDQWLWDWLYH DQG
TXDOLWDWLYH FULWHULD >�@� ,WV IRXQGDWLRQ ZDV ODLG E\ .HHQH\ DQG 5DLIID LQ DQ DWWHPSW WR SUR�
YLGH VWUXFWXUH WR SUREOHPV ZLWK PXOWLSOH �FRQIOLFWLQJ� REMHFWLYHV >��@� 6LQFH WKH SXEOLFDWLRQ
RI .HHQH\ DQG 5DLIID D JUHDW QXPEHU RI DSSURDFKHV KDYH EHHQ GHYHORSHG� 7KH JUHDW YDULHW\
RI DSSURDFKHV FDQ EH UHJDUGHG DV DQ DGYDQWDJH� EHFDXVH WKHUH ZLOO DOZD\V H[LVW D PHWKRG
WKDW ILWV WKH SXUSRVH� +RZHYHU� VRPH FRQVLGHU WKH JUHDW DPRXQW RI PHWKRGV DV D SRLQW RI
ZHDNQHVV� EHFDXVH XS WR QRZ WKHUH GRHV QRW H[LVW D PHWKRG IRU GHFLGLQJ ZKLFK 0&'0 LV
PRVW DSSURSULDWH >��@�

7KH 0&'$ KDV GHPRQVWUDWHG WR EH XVHIXO LQ WKH KHDOWK FDUH VHFWRU >��@� DQG FXUUHQWO\
ZLQV LQ SRSXODULW\ DPRQJ '0V LQ WKH �VXVWDLQDEOH� HQHUJ\ VHFWRU >��� ��@� EHFDXVH WKH PRUH
WUDGLWLRQDO FRVW�EHQHILW DQDO\VLV GRHV QRW VXIILFH� DV LV H[SODLQHG E\ WKH IROORZLQJ FLWDWLRQ� >���@
ȄSURSRVLQJ D GLVFRXQW UDWH IRU YDOXLQJ FRVWV DQG EHQHILWV WKDW ZLOO EH UHDOLVHG RU DYRLGHG RQO\
FHQWXULHV LQ WKH IXWXUH DQG XQGHU FRPSOHWHO\ XQFHUWDLQ VRFLHWDO FRQGLWLRQV LV KHURLF� IRROLVK� RU
D PL[WXUH RI ERWKȄ >��@�

7KH IRUPXODWLRQ RI WKH PXOWL�FULWHULD GHFLVLRQ SUREOHP LV XVXDOO\ PRUH FULWLFDO WKDQ LWV
VROXWLRQ� ZKLFK PRVWO\ GHSHQGV RQ PDWKHPDWLFDO VNLOOV >��@� 7KHUHIRUH� D FRQFLVH VHTXHQFH
RI VWHSV KDV EHHQ GHYHORSHG IRU REWDLQLQJ D FRPSUHKHQVLYH SUREOHP IRUPXODWLRQ� 7KH VWHSV
DUH YLVXDOLVHG LQ ILJXUH ����



���� $Q LQWURGXFWLRQ WR WKH PXOWL�FULWHULD GHFLVLRQ DQDO\VLV ��

)LJXUH ���� 7KH FRQVHFXWLYH VWHSV RI D PXOWL�FULWHULD GHFLVLRQ DQDO\VLV



�� �� 0XOWL�FULWHULD GHFLVLRQ PHWKRG

���� 0XOWL�FULWHULD GHFLVLRQ PHWKRG IRU KLJK WHPSHUDWXUH VWRUDJH
7KH OLWHUDWXUH VWXGLHV RQ ERWK +7�$7(6 �DSSHQGL[ %� DQG GHFLVLRQ PDNLQJ �DSSHQGL[ '� VHUYH
DV LQSXW WR WKLV VHFWLRQ� ,W GHVFULEHV D GHFLVLRQ PHWKRG IRU LPSOHPHQWDWLRQ RI +7�$7(6� 7KH
DFWXDO VFRULQJ RI FULWHULD SHUIRUPDQFH� VFHQDULR UDQNLQJ� DQG WKH 0RQWH &DUOR LWHUDWLRQ� ZLOO
EH SHUIRUPHG FDVH�VSHFLILFDOO\ LQ FKDSWHU ��

������ ,GHQWLI\LQJ REMHFWLYHV
%HFDXVH WKLV UHVHDUFK LV DLPLQJ WR LPSURYH GHFLVLRQV RQ LPSOHPHQWDWLRQ RI +7�$7(6 ZLWKLQ
D ODUJHU KHDWLQJ V\VWHP� E\ LPSURYLQJ LGHQWLILFDWLRQ RI WKH RSSRUWXQLWLHV� WKH REMHFWLYHV RI D
KHDWLQJ V\VWHP DV D ZKROH DUH WDNHQ LQWR FRQVLGHUDWLRQ IRU WKH ILUVW VWHS RI WKH 0&'0� ,W LV
GHWHUPLQHG WKDW D VXFFHVVIXO KHDWLQJ V\VWHP HQWDLOV � PDLQ REMHFWLYHV �ILJXUH �����

)LJXUH ���� $ VXFFHVVIXO KHDWLQJ V\VWHP VXEGLYLGHG LQWR PDLQ REMHFWLYHV

������ ,GHQWLI\LQJ VFHQDULR¶V DQG VWDNHKROGHUV
6HFWLRQ ��� H[SODLQV WKDW WKH SDUDPHWULF YDULDWLRQ GHOLYHUV �� VFHQDULRȄV� LQ DGGLWLRQ WR WKH
EDVH VFHQDULR ZLWKRXW +7�$7(6� 7R VXP XS� ERWK GHVLJQ SDUDPHWHUV� VXFK DV WKH FXW�RII
WHPSHUDWXUH� RU H[WHUQDO FRQGLWLRQV RXWVLGH WKH VFRSH RI GHVLJQ� VXFK DV GHYHORSPHQW RI FRQ�
VXPHU KHDW GHPDQG� KDYH D ORZ�� GHIDXOW� DQG KLJK YDOXH� DQG WKHLU YDULDWLRQ FUHDWHV WKH
GLIIHUHQW VFHQDULRȄV� 7KLV SDUDPHWULF YDULDWLRQ GHOLYHUV QHZ LQVLJKWV LQ WKH RSWLPDO SDUDPH�
WHU YDOXHV DQG WKH VHQVLWLYLW\ WR LQGLYLGXDO SDUDPHWHUV� 7KH VFHQDULRȄV GHILQH WKH QXPEHU RI
FROXPQV RI WKH HYDOXDWLRQ PDWUL[ �HTXDWLRQ '���� DQG GHPDQG UDQNLQJ E\ WKH 0&'$�

)XUWKHUPRUH� LW LV GHWHUPLQHG WKHUH DUH � PDMRU VWDNHKROGHUV� 7KRVH WKDW DUH FRQVXPLQJ
KHDW IURP WKH KHDWLQJ V\VWHP� WKRVH WKDW DUH LQYHVWLQJ LQ WKH KHDWLQJ V\VWHP� DQG WKRVH WKDW
DUH RSHUDWLQJ WKH KHDWLQJ V\VWHP�



���� 0XOWL�FULWHULD GHFLVLRQ PHWKRG IRU KLJK WHPSHUDWXUH VWRUDJH ��

������ 6SHFLI\ FULWHULD VHW
:DQJ HW DO� OLVWV IUHTXHQWO\ XVHG FULWHULD IRU GHFLVLRQ PDNLQJ LQ HQHUJ\ SUREOHPV >��@� ZKLFK
VHUYH DV LQVSLUDWLRQ WR WKLV FULWHULD VHW� &RQVXOWDWLRQ RI VHYHUDO H[SHUWV� WKURXJK D SURFHVV RI
WULDO DQG IHHGEDFN� FRPSOHPHQWHG WKH LQVSLUDWLRQ IURP :DQJ HW DO� DQG UHVXOWHG LQ D YDOXH
WUHH WKDW HQWDLOV � FULWHULD� 7KLV FDQ EH VHHQ LQ ILJXUH ����

)LJXUH ���� &ULWHULD WUHH RI REMHFWLYHV IRU D VXFFHVVIXO KHDWLQJ V\VWHP



�� �� 0XOWL�FULWHULD GHFLVLRQ PHWKRG

������ (YDOXDWLRQ RI SHUIRUPDQFH DQG PHWKRG RI VFRULQJ
7KH FULWHULD LQ ILJXUH ��� DUH SUHIHUDEO\ HYDOXDWHG LQ D TXDQWLWDWLYH PDQQHU� DQG FRQVHTXHQWO\
VFRUHG E\ PHDQV RI D YDOXH IXQFWLRQ� 7KH VLPXODWLRQ PRGHO SURGXFHV WKH TXDQWLWDWLYH SHUIRU�
PDQFH PHWULFV� WKDW VHUYH DV LQSXW WR WKH IXUWKHU DQDO\VLV� +RZHYHU� WKH SDUDPHWULF YDULDWLRQ
LQ WKH PRGHO OHDGV WR D PLVFHOODQHRXV VHW RI VFHQDULRȄV� 7KH SRVVLELOLW\ H[LVWV WKDW HQHUJ\ GH�
PDQG LQ � VFHQDULRȄV LV VLJQLILFDQWO\ GLIIHUHQW� GXH WR WKH SDUDPHWULF YDULDWLRQ RI FRQVXPHU
GHPDQG� &RQVHTXHQWO\� FRPSDULQJ WKHLU DEVROXWH HPLVVLRQV >NJ@ ZRXOG EH OLNH FRPSDULQJ
DSSOHV WR SHDUV� )RU WKLV UHDVRQ LW LV FULWLFDO WKDW TXDQWLWDWLYH FULWHULD DUH HYDOXDWHG LQ FDUH�
IXOO\ VHOHFWHG XQLWV� WKDW DOORZ IRU JRRG FRPSDULVRQ� ,Q WKH FDVH RI HPLVVLRQV UHVXOWLQJ IURP
GLVWLQFW KHDW GHPDQGV� D ZHOO�FKRVHQ XQLW IRU FRPSDULVRQ LV >NJ 0:K��@� 7KLV FRUUHFWV WKH
DPRXQW RI HPLVVLRQV IRU WKH TXDQWLW\ RI GHOLYHUHG KHDW�

7KH HYDOXDWLRQ LV SHUIRUPHG TXDOLWDWLYHO\� E\ PHDQV RI GLUHFW UDWLQJ� LQ WKH FDVH WKDW TXDQ�
WLWDWLYH GDWD LV XQDYDLODEOH� RU LI DFTXLULQJ WKHVH GDWD ZRXOG EH YHU\ WLPH�FRQVXPLQJ DQG
WKHUHIRU RXW RI WKH VFRSH RI WKLV UHVHDUFK SURMHFW� 7KH SURFHVV RI GLUHFW UDWLQJ LV GLIILFXOW
EHFDXVH WKHUH LV QR IRXQGDWLRQ RI TXDQWLWDWLYH PHWULFV� ZKLFK PDNHV LW VXVFHSWLEOH WR VXEMHF�
WLYLW\ DQG SUHIHUHQFHV RI WKH '0� $GGLWLRQDOO\� WKH GLIIHUHQFHV LQ VFHQDULRȄV DUH VPDOO� 7R UHIHU
EDFN WR DQ H[DPSOH IURP WKH FULWHULD WUHH LQ ILJXUH ���� ZKDW LV WKH FKDQJH LQ SHUIRUPDQFH
RQ DGDSWDELOLW\� XSRQ DOWHUQDWLQJ WKH FXW�RII WHPSHUDWXUH" ,W LV GHHPHG WR EH LPSRVVLEOH WR
DWWDFK GLIIHUHQW SHUIRUPDQFH VFRUHV WR VXFK PLQLPDO FKDQJHV� )RU WKLV UHDVRQ� DOO VFHQDULRȄV
WKDW DGRSW +7�$7(6 DUH JLYHQ HTXDO VFRUHV RQ WKH TXDOLWDWLYH FULWHULD� 7KH GLIIHUHQFHV LQ
WKHLU DJJUHJDWHG VFRUHV DUH WKXV GHWHUPLQHG E\ SHUIRUPDQFH RQ TXDQWLWDWLYH FULWHULD� 7KH
VFHQDULR ZLWKRXW +7�$7(6 LV JLYHQ DQ LQGLYLGXDO UDWLQJ RQ WKH TXDOLWDWLYH FULWHULD E\ WKH '0�
7KH GLUHFW UDWLQJ LV ELQQHG LQ RQH RI � FDWHJRULHV ȄYHU\ KLJKȄ� ȄKLJKȄ� ȄPHGLXPȄ� ȄORZȄ� RU ȄYHU\
ORZȄ >��@� (YHU\ ELQ KDV D UDQJH RI VFRUHV� DV FDQ EH VHHQ LQ WDEOH ����

4XDOLWDWLYH ELQ 6FRUH
9HU\ KLJK ����
+LJK ���
0HGLXP ���
/RZ ���
9HU\ ORZ ���

7DEOH ���� 6FRUHV SHU TXDOLWDWLYH ELQ

)RU ERWK TXDQWLWDWLYH DQG TXDOLWDWLYH FULWHULD� LW LV FKRVHQ WR DGRSW JOREDO VFDOLQJ� LQ ZKLFK
WKH UHODWLYH FKDQJH LQ VFRUH LV PRUH FUXFLDO WKDQ WKH DFWXDO VFRUH� 7KH IROORZLQJ VXEVHFWLRQV
ZLOO HODERUDWH RQ HYDOXDWLRQ FULWHULD DQG WKHLU PHWULFV�

,QWHUQDO UDWH RI UHWXUQ
1HW SUHVHQW YDOXH �139� DQG LQWHUQDO UDWH RI UHWXUQ �,55� DUH ILQDQFLDO GHFLVLRQ PDNLQJ WRROV�
%RWK FDQ EH XVHG E\ '0 WR SODFH GLVWLQFW SURMHFWV LQ D FRPPRQ IUDPH RI UHIHUHQFH >��@� %RWK
UHO\ RQ WKH VDPH HTXDWLRQ� DQG FRQVLGHU WKH FRQFHSW RI WLPH YDOXH RI PRQH\� IXWXUH HDUQLQJV
DQG H[SHQVHV KDYH D GLIIHUHQW YDOXH� WKDQ SUHVHQW HDUQLQJV DQG H[SHQVHV RI DQ HTXDO DPRXQW
>��@� $OO FDVK IORZV GXULQJ WKH H[SHFWHG WLPH RI RSHUDWLRQ DUH GLVFRXQWHG WR SUHVHQW YDOXH
ZLWK D FHUWDLQ GLVFRXQW UDWH� WR REWDLQ SURMHFW 139� 139 LV WKH VXP RI WKHVH GLVFRXQWHG FDVK
IORZV� ZKLFK DOVR IROORZV IURP HTXDWLRQ ������
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��� ZKHUH 139L LV WKH QHW SUHVHQW YDOXH LQ RI WKH L�WK VFHQDULR >Ț@� W LV WKH WLPH LQ >\HDUV@�
1 WKH SHULRG RI RSHUDWLRQ LQ >\HDUV@� &LW WKH H[SHFWHG FDVK IORZ RI WKH W�WK \HDU IRU WKH L�WK
VFHQDULR >Ț@� DQG U WKH GLVFRXQW UDWH LQ >�@�



���� 0XOWL�FULWHULD GHFLVLRQ PHWKRG IRU KLJK WHPSHUDWXUH VWRUDJH ��

7KH ,55 LV WKH GLVFRXQW UDWH IRU ZKLFK D SURMHFW 139 VXPV WR �� WKHUHE\ LW LV DQ LQGLFDWLRQ
RI WKH SURMHFW SURILWDELOLW\� ,Q WKLV UHVHDUFK� ,55 LV DGRSWHG WR DVVHVV ILQDQFLDO SHUIRUPDQFH�
EHFDXVH LW LV GHHPHG WR EH PRUH VXLWDEOH IRU FRPSDULQJ SURMHFWV RI GLIIHUHQW VL]H�
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��� ZKHUH 139L LV WKH QHW SUHVHQW YDOXH LQ RI WKH L�WK VFHQDULR >Ț@� W LV WKH WLPH LQ >\HDUV@�
1 WKH SHULRG RI RSHUDWLRQ LQ >\HDUV@� &LW WKH H[SHFWHG FDVK IORZ RI WKH W�WK \HDU IRU WKH L�WK
VFHQDULR >Ț@� DQG ,55L WKH GLVFRXQW UDWH RI WKH L�WK VFHQDULR WR PDNH WKH SURMHFW 139 � >�@�

7KH ,55 RI +7�$7(6 LV GHWHUPLQHG WKURXJK D FRVW � DQG EHQHILW DQDO\VLV� E\ HVWLPDWLQJ
WKH PXWDWLRQ RI HYHU\ FRVW DQG EHQHILW XSRQ LPSOHPHQWDWLRQ� 7KH YDOXH WUHH LQ ILJXUH &��
LQFOXGHV DOO SRWHQWLDO FRVWV DQG EHQHILWV UHODWHG WR +7�$7(6�

7KH SHUIRUPDQFH RQ ,55 LV WUDQVODWHG LQWR D VFRUH E\ PHDQV RI D YDOXH IXQFWLRQ� 7KH
YDOXH IXQFWLRQ IRU ,55 LV OLQHDUO\ LQFUHDVLQJ� ZLWK ��� DQG �� DV WKH PLQLPXP DQG PD[LPXP
YDOXH� )LJXUH ��� FRQWDLQV DOO WKH YDOXH IXQFWLRQV DGRSWHG LQ WKLV UHVHDUFK� 7KH\ WUDQVODWH
WKH VFHQDULR SHUIRUPDQFH RQ TXDQWLWDWLYH FULWHULD LQWR VFRUHV� 7KH '0 GHVLJQV�FKRRVHV WKH
YDOXH IXQFWLRQ� 7KH SURFHVV RI REWDLQLQJ YDOXH IXQFWLRQV LV YXOQHUDEOH IRU VXEMHFWLYLW\� ZKLFK
UHTXLUHV LQFOXVLRQ RI XQFHUWDLQW\� ,W FDQ EH GLYLGHG LQWR � PDMRU VWHSV�

�� 'HWHUPLQH WKH H[WUHPH SHUIRUPDQFH YDOXHV WKDW DUH OLNHO\ WR EH HQFRXQWHUHG RQ D JOREDO
VFDOH

�� 'HWHUPLQH LI SHUIRUPDQFH DQG VFRUH DUH SRVLWLYHO\ RU QHJDWLYHO\ FRUUHODWHG

�� 'HWHUPLQH LI WKH UHODWLRQ EHWZHHQ VFRUH DQG SHUIRUPDQFH LV OLQHDU RU GLIIHUHQW

)LJXUH ���� 9DOXH IXQFWLRQV IRU TXDQWLWDWLYH HYDOXDWLRQ FULWHULD



�� �� 0XOWL�FULWHULD GHFLVLRQ PHWKRG

*URXQGZDWHU LPSDFW
*URXQGZDWHU LPSDFW FDQ EH GHILQHG DV DQ\ FKDQJHV LQ ORFDO JURXQGZDWHU WHPSHUDWXUH� FRP�
SRVLWLRQ RU OHYHO� GXH WR RSHUDWLRQ RI WKH KHDWLQJ V\VWHP�

,Q VRPH ZHOIDUH VWDWHV WKH GDLO\ FRQVXPSWLRQ SHU SHUVRQ LV ���� WLPHV KLJKHU >��@� $
TXDUWHU RI WKLV LV SURYLGHG E\ JURXQGZDWHU >��@� ZKLFK PDNHV JURXQGZDWHU DQ LQGLVSHQVDEOH
UHVRXUFH WKDW VKRXOG QRW EH WDNHQ IRU JUDQWHG� +7�$7(6 FDQ LQGXFH DQ LQFUHDVH LQ VXEVXU�
IDFH DPELHQW WHPSHUDWXUH� WKHUHE\ FKDQJLQJ D YDULHW\ RI FKHPLFDO�� PLFURELDO� DQG SK\VLFDO
SURFHVVHV� DQG SRWHQWLDOO\ GHFUHDVLQJ WKH JURXQGZDWHU TXDOLW\ >��@� 6DLWR HW DO� IRXQG D
SRVLWLYH OLQHDU FRUUHODWLRQ EHWZHHQ JURXQGZDWHU WHPSHUDWXUH DQG VHYHUDO QDWXUDOO\ SUHVHQW
FRPSRQHQWV �%� 6L� /L� GLVVROYHG RUJDQLF FDUERQ �'2&�� 1+��� 1D�� DQG .�� >��@� )RU WKLV
UHDVRQ� PLQLPL]LQJ WKH LQFUHDVH LQ VXEVXUIDFH WHPSHUDWXUH LV GHVLUDEOH�

7KH WHPSHUDWXUH DW D ORFDWLRQ RI �� >P@ EHORZ WKH VXUIDFH LV PRQLWRUHG� WR TXDQWLWDWLYHO\
HYDOXDWH JURXQGZDWHU LPSDFW SHUIRUPDQFH� LQ OLQH ZLWK WKH PHWKRG RI 6DLWR HW DO >��@� 7KH
UHVXOWLQJ YDOXH IXQFWLRQ �ILJXUH ���� LV GHFUHDVLQJ DQG HQWDLOV � SDUWV� ZLWK D VFRUH RI ��
DVVLJQHG WR VXEVXUIDFH WHPSHUDWXUH LQFUHDVH RI � �@&ࣅ<

(PLVVLRQV
&DUERQ HPLVVLRQV DUH WKH UHVXOW RI HOHFWULFLW\ DQG KHDW SURGXFWLRQ IURP IRVVLO IXHOV� 7KH ZRUOG
KDV UHDFKHG FRQVHQVXV RQ WKH H[LVWHQFH RI D SRVLWLYH OLQHDU FRUUHODWLRQ EHWZHHQ FXPXODWLYH
FDUERQ HPLVVLRQV DQG WKH SURMHFWHG JOREDO PHDQ WHPSHUDWXUH >��@� DQG KDV DJUHHG WR OLPLW
WKH LQFUHDVH RI JOREDO PHDQ WHPSHUDWXUH WR ��� @&ࣅ< YLD WKH 3DULV DJUHHPHQW >��@�

(VWLPDWLRQ RI WKH FDUERQ HPLVVLRQV IDFWRUV IRU ERWK JDV� DQG HOHFWULFLW\ FRQVXPSWLRQ� DV LV
H[SODLQHG LQ VXEVHFWLRQ &����� HQDEOHV WKH '0 WR GHWHUPLQH WKH SURMHFWHG FDUERQ HPLVVLRQV
LQ >NJ�0:K@ RI GHOLYHUHG KHDW� 7KH FRQVHTXHQW TXDQWLWDWLYH SHUIRUPDQFH LV WUDQVODWHG LQWR D
VFRUH E\ PHDQV RI D OLQHDUO\ GHFUHDVLQJ YDOXH IXQFWLRQ� LQ ZKLFK WKH EDVH VFHQDULR ZLWKRXW
+7�$7(6 LV WDNHQ DV D SRLQW RI UHIHUHQFH�

$GDSWDELOLW\
$GDSWDELOLW\ LV GHILQHG DV WKH DELOLW\ WR UHVSRQG WR FKDQJLQJ FRQGLWLRQV� ,W LV HYDOXDWHG EDVHG
RQ WKH IROORZLQJ WKRXJKW�H[SHULPHQWV�

�� ,I WKH UHTXLUHG KHDW GHPDQG LV VLJQLILFDQWO\ KLJKHU RU ORZHU WKDQ H[SHFWHG� IRU D SHULRG
RI WLPH� ZKLFK VFHQDULR ZRXOG EHWWHU FRSH ZLWK WKH FKDQJHG FRQGLWLRQV"

�� ,I D QHLJKERXULQJ '+ QHWZRUN LV H[SDQGLQJ DQG LW ZRXOG EH ORJLFDO DQG PRUH HIILFLHQW
WR FRQQHFW WKH GLIIHUHQW QHWZRUNV� ZKLFK VFHQDULR ZRXOG EHWWHU FRSH ZLWK WKH FKDQJHG
VLWXDWLRQ"

�� ,Q WKH VLWXDWLRQ ZKHUH WKHUH H[LVWV DQ DEXQGDQFH RI ERWK VRODU� DQG ZLQG HQHUJ\� ZKLFK
VFHQDULR ZRXOG IXQFWLRQ EHWWHU DV D WHPSRUDU\ ȄKHDWVLQNȄ IRU D UHQHZDEOH HOHFWULFLW\ VXU�
SOXV"

7KH LQFUHDVLQJ SHQHWUDWLRQ RI UHQHZDEOH� LQWHUPLWWHQW HOHFWULFLW\ VRXUFHV ZLWKLQ WKH HOHF�
WULFLW\ QHWZRUN� LQFUHDVHV WKH PLVPDWFK EHWZHHQ VXSSO\ DQG GHPDQG� DQG WKHUHE\ WKH XUJH
IRU ODUJH VFDOH� ORQJ�WHUP HOHFWULFLW\ VWRUDJH PHWKRGV ULVHV >��@� 7KH PLVPDWFK LQ D KHDWLQJ
QHWZRUN LV VROHO\ FDXVHG E\ YDULDWLRQ LQ FRQVXPHU KHDW GHPDQG� $V '+ QHWZRUNV JURZ ODUJHU
DQG SRVVLEO\ FRQQHFW� WKH PLVPDWFK EHWZHHQ VXSSO\ DQG GHPDQG ZLOO LQFUHDVH� DQG WKHUHE\
WKH XUJH IRU� RU DW OHDVW WKH SRWHQWLDO RI� ODUJH VFDOH VHDVRQDO VWRUDJH VROXWLRQV LQFUHDVHV� +7�
$7(6 ZLOO HQDEOH '+ QHWZRUNV WR EHWWHU FRSH ZLWK DQG DGRSW WR IXWXUH FKDQJHV LQ GHPDQG�
DQG PDNHV KHDWLQJ QHWZRUNV PRUH DGDSWDEOH�

(YDOXDWLRQ RI WKH FULWHULD SHUIRUPDQFH LV GRQH TXDOLWDWLYHO\� 2Q D JOREDO VFDOH RI KHDWLQJ
V\VWHPV� DGDSWDELOLW\ RI D V\VWHP ZLWK +7�$7(6 LV PDUNHG DV ȄPHGLXPȄ� $GDSWDELOLW\ RI WKH
EDVH VFHQDULR ZLWKRXW +7�$7(6 LV PDUNHG DV ȄYHU\ ORZȄ�
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$YDLODELOLW\
$YDLODELOLW\ LV GHILQHG DV WKH UHODWLYH WLPH VKDUH� WKH V\VWHP LV LQ D RSHUDEOH VWDWH� ,Q WKH
VSHFLILF FDVH RI KHDWLQJ� DYDLODELOLW\ PHDQV DYDLODELOLW\ RI KHDW WR FRQVXPHU� HLWKHU IURP WKH
+7�$7(6 RU RWKHU VRXUFHV� 1RQ�DYDLODELOLW\ RFFXUV ZKHQ WKH DYDLODEOH VRXUFHV DUH XQDEOH WR
VDWLVI\ GHPDQG�

7KH IROORZLQJ VLWXDWLRQ SURYLGHV DGGLWLRQDO FODULILFDWLRQ RQ HYDOXDWLRQ RI SHUIRUPDQFH RQ
DYDLODELOLW\� 6XSSRVH WKHUH DUH � FKLOGUHQ� WKDW DOO GHSHQG RQ D ELF\FOH WR FRPPXWH WR VFKRRO�
8QIRUWXQDWHO\� WKH ELF\FOHV DUH ORZ TXDOLW\ DQG KDYH DQ DYDLODELOLW\ RI ���� HYHU\ GD\ � RXW
RI � ELNHV LV XQDYDLODEOH� 7KHLU SDUHQWV GHFLGH WR WRJHWKHU SXUFKDVH DQ VSDUH ELF\FOH� RI
HTXDO TXDOLW\� WR VLJQLILFDQWO\ GHFUHDVH WKH XQDYDLODELOLW\ WR � ELNH LQ � GD\V� 7KLV OHDGV WR
DQ LQFUHDVH LQ WKH QXPEHU RI DWWHQGHG OHFWXUHV� 7KH H[DPSOH VLJQLILHV WKDW WKH DYDLODELOLW\
LQFUHDVHV ZKHQ WKH QXPEHU RI FRPSRQHQWV WKDW FRQWULEXWH WR WKH DYDLODELOLW\ LQFUHDVHV� 7KH
VDPH SULQFLSOH KROGV IRU KHDWLQJ V\VWHPV�

)URP WKLV SHUVSHFWLYH� D VFHQDULR LQFOXGLQJ +7�$7(6� ZKLFK KDV � DGGLWLRQDO KHDW VRXUFH�
ZLOO RXWSHUIRUP WKH VFHQDULR ZLWKRXW +7�$7(6 RQ WKH FULWHULD RI DYDLODELOLW\� 2Q D JOREDO VFDOH
RI KHDWLQJ V\VWHPV ERWK DUH KRZHYHU HVWLPDWHG WR EH PRUH YXOQHUDEOH IRU QRQ�DYDLODELOLW\�
WKDQ IRU H[DPSOH LQGLYLGXDO JDV ERLOHUV� ZKLFK LV D SURYHQ DQG UHOLDEOH WHFKQRORJ\� 7KH
DYDLODELOLW\ RI D V\VWHP ZLWK +7�$7(6 LV PDUNHG DV ȄPHGLXP� ZKHUHDV WKH DYDLODELOLW\ RI WKH
EDVH VFHQDULR ZLWKRXW +7�$7(6 LV PDUNHG DV ȄORZȄ�

7HFKQRORJLFDO PDWXULW\
)RU D PDWXUH WHFKQRORJ\ PRVW LQLWLDO GLIILFXOWLHV KDYH EHHQ VROYHG RU DW OHDVW UHGXFHG� E\
PHDQV RI IXUWKHU UHVHDUFK DQG GHYHORSPHQW� :KHUHDV WKH ILUVW JHRWKHUPDO SRZHU SODQW ZDV
UHDOLVHG LQ ���� >��@� DQG WKH ILUVW UHYLHZV RI '+ QHWZRUNV KDYH EHHQ DYDLODEOH VLQFH �����
WKH ILUVW +7�$7(6 SLORW SODQWV DSSHDUHG LQ WKH ��ȄV� DFFRPSDQLHG ZLWK VHYHUDO WHFKQLFDO FKDO�
OHQJHV >��@� $OWKRXJKPRVW ȄFKLOG GHFHDVHVȄ FDXVHG E\ WKH KLJKHU WHPSHUDWXUHV KDYH QRZ EHHQ
UHVROYHG� WKH WHFKQRORJ\ RI +7�$7(6 LV LQ D OHVV PDWXUH VWDWH� WKDQ WKDW RI JHRWKHUPDO HQHUJ\
DQG '+ QHWZRUNV LQ JHQHUDO�

(YDOXDWLRQ RI SHUIRUPDQFH RQ WHFKQRORJLFDO PDWXULW\ LV GRQH TXDOLWDWLYHO\� 2Q D JOREDO
VFDOH RI KHDWLQJ V\VWHPV� ERWK VFHQDULRȄV DUH FRQVLGHUHG WR EH OHVV PDWXUH� 7KH PDWXULW\
RI V\VWHPV ZLWK +7�$7(6 LV HYDOXDWHG DV ȄYHU\ ORZȄ� 0DWXULW\ RI WKH EDVH VFHQDULR ZLWKRXW
+7�$7(6 LV HYDOXDWHG DV ȄORZȄ�

/HJLVODWLYH IUDPHZRUN
$ OHJLVODWLYH IUDPHZRUN VWDWHV WKH UXOHV DQG UHJXODWLRQV WR ZKLFK DOO RSHUDWLRQV QHHG WR FRP�
SO\� 7KH 'XWFK ODZ PDNHV D GLVWLQFWLRQ EHWZHHQ DERYH DQG EHORZ ��� >PHWHU@ GHSWK� QDPHG
UHVSHFWLYHO\ WKH :DWHUZHW DQG WKH 0LMQERXZZHW >��� ��@� 7KH DTXLIHUV ZLWK KLJK HVWLPDWHG
SRWHQWLDO LQ WKH 1HWKHUODQGV DUH GHVFULEHG LQ DSSHQGL[ %� 7KH\ DUH DOO ORFDWHG DW GHSWKV
ZLWKLQ WKH MXULVGLFWLRQ RI WKH :DWHUZHW� 7KH :DWHUZHW KDV � UHTXLUHPHQWV� WKDW FRQIOLFW ZLWK
+7�$7(6 LPSOHPHQWDWLRQ >��� ��� ��@� DQG WKXV SRVH D EDUULHU IRU LPSOHPHQWDWLRQ�

�� $ PD[LPXP LQILOWUDWLRQ WHPSHUDWXUH RI �� @&ࣅ< LV DOORZHG� 7KLV LV QRW ZLWKLQ WKH UDQJH
RI UHJXODU +7�$7(6 LQMHFWLRQ WHPSHUDWXUHV� ZKLFK VWDUW DURXQG ����� �@&ࣅ<

�� 7KH TXDQWLW\ RI LQMHFWHG� DQG SURGXFHG KHDW KDYH WR EH LQ EDODQFH� 7KLV SRVHV DQRWKHU
OHJLVODWLYH KXUGOH IRU +7�$7(6� VLQFH ERWK WKH WHPSHUDWXUH RI WKH FROG� DQG ZDUP UHVHU�
YRLU RI D +7�$7(6 V\VWHP DUH DERYH WKH DPELHQW VXEVXUIDFH WHPSHUDWXUH� DQG DUH WKXV
VXEMHFW WR HIILFLHQF\ ORVVHV WR WKH VXUURXQGLQJ HQYLURQPHQW�

,W LV HYLGHQW WKDW WKH :DWHUZHW PD\ MHRSDUGLVH IXUWKHU GHYHORSPHQW RI +7�$7(6� +RZHYHU�
WKHUH LV D SRVVLELOLW\ WR GHYLDWH IURP WKH :DWHUZHW� E\ PHDQV RI SLORW SURMHFWV >��� ��@� 3LORW
SURMHFWV DUH DOORZHG WR LQMHFW DW KLJKHU WHPSHUDWXUH� DQG OHDYH D UHVSRQVLEOH KHDW VXUSOXV LQ
WKH VXEVXUIDFH� LQ H[FKDQJH IRU DGGLWLRQDO PRQLWRULQJ� 7KH OHDUQLQJV IURP WKHVH SLORWV FDQ
EH DGRSWHG WR FKDQJH WKH :DWHUZHW� DQG WR LPSURYH WKH IXWXUH OHJDO SRVLWLRQ RI +7�$7(6�
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(YDOXDWLRQ RI SHUIRUPDQFH RQ OHJLVODWLYH IUDPHZRUN LV GRQH TXDOLWDWLYHO\� 2Q D JOREDO VFDOH
RI KHDWLQJ V\VWHPV� '+ V\VWHPV DUH SHUIRUPLQJ ZRUVH WKDQ HVWDEOLVKHG KHDWLQJ V\VWHPV� VXFK
DV QDWXUDO JDV ERLOHUV� 7KH OHJLVODWLYH IUDPHZRUN RI V\VWHPV ZLWK +7�$7(6 LV HYDOXDWHG DV
ȄYHU\ ORZȄ� 7KH OHJLVODWLYH IUDPHZRUN RI WKH EDVH VFHQDULR ZLWKRXW +7�$7(6 LV HYDOXDWHG DV
ȄORZȄ�

2SHUDELOLW\
2SHUDELOLW\ GHVFULEHV WKH DELOLW\ �RU UHODWLYH HDVH� RI PDLQWDLQLQJ D V\VWHP LQ IXQFWLRQLQJ FRQ�
GLWLRQ� ,W LV H[SHFWHG WKDW WKH GLIILFXOW\ RI RSHUDWLRQ RI WKH V\VWHP GRHV QRW FKDQJH XSRQ
LPSOHPHQWDWLRQ RI +7�$7(6� VLQFH PRVW RI WKH RSHUDWLRQ ZLOO EH DXWRPDWHG� 2WKHU WKDQ
VRPH DGGLWLRQDO RSHUDWLRQDO H[SHQGLWXUHV �23(;�� ZKLFK ZLOO EH LQFRUSRUDWHG LQ WKH FULWHULD
RI ,55� LW LV HVWLPDWHG WKHUH H[LVW QR IXUWKHU GLIIHUHQFHV LQ RSHUDELOLW\ RI VFHQDULRȄV LQFOXGLQJ
+7�$7(6 DQG WKH EDVH VFHQDULR ZLWKRXW +7�$7(6�

7KH UHVXOW LV DQ HTXDO SHUIRUPDQFH DQG FRQVHTXHQWO\ DQ HTXDO VFRUH� 7KLV HOLPLQDWHV
RSHUDELOLW\ DV D FULWHULD WKDW FDQ EH XVHG IRU SHUIRUPDQFH HYDOXDWLRQ� ZKLFK OHDYHV � FULWHULD
IRU WKH IXUWKHU DQDO\VLV�

������ &ULWHULD ZHLJKWLQJ
$ SDLU�ZLVH FRPSDULVRQ VXUYH\ DPRQJ VWDNHKROGHUV GHWHUPLQHV WKH FULWHULD ZHLJKW GLVWULEX�
WLRQ� 7KH VXUYH\�SDUWLFLSDQWV ZHUH DVNHG WR ZKDW H[WHQW WKH\ DJUHHG WR D FHUWDLQ WKHRUHP� Ȅ,
ZRXOG UDWKHU VDYH RQ P\ \HDUO\ HQHUJ\ ELOO� WKDQ OLPLW WKH LPSDFW RI P\ FRQVXPSWLRQ RQ ORFDO
JURXQGZDWHUȄ� 7KH ZHLJKWV DUH GLVWULEXWHG DPRQJVW � FULWHULD� GXH WR GLVFDUGLQJ WKH FULWHULD RI
RSHUDELOLW\ IURP SHUIRUPDQFH HYDOXDWLRQ �VXEVHFWLRQ ������� $GGLWLRQDOO\� D UHGXFHG QXPEHU
RI FULWHULD LV FRQVLGHUHG IRU WKH FRQVXPHU ZHLJKW GLVWULEXWLRQ� VLQFH D FRQVXPHU LV DVVXPHG
WR QRW EH TXDOLILHG RI PDNLQJ D VXEVWDQWLDWHG DVVHVVPHQW RQ WKH UHODWLYH LPSRUWDQFH EHWZHHQ
FULWHULD VXFK DV OHJLVODWLRQ DQG WHFKQRORJLFDO PDWXULW\� 7KH UHVXOWLQJ VWDNHKROGHU�VSHFLILF
ZHLJKW GLVWULEXWLRQV DUH VKRZQ LQ ILJXUHV ��� DQG ����

8QIRUWXQDWHO\� WKH QXPEHU RI UHVSRQGHQWV LV OLPLWHG� ZLWK D WRWDO RI �� UHVSRQGHQWV� 7KLV
LV GXH WR WKH OLPLWHG WLPH DQG UHVRXUFHV RI WKH UHVHDUFK SURMHFW� ,W LV RSWHG WR HYDOXDWH LQ�
YHVWRUV DQG RSHUDWRUV DV � ODUJHU VWDNHKROGHU JURXS� 7KH OLPLWHG QXPEHU RI UHVSRQGHQWV
PDNHV WKH ZHLJKW GLVWULEXWLRQ ELDVHG DQG XQFHUWDLQ� 7KH ZHLJKW GLVWULEXWLRQV VHUYH DV DQ
H[DPSOH� DQG FDQ EH DOWHUQDWHG WR EHWWHU ILW WKH FDVH RU WKH SUHIHUHQFHV RI WKH '0� 7KH VWDQ�
GDUG GHYLDWLRQV KDYH EHHQ VFDOHG WR DGHTXDWH YDOXHV� WR HQDEOH GLUHFW XVH LQ WKH VXEVHTXHQW
0RQWH &DUOR LWHUDWLRQ �VXEVHFWLRQ '������

&ULWHULD :HLJKW 6WDQGDUG GHYLDWLRQ 6FDOHG VWDQGDUG GHYLDWLRQ
$YDLODELOLW\ ���� ���� ����
(PLVVLRQV ���� ���� ����
*URXQGZDWHU LPSDFW ���� ���� ����
,55 ���� ���� ����

7DEOH ���� &RQVXPHU ZHLJKW GLVWULEXWLRQ� DOSKDEHWLFDOO\

&ULWHULD :HLJKW 6WDQGDUG GHYLDWLRQ 6FDOHG VWDQGDUG GHYLDWLRQ
$GDSWDELOLW\ ���� ���� ����
$YDLODELOLW\ ���� ���� ����
(PLVVLRQV ���� ���� ����
*URXQGZDWHU LPSDFW ���� ���� ����
,55 ���� ���� ����
/HJLVODWLRQ ���� ���� ����
7HFKQRORJLFDO PDWXULW\ ���� ���� ����

7DEOH ���� ,QYHVWRU�RSHUDWRU ZHLJKW GLVWULEXWLRQ� DOSKDEHWLFDOO\
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7KH VXUYH\ UHVXOWV VKRZ WKDW�

�� %RWK VWDNHKROGHU JURXSV HYDOXDWH HPLVVLRQV DV WKH FULWLFDO TXDQWLWDWLYH FULWHULD� +7�
$7(6 SURYLGHV WKH RSSRUWXQLW\ RI UHGXFLQJ HPLVVLRQV�

�� ,Q WKH LQYHVWRU�RSHUDWRU VWDNHKROGHU JURXS� ,55 LV YDOXHG DV WKH OHDVW LPSRUWDQW� 7KLV
LV VXUSULVLQJ� &RQVXPHUV SXW PRUH HPSKDVLV RQ ILQDQFLDO SHUIRUPDQFH�

�� &RQVXPHUV YDOXH DYDLODELOLW\ DV FULWLFDO� UHOLDELOLW\ RI KHDW LV PRUH LPSRUWDQW WKDQ LWV
UHODWHG FRVWV RU HQYLURQPHQWDO LPSDFW�

�� 7KH VWDQGDUG GHYLDWLRQ RI WKH FRQVXPHU FULWHULD ZHLJKWV LQ WDEOH ��� LV VLJQLILFDQWO\
ODUJHU FRPSDUHG WR WKH VWDQGDUG GHYLDWLRQ RI LQYHVWRU�RSHUDWRU FULWHULD ZHLJKWV LQ WDEOH
���� LQGLFDWLQJ WKDW FRQVXPHUV DJUHH WR D OHVVHU H[WHQW WKDQ RSHUDWRUV�LQYHVWRUV�

������ 8QFHUWDLQW\ LQ PXOWL�FULWHULD GHFLVLRQ PHWKRG
7KH VWHSV LQ FKDSWHUV � DQG � KDYH EHHQ VXPPDULVHG LQ FKURQRORJLFDO RUGHU LQ WKH RYHUYLHZ
LQ ILJXUH ���� 7KH FLUFOHG VWHSV HQWDLO XQFHUWDLQW\ WKDW PXVW EH LQFOXGHG� 7KH PHWKRGV IRU
VFRULQJ DUH VXEMHFWLYH DQG XQFHUWDLQW\ PXVW EH LQFOXGHG� 6HFRQGO\� WKH OLPLWHG QXPEHU RI
VXUYH\ UHVSRQGHQWV OHDGV WR XQFHUWDLQW\ LQ WKH UHODWLYH ZHLJKWV� ZKLFK PXVW DOVR EH LQFOXGHG�
7KH SHUIRUPHG 0RQWH &DUOR LWHUDWLRQ DGRSWV GLVWULEXWLRQV LQVWHDG RI GHWHUPLQLVWLF YDOXHV� IRU
ERWK VFRUHV DQG ZHLJKWV� DQG WKHUHE\ VHUYHV DV WKH VHQVLWLYLW\ DQDO\VLV �6$�� ZKLFK H[SRVHV
WKH PHWKRG XQFHUWDLQW\�

�� 7KH VXUYH\ SURGXFHV D PHDQ DQG VFDOHG VWDQGDUG GHYLDWLRQ IRU HYHU\ ZHLJKW �VXEVHFWLRQ
������� 7KH PHDQ DQG VFDOHG VWDQGDUG GHYLDWLRQ FUHDWH D QRUPDO GLVWULEXWLRQ� 0RQWH
&DUOR SLFNV D ZHLJKW IURP WKLV GLVWULEXWLRQ GXULQJ HYHU\ LWHUDWLRQ� ZKLFK OHDGV WR ZHLJKW
YDULDWLRQ ZLWKLQ WKH ERXQGDULHV RI WKH ZHLJKW GLVWULEXWLRQ�

�� 7KH XQFHUWDLQW\ LQ VFRULQJ LV H[SRVHG WKURXJK DGRSWLQJ XQLIRUP VFRUH GLVWULEXWLRQV�
IROORZLQJ +\GH HW DO� >��@� 7KH GHWHUPLQLVWLF VFRUH SUHVHQWV WKH PHDQ YDOXH RI WKH
XQLIRUP GLVWULEXWLRQ� 7KH PLQLPXP� DQG PD[LPXP VFRUHV RI WKH GLVWULEXWLRQ GHYLDWH �
IURP WKH PHDQ� 0RQWH &DUOR SLFNV D VFRUH IURP WKLV GLVWULEXWLRQ GXULQJ HYHU\ LWHUDWLRQ�
ZKLFK OHDGV WR VFRUH YDULDWLRQ ZLWKLQ WKH ERXQGDULHV RI WKH VFRUH GLVWULEXWLRQ�

7KH YDULDWLRQ LQ VFRUHV DQG ZHLJKWV LQIOXHQFHV WKH VFHQDULR DJJUHJDWHG VFRUHV� DQG WKXV
LQIOXHQFHV WKH VFHQDULR UDQN� 7KH HQG�GHOLYHUDEOH LV WKH SUREDELOLW\ D FHUWDLQ VFHQDULR RFFX�
SLHV D FHUWDLQ UDQN� 7KLV LV FDSWXUHG LQ D SUREDELOLW\�RI�UDQN PDWUL[� ZKLFK DUH FDVH�VSHFLILF
DQG DOVR GLIIHU SHU VWDNHKROGHU JURXS� 7KH SUREDELOLW\ RI UDQN PDWULFHV HQWDLO LQIRUPDWLRQ RQ
WKH VHQVLWLYLW\ WR LQGLYLGXDO SDUDPHWHUV� DQG JLYH GLUHFWLRQ WRZDUGV WKH RSWLPDO SDUDPHWHU
YDOXHV� 0RUHRYHU� WKH\ UHYHDO WKH UREXVWQHVV DQG XQFHUWDLQW\ RI WKH 0&'0� 7KH PDWULFHV
DUH LQFOXGHG LQ WKH VXEVHTXHQW FKDSWHU� FRQWDLQLQJ FDVH�VSHFLILF UHVXOWV�
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)LJXUH ���� 7LPHOLQH RI PHWKRGRORJ\� SDUDOOHO SDWKV WRZDUG SUREDELOLW\ RI VFHQ� UDQN



�
&DVH�VSHFLILF UHVXOWV

7KLV FKDSWHU HQWDLOV WKH FDVH�VSHFLILF UHVXOWV ZLWK D FRPSDUDWLYH QDWXUH� ,W LV WKH SURGXFW
RI WKH GHOLYHU SKDVH �VHH DSSHQGL[ $�� LQ ZKLFK WKH VLPXODWLRQ PRGHO �FKDSWHU �� DQG 0&'0
�FKDSWHU �� KDYH EHHQ DSSOLHG WR � FDVHV� (YHU\ FDVH� VWDUWV ZLWK D JHQHUDO GHVFULSWLRQ RI WKH
VLWXDWLRQ DQG REMHFWLYH� 6XEVHTXHQWO\� WKH DSSOLHG SDUDPHWULF LV H[SODLQHG DQG VXPPDULVHG�
)LQDOO\� WKH UHVXOWV DUH VKRZQ DQG DQDO\VHG E\ PHDQV RI VSLGHU SORWV DQG SUREDELOLW\�RI�UDQN
PDWULFHV� 7KH FKDSWHU RQO\ VKRZV UHVXOWV WKDW DUH UHOHYDQW IRU WKH GLVFXVVLRQ DQG FRQFOXVLRQ�
0RUH UHVXOWV DUH HQWDLOHG LQ DSSHQGL[ (�

���� &DVH $� JHRWKHUPDO KHDW IRU HGXFDWLRQDO LQVWLWXWH
������ &DVH VLWXDWLRQ DQG REMHFWLYH
7KLV FDVH LQYROYHV DURXQG DQ HGXFDWLRQDO LQVWLWXWH WKDW VWULYHV WR PDNH LWV KHDW VXSSO\ PRUH
VXVWDLQDEOH� 7KH LQVWLWXWH KDV SHUIRUPHG PXOWLSOH IHDVLELOLW\ VWXGLHV RQ D JHRWKHUPDO HQHUJ\
VRXUFH� FRPELQHG ZLWK D '+ QHWZRUN� WR ZKLFK ERWK WKH FDPSXV DQG QHLJKERXULQJ UHVLGHQ�
WLDO DUHDȄV DUH FRQQHFWHG� $ VFKHPDWLF GUDZLQJ RI WKH SURMHFWHG VFHQDULR� LQFOXGLQJ DOO KHDW
VRXUFHV �ZLWK FDSDFLWLHV DQG SURGXFWLRQ WHPSHUDWXUHV�� FDQ EH VHHQ LQ ILJXUH ����

)LJXUH ���� 6FKHPDWLF UHSUHVHQWDWLRQ� FDVH $

7KH ERDUG RI WKH LQVWLWXWH LV LQ GRXEW ZKHWKHU WKH\ VKRXOG LPSOHPHQW +7�$7(6 DV D VHF�
RQGDU\ EDVH VRXUFH� LQ DGGLWLRQ WR WKH JHRWKHUPDO EDVH VRXUFH� 7KH ERXQGDU\ FRQGLWLRQV�
L�H� WKH OLPLWV RI RSHUDWLRQ� DUH DV IROORZV�

�� 7KH GHPDQG LV IL[HG DQG FDQ QRW EH FKDQJHG

�� 7KH JHRWKHUPDO EDVH VRXUFH LV IL[HG DQ FDQ QRW EH FKDQJHG� +RZHYHU� LW LV SRVVLEOH WR
DSSO\ D VHDVRQDO YDULDWLRQ RYHU WKH SURGXFWLRQ� PHDQLQJ WKDW GXULQJ ORZ�GHPDQG SHUL�

��
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RGV WKH SURGXFWLRQ IORZ LV UHGXFHG� WR EHWWHU PDWFK WKH GHPDQG FXUYH� ,W LV HVWLPDWHG
WKH JHRWKHUPDO VRXUFH VKRXOG RSHUDWH DW D PLQLPXP RI ��� FDSDFLW\

7KH VFHQDULR IURP WKH IHDVLELOLW\ VWXGLHV VHUYHV DV WKH EDVH VFHQDULR� EHFDXVH WKH GHPDQG
IRU KHDW LV ZHOO�EDODQFHG ZLWK WKH �VXVWDLQDEOH� EDVH VXSSO\� 7KH EDVH VFHQDULR SURYLGHV D
SODWIRUP IURP ZKLFK WKH LPSDFW RI +7�$7(6 LPSOHPHQWDWLRQ FDQ EH LQYHVWLJDWHG� )LJXUH ���
DQG WDEOH ��� VKRZ WKH EDVH VFHQDULR DQG NH\ LQGLFDWLQJ SDUDPHWHUV�

)LJXUH ���� %DVH VFHQDULR� FDVH $

3DUDPHWHU 9DOXH
<HDUO\ GHPDQG �� ��� >0:K@
<HDUO\ JHRWKHUPDO KHDW SURGXFWLRQ �� ��� >0:K@
8VHG JHRWKHUPDO KHDW SURGXFWLRQ �� ��� >0:K@
3HDN GHPDQG�SHDN ERLOHU SURGXFWLRQ ���� >0:@� ����>0:@

7DEOH ���� .H\ ILJXUHV RI EDVH VFHQDULR� FDVH $



���� &DVH $� JHRWKHUPDO KHDW IRU HGXFDWLRQDO LQVWLWXWH ��

������ 6XPPDU\ RI SDUDPHWULF YDULDWLRQ
7KH SDUDPHWULF YDULDWLRQ LV H[SODLQHG LQ VHFWLRQ ���� DQG IXUWKHU YLVXDOLVHG LQ ILJXUHV ���
DQG ���� ,W DOVR LV DSSOLHG WR FDVH $ DQG VXPPDULVHG LQ WDEOH ���� ,Q WKLV FDVH� SDUDPHWULF
YDULDWLRQ KDV EHHQ DSSOLHG WR WKH VHDVRQDO YDULDWLRQ RI WKH JHRWKHUPDO HQHUJ\ RXWSXW� GXH WR
WKH FRQVWUDLQW RI D IL[HG GHPDQG�

3DUDPHWHU 'HIDXOW YDOXH /RZ YDULDWLRQ +LJK YDULDWLRQ
/LIH WLPH >\@ �� �� ��
&XW�RII WHPSHUDWXUH @&ࣅ< �� �� ��
6HDVRQDO YDULDWLRQ �DYHUDJH� >�@ �� ���� ����
)ORZ FDSDFLW\ >NJ�V@ �� �� ���
$TXLIHU WKLFNQHVV >P@ �� �� ��
$TXLIHU GHSWK >P@ ��� ��� ���
$TXLIHU K\GUDXOLF FRQGXFWLYLW\ >P�G@ � � ��

7DEOH ���� 3DUDPHWULF YDULDWLRQ� FDVH $

������ 5HVXOWV DQG LQ�GHSWK DQDO\VLV
7KH UHVXOWV KDYH EHHQ RUJDQLVHG LQ VSLGHU SORWV DQG D SUREDELOLW\�RI�UDQN PDWUL[� ERWK IURP
WKH LQYHVWRU�RSHUDWRU SHUVSHFWLYH� 0RUH UHVXOWV DUH LQFOXGHG LQ DSSHQGL[ (� 7KH VSLGHU SORWV
HQDEOH VLPXOWDQHRXV FRPSDULVRQ RI SHUIRUPDQFH RQ LQGLYLGXDO HYDOXDWLRQ FULWHULD� DQG FRQ�
WDLQ LQIRUPDWLRQ RQ WKH SULPDU\ YDOXH WUDGH�RIIV RI +7�$7(6� 7KH SUREDELOLW\�RI�UDQN PDWUL[
HQWDLOV LQIRUPDWLRQ RQ WKH VHQVLWLYLW\ RI WKH FRPSOHWH +7�$7(6 SHUIRUPDQFH WR LQGLYLGXDO SD�
UDPHWHUV�

3HUIRUPDQFH %HVW *RRG %DG :RUVW
6FHQDULR 4XDUWLOH � 4XDUWLOH � 4XDUWLOH � 4XDUWLOH �
'HIDXOW ���� ���� ���� ����
1R +7�$7(6 ���� ���� ���� ����
/RZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\ � � � �
+LJK DTXLIHU K\GUDXOLF FRQGXFWLYLW\ ���� ���� ���� ����
6KDOORZ DTXLIHU ���� ���� ���� ����
'HHS DTXLIHU � � � �
7KLQ DTXLIHU ���� ���� ���� ����
7KLFN DTXLIHU ���� ���� ���� ����
/RZ VHDVRQDO YDULDWLRQ ���� ���� ���� ����
+LJK VHDVRQDO YDULDWLRQ ���� ���� ���� ����
6KRUW OLIH WLPH � � � �
([WHQGHG OLIH WLPH ���� ��� ���� ����

7DEOH ���� 3UREDELOLW\ RI VFHQDULR UDQN� FDVH $� LQYHVWRU�RSHUDWRU SHUVS�



�� �� &DVH�VSHFLILF UHVXOWV

)LJXUH ���� :HLJKWHG VFRUHV� FDVH $� LQYHVWRU�RSHUDWRU SHUVS�

7KH ZHLJKWHG VFRUHV LQ ILJXUH ��� VKRZ WKDW WKH HPLVVLRQV� JURXQGZDWHU LPSDFW� DQG
DGDSWDELOLW\ LQGXFH WKH ODUJHVW GLIIHUHQFHV LQ VFRUHV� 7KHVH DUH WKH FULWLFDO�GHFLVLYH FULWHULD LQ
FDVH $� +7�$7(6 LPSOHPHQWDWLRQ HQKDQFHV SHUIRUPDQFH RQ HPLVVLRQV� EXW RQ WKH FRQWUDU\
ZRUVHQV WKH SHUIRUPDQFH RQ JURXQGZDWHU LPSDFW� ZKLFK LV LQ OLQH ZLWK H[SHFWDWLRQV� 7KH
SUREDELOLW\�RI�UDQN PDWUL[ LQ WDEOH ��� VKRZV WKDW 0RQWH &DUOR GLVWULEXWHV WKH SUREDELOLW\�RI�
UDQN IRU ERWK VFHQDULRȄV DFURVV WKH DOO TXDUWLOHV� 7KLV VXJJHVWV WKHUH LV QR FOHDU SUHIHUHQFH IRU
WKH GHIDXOW VFHQDULR RYHU WKH QR +7�$7(6 �EDVH� VFHQDULR� ,�H�� WKHUH LV QR FOHDU SUHIHUHQFH IRU
+7�$7(6 LPSOHPHQWDWLRQ LQ FDVH $ XQGHU GHIDXOW SDUDPHWHU FRQGLWLRQV� +RZHYHU� WKH SDUD�
PHWULF YDULDWLRQ LQGLFDWHV WKHUH DUH RSSRUWXQLWLHV IRU +7�$7(6 LPSOHPHQWDWLRQ DQG SURYLGHV
YDOXDEOH LQVLJKWV� 7KHVH DUH GHVFULEHG IRU HDFK SDUDPHWHU LQ WKH IROORZLQJ SDUDJUDSKV�



���� &DVH $� JHRWKHUPDO KHDW IRU HGXFDWLRQDO LQVWLWXWH ��

/LIH�WLPH RI RSHUDWLRQ
)LJXUH ��� VKRZV WKDW JURXQGZDWHU LPSDFW LV YHU\ OLIH�WLPH GHSHQGDQW� $Q H[WHQGHG OLIH�
WLPH DOORZV WKH VWRUHG KHDW WR WUDYHO ORQJHU GLVWDQFHV WKURXJK WKH VXEVXUIDFH IRUPDWLRQV�
E\ PHDQV RI KHDW ORVV PHFKDQLVPV VXFK DV FRQGXFWLRQ DQG FRQYHFWLRQ� 7KLV HQDEOHV KHDW
ORVVHV WR UHDFK FORVHU WR WKH JURXQGZDWHU� DQG HYHQWXDOO\ LQFUHDVHV WKH JURXQGZDWHU LPSDFW�
2Q WKH FRQWUDU\� DQ H[WHQGHG OLIH�WLPH RI RSHUDWLRQ RI WKH V\VWHP UHVXOWV LQ DQ LPSURYHG ,55�
EHFDXVH WKH V\VWHP KDV PRUH \HDUV RI RSHUDWLRQ WR HDUQ EDFN WKH LQLWLDO LQYHVWPHQW� 7KH
UHVXOWV LPSO\ WKHUH H[LVWV DQ RSWLPDO OLIH�WLPH� ZKHUH SHUIRUPDQFH RQ JURXQGZDWHU LPSDFW
DQG ,55 DUH EDODQFHG� ,Q FDVH $ WKH PRGHO VKRZV WKDW WKH RSWLPDO OLIH�WLPH LV �� \HDUV
RU VKRUWHU� ZLWK WKH VKRUW OLIH�WLPH VFHQDULR VXUH WR EH UDQNHG DPRQJ WKH EHVW SHUIRUPLQJ
VFHQDULRȄV� LQ TXDUWLOH ��

)LJXUH ���� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR OLIH�WLPH� FDVH $

6\VWHP IORZ FDSDFLW\
3DUDPHWULF YDULDWLRQ RI V\VWHP IORZ FDSDFLW\ ZLWKLQ UDQJHV WKDW DUH SODXVLEOH� VKRZV WKDW
RYHUDOO V\VWHP SHUIRUPDQFH LV UDWKHU LQVHQVLWLYH WR WKH IORZ FDSDFLW\� :LWKLQ WKH PRGHO� LQ�
YHVWPHQW FRVWV DUH GLUHFWO\ GHSHQGDQW RQ V\VWHP IORZ FDSDFLW\ �WDEOH &���� $ KLJK V\VWHP
IORZ FDSDFLW\ UHTXLUHV PRUH &$3(;� )XUWKHUPRUH� LW LQFUHDVHV 23(; �23(; DUH SRVLWLYHO\
FRUUHODWHG ZLWK &$3(;�� 2Q WKH FRQWUDU\� LW DOVR HQDEOHV ODUJHU LQMHFWLRQ�SURGXFWLRQ� ZKLFK
OHDGV WR DGGLWLRQDO VXEVLG\ LQFRPH� 7KH PXWDWLRQ ,55 GRHV QRW OHDG WR GLIIHUHQFHV LQ WKH
SUREDELOLW\�RI�UDQN�PDWUL[� &RQVHTXHQWO\� WKH VFHQDULRȄV FDQ EH QHJOHFWHG DQG KDYH EHHQ H[�
FOXGHG IURP WDEOH ���� 7KH FRQFOXVLRQ LV WKDW ORZ SURMHFW &$3(; LV QRW LQWULQVLF WR VXFFHVVIXO
+7�$7(6 LPSOHPHQWDWLRQ�



�� �� &DVH�VSHFLILF UHVXOWV

&XW�RII WHPSHUDWXUH
3DUDPHWULF YDULDWLRQ RI V\VWHP FXW�RII WHPSHUDWXUH ZLWKLQ UDQJHV WKDW DUH GHHPHG WR EH SODX�
VLEOH� VKRZV WKDW RYHUDOO V\VWHP SHUIRUPDQFH LV UDWKHU LQVHQVLWLYH WR WKH FXW�RII WHPSHUDWXUH�
$ KLJK FXW�RII WHPSHUDWXUH UHVXOWV LQ UHGXFHG KHDW SURGXFWLRQ IURP WKH V\VWHP� ZKLFK QHJ�
DWLYHO\ DIIHFWV WKH VFRUH RQ JURXQGZDWHU LPSDFW� 7KH RSSRVLWH LV WUXH IRU D ORZHU FXW�RII
WHPSHUDWXUH� +RZHYHU� ZLWKLQ WKLV UHVHDUFK DQG ZLWKLQ WKHVH SDUDPHWHU YDOXH UDQJHV� WKH
GLIIHUHQFHV DUH QHJOLJLEOH� 7KLV LV DOVR WUXH IRU WKH RWKHU TXDQWLWDWLYH HYDOXDWLRQ FULWHULD� )RU
WKLV UHDVRQ� WKH VFHQDULRȄV KDYH EHHQ H[FOXGHG IURP ����

*HRWKHUPDO VHDVRQDO YDULDWLRQ
$V H[SODLQHG GXULQJ VXEVHFWLRQ ������ WKH *' DQG FRQVXPHU GHPDQG DUH IL[HG� $OWHUQDWLYHO\�
WKH JHRWKHUPDO HQHUJ\ SURGXFWLRQ LV DOWHUQDWHG E\ DSSO\LQJ D VHDVRQDO YDULDWLRQ� WR EHWWHU ILW
WKH GHPDQG FXUYH� +LJK VHDVRQDO YDULDWLRQ UHVXOWV LQ JUHDWHU JHRWKHUPDO DYDLODELOLW\ DQG
�RXWSXW� EHFDXVH WKH *' FRPHV ILUVW LQ WKH RUGHU RI GLVSDWFK� 7KLV JHQHUDWHV DGGLWLRQDO VXE�
VLG\ LQFRPH ZKLFK EHQHILWV WKH SURMHFW ,55� DQG DGGLWLRQDOO\ LW UHGXFHV SURMHFW HPLVVLRQV
�ILJXUH ����� 2Q WKH FRQWUDU\� WKH LQFUHDVHG JHRWKHUPDO DYDLODELOLW\ UHVXOWV LQ ODUJHU WHPSR�
UDU\ VXUSOXVHV� DQG WKXV HQKDQFHV +7�$7(6 KHDW LQMHFWLRQ� 6LPXOWDQHRXVO\� WKH LQFUHDVHG
JHRWKHUPDO DYDLODELOLW\ OHDYHV D UHGXFHG ZLQGRZ RI RSHUDWLRQ IRU +7�$7(6 KHDW SURGXFWLRQ�
,QFUHDVHG LQMHFWLRQ DQG UHGXFHG SURGXFWLRQ IURP WKH +7�$7(6 V\VWHP� UHVXOW LQ VWHDGLO\
KHDWLQJ RI WKH VXEVXUIDFH� LQ WKH HQG QHJDWLYHO\ DIIHFWLQJ WKH VFRUH RQ JURXQGZDWHU LPSDFW�

$ ORZHUHG VHDVRQDO YDULDWLRQ SHUIRUPV EHWWHU RQ JURXQGZDWHU LPSDFW� EXW ZRUVH RQ ,55
DQG HPLVVLRQV�

,Q WKLV FDVH WDEOH ��� VKRZV WKH HYDOXDWLRQ FULWHULD FRPELQDWLRQ RI ,55 DQG HPLVVLRQV LV
PRUH GRPLQDQW WKDQ JURXQGZDWHU LPSDFW DORQH� WKH ORZ VHDVRQDO YDULDWLRQ VFHQDULR PDLQO\
UDQNV LQ TXDUWLOHV � DQG �� DQG WKH KLJK VHDVRQDO YDULDWLRQ VFHQDULRPDLQO\ UDQNV LQ TXDUWLOHV
� DQG �� 7KH VFHQDULR UDQNLQJ VKRZV GHFHQW GLVWULEXWLRQ� ZKLFK LQGLFDWHV WKDW VHDVRQDO
YDULDWLRQ LV QRW D GHFLVLYH SDUDPHWHU� /LIH�WLPH LV PRUH LQIOXHQWLDO DQG GHFLVLYH IRU +7�$7(6
SHUIRUPDQFH LQ FDVH $�

)LJXUH ���� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR VHDVRQDO JHRWKHUPDO YDULDWLRQ� FDVH $



���� &DVH $� JHRWKHUPDO KHDW IRU HGXFDWLRQDO LQVWLWXWH ��

$TXLIHU K\GUDXOLF FRQGXFWLYLW\
)LJXUH ��� VKRZV WKDW +7�$7(6 SHUIRUPDQFH LV H[WUHPHO\ VHQVLWLYH WR SDUDPHWULF YDULDWLRQ
RI WKH DTXLIHU K\GUDXOLF FRQGXFWLYLW\� :KDW LV K\GUDXOLF FRQGXFWLYLW\ DQG ZKDW DUH WKH GLUHFW
FRQVHTXHQFHV RI D FKDQJHG K\GUDXOLF FRQGXFWLYLW\" ,W LV FULWLFDO WR SURYLGH WKH HTXDWLRQ RI
'DUF\ WR LQFUHDVH XQGHUVWDQGLQJ�

ൖ ࢿ 
൩ ॲ െ ॲ ́൮
࿾ ॲ ൑

�����

�� ZKHUH 4 LV WKH IORZ LQ >P� V��@� N WKH LQWULQVLF SHUPHDELOLW\ RI WKH DTXLIHU LQ >P�@� $ WKH
FURVV�VHFWLRQDO DUHD RI WKH DTXLIHU LQ >P�@� S WKH SUHVVXUH LQ >3D@� ࿾ WKH IOXLG YLVFRVLW\ LQ >3D
V@� / WKH GLVWDQFH ZLWKLQ WKH DTXLIHU RYHU ZKLFK WKH SUHVVXUH GLIIHUHQFH RFFXUV>P@� +\GUDXOLF
FRQGXFWLYLW\ >P G��@ LV D SURGXFW RI WKH DTXLIHU SHUPHDELOLW\ DQG IOXLG YLVFRVLW\�

)ROORZLQJ WKH ODZV RI 'DUF\ �HTXDWLRQ ������� D GRXEOHG K\GUDXOLF FRQGXFWLYLW\ UHTXLUHV
KDOI WKH SXPSLQJ SUHVVXUH DQG � FDSDFLW\� DQG WKHUHIRUH HOHFWULFLW\ FRQVXPSWLRQ RI WKH +7�
$7(6 V\VWHP KDOYHV� 7KLV FDQ EH UHJDUGHG DV WKH GULYLQJ IRUFH EHKLQG WKH EHWWHU VFRUHV RQ ,55
�GXH WR ORZHU 23(;� DQG HPLVVLRQV LQ ILJXUH ���� 8QGHUVWDQGLQJ WKH FKDQJH RQ JURXQGZDWHU
LPSDFW SHUIRUPDQFH GXH WR K\GUDXOLF FRQGXFWLYLW\ YDULDWLRQ UHTXLUHV DGGLWLRQDO H[SODQDWLRQ�
ZKLFK LV SURYLGHG E\ ILJXUH ����

)LJXUH ���� 7KH LQIOXHQFH RI K\GUDXOLF FRQGXFWLYLW\ RQ VXEVXUIDFH KHDW EHKDYLRXU LQ FDVH $



�� �� &DVH�VSHFLILF UHVXOWV

$ UHGXFHG DTXLIHU K\GUDXOLF FRQGXFWLYLW\� UHGXFHV WKH GLIIHUHQFHV EHWZHHQ WKH DTXLIHU DQG
DTXLWDUG� ,W GHPDQGV KLJKHU SXPSLQJ SUHVVXUHV WR DFKLHYH HTXDO IORZ UDWHV� PDNLQJ LW UHO�
DWLYHO\ PRUH HDV\ IRU KHDW WR WUDYHO WKURXJK WKH FRQILQLQJ DTXLWDUG� ERWK GXULQJ LQMHFWLRQ
DQG SURGXFWLRQ� ,Q FDVH $� WKH KLJKHU SXPSLQJ SUHVVXUHV UHVXOW LQ UHODWLYHO\ PRUH KHDW ORVV
GXULQJ LQMHFWLRQ LQ WKH ZDUP UHVHUYRLU LQMHFWLRQ� ZKLFK QHJDWLYHO\ DIIHFWV WKH JURXQGZDWHU
LPSDFW� 7KLV LV YLVLEOH LQ ILJXUH ���� 7KH WHPSHUDWXUH LVRWKHUPV RI WKH ORZ K\GUDXOLF FRQGXF�
WLYLW\ VFHQDULR UHDFK WR PRUH VKDOORZ GHSWKV� FRPSDUHG WR WKH WHPSHUDWXUH LVRWKHUPV RI WKH
KLJK K\GUDXOLF FRQGXFWLYLW\ VFHQDULR�

7DEOH ��� FRQILUPV WKH UHOHYDQFH RI DTXLIHU K\GUDXOLF FRQGXFWLYLW\ IRU WKH FRPSOHWH V\VWHP
SHUIRUPDQFH� ORZ K\GUDXOLF FRQGXFWLYLW\ VFHQDULR LV VXUH WR EH DPRQJ WKH ZRUVW SHUIRUPLQJ
VFHQDULRȄV� LQ TXDUWLOH �� 7KH FRQFOXVLRQ LV WKDW DERYH DOO� WKH '0 VKRXOG SURYH DQG DVVXUH
VXIILFLHQW K\GUDXOLF FRQGXFWLYLW\ LQ WKH GHVLJQDWHG DTXLIHU�

)LJXUH ���� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR DTXLIHU K\GUDXOLF FRQGXFWLYLW\� FDVH $



���� &DVH $� JHRWKHUPDO KHDW IRU HGXFDWLRQDO LQVWLWXWH ��

$TXLIHU GHSWK
,QYHVWPHQW FRVWV DUH GLUHFWO\ GHSHQGDQW RQ DTXLIHU GHSWK ZLWKLQ WKH PRGHO� $ JUHDWHU DTXLIHU
GHSWK LQFUHDVHV WKH XSIURQW &$3(;� 23(; DUH SRVLWLYHO\ FRUUHODWHG ZLWK SURMHFW &$3(;� WKH\
ZLOO WKXV DOVR LQFUHDVH ZLWK JUHDWHU DTXLIHU GHSWK� 7KHLU H[DFW UHODWLRQ LV SURYLGHG LQ WDEOH
&��� 7KH JUHDWHU YHUWLFDO GLVWDQFH DOVR UHTXLUHV DGGLWLRQDO HOHFWULFLW\ FRQVXPSWLRQ� 7KLV IXU�
WKHU LQFUHDVHV 23(; DQG IXUWKHUPRUH LQFUHDVHV SURMHFW HPLVVLRQV� ,Q VXPPDU\� D JUHDWHU
DTXLIHU GHSWK QHJDWLYHO\ LQIOXHQFHV SURMHFW SHUIRUPDQFH RQ ,55 DQG HPLVVLRQV� 7KH RSSRVLQJ
ORJLF FDQ EH DSSOLHG WR D VKDOORZ DTXLIHU� DV LV YLVLEOH LQ WKH VSLGHU SORW RI ILJXUH ����

)XUWKHUPRUH� WKH GHHS DTXLIHU VKRZV EHWWHU SHUIRUPDQFH RQ JURXQGZDWHU LPSDFW� 7KH
UHVHUYRLU LV DW D JUHDWHU GLVWDQFH IURP WKH JURXQGZDWHU� ZKLFK DXWRPDWLFDOO\ UHVXOWV LQ D UH�
GXFHG LPSDFW RQ WKH JURXQGZDWHU� FRPSDUHG WR D GHIDXOW RU VKDOORZ DTXLIHU�

7DEOHV ��� VKRZV WKDW GHHS DTXLIHUV SHUIRUP EHWWHU WKDQ VKDOORZ DTXLIHUV� 7KLV OHDYHV WKH
FRQFOXVLRQ WKDW LQ WKLV FDVH DQG SDUDPHWULF YDULDWLRQ JURXQGZDWHU LPSDFW LV WKH GRPLQDQW
FULWHULD� 7KH GHHS DTXLIHU VFHQDULR LV VXUH WR EH UDQNHG DPRQJ WKH EHVW SHUIRUPLQJ VFHQDULRȄV�
LQ TXDUWLOH ��

)LJXUH ���� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR DTXLIHU GHSWK� FDVH $



�� �� &DVH�VSHFLILF UHVXOWV

$TXLIHU WKLFNQHVV
%ORHPHQGDO HW DO� HPSLULFDOO\ GHWHUPLQHG WKDW WKH 75( GHFUHDVHV OLQHDUO\ ZLWK DQ LQFUHDVLQJ
UDWLR RI VXUIDFH RYHU YROXPH >�@� EHFDXVH RI WKH UHODWLYHO\ JUHDWHU VXUIDFH DW ZKLFK FRQGXFWLRQ
FDQ WDNH SODFH� 7KLV ILQGLQJ VXJJHVWV WKDW� IRU WKH SURMHFWHG VWRUDJH YROXPH� WKH WKLQ DTXLIHU
VFHQDULR KDV D VPDOOHU 75(� 7KLV LPSOLHV WKDW D JUHDWHU DPRXQW RI KHDW LV ORVW� ZKLFK UHVXOWV
LQ DQ LQFUHDVH LQ JURXQGZDWHU LPSDFW� 6LPXODWLRQV RI WKH WKLQ DTXLIHU VFHQDULR DQG WKH WKLFN
DTXLIHU VFHQDULR IRU FDVH $ FRQILUP %ORHPHQGDO HW DO�� WKH\ KDYH UHVSHFWLYHO\ �� DQG �� DV
75(� 6XEVHTXHQWO\� WKH WKHRU\ RQ UHVXOWLQJ JURXQGZDWHU LPSDFW LV DOVR FRQILUPHG� WKH WKLQ
DTXLIHU VFHQDULR KDV D ZRUVH VFRUH RQ JURXQGZDWHU LPSDFW�

7KH ORZHU 75( RI WKH WKLQ DTXLIHU VFHQDULR VXJJHVWV WKDW WKH +7�$7(6 V\WHP FDQ SURGXFH
D UHGXFHG TXDQWLW\ RI KHDW� 7KH UHVXOW LV WKDW D ODUJHU SRUWLRQ RI WKH GHPDQG LV VDWLVILHG E\
WKH QDWXUDO JDV FRQVXPLQJ ERLOHUV� ZKLFK QHJDWLYHO\ LQIOXHQFHV WKH VFRUH RQ ,55 DQG HPLV�
VLRQV� $V D VLGHQRWH� WKH WKLQ DTXLIHU VFHQDULR UHTXLUHV VKDOORZHU ZHOOV� ZKLFK LV EHQHILFLDO
IRU ERWK WKH &$3(; DQG 23(;� +RZHYHU� DSSDUHQWO\ WKLV LV LQVLJQLILFDQW LQ FRPSDULVRQ WR
WKH SURMHFWȄV DGGLWLRQDO JDV FRQVXPSWLRQ� )LJXUH ��� VKRZV WKH ORZHU VFRUH RQ JURXQGZDWHU�
HPLVVLRQV DQG ,55�

7KH SUREDELOLW\�RI�UDQNPDWUL[ VKRZV WKDW WKHUH LQGHHG H[LVWV D SUHIHUHQFH IRU WKLFN DTXLIHUV�
WKH WKLFN DTXLIHU VFHQDULR LV PRVW OLNHO\ WR UDQNHG LQ TXDUWLOHV � DQG �� DPRQJ WKH EHVW SHU�
IRUPLQJ VFHQDULRȄV� +RZHYHU� WKH SDUDPHWHU LV OHVV GHFLVLYH WKDQ WKH RWKHU JHRORJLFDO SDUDP�
HWHUV�

)LJXUH ���� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR DTXLIHU WKLFNQHVV� FDVH $



���� &DVH %� LQGXVWULDO ZDVWH IRU UHVLGHQWLDO KHDWLQJ QHWZRUN ��

���� &DVH %� LQGXVWULDO ZDVWH IRU UHVLGHQWLDO KHDWLQJ QHWZRUN
������ &DVH VLWXDWLRQ DQG REMHFWLYH
3URMHFWHG VFHQDULR
&DVH % LV DQ H[LVWLQJ '+ QHWZRUN� WKDW LV SURMHFWHG WR UHFHLYH LQGXVWULDO ZDVWH KHDW DV WKH QHZ
VXVWDLQDEOH EDVH VRXUFH� 7KH SURMHFWHG VFHQDULR� ZLWK DOO KHDW VRXUFHV �LQFOXGLQJ FDSDFLWLHV
DQG SURGXFWLRQ WHPSHUDWXUHV� LV YLVXDOLVHG LQ ILJXUH �����

)LJXUH ����� 6FKHPDWLF UHSUHVHQWDWLRQ� FDVH %

7KH PXQLFLSDOLW\ ZDQWV WR NQRZ WR ZKDW H[WHQW WKH GHPDQG RI WKH '+ QHWZRUN FDQ EH
LQFUHDVHG XSRQ LPSOHPHQWDWLRQ RI +7�$7(6� 7KLV FHQWUDO TXHVWLRQ LV DFFRPSDQLHG E\ � OLP�
LWDWLRQV RI RSHUDWLRQ�

�� 7R VWD\ ZLWKLQ FDSDFLWLHV RI WKH FXUUHQW VRXUFHV RI KHDW� 0HDQLQJ� WR QRW H[SDQG WKH
ERLOHU� RU KHDW SXPS �+3� FDSDFLW\� LQ RUGHU WR VDWLVI\ WKH LQFUHDVHG GHPDQG�

�� 7R VWULYH IRU FRPSOHWH XWLOL]DWLRQ RI WKH DYDLODEOH ZDVWH KHDW FDSDFLW\�

0XOWLSOH VLPXODWLRQV KDYH EHHQ SHUIRUPHG ZLWK WKH SXUSRVH RI H[SORUDWLRQ� 7KH VLPXOD�
WLRQV VKRZHG WKDW FRQVXPHU KHDW GHPDQG DQG SURMHFWHG ZDVWH KHDW VXSSO\ ZHUH XQEDODQFHG�
WKH VXPPHU VXUSOXV RI KHDW LV ODUJHU WKDQ WKH ZLQWHU GHILFLW�

0RUHRYHU� LW VKRZHG WKDW WKH RXWGDWHG '+ QHWZRUN UHTXLUHV YHU\ KLJK VXSSO\� DQG UHWXUQ
WHPSHUDWXUHV RI XS WR ��� @&ࣅ< GXULQJ SHDN GHPDQG� ,W LV GHEDWDEOH LI VXFK D GLVWULEXWLRQ
QHWZRUN TXDOLILHV DV EHLQJ VXVWDLQDEOH� ,W GRHV QRW PDNH VHQVH WR H[SHULPHQW ZLWK +7�$7(6
LPSOHPHQWDWLRQ ZLKWLQ D V\VWHP WKDW LV QRW VXVWDLQDEOH DW KHDUW� &RQVHTXHQWO\� WKH EDVH
VFHQDULR WKDW SURYLGHV WKH SODWIRUP IURP ZKLFK WKH LPSDFW RI +7�$7(6 LV LQYHVWLJDWHG� LV
REWDLQHG E\ ILUVWO\ ORZHULQJ WKH UHTXLUHG VXSSO\� DQG UHWXUQ WHPSHUDWXUHV ZLWK �� �@&ࣅ< DQG
VHFRQGO\ VFDOLQJ WKH :+ VXSSO\ ZLWK �

�
� HQDEOLQJ WKH UHPDLQLQJ KHDW WR EH XVHG LQ RWKHU ORFDO

SURMHFWV� 7KH EDVH VFHQDULR LV FDSWXUHG LQ ILJXUH ���� DQG WDEOH ����



�� �� &DVH�VSHFLILF UHVXOWV

)LJXUH ����� %DVH VFHQDULR� FDVH %

3DUDPHWHU 5HVXOW
<HDUO\ GHPDQG ��� ��� >0:K@
<HDUO\ ZDVWH KHDW SURGXFWLRQ ��� ��� >0:K@
8VHG ZDVWH KHDW SURGXFWLRQ ��� ��� >0:K@
3HDN GHPDQG�SHDN ERLOHU SURGXFWLRQ ��� >0:@� ��>0:@

7DEOH ���� .H\ ILJXUHV RI EDVH VFHQDULR� FDVH %

������ 6XPPDU\ RI SDUDPHWULF YDULDWLRQ
7KH SDUDPHWULF YDULDWLRQ WKDW KDV EHHQ DSSOLHG WR &DVH % LV VXPPDULVHG LQ WDEOH ���� %HFDXVH
WKH LQLWLDO TXHVWLRQ RI WKH FOLHQW LV WR ZKDW H[WHQW WKH GHPDQG RI WKH QHWZRUN FDQ EH LQFUHDVHG�
ERWK SDUDPHWULF YDULDWLRQV RQ FRQVXPHU GHPDQG� WKH ORZ DQG KLJK YDULDWLRQ� H[FHHG WKH GH�
IDXOW GHPDQG� 0RUHRYHU� EHFDXVH WKH YDULDWLRQ LQ VXSSO\� DQG UHWXUQ WHPSHUDWXUHV LV ODUJHU
WKURXJKRXW WKH SHULRG RI VLPXODWLRQ� WKH PRGHO LV IRUFHG WR DGRSW D G\QDPLF FXW�RII WHPSHUD�
WXUH� RSSRVLQJ WKH FRQVWDQW FXW�RII WHPSHUDWXUH LQ FDVH $� $ G\QDPLF FXW�RII WHPSHUDWXUH RI
� PHDQV WKH FXW�RII WHPSHUDWXUH LV DOZD\V � @&ࣅ< KLJKHU WKDQ WKDQ WKH VLPXOWDQHRXV UHWXUQ
WHPSHUDWXUH LQ WKH QHWZRUN�

3DUDPHWHU 'HIDXOW YDOXH /RZ YDULDWLRQ +LJK YDULDWLRQ
/LIH WLPH >\@ �� �� ��
&XW�RII WHPSHUDWXUH @&ࣅ< � � ��
'HPDQG VFDOHG >�@ � ���� ����
)ORZ FDSDFLW\ >NJ�V@ �� �� ���
$TXLIHU WKLFNQHVV >P@ �� �� ��
$TXLIHU GHSWK >P@ ��� ��� ���
$TXLIHU K\GUDXOLF FRQGXFWLYLW\ >P�G@ � � ��

7DEOH ���� 3DUDPHWULF YDULDWLRQ� FDVH %
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������ &RPSDULVRQ RI UHVXOWV FDVH % WR FDVH $
7KH UHVXOWV KDYH EHHQ RUJDQLVHG LQ WKH VDPH VSLGHU SORWV DQG D SUREDELOLW\�RI�UDQN PDWUL[�
%RWK SURYLGH WKH SHUVSHFWLYH RI RSHUDWRUV DQG LQYHVWRUV� 7KH UHVXOWV IURP FDVH % DUH PRVWO\
LQ OLQH ZLWK UHVXOWV IURP WKH SUHYLRXV FDVH VWXG\� 7KHUH DUH VRPH DGGLWLRQDO �VRPHWLPHV
FRQWUDGLFWLQJ� LQVLJKWV� ZKLFK DUH IXUWKHU H[SODLQHG LQ WKLV VHFWLRQ� 0RUH UHVXOWV DUH LQFOXGHG
LQ DSSHQGL[ (� LQFOXGLQJ WKH SUREDELOLW\�RI�UDQN PDWUL[ IURP D FRQVXPHU SHUVSHFWLYH�

3HUIRUPDQFH %HVW *RRG %DG :RUVW
6FHQDULR 4XDUWLOH � 4XDUWLOH � 4XDUWLOH � 4XDUWLOH �
'HIDXOW ���� ���� ���� ����
1R +7�$7(6 ���� ���� ���� ����
/RZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\ ���� ���� ���� ����
+LJK DTXLIHU K\GUDXOLF FRQGXFWLYLW\ ���� ���� ���� ����
6KDOORZ DTXLIHU � ���� ���� ����
'HHS DTXLIHU ���� ���� � �
7KLQ DTXLIHU ���� ���� ���� ����
7KLFN DTXLIHU ���� ���� ���� ����
/RZ VFDOHG GHPDQG VFDOHG ���� ���� ���� ����
+LJK VFDOHG GHPDQG ���� ���� ���� ����
6KRUW OLIH WLPH ���� ���� � �
([WHQGHG OLIH WLPH � ���� ���� ����
/RZ V\VWHP IORZ FDSDFLW\ ���� ���� ���� ����
+LJK V\VWHP IORZ FDSDFLW\ ���� ���� ���� ����

7DEOH ���� 3UREDELOLW\ RI VFHQDULR UDQN� FDVH %� LQYHVWRU�RSHUDWRU SHUVS�
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)LJXUH ����� :HLJKWHG VFRUHV� FDVH %

,PSOHPHQWDWLRQ RI +7�$7(6 LQFUHDVHV WKH IXOO�ORDG KRXUV RI WKH EDVH VRXUFH V\VWHP� ,W
SURYLGHV D VHFRQG OLIH WR RWKHUZLVH XQXVHG KHDW� DQG VWRUHV LW IRU IXWXUH� WHPSRUDU\ GHILFLWV�
7KHUHE\� LW FDQ LPSURYH SURMHFW SHUIRUPDQFH RQ ,55 DQG HPLVVLRQV� +RZHYHU� FRPSDULVRQ
RI WKH ZHLJKWHG VFRUHV IURP FDVH % �ILJXUH ����� WR FDVH $ �ILJXUH ����� VKRZV WKDW WKHVH
LPSURYHPHQWV DUH YHU\ FDVH�VSHFLILF� 7KH GDWD SURYLGH WKH LQVLJKW WKDW +7�$7(6 LPSOHPHQ�
WDWLRQ XQGHU GHIDXOW SDUDPHWHU FRQGLWLRQV LQ FDVH % LQGXFHV D UHODWLYHO\ VPDOOHU UHGXFWLRQ
RI HPLVVLRQV� ZKHUHDV LW HQKDQFHV ILQDQFLDO SHUIRUPDQFH PRUH VHYHUHO\� FRPSDUHG WR FDVH $�
7KLV LV GXH WR D GLIIHUHQFH LQ FRPSHWLQJ KHDW VRXUFHV�

,Q FDVH $ LPSOHPHQWDWLRQ RI +7�$7(6 PRVWO\ WDNHV RYHU SURGXFWLRQ IURP WKH FRPELQHG
KHDW SRZHU �&+3� DQG WKH ERLOHUV� 7KHUHE\� LW FDQQLEDOLVHV JDV�SRZHUHG KHDW SURGXFWLRQ� $V
D UHVXOW� JDV FRQVXPSWLRQ GHFUHDVHV� DQG HOHFWULFLW\ FRQVXPSWLRQ LQFUHDVHV XSRQ +7�$7(6
LPSOHPHQWDWLRQ� 7KLV SRVLWLYHO\ DIIHFWV WKH VFRUH RQ HPLVVLRQV� EXW WKH LPSDFW RQ ILQDQFLDO
SHUIRUPDQFH LV OLPLWHG� EHFDXVH QDWXUDO JDV LV UHODWLYHO\ FKHDS DQG DGGLWLRQDOO\ KDV D KLJKHU
HPLVVLRQ IDFWRU FRPSDUHG WR HOHFWULFLW\ �DSSHQGL[ &���� ,Q FDVH % LPSOHPHQWDWLRQ RI +7�
$7(6 PRVWO\ FDQQLEDOLVHV +3 KHDW SURGXFWLRQ� 7KLV UHVXOWV LQ D UHODWLYHO\ VPDOOHU UHGXFWLRQ
LQ JDV FRQVXPSWLRQ� DQG DQ XQFKDQJHG HOHFWULFLW\ FRQVXPSWLRQ� WKH LPSDFW RQ HPLVVLRQV LV
OLPLWHG� ZKHUHDV LW HQKDQFHV ILQDQFLDO SHUIRUPDQFH PRUH VHYHUHO\ FRPSDUHG WR FDVH $� 7KH
FDQQLEDOL]DWLRQ RI FRPSHWLQJ KHDW VRXUFHV LV DOVR YLVLEOH LQ ILJXUHV ���� DQG �����

7KH SUREDELOLW\�RI�UDQN PDWUL[ LQ WDEOH ��� VKRZV WKDW WKHUH LV D PLQLPDO SUHIHUHQFH IRU
+7�$7(6 LPSOHPHQWDWLRQ XQGHU GHIDXOW SDUDPHWHU FRQGLWLRQV LQ FDVH %� 7KH GHIDXOW +7�$7(6
VFHQDULR LV PRVW OLNHO\ WR EH UDQNHG LQ TXDUWLOHV � DQG �� ZKHUHDV WKH QR +7�$7(6 VFHQDULR
LV PRVW OLNHO\ WR EH UDQNHG LQ TXDUWLOHV � DQG �� DPRQJ WKH ZRUVW SHUIRUPLQJ VFHQDULRȄV�
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)LJXUH ����� +HDW SURGXFWLRQ SHU VRXUFH� EHIRUH DQG DIWHU +7�$7(6 LPSOHPHQWDWLRQ� FDVH $
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)LJXUH ����� +HDW SURGXFWLRQ SHU VRXUFH� EHIRUH DQG DIWHU +7�$7(6 LPSOHPHQWDWLRQ� FDVH %
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6\VWHP IORZ FDSDFLW\
3DUDPHWULF YDULDWLRQ RI WKH GHVLJQ SDUDPHWHU V\VWHP IORZ FDSDFLW\ LQ FDVH % LQGXFHV PRUH
QRWLFHDEOH GLIIHUHQFHV� FRPSDUHG WR FDVH $� 7KHUHIRUH� WKH SDUDPHWULF YDULDWLRQ RI IORZ FD�
SDFLW\ KDV EHHQ LQFOXGHG LQ WDEOH ���� 7KH VKDSH RI WKH GHPDQG FXUYH FDXVHV WKH HQKDQFHG
LQIOXHQFH RI V\VWHP IORZ FDSDFLW\ YDULDWLRQ� 7KH VPDOO� VWHDG\ KHDW VXUSOXV GXULQJ VXPPHU
LV ZLWKLQ WKH IORZ FDSDFLW\ RI WKH ORZ V\VWHP IORZ FDSDFLW\ VFHQDULR� DQG DOO VXUSOXV FDQ
WKXV EH VWRUHG� 'XULQJ WKH VKRUW SHDN ZLQWHU GHPDQG WKH ORZHUHG IORZ FDSDFLW\ LV OLPLWLQJ
WKH FRQWULEXWLRQ RI +7�$7(6� DQG QRW DOO VWRUHG KHDW FDQ EH UHSURGXFHG� 7KH V\VWHP 75(
GHFUHDVHV DQG QHJDWLYHO\ LQIOXHQFHV WKH VFRUH RQ JURXQGZDWHU LPSDFW� 5HJDUGLQJ HPLVVLRQV
DQG ILQDQFLDO SHUIRUPDQFH� WKH GLIIHUHQFHV DUH PLQLPDO� 7KH GHFUHDVHG VFRUH RQ JURXQGZDWHU
LPSDFW FDXVHV WKH ORZ V\VWHP IORZ FDSDFLW\ VFHQDULR WR EH PRVW OLNHO\ UDQNHG LQ TXDUWLOHV �
DQG �� DPRQJ WKH ZRUVW SHUIRUPLQJ VFHQDULRȄV� 7KHUHE\ LW SHUIRUPV VLJQLILFDQWO\ ZRUVH WKDQ
WKH V\VWHPV ZLWK GHIDXOW� RU KLJK IORZ FDSDFLW\� +RZHYHU� WKH GLIIHUHQFHV LQ SUREDELOLW\ RI
UDQN DUH QRW ODUJH� LQGLFDWLQJ WKDW V\VWHP IORZ FDSDFLW\ FDQ EH LQIOXHQWLDO EXW QRW GHFLVLYH
IRU V\VWHP SHUIRUPDQFH LQ FDVH %�

)LJXUH ����� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR V\VWHP IORZ FDSDFLW\� FDVH %



�� �� &DVH�VSHFLILF UHVXOWV

+HDW GHPDQG
7KH SDUDPHWULF YDULDWLRQ IRU &DVH % HQWDLOV D YDULDWLRQ LQ FRQVXPHU GHPDQG� WR H[SORUH WKH
HIIHFWV RI DQ LQFUHDVHG GHPDQG RQ WKH +7�$7(6 SHUIRUPDQFH� $ ODUJHU GHPDQG� ZKLFK DS�
SOLHV WR ERWK WKH ORZ VFDOHG GHPDQG VFHQDULR DQG WKH KLJK VFDOHG GHPDQG VFHQDULR� UHVXOWV LQ
UHGXFHG VXUSOXVHV RI KHDW� DQG WKXV FDXVHV UHGXFHG KHDW LQMHFWLRQ� 6LPXOWDQHRXVO\� WKH UH�
GXFHG DPRXQW RI LQMHFWHG KHDW KDV WR FRPSHQVDWH IRU LQFUHDVHG GHILFLWV GXULQJ SHDN GHPDQG�
7KH UHVXOW LV DQ HQKDQFHG GUDLQLQJ RI WKH UHVHUYRLU� ZKLFK SRVLWLYHO\ LQIOXHQFHV WKH VFRUH RQ
JURXQGZDWHU LPSDFW� +RZHYHU� WKH UHGXFHG DPRXQW RI LQMHFWHG KHDW PHDQV WKH +7�$7(6
FDQ RQO\ GHOLYHU D UHGXFHG DPRXQW RI KHDW WR WKH HQG�FRQVXPHU� ZKLFK UHGXFHV WKH ILQDQFLDO
LPSDFW RI +7�$7(6 LQ ERWK VFHQDULRȄV� ,W DOVR UHGXFHV +7�$7(6 LPSDFW RQ SURMHFW HPLVVLRQV�
UHODWLYHO\ PRUH KHDW GHPDQG LV VDWLVILHG E\ QDWXUDO JDV ERLOHUV� )LJXUH ���� VKRZV DOO RI WKH
DIRUHPHQWLRQHG�

7KH SUREDELOLW\�RI�UDQN PDWUL[ LQ WDEOH ��� VKRZV WKDW JURXQGZDWHU LPSDFW LV GRPLQDQW
RYHU WKH RWKHU TXDQWLWDWLYH FULWHULD� WKH ORZ VFDOHG GHPDQG VFHQDULR VOLJKWO\ RXWSHUIRUPV +7�
$7(6 XQGHU GHIDXOW SDUDPHWHU FRQGLWLRQV� ZKLOH EHLQJ UDQNHG PRVW OLNHO\ LQ TXDUWLOHV � DQG
�� $OWKRXJK WKH GLIIHUHQFHV DUH QRW ODUJH� 7KLV ILQGLQJ LPSOLHV WKDW LW LV YDOXDEOH WR H[SORUH
LQFUHDVLQJ WKH QXPEHU RI QHWZRUN FRQVXPHUV� 7KH UHVXOWV VKRZ WKHUH H[LVWV DQ RSWLPDO
GHPDQG� EHFDXVH WKH KLJK VFDOHG GHPDQG VFHQDULR LV SHUIRUPLQJ ZRUVH� EHLQJ UDQNHG PRVW
OLNHO\ LQ TXDUWLOHV � DQG ��

)LJXUH ����� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR KHDW GHPDQG� FDVH %
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&KDQJHG LPSDFW RI DTXLIHU K\GUDXOLF FRQGXFWLYLW\ DQG DTXLIHU WKLFNQHVV
6XEVHFWLRQ ����� H[SODLQV WKDW FKDQJLQJ WKH DTXLIHU K\GUDXOLF FRQGXFWLYLW\ DIIHFWV WKH UH�
TXLUHG SXPSLQJ SUHVVXUH WR DFKLHYH HTXDO IORZ UDWH� IROORZLQJ WKH ODZ RI 'DUF\ �HTXDWLRQ ���
7KH VDPH WKHRU\ FDQ EH DSSOLHG WR FDVH %� &DVH % EH KDV D YHU\ GLIIHUHQW FRQVXPHU KHDW
GHPDQG� ZLWK DQ DVWRQLVKLQJ SHDN GHPDQG GXULQJ )HEUXDU\� DQG D IDLUO\ FRQVWDQW DQG ORZ
KHDW GHPDQG IRU WKH UHPDLQLQJ SHULRG RI WLPH� 7KH ZLQWHU SHDN GHPDQG UHVXOWV LQ KLJK +7�
$7(6 KHDW SURGXFWLRQ� ZKLFK UHTXLUHV ODUJH IORZ UDWHV WKURXJK WKH DTXLIHU� 7KH UHTXLUHG IORZ
UDWHV IRU +7�$7(6 KHDW LQMHFWLRQ GXULQJ VXPPHU DUH UHODWLYHO\ VPDOO� 7KHUHIRUH� FKDQJLQJ
WKH K\GUDXOLF FRQGXFWLYLW\ PRVWO\ DIIHFWV +7�$7(6 KHDW SURGXFWLRQ GXULQJ WKH ZLQWHU�

7KH ORZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\ VFHQDULR UHTXLUHV H[WUHPH SXPSLQJ SUHVVXUHV GXU�
LQJ ZDWHU SURGXFWLRQ IURP WKH ZDUP +7�$7(6 UHVHUYRLU DQG VXEVHTXHQW LQMHFWLRQ LQ WKH
FROG +7�$7(6 UHVHUYRLU� $V D UHVXOW� WKH DGGLWLRQDO KHDW LV FDSWXUHG IURP WKH DTXLWDUG DQG
FRQILQLQJ IRUPDWLRQV RI WKH ZDUP UHVHUYRLU� ZKHUHDV DGGLWLRQDO KHDW ORVV RFFXUV DW WKH FROG
UHVHUYRLU� 7KLV LV FRQILUPHG E\ WKH WHPSHUDWXUH LVRWKHUPV LQ ILJXUH �����

)LJXUH ����� ,QIOXHQFH RI K\GUDXOLF FRQGXFWLYLW\ RQ VXEVXUIDFH KHDW EHKDYLRXU� FDVH %

)XUWKHUPRUH� DTXLIHU WKLFNQHVV GHWHUPLQHV WKH DTXLIHU FURVV�VHFWLRQDO DUHD� ZKLFK DOVR
LQIOXHQFHV IORZ �HTXDWLRQ ��� 7KH WKLQ DTXLIHU VFHQDULR DOVR UHTXLUHV H[WUHPH SXPSLQJ SUHV�
VXUHV GXULQJ +7�$7(6 KHDW SURGXFWLRQ IRU WKH SHDN ZLQWHU GHPDQG� ,W VKRZV VXEVXUIDFH
KHDW EHKDYLRXU WKDW LV VLPLODU WR WKH ORZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\ VFHQDULR�
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*URXQGZDWHU LPSDFW LV DVVHVVHG WKURXJK PHDVXUHPHQW RI WKH WHPSHUDWXUH �� >P@ EHORZ
WKH VXUIDFH DERYH ZDUP UHVHUYRLU� ,Q FDVH %� WKH ORZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\ VFHQDULR
DQG WKH WKLQ DTXLIHU VFHQDULR KDYH DQ LPSURYHG SHUIRUPDQFH RQ JURXQGZDWHU LPSDFW FRP�
SDUHG WR +7�$7(6 LPSOHPHQWDWLRQ XQGHU GHIDXOW SDUDPHWHU FRQGLWLRQV� 7KLV LV FRQIOLFWLQJ
ZLWK WKH 75(� ZKLFK LV ZRUVH LQ ERWK VFHQDULRȄV FRPSDUHG WR +7�$7(6 LPSOHPHQWDWLRQ XQ�
GHU GHIDXOW SDUDPHWHU FRQGLWLRQV� 6XPPDUL]LQJ� LQ ERWK WKH ORZ DTXLIHU K\GUDXOLF FRQGXFWLY�
LW\ VFHQDULR DQG WKH WKLQ DTXLIHU VFHQDULR D UHGXFHG DPRXQW RI KHDW LV UHFRYHUHG�SURGXFHG�
ZKHUHDV ERWK VFHQDULRȄV VKRZ DQ LPSURYHG SHUIRUPDQFH RQ JURXQGZDWHU LPSDFW� 7KLV UDLVHV
WKH TXHVWLRQ LI VXFK DVVHVVPHQW RI JURXQGZDWHU SHUIRUPDQFH LV D VKRUWFRPLQJ RI WKH VLPX�
ODWLRQ PRGHO DQG VXEVHTXHQW IUDPHZRUN� ,W LV IXHO IRU WKH GLVFXVVLRQ LQ FKDSWHU �� 6KRXOG
SHUIRUPDQFH RQ JURXQGZDWHU LPSDFW EH GHSHQGDQW RQ 75(� DQG QRW RQ D WHPSHUDWXUH DW D
VSHFLILF ORFDWLRQ LQ WKH VXEVXUIDFH" $Q\KRZ� WKLV UHVXOW SURYLGHV WKH LQVLJKW WKDW WKH GH�
PDQG FXUYH LV FDSDEOH RI VWURQJO\ LQIOXHQFLQJ WKH VXEVXUIDFH KHDW EHKDYLRXU DQG WKH KHDW
ORVV PHFKDQLVPV�

7KH VFHQDULR SHUIRUPDQFH UHJDUGLQJ HPLVVLRQV DQG ,55 LV LQ OLQH ZLWK FDVH $� 7KH SUREDELOLW\�
RI�UDQN PDWUL[ LQ WDEOH ��� VKRZV WKDW WKH GLIIHUHQFHV LQ UDQNLQJ EHWZHHQ WKH ORZ DTXLIHU
K\GUDXOLF FRQGXFWLYLW\ VFHQDULR DQG KLJK DTXLIHU K\GUDXOLF FRQGXFWLYLW\ VFHQDULR� DQG EHWZHHQ
WKH WKLFN DTXLIHU VFHQDULR DQG WKLQ DTXLIHU VFHQDULR KDYH GHFUHDVHG� GXH WR D FKDQJHG SHU�
IRUPDQFH RQ JURXQGZDWHU LPSDFW� :KHUHDV LQ FDVH $ ORZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\
VFHQDULR LV VXUH WR EH DPRQJ WKH ZRUVW SHUIRUPLQJ VFHQDULRȄV� WKH SUREDELOLW\ RI WKH VDPH
VFHQDULR LV GLVWULEXWHG DFURVV DOO TXDUWLOHV LQ FDVH %� $GGLWLRQDOO\� WKHUH LV QR QRWLFHDEOH
GLIIHUHQFH�SUHIHUHQFH IRU D WKLQ� RU WKLFN DTXLIHU LQ FDVH %�
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)LJXUH ����� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR DTXLIHU K\GUDXOLF FRQGXFWLYLW\� FDVH %

)LJXUH ����� 7KH VHQVLWLYLW\ RI SHUIRUPDQFH WR DTXLIHU WKLFNQHVV� FDVH %
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���� &DVH &� VKDOORZ JHRWKHUPDO KHDW IRU H[SDQGLQJ JUHHQKRXVH
������ &DVH VLWXDWLRQ DQG REMHFWLYH
&DVH & LV D YHU\ GLIIHUHQW KHDWLQJ SURMHFW� 7KH SURMHFWHG VFHQDULR� ZLWK DOO KHDW VRXUFHV
�LQFOXGLQJ FDSDFLWLHV DQG SURGXFWLRQ WHPSHUDWXUHV� LV YLVXDOLVHG LQ ILJXUH �����

)LJXUH ����� 6FKHPDWLF UHSUHVHQWDWLRQ� FDVH &

7KH RWKHU FDVHV LQYROYH '+ QHWZRUNV� ZLWK SHDN GHPDQGV GXULQJ ZLQWHU DQG ORZ GHPDQGV
GXULQJ VXPPHU� &DVH & FRQFHUQV D JUHHQKRXVH LQ WKH 1HWKHUODQGV� ZLWK D YHU\ FRQVWDQW GH�
PDQG WKURXJKRXW WKH \HDU� H[FHSW IRU WKH PRQWK 1RYHPEHU� ZKLFK LV WKH SHULRG RI \HDUO\
KDUYHVW� +RZHYHU� WKH FRQVWDQW GHPDQG KDV ODUJH GDLO\ SHUWXUEDWLRQV� 7KH RZQHU RI WKH
JUHHQKRXVH KDV LQYHVWHG LQ D VKDOORZ JHRWKHUPDO KHDW VRXUFH� $GGLWLRQDOO\ KH LV SODQQLQJ WR
H[SDQG WKH VL]H RI WKH JUHHQKRXVH� $ SHUPLW WR LQFUHDVH IURP WKH FXUUHQW DUHD RI �� >DFUHV@
WR �� >DFUHV@ KDV DOUHDG\ EHHQ DFTXLUHG� 7KLV FDVH�VWXG\ DLGV WKH RZQHU LQ H[SORULQJ WKH UROH
+7�$7(6 FDQ SOD\ LQ WKH IXWXUH RI KLV JUHHQKRXVH KHDW VXSSO\�

)LJXUH ���� VKRZV WKDW WKH VHW�XS RI WKH V\VWHP LV GLIIHUHQW IURP WKH SUHYLRXV FDVHV� 7KH
SURGXFWLRQ WHPSHUDWXUH RI WKH VKDOORZ JHRWKHUPDO HQHUJ\ LV FRQVWDQWO\ ORZHU WKDQ WKH UH�
WXUQ WHPSHUDWXUH RI WKH JUHHQKRXVH� )RU WKLV UHDVRQ WKH *' LV VHSDUDWHG IURP WKH QHWZRUN�
E\ DQ DOWHUQDWLYH FRQQHFWLRQ RI WKH +3� WKH *' LV FRQQHFWHG WR WKH FRQGHQVHU RI WKH +3�
ZKHUHDV WKH UHPDLQLQJ QHWZRUN LV FRQQHFWHG WR HYDSRUDWRU RI WKH +3� PDNLQJ WKH +3 LQWULQ�
VLF IRU JHRWKHUPDO HQHUJ\ SURGXFWLRQ DQG FRQWULEXWLRQ� 6LPLODUO\� WHPSRUDU\ KHDW VXUSOXVHV
DUH DOVR FKDQQHOHG WKURXJK WKH +3 EHIRUH VXEVHTXHQW LQMHFWLRQ LQ WKH +7�$7(6� 7KH FDSDFLW\
RI WKH +3 H[FHHGV WKH FDSDFLW\ RI WKH *'� ZKLFK HQDEOHV WKLV DOWHUQDWLYH FRQQHFWLRQ�VROXWLRQ�

7KH ILUVW VLPXODWLRQV VKRZHG WKDW LPSOHPHQWDWLRQ RI +7�$7(6 LQ WKH SURMHFWHG JUHHQKRXVH
RI �� >DFUHV@ GLG QRW SURYLGH D EDODQFHG VLWXDWLRQ� 7KH \HDUO\ EDVH VRXUFH KHDW SURGXFWLRQ RI
WKH *'�+3�FRPELQDWLRQ ZDV ODUJHU WKDQ WKH \HDUO\ KHDW GHPDQG� ,W LV FKRVHQ WR GRXEOH WKH
VL]H RI WKH FXUUHQW JUHHQKRXVH WR �� >DFUHV@ WR REWDLQ D EDODQFHG EDVH VFHQDULR� WKDW VHUYHV DV
D IRXQGDWLRQ IURP ZKLFK LPSOHPHQWDWLRQ RI +7�$7(6 FDQ EH LQYHVWLJDWHG� 7KH EDVH VFHQDULR
LV FDSWXUHG LQ ILJXUH ���� DQG WDEOH ���� )LJXUH ���� VKRZV WKDW� LQ DGGLWLRQ WR WKH FRQVWDQW
GHPDQG WKURXJKRXW WKH \HDU� DQG WKH GLS GXULQJ 1RYHPEHU KDUYHVW� WKH GHPDQG LV PRUH
YRODWLOH WKDQ LQ WKH SUHYLRXV FDVHV� +HDW VXUSOXVHV DQG GHILFLWV DOWHUQDWH RQ D KRXUO\ EDVLV�
,W LV XQFHUWDLQ LI WKH +7�$7(6Ȅ DELOLW\ WR UHDFW LV VXIILFLHQWO\ LQVWDQWDQHRXV� WR FRSH ZLWK WKH
KRXUO\ SHUWXUEDWLRQV LQ GHPDQG� 7KLV LV VROYHG ZLWK D VXUIDFH KHDW VWRUDJH WDQN� WKDW LV DEOH
WR DEVRUE WKH KRXUO\ SHUWXUEDWLRQV� DQG ZKLFK LV LQ FRQQHFWLRQ ZLWK WKH VXEVXUIDFH +7�$7(6
V\VWHP�



���� &DVH &� VKDOORZ JHRWKHUPDO KHDW IRU H[SDQGLQJ JUHHQKRXVH ��

)LJXUH ����� %DVH VFHQDULR� FDVH &

3DUDPHWHU 9DOXH
<HDUO\ GHPDQG �� ��� >0:K@
<HDUO\ ZDVWH KHDW SURGXFWLRQ �� ��� >0:K@
8VHG ZDVWH KHDW SURGXFWLRQ �� ��� >0:K@
3HDN GHPDQG�SHDN ERLOHU SURGXFWLRQ ���� >0:@�����>0:@

7DEOH ���� .H\ ILJXUHV RI EDVH VFHQDULR� FDVH &



�� �� &DVH�VSHFLILF UHVXOWV

������ 6XPPDU\ RI SDUDPHWULF YDULDWLRQ
7KH DSSOLHG SDUDPHWULF YDULDWLRQ RI FDVH & LV VXPPDULVHG LQ WDEOH ���� $ SDUDPHWULF YDULD�
WLRQ RI JUHHQKRXVH VL]H KDV EHHQ LPSOHPHQWHG� EHFDXVH WKH SODQQHG H[SDQVLRQ KDV \HW WR EH
UHDOLVHG� $OO WKH YDULDWLRQV DUH ODUJHU WKDQ WKH SODQQHG �� DFUHV� WR REWDLQ D EDODQFHG VLWX�
DWLRQ DQG WR XQYHLO WKH IXOO SRWHQWLDO RI +7�$7(6 ZLWKLQ WKLV FDVH� 7KH SDUDPHWULF YDULDWLRQ
LQGLFDWHV� DPRQJ RWKHU WKLQJV� WKH LGHDO VL]H RI WKH IXWXUH JUHHQKRXVH DQG FRQVHTXHQW IXWXUH
JUHHQKRXVH GHPDQG� )XUWKHUPRUH� LW LV FKRVHQ WR DJDLQ DGRSW D G\QDPLF FXW�RII WHPSHUD�
WXUH� RSSRVLQJ WKH VWDWLF FXW�RII WHPSHUDWXUH LQ FDVH $�

3DUDPHWHU 'HIDXOW YDOXH /RZ YDULDWLRQ +LJK YDULDWLRQ
/LIH WLPH >\@ �� �� ��
&XW�RII WHPSHUDWXUH @&ࣅ< � � ��
*UHHQKRXVH DUHD >DFUHV@ �� �� ��
)ORZ FDSDFLW\ >NJ�V@ �� �� ���
$TXLIHU WKLFNQHVV >P@ �� �� ��
$TXLIHU GHSWK >P@ ��� ��� ���
$TXLIHU K\GUDXOLF FRQGXFWLYLW\ >P�G@ � � ��

7DEOH ���� 3DUDPHWULF YDULDWLRQ� FDVH &

������ 5HVXOWV DQG LQ�GHSWK DQDO\VLV
7KH UHVXOWV DUH YHU\ VLPLODU WR FDVH $� &DVH & GRHV QRW SURYLGH DQ\ QHZ RI FRQIOLFWLQJ LQVLJKWV�
LQ DGGLWLRQ WR WKH RWKHU FDVHV� )RU WKLV UHDVRQ� DOO FDVH�VSHFLILF ILJXUHV DQG WDEOHV DUH HQWDLOHG
LQ DSSHQGL[ (���



�
'LVFXVVLRQ DQG UHFRPPHQGDWLRQV

2Q KLQGVLJKW� +7�$7(6 DV D FRQFHSW LV LQ D VWDWH RI LQIDQF\� /LWHUDWXUH LV OLPLWHG DQG WKH
UHDOLVHG SLORW SURMHFWV KDYH EHHQ XQVXFFHVVIXO VR IDU� 7KH SXUSRVH RI WKLV UHVHDUFK LV WR
LPSURYH LGHQWLILFDWLRQ RI +7�$7(6 SHUIRUPDQFH GULYHUV DQG �EDUULHUV� DQG WKHUHE\ WR HQKDQFH
GHFLVLRQ PDNLQJ RQ IXWXUH +7�$7(6 LPSOHPHQWDWLRQ� $V D ILUVW VWHS� WKLV GLVFXVVLRQ DLPV
WR REMHFWLYHO\ DQDO\VH WKH DGRSWHG PHWKRGRORJ\� 6XEVHTXHQWO\� WKH PHWKRGRORJ\�DQDO\VLV LV
SURMHFWHG RQ WKH UHVXOWV� 7KHUHE\ WKH GLVFXVVLRQ UHYHDOV WKH UHDO VLJQLILFDQFH RI WKH UHVXOWV
�FKDSWHU �� DQG GLUHFWV WRZDUGV WKH FRQFOXVLRQV �FKDSWHU ��� ZKLFK HQWDLO WKH NH\ SHUIRUPDQFH
GULYHUV DQG �EDUULHUV�

���� 'LVFXVVLQJ WKH PHWKRGRORJ\
7KH PHWKRGRORJ\� FRQVLVWLQJ RI D VLPXODWLRQ PRGHO DQG D PXOWL�FULWHULD GHFLVLRQ PHWKRG�
LV FRQVLGHUHG WR EH HIIHFWLYH� EHFDXVH RI � FRUH DELOLWLHV� )LUVWO\� LW LV FDSDEOH RI FUHDWLQJ�
HYDOXDWLQJ� FRPSDULQJ DQG UDQNLQJ +7�$7(6 VFHQDULRȄV XQGHU YDULDEOH FRQGLWLRQV IRU LPSOH�
PHQWDWLRQ� 6HFRQGO\� LW SURGXFHV QHZ UHVXOWV DQG LQVLJKWV RQ +7�$7(6 SHUIRUPDQFH GULYHUV
DQG �EDUULHUV GXULQJ HYHU\ VWDJH� DQG WKHUHE\ FRQWULEXWHV WR WKH ODUJHU UHVHDUFK REMHFWLYH�

7KLV VHFWLRQ GLVFXVVHV WKH VWHSV RI WKH PHWKRGRORJ\ LQ FKURQRORJLFDO RUGHU� 7KH VWHSV DUH
VXPPDULVHG DQG HQXPHUDWHG� &RUUHVSRQGLQJ FRPPHQWV DQG WRSLFV RI GLVFXVVLRQ KDYH EHHQ
DOSKDEHWLFDOO\ HQXPHUDWHG� /DVWO\� VXJJHVWHG UHFRPPHQGDWLRQV IRU IXWXUH LPSURYHPHQW RI
WKH PHWKRGRORJ\ DUH LQGLFDWHG ZLWK D URPDQ QXPHUDO�

�� 7KH IRXQGDWLRQ RI WKH PXOWL�FULWHULD GHFLVLRQ PHWKRG HQWDLOV D VHW RI HYDOXDWLRQ FULWHULD�
LQ ZKLFK WKH UHODWLYH LPSRUWDQFH LV H[SUHVVHG E\ D VWDNHKROGHU�VSHFLILF ZHLJKW GLVWULEX�
WLRQ� 7KH ZHLJKW GLVWULEXWLRQ LV REWDLQHG WKURXJK D VWDNHKROGHU VXUYH\�

�D� 5HTXLUHPHQWV IRU DQ DGHTXDWH VHW RI HYDOXDWLRQ FULWHULD DUH WR EH QRQ�UHGXQGDQW�
DQG WR EH FRPSUHKHQVLYH LQ FDSWXULQJ WKH XWLOLW\ RI D VFHQDULR� 7KH FULWHULD VHW LV
RQH RI WKH FRUQHU VWRQHV RI WKH DQDO\VLV� ,Q WKLV UHVHDUFK SURMHFW LW LV GHWHUPLQHG
IURP H[SHUW DGYLFH DQG OLWHUDWXUH� 7KH VXEMHFWLYLW\ LQ WKLV SURFHVV LQWURGXFHV XQ�
FHUWDLQW\ RQ ZKHWKHU WKH LQLWLDO UHTXLUHPHQWV DUH PHW� )RU H[DPSOH� WKHUH H[LVWV
WKH SRVVLELOLW\ D FULWHULD LV PLVVLQJ� RU DQRWKHU LV UHGXQGDQW�

�E� 7KH VWDNHKROGHU VXUYH\ LV D UHIUHVKLQJ PHWKRG WR H[FOXGH WKH VXEMHFWLYLW\ RI WKH
GHFLVLRQ PDNHU IURP DOORFDWLRQ RI WKH FULWHULD ZHLJKWV� $ FULWLFDO QRWH RQ WKH FXU�
UHQW VWDNHKROGHU VXUYH\ LV WKH QXPEHU RI VXUYH\ UHVSRQGHQWV� $ ODUJHU QXPEHU RI
UHVSRQGHQWV ZLOO LQFUHDVH WKH YDOLGLW\ RI WKH ZHLJKWV GLVWULEXWLRQ� ,W ZLOO SURGXFH
PRUH UHOLDEOH DQG UHSUHVHQWDWLYH FULWHULD ZHLJKWV�

��



�� �� 'LVFXVVLRQ DQG UHFRPPHQGDWLRQV

L� $ UHFRPPHQGHG LPSURYHPHQW LV WR DOORFDWH DGGLWLRQDO WLPH DQG UHVRXUFHV WR
WKH VXUYH\� WKHUHE\ DVVXULQJ D PLQLPXP QXPEHU RI UHVSRQGHQWV�

�F� 7KH LPSRUWDQFH RI IRU H[DPSOH JURXQGZDWHU LPSDFW LV YHU\ ORFDWLRQ GHSHQGDQW� 7KLV
LPSOLHV WKHUH H[LVW D JUHDW YDULDWLRQ LQ JURXQGZDWHU LPSDFW ZHLJKWV

L� ,W LV UHFRPPHQGHG WR GHWHUPLQH WKH ZHLJKWV� LQ SDUWLFXODU WKH JURXQGZDWHU LP�
SDFW ZHLJKWV� IRU HYHU\ QHZ ORFDWLRQ�FDVH� 7KLV ZLOO LPSURYH WKH YDOLGLW\ RI WKH
UHVXOWV� ,W VXJJHVWV WKDW IRU HYHU\ QHZ FDVH� D QHZ VWDNHKROGHU VXUYH\ KDV WR
EH SHUIRUPHG�

�� 7KH PHWKRGRORJ\ FRQWLQXHV ZLWK FUHDWLQJ VFHQDULRȄV WKURXJK SDUDPHWULF YDULDWLRQ LQ D
VLPXODWLRQ PRGHO� 7KLV VWHS SURGXFHV WKH TXDQWLWDWLYH LQIRUPDWLRQ RQ PXOWLSOH HYDOXD�
WLRQ FULWHULD� WKDW VHUYH DV LQSXW WR WKH IXUWKHU DQDO\VLV�

�D� 7KH VLPXODWLRQ PRGHO HQFRPSDVVHV WKH FRPSOHWH VXSSO\ FKDLQ RI KHDW� IURP SUR�
GXFWLRQ WR FRQVXPSWLRQ� ,W GHOLYHUV TXDQWLWDWLYH LQIRUPDWLRQ UHJDUGLQJ JURXQGZD�
WHU LPSDFW� HPLVVLRQV� DQG ILQDQFLDO SHUIRUPDQFH� %HFDXVH WKH V\VWHP LV ODUJH�
DQG WLPH LV OLPLWHG� D JUHDW DPRXQW RI DVVXPSWLRQV LV LQFRUSRUDWHG LQ WKH PRGHO�
7KLV FDQ EH UHJDUGHG DV D PRGHO OLPLWDWLRQ� 7KH GHJUHH RI DVVXPSWLRQV IRUFHV WR
DSSURDFK SHUIRUPDQFH IURP D SHUVSHFWLYH RI PXWDWLRQ ������ 7KLV VLJQLILHV WKDW WKH
UHODWLYH SHUIRUPDQFH RI VFHQDULRȄV LV PRUH LPSRUWDQW WKDQ WKH DEVROXWH SHUIRUPDQFH�
$OO XQGHU WKH JXLVH RI� LI D VFHQDULR RXWSHUIRUPV WKH RWKHUV XQGHU DVVXPHG FRQ�
GLWLRQV� LW ZLOO PRVW OLNHO\ GR VR XQGHU UHDO FRQGLWLRQV� 'HFUHDVLQJ WKH QXPEHU RI
DVVXPSWLRQV LV VWURQJO\ UHFRPPHQGHG DV IXWXUH LPSURYHPHQW� DV LW ZLOO PDNH WKH
PRGHO PRUH UHDOLVWLF� DQG WKH UHVXOWV DQG FRQFOXVLRQV PRUH H[SOLFLW� 5HFRPPHQGHG
LPSURYHPHQWV DUH IRU H[DPSOH�

L� $GGLWLRQ RI D UHDOLVWLF GLVWULEXWLRQ QHWZRUN� $ QHWZRUN WKDW KDV JHR�FRRUGLQDWHV�
DQG LQ ZKLFK SUHVVXUH DQG IORZ SURSHUWLHV DUH LQFOXGHG� ,W ZLOO HQDEOH WR LP�
SURYH SUHGLFWLRQ RI QHWZRUN ORVVHV� DQG FRQVHTXHQWO\ ZLOO OHDG WR PRUH DFFXUDWH
TXDQWLILFDWLRQ RI +7�$7(6 SHUIRUPDQFH�

LL� 5HSODFHPHQW RI WKH VWDQGDUGLVHG KRPRJHQHRXV VXEVXUIDFH E\ D FDVH�VSHFLILF
KHWHURJHQHRXV FDVH�VSHFLILF VXEVXUIDFH� $JDLQ� WKLV ZLOO OHDG WR PRUH DFFXUDWH
SHUIRUPDQFH TXDQWLILFDWLRQ�

LLL� )XUWKHUPRUH� WKHUPDO LQWHUIHUHQFH EHWZHHQ WKH ZDUP� DQG FROG UHVHUYRLU� RU
WKH SRVVLELOLW\ RI XVLQJ PXOWLSOH ZHOOV KDYH QRW EHHQ LQYHVWLJDWHG LQ WKH FXUUHQW
VLPXODWLRQ PRGHO� %RWK ZLOO JLYH UHVXOWV ZLWK JUHDWHU YDOLGLW\�

LY� $GGLWLRQ RI WKH SRVVLELOLW\ RI IDLOXUH RU SODQQHG PDLQWHQDQFH RI LQGLYLGXDO KHDW
VRXUFHV� 6RPHWKLQJ WKDW LV QRW XQOLNHO\ LQ VXFK LQQRYDWLYH DQG FRPSOH[ KHDW�
LQJ V\VWHPV� DQG VRPHWKLQJ WKDW ZLOO LQFUHDVH PRGHO YDOLGLW\�



���� 'LVFXVVLQJ WKH PHWKRGRORJ\ ��

�E� 7KH SDUDPHWULF YDULDWLRQ KDV OLPLWDWLRQV� 7KH PRGHO FDOFXODWLRQ LQWHQVLW\ LQ FRP�
ELQDWLRQ ZLWK WKH FRQVWUDLQW RI WLPH� DOORZV IRU RQO\ � GDWD SRLQWV SHU SDUDPHWULF
YDULDWLRQ� 7KLV VHHPV VXIILFLHQW IRU LQGLFDWLQJ WKH VHQVLWLYLW\ WR LQGLYLGXDO SDUDP�
HWHUV� ,W DOORZV WKH GHFLVLRQ PDNHU WR UHFRJQLVH WUHQGV� DQG GLUHFWV WKH GHFLVLRQ
PDNHU WRZDUGV WKH RSWLPDO SDUDPHWHU YDOXHV� 2Q WKH FRQWUDU\� WKH OLPLWHG QXPEHU
RI GDWD SRLQWV ��� PDNH WKH SDUDPHWULF YDULDWLRQ LQVXIILFLHQW IRU GHOLYHULQJ WKH DF�
WXDO� RSWLPDO SDUDPHWHU YDOXHV� 0RUHRYHU� WKH DGRSWHG SDUDPHWULF YDULDWLRQ LV QRW
H[KDXVWLYH� WKH SRVVLELOLW\ H[LVWV WKDW WKH SHUIRUPDQFH LV LQVHQVLWLYH WR LQGLYLGXDO
SDUDPHWHU YDULDWLRQ� EXW H[WUHPHO\ VHQVLWLYH WR WKHLU VLPXOWDQHRXV YDULDWLRQ�

L� ,PSURYHPHQW RQ WKH VLPXODWLRQ PRGHO HIILFLHQF\ HQDEOHV D PRUH H[WHQVLYH DQG
H[KDXVWLYH SDUDPHWULF YDULDWLRQ� ZLWK PRUH GDWD SRLQWV DQG WKXV PRUH LQIRU�
PDWLRQ IRU WKH GHFLVLRQ PDNHU� +RZHYHU� LW LV GHEDWDEOH LI WKLV OHDGV WR EHWWHU
UHVXOWV� 7KH JUHDW DPRXQW RI DVVXPSWLRQV PDNH WKH DEVROXWH SHUIRUPDQFH RI
VFHQDULRȄV KLJKO\ XQFHUWDLQ� DQG OHVV UHOHYDQW WKDQ WKHLU UHODWLYH SHUIRUPDQFH�
,Q WKLV OLJKW� KDYLQJ � GDWD SRLQWV WR UHFRJQLVH WUHQGV VHHPV SOHQW\� $IWHU GH�
FUHDVLQJ WKH DPRXQW RI DVVXPSWLRQV� D VXEVHTXHQW ORJLFDO LPSURYHPHQW ZRXOG
EH WR LQFUHDVH PRGHO HIILFLHQF\�

�F� ,Q VXEVHFWLRQ ����� LW LV VWDWHG WKDW JURXQGZDWHU LPSDFW FDQ EH GHILQHG DV DQ\
FKDQJHV LQ JURXQGZDWHU WHPSHUDWXUH� �FRPSRVLWLRQ� RU � OHYHO� ,Q WKH PRGHO� WKH
JURXQGZDWHU LPSDFW LV DVVHVVHG E\ PHDVXULQJ WKH VXEVXUIDFH WHPSHUDWXUH GLUHFWO\
DERYH WKH ZDUP UHVHUYRLU� �� >P@ EHQHDWK WKH VXUIDFH� 7KH PHWKRG RI DVVHVVPHQW
VHHPV LQDGHTXDWH� EHFDXVH GXULQJ D IHZ VFHQDULRȄV WKH PHDVXUHG WHPSHUDWXUH LV
FRQIOLFWLQJ ZLWK WKH FDOFXODWHG WKHUPDO UHFRYHU\ HIILFLHQF\ RI WKH +7�$7(6 XQGHU
FRQVLGHUDWLRQ�

L� )RU WKLV UHDVRQ� LW LV GHEDWDEOH LI JURXQGZDWHU LPSDFW FDQ EH H[SUHVVHG WKURXJK
D VLQJOH WHPSHUDWXUH� $ VXJJHVWLRQ IRU IXWXUH DSSOLFDWLRQ ZRXOG EH WR PHDVXUH
WHPSHUDWXUH DW PXOWLSOH ORFDWLRQV LQ WKH VXEVXUIDFH� WR H[FOXGH WKH SRVVLELOLW\
RI ORFDO WHPSHUDWXUH SHUWXUEDWLRQV� DQG WR PDNH WKH PHWKRG PRUH UREXVW� 7KLV
LPSURYHPHQW ZRXOG VWLOO QRW UHVXOW LQ D FRPSUHKHQVLYH PHWKRG RI DVVHVVPHQW�
VLQFH LW GRHV QRW DGGUHVV JURXQGZDWHU FRPSRVLWLRQ RU �OHYHO�

�� 7KH PXOWL�FULWHULD GHFLVLRQ PHWKRG IRXQGDWLRQ DQG WKH TXDQWLWDWLYH LQIRUPDWLRQ IURP
WKH VLPXODWLRQ PRGHO DUH FRPELQHG GXULQJ WKH VWDJH RI FRPSDULVRQ DQG UDQNLQJ� 7KH
SHUIRUPDQFH RI VFHQDULRȄV RQ WKH HYDOXDWLRQ FULWHULD LV WUDQVODWHG LQWR VFRUHV� E\ PHDQV
RI HLWKHU GLUHFW UDWLQJ RU YDOXH IXQFWLRQV� 7KLV SXWV WKH SHUIRUPDQFH RQ FULWHULD RI GLI�
IHUHQW QDWXUH RQWR D FRPPRQ VFDOH RI UHIHUHQFH DQG HQDEOHV FRPSDULVRQ� 6FRUHV DQG
ZHLJKWV PXOWLSO\ WR DJJUHJDWHG VFRUHV� ZKLFK GHWHUPLQH WKH VFHQDULR UDQNLQJ� %RWK HQ�
WDLO XQFHUWDLQW\ WKDW LV H[SRVHG WKURXJK D 0RQWH &DUOR LWHUDWLRQ� 7KH ILQDO SURGXFW LV WKH
SUREDELOLW\ D VFHQDULR RFFXSLHV D FHUWDLQ UDQN� 7KLV LV FDSWXUHG LQ D SUREDELOLW\�RI�UDQN
PDWUL[�

�D� 7KHUH DUH QR DGGLWLRQDO SRLQWV RI GLVFXVVLRQ WR WKLV VWDJH� RWKHU WKDQ WKH JUHDW VXE�
MHFWLYLW\ WKDW LV HQWDLOHG LQ WKH PHWKRGV RI VFRULQJ� 7KLV LV H[SRVHG DQG FRUUHFWHG
E\ WKH 0RQWH &DUOR LWHUDWLRQ�



�� �� 'LVFXVVLRQ DQG UHFRPPHQGDWLRQV

���� 6LJQLILFDQFH RI UHVXOWV
������ 9DOLGLW\ RI UHVXOWV RQ JURXQGZDWHU LPSDFW
7KH UHVXOWV RI FKDSWHU � VKRZ WKDW JURXQGZDWHU LPSDFW UHPDLQV WKH JUHDWHVW ULVN LQ DOO FDVHV�
,Q VRPH VFHQDULRȄV D ORZ SHUIRUPDQFH RQ JURXQGZDWHU LPSDFW GRPLQDWHV DQG GHWHULRUDWHV
WKH VFHQDULR VFRUH� +RZHYHU� WKH VHYHUH ORFDWLRQ GHSHQGHQF\ RI JURXQGZDWHU LPSDFW LPSRU�
WDQFH� LQ FRPELQDWLRQ ZLWK �WKH DVVXPSWLRQV RI� WKH VLPSOLILHG KRPRJHQHRXV VXEVXUIDFH LQ
WKH PRGHO� DQG WKH DGGUHVVHG OLPLWDWLRQV UHJDUGLQJ JURXQGZDWHU SHUIRUPDQFH DVVHVVPHQW�
FKDOOHQJH WKH YDOLGLW\ RI WKH UHVXOWV RQ JURXQGZDWHU LPSDFW� � EULHI H[DPSOHV DUH LQFOXGHG
IRU DGGLWLRQDO FODULILFDWLRQ� DQG DV IRRG IRU WKRXJKW�

�� *URXQGZDWHU LPSDFW LV DOORFDWHG UHODWLYHO\ KLJK ZHLJKWV WKURXJK WKH VWDNHKROGHU VXU�
YH\� +RZHYHU� LW KDV QRW EHHQ FKHFNHG FDVH�VSHFLILFDOO\ LI WKH ORFDO JURXQGZDWHU VHUYHV
DGGLWLRQDO SXUSRVHV� ,I JURXQGZDWHU LV XQXVHG DQG FRQVHTXHQWO\ LUUHOHYDQW WR DOO VWDNH�
KROGHUV� LW FDQ EH DOORFDWHG D ORZHU ZHLJKW� 7KLV ZRXOG VLJQLILFDQWO\ DIIHFW WKH UHVXOWV�
DQ H[WHQGHG SURMHFW OLIH�WLPH DQG D VKDOORZ DTXLIHU FRXOG EHFRPH SUHIHUDEOH� VLQFH ERWK
SHUIRUP EHWWHU RQ HPLVVLRQV DQG LQWHUQDO UDWH RI UHWXUQ�

�� 7KH UHVXOWV LQ FKDSWHU � LQGLFDWH WKDW D VKRUW SURMHFW OLIH�WLPH LV SUHIHUDEOH� EHFDXVH
JURXQGZDWHU LPSDFW LV YHU\ WLPH GHSHQGDQW LQ WKH PRGHO� +RZHYHU� LI WKH +7�$7(6 OR�
FDWLRQ LV FKDQJHG HYHU\ �� \HDUV� DIWHU VRPH WLPH WKH GHFLVLRQ PDNHU HQGV XS ZLWK PDQ\
VLWHV WKDW KDYH PLQLPDO JURXQGZDWHU LPSDFW� :KHWKHU LW LV SUHIHUDEOH WR KDYH PDQ\ VLWHV
ZLWK PLQLPDO JURXQGZDWHU LPSDFW� RU WR KDYH � ORFDWLRQ ZLWK JUHDW JURXQGZDWHU LPSDFW
LV DJDLQ GHEDWDEOH� 7KLV VLJQLILHV WKH OLPLWDWLRQV RI WKH PHWKRGV RI VFRULQJ�

�� ,Q WKH FXUUHQW PRGHO QDWXUDO JURXQGZDWHU IORZ LV QRW LQFOXGHG� 1DWXUDO JURXQGZD�
WHU FDXVHV KHDW ORVV WR VSUHDG RXW RYHU D ODUJHU YROXPH� ZKLFK OLPLWV WKH LQFUHDVH LQ
JURXQGZDWHU WHPSHUDWXUH� 7KH UHVXOW ZRXOG EH D UHGXFWLRQ LQ PHDVXUHG JURXQGZDWHU
LPSDFW�

�� 6LPLODUO\� LQ WKH FXUUHQW PRGHO JURXQGZDWHU VDOLQLW\ LV QRW LQFOXGHG� +RZHYHU� QDWXUDO
VDOLQLW\ ZRXOG GHFUHDVH WKH LPSDFW RI +7�$7(6 RQ WKH JURXQGZDWHU FRPSRVLWLRQ� DQG
ZRXOG WKXV LQFUHDVH SURMHFW SHUIRUPDQFH ZLWK UHVSHFW WR JURXQGZDWHU LPSDFW�

7KH H[DPSOHV VLJQLI\ WKDW WKH YDOLGLW\ RI UHVXOWV RQ JURXQGZDWHU LPSDFW SHUIRUPDQFH LV
XQGHU SUHVVXUH� $OO H[DPSOHV DUH FDSDEOH RI DIIHFWLQJ JURXQGZDWHU LPSDFW UHVXOWV� DQG RI
VXEVHTXHQWO\ VKLIWLQJ VFHQDULR SUHIHUHQFH DQG UDQNLQJ� 7KLV HQDEOHV WKH SRVVLELOLW\ WR DS�
SO\ VRPH QXDQFH WR WKH UHVXOWV� ZKLFK LV FULWLFDO WR WDNH LQWR DFFRXQW GXULQJ WKH JHQHULF
FRQFOXVLRQV�

������ $ELOLW\ WR FRPSDUH
7KH TXHVWLRQDEOH YDOLGLW\ RI WKH JURXQGZDWHU SHUIRUPDQFH GRHV QRW OHDG WR VLJQLILFDQW FKDQJHV
LQ WKH FRQFOXVLRQV� 7KH SHUIRUPDQFH RQ WKH RWKHU TXDQWLWDWLYH FULWHULD LV DOVR XQFHUWDLQ� GXH
WR D JUHDW QXPEHU RI DVVXPSWLRQV� )RU WKLV UHDVRQ� WKH PHWKRGRORJ\ DGRSWV WKH SHUVSHFWLYH RI
PXWDWLRQ �VXEVHFWLRQ ����� LQ ZKLFK WKH UHODWLYH VFHQDULR SHUIRUPDQFH LV PRUH LPSRUWDQW WKDQ
WKHLU DEVROXWH SHUIRUPDQFH� $QG GHVSLWH WKH VLJQLILFDQW XQFHUWDLQW\ UHJDUGLQJ JURXQGZDWHU
LPSDFW� WKH PHWKRGRORJ\ PDLQWDLQV WKLV DELOLW\ WR FRPSDUH� 7KURXJK SDUDPHWULF YDULDWLRQ�
WKH PHWKRGRORJ\ LV FDSDEOH RI LQGLFDWLQJ VHQVLWLYLW\ RI FULWHULD� DQG VFHQDULR SHUIRUPDQFH
WR LQGLYLGXDO SDUDPHWHUV� 7KHUHE\� LW DLGV LQ UHFRJQLVLQJ WUHQGV DQG GLUHFWV WKH GHFLVLRQ
PDNHU WRZDUGV WKH RSWLPDO SDUDPHWHU YDOXHV� +RZHYHU� LW GRHV QRW GHOLYHU WKH VROXWLRQ� 7KH
PHWKRGRORJ\ LPSURYHV LGHQWLILFDWLRQ RI +7�$7(6 SHUIRUPDQFH GULYHUV DQG �EDUULHUV� EXW GRHV
QRW �\HW� SURYLGH WKH RSWLPDO +7�$7(6 GHVLJQ�

7KH UHVXOWV LQ FKDSWHU � DUH LQ OLQH ZLWK WKLV DELOLW\ WR FRPSDUH� $OO VXSSRUWLQJ JUDSKV�
WDEOHV DQG DGGLWLRQDO LQIRUPDWLRQ IURP FKDSWHU � VHUYH WKH SXUSRVH RI SHUIRUPDQFH FRPSDU�
LVRQ DQG GR QRW LQFOXGH H[SOLFLW TXDQWLWDWLYH LQIRUPDWLRQ� &RQVHTXHQWO\� WKH JXLGHOLQHV LQ
VHFWLRQ ���� H[SODLQLQJ +7�$7(6 SHUIRUPDQFH GULYHUV DQG �EDUULHUV� KDYH DQ DPELJXRXV DQG



���� 6LJQLILFDQFH RI UHVXOWV ��

JHQHUDO QDWXUH� WKH\ JLYH GLUHFWLRQ� EXW GR QRW SURYLGH WKH DQVZHU� 7KH\ PHUHO\ VWULYH WR
FUHDWH D EDODQFHG V\VWHP� LQ ZKLFK XQFHUWDLQW\ DQG ULVN DUH PLQLPLVHG�

7KH PHWKRGRORJ\ VHUYHV DV DQ H[HPSODU\ SODWIRUP� ZKLFK FDQ EH DOWHUQDWHG WR EHWWHU ILW
WKH FDVH RU WKH SUHIHUHQFHV RI WKH GHFLVLRQ PDNHU� ,W FDQ EH LPSURYHG DQG H[WHQGHG DFFRUGLQJ
WR WKH DIRUHPHQWLRQHG UHFRPPHQGDWLRQV �VHFWLRQ ����� ZLWK WKH REMHFWLYH WR HYHQWXDOO\ UHSODFH
WKH JHQHUDO JXLGHOLQHV �VHFWLRQ ���� ZLWK H[SOLFLW UXOHV IRU VXFFHVVIXO +7�$7(6 LPSOHPHQWD�
WLRQ� 8QWLO WKLV �QRQ�LQIDQF\� VWDWH KDV EHHQ UHDFKHG� WKH PHWKRGRORJ\ FDQ DLG WKH GHFLVLRQ
PDNHU DQG JLYH GLUHFWLRQ� ,W FDQ FHUWDLQO\ QRW GHFLGH�



�
*HQHULF FRQFOXVLRQV

$OO SUHYLRXV ZRUN VHUYHV DV EXLOGLQJ EORFNV WR WKLV FKDSWHU� ZKLFK HQWDLOV WKH JHQHULF FRQFOX�
VLRQV EDVHG RQ WKH UHVXOWV� ,W VWULYHV WR UHFDSLWDOLVH WKH LQVLJKWV DQG WUHQGV WKDW KDYH EHHQ
UHFRJQLVHG WKURXJKRXW WKH UHVHDUFK DQG DFURVV WKH GLIIHUHQW FDVHV� 7KH PDLQ RSSRUWXQLW\
SURYLGHG E\ +7�$7(6 LPSOHPHQWDWLRQ LV WKH LQFUHDVH LQ IXOO�ORDG KRXUV RI WKH EDVH VRXUFH�
ZKLFK SRVLWLYHO\ DIIHFWV SURMHFW SHUIRUPDQFH RQ LQWHUQDO UDWH RI UHWXUQ� *URXQGZDWHU LPSDFW
UHPDLQV WKH JUHDWHVW ULVN� +7�$7(6 SHUIRUPDQFH GULYHUV DQG �EDUULHUV DUH H[SODLQHG WKURXJK
� JXLGHOLQHV DQG HQWDLO DTXLIHU K\GUDXOLF FRQGXFWLYLW\� DTXLIHU GHSWK� QHWZRUN VXSSO\� DQG UH�
WXUQ WHPSHUDWXUHV� SURMHFW OLIH�WLPH� SURGXFWLRQ�GHPDQG�UDWLR� DQG WKH GHPDQG FXUYH VKDSH�
7KH JXLGHOLQHV HQDEOH WKH GHFLVLRQ PDNHU WR PD[LPLVH +7�$7(6 SURMHFW SHUIRUPDQFH� DQG ZLOO
HYHQWXDOO\ FRQWULEXWH WR PRUH VXFFHVVIXO +7�$7(6 LPSOHPHQWDWLRQ�

���� +7�$7(6 RSSRUWXQLWLHV
7KH FDVH UHVXOWV FRQILUP WKH K\SRWKHVLV LQ FKDSWHU � RQ WKH SRWHQWLDO EHQHILWV RI +7�$7(6�
+7�$7(6 FDQ LPSURYH SURMHFW SHUIRUPDQFH E\ LQFUHDVLQJ WKH QXPEHU RI IXOO�ORDG KRXUV RI
EDVH VRXUFH SURGXFWLRQ� ,W HQDEOHV WHPSRUDU\ KHDW VXUSOXVHV WR EH VWRUHG IRU IXWXUH GHPDQG�
WKHUHE\ JLYLQJ RWKHUZLVH XQXVHG EDVH VRXUFH KHDW SURGXFWLRQ D VHFRQG FKDQFH� 8QGHU GHIDXOW
SDUDPHWHU FRQGLWLRQV WKH LQFUHDVH LQ IXOO�ORDG KRXUV YDULHV IURP �� WR ���� 7KH GLVFXVVLRQ
�FKDSWHU �� SXWV WKLV UHVXOW LQ SHUVSHFWLYH� E\ DGGUHVVLQJ WKH JUHDW QXPEHU RI DVVXPSWLRQV�
7KH DGGLWLRQDO IXOO�ORDG KRXUV PRVW OLNHO\ EHQHILW SURMHFW SHUIRUPDQFH RQ ERWK LQWHUQDO UDWH
RI UHWXUQ DQG HPLVVLRQV� 7KH H[DFW SHUIRUPDQFH LPSURYHPHQW LV XQFHUWDLQ� FDVH�VSHFLILF DQG
ODUJHO\ GHSHQGV RQ ZKDW KHDW VRXUFHV DUH FDQQLEDOLVHG XSRQ +7�$7(6 LQWURGXFWLRQ� ,Q FDVH
$ DQG FDVH &� +7�$7(6 LPSOHPHQWDWLRQ FDQQLEDOLVHV JDV�SRZHUHG KHDW VRXUFHV DQG PRVWO\
LPSURYHV SHUIRUPDQFH RQ HPLVVLRQV� ,Q FDVH %� +7�$7(6 LPSOHPHQWDWLRQ FDQQLEDOLVHV WKH
KHDW SXPS DQG PRVWO\ LPSURYHV LQWHUQDO UDWH RI UHWXUQ RI WKH SURMHFW�

���� +7�$7(6 ULVNV
7KH UHVXOWV VKRZ WKDW JURXQGZDWHU LPSDFW UHPDLQV WKH JUHDWHVW ULVN RI +7�$7(6� RSSRVLQJ
WKH LPSURYHPHQW RQ SURMHFW LQWHUQDO UDWH RI UHWXUQ DQG HPLVVLRQV� +RZHYHU� WKH UHVXOWV DOVR
VKRZ WKDW JURXQGZDWHU LPSDFW FDQ EH PLQLPLVHG WR DPRXQWV WKDW ZLOO QRW QXOOLI\ WKH LPSURYH�
PHQW RQ LQWHUQDO UDWH RI UHWXUQ DQG HPLVVLRQV� WKURXJK VPDUW GHFLVLRQV RQ WKH GHVLJQDWHG
DTXLIHU DQG V\VWHP GHVLJQ� 7KH GLVFXVVLRQ �FKDSWHU �� FKDOOHQJHV WKH UHVXOWV RQ JURXQGZDWHU
LPSDFW� $PRQJ RWKHU WKLQJV� LW DGGUHVVHV WKH VHYHUH ORFDWLRQ GHSHQGHQF\ RQ JURXQGZDWHU
LPSDFW UHOHYDQFH� 7KLV HQDEOHV WR DSSO\ VRPH QXDQFH WR WKH UHVXOWV� ZKLFK DOVR LV HQWDLOHG
LQ WKH JXLGHOLQHV�

)XUWKHUPRUH� WKH XQFHUWDLQW\ UHJDUGLQJ IXWXUH OHJLVODWLRQ RQ +7�$7(6 UHPDLQV D JUHDW
ULVN� ,I LW UHPDLQV HTXDO� DQG KHDW LQMHFWLRQ DERYH �� @&ࣅ< UHPDLQV SUREOHPDWLF� ODUJH�VFDOH
DGRSWLRQ RI +7�$7(6 LQ IXWXUH KHDWLQJ SURMHFWV LV XQOLNHO\�

��



���� 'ULYHUV DQG EDUULHUV� JXLGHOLQHV IRU WKH GHFLVLRQ PDNHU ��

���� 'ULYHUV DQG EDUULHUV� JXLGHOLQHV IRU WKH GHFLVLRQ PDNHU
2SWLPDO +7�$7(6 SHUIRUPDQFH GHULYHV IURP EDODQFH� 7KH GHFLVLRQ PDNHU LV UHFRPPHQGHG WR
IROORZ PXOWLSOH� SDUDOOHO JXLGHOLQHV� 7KH JXLGHOLQHV DLG LQ EDODQFLQJ SHUIRUPDQFH RQ JURXQG�
ZDWHU LPSDFW� HPLVVLRQV� DQG LQWHUQDO UDWH RI UHWXUQ� ZKLFK LV WKH NH\ WR VXFFHVVIXO +7�$7(6�
7KH JXLGHOLQHV DUH HQXPHUDWHG EHORZ�

�� 3DUDPHWULF YDULDWLRQ VKRZV WKDW +7�$7(6 SHUIRUPDQFH LV PRUH VHQVLWLYH WR JHRORJLFDO
SDUDPHWHUV WKDQ WR GHVLJQ SDUDPHWHUV� ,Q SDUWLFXODU DTXLIHU K\GUDXOLF FRQGXFWLYLW\ DQG
DTXLIHU GHSWK DUH GHFLVLYH SDUDPHWHUV� )RU HYHU\ FRPELQDWLRQ RI FDVH DQG VWDNHKROGHU
JURXS� WKH ORZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\ VFHQDULR DQG VKDOORZ DTXLIHU VFHQDULR DUH
PRVW OLNHO\ �DQG VRPHWLPHV VXUH� WR EH UDQNHG DPRQJ WKH ZRUVW SHUIRUPLQJ VFHQDULRȄV�
7KLV LQGLFDWHV WKDW VXIILFLHQW DTXLIHU K\GUDXOLF FRQGXFWLYLW\ DQG VXIILFLHQW DTXLIHU GHSW
DUH LQWULQVLF WR VXFFHVVIXO +7�$7(6 LPSOHPHQWDWLRQ� 7KH GHFLVLRQ PDNHU LV UHFRP�
PHQGHG WR IRFXV RQ DTXLIHUV GHHSHU WKDQ ��� >P@� ZLWK K\GUDXOLF FRQGXFWLYLW\ȄV H[�
FHHGLQJ � >P G��@� 7KH GLVFXVVLRQ �FKDSWHU �� SURYLGHV WKH VLGHQRWH WKDW WKH SUHIHUHQFH
UHJDUGLQJ DTXLIHU JHRORJLFDO SURSHUWLHV FDQ FKDQJH� ,Q SDUWLFXODU D VKDOORZ DTXLIHU FDQ
EHFRPH SUHIHUDEOH LI IRU H[DPSOH JURXQGZDWHU LPSDFW EHFRPHV OHVV UHOHYDQW� DQG LV DV�
VLJQHG D ORZHU ZHLJKW� $TXLIHU WKLFNQHVV LV QRW GHFLVLYH� DQG WKXV RI OHVVHU LPSRUWDQFH�
7KH GHFLVLRQ PDNHU LV VWURQJO\ HQFRXUDJHG WR DOORFDWH DSSURSULDWH UHVRXUFHV WR WKRURXJK
VXEVXUIDFH FKDUDFWHULVDWLRQ EHIRUH +7�$7(6 LPSOHPHQWDWLRQ� GXH WR GRPLQDQFH RI JHR�
ORJLFDO SDUDPHWHUV� 7KHUHE\ WKH GHFLVLRQ PDNHU FDQ PLQLPLVH WKH XQFHUWDLQW\ UHJDUGLQJ
VXEVXUIDFH JHRORJLFDO FKDUDFWHULVWLFV� DQG FRQVHTXHQWO\ PLQLPLVH ULVN RI XQVXFFHVVIXO
+7�$7(6 LPSOHPHQWDWLRQ�

�� &DVH % GHPRQVWUDWHV WKDW +7�$7(6 FDQ QRW EH LPSOHPHQWHG LQ DOO KHDWLQJ SURMHFWV�
&DVH % FRQWDLQV DQ H[LVWLQJ GLVWULFW KHDWLQJ QHWZRUN� %RWK WKH QHWZRUN DQG WKH UHV�
LGHQWLDO DUHD EHLQJ VHUYHG DUH RXWGDWHG� EDGO\ LQVXODWHG� DQG FRQVHTXHQWO\ VXIIHU VLJ�
QLILFDQW KHDW ORVVHV� 7KH FRPELQDWLRQ RI KLJK ORVVHV DQG OLPLWHG IORZ FDSDFLW\ RI WKH
QHWZRUN UHVXOW LQ KLJK GHPDQGHG VXSSO\� DQG UHWXUQ WHPSHUDWXUHV� 7KH FRQVXPHU UH�
WXUQ WHPSHUDWXUHV DUH JUHDWHU WKDQ WKH +7�$7(6 VWRUDJH WHPSHUDWXUHV� ZKLFK SDUDO\VHV
WKH +7�$7(6 LQ WKH SHULRG ZKHUH LW LV PRVW QHHGHG� 7KH UHWXUQ WHPSHUDWXUHV GHSULYH
WKH +7�$7(6 IURP IXQFWLRQLQJ DV VHFRQGDU\ EDVH VRXUFH� 7KH FULWLFDO LQVLJKW LV WKDW
+7�$7(6 RQO\ WKULYHV LQ UHODWLYHO\ PRGHUQ KHDWLQJ QHWZRUNV� LQ ZKLFK KHDW ORVVHV DQG
VXEVHTXHQW VXSSO\� DQG UHWXUQ WHPSHUDWXUHV DUH NHSW WR D PLQLPXP� 7KLV HQDEOHV WKH
+7�$7(6 V\VWHP WR UHOHDVH LWV VWRUHG KHDW GXULQJ SHDN ZLQWHU GHPDQG� $V SDUW RI WKH
SULPDU\ IHDVLELOLW\ VWXG\� WKH GHFLVLRQ PDNHU LV UHFRPPHQGHG WR FDUHIXOO\ DQDO\VH WKH
QHWZRUN UHWXUQ WHPSHUDWXUHV GXULQJ SHDN GHPDQG� ,I WKRVH H[FHHG WKH H[SHFWHG VWRUDJH
WHPSHUDWXUHV� WKH SURMHFW LV XQVXLWDEOH IRU +7�$7(6 LPSOHPHQWDWLRQ�

�� 7KH FRQVHQVXV H[LVWV WKDW DQ H[WHQGHG SURMHFW OLIH WLPH LV SUHIHUDEOH� EHFDXVH LW HQDEOHV
H[WHQGHG UHWXUQV RQ WKH LQLWLDO LQYHVWPHQW� 7KLV WUHQG LV UHFRJQLVHG DFURVV DOO FDVHV�
ZLWK WKH H[WHQGHG OLIH�WLPH VFHQDULR KDYLQJ DQ LPSURYHG VFRUH RQ SURMHFW LQWHUQDO UDWH
RI UHWXUQ� +RZHYHU� WKH H[WHQGHG OLIH�WLPH GHWHULRUDWHV WKH SHUIRUPDQFH RQ JURXQGZD�
WHU LPSDFW� EHFDXVH LQHYLWDEOH KHDW ORVV KDV PRUH WLPH WR UHDFK WKH JURXQGZDWHU� DQG
FRQVHTXHQWO\ LPSDFW WKH JURXQGZDWHU� 7KLV LPSOLHV WKHUH LV DQ RSWLPXP LQ SURMHFW OLIH�
WLPH� ZKHUH LQWHUQDO UDWH RI UHWXUQ� HPLVVLRQV DQG JURXQGZDWHU LPSDFW DUH EDODQFHG� ,W
LV WKH WDVN RI WKH GHFLVLRQ PDNHU WR ILQG WKLV RSWLPXP� $FURVV DOO FDVHV WKH VKRUW OLIH�WLPH
VFHQDULR� ZKLFK DPRXQWV WR D OLIH�WLPH RI �� \HDUV� LV PRVW OLNHO\ WR EH UDQNHG DPRQJ
WKH EHVW SHUIRUPLQJ VFHQDULRȄV� )RU WKLV UHDVRQ� WKH GHFLVLRQ PDNHU LV UHFRPPHQGHG WR
QRW FRQVLGHU SURMHFW OLIH�WLPHV ORQJHU WKDQ �� \HDUV� 7KH GLVFXVVLRQ �FKDSWHU �� SURYLGHV
QXDQFH WR WKLV JXLGHOLQH� )RU H[DPSOH� DQ LPSURYHG PRGHO VXEVXUIDFH� ZKLFK LQFOXGHV
JURXQGZDWHU VDOLQLW\ DQG �IORZ� FRXOG FDXVH D VKLIW LQ WKH RSWLPDO SURMHFW OLIH�WLPH�



�� �� *HQHULF FRQFOXVLRQV

�� 7KH UDWLR RI PD[LPDO EDVH VRXUFH KHDW SURGXFWLRQ DQG FRQVXPHU GHPDQG LV LPSRUWDQW�
7KURXJKRXW WKH FDVHV HLWKHU JHRWKHUPDO HQHUJ\ RU LQGXVWULDO ZDVWH KHDW LV DGRSWHG DV
WKH EDVH VRXUFH� 7KH UHVXOWV VKRZ WKDW D ODUJHU SURGXFWLRQ�GHPDQG�UDWLR� GXH WR HLWKHU
DQ LQFUHDVHG EDVH VRXUFH SURGXFWLRQ RU D GHFUHDVHG FRQVXPHU GHPDQG� OHDGV WR PRUH
+7�$7(6 KHDW LQMHFWLRQ� DQG VLPXOWDQHRXVO\ OHDYHV D UHGXFHG ZLQGRZ IRU +7�$7(6 KHDW
SURGXFWLRQ� 7KLV FDXVHV RYHUDOO ZDUPLQJ�XS RI WKH VXEVXUIDFH DQG ZRUVHQV WKH SHUIRU�
PDQFH RQ WKH JURXQGZDWHU LPSDFW� 2Q WKH FRQWUDU\� D ODUJHU UDWLR EHQHILWV SHUIRUPDQFH
RQ HPLVVLRQV� EHFDXVH LW GHFUHDVHV WKH FRQWULEXWLRQ RI SHDN ERLOHUV� 6LPLODU WR DQ RS�
WLPDO OLIH�WLPH� WKHUH H[LVWV DQ RSWLPDO SURGXFWLRQ�GHPDQG�UDWLR� ZKHUH LQWHUQDO UDWH RI
UHWXUQ� HPLVVLRQV DQG JURXQGZDWHU LPSDFW DUH EDODQFHG� ,W LV WKH WDVN RI WKH GHFLVLRQ
PDNHU WR ILQG WKLV RSWLPXP�

$FURVV DOO FDVHV� WKH RSWLPDO SURGXFWLRQ�GHPDQG�UDWLR LV VPDOOHU WKDQ �� 7KLV LQGLFDWHV
WKDW WKH VXP RI \HDUO\ KHDW GHPDQG PXVW DOZD\V H[FHHG WKH VXP RI \HDUO\ PD[LPXP
EDVH VRXUFH KHDW SURGXFWLRQ� 7KH GHFLVLRQ PDNHU LV UHFRPPHQGHG WR DVVXUH WKLV� 7KH
RSWLPDO UDWLR RI D JHRWKHUPDO EDVH VRXUFH PRUH FORVHO\ DSSUR[LPDWHV � WKDQ D ZDVWH KHDW
EDVH VRXUFH LQ WKH H[DFW VDPH FDVH� GXH WR WKH IDFW WKDW JHRWKHUPDO KHDW SURGXFWLRQ LV
VXEVLGLVHG� 7KH GLVFXVVLRQ �FKDSWHU �� DGGUHVVHV WKH UDWLR FDQ FKDQJH XSRQ IRU H[DPSOH
GHFUHDVLQJ QXPEHU RI DVVXPSWLRQV LQ WKH VLPXODWLRQ PRGHO�

�� ,Q DGGLWLRQ WR WKH TXDQWLW\ RI GHPDQG� DOVR WKH VKDSH RI WKH GHPDQG FXUYH LV FUXFLDO� $
GLIIHUHQFH LQ GHPDQG FXUYH VKDSH FDXVHV FDVH % WR VKRZ FRQIOLFWLQJ UHVXOWV RQ JURXQG�
ZDWHU LPSDFW SHUIRUPDQFH� ,Q DQ LGHDO VLWXDWLRQ WKH GHPDQG FXUYH ZRXOG EH DV IODW
DV SRVVLEOH� DQG WKH FRQVHTXHQW VWDQGDUG GHYLDWLRQ RI EDVH VRXUFH SURGXFWLRQ DQG GH�
PDQG ZRXOG EH VPDOO� $ VPDOO VWDQGDUG GHYLDWLRQ UHGXFHV WKH UHTXLUHG IORZ UDWHV RI WKH
+7�$7(6 DQG WKXV UHGXFHV UHTXLUHG SXPSLQJ SUHVVXUHV� 7KLV LV EHQHILFLDO IRU ERWK +7�
$7(6 LQYHVWPHQW FRVWV DQG HOHFWULFLW\ FRQVXPSWLRQ� $GGLWLRQDOO\� WKH UHGXFHG SXPSLQJ
SUHVVXUHV LQFUHDVH WKH EDUULHU IRUPHG E\ WKH DTXLWDUG� 7KH UHGXFHG SXPSLQJ SUHVVXUHV
PDNH LW UHODWLYHO\ PRUH GLIILFXOW IRU KHDW WR WUDYHO WKURXJK WKH FRQILQLQJ DTXLWDUG�

7KH GHFLVLRQ PDNHU KDV OLPLWHG DELOLW\ WR ULJRURXVO\ FKDQJH WKH GHPDQG FXUYH� +RZ�
HYHU� WKH GHFLVLRQ PDNHU LV UHFRPPHQGHG WR VWULYH IRU D PLQLPXP VWDQGDUG GHYLDWLRQ
RI EDVH VRXUFH SURGXFWLRQ DQG GHPDQG� E\ GHFUHDVLQJ SHDN GHPDQGV DQG LQFUHDVLQJ
ERWWRP GHPDQGV� 7KH GHFLVLRQ PDNHU LV HQFRXUDJHG WR VKLIW GHPDQG ZLWK IRU H[DPSOH
YDULDEOH KHDW SULFHV� IROORZLQJ WKH H[DPSOH RI WKH HOHFWULFLW\ PDUNHW� )URP D JURXQGZD�
WHU LPSDFW SHUVSHFWLYH LW LV FULWLFDO WR DOZD\V DVVXUH D PLQLPXP GHPDQG� /DUJH KHDW
VXUSOXVHV LQ WKH QHWZRUN UHTXLUH ODUJH IORZ UDWHV DQG SXPSLQJ SUHVVXUHV� WKDW FDXVH
DGGLWLRQDO KHDW ORVV GXULQJ LQMHFWLRQ LQ WKH ZDUP UHVHUYRLU� 7KLV ZRUVHQV WKH SHUIRU�
PDQFH RQ JURXQGZDWHU LPSDFW� )URP D SHUVSHFWLYH RI HPLVVLRQV DQG FRVWV LW LV FULWLFDO
WR OLPLW SHDN GHPDQG� +LJK GHPDQG UHTXLUHV D ODUJHU SHDN SURGXFWLRQ FDSDFLW\� 7KLV
EULQJV DGGLWLRQDO FRVWV DQG ZRUVHQV WKH SHUIRUPDQFH RQ LQWHUQDO UDWH RI UHWXUQ� 7KH
FRQVHTXHQW LQFUHDVHG QDWXUDO JDV FRQVXPSWLRQ E\ WKH ERLOHUV ZRUVHQV WKH SHUIRUPDQFH
RQ HPLVVLRQV�

$ GHFLVLRQ PDNHU� ZKR UHFRJQLVHV WKH RSSRUWXQLWLHV� ZKR LV DZDUH RI WKH +7�$7(6 SHU�
IRUPDQFH GULYHUV DQG �EDUULHUV� DQG ZKR LV FRPPLWWHG WR IROORZ WKH SURSRVHG JXLGHOLQHV� ZLOO
KDYH D KLJKHU FKDQFH DW DFKLHYLQJ D VXFFHVVIXO +7�$7(6 LPSOHPHQWDWLRQ�



���� )RU WKH IXWXUH� WKH SRVVLELOLWLHV RI D JUHHQILHOG FDVH ��

���� )RU WKH IXWXUH� WKH SRVVLELOLWLHV RI D JUHHQILHOG FDVH
'HVSLWH WKH JHQHUDO QDWXUH RI WKH FRQFOXGLQJ JXLGHOLQHV� WKH UHVXOWV UHYHDO WKH VHULRXV SR�
WHQWLDO RI +7�$7(6� 7KH LQFUHDVHG SHUIRUPDQFH RQ HPLVVLRQV DQG LQWHUQDO UDWH RI UHWXUQ DUH
DFKLHYHG E\ PHUHO\ DGGLWLRQ RI +7�$7(6 LQ DQ H[LVWLQJ KHDWLQJ V\VWHP� 7KHUH KDYH QRW EHHQ
PDGH DQ\ FKDQJHV WR WKH H[LVWLQJ KHDWLQJ V\VWHP WR LPSURYH WKH SRVLWLRQ RI +7�$7(6� H[FHSW
IRU WKH FKDQJH RI QHWZRUN WHPSHUDWXUHV LQ FDVH %� ,PDJLQH WKH SRVVLELOLWLHV ZKHQ +7�$7(6
LV DSSOLHG LQ D JUHHQILHOG FDVH� $ FDVH ZKHUH WKHUH H[LVW IDYRUDEOH VXEVXUIDFH JHRORJLFDO FRQ�
GLWLRQV IRU DSSOLFDWLRQ� :KHUH EDVH� DQG SHDN KHDW VRXUFHV DQG WKH +7�$7(6 DUH SHUIHFWO\
LQ SURSRUWLRQ� $ FDVH ZKHUH WKH FRQVXPHU GHPDQG LV SHDN�VKDYHG ZLWK YDULDEOH KHDW SULFHV�
DQG WKDW KDV D VWDWH�RI�WKH�DUW GLVWULEXWLRQ QHWZRUN� LQ ZKLFK ORVVHV DQG WKH FRQVHTXHQW YDUL�
DWLRQ LQ VXSSO\� DQG UHWXUQ WHPSHUDWXUHV LV OLPLWHG� ,Q VXFK FDVHV +7�$7(6 LPSOHPHQWDWLRQ
ZRXOG RIIHU PDMRU DGYDQWDJHV�
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��



%LEOLRJUDSK\ ��

>��@ $� *XLWRXQL DQG -� 0� 0DUWHO� 7HQWDWLYH JXLGHOLQHV WR KHOS FKRRVLQJ DQ DSSURSULDWH
PXOWL�FULWHULD GHFLVLRQ DQDO\VLV PHWKRG� (XURSHDQ -RXUQDO RI 2SHUDWLRQDO 5HVHDUFK� ���
�������ǿ���� �����

>��@ ;� *XR DQG0� +HQGHO� 8UEDQ ZDWHU QHWZRUNV DV DQ DOWHUQDWLYH VRXUFH IRU GLVWULFW KHDWLQJ
DQG HPHUJHQF\ KHDW�ZDYH FRROLQJ� (QHUJ\� ������ǿ��� �����

>��@ 5� +DDV DQG $� $MDQRYLF� (FRQRPLF DQG HQHUJHWLF DVSHFWV RI ORQJ WHUP VWRUDJHV IRU
HOHFWULFLW\� (OHNWURWHFKQLN XQG ,QIRUPDWLRQVWHFKQLN� ����������ǿ���� �����

>��@ 7� +DFNLQJ� 7KH VXLWDELOLW\ RI D KLJK WHPSHUDWXUH DTXLIHU WKHUPDO HQHUJ\ VWRUDJH RQ WKH
78�'HOIW FDPSXV� %DFKHORU 7KHVLV� 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\� �����

>��@ *� +LHPLQJD� 5� /XPDQ� DQG -� :LWWHYHHQ� )RFXV RQ WKH 'XWFK FOLPDWH FKDOOHQJH LQVLJKW
LQWR WDUJHWV� FHUWDLQWLHV DQG XQFHUWDLQWLHV� �����

>��@ .� 0� +\GH DQG +� 5� 0DLHU� 'LVWDQFH�EDVHG DQG VWRFKDVWLF XQFHUWDLQW\ DQDO\VLV IRU
PXOWL�FULWHULD GHFLVLRQ DQDO\VLV LQ H[FHO XVLQJ YLVXDO EDVLF IRU DSSOLFDWLRQV� (QYLURQPHQ�
WDO 0RGHOOLQJ DQG 6RIWZDUH� �������ǿ����� �����

>��@ .� 0� +\GH� +� 5� 0DLHU� DQG &� %� &ROE\� 5HOLDELOLW\�EDVHG DSSURDFK WR PXOWLFULWHULD
GHFLVLRQ DQDO\VLV IRU ZDWHU UHVRXUFHV� -RXUQDO RI :DWHU 5HVRXUFHV 3ODQQLQJ DQG 0DQDJH�
PHQW� ����'HFHPEHU�����ǿ���� �����

>��@ '� 5� ,QVXD DQG 6� )UHQFK� $ IUDPHZRUN IRU VHQVLWLYLW\ DQDO\VLV LQ GLVFUHWH PXOWL�
REMHFWLYH GHFLVLRQ�PDNLQJ� (XURSHDQ -RXUQDO RI 2SHUDWLRQDO 5HVHDUFK� ���������ǿ����
�����

>��@ 5� /� .HHQH\ DQG +� 5DLIID� 'HFLVLRQV ZLWK PXOWLSOH REMHFWLYHV� -RKQ :LOH\ DQG 6RQV ,QF��
�����

>��@ 0� 9� .OMDMLÈ� $� 6� $QÒHONRYLÈ� 9� +DVLN� 9� 0� 0XQÈDQ� DQG0� %LOHF� 6KDOORZ JHRWKHUPDO
HQHUJ\ LQWHJUDWLRQ LQ GLVWULFW KHDWLQJ V\VWHP� $Q H[DPSOH IURP 6HUELD� �����

>��@ )� +� .QLJKW� 5LVN� 8QFHUWDLQW\ DQG 3URILW� +RXJKWRQ 0LIIOLQ +DUFRXUW� �����

>��@ 6� .UDQ]� *� %ORHFKHU� DQG $� 6DDGDW� ,PSURYLQJ DTXLIHU WKHUPDO HQHUJ\ VWRUDJH HIIL�
FLHQF\� :RUOG *HRWKHUPDO &RQJUHVV� �����

>��@ $� /DNH� %� 5H]DLH� DQG 6� %H\HUOHLQ� 5HYLHZ RI GLVWULFW KHDWLQJ DQG FRROLQJ V\VWHPV IRU
D VXVWDLQDEOH IXWXUH� 5HQHZDEOH DQG 6XVWDLQDEOH (QHUJ\ 5HYLHZV� ������ǿ���� �����

>��@ 5� -� /D]DUXV� 6XSHU ZLFNHG SUREOHPV DQG FOLPDWH FKDQJH� /LEHUDWH WKH IXWXUH� &RUQHOO
/DZ 5HYLHZ� ���-XO\������ǿ����� �����

>��@ $� /LQKRVV DQG -� '� %DOOZHEHU� ,QFRUSRUDWLQJ XQFHUWDLQW\ DQG GHFLVLRQ DQDO\VLV LQWR D
ZDWHU�VXVWDLQDELOLW\ LQGH[� -RXUQDO RI :DWHU 5HVRXUFHV 3ODQQLQJ DQG 0DQDJHPHQW� ���
����� �����

>��@ <� /LX� /� :DQJ� DQG %� <X� 6KDUS IURQW FDSWXULQJ PHWKRG IRU FDUERQ GLR[LGH SOXPH
SURSDJDWLRQ GXULQJ LQMHFWLRQ LQWR D GHHS FRQILQHG DTXLIHU� (QHUJ\ DQG )XHOV� ������
����ǿ����� �����

>��@ *� /LXKXD� =� -XQ� $� 4LQJVRQJ� :� -XQ\DR� DQG /� ;XHOLQJ� $ UHYLHZ RQ V\VWHP SHUIRU�
PDQFH VWXGLHV RI DTXLIHU WKHUPDO HQHUJ\ VWRUDJH� �����

>��@ 6� )RUVDHXV 1LOVVRQ� &� 5HLGKDY� .� /\JQHUXG� DQG 6� :HUQHU� 6SDUVH GLVWULFW�KHDWLQJ
LQ 6ZHGHQ� $SSOLHG (QHUJ\� ���������ǿ���� �����

>��@ 8�6� 'HSDUWPHQW RI (QHUJ\ �86'2(�� $ KLVWRU\ RI JHRWKHUPDO HQHUJ\ LQ DPHULFD�

>��@ *OREDO )RUXP RQ 6XVWDLQDEOH (QHUJ\ �*)6(�� ,PSOLFDWLRQV RI WKH SDULV DJUHHPHQW� �����



�� %LEOLRJUDSK\

>��@ 0� 3OX\PDHNHUV� -� '� YDQ :HHV� 0� YDQ GHU .XLS� DQG 9� YDQ GH :HLMHU� +RJH WHPSHU�
DWXXU RSVODJ LQ GH RQGLHSH RQGHUJURQG� �����

>��@ 6� 3XVDW DQG +� +� (UGHP� 7HFKQR�HFRQRPLF PRGHO IRU GLVWULFW KHDWLQJ V\VWHPV� (QHUJ\
DQG %XLOGLQJV� ������ǿ���� �����

>��@ $� 5ªYHLOO©UH� 9� +DPP� +� /HVXHXU� (� &RUGLHU� DQG 3� *REOHW� *HRWKHUPDO FRQWULEX�
WLRQ WR WKH HQHUJ\ PL[ RI D KHDWLQJ QHWZRUN ZKHQ XVLQJ DTXLIHU WKHUPDO HQHUJ\ VWRUDJH�
0RGHOLQJ DQG DSSOLFDWLRQ WR WKH 3DULV EDVLQ� *HRWKHUPLFV� �����ǿ��� �����

>��@ 2� 5L[� 3ULFLQJ WKH SXUFKDVH RI JDV ORVVHV RQ UHJLRQDO JDV WUDQVSRUW QHWZRUNV� �����

>��@ 7� / 6DDW\� 5HODWLYH PHDVXUHPHQW DQG LWV JHQHUDOL]DWLRQ LQ GHFLVLRQ PDNLQJ� ZK\ SDLU�
ZLVH FRPSDULVRQV DUH FHQWUDO LQ PDWKHPDWLFV IRU WKH PHDVXUHPHQW RI LQWDQJLEOH IDFWRUV�
WKH DQDO\WLF KLHUDUFK\�QHWZRUN SURFHVV� �����

>��@ 7� 6DLWR� 7� 8HNL� 6� 2KNXER� .� .DZDPRWR� 7� .RPDWVX� 6� +DPDPRWR� DQG 3� 0ROGUXS�
7HPSHUDWXUH FKDQJH DIIHFWHG JURXQGZDWHU TXDOLW\ LQ D FRQILQHG PDULQH DTXLIHU GXULQJ
ORQJ�WHUP KHDWLQJ DQG FRROLQJ� :DWHU 5HVHDUFK� ������������ǿ���� �����

>��@ %� 6DQQHU DQG .� .QREOLFK� $GYDQWDJHV DQG SUREOHPV RI KLJK WHPSHUDWXUH XQGHUJURXQG
WKHUPDO HQHUJ\ VWRUDJH� %XOOHWLQ GȄ+\GURJªRORJLH� ������ǿ���� �����

>��@ %� 6DQQHU� )� .DEXV� 3� 6HLEW� DQG -� %DUWHOV� 8QGHUJURXQG WKHUPDO HQHUJ\ VWRUDJH IRU
WKH JHUPDQ SDUOLDPHQW LQ %HUOLQ� :RUOG *HRWKHUPDO &RQJUHVV� �����

>��@ *� 6FKRXW� %� 'ULMYHU� DQG 5� 6FKRWWLQJ� 7KH LQIOXHQFH RI WKH LQMHFWLRQ WHPSHUDWXUH RQ
WKH UHFRYHU\ HIILFLHQF\ RI KLJK WHPSHUDWXUH DTXLIHU WKHUPDO HQHUJ\ VWRUDJH� &RPPHQW
RQ -HRQ HWbDO�� ����� �����

>��@ $�/� 6QLMGHUV� /HVVRQV IURP ��� $7(6 SURMHFWV � WKH GHYHORSPHQWV RI DTXLIHU VWRUDJH LQ
WKH 1HWKHUODQGV� �����

>��@ 9� 0� 6ROWHUR� 5� &KDFDUWHJXL� &� 2UWL]� DQG *� 4XLURVD� 7HFKQR�HFRQRPLF DQDO\VLV RI
UXUDO �WK JHQHUDWLRQ ELRPDVV GLVWULFW KHDWLQJ� (QHUJLHV� ��� �����

>��@ :� 6RPPHU� -� 9DOVWDU� ,� /HXVEURFN� 7� *URWHQKXLV� DQG +� 5LMQDDUWV� 2SWLPL]DWLRQ DQG
VSDWLDO SDWWHUQ RI ODUJH�VFDOH DTXLIHU WKHUPDO HQHUJ\ VWRUDJH� �����

>��@ 7� 7HUHVKFKHQNR DQG 1� 1RUG� )XWXUH WUHQGV LQ GLVWULFW KHDWLQJ GHYHORSPHQW� 1RUZHJLDQ
8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\� �����

>��@ 5� +� 7KDOHU DQG &� 5� 6XQVWHLQ� 1XGJH� LPSURYLQJ GHFLVLRQV DERXW KHDOWK� ZHDOWK DQG
KDSSLQHVV� 3HQTXLQ *URXS� �����

>��@ 3� 7KRNDOD� 1� 'HYOLQ� .� 0DUVK� 5� %DOWXVVHQ� 0� %R\VHQ� =� .DOR� 7� /RQJUHQQ�
)� 0XVVHQ� 6� 3HDFRFN� -� :DWNLQV� DQG 0� ,M]HUPDQ� 0XOWLSOH FULWHULD GHFLVLRQ DQDO�
\VLV IRU KHDOWK FDUH GHFLVLRQ PDNLQJ � DQ LQWURGXFWLRQ� 5HSRUW � RI WKH ,6325 0&'$
HPHUJLQJ JRRG SUDFWLFHV WDVN IRUFH� 9DOXH LQ +HDOWK� �������ǿ��� �����

>��@ -� 7KROHQ� -� '� YDQ :HHV� DQG )� %HHNPDQ� 3RWHQWLDO IRU KLJK WHPSHUDWXUH�DTXLIHU
WKHUPDO HQHUJ\ VWRUDJH �+7�$7(6� LQ WKH 'XWFK VXEVXUIDFH� 0DVWHU 7KHVLV� 8WUHFKW 8QL�
YHUVLW\� �����

>��@ (� 7ULDQWDSK\OORX DQG $� 6¢QFKH]� $ VHQVLWLYLW\ DQDO\VLV DSSURDFK IRU VRPH GHWHUPLQLVWLF
PXOWL�FULWHULD GHFLVLRQ�PDNLQJ PHWKRGV� 'HFLVLRQ 6FLHQFHV� ���������ǿ���� �����

>��@ '� YDQ %HHN� 6� GH %RHU� 0� %UDDNKHNNH� DQG 1� %XLN� .DQVHQ YRRU KRJHWHPSHUDWX�
XURSVODJ HQ JHRWKHUPLH� �����

>��@ $� YDQ 'LHSHQ� 7KH SRWHQWLDO RI KLJK WHPSHUDWXUH DTXLIHU WKHUPDO HQHUJ\ VWRUDJH �+7�
$7(6� WR HQKDQFH WKH WHFKQR�HFRQRPLF SHUIRUPDQFH RI GXWFK GLVWULFW KHDWLQJ V\VWHPV�
0DVWHU 7KHVLV� 8WUHFKW 8QLYHUVLW\� �����



%LEOLRJUDSK\ ��

>��@ 0LQLVWHULH YDQ (FRQRPLVFKH =DNHQ HQ .OLPDDW� 6'(� QDMDDU ���� � ]R YUDDJW X VXEVLGLH
DDQ YRRU GH SURGXFWLH YDQ GXXU]DPH HQHUJLH� �����

>��@ -� +� YDQ /RSLN� 1� +DUWRJ� DQG :� -� =DDGQRRUGLMN� +HW JHEUXLN YDQ VDOLQLWHLWVFRQWUDVW
YRRU GLFKWKHLGVYHUVFKLO�FRPSHQVDWLH YRRU KHW YHUEHWHUHQ YDQ KHW WHUXJZLQUHQGHPHQW
YDQ ZDUPWH WLMGHQV RQGHUJURQGVH KRJH WHPSHUDWXXU RSVODJ� +\GURJHRORJ\ -RXUQDO� ��
��������ǿ����� �����

>��@ -� :� 9HUEHHN� (� -� 7� 'XLQ� 5� +� %� 5LMNHUV� 7K� (� :RQJ� DQG -� &� 'RRUQHQEDO� 6XE�
VXUIDFH VWUXFWXUH RI WKH 1HWKHUODQGV � UHVXOWV RI UHFHQW RQVKRUH DQG RIIVKRUH PDSSLQJ�
1HWKHUODQGV -RXUQDO RI *HRVFLHQFHV� ���������ǿ���� �����

>��@ 3� 9HUVFKXHUHQ DQG +� 'RRUHZDDUG� 'HVLJQLQJ D UHVHDUFK SURMHFW� (OHYHQ ,QWHUQDWLRQDO
3XEOLVKLQJ� �����

>��@ +� +� -� 9UHXOV� 7KH 1HWKHUODQGV� OLVW RI IXHOV DQG VWDQGDUG &2� HPLVVLRQ IDFWRUV� �����

>��@ -� -� :DQJ� <� <� -LQJ� &� )� =KDQJ� DQG -� +� =KDR� 5HYLHZ RQ PXOWL�FULWHULD GHFLVLRQ
DQDO\VLV DLG LQ VXVWDLQDEOH HQHUJ\ GHFLVLRQ�PDNLQJ� 5HQHZDEOH DQG 6XVWDLQDEOH (QHUJ\
5HYLHZV� ����������ǿ����� �����

>��@ 7HVV :HJPDQ� +7�$7(6 V\VWHP FDVH VWXG\ RQ 78 'HOIW FDPSXV� %DFKHORU 7KHVLV� 'HOIW
8QLYHUVLW\ RI 7HFKQRORJ\� �����

>��@ 6� :HUQHU� ,QWHUQDWLRQDO UHYLHZ RI GLVWULFW KHDWLQJ DQG FRROLQJ� (QHUJ\� �������ǿ����
�����

>��@ 0� :HVVHOLQN� :� /LX� -� .RRUQQHHI� DQG 0� YDQ GHQ %URHN� &RQFHSWXDO PDUNHW SRWHQWLDO
IUDPHZRUN RI KLJK WHPSHUDWXUH DTXLIHU WKHUPDO HQHUJ\ VWRUDJH � D FDVH VWXG\ LQ WKH
1HWKHUODQGV� (QHUJ\� �������ǿ���� �����

>��@ :� :HWHNDPS� 1HW 3UHVHQW 9DOXH �139� DV D WRRO VXSSRUWLQJ HIIHFWLYH SURMHFW PDQDJH�
PHQW� �����ǿ���� �����

>��@ .� :RMG\JD DQG 0� &KRU]HOVNL� &KDQFHV IRU 3ROLVK GLVWULFW KHDWLQJ V\VWHPV� (QHUJ\
3URFHGLD� �������ǿ���� �����



"
5HVHDUFK PHWKRGRORJLHV

7KH UHVHDUFK REMHFWLYH LV WR LPSURYH LGHQWLILFDWLRQ RI ERWK +7�$7(6 SHUIRUPDQFH GULYHUV DQG
�EDUULHUV� WKHUHE\ LPSURYLQJ GHFLVLRQ PDNLQJ UHJDUGLQJ +7�$7(6 LPSOHPHQWDWLRQ LQ IXWXUH
KHDWLQJ SURMHFWV� 7KH PHWKRGRORJ\ WRZDUGV UHDFKLQJ WKH REMHFWLYH LV GHVFULEHG LQ PRUH GHWDLO
WKURXJKRXW WKLV FKDSWHU� 7R VXPPDULVH� WKLV UHVHDUFK SURMHFW KDV ERWK D GLDJQRVWLF DQG D
GHVLJQ�RULHQWHG QDWXUH� DQG FDQ EH VWUXFWXUHG LQ WKH SKDVHV RI GLVFRYHU� GHVLJQ DQG GHOLYHU�
7KH ERRN Ȅ'HVLJQLQJ D 5HVHDUFK 3URMHFWȄ >��@ VHUYHG DV LQVSLUDWLRQDO IUDPHZRUN� ,W HQWDLOV
JHQHUDO JXLGHOLQHV DQG PHWKRGV IRU GHVLJQLQJ D UHVHDUFK SURMHFW�

$��� 5HVHDUFK W\SLILFDWLRQ
7KLV UHVHDUFK SURMHFW FDQ EH FODVVLILHG DV D SUDFWLFH�RULHQWHG UHVHDUFK� VSHFLILFDOO\ D FRPEL�
QDWLRQ RI D GLDJQRVWLF UHVHDUFK DQG D GHVLJQ�RULHQWHG UHVHDUFK >��@� >���@ $ SUDFWLFH�RULHQWHG
UHVHDUFK LV PHDQW WR SURYLGH NQRZOHGJH DQG LQIRUPDWLRQ WKDW FDQ FRQWULEXWH WR D VXFFHVVIXO LQ�
WHUYHQWLRQ LQ RUGHU WR FKDQJH DQ H[LVWLQJ VLWXDWLRQ >��@� &RQWULEXWLRQ FDQ EH WR RQH RU PXOWLSOH
VWHSV RI WKH LQWHUYHQWLRQ F\FOH �ILJXUH $���� 7KLV LV WKH SUHGHILQHG VHTXHQFH RI VWHSV WR UHDFK
D VROXWLRQ WR H[LVWLQJ RSHUDWLRQDO FKDOOHQJHV� WRZDUGV D VXFFHVVIXO LQWHUYHQWLRQ >��@�

�� 7KLV UHVHDUFK LV D GLDJQRVWLF UHVHDUFK EHFDXVH LW FRQWULEXWHV WR D EHWWHU LGHQWLILFDWLRQ
RI IDYRUDEOH +7�$7(6 FRQGLWLRQV�

�� 7KLV UHVHDUFK LV D GHVLJQ�RULHQWHG UHVHDUFK EHFDXVH LW SURSRVHV SRVVLEOH +7�$7(6 GH�
VLJQV IRU VSHFLILF FDVHV�

%RWK VWHSV FRQWULEXWH WRZDUGV WKH ODUJHU REMHFWLYH� RXWVLGH WKH VFRSH RI WKLV UHVHDUFK� RI
FKDQJLQJ WKH H[LVWLQJ VLWXDWLRQ� D PRUH ZLGHO\ DGRSWLRQ RI +7�$7(6 ZLWKLQ KHDWLQJ SURMHFWV�
7KLV LV YLVXDOLVHG LQ ILJXUH $���

��



$��� 5HVHDUFK VWUXFWXUH ��

)LJXUH $��� 7KH LQWHUYHQWLRQ F\FOH >��@

$��� 5HVHDUFK VWUXFWXUH
$����� *HQHUDO UHVHDUFK IUDPHZRUN
7KH UHVHDUFK IUDPHZRUN LQFOXGHV WKH DSSURSULDWH VWHSV WKDW QHHG WR EH WDNHQ LQ RUGHU WR
DFKLHYH WKH UHVHDUFK REMHFWLYH� DQG LW UHSUHVHQWV WKH LQWHUQDO ORJLF RI WKH SURMHFW >��@� )XU�
WKHUPRUH� LW LV D XVHIXO VWHS DIWHU IRUPXODWLRQ RI WKH REMHFWLYH >��@� )LJXUH $�� LV D YLVXDOLVDWLRQ
RI WKH UHVHDUFK IUDPHZRUN� ,W VKRZV WKH UHVHDUFK LV GLYLGHG LQWR � FRQVHFXWLYH SKDVHV� FRQ�
VLVWLQJ RI GLVFRYHU GHVLJQ DQG GHOLYHU� 'XULQJ WKLV VHFWLRQ HDFK RI WKH SKDVHV LV H[SODLQHG
E\ VWDWLQJ LWȄV JHQHUDO REMHFWLYH� JXLGLQJ UHVHDUFK TXHVWLRQV� FULWLFDO LQSXWV DQG SURMHFWHG
RXWSXWV� LQ OLQH ZLWK ILJXUH $���

$����� 3UHOLPLQDU\ VWXG\
%HIRUH FRPPHQFLQJ WKH ILUVW SKDVH� WKH GLVFRYHU SKDVH� D SUHOLPLQDU\ VWXG\ KDV WR EH GRQH WR
SURYLGH D IRXQGDWLRQ IRU IXUWKHU UHVHDUFK� 7KH DFWXDO UHVHDUFK FDQ RQO\ EHJLQ LI WKH SUREOHP
KDV EHHQ FOHDUO\ LGHQWLILHG DQG D UHVHDUFK REMHFWLYH KDV EHHQ GHWHUPLQHG� 7KH UHVXOWV RI WKH
SUHOLPLQDU\ VWXG\ KDYH DOUHDG\ EHHQ GLVFXVVHG LQ FKDSWHU ��



�� $� 5HVHDUFK PHWKRGRORJLHV

)LJXUH $��� )UDPHZRUN� GLVFRYHU� GHVLJQ DQG GHOLYHU



$��� 5HVHDUFK VWUXFWXUH ��

$����� 'LVFRYHU
7KH REMHFWLYH RI WKH GLVFRYHU SKDVH LV WR LQFUHDVH XQGHUVWDQGLQJ RI WKH FRQFHSWV RI +7�$7(6
DQG '+� 7KH IROORZLQJ UHVHDUFK TXHVWLRQV ZLOO JLYH PRUH GLUHFWLRQ WR WKH SKDVH DQG LWV REMHF�
WLYH�

�� :KDW IDFWRUV VHUYH DV LQSXW WR VXFFHVVIXO +7�$7(6 DQG '+"

�D� :KDW LV +7�$7(6� DQG KRZ GRHV LW FRPSDUH WR UHJXODU $7(6"

�E� :KDW DUH WKH LQGLYLGXDO SHUIRUPDQFH GULYHUV RI ERWK +7�$7(6 DQG '+"

�F� :KDW DUH WKH LQGLYLGXDO �WHFKQLFDO� EDUULHUV RI ERWK +7�$7(6 DQG '+"

�G� :KDW DUH WKH EDVLF VXEVXUIDFH KHDW EHKDYLRXU SULQFLSOHV"

�H� :KLFK IRUPDWLRQV DUH VXLWDEOH IRU +7�$7(6 LPSOHPHQWDWLRQ LQ WKH 1HWKHUODQGV"

�I� :KDW DUH WKHLU V\QHUJLHV"

7KH GLVFRYHU SKDVH FRQVLVWV RI � ODUJH SURFHVV� WKH OLWHUDWXUH VWXG\� ,W PHUHO\ LV D FRQ�
WLQXDWLRQ RQ WKH SUHOLPLQDU\ VWXG\� ZLWK D PRUH SURIRXQG XQGHUVWDQGLQJ RI WKH FRQFHSWV RI
+7�$7(6 DQG '+ DV WKH REMHFWLYH� 7KH SURGXFW RI WKH OLWHUDWXUH VWXG\ FDQ EH IRXQG LQ DS�
SHQGL[ %� /LWHUDWXUH ZLOO VHUYH DV WKH PDLQ LQSXW WR PDS RXW LQGLYLGXDO SHUIRUPDQFH GULYHUV
DQG �EDUULHUV RI ERWK +7�$7(6 DQG '+� DQG WR ILQG SRVVLEOH V\QHUJLHV� ,Q DGGLWLRQ WR WKH
OLWHUDWXUH H[SHUWV DUH FRQVXOWHG� WR SURYLGH DQRWKHU SHUVSHFWLYH WR WKH SUREOHP� DQG EHFDXVH
ERWK FRQFHSWV DUH GHYHORSLQJ TXLFNO\ DQG OLWHUDWXUH FDQ WKXV EH RXWGDWHG�

$����� 'HVLJQ
7KH GHVLJQ SKDVH LV WKH PRVW FRPSUHKHQVLYH VWDJH RI WKH UHVHDUFK� ,W HQWDLOV � PDMRU SUR�
FHVVHV ZLWK FRPPRQ REMHFWLYH WR EXLOG WKH QHFHVVDU\ WRROV IRU LPSURYHG GHFLVLRQ�PDNLQJ RQ
LPSOHPHQWDWLRQ� 7KH WRROV DUH QRW PHDQW WR PDNH DFWXDO GHFLVLRQV� EXW PHUHO\ WR LPSURYH
LGHQWLILFDWLRQ RI WKH SHUIRUPDQFH GULYHUV DQG �EDUULHUV� LQ OLQH ZLWK WKH SURMHFW REMHFWLYH� 7KH
IROORZLQJ UHVHDUFK TXHVWLRQV ZLOO JLYH PRUH GLUHFWLRQ WR WKH SKDVH DQG LWȄV REMHFWLYH�

�� :KDW LV D VXLWDEOH 0&'0"

�D� :KDW DUH WKH FRUH HYDOXDWLRQ FULWHULD"

�E� +RZ WR VFRUH SHUIRUPDQFH RQ HYDOXDWLRQ FULWHULD"

�F� +RZ WR REWDLQ UHODWLYH LPSRUWDQFH EHWZHHQ FULWHULD"

�G� :KDW LV WKH ZHLJKW RI LQGLYLGXDO FULWHULD� DQG LV WKH ZHLJKW GLVWULEXWLRQ VWDNHKROGHU
GHSHQGDQW"

�� +RZ FDQ DQ DFFXUDWH VLPXODWLRQ PRGHO EH EXLOG"

�D� :KDW DUH WKH FULWLFDO DVVXPSWLRQV WR EH PDGH"

�E� :KDW DUH WKH FRQVHFXWLYH VWHSV WRZDUGV D UHOLDEOH PRGHO"

�F� +RZ FDQ WKH PRGHO EH YDOLGDWHG�WHVWHG"

�G� +RZ FDQ WKH PRGHO UHVXOWV EH LQWHUSUHWHG"

7KH GHVLJQ SKDVH LV VWUXFWXUHG LQWR � SDUDOOHO SURFHVVHV WKDW KDYH LQGLYLGXDO LQSXWV DQG
RXWSXWV �VHH ILJXUH $���� 3URFHVV � LV EXLOGLQJ D VXLWDEOH 0&'0� 7KLV LV DFKLHYHG E\ DQ DG�
GLWLRQDO OLWHUDWXUH UHYLHZ IRFXVHG RQ GHFLVLRQ PDNLQJ� E\ D VWDNHKROGHU JURXS VXUYH\� DQG E\
FRQVXOWDWLRQ RI H[SHUWV� 7KH RXWSXW FRQVLVWV RI DGHTXDWH HYDOXDWLRQ FULWHULD DQG PHWKRGV IRU
VFRULQJ DQG ZHLJKWLQJ WKH HYDOXDWLRQ FULWHULD� 7KH RWKHU SURFHVV HQWDLOV WKH GHYHORSPHQW RI D
VLPXODWLRQPRGHO� ([SHUW DGYLFH VHUYHV DV WKH PDLQ LQSXW� $IWHU LQWHJUDWLRQ ZLWK D JURXQGZD�
WHU PRGHO� WKH PRGHO FDQ SURGXFH TXDQWLWDWLYH LQIRUPDWLRQ ZKLFK FDQ DLG LQ GHFLVLRQ�PDNLQJ�



�� $� 5HVHDUFK PHWKRGRORJLHV

$����� 'HOLYHU
+DYLQJ DFTXLUHG WKH GHFLVLRQ�PDNLQJ WRROV LQ WKH SUHYLRXV SKDVH� WKH REMHFWLYH RI WKH GHOLYHU
SKDVH LV WR REWDLQ� HYDOXDWH DQG FRQVHTXHQWO\ UDQN WKH VFHQDULRȄV� 7KH IROORZLQJ UHVHDUFK
TXHVWLRQV JLYH PRUH GLUHFWLRQ DQG JXLGDQFH WR WKH SKDVH DQG LWȄV REMHFWLYH�

�� 7DNLQJ LQWR DFFRXQW WKH ILQGLQJV IURP WKH GLVFRYHU SKDVH� ZKDW ZRXOG EH DQ DSSURSULDWH
SDUDPHWULF YDULDWLRQ WR FUHDWH GLIIHUHQW FDVH�VSHFLILF VFHQDULRȄV"

�D� :KDW DUH WKH FULWLFDO GHVLJQ FKRLFHV PDGH �E\ WKH '0�� DQG ZKDW ZRXOG EH SODXVLEOH
YDOXH UDQJHV"

�E� :KDW DUH WKH FULWLFDO JHRORJLFDO SDUDPHWHUV� DQG ZKDW ZRXOG EH SODXVLEOH YDOXH
UDQJHV"

�� +RZ GR WKH FDVH�VSHFLILF VFHQDULRȄV SHUIRUP"

�D� :KDW LV WKH VFRUH RI VFHQDULRȄV RQ HYDOXDWLRQ FULWHULD"
�E� :KDW LV WKH WUHQG LQ SULPDU\ YDOXH WUDGH�RIIV"

�� +RZ GR WKH FDVH�VSHFLILF VFHQDULRȄV FRPSDUH"

�D� +RZ GRHV SDUDPHWULF YDULDWLRQ LQIOXHQFH WKH VFHQDULR VFRUH"
�E� :KDW LV WKH VFHQDULR UDQNLQJ� DQG LQ DGGLWLRQ WKH XQFHUWDLQW\�SUREDELOLW\ RI WKH

UDQNLQJ"
�F� &DQ WUHQGV EH UHFRJQLVHG DFURVV PXOWLSOH FDVHV"

7KH GHOLYHU SKDVH HQWDLOV � FRQVHFXWLYH SURFHVVHV� $IWHU FUHDWLQJ DQG VLPXODWLQJ WKH VFH�
QDULRȄV WKURXJK DSSOLFDWLRQ RI SDUDPHWULF YDULDWLRQ� WKH 0&'0 ZLOO WDNH FDUH RI WKHLU HYDOX�
DWLRQ� FRPSDULVRQ DQG UDQNLQJ� 7KLV LV WKH ORJLFDO VHTXHQFH RI UDWLRQDO GHFLVLRQ PDNLQJ� DV
GHVFULEHG E\ .HHQH\ HW DO� >��@ DQG LQ FKDSWHU �� 7KH RXWSXW IURP ERWK WKH GLVFRYHU SKDVH
DQG GHVLJQ SKDVH ZLOO VHUYH DV PDLQ LQSXW� WRJHWKHU ZLWK FDVH�VSHFLILF LQIRUPDWLRQ� 7KH GH�
OLYHU SKDVH RXWSXW FRQVLVWV RI VFHQDULR SHUIRUPDQFH DQG � VFRUHV RQ DOO HYDOXDWLRQ FULWHULD�
ZKLFK ZLOO HQDEOH WKH '0 WR REWDLQ DQ LQVLJKW LQ WKH SULPDU\ YDOXH WUDGH�RIIV DQG WKH GHJUHH
RI LQIOXHQFH RI GLIIHUHQW SDUDPHWHUV� 7KH ILQDO GHOLYHUDEOH LV D VFHQDULR UDQNLQJ� LQ ZKLFK
SUREDELOLW\ DQG XQFHUWDLQW\ LV LQFOXGHG� ,W LV FDSWXUHG LQ D PDWUL[�



$��� &RQWHPSODWLQJ RQ UHVHDUFK VWUDWHJ\ ��

$��� &RQWHPSODWLQJ RQ UHVHDUFK VWUDWHJ\
2QH RI WKH DGYDQWDJHV RI D FDVH VWXG\ LV WKDW LW LV VXLWDEOH IRU D TXDOLWDWLYH DQDO\VLV DFURVV
YDULRXV GLVFLSOLQHV� DQG FDQ WKXV SURYLGH D JHQHUDO SLFWXUH RI WKH UHVHDUFK REMHFW� +HUHE\
WKH HPSKDVLV LV RQ FRPSDULQJ DQG LQWHUSUHWLQJ �TXDOLWDWLYH� GDWD� UDWKHU WKDQ FRXQWLQJ DQG
FDOFXODWLQJ �TXDQWLWDWLYH� GDWD >��@� )XUWKHUPRUH� D FDVH VWXG\ LV PRUH IOH[LEOH GXULQJ WKH
UHVHDUFK SURFHVV� ,W GRHV QRW UHTXLUH VLJQLILFDQW VWUXFWXULQJ EHIRUH VWDUWLQJ� GXULQJ WKH SUR�
FHVV WKH '0 FDQ HDVLO\ DGMXVW FDVHV RU DGG FDVHV WR UHVHDUFK� $ WKLUG DQG ILQDO DGYDQWDJH RI
D FDVH VWXG\ LV WKDW WKH UHVXOWV ZLOO ILQG KLJKHU DFFHSWDQFH ZLWK SHRSOH LQ WKH ILHOG� EHFDXVH
WKH UHVXOWV DUH RI PRUH HYHU\GD\ QDWXUH >��@� ZKLFK PDNHV WKHP LQ WKH HQG PRUH DFFHVVLEOH�
2Q WKH GRZQVLGH� >���@ WKH H[WHUQDO YDOLGLW\ RI UHVXOWV RI D FDVH VWXG\ LV RIWHQ XQGHU SUHVVXUH
>��@� VLQFH RQO\ IHZ FDVHV DUH VWXGLHG WR DFKLHYH LQ�GHSWK NQRZOHGJH� 7R PLQLPLVH WKH GLV�
DGYDQWDJH RI ȄEDG VDPSOLQJȄ� ZLWKRXW JLYLQJ LQ RQ WKH HYLGHQW DGYDQWDJHV RI WKH FDVH�VWXG\�
WKH SKDVHV RI GHVLJQ� GHFLGH� DQG GHOLYHU VKRXOG EH UHSHDWHG IRU PXOWLSOH FDVHV� 7KLV ZLOO
SURGXFH UHVXOWV ZLWK D JUHDWHU H[WHUQDO YDOLGLW\� WKDW FDQ EH DSSOLHG WR D EURDGHU SRSXODWLRQ
RI LQWHUHVW RU WR VLPLODU FDVHV� )URP WKLV SHUVSHFWLYH� WLPH LV WKH FUXFLDO FRQVWUDLQW�



#
7HFKQLFDO EDFNJURXQG

7KLV DSSHQGL[ LV EDVHG RQ WKH SHUIRUPHG OLWHUDWXUH VWXG\ DQG FDQ EH DGRSWHG E\ WKH UHDGHU DV
DQ HIIHFWLYH WRRO WR UHDG LQWR WKH FRQFHSWV RI +7�$7(6 DQG '+� ,W LV WKH UHVXOW RI WKH GLVFRYHU
SKDVH� DV GHVFULEHG LQ VXEVHFWLRQ $����� ,W SURYLGHV LQVLJKWV RQ WKHLU LQGLYLGXDO SHUIRUPDQFH
GULYHUV DQG �EDUULHUV DQG SRWHQWLDO V\QHUJLHV� $PRQJ RWKHU �XQFHUWDLQ� SHUIRUPDQFH GULYHUV
DQG �EDUULHUV� +7�$7(6 VXEVXUIDFH KHDW ORVV UHPDLQV SUREOHPDWLF� ,W FDQ EH OLPLWHG WKURXJK
IDYRUDEOH JHRORJ\ DQG DFWLRQV E\ WKH '0� '+ HQDEOHV LQWHJUDWLRQ RI FOHDQ HQHUJ\ LQ WKH EXLOG
HQYLURQPHQW� EXW FRVW LV WKH PDMRU EDUULHU IRU LPSOHPHQWDWLRQ�

%��� �+LJK WHPSHUDWXUH� DTXLIHU WKHUPDO HQHUJ\ VWRUDJH
%����� $TXLIHU WKHUPDO HQHUJ\ VWRUDJH IRU KHDWLQJ DQG FRROLQJ
:KHQ VWRULQJ WKHUPDO HQHUJ\ LQ WKH VXEVXUIDFH WKHUH DUH PDQ\ RSWLRQV RQH FDQ FKRRVH�
$TXLIHU WKHUPDO HQHUJ\ VWRUDJH �$7(6� LV WKH SURFHVV RI VHDVRQDO VWRUDJH RI WKHUPDO HQHUJ\
LQ D VXEVXUIDFH FRQILQHG DTXLIHU� XVLQJ DQ RSHQ�ORRS ELGLUHFWLRQDO V\VWHP >��@� $7(6 V\V�
WHPV DFWLYHO\ VWRUH FRROHG DQG KHDWHG JURXQGZDWHU� PDNLQJ XVH RI D KRW� DQG FROG SOXPH
�RU PXOWLSOH SOXPHV�� ZLWK VXIILFLHQW LQWHUPHGLDWH VSDFLQJ >��@� ,Q VXPPHUWLPH� ZKHQ WKHUH
H[LVWV D ORFDO VXUSOXV RI KHDW� ZDWHU IURP WKH FROG UHVHUYRLU LV SXPSHG WR WKH VXUIDFH� ZKHUH
LW DEVRUEV WKH VXUSOXV RI KHDW� EHIRUH UH�LQMHFWLRQ LQWR WKH KRW UHVHUYRLU� 'XULQJ WKH ZLQWHU
PRQWKV� WKH VDPH HQHUJ\ LV UHWULHYHG DSSO\LQJ WKH UHYHUVHG SURFHVV�

%����� +LJKHU WHPSHUDWXUH EULQJV ERWK RSSRUWXQLWLHV DQG ULVNV
1RZ WKDW WKH UHDGHU KDV REWDLQHG VRPH DIILQLW\ ZLWK WKH WRSLF� LW LV WLPH WR LQWURGXFH WKH
FRQFHSW RI +7�$7(6� 7KH GLIIHUHQFH EHWZHHQ UHJXODU $7(6 DQG +7�$7(6 LV WKH VWRUDJH WHP�
SHUDWXUHV� >���@ +LJK WHPSHUDWXUH XQGHUJURXQG WKHUPDO HQHUJ\ VWRUDJH UHIHUV WR D PLQLPXP
VWRUDJH ORDGLQJ WHPSHUDWXUHV LQ WKH RUGHU RI �� @&ࣅ< >��@� 7KHUHIRUH� RSSRVLQJ WKH GRXEOH
IXQFWLRQ RI KHDWLQJ DQG FRROLQJ RI UHJXODU $7(6� +7�$7(6 VROHO\ VWRUHV KHDW� +7�$7(6 SUR�
YLGHV WKH RSSRUWXQLW\ RI VHDVRQDO VWRUDJH RI KHDW� DQG WKHUHE\ LQFUHDVHV WKH JHRWKHUPDO VKDUH
LQ D KHDWLQJ QHWZRUN >��@� 7KLV SRWHQWLDOO\ OHDGV WR D UHGXFWLRQ LQ HPLVVLRQV DQG FRVWV�

7KH PDLQ DGYDQWDJH RI +7�$7(6 RYHU UHJXODU $7(6 V\VWHPV� LV WKDW WKH KLJKHU WHPSHUD�
WXUH DOORZV WKDW LWV UHWULHYHG KHDW FDQ EH GLUHFWO\ XVHG IRU KHDWLQJ SXUSRVHV� ZLWKRXW LQWHUYHQ�
WLRQ RI D +3� ,Q DGGLWLRQ� WKH UHTXLUHG IORZ UDWH �DQG WKH UHTXLUHG YROXPH LQ WKH VXEVXUIDFH�
WR VXSSO\ D VSHFLILF KHDW GHPDQG LV ORZHU WKDQ IRU UHJXODU $7(6 >��@� ,QFUHDVLQJ WKH WHPSHU�
DWXUH RI LQFUHDVHV WHFKQLFDO FKDOOHQJHV� DQG EULQJV DGGLWLRQDO ULVNV FRPSDUHG WR $7(6 >��@�
([DPSOHV RI WHFKQLFDO FKDOOHQJHV DUH FORJJLQJ RI WKH ZHOOV GXH WR SUHFLSLWDWLRQ RI PLQHUDOV
>��@� FRUURVLRQ RI V\VWHP FRPSRQHQWV >��@� DQG WKH FRQWURO V\VWHP LQ JHQHUDO >��@� 7R GDWH�
PRVW WHFKQLFDO FKDOOHQJHV UHODWHG WR FRUURVLRQ� SUHFLSLWDWLRQ DQG FRQWURO FDQ EH VROYHG >��@�

6ROYLQJ WKH WHFKQLFDO FKDOOHQJHV KDV QRW OHG WR VXFFHVVIXO +7�$7(6 LPSOHPHQWDWLRQ� DQG
PRVW H[DFW SHUIRUPDQFH GULYHUV DQG �EDUULHUV UHPDLQ XQFHUWDLQ� +RZHYHU� VFLHQWLVWV GR DJUHH

��



%��� 8QGHUVWDQGLQJ VXEVXUIDFH KHDW EHKDYLRXU� K\GURORJ\ DQG ORVVHV ��

WKDW VXEVXUIDFH KHDW ORVV� DQG WKH FRQVHTXHQW V\VWHP 75(� LV DPRQJ WKH PDMRU SHUIRUPDQFH
GULYHUV DQG �EDUULHUV >��@� $V D UHVXOW� LW LV WKH FHQWUH RI PRVW UHVHDUFK RQ +7�$7(6� 7KH
IROORZLQJ VHFWLRQV HODERUDWH PRUH H[WHQVLYHO\ RQ WKH 75( DQG WKH XQGHUO\LQJ VXEVXUIDFH KHDW
EHKDYLRXU�

%��� 8QGHUVWDQGLQJ VXEVXUIDFH KHDW EHKDYLRXU� K\GURORJ\ DQG ORVVHV
%����� %DVLF DTXLIHU JHRORJ\
5HTXLUHPHQWV UHJDUGLQJ WKH JHRORJLFDO FKDUDFWHULVWLFV RI D VXLWDEOH DTXLIHU DQG VXUURXQGLQJ
IRUPDWLRQV FDQ EH VXPPDULVHG DV IROORZV�

�� 3RURVLW\ LV GHILQHG DV WKH UDWLR RI WKH YROXPH RI WKH SRUH VSDFH WR WKH WRWDO YROXPH RI WKH
VDPSOH >��@� $ KLJK UHVHUYRLU SRURVLW\ UHVXOWV LQ D KLJK SRWHQWLDO VWRUDJH YROXPH� ZKLFK
LV GHVLUDEOH�

�� +\GUDXOLF FRQGXFWLYLW\ LV H[SUHVVHG LQ >P V��@� DQG UHSUHVHQWV WKH ȄHDVHȄ ZLWK ZKLFK
JURXQGZDWHU FDQ IORZ WKURXJK D PHGLXP >��@� ,W LV D FUXFLDO SDUDPHWHU RI WKH DTXLIHU�
VLQFH LW GHWHUPLQHV WKH PD[LPXP DFKLHYDEOH IORZ�UDWH ZLWKLQ WKH DTXLIHU� $ KLJK KRU�
L]RQWDO K\GUDXOLF FRQGXFWLYLW\ LV SUHIHUUHG� 7KH YHUWLFDO K\GUDXOLF FRQGXFWLYLW\ RI WKH
DTXLIHU LV SUHIHUDEO\ VPDOO� VLQFH LW ZLOO OLPLW KHDW ORVV PHFKDQLVPV VXFK DV GHQVLW\
GULYHQ IORZ DQG YHUWLFDO KHDW FRQGXFWLRQ� %RWK PHFKDQLVPV ZLOO EH H[SODLQHG PRUH
WKRURXJKO\ LQ WKH IROORZLQJ VXEVHFWLRQ�

�� 7KLFNQHVV RI DQ DTXLIHU DV D UHTXLUHPHQW LV YHU\ VWUDLJKWIRUZDUG� $ VXIILFLHQW WKLFN
DTXLIHU KDV D ODUJHU VWRUDJH SRWHQWLDO DQG FDQ DFKLHYH KLJKHU IORZ�UDWHV�

�� 7KH FRQILQLQJ OD\HU LV WKH IRUPDWLRQ VLWXDWHG GLUHFWO\ DERYH WKH DTXLIHU� ,W SUHIHUDEO\ KDV
DPLQLPDO K\GUDXOLF FRQGXFWLYLW\ DQG D ODUJH WKLFNQHVV� WR OLPLW WKH KHDW ORVV PHFKDQLVP
RI WKHUPDO FRQGXFWLRQ�

%����� 7KHUPDO UHFRYHU\ HIILFLHQF\
7KH 75( RI +7�$7(6� ZKLFK KDV EHHQ PHQWLRQHG VHYHUDO WLPHV VR IDU� LV GHILQHG DV WKH UDWLR
EHWZHHQ WKH HQHUJ\ UHSURGXFHG IURP WKH DTXLIHU� DQG WKH HQHUJ\ VWRUHG LQ WKH DTXLIHU� ZLWK
UHVSHFW WR WKH DPELHQW VXEVXUIDFH WHPSHUDWXUH� DQG ZKHQ LQMHFWLRQ DQG SURGXFWLRQ RI ZDWHU
DUH LQ EDODQFH >��@� ,W LV FDSWXUHG LQ WKH IROORZLQJ IRUPXOD�

൙ൗൊ  
൙፞ ፱፭ ࢿ ൙ፚ፦፛
൙።፧፣ ࢿ ൙ፚ፦፛

�%���

��� ZKHUH 75( LV WKH UHFRYHU\ HIILFLHQ\ LQ >�@� 7LQM LV WKH LQMHFWLRQ WHPSHUDWXUH LQ �@&ࣅ< 7DPE
LV WKH DPELHQW JURXQGZDWHU WHPSHUDWXUH LQ �@&ࣅ< 7H[W LV WKH H[WUDFWLRQ WHPSHUWXUWH LQ �@&ࣅ<

75( LV DQ LPSRUWDQW SHUIRUPDQFH LQGLFDWRU RI +7�$7(6� DQG LW LV ODUJHO\ GHWHUPLQHG E\
WKH JHRORJLFDO FKDUDFWHULVWLFV LQ VXEVHFWLRQ %����� 6HYHUDO DUH UHVSRQVLEOH IRU HQHUJ\ ORVVHV
GXULQJ VWRUDJH� DQG WKXV FRQWURO WKH UHFRYHU\ HIILFLHQF\ DQG WKH FRQVHTXHQW H[WUDFWLRQ WHP�
SHUDWXUHV�

�� +HDW FRQGXFWLRQ UHVXOWV LQ ORVVHV LQ WKH YHUWLFDO GRPDLQ WR WKH FRQILQLQJ OD\HU� ,W LV
YLVLEOH QHDU WKH ERXQGDULHV RI WKH FRQILQLQJ OD\HUV DQG WKH DTXLIHU� LQ ILJXUH %���

�� 'HQVLW\ GULYHQ IORZ �RU EXR\DQF\ IORZ� PDLQO\ UHVXOWV LQ KHDW ORVV LQ WKH KRUL]RQWDO GR�
PDLQ� ,W LV FDXVHG E\ D GLIIHUHQFH LQ GHQVLW\ EHWZHHQ WKH ȄKRWȄ LQMHFWHG ZDWHU DQG WKH
DPELHQW JURXQGZDWHU >��� ��@� 7KH ORZHU GHQVLW\� LQMHFWHG ZDWHU IORZV XSZDUGV FDXVLQJ
WLOWLQJ RI WKH WKHUPDO IURQW �WKH WUDQVLWLRQ ]RQH RI LQMHFWHG � DQG DPELHQW JURXQGZD�
WHU�� 0RUH GHQVLW\ GULYHQ IORZ UHVXOWV LQ JUHDWHU WLOWLQJ RI WKH WKHUPDO IURQW� PHDQLQJ
WKH ȄVXUIDFHȄ EHWZHHQ WKH LQMHFWHG DQG DPELHQW JURXQGZDWHU LQFUHDVHV� $ JUHDWHU VXU�
IDFH HQKDQFHV WKH WKH KHDW ORVV PHFKDQLVPV RI IUHH WKHUPDO FRQYHFWLRQ DQG GLVSHUVLRQ�
'LVSHUVLRQ DUH VSDWLDO DQG WHPSRUDO YDULDWLRQV LQ YHORFLW\ ZKLFK FDXVHV VLQJOH SDUWLFOHV
RI VROXWH WR GHYLDWH IURP WKH DPELHQW IORZ >��� ��@� 7KH PRPHQW ZLWKLQ WKH +7�$7(6



�� %� 7HFKQLFDO EDFNJURXQG

UHFRYHU\ F\FOH �HLWKHU LQMHFWLRQ� VWDEOH RU SURGXFWLRQ� DOVR LQOIXHQFHV WKH WKHUPDO IURQW
WLOWLQJ� DV LV YLVXDOLVHG LQ ILJXUH %���

)LJXUH %��� 7KHUPDO IURQW DQG WLOWLQJ WLPH >��@



%��� 8QGHUVWDQGLQJ VXEVXUIDFH KHDW EHKDYLRXU� K\GURORJ\ DQG ORVVHV ��

�� +\GUR�JHRORJLFDO KHWHURJHQHLW\� HVSHFLDOO\ LQ WKH KRUL]RQWDO GLUHFWLRQ� KDV D QHJDWLYH
LQIOXHQFH RQ WKH 75( RI +7�$7(6� \HW LW UHPDLQV XQDFFRXQWHG IRU LQ GHVLJQ FDOFXODWLRQV
RQ +7�$7(6 >��@� ([DPSOHV RI DTXLIHU KHWHURJHQHLW\ DUH � QHLJKERXULQJ VDQGVWRQH
IRUPDWLRQV ZLWK GLVWLQFW SRURVLW\ DQG FRQGXFWLYLW\� RU D ORZ SHUPHDEOH ERG\ SDUWLDOO\
SHQHWUDWLQJ WKH DTXLIHU� +HWHURJHQHLW\ DGGV PRUH XQFHUWDLQW\ WR WKH +7�$7(6 WKHUPDO
HQHUJ\ RXWSXW�

%����� 7KHUPDO UHFRYHU\ HIILFLHQF\ RSWLPL]DWLRQ E\ GHFLVLRQ PDNHU
7KH KHDW ORVV PHFKDQLVPV� DQG WKXV WKH HIILFLHQF\ RI WKH V\VWHP LQ JHQHUDO� DUH QRW VROHO\
GHSHQGDQW RQ DTXLIHU JHRORJLFDO FKDUDFWHULVWLFV� EXW DOVR GHVLJQ FKRLFHV E\ WKH '0 FDQ EH RI
LQIOXHQFH�

�� $OWKRXJK WKH SHUFHQWDJH RI KHDW ORVW E\ WKHUPDO FRQGXFWLRQ LV LQGHSHQGHQW RQ WKH LQ�
MHFWLRQ WHPSHUDWXUH� LW LV KLJKO\ XQOLNHO\ >���@ ȄWKH UHFRYHU\ HIILFLHQF\ LV LQVHQVLWLYH WR
WKH LQMHFWLRQ WHPSHUDWXUHȄ >��@� $ KLJKHU LQMHFWLRQ WHPSHUDWXUH LQFUHDVHV WKH GHQVLW\
GLIIHUHQFHV� ZKLFK HQKDQFHV WKH GHQVLW\ GULYHQ IORZ�

�� :HOO SODFHPHQW SOD\V DQ LPSRUWDQW UROH LQ UHFRYHU\ HIILFLHQF\� ,Q JHQHUDO� ODUJH V\V�
WHPV ZLOO KDYH DQ LPSURYHG WKHUPDO HIILFLHQF\� GXH WR WKH PRUH IDYRUDEOH VXUIDFH WR
YROXPH UDWLR >��� ��@� 1RW VROHO\ VPDUW ZHOO SODFHPHQW� EXW DOVR ORFDWLRQ RI LQMHFWLRQ
DQG SURGXFWLRQ ZLWKLQ WKH ZHOO LQIOXHQFHV WKH IORZ SDWWHUQ� DQG WKXV DIIHFWV WKH 75(�
7KLV SKHQRPHQRQ KDV EHHQ H[WHQVLYHO\ UHVHDUFKHG IRU &2� LQMHFWLRQ �XQGHU WKH QDPH
SOXPH SURSDJDWLRQ� >��@� +RZHYHU� QR UHVHDUFK KDV EHHQ IRXQG UHODWLQJ WR +7�$7(6
UHFRYHU\ RSWLPL]DWLRQ�

�� 5HJDUGLQJ WKH ZHOO SODFHPHQW� VXIILFLHQW VSDFLQJ VKRXOG EH NHSW EHWZHHQ WKH KRW � DQG
FROG ZHOOV� LQ RUGHU WR OLPLW WKHUPDO LQWHUIHUHQFH� +RZHYHU� WKHUH LV D WUDGH�RII� 7KH
LQFUHDVLQJ GHPDQG IRU KHDW VWRUDJH LQ GHQVHO\ SRSXODWHG DUHDȄV UHTXLUHV HIILFLHQW XVH RI
WKH VXEVXUIDFH� 7R PD[LPLVH WKH WRWDO VXEVXUIDFH HQHUJ\ VWRUDJH ZLWKLQ D JLYHQ VSDFH�
WKH '0 VKRXOG DOORZ IRU VRPH LQWHUIHUHQFH� 7KH V\VWHPV ORVH RQ LQGLYLGXDO WKHUPDO
HIILFLHQF\ >��@� 7KLV LV QRW IXUWKHU FRQVLGHUHG GXULQJ WKH UHVHDUFK� VLQFH LW IRFXVHV RQ
LQGLYLGXDO FDVHV�

�� :DWHU VDOLQDWLRQ LV D SRVVLEOH VROXWLRQ WR OLPLW SURMHFW GHQVLW\ GULYHQ IORZ� DQG WKH PHFK�
DQLVPV RI GLVSHUVLRQ DQG WKHUPDO FRQYHFWLRQ� 7KURXJK VWRUDJH�ZDWHU VDOLQDWLRQ 9DQ
/RSLN HW DO� LV DEOH WR UHGXFH WKH GHQVLW\ GLIIHUHQFH DQG LQFUHDVH WKH 75( RI D +7�$7(6
V\VWHP LQ D KLJK�SHUPHDELOLW\ DTXLIHU IURP ��� WR ���� +7�$7(6 FDQ EH DSSOLHG LQ
DTXLIHUV ZLWK KLJKHU K\GUDXOLF FRQGXFWLYLW\ȄV� DQG DW KLJKHU WHPSHUDWXUHV� GXH WR WKH
GHQVLW\ GLIIHUHQFH FRPSHQVDWLRQ� 7KLV LQFUHDVHV ERWK WKH DTXLIHU DYDLODELOLW\ DQG VWRU�
DJH FDSDFLW\ >��@�
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%��� 3RWHQWLDO IRUPDWLRQ LQ WKH 1HWKHUODQGV ZLWK IDYRUDEOH JHRORJ\
0XOWLSOH DTXLIHUV LQ WKH 1HWKHUODQGV KDYH FKDUDFWHULVWLFV WKDW DUH LQ OLQH ZLWK WKH LQVLJKWV
IURP VXEVHFWLRQ %����� /LWHUDWXUH SURYLGHV DGGLWLRQDO LQIRUPDWLRQ� 7KH 0DDVVOXLV � � %UHGD
� DQG 2RVWHUKRXW IRUPDWLRQ KRVW DTXLIHUV WKDW DUH VXLWDEOH IRU +7�$7(6 DSSOLFDWLRQV LQ WKH
1HWKHUODQGV >��@� +DFNLQJ HW DO� LV PRUH VSHFLILF� WKH WRS SDUW RI WKH 0DDVVOXLV IRUPDWLRQ�
WKH IRUPDWLRQ RI 2RVWHUKRXW� DQG WKH %HUJ 6DQG IRUPDWLRQ �SDUW RI WKH %UHGD IRUPDWLRQ� VKRZ
KLJK SRWHQWLDO� ,Q DGGLWLRQ� WKH 7H[HO *UHHQVDQG PHPEHU PXVW EH FRQVLGHUHG DV D +7�$7(6
UHVHUYRLU >��@�

7KROHQ HW DO� DSSURDFKHV WKH TXHVWLRQ RI ȄJRRGȄ UHVHUYRLU SRWHQWLDO IURP D PRUH HFRQRPLF
SHUVSHFWLYH� 7KROHQ HW DO� HVWLPDWHV WKH ILQDO OHYHOLVHG FRVWV RI HQHUJ\� E\ XVLQJ D -DYD ZRUN�
IORZ DQG LQFRUSRUDWLQJ XQFHUWDLQWLHV UHJDUGLQJ WKH IRUPDWLRQ WUDQVPLVVLYLW\ �K\GUDXOLF FRQ�
GXFWLYLW\� >��@� +H ILQGV WKDW LW LV FULWLFDO WR FRQVWUDLQ WKH PD[LPXP GHSWK WR ���� PHWHUV� WR
DOORZ IRU D FKDQFH DW FRVW�HIIHFWLYHQHVV RI \RXU V\VWHP >��@� 7KLV LV GXH WR WKH UHODWLYHO\ ODUJH
XSIURQW &$3(;� 7KH UHVXOWV RI 7KROHQ HW DO� FRQILUP 3OX\PDHNHUV HW DO�� VWDWLQJ WKDW VKDOORZ
UHVHUYRLUV LQ WKH 8SSHU 1RUWK 6HD *URXS �VHH ILJXUH %��� KDYH D KLJK SRWHQWLDO IRU +7�$7(6 LQ
WKH 1HWKHUODQGV� 7KH GHHSHU DTXLIHUV� VXFK DV WKH 'HOIW 6DQGVWRQH PHPEHU� 5LMQODQG JURXS�
DQG WKH /RZHU � DQG 0LGGOH 1RUWK 6HD *URXSV� VKRZ QR SRWHQWLDO >��@� ,Q FRQWUDVW WR WKH NH\
SHUIRUPDQFH GULYHUV DQG �EDUULHUV RI +7�$7(6 �VHFWLRQ ������� LW VHHPV WKDW VFLHQWLVWV DUH
XQFRQYHQWLRQDOO\ XQDQLPRXV RQ SRWHQWLDO +7�$7(6 UHVHUYRLUV LQ WKH 1HWKHUODQGV� )XUWKHU�
PRUH� LW VHHPV WKDW ZKHQ DTXLIHUV PHHW WKH UHTXLUHPHQWV LQ VXEVHFWLRQ %���� WR VRPH H[WHQW�
GHSWK LV GHFLVLYH IRU VXLWDELOLW\�



%��� 3RWHQWLDO IRUPDWLRQ LQ WKH 1HWKHUODQGV ZLWK IDYRUDEOH JHRORJ\ ��

)LJXUH %��� 7KH OLWKRVWUDWLJUDSK\ RI WKH 1HWKHUODQGV >��@
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%��� 'LVWULFW KHDWLQJ
%����� *HQHUDO GLVWULFW KHDWLQJ
$ KHDWLQJ QHWZRUN WR FRQQHFW WR LV RQH RI WKH EDVDO UHTXLUHPHQWV IRU +7�$7(6 WR VXFFHHG
>��@� '+ LV DQ XUEDQ ZDUP ZDWHU QHWZRUN� ,W XVHV FHQWUDOLVHG JHQHUDWLRQ IDFLOLWLHV� DQG D
QHWZRUN RI SLSHOLQHV WKDW FRQQHFW JHQHUDWLRQ WR FRQVXPSWLRQ� E\ GHOLYHULQJ ZDUP ZDWHU WR
WKH HQG�FRQVXPHU� ,W LV ZLGHO\ EHOLHYHG WKDW '+ KDV JUHDW SURVSHFWV� >���@ Ȅ'LVWULFW KHDWLQJ LV
WKH PRVW HFRQRPLFDO DQG UDWLRQDO PHDQV RI KHDW VXSSO\ IRU FLW\ LQKDELWDQWVȄ >��@� :HUQHU HW DO�
VKDUHV WKLV RSLQLRQ� E\ VWDWLQJ WKDW '+ KDV D VWURQJ SRWHQWLDO RI EHFRPLQJ D IHDVLEOH RSWLRQ
RI KHDW VXSSO\ LQ WKH IXWXUH >��@�

%����� 'ULYHUV RI GLVWULFW KHDWLQJ
7KH IXQGDPHQWDO LGHD RI '+ KDV DQ VXVWDLQDEOH SXUSRVH DQG RULJLQ� >���@ WR XVH ORFDO IXHO RU
KHDW UHVRXUFHV WKDW ZRXOG RWKHUZLVH EH ZDVWHG� LQ RUGHU WR VDWLVI\ ORFDO FXVWRPHU GHPDQGV IRU
KHDWLQJ� E\ DGRSWLQJ D KHDW GLVWULEXWLRQ QHWZRUN RI SLSHV DV D ORFDO PDUNHW SODFH >��@� +RZ�
HYHU� ORRNLQJ DW WKH SULPDU\ HQHUJ\ VKDUH LQ FXUUHQWO\ DFWLYH '+ V\WHPV� GLUHFW�XVH IRVVLO IXHO
VKDUHV RI XS WR ��� FDQ EH QRWLFHG >��@� 7KLV LV GXH WR WKH IDFW WKH IXQGDPHQWDO� VXVWDLQ�
DEOH LGHD RI '+ LV QRW HPEUDFHG LQ &KLQD DQG 5XVVLD� � LPSRUWDQW HDUO\�DGRSWHUV RI WKH '+
WHFKQRORJ\ >��@�

7KH '+ LQIUDVWUXFWXUH LV FDSDEOH RI LQWHJUDWLQJ FOHDQ HQHUJ\ WHFKQRORJLHV LQWR WKH EXLOGLQJ
HQYLURQPHQW >��� ��@� $ PDMRU GULYHU WKHUHIRUH LV WKH XVDJH RI UHQHZDEOH KHDW �*'� DQG
FRPPLWPHQW WR FOHDQHU HQHUJ\ WHFKQRORJLHV >��� ��@� $QRWKHU GULYHU RI WKH '+ WHFKQRORJ\
LV WKDW LW HQDEOHV WKH SRVVLELOLW\ RI FHQWUDOLVHG JHQHUDWLRQ� &HQWUDOLVHG JHQHUDWLRQ KDV WKH
VFDOH�XS DGYDQWDJH� DQ LV WKHUHIRU PRUH HIILFLHQW� DQG WKXV FDXVHV IHZHU SROOXWLRQ LQ WKH HQG
>��@� 7KH FHQWUDOLVHG JHQHUDWLRQ FRXOG EH SURYLGHG E\ �PRUH� VXVWDLQDEOH RSWLRQV� VXFK DV WKH
*'� LQGXVWULDO ZDVWH KHDW� RU &+3 SODQWV� $GGLWLRQDO �EXW RI OHVVHU VLJQLILFDQFH� DGYDQWDJHV
RI FHQWUDOLVHG JHQHUDWLRQ DUH D UHGXFWLRQ RI SRRU TXDOLW\ IXHO XVDJH DQG IDWDO DFFLGHQWV� VXFK
DV UHVLGHQWLDO JDV H[SORVLRQV�

%����� %DUULHUV RI GLVWULFW KHDWLQJ DQG SRVVLEOH VROXWLRQV
7KH JUHDWHVW EDUULHU RI '+ LV WKH VLJQLILFDQW &$3(; DQG � RUJDQLVDWLRQ� 'HQVH SRSXODWLRQ�
DQG WKXV D GHQVH GHPDQG� FDQ RYHUFRPH WKH VLJQLILFDQW &$3(; >��� ��� ��@� $UHDȄV LQ ZKLFK
WKH GHPDQG LV PRUH VSDUVH SRVH D EDUULHU IRU LPSOHPHQWDWLRQ� :LWK WKH LQFUHDVLQJ SHQH�
WUDWLRQ RI KLJKO\ HQHUJ\ HIILFLHQW �RU HYHQ SDVVLYH� EXLOGLQJV� FUHDWLQJ D PLVFHOODQHRXV KHDW
GHPDQG VLGH� WKH QHJDWLYH HFRQRPLFDO HIIHFWV RI GHPDQG VSUHDGLQJ DUH VWUHQJWKHQHG >��@�

,QQRYDWLRQ LV NH\ WR DGDSW WKH FXUUHQW '+ WHFKQRORJLHV WR VSDUVH GHPDQG DQG WR FRSH ZLWK
WKH UHODWLYHO\ KLJK &$3(;� 'HFUHDVLQJ WKH OD\LQJ GHSWK RI WKH SLSHV LV D SRVVLEOH VROXWLRQ WR
RYHUFRPH WKH EDUULHU RI UHODWLYHO\ KLJK &$3(; >��@� 0RUHRYHU� HQKDQFHG FRVWXPHU HQJDJH�
PHQW DQG �LQWHUDFWLRQ FDQ SURYLGH DVVXUDQFH RI D KLJK FRQQHFWLRQ UDWH �RU ZLGH XWLOL]DWLRQ�
LQ WKRVH DUHDȄV ZKHUH GHPDQG LV VSDUVH >��@� 7KLV FRQQHFWLRQ UDWH LV DOVR LPSRUWDQW �EXW OHVV
FUXFLDO� LQ GHQVH GHPDQG DUHDȄV�

6LJQLILFDQW KHDW ORVVHV GXULQJ WUDQVSRUW LV DQRWKHU EDUULHU IRU LPSOHPHQWDWLRQ� WKDW LV UH�
ODWHG WR D VSDUVH GHPDQG� 'XH WR WKH YDULDWLRQ LQ DSSOLHG WHPSHUDWXUH OHYHOV� LQVXODWLRQ
VWDQGDUGV� DQG KHDW GLVWULEXWLRQ� WKHVH ORVVHV DPRXQW WR DQ\ZKHUH EHWZHHQ � DQG ���
>�� ��@� (LWKHU GHFUHDVLQJ GHPDQGHG WHPSHUDWXUH� LQFUHDVLQJ LQVXODWLRQ OHYHOV� RU DVVXUDQFH
RI D KLJKHU FRQQHFWLRQ UDWH� FDQ GHFUHDVH WKH KHDW ORVVHV�

*RYHUQPHQWDO SROLF\ LV YLWDO IRU LPSURYLQJ WKH TXDOLW\ DQG DYDLODELOLW\ RI '+� E\ SURYLGLQJ
ILQDQFLDO� DQG OHJLVODWLYH LQFHQWLYH DQG VXIILFLHQW UHVHDUFK >��� ��@� 1RQ�LQWHUQDOL]DWLRQ RI
&2��FRVWV LQ IRVVLO IXHO SULFHV FXUUHQWO\ LV RQH RI WKH EDUULHUV RI WKH '+ WHFKQRORJ\� ,W UHGXFHV
'+ FRPSHWLWLYHQHVV >�@� &DUERQ FUHGLWV DQG IRVVLO IXHO WD[HV DUH H[DPSOHV RI JRYHUQPHQWDO
SROLFLHV WKDW FUHDWH D GLUHFW ILQDQFLDO LQFHQWLYH IRU WKH HQG�FRQVXPHU >��@� )XUWKHUPRUH�
DGHTXDWH SULFLQJ RI ZDVWH�KHDW IURP LQGXVWULDO DFWLYLWLHV KHOSV WR VWLPXODWH '+ >��� ��@



%��� 'LVWULFW KHDWLQJ ��

%����� )XWXUH RI GLVWULFW KHDWLQJ
,W LV H[SHFWHG WKDW '+ FDQ FRQWULEXWH JUHDWO\ WR WKH HQHUJ\ WUDQVLWLRQ E\ SURYLGLQJ DQ DOWHU�
QDWLYH VRXUFH IRU KHDWLQJ >��@� 7KH '+ QHWZRUNV RI WKH IXWXUH ZLOO KDYH PRUH IXQFWLRQV WKDQ
VROHO\ WKH SXUSRVH RI KHDW WUDQVSRUW >��@�

�� 6HDPOHVV FRQQHFWLRQ RI DGGLWLRQDO �VPDOOHU� KHDW VRXUFHV� 7KLV FRQFHSW LV NQRZQ DV
FR�JHQHUDWLRQ�

�� 7R SURYLGH VKRUW�WHUP VWRUDJH RI KHDW ZLWKLQ WKH QHWZRUN�

�� 7R HQDEOH ORQJ�WHUP VWRUDJH VROXWLRQV �VXFK DV +7�$7(6��

�� 7R SURYLGH VXSHUYLVLRQ DQG FRQWURO� E\ SUHFLVHO\ PRQLWRULQJ IORZ DQG WHPSHUDWXUH ZLWKLQ
WKH SLSH� ([DPSOHV DUH GHPDQG IRUHFDVWLQJ� DQG FRPPXQLFDWLRQ ZLWK SURGXFHUV WR
DGMXVW KHDW SURGXFWLRQ
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%��� 6\QHUJLHV RI LQWHJUDWLRQ
%����� 5HFDSLWXODWLQJ WKH V\QHUJLHV
7KH DGYDQWDJHV RI LQWHJUDWLRQ� L�H� WKH V\QHUJLHV� RI '+� *'� DQG +7�$7(6 KDYH EHHQ HODER�
UDWHG RQ H[WHQVLYHO\� 7R UHFDSLWDOLVH WKH ILQGLQJV IURP WKH OLWHUDWXUH VWXG\�

�� +7�$7(6 QHHGV D KHDWLQJ QHWZRUN WR FRQQHFW LQ >��@�

�� '+ LV GULYHQ E\ WKH XVDJH RI UHQHZDEOH KHDW �*'� DQG FRPPLWPHQW WR FOHDQHU HQHUJ\
WHFKQRORJLHV >��� ��@

�� +7�$7(6 HQDEOHV PRUH HIILFLHQW XVH RI WKH *'� LQFUHDVLQJ WKH JHRWKHUPDO VKDUH LQ \RXU
'+ QHWZRUN >��@�

,Q UHWURVSHFW� RQH FRXOG DOPRVW FRQWHPSODWH LI PXWXDO GHSHQGHQF\ LV QRW PLVWDNHQ IRU
V\QHUJ\�

%����� &R�JHQHUDWLRQ DQG WKH RUGHU RI GLVSDWFK
6\QHUJ\ RU GHSHQGHQF\ LV DUELWUDU\� (LWKHU ZD\� LW LV FULWLFDO WR HODERUDWH RQ WKH FR�JHQHUDWLRQ
RI +7�$7(6� DQG RWKHU RSWLRQDO KHDW VXSSOLHUV ZLWKLQ WKH KHDWLQJ QHWZRUN� Q H[DPSOH RI
WKHLU LQWHUQDO FRQQHFWLRQ )LJXUH %�� VKRZV DQ H[DPSOH RI WKHLU LQWHUQDO FRQQHFWLRQ� ZKLFK LV
VLPLODU FDVH $ �FKDSWHU ��� 7KH LQWHUDFWLRQ� DV H[SODLQHG EHORZ� DOVR VHUYHV DV D IRXQGDWLRQ
IRU WKH VLPXODWLRQ PRGHO LQ FKDSWHU ��

)LJXUH %��� 6LPSOLVWLF YLVXDOLVDWLRQ RI '+ QHWZRUN� LQFOXGLQJ VHYHUDO HQHUJ\ VXSSOLHUV

$ '+ QHWZRUN VWDUWV ZLWK LWV FRQVXPHUV� ,Q WKLV YLVXDOLVDWLRQ �ILJ %���� DQG WKXV WRR LQ WKH
VLPXODWLRQ PRGHO ORJLF� WKH FRQVXPHUV DUH UHSUHVHQWHG E\ � ODUJH FRQVXPHU� 7KH FRQVXPHU
GHPDQGV D YDULDEOH TXDQWLW\ RI KHDW� DW WLPH�VSHFLILF VXSSO\ � DQG UHWXUQ � WHPSHUDWXUHV� DQG
WKHUHE\ GHWHUPLQHV D WLPH�VSHFLILF UHTXLUHG IORZ� 7KH KHDW LV SURYLGHG E\ PXOWLSOH VRXUFHV�
IROORZLQJ D FHUWDLQ RUGHU RI GLVSDWFK� 7KH GLVSDWFK RUGHU� RU RUGHU RI PHULW� LV WKH UDQNLQJ
DQG FRQVHTXHQW GHSOR\PHQW RI DYDLODEOH HQHUJ\ VXSSOLHUV� DQG LV YLVXDOLVHG LQ ILJXUH %���

(QHUJ\ VXSSOLHUV DUH DVVLJQHG WR VDWLVI\ D SDUW RI WKH GHPDQG� EDVHG RQ DVFHQGLQJPDUJLQDO
FRVWV RI HQHUJ\ SURGXFWLRQ� 7RJHWKHU� WKH VXSSOLHUV VDWLVI\ WKH WRWDO FRQVXPHU GHPDQG� LQ
WKH PRVW HIILFLHQW DQG HFRQRPLFDO ZD\� ,Q DQ LGHDO VLWXDWLRQ� WKH EDVH ORDG LV SURYLGHG E\ D
VXVWDLQDEOH VRXUFH� ZLWK D ODUJH FDSDFLW\ DQG ZLWK ORZ PDUJLQDO FRVWV� ([DPSOHV DUH D *' RU
LQGXVWULDO ZDVWH KHDW� +7�$7(6 LV VHFRQG LQ WKH RUGHU RI GLVSDWFK LQ WKH VLWXDWLRQ LQ ILJXUH
%��� EHKLQG WKH *'� &RQVHTXHQWO\� WKH UHPDLQLQJ LV VDWLVILHG E\ FRQVHFXWLYHO\ WKH +3� &+3�
DQG ERLOHUV�



%��� 6\QHUJLHV RI LQWHJUDWLRQ ��

)LJXUH %��� 'LVSDWFK RUGHU LQ WKH HOHFWULFLW\ PDUNHW >��@



$
6LPXODWLRQ PRGHO EDFNJURXQG

7KLV DSSHQGL[ HQWDLOV DGGLWLRQDO EDFNJURXQG LQIRUPDWLRQ RQ WKH VLPXODWLRQ PRGHO� ,W LV D
SURGXFW RI WKH GHVLJQ SKDVH� 7KH DSSHQGL[ HQWDLOV WKH IXQGDPHQWDO PRGHO ORJLF� LW VWDWHV WKH
FULWLFDO DVVXPSWLRQV� DQG H[SODLQV KRZ WKH PRGHO KDV EHHQ YDOLGDWHG� 7KHUHE\ WKH REMHFWLYH
RI WKLV DSSHQGL[ LV WR LQFUHDVH XQGHUVWDQGLQJ DQG DSSUHFLDWLRQ RI WKH VLPXODWLRQ PRGHO�

&��� 6XPPDU\ RI IXQGDPHQWDO PRGHO ORJLF
$ '+ QHWZRUN FRQQHFWV FRQVXPHUV WR SURGXFHUV� DV LV FODULILHG LQ VHFWLRQ %��� $OO KHDW
FRQVXPHUV DQG �VRXUFHV� DQG WKH GLVWULEXWLRQ QHWZRUN DUH LQFOXGHG LQ WKH PRGHO� 7KH FRQ�
VXPHUV DUH UHSUHVHQWHG E\ � ODUJH FRQVXPHU� WKDW KDV D WLPH�VSHFLILF KHDW GHPDQG >0:WK@ DW
WLPH�VSHFLILF VXSSO\� DQG UHWXUQ WHPSHUDWXUHV @&ࣅ< � 7KHUHE\ WKH FRQVXPHU GHWHUPLQHV WKH
QHWZRUN IORZ >NJ V��@� YLD HTXDWLRQ &��� ZKLFK IROORZV IURP EDVLF WKHUPRG\QDPLFV�

൛  
ൖ ࣄ ����
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ȍ ZKHUH 9 LV WKH IORZ LQ >NJ V��@� 4 WKH FRQVXPHU KHDW GHPDQG LQ >0:K@ 7� WKH VXSSO\
WHPSHUDWXUH LQ �@&ࣅ< 7� WKH UHWXUQ WHPSHUDWXUH LQ �@&ࣅ< & WKH VSHFLILF KHDW FDSDFLW\ RI ZDWHU
LQ >- J�� .��@

7KH KHDW LV VXSSOLHG E\ PXOWLSOH VRXUFHV� WKURXJK D SURFHVV RI FR�JHQHUDWLRQ� IROORZLQJ
D FHUWDLQ RUGHU RI GLVSDWFK� %RWK SKHQRPHQD KDYH EHHQ FODULILHG LQ VXEVHFWLRQ %����� $IWHU
GHILQLQJ WKH GLVWLQFW KHDW VRXUFHV� DQG WKHLU FRQQHFWLRQ DQG RUGHU RI GLVSDWFK� WKH DFWXDO
VLPXODWLRQV FDQ VWDUW� RI ZKLFK WKH PRVW IXQGDPHQWDO VWHSV DUH LQFOXGHG LQ WKH HQXPHUDWLRQ
EHORZ�

�� 7KH KRXUO\ GHPDQG GDWD VHUYHV DV LQSXW WR WKH PRGHO� DQG GHWHUPLQHV WKH QHWZRUN
IORZ YLD HTXDWLRQ &��� )ROORZLQJ WKH SUHGHILQHG RUGHU RI GLVSDWFK� WKH GHPDQG �IORZ�
LV VDWLVILHG� WKHUHE\ GHWHUPLQLQJ WKH FRQWULEXWLRQ RI LQGLYLGXDO VRXUFHV� LQFOXGLQJ +7�
$7(6� 6XEVHTXHQWO\� WKH KRXUO\ ELGLUHFWLRQDO IORZV WKURXJK ERWK +7�$7(6 ZHOOV DUH
GHWHUPLQHG IURP WKH +7�$7(6 FRQWULEXWLRQ� DGRSWLQJ WKH VLPLODU HTXDWLRQ &���

൛�  
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ȍ ZKHUH 9� LV WKH IORZ LQ >NJ V��@ WKURXJK WKH +7�$7(6 ZHOOV� 4� WKH +7�$7(6 KHDW
SURGXFWLRQ�FRQWULEXWLRQ LQ >0:@� 75 WKH �ZDUP� UHVHUYRLU WHPSHUDWXUH LQ �@&ࣅ< 7/ WKH
WHPSHUDWXUH ORVV RYHU WKH KHDW H[FKDQJHU LQ �@&ࣅ< 7� WKH UHWXUQ WHPSHUDWXUH LQ �@&ࣅ< &
WKH VSHFLILF KHDW FDSDFLW\ RI ZDWHU LQ >- J�� .��@

��



&��� &ULWLFDO DVVXPSWLRQV ��

�� 7KH H[LVWLQJ 6($:$7Y� 0RGIORZ JURXQGZDWHU PRGHO LV LQWHJUDWHG ZLWK WKH VLPXODWLRQ
PRGHO LQ S\WKRQ� 7KH JURXQGZDWHU PRGHO DVVXPHV D[LDO V\PPHWU\ DQG KRPRJHQHRXV
KRUL]RQWDO DTXLIHUV DQG DTXLWDUGV� ,W SURGXFHV D JULG ZLWK VSDFHV WR ZKLFK LQGLYLGXDO
SURSHUWLHV DUH DVVLJQHG VXFK DV� EXW QRW H[FOXGHG WR� WHPSHUDWXUH� GHQVLW\ DQG K\�
GUDXOLF FRQGXFWLYLW\� 7KH JURXQGZDWHU PRGHO LV FDOFXODWLRQ�LQWHQVLYH� PHDQLQJ WKDW
WLPH LV WKH ODUJHVW FRQVWUDLQW� 'XH WR WLPH OLPLWDWLRQV� WKH KRXUO\ ZHOO IORZV IURP WKH
SUHYLRXV VWHS DUH DFFXPXODWHG� DQG WKH PRGHO LQMHFWV WKHLU VXP �RU SURGXFHV LQ WKH
FDVH RI D QHJDWLYH VXP� HYHU\ � GD\V� DIWHU ZKLFK WKH VXP LV UHVHW WR �� $V D UHVXOW WKH
+7�$7(6 V\VWHP HLWKHU LQMHFWV RU SURGXFHV HYHU\ � GD\V� ,W FDQ QRW GR ERWK VLPXOWD�
QHRXVO\� $W WKH HQG RI WKH VLPXODWLRQ VWHS� DIWHU LQMHFWLRQ RU SURGXFWLRQ� WKH LQGLYLGXDO
JULG VSDFH SURSHUWLHV DUH GHWHUPLQHG� ZKLFK SUHSDUHV WKH PRGHO IRU WKH VXEVHTXHQW VWHS
RI � GD\V�

�� $W VRPH WHPSHUDWXUH� KHDW SURGXFWLRQ IURP WKH +7�$7(6 LV XQGHVLUDEOH� EHFDXVH WKH
HOHFWULFLW\ �FRVWV� UHTXLUHG IRU SXPSLQJ H[FHHG WKH WKHUPDO HQHUJ\ �YDOXH� RI WKH ZDWHU�
7KLV WHPSHUDWXUH LV QDPHG WKH FXW�RII WHPSHUDWXUH� DQG LW LV D GHVLJQ SDUDPHWHU WKDW LV
E\ WKH '0� 7KH FXW�RII WHPSHUDWXUH LV DPRQJ WKH GHVLJQ SDUDPHWHUV WKDW DUH DOWHUQDWHG
GXULQJ WKH SDUDPHWULF YDULDWLRQ LQ VXEVHFWLRQ ���� ,I WKH FXW�RII WHPSHUDWXUH DW VRPH
VSHFLILHG JULG VSDFH ZLWKLQ WKH UHVHUYRLU LV UHDFKHG� WKH PRGHO HOLPLQDWHV DOO SURGXFWLRQ
DQG VROHO\ DOORZV LQMHFWLRQ RI KHDW IRU WKH VXEVHTXHQW VLPXODWLRQ VWHS �� GD\V�� $IWHU
WKH QHZ JULG VSDFH WHPSHUDWXUHV DUH FDOFXODWHG� WKH PRGHO GHWHUPLQHV ZKHWKHU RU QRW
WR UHVWDUW KHDW SURGXFWLRQ IURP WKH +7�$7(6�

�� )URP KHDW SURGXFWLRQ RI WKH LQGLYLGXDO VRXUFHV� \HDUO\ JDV� DQG HOHFWULFLW\ FRQVXPSWLRQ
RI WKH V\VWHP FDQ EH GHWHUPLQHG� %RWK VHUYH DV D IRXQGDWLRQ IRU FDOFXODWLRQV RQ HPLV�
VLRQV DQG ILQDQFLDO SHUIRUPDQFH� 7KH JURXQGZDWHU PRGHO UHJLVWHUV WKH WHPSHUDWXUH RI
HYHU\ JULG VSDFH� DIWHU HYHU\ VLPXODWLRQ VWHS� ZKLFK DUH DGRSWHG WR DVVHV JURXQGZDWHU
LPSDFW�

&��� &ULWLFDO DVVXPSWLRQV
6HYHUDO DVVXPSWLRQV DUH GRQH� WR REWDLQ DQ HIILFLHQW DQG VXFFHVVIXO VLPXODWLRQ PRGHO� 7KLV
VHFWLRQ HODERUDWHV RQ WKH FULWLFDO DVVXPSWLRQV�

&����� )LQDQFLDO DVVXPSWLRQV
(YHQ WKRXJK WKH SHUVSHFWLYH RI PXWDWLRQ IURP VXEVHFWLRQ ��� JUHDWO\ UHGXFHV WKH QXPEHU RI
DVVXPSWLRQV� VRPH DVVXPSWLRQV KDYH WR EH GRQH UHJDUGLQJ WKH V\VWHP ILQDQFLDO SHUIRUPDQFH�
$OO ILQDQFLDO DVVXPSWLRQV IURP WKH HQXPHUDWLRQ EHORZ DUH D SURGXFW RI WKH YDOXH WUHH LQ ILJXUH
&�� DQG KDYH EHHQ VXPPDULVHG LQ WDEOH &���

$VVXPSWLRQ 9DOXH
(OHFWULFLW\ SULFH �� >¼ 0:K��@
*DV SULFH ���� >¼ 0:K��@
&RVW RI GULOOLQJ ���� >¼ GRXEOHW�� P��@
,QYHVWPHQW FRVWV �� ��� >¼ K P�@
3XPS DQG ZHOO PDLQWHQDQFH >¼ GRXEOHW�� \HDU��@
0RQLWRULQJ �� ��� >¼ GRXEOHW�� \HDU��@
$GGLWLRQDO 23(; �� RI LQYHVWPHQW FRVWV >¼ \HDU��@

7DEOH &��� )LQDQFLDO PRGHO DVVXPSWLRQV

�� 7R HVWLPDWH WKH FRVWV UHJDUGLQJ JDV� DQG HOHFWULFLW\ FRQVXPSWLRQ� ILUVWO\ WKH '0 KDV WR
HVWLPDWH FRQYHUVLRQ HIILFLHQFLHV RI WKH GLIIHUHQW VRXUFHV� DQG VHFRQGO\ WKH '0 KDV WR
DWWDFK D SULFH WR WKH FRQVXPSWLRQ� &RQYHUVLRQ HIILFLHQFLHV DUH FDVH�VSHFLILF� *DV � DQG
HOHFWULFLW\ SULFHV DUH YRODWLOH DQG JUHDWO\ YDU\ RYHU D ODUJHU WLPH VSDQ� 7KH HOHFWULFLW\ SULFH
YRODWLOLW\ LV VWUHQJWKHQHG GXH WR WKH XQFHUWDLQW\ LQWURGXFHG E\ WKH LPSDFW RI LQFUHDVLQJ



�� &� 6LPXODWLRQ PRGHO EDFNJURXQG

)LJXUH &��� 9DOXH WUHH RI FRVWV DQG EHQHILWV RI D VXFFHVVIXO KHDWLQJ V\VWHP



&��� &ULWLFDO DVVXPSWLRQV ��

UHQHZDEOH HQHUJ\ SHQHWUDWLRQ >�@� ,Q DGGLWLRQ WR WKH ORQJ�WHUP SULFLQJ YDULDWLRQ� WKHUH
DUH SULFH IOXFWXDWLRQV GXULQJ WKH GD\� EHFDXVH RI ERWK YDULDEOH� GHPDQG DQG SURGXFWLRQ�
)RU WKH VDNH RI VLPSOLFLW\ LW LV RSWHG WR PDLQWDLQ FRQVWDQW SULFLQJ IRU WKH FRPSOHWH OLIH�
WLPH� DQG WR GHWHUPLQH D SULFH RI �� >Ț�0:K@� FRQIRUP LQGLFDWLRQV LQ OLWHUDWXUH >�� ��@�
7KH VDPH SULQFLSOHV KROG IRU JDV SULFLQJ� $OWKRXJK WKHUH ZLOO EH OHVV IOXFWXDWLRQV RQ D
GDLO\ RU ZHHNO\ EDVLV� WKHUH H[LVW JUHDW XQFHUWDLQW\ RI WKH JDV SULFH HYROXWLRQ LQ WKH ORQJ
WHUP� %DVHG RQ OLWHUDWXUH� D FRQVWDQW JDV SULFH LV HVWLPDWHG DW ���� >Ț P��@ >��� ��@�

�� ,W LV REYLRXV LQYHVWPHQW �� RSHUDWLRQ � DQG PDLQWHQDQFH FRVWV ZLOO LQFUHDVH XSRQ LPSOH�
PHQWDWLRQ RI +7�$7(6� %DNHPD HW DO� >�@ KDV HPSLULFDOO\ HVWLPDWHG NH\ ILJXUHV IRU WKHVH
FRVW W\SHV ORRNLQJ DW SUHYLRXV IHDVLELOLW\ VWXGLHV� )ROORZLQJ WKH VXJJHVWLRQ RI %DNHPD HW
DO�� WKLV PRGHO FRQVLGHUV WKH LQYHVWPHQW FRVWV WR EH D IXQFWLRQ RI WKH +7�$7(6 V\VWHP
IORZ FDSDFLW\� DQG WR DPRXQW WR �� ��� >Ț P�� K@� $GGLWLRQDO DVVXPSWLRQV FRQFHUQLQJ
WKH \HDUO\ FRVWV IRU RSHUDWLRQDO DQG PDLQWHQDQFH DUH PRVWO\ GHSHQGDQW RQ QXPEHU RI
GRXEOHWV� 7KHVH YDOXHV DUH DOVR VXPPDULVHG LQ WDEOH &���

�� ,W LV QRW QHFHVVDU\ WR HVWLPDWH DQ DYHUDJH SULFH RI KHDW� GXH WR WKH UHDVRQ KHDW GHOLYHU\
GRHV QRW FKDQJH XSRQ LPSOHPHQWDWLRQ RI +7�$7(6� +RZHYHU� WKH VKDUH RI VXVWDLQDEOH
KHDW GHOLYHU\ FKDQJHV XSRQ LPSOHPHQWDWLRQ� ZKLFK UHTXLUHV GHWHUPLQDWLRQ RI WKH DYHU�
DJH VXEVLG\ RI VXVWDLQDEOH KHDW GHOLYHU\�

)LJXUH &��� 6XEVLG\ VFKHPH LQ WKH 1HWKHUODQGV IRU VKDOORZ JHRWKHUPDO HQHUJ\

,Q WKH 1HWKHUODQGV� VXVWDLQDEOH KHDW VXEVLG\ LV SURYLGHG E\ WKH 6'(� UHJXODWLRQ >��@�
6'(� DLPV WR FRYHU WKH GLIIHUHQFH EHWZHHQ WKH FRVW SULFH RI VXVWDLQDEOH KHDW DQG LWȄV UHDO
PDUNHW YDOXH� )RU WKLV UHDVRQ LW LV FRXSOHG WR WKH JDV SULFH� 7KH VXSSOLHU RI VXVWDLQDEOH
KHDW LV JXDUDQWHHG D FHUWDLQ KHDW SULFH� LQGLFDWHG E\ WKH FRVW SULFH RI VXVWDLQDEOH KHDW�
7KH FRUUHFWLRQ SULFH SUHVHQWV WKH UHDO PDUNHW YDOXH RI KHDW� DQG LQ WKH 1HWKHUODQGV
LW LV FRXSOHG WR WKH JDV SULFH� ,Q WKH FDVH RI D KLJK JDV SULFH� WKH PDUNHW YDOXH RI
VXVWDLQDEOH KHDW ZLOO LPSURYH� DQG WKHUHIRU WKH FRUUHFWLRQ SULFH LQFUHDVHV� GHFUHDVLQJ
WKH UHFHLYHG VXEVLG\� 7KH 6'(� LV DQ LQWHUDFWLRQ EHWZHHQ PDUNHW DQG JRYHUQPHQW� LQ
WKH HQG JXDUDQWHHLQJ WKH FRVW SULFH RI VXVWDLQDEOH KHDW IRU WKH VXSSOLHU� )LJXUH &��
VKRZV WKH FRVW SULFH� DFWXDO FRUUHFWLRQ SULFH� DQG PLQLPXP FRUUHFWLRQ SULFH IRU ����
>��@� 7KHVH SULFHV DUH GHWHUPLQHG E\ WKH JRYHUQPHQW DQG DGRSWHG E\ WKH PRGHO� 7KH\
DUH PDLQWDLQHG WKURXJKRXW WKH SURMHFW OLIH�WLPH� DQG WKH UHVXOWLQJ VXEVLG\ DPRXQWV WR
�� >Ț�0:K@ IRU VKDOORZ JHRWKHUPDO HQHUJ\ SURGXFWLRQ�



�� &� 6LPXODWLRQ PRGHO EDFNJURXQG

&����� $GGLWLRQDO DVVXPSWLRQV
7KLV VHFWLRQ PRGHO HQWDLOV DVVXPSWLRQV WKDW DUH QRW GLUHFWO\ UHODWHG WR WKH V\VWHP ILQDQFLDO
SHUIRUPDQFH� 7KH\ DUH HQXPHUDWHG EHORZ�

�� *DV� DQG HOHFWULFLW\ FRQVXPSWLRQ DUH WUDQVODWHG LQWR HPLVVLRQV� E\ HVWLPDWLQJ WKHLU FDU�
ERQ HPLVVLRQ IDFWRUV LQ >NJ 0:K��@� ,W LV GHFLGHG WR VROHO\ FRQVLGHU &2� DV FDUERQ HPLV�
VLRQ� VLQFH LW WDNHV D ��� VKDUH RI WKH WRWDO HPLVVLRQV LQ WKH 1HWKHUODQGV >��@� /LWHUDWXUH
VWDWHV WKDW QDWXUDO JDV FRQVXPSWLRQ KDV D &2� HPLVVLRQ IDFWRU RI ��� >NJ 0:K��@ >��@�
,W GHPDQGV PRUH WKLQNLQJ WR ILQG DQ HPLVVLRQ IDFWRU IRU HOHFWULFLW\ FRQVXPSWLRQ� 7KH
'XWFK FDELQHW DLPV DW D ��� UHQHZDEOH VKDUH LQ WKH SRZHU VHFWRU E\ ���� >��@� 7KH
UHPDLQLQJ VKDUH LV VXSSOLHG E\ JDV DQG RWKHU VRXUFHV� %\ PDLQWDLQLQJ WKLV UDWLR� DQG
DVVXPLQJ WKDW WKH UHQHZDEOH HOHFWULFLW\ LV IUHH RI HPLVVLRQV� WKH &2� HPLVVLRQ IDFWRU RI
HOHFWULFLW\ LV HVWLPDWHG WR EH �� >NJ 0:K��@�

�� 7KH PRGHO IROORZV WKH ODZ RI 'DUF\ WR GHWHUPLQH UHTXLUHG SXPSLQJ SUHVVXUHV DQG FRQ�
VHTXHQW HOHFWULFLW\ FRQVXPSWLRQ�
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�� ZKHUH 4 LV WKH IORZ LQ >P� V��@� N WKH LQWULQVLF SHUPHDELOLW\ RI WKH DTXLIHU LQ >P�@� $ WKH
FURVV�VHFWLRQDO DUHD RI WKH DTXLIHU LQ >P�@� S WKH SUHVVXUH LQ >3D@� ࿾ WKH IOXLG YLVFRVLW\ LQ
>3D V@� / WKH GLVWDQFH ZLWKLQ WKH DTXLIHU RYHU ZKLFK WKH SUHVVXUH GLIIHUHQFH RFFXUV>P@�
+\GUDXOLF FRQGXFWLYLW\ >P G��@ LV D SURGXFW RI WKH DTXLIHU SHUPHDELOLW\ DQG IOXLG YLVFRVLW\�

,I WKH K\GUDXOLF FRQGXFWLYLW\ RI WKH DTXLIHU KDOYHV� WKH UHTXLUHG SXPSLQJ SUHVVXUHV GRX�
EOH� WR DFKLHYH WKH VDPH IORZ UDWH� &RQVHTXHQWO\� WKH HOHFWULFLW\ FRVWV IRU SXPSLQJ GRX�
EOH�

�� 7KH DGRSWHG JURXQGZDWHU PRGHO GLYLGHV WKH VXEVXUIDFH LQWR JULG VSDFHV� ,W DGRSWV D
JHRORJLFDO FRQILJXUDWLRQ WKDW LV KRPRJHQHRXV DQG KDV D[LDO JHRPHWU\� $V D UHVXOW� WKH
UHVHUYRLU LV D SHUIHFW V\PPHWULFDO F\OLQGHU� $ VHFWLRQ RI WKH VXEVXUIDFH ZLWK D OHQJWK
HTXDO WR WKH UDGLXV RI WKH UHVHUYRLU� DQG D ZLGWK RI � JULG VSDFH� HQDEOHV WR XQGHUVWDQG
WKH HQWLUH VXEVXUIDFH KHDW EHKDYLRXU� 7KLV PDNHV WKH JURXQGZDWHU PRGHO PRUH HIILFLHQW�

�� 7KHUH H[LVWV XQFHUWDLQW\ UHJDUGLQJ KRZ WKH \HDUO\ KHDW GHPDQG ZLOO HYROYH RYHU WKH
V\VWHP OLIH WLPH� LQ WKH QHWZRUN XQGHU FRQVLGHUDWLRQ� ,W LV OLNHO\ WKDW PRUH FRQVXPHUV
ZLOO EH FRQQHFWHG WR WKH QHWZRUN� 2Q WKH FRQWUDU\� DV EXLOGLQJV EHFRPH PRUH HQHUJ\
HIILFLHQW >��@� WKH DYHUDJH KHDW GHPDQG SHU FRQVXPHU LV H[SHFWHG WR GHFUHDVH� 7KH PRGHO
DVVXPHV WKHVH WUHQGV WR FDQFHO HDFK RWKHU RXW� UHVXOWLQJ LQ FRQVWDQW \HDU KHDW GHPDQG
FXUYH WKURXJKRXW WKH SURMHFW OLIH�WLPH

�� 7KH PRGHO DVVXPHV FRQVWDQW KHDW ORVVHV GXULQJ GLVWULEXWLRQ� EHFDXVH PRGHO GRHV QRW
FRQVLGHU QHWZRUN SURSHUWLHV VXFK DV� GLVWDQFH� SLSH GLDPHWHU� W\SH RI IORZ HWF� 7KLV KDV
EHHQ HPSKDVLVHG DOUHDG\ LQ VXEVHFWLRQ ����

�� 7KH VXVWDLQDEOH EDVH VRXUFH DQG WKH +7�$7(6 DUH FRQQHFWHG WR HDFK RWKHU DQG WR WKH
QHWZRUN YLD D KHDW H[FKDQJHU� ,Q DGGLWLRQ WR KHDW ORVVHV LQ WKH JULG� DOVR KHDW ORVVHV DW
WKH KHDW H[FKDQJHU KDYH WR EH FRQVLGHUHG� 7KH PRGHO DVVXPHV D FRQVWDQW WHPSHUDWXUH
ORVV RYHU WKH KHDW H[FKDQJHU� DV LV LQGLFDWHG E\ 7/ LQ HTXDWLRQ &��� &RQYHUVLRQ HIILFLHQ�
FLHV RI WKH UHPDLQLQJ KHDW VRXUFHV GHSHQG RQ VRXUFH W\SH DQG �VSHFLILFDWLRQ� DQG KDYH
EHHQ VSHFLILHG SHU FDVH�

�� 7KH VLPXODWLRQ PRGHO GRHV QRW FRQVLGHU ULVN RI IDLOXUH RI FRPSRQHQWV� RU GRZQ�WLPH
UHODWHG WR �XQ�SODQQHG PDLQWHQDQFH� $V D UHVXOWV WKH DYDLODELOLW\ RI KHDW LV ����� LQ
HYHU\ VFHQDULR DOO FRQVXPHU KHDW GHPDQG LV DOZD\V VDWLVILHG�



&��� 9DOLGDWLRQ DQG WHVWLQJ WKH PRGHO ��

&��� 9DOLGDWLRQ DQG WHVWLQJ WKH PRGHO
7KH QXPEHU RI VWHSV ZLWKLQ WKH VLPXODWLRQ PRGHO VXJJHVW WKDW LW LV YXOQHUDEOH IRU IDXOWV DQG
HUURUV� 'XULQJ GHYHORSPHQW VHYHUDO FKHFNV KDYH EHHQ EXLOG�LQ WR YDOLGDWH WKHPRGHO DFFXUDF\�
7KH FKHFNV DUH HQXPHUDWHG EHORZ�

�� $W WKH HQG RI VLPXODWLRQV WKH PRGHO FKHFNV LI WKH VXP RI KHDW GHPDQG HTXDOV WKH VXP
RI KHDW SURGXFWLRQ IURP WKH GLIIHUHQW VRXUFHV�

�� $W WKH HQG RI VLPXODWLRQV WKH PRGHO FKHFNV IRU LUUHJXODULWLHV LQ ERWK IORZ DQG IORZ WHP�
SHUDWXUHV� LW FKHFNV LI FRQVHUYDWLRQ RI HQHUJ\ DQG FRQVHUYDWLRQ RI PDVV DUH VHFXUHG�
,W FKHFNV LI QHJDWLYH IORZV GR QRW RFFXU� 5HJDUGLQJ WKH ELGLUHFWLRQDO IORZV WR�IURP WKH
+7�$7(6 UHVHUYRLU� WKH PRGHO DVVXUHV WKDW WKHUH LV QR VLPXOWDQHRXV LQMHFWLRQ DQG SUR�
GXFWLRQ�

�� 'XULQJ VHYHUDO WHVW�VLPXODWLRQV� KHDW VRXUFHV ZHUH FKDQJHG LQ VL]H RU WXUQHG RII� DQG LW
ZDV FKHFNHG LI WKH PRGHO UHDFWHG DSSURSULDWHO\�

�� 6HYHUDO WHVW�VLPXODWLRQV ZHUH SHUIRUPHG ZLWK H[WUDRUGLQDU\ GHPDQG LQSXW� &RQVH�
TXHQWO\� LW ZDV FKHFNHG LI WKH PRGHO FUDVKHG IRU ORJLFDO UHDVRQV� ,I WKH PRGHO GLGQȄW
FUDVK� LW ZDV FKHFNHG LI WKH RXWSXW RI TXDQWLWDWLYH PHWULFV FKDQJHG FRUUHVSRQGLQJO\�



%
0XOWL�FULWHULD GHFLVLRQ DQDO\VLV

EDFNJURXQG
7KLV DSSHQGL[ LV EDVHG RQ D OLWHUDWXUH VWXG\ RQ GHFLVLRQ PDNLQJ LQ JHQHUDO� DQG WKH 0&'$
LQ VSHFLILF� ,W DOVR LV D SURGXFW RI GHVLJQ SKDVH DQG GHVFULEHV WKH VWHSV RXJKW WR EH WDNHQ
WRZDUGV D FRPSUHKHQVLYH 0&'$� 7KHUHE\� LW SURYLGHV WKH IRXQGDWLRQ RI FKDSWHU �� LQ ZKLFK D
0&'0 LV GHYHORSHG� 7KH DSSHQGL[ HODERUDWHV RQ FULWHULD VHOHFWLRQ� � VFRULQJ� DQG ZHLJKWLQJ�
)XUWKHUPRUH� LW GLVFXVVHV PHWKRGV IRU H[SRVLQJ XQFHUWDLQW\ LQ DOO RI WKHVH VWDJHV�

'��� 6WDJHV RI WKH PXOWL�FULWHULD GHFLVLRQ PHWKRG
'����� ,GHQWLI\LQJ REMHFWLYHV
$FFRUGLQJ WR ILJXUH ���� D UDWLRQDO GHFLVLRQ VWDUWV ZLWK VWDWLQJ FOHDU REMHFWLYHV� 7KH REMHFWLYHV
VKRXOG EH VSHFLILF DQG UHDOLVWLF >��@� 0RUHRYHU� WKH REMHFWLYHV FDQ EH FRQIOLFWLQJ DQG WKH
REMHFWLYH KLHUDUFK\ LV QRW XQLTXH >��@� 7KH QRQ�XQLTXHQHVV DWWULEXWH PHDQV WKHUH GRHV QRW
H[LVW � FRUUHFW VHW RI REMHFWLYHV IRU D VSHFLILF SUREOHP� $Q LOOXVWUDWLYH H[DPSOH �ILJXUH '��� RI
FRQIOLFWLQJ REMHFWLYHV LQ D VXFFHVVIXO VXUJHU\ ZDV DGRSWHG IURP .HHQH\ DQG 5DLIID >��@� 7KH
GRFWRU SHUIRUPLQJ VXUJHU\ RQ DQ\ SDWLHQW KDV WKH WKH RYHUDOO REMHFWLYH WR ȄGR WKH EHVW IRU WKH
SDWLHQWȄ� 7KLV REMHFWLYH FDQ EH VXEGLYLGHG LQWR WKH REMHFWLYHV WR ȄDYRLG GHDWKȄ DQG ȄPLQLPLVH
WUHDWPHQW FRVWVȄ�

)LJXUH '��� 6LPSOLVWLF REMHFWLYH KLHUDUFK\ RI VXFFHVVIXO VXUJHU\ >��@

'����� ,GHQWLI\LQJ VFHQDULR¶V DQG VWDNHKROGHUV
6XEVHTXHQWO\� WKH VFHQDULRȄV XQGHU FRQVLGHUDWLRQ KDYH WR EH GHILQHG� ,W FDQ EH KHOSIXO WR
FRQVLGHU WKH DFWLQJ VWDNHKROGHUV VLPXOWDQHRXVO\� DV LW ZLOO IRUFH WKH '0 WR RYHUWKLQN LI WKH
VHW RI REMHFWLYHV LV FRPSUHKHQVLYH�

��



'��� 6WDJHV RI WKH PXOWL�FULWHULD GHFLVLRQ PHWKRG ��

'����� 6SHFLI\ FULWHULD VHW
&ULWHULD DUH DWWDFKHG WR WKH REMHFWLYH KLHUDUFK\� WR REWDLQ D YDOXH WUHH� 0XOWLSOH VRXUFHV DUH
XQDQLPRXV RQ UHTXLUHPHQWV UHJDUGLQJ D VHW RI FULWHULD >��� ��@�

�� 1RQ�UHGXQGDQF\ LQ D FULWHULD OLVW PHDQV WKDW GRXEOH FRXQWLQJ RI DQ\ HIIHFWV VKRXOG EH
DYRLGHG�

�� &RPSOHWHQHVV LQ D FULWHULD OLVW UHIHUV WR WKH DELOLW\ WR FDSWXUH WKH IXOO XWLOLW\ RI HYHU\
VFHQDULR� DQG WKXV DGHTXDF\ LQ LQGLFDWLQJ WKH GHJUHH WR ZKLFK DQ VFHQDULR PHHWV LWV
WRWDO REMHFWLYH�

�� 2SHUDELOLW\ LV D UHTXLUHPHQW WR HDVH WKH MRXUQH\ RI WKH '0� ,W PHDQV WKDW LQGLYLGXDO
FULWHULD VKRXOG EH PHDQLQJIXO DQG XQGHUVWDQGDEOH WR WKH '0� 0RUHRYHU� RSHUDELOLW\
UHIHUV WR WKH FULWHULD EHLQJ PHDVXUDEOH� DQG XVHIXO WR WKH SXUSRVH RI WKH VWXG\�

�� 'HFRPSRVDELOLW\ LQ D FULWHULD OLVW UHIHUV WR WKH RUJDQLVDWLRQ LQ D YDOXH WUHH� 7KLV ZLOO
HQDEOH WKH '0 WR VHJPHQW LQWR PXWXDO LQGHSHQGHQW VXE�OLVWV RI VPDOOHU GLPHQVLRQDOLW\�
ZKLFK ZLOO DOORZ IRU HDVLHU HYDOXDWLRQ DQG FRPSDULVRQ�

�� 0LQLPXP VL]H RI WKH FULWHULD OLVW UHIHUV WR WKH IDFW WKDW LW LV GHVLUDEOH WR NHHS WKH QXPEHU
RI FULWHULD DV VPDOO DV SRVVLEOH� ZLWKRXW JLYLQJ LQ RQ FRPSOHWHQHVV RI WKH FULWHULD VHW�

$W WKLV VWDJH WKH '0 KDV GHWHUPLQHG WKH OLPLWV RI WKH HYDOXDWLRQ VSDFH� ZKLFK FDQ EH
VXPPDULVHG ZLWK WKH HYDOXDWLRQ PDWUL[ �HTXDWLRQ '���� ,Q WKH ODWHU VWDJHV WKLV PDWUL[ LV WR
EH ILOOHG� VWHS E\ VWHS�
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��� ZKHUH [LM LV WR EH SURGXFHG E\ WKH L�WK FULWHULD DQG WKH M�WK VFHQDULR� P LV WKH QXPEHU
RI FULWHULD� DQG Q WKH QXPEHU RI VFHQDULRȄV�

'����� (YDOXDWLRQ RI SHUIRUPDQFH DQG PHWKRG RI VFRULQJ
&ULWHULD SHUIRUPDQFH FDQ EH HYDOXDWHG ERWK TXDQWLWDWLYHO\ DQG TXDOLWDWLYHO\� 7KH UHVXOW LV D
SHUIRUPDQFH PDWUL[� ZKLFK FDQ REWDLQ GLIIHUHQW XQLWV SHU FULWHULD�
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��� ZKHUH [LM LV WKH SHUIRUPDQFH RI WKH L�WK FULWHULD DQG WKH M�WK VFHQDULR� P LV WKH QXPEHU
RI FULWHULD� DQG Q WKH QXPEHU RI VFHQDULRȄV�

6FRULQJ LV WKH WUDQVODWLRQ RI SHUIRUPDQFH PHDVXUHV WKDW KDYH GLIIHUHQW XQLWV SHU FULWHULD�
RQWR D FRPPRQ VFDOH >��@� WR DOORZ IRU FRPSDULVRQ� $ XVXDO VFDOH ZLOO UDQJH IURP � WR ���
,Q DGGLWLRQ� VFRUHV UHSUHVHQW WKH '0 DSSUHFLDWLRQ RI D FHUWDLQ FKDQJH LQ SHUIRUPDQFH RQ D
FULWHULD� VXFK WKDW DQ HTXDO FKDQJH RQ WKH VFRULQJ VFDOH LV HTXDOO\ SUHIHUUHG >��@� )RU H[�
DPSOH� D FKDQJH IURP � WR � LV HTXDOO\ DSSUHFLDWHG DV IURP � WR �� 7KH ILUVW VWHS RI VFRULQJ
SHUIRUPDQFH RQ LQGLYLGXDO FULWHULD LV WR VHW XS DQ LQWHUYDO VFDOH� 7KHUH DUH � PHWKRGV IRU
HVWDEOLVKLQJ WKH LQWHUYDO VFDOH� JOREDO VFDOLQJ DQG ORFDO VFDOLQJ� *OREDO VFDOLQJ H[FHHGV WKH
OLPLWV RI WKH HYDOXDWLRQ VSDFH DQG DVVLJQV VFRUHV RI � DQG �� WR UHVSHFWLYHO\ WKH ZRUVW DQG
WKH EHVW OHYHOV RI SHUIRUPDQFH >���@ ȄWKDW DUH OLNHO\ WR EH HQFRXQWHUHG LQ D GHFLVLRQ SUREOHP
RI WKH JHQHUDO W\SH FXUUHQWO\ EHLQJ DGGUHVVHGȄ >��@� EXW WKDW DUH QRW QHFHVVDULO\ DPRQJ WKH
VFHQDULRȄV� /RFDO VFDOLQJ DVVLJQV H[WUHPH VFRUHV WR WKH ZRUVW DQG WKH EHVW OHYHOV RI SHUIRU�
PDQFH DPRQJ WKH VFHQDULRȄV XQGHU HYDOXDWLRQ� DQG WKXV GRHV QHYHU H[FHHG WKH OLPLWV RI WKH
HYDOXDWLRQ VSDFH� 7KH DGYDQWDJH RI JOREDO VFDOLQJ LV WKDW LW LV UHODWLYHO\ HDV\ WR DGG VFHQDULRȄV



�� '� 0XOWL�FULWHULD GHFLVLRQ DQDO\VLV EDFNJURXQG

GXULQJ D ODWHU SKDVH� $ GLVDGYDQWDJH LV WKDW JOREDO VFDOLQJ UHTXLUHV DGGLWLRQDO MXGJHPHQWV
WR GHWHUPLQH WKH H[WUHPHV�



'��� 6WDJHV RI WKH PXOWL�FULWHULD GHFLVLRQ PHWKRG ��

7KHUH H[LVW � ZLGHO\ DGRSWHG PHWKRGV RI VFRULQJ FULWHULD SHUIRUPDQFH >��@�

�� 9DOXH IXQFWLRQV UHSUHVHQW WKH VFRUH DORQJ WKH UDQJH RI YDOXHV RI D VSHFLILF FULWHULD� 9DOXH
IXQFWLRQV DGRSW WKH VDPH SULQFLSOHV DV FRPPRGLW\ WUDGLQJ� :KHQ WKHUH H[LVW � FRP�
PRGLWLHV� ; DQG <� WKH WUDGHU KDV WR GHFLGH RQ WKH YDOXH WUDGH�RII� L�H� ZKDW DPRXQW
RI ; KH RU VKH LV SUHSDUHG WR ORVH� WR JDLQ � < >��@� /LNHZLVH WKH '0 KDV WR GHFLGH RQ
WKH UHODWLRQVKLS EHWZHHQ WKH SHUIRUPDQFH DQG VFRUH� ILUVWO\ ZKHWKHU VFRUH DQG SHUIRU�
PDQFH DUH SRVLWLYHO\ FRUUHODWHG� DQG VHFRQGO\ ZKHWKHU WKH UHODWLRQVKLS EHWZHHQ VFRUH
DQG SHUIRUPDQFH LV OLQHDU >��@� 7R JLYH D EULHI H[DPSOH IRU DGGLWLRQDO FODULILFDWLRQ� WKH
FRUUHODWLRQ EHWZHHQ DPRXQW RI SURILW DQG VFRUH LV SRVLWLYHO\ DOLJQHG� +RZHYHU� ZLWK WKH
ILUVW VFHQDULR EHLQJ DOUHDG\ YHU\ SURILWDEOH� DQG DQRWKHU VFHQDULR RSHUDWLQJ DURXQG WKH
EUHDN�HYHQ PDUN� GRHV DQ HTXDO LQFUHDVH LQ SURILW UHVXOW LQ DQ HTXDO JDLQ LQ VFRUH"
7KHVH DUH TXHVWLRQV WKH WKDW GHPDQG DQVZHULQJ IURP WKH '0�

�� 'LUHFW UDWLQJ LV WKH PRVW LQWXLWLYH DQG HIILFLHQW PHWKRG RI VFRULQJ DYDLODEOH� 'LUHFW UDW�
LQJ FDQ EH DSSOLHG ZKHQ WKHUH H[LVWV D VKRUWDJH RI PHDVXUDEOH GDWD >��@� WLPH DQG�RU
UHVRXUFHV� 2Q WKH GRZQVLGH GLUHFW UDWLQJ LV YXOQHUDEOH IRU LQFRQVLVWHQF\� EHFDXVH VRPH�
WLPHV WKH GLUHFW UDWLQJ MXGJHPHQWV KDYH WR EH SHUIRUPHG E\ GLIIHUHQW H[SHUWV� GXH WR WKH
GLVWLQFW QDWXUH RI FULWHULD� 0RUHRYHU� GLUHFW UDWLQJ LV VXVFHSWLEOH IRU H[SHUW SUHIHUHQFH�
>���@ ȄWKRVH ZLWK WKH PRVW DSSURSULDWH H[SHUWLVH WR PDNH WKH MXGJHPHQWV PD\ DOVR KDYH D
VWDNH LQ WKH RXWFRPH RI WKH GHFLVLRQȄ >��@�

�� 3DLU�ZLVH FRPSDULVRQ HVWDEOLVKHV VFRUHV WKURXJK FRPSDULVRQ� 7KHUH H[LVW PDQ\ YDULD�
WLRQV VXFK DV $QDO\WLF +LHUDUFK\ 3URFHVV �$+3� RU 0$&%(7+� 7KHVH PHWKRGV DUH UH�
JDUGHG DV HIIHFWLYH� EXW RQ WKH GRZQVLGH WKH\ DUH PRUH FDOFXODWLRQ LQWHQVLYH DQG WKHUHIRU
DOVR PRUH WLPH�FRQVXPLQJ >��@�

7KH GHOLYHUDEOH RI WKH VFRULQJ SURFHVV LV DQ VFRUH PDWUL[ �HTXDWLRQ '���� ZKLFK LV HTXDO LQ
VL]H WR WKH HYDOXDWLRQ PDWUL[ DQG WKH SHUIRUPDQFH PDWUL[� DQG LQ ZKLFK VFRUHV DUH DVVLJQHG
IRU HYHU\ FULWHULD DQG VFHQDULR�

൘  
੉
੊
੊
ੋ

൶ኻኻ ൶ኻኼ জ ൶ኻ፣
൶ኼኻ ൶ኼኼ জ ൶ኼ፣
ছ ছ ঞ ছ
൶።ኻ ൶።ኼ জ ൶፦፧

ੌ
੍
੍
੎

�'���

��� ZKHUH [LM LV WKH VFRUH RI WKH L�WK FULWHULD DQG WKH M�WK VFHQDULR� P LV WKH QXPEHU RI
FULWHULD� DQG Q WKH QXPEHU RI VFHQDULRV��

'����� &ULWHULD ZHLJKWLQJ
2QFH DOO FULWHULD KDYH >���@ ȄWKHLU LQWHUQDO LPSDFW UHFODVVLILHG WR D FRPPRQ VFDOHȄ >��@� WKH FRQ�
VHTXHQW VWHS LV WR GHWHUPLQH HDFK FULWHULDȄV UHODWLYH LPSRUWDQFH IRU WKH GHFLVLRQ SUREOHP� 7KH
UHODWLYH LPSRUWDQFH LV LQGLFDWHG E\ DVVLJQLQJ FULWHULD ZHLJKWV >��� ��@� 7KH FULWHULD ZHLJKW
GLVWULEXWLRQ FDQ YDU\ IRU GLIIHUHQW VWDNHKROGHUV�

7KHUH H[LVW PDQ\ DFFHSWHG PHWKRGV IRU DVVLJQLQJ FULWHULD ZHLJKWV� +RZHYHU� PRVW RI WKHP
UHO\ RQ � RI WKH IROORZLQJ EDVLF SULQFLSOHV�

�� (TXDO ZHLJKWV PHWKRG UHTXLUHV PLQLPDO LQSXW IURP WKH '0� $OWKRXJK WKH PHWKRG DS�
SHDUV YHU\ VLPSOLVWLF� WKH UHVXOWV FDQ EH QHDUO\ DV JRRG DV RSWLPDO ZHLJKWLQJ PHWKRGV
>�@�

�� ,Q 5DQN�EDVHG PHWKRGV WKH '0 HVWDEOLVKHV DQ LPSRUWDQFH UDQNLQJ RI WKH FULWHULD� ZKLFK
GHWHUPLQHV WKH ZHLJKWLQJ� 5DQN�EDVHG ZHLJKWLQJ KDV EHHQ FULWLFLVHG� EHFDXVH LW GRHV
QRW FRQVLGHU UHODWLYH LPSRUWDQFH DPRQJ FULWHULD >��@�

�� 5DWH�EDVHG PHWKRGV DUH VLPLODU WR UDQN�RUGHU PHWKRGV� ZLWK WKH RQO\ GLIIHUHQFH EHLQJ
WKDW UHODWLYH LPSRUWDQFH RI WKH FULWHULD LV WDNHQ LQWR FRQVLGHUDWLRQ� 6LPLODU WR GLUHFW�
UDWLQJ IRU VFRULQJ� DV FDQ EH UHDG LQ LQ VXEVHFWLRQ '����� LW LV VXVFHSWLEOH IRU H[SHUW
SUHIHUHQFHV�



�� '� 0XOWL�FULWHULD GHFLVLRQ DQDO\VLV EDFNJURXQG

�� :LWK SDLU�ZLVH FRPSDULVRQ WKH UHODWLYH LPSRUWDQFH RI FULWHULD LV HVWDEOLVKHG E\ FRPSDU�
LVRQ� 3DUWLFLSDQWV DUH DVNHG WR MXGJH ZKLFK RI WKH FULWHULD LV PRUH FUXFLDO� DQG WR ZKDW
H[WHQW >��@� 0HWKRGV OLNH WKH $+3 DOVR DGRSW SDLU�ZLVH FRPSDULVRQ IRU ZHLJKW GLVWULEX�
WLRQ� >���@ Ȅ,W LV WKH HVVHQFH RI WKH $+3 WKDW KXPDQ MXGJPHQWV� DQG QRW MXVW WKH XQGHUO\LQJ
LQIRUPDWLRQ� FDQ EH XVHG LQ SHUIRUPLQJ WKH HYDOXDWLRQV�Ȅ >��@�

7KH GHOLYHUDEOH LV DQ ZHLJKW PDWUL[ �HTXDWLRQ '���� LQ ZKLFK ZHLJKWV DUH DVVLJQHG IRU HYHU\
VWDNHKROGHU DQG VFHQDULR�
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��� ZKHUH [L LV WKH DVVLJQHG ZHLJKW IRU WKH L�WK FULWHULD� DQG P LV WKH QXPEHU RI FULWHULD�
7KH ZHLJKW PDWUL[ LV GLIIHUHQW IRU HDFK VWDNHKROGHU JURXS�

$ UHODWLYHO\ VLPSOH PXOWLSOLFDWLRQ RI WKH VFRUH� DQG ZHLJKW PDWULFHV FDQ SURYLGH DJJUHJDWHG
VFRUHV DQG FRQVHTXHQW UDQNLQJ RI VFHQDULRV� ,Q WKLV FDVH WKH VFRUHV DQG ZHLJKWV DUH WUHDWHG
DV EHLQJ GHWHUPLQLVWLF >��@� +RZHYHU� WKH VXEMHFWLYH QDWXUH RI WKH VWHSV� ZRUNLQJ WRZDUGV
DQ VFHQDULR UDQNLQJ� JHQHUDWHV XQFHUWDLQW\ WKDW QHHGV WR EH WDNHQ LQWR FRQVLGHUDWLRQ� 7KH
PDQ\ DVVXPSWLRQV GHPDQG DGGLWLRQDO HYDOXDWLRQ�

'����� 8QFHUWDLQW\ LQ PXOWL�FULWHULD GHFLVLRQ PHWKRG
,Q GHFLVLRQ�PDNLQJ� WKH GHFLGHG UDQNLQJ RFFXUV ZLWK VRPH XQNQRZQ SUREDELOLW\� DQG WKXV
WKH '0 IDFHV XQFHUWDLQW\ >��@� $ VXFFHVVIXO 6$ LV FDSDEOH RI TXDQWLI\LQJ WKLV XQFHUWDLQW\� ,W
PDNHV WKH >���@ ȄVHQVLWLYLW\ DQDO\VLV HVVHQWLDO DQG LQWULQVLF WR 0&'$Ȅ >��@�

+RZHYHU� LW DSSHDUV WR EH WKDW WKH PDQ\ RI WKH SURSRVHG PHWKRGV RI 6$ KDYH VLJQLILFDQW
OLPLWDWLRQV� EHFDXVH WKHUH LV >���@ ȄDEVHQFH RI D SURFHGXUH WR FRQGXFW WKH VHQVLWLYLW\ DQDO\VLVȄ
>��@� )UHTXHQWO\ RFFXUULQJ OLPLWDWLRQV RI SURSRVHG PHWKRGV IRU 6$ DUH�

�� 7KH 6$ LV SHUIRUPHG XSRQ FRPSOHWLRQ RI WKH GHFLVLRQ SURFHVV >��@� ZKHUHDV LW VKRXOG
EH LQWHJUDWHG LQ WKH GHFLVLRQ DQDO\VLV SURFHVV� VXFK WKDW >���@ ȄLW LV HPEHGGHG LQWR D
FRQWLQXRXV F\FOH SURFHVV GXULQJ ZKLFK DW HDFK VWDJH RI WKH GHFLVLRQ SURFHVV WKH DQDO\VLV
FDQ JR EDFN WR SUHYLRXV VWDJHV WR FKHFN� DGG� RU PRGLI\ SDUWV RI WKH SUREOHPȄ >��@�

�� 9DU\LQJ � SDUDPHWHU DW D WLPH� DOVR NQRZ DV WKH VLQJOH DWWULEXWH DSSURDFK� DV LV DGRSWHG
LQ WKH UHVHDUFK RI %DUURQ DQG 6FKPLGW >�@� FDQ EH PLVOHDGLQJ EHFDXVH LW LJQRUHV WKH
SRVVLELOLW\ DQ VFHQDULR UDQNLQJ LV LQVHQVLWLYH WR YDULDWLRQ RI LQGLYLGXDO SDUDPHWHUV� EXW
VHQVLWLYH IRU WKHLU VLPXOWDQHRXV YDULDWLRQ >�� ��� ��@�

�� 7KH IRFXV LV RQ XQFHUWDLQW\ LQ FULWHULD ZHLJKWV� ZKHUHDV WKHUH DOVR H[LVW XQFHUWDLQW\ LQ
SHUIRUPDQFH DQG FRQVHTXHQW VFRUH >��� ��@

)RU WKHVH UHDVRQV� DQ DSSURDFK LV VXJJHVWHG� ZKLFK DGRSWV D 0RQWH &DUOR LWHUDWLRQ�
7KURXJK VWRFKDVWLF YDULDWLRQ RI ERWK ZHLJKWV DQG VFRUHV WKH LWHUDWLRQ LQGLFDWHV WKH VHQVLWLYLW\
WR YDULDWLRQV LQ UDQNLQJ� DQG WKHUHE\ TXDQWLILHV WKH UHOLDELOLW\ RI WKH 0&'$� 7KH DSSURDFK
FDQ EH EHWWHU H[SODLQHG E\ WKH IROORZLQJ HTXDWLRQ�

൘�െ፣�  
፦

ᔤ
።዆ኻ

൜።൛።�൶።፣� �'���

��� ZKHUH 6�$M� LV DJJUHJDWHG VFRUH RI WKH M�WK VFHQDULR� :L WKH ZHLJKW RI WKH L�WK FULWHULD� 9L
WKH YDOXH IXQFWLRQ RI WKH L�FULWHULD IRU WUDQVODWLRQ LQWR VFRUH� [LM WKH SHUIRUPDQFH RI WKH M�WK
VFHQDULR RQ WKH L�WK FULWHULD� DQG P WKH WRWDO QXPEHU RI FULWHULD�

(TXDWLRQ '�� LV NQRZQ DV WKH OLQHDU DGGLWLYH PRGHO� ZKLFK VXPPDULVHV DOO VWDJHV RI WKH
0&'$� IURP SHUIRUPDQFH HYDOXDWLRQ WR FULWHULD ZHLJKWLQJ� LQ � FRPSDFW IRUPXOD� 'XH WR WKH



'��� 6WDJHV RI WKH PXOWL�FULWHULD GHFLVLRQ PHWKRG ��

VXEMHFWLYH QDWXUH RI HYHU\ VWDJH� WKH 0&'$ LV YXOQHUDEOH WR WKH SUHIHUHQFH RI D '0 LQ HYHU\
VWDJH� DQG WKXV XQFHUWDLQW\ VKRXOG EH LQFOXGHG LQ HYHU\ VWDJH >�@� +\GH HW DO� VXJJHVWV WR XVH
XQLIRUP GLVWULEXWLRQV IRU FULWHULD ZHLJKWLQJ DQG SHUIRUPDQFH YDOXHV LQVWHDG RI GHWHUPLQLVWLF
YDOXHV� WKHUHE\ REWDLQLQJ WKH SUREDELOLW\ D FHUWDLQ VFHQDULR RFFXSLHV D FHUWDLQ UDQN� DQG WKXV
TXDQWLI\LQJ WKH XQFHUWDLQWLHV LQ WKH 0&'0 >��@� $Q DOWHUQDWLYH IRU XQLIRUPDO GLVWULEXWLRQV
ZRXOG EH D VWRFKDVWLF 6$ ZLWK QRUPDO GLVWULEXWLRQV IRU FULWHULD VFRUHV DQG ZHLJKWV� VSHFL�
ILHG E\ DQ DYHUDJH YDOXH DQG VWDQGDUG GHYLDWLRQ >��@� *KDQPL VXJJHVWV VWRFKDVWLF UDQGRP
VDPSOLQJ RI WKH FULWHULD ZHLJKWV� DV DQ DOWHUQDWLYH IRU XVLQJ ZHLJKW GLVWULEXWLRQV >��@�

7R VXPPDULVH WKH VXEVHFWLRQ� WKHUH H[LVW PXOWLSOH DOWHUQDWLYHV IRU DQ 6$� 5HJDUGOHVV RI
FKRVHQ PHWKRG� LW LV FUXFLDO WKDW WKH PHWKRG DGRSWV VLPXOWDQHRXV PXOWL�DWWULEXWH YDULDWLRQ
RI ERWK ZHLJKWV DQG SHUIRUPDQFH YDOXHV� )XUWKHUPRUH� LW LV LPSRUWDQW WKDW WKH PHWKRG LV
XVHG EHIRUH FRPSOHWLRQ RI WKH GHFLVLRQ SURFHVV� 7KHVH ILQGLQJV ZHUH WDNHQ LQWR FRQVLGHUDWLRQ
ZKHQ FKRRVLQJ WKH 6$ RI WKLV UHVHDUFK�



&
$GGLWLRQDO FDVH�VSHFLILF UHVXOWV

(��� &DVH $� VKDOORZ JHRWKHUPDO KHDW IRU HGXFDWLRQDO LQVWLWXWH
7KLV VHFWLRQ HQWDLOV DGGLWLRQDO WDEOHV DQG ILJXUHV RI FDVH $�

3HUIRUPDQFH %HVW *RRG %DG :RUVW
6FHQDULR 4XDUWLOH � 4XDUWLOH � 4XDUWLOH � 4XDUWLOH �
'HIDXOW ���� ���� ���� ����
1R +7�$7(6 ���� ���� ���� ����
/RZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\ � � � �
+LJK DTXLIHU K\GUDXOLF FRQGXFWLYLW\ ���� ���� ���� ����
6KDOORZ DTXLIHU ���� ���� ���� ����
'HHS DTXLIHU ���� ���� � �
7KLQ DTXLIHU � ���� ���� ����
7KLFN DTXLIHU ���� ���� ���� ����
/RZ VHDVRQDO YDULDWLRQ � ���� ���� ����
+LJK VHDVRQDO YDULDWLRQ ���� ���� ���� ����
6KRUW OLIH WLPH ���� ���� � �
([WHQGHG OLIH WLPH ���� ���� ���� ����

7DEOH (��� 3UREDELOLW\ RI VFHQDULR UDQN� FDVH $� FRQVXPHU SHUVS�

��



(��� &DVH $� VKDOORZ JHRWKHUPDO KHDW IRU HGXFDWLRQDO LQVWLWXWH ��

)LJXUH (��� :HLJKW GLVWULEXWLRQ DQG XQZHLJKWHG VFRUHV� FDVH $� LQYHVWRU�RSHUDWRU SHUVS�

)LJXUH (��� 3DUDPHWULF YDULDWLRQ RI GHVLJQ� FDVH $� LQYHVWRU�RSHUDWRU SHUVS�



�� (� $GGLWLRQDO FDVH�VSHFLILF UHVXOWV

)LJXUH (��� *HRORJLFDO SDUDPHWULF YDULDWLRQ� FDVH $� LQYHVWRU�RSHUDWRU SHUVS�

(��� &DVH %� LQGXVWULDO ZDVWH KHDW IRU UHVLGHQWLDO KHDWLQJ QHWZRUN
7KLV VHFWLRQ HQWDLOV DGGLWLRQDO WDEOHV DQG ILJXUHV RI FDVH %�

3HUIRUPDQFH %HVW *RRG %DG :RUVW
6FHQDULR 4XDUWLOH � 4XDUWLOH � 4XDUWLOH � 4XDUWLOH �
'HIDXOW ���� ���� ���� ����
1R +7�$7(6 � ���� ���� ����
/RZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\ � ���� ���� ����
+LJK DTXLIHU K\GUDXOLF FRQGXFWLYLW\ ���� ���� ���� ����
6KDOORZ DTXLIHU � ���� ���� ����
'HHS DTXLIHU ���� ���� � �
7KLQ DTXLIHU ���� ���� ���� ����
7KLFN DTXLIHU ���� ���� ���� ����
/RZ GHPDQG VFDOHG ���� ���� ���� ����
+LJK GHPDQG VFDOHG ���� ���� ���� ����
6KRUW OLIH WLPH ���� ���� � �
([WHQGHG OLIH WLPH � ���� ���� ����
/RZ V\VWHP IORZ FDSDFLW\ ���� ���� ���� ����
+LJK V\VWHP IORZ FDSDFLW\ ���� ���� ���� ����

7DEOH (��� 3UREDELOLW\ RI VFHQDULR UDQN� FDVH %� FRQVXPHU SHUVS�



(��� &DVH %� LQGXVWULDO ZDVWH KHDW IRU UHVLGHQWLDO KHDWLQJ QHWZRUN ��

)LJXUH (��� :HLJKW GLVWULEXWLRQ DQG XQZHLJKWHG VFRUHV� FDVH %� LQYHVWRU�RSHUDWRU SHUVS�

)LJXUH (��� 3DUDPHWULF YDULDWLRQ RI GHVLJQ� FDVH %� LQYHVWRU�RSHUDWRU SHUVS�



�� (� $GGLWLRQDO FDVH�VSHFLILF UHVXOWV

)LJXUH (��� *HRORJLFDO SDUDPHWULF YDULDWLRQ� FDVH %� LQYHVWRU�RSHUDWRU SHUVS�

(��� &DVH &� VKDOORZ JHRWKHUPDO IRU H[SDQGLQJ JUHHQKRXVH
7KLV VHFWLRQ HQWDLOV DGGLWLRQDO WDEOHV DQG ILJXUHV RI FDVH &�

3HUIRUPDQFH %HVW *RRG %DG :RUVW
6FHQDULR 4XDUWLOH � 4XDUWLOH � 4XDUWLOH � 4XDUWLOH �
'HIDXOW ���� ���� ���� ����
1R +7�$7(6 � ���� ���� ����
/RZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\ � � � �
+LJK DTXLIHU K\GUDXOLF FRQGXFWLYLW\ ���� ���� ���� �
6KDOORZ DTXLIHU ���� ���� ���� ����
'HHS DTXLIHU ���� ���� ���� �
7KLQ DTXLIHU ���� ���� ���� ����
7KLFN DTXLIHU ���� ���� ���� ����
6PDOO DUHD ���� ���� ���� ����
/DUJH DUHD ���� ���� ���� ����
6KRUW OLIH WLPH ���� ���� � �
([WHQGHG OLIH WLPH � ���� ���� ����
/RZ FXW�RII WHPSHUDWXUH ���� ���� ���� ����
+LJK FXW�RII WHPSHUDWXUH ���� ���� ���� ����

7DEOH (��� 3UREDELOLW\ RI VFHQDULR UDQN� FDVH &� LQYHVWRU�RSHUDWRU SHUVS�



(��� &DVH &� VKDOORZ JHRWKHUPDO IRU H[SDQGLQJ JUHHQKRXVH ��

3HUIRUPDQFH %HVW *RRG %DG :RUVW
6FHQDULR 4XDUWLOH � 4XDUWLOH � 4XDUWLOH � 4XDUWLOH �
'HIDXOW ���� ���� ���� ����
1R +7�$7(6 � ���� ���� ����
/RZ DTXLIHU K\GUDXOLF FRQGXFWLYLW\ � � � �
+LJK DTXLIHU K\GUDXOLF FRQGXFWLYLW\ ���� ���� ���� �
6KDOORZ DTXLIHU ���� ���� ���� ����
'HHS DTXLIHU ���� ���� ���� ����
7KLQ DTXLIHU ���� ���� ���� ����
7KLFN DTXLIHU ���� ���� ���� ����
6PDOO DUHD ���� ���� ���� ����
/DUJH DUHD ���� ���� ���� ����
6KRUW OLIH WLPH ���� ���� ���� �
([WHQGHG OLIH WLPH ���� ��� ���� ����
/RZ FXW�RII WHPSHUDWXUH ���� ���� ���� ����
+LJK FXW�RII WHPSHUDWXUH ���� ���� ���� ����

7DEOH (��� 3UREDELOLW\ RI VFHQDULR UDQN� FDVH &� FRQVXPHU SHUVS�

)LJXUH (��� :HLJKW GLVWULEXWLRQ DQG XQZHLJKWHG VFRUHV� FDVH &� LQYHVWRU�RSHUDWRU SHUVS�



�� (� $GGLWLRQDO FDVH�VSHFLILF UHVXOWV

)LJXUH (��� :HLJKWHG VFRUHV� FDVH &� LQYHVWRU�RSHUDWRU SHUVS�

)LJXUH (��� 3DUDPHWULF YDULDWLRQ RI GHVLJQ� FDVH &� LQYHVWRU�RSHUDWRU SHUVS�



(��� &DVH &� VKDOORZ JHRWKHUPDO IRU H[SDQGLQJ JUHHQKRXVH ��

)LJXUH (���� *HRORJLFDO SDUDPHWULF YDULDWLRQ� FDVH &� LQYHVWRU�RSHUDWRU SHUVS�


