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(OLPLQDWLRQ� RI� KHDY\� PHWDO� SROOXWDQWV� IURP� WKH�
HQYLURQPHQW�KDV�EHHQ�RQH�RI�WKH�EDVLF�H[SORUHV�LQ�
WKH� UHFHQW� IHZ� \HDUV�� $Q� $TXHRXV� HQYLURQPHQW�
IRU� PDQ\� LQGXVWULHV� VXFK� DV� PHWDOOXUJ\�� PLQLQJ��
FKHPLFDO� PDQXIDFWXULQJ� DQG� EDWWHU\�
PDQXIDFWXULQJ� LQGXVWULHV� LQFOXGH� PDQ\� NLQGV� RI�
WR[LF� KHDY\� PHWDO� LRQV� >�@�� /HDG� LPSUHVVHV� WKH�
SK\VLFDO� FRQGLWLRQV� RI� VWHHO�� DOOR\V� DQG� KLJK�
LQQRFHQFH�PHWDOV��,W�LV�KLJKO\�WR[LF�WR�KXPDQ�DQG�
DQLPDOV� DQG� UHDVRQV� HQYLURQPHQWDO� SUREOHPV��
9HU\� ORZ� DPRXQWV� RI� OHDG� DUH� DWWHQGDQW� LQ�
GLIIHUHQW�PDWULFHV��VXFK�DV�SODQWV��VRLOV�� IRRG�DQG�
ZDWHU�� ,W� LV�� VR�� YHU\� VLJQLILFDQW� WR� LPSURYH�
VHQVLWLYH�� VHOHFWLYH�� VSHHG\� DQG� HFRQRPLFDO�
PDQQHUV� IRU� TXDQWLWDWLYH� PHDVXULQJ� RI� LWV� WUDFH�
YDOXHV�� 6SHFWURSKRWRPHWULF� VW\OHV� DUH� VLPSOH��
LQH[SHQVLYH� DQG� HFRQRPLFDO� EXW� DUH� QRW� VXLWDEOH�
VHQVLWLYH� DQG� VHOHFWLYH�� *UDSKLWH� IXUQDFH� DWRPLF�
DEVRUSWLRQ� VSHFWURVFRS\�� QHXWURQ� DFWLYDWLRQ�
DQDO\VLV�� �� GLUHFW� FXUUHQW� SODVPD� DWRPLF� HPLVVLRQ�
VSHFWURPHWU\�� LQGXFWLYHO\� FRXSOHG� SODVPD�DWRPLF�
HPLVVLRQ� VSHFWURVFRS\� DQG� PDVV� VSHFWURPHWU\�
SUREDEO\� DSSOLHG�� EXW� WKH� QHHGHG� WRROV� DUH�
H[SHQVLYH�� GD\�WR�GD\� PDLQWHQDQFH� FRVW� LV� KLJK�
DQG� GLIIHUHQW� W\SHV� RI� LQZDUG� LQWHUIHUHQFHV�
HPHUJH�� /HDG� LV� D� KLJKO\� WR[LF� KHDY\�PHWDO� WKDW�

FDXVHV�KXPDQ�KHDOWK�SUREOHPV�DQG�HQYLURQPHQWDO�
SROOXWLRQV��DQG�LV�DOVR�PRUH�WR[LF�HYHQ�DIWHU�IURP�
0HUFXU\� DQG� DUVHQLF� >�@��$GVRUSWLRQ� LV� SXUSRVHG�
WR� EH� RQH� RI� WKH� PRVW� RSHUDWLYH� DQG� HFRQRPLFDO�
UHPHGLDO� SURFHGXUHV� IRU� WKH� /HDG� HOLPLQDWLRQ� RI�
ZDVWHZDWHUV�� ULYHUV� DQG� RWKHU� DTXHRXV� VROXWLRQV��
1DQR� VFLHQFH� DQG� QDQRWHFKQRORJ\� ZHUH� WKH� ILUVW�
WUHDWPHQW� ZLWK� WKH� V\QWKHVLV�� FKDUDFWHUL]DWLRQ��
H[SORUDWLRQ� DQG� H[SORLWDWLRQ� RI� QDQRPDWHULDO��
&DUERQ�� RQH� RI� WKH� PRVW� FRPPRQ� DWRPV� LQ� WKH�
ZRUOG�� RFFXUV� QDWXUDOO\� LQ� PDQ\� IRUPV� DQG� DV� D�
FRPSRQHQW� LQ� FRXQWOHVV� VXEVWDQFHV� ZKLFK� DUH�
FDOOHG�DOORWURSHV�RI�FDUERQ��*UDSKHQH��D�³ZRQGHU�
PDWHULDO´� LV� WKH� ZRUOG¶V� WKLQQHVW�� VWURQJHVW�� DQG�
VWLIIHVW� PDWHULDO�� DV� ZHOO� DV� EHLQJ� D� JUHDW�
FRQGXFWRU� RI� KHDW� DQG� HOHFWULFLW\�� ,W� LV� WKH� EDVLF�
EXLOGLQJ�EORFN�RI�RWKHU� VLJQLILFDQW�DOORWURSHV� >�@��
*2� LV� RI� WKH� H[FHOOHQW� LQWHUHVW� GXH� WR� LWV� FKHDS��
FRPIRUW� DFFHVV�� DQG� VSOD\� PLJKW� FRQYHUW� WR�
JUDSKLWH�� 6FDODELOLW\� LV� DOVR� D� PXFK� FRQVLGHUHG�
WUDLW��*2�LV�WKH�JUDSKLWH�WKDW�KDV�EHHQ�R[LGL]HG�WR�
LQWHUVSHUVH� WKH� FDUERQ� OD\HUV� ZLWK� R[\JHQ�
PROHFXOHV�� DQG� WKHQ� UHGXFHG�� WR� VHSDUDWH� WKH�
FDUERQ� OD\HUV� FRPSOHWHO\� LQWR� LQGLYLGXDO� RU� IHZ�
OD\HU�JUDSKHQH��*2� LV�HIIHFWLYHO\�D�E\SURGXFW�RI�
WKLV�R[LGDWLRQ�DV�ZKHQ� WKH�R[LGL]LQJ�DJHQWV� UHDFW�
ZLWK� JUDSKLWH�� WKH� LQWHU� SODQDU� VSDFLQJ� EHWZHHQ�
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0��1DQR�&RPSRVLWH�DQG�3RO\��6W\UHQH�±$OWHUQDWLYH�±0DOHLF�
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$EVWUDFW
,Q�WKLV�VWXG\�D�QHZ�PHWKRG�E\�XVLQJ�JUDSKHQH�R[LGH��*2��1DQR�VKHHWV�PHODPLQH�FRPSRVLWHV�DQG�GHULYDWLRQ�RI�3RO\�
�6W\UHQH�±DOWHUQDWLYH� 0DOHLF�$QK\GULGH�� �60$��� �60$�0HODPLQH�� �60$�0��ZHUH�SUHVHQWHG�DV�6RUEHQWV� IRU� WKH�
HOLPLQDWLRQ� RI� /HDG� LRQV� IURP� DTXHRXV� VROXWLRQV�� 7KH� DGVRUEHQWV� KDYH� WKH� VXIILFLHQF\� WR� DGVRUE� WKH� /HDG� LRQV��
7KURXJK�WKH�LPPRELOL]DWLRQ�RI�PHODPLQH�RQWR�*2�1DQR�VKHHWV��WKH�GHVLUHG�FRPSRVLWH�ZDV�V\QWKHVL]HG�DQG�LGHQWLILHG�
E\� ILHOG� HPLVVLRQ� VFDQQLQJ� HOHFWURQ� PLFURVFRS\� �)(�6(0��� )RXULHU� WUDQVIRUP� LQIUDUHG� �)7�,5�� VSHFWURVFRS\� DQG�
DEVRUSWLRQ� DWRPLF� VSHFWURVFRS\� �$$6�� WHFKQLTXHV�� 7KH� YDULRXV� H[SHULPHQWDO� SDUDPHWHUV� VXFK� DV� S+� DQG�
FRQFHQWUDWLRQ�RI�WKH�DTXHRXV�VROXWLRQ�RI�/HDG��,,��LRQ��WKH�FRQWHQW�RI�WKH�/HDG��,,��LRQ�WKH�JUDSKHPH�R[LGH�0HODPLQH�
DQG�60$�0�KDYH�EHHQ�RSWLPL]HG�� ,W�ZDV�VKRZQ�WKDW� WKH�XSWDNH�HIILFLHQF\�RI�/HDG��,,�� LRQ�FRQVLGHUDEO\� LQFUHDVHG�
DIWHU�LPPRELOL]DWLRQ�RI�0HODPLQH�RQ�WKH�*2�1DQR�VKHHWV�DQG�60$�
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WKH� OD\HUV� RI� JUDSKLWH� LV� LQFUHDVHG� >�@�� 7KH�
FRPSOHWHO\� R[LGL]HG� FRPSRXQG� FDQ� WKHQ� EH�
GLVSHUVHG� LQ� D� EDVH� VROXWLRQ� VXFK� DV� ZDWHU�� DQG�
*2�LV�WKHQ�SURGXFHG��$�ODUJH�QXPEHU�RI�R[\JHQ�
FRQWDLQLQJ� IXQFWLRQDO� JURXSV� KDYH� EHHQ�
LQWURGXFHG� RQWR� ERWK� VLGHV� RI� D� VLQJOH� JUDSKLWH�
VKHHW� �QDPHO\�� JUDSKHQH��� 7KH� LPSODQWDWLRQ� RI�
IXQFWLRQDO� JURXSV� RYHUFRPHV� WKH� LQWHU� VKHHW� YDQ�
GHU� :DDOV� IRUFH� DQG� HQODUJHV� WKH� LQWHUOD\HU�
VSDFLQJ� >�@�� 7KH� VKHHWV� LQ� VXFK� DQ� H[SDQGHG�
VWUXFWXUH� DUH� WKHQ� HDVLO\� SXOOHG� RSHQ� XVLQJ� DQ�
H[WHUQDO� IRUFH� VXFK� DV� VDQLWDWLRQ� >�@�� 7KH�
H[SDQGHG�JUDSKLWH�LV�H[IROLDWHG�LQWR�PXOWL�OD\HUHG�
RU� HYHQ� VLQJOH�OD\HUHG� VKHHWV�� *HQHUDOO\�� WKH�
R[LGL]HG� JUDSKHQH� VKHHWV�� QDPHO\�� *2�� DFTXLUH�
PXOWLSOH� GHIHFWV� DQG� WKH� GHJUHH� RI� WKH� GHIHFWV� LV�
VXEMHFW�WR�WKH�DGGLWLYH�DPRXQW�RI�R[LGDQW�DQG�WKH�
R[LGL]LQJ� WLPH� >�@�� � *2� LV� SURGXFHG� E\� WKH�
R[LGDWLYH� WUHDWPHQW� RI� JUDSKLWH� E\� RQH� RI� WKH�
SULQFLSOH� PHWKRGV� GHYHORSHG� E\� %URGLH��
+XPPHUV� RU� 6WDXGHQPHLU�� ,Q� WKLV� VWXG\�
DGVRUSWLRQ�RI�60$�0�ZDV�FRPSDUHG�ZLWK�*2�0�
WKDW�60$�DQG�*2�ZDV�PRGLILHG�ZLWK�0HODPLQH�
>�@�

���(;3(5,0(17$/
������&KHPLFDOV
$OO� UHDJHQWV� VXFK� DV�0HODPLQH�� 6W\UHQH��0DOHLF�
$QK\GULGH�� +�62��� 1D12��+�2��.0Q2��� RWKHU�
RUJDQLF� DQG� LQRUJDQLF� FRPSRXQGV�ZHUH� SUHSDUHG�
IURP�DQDO\WLFDO� UHDJHQW�JUDGH�FKHPLFDOV� VXSSOLHG�
IURP� 0HUFN� �'DUPVWDGW�� *HUPDQ\��� H[FHSW� 3E�
�12��� ZKLFK� ZDV� SXUFKDVHG� IURP� $OGULFK�� 7KH�
�î���� 0� /HDG� �,,�� VDOW� VWDQGDUG� VWRFN� VROXWLRQ�
ZDV�SUHSDUHG�E\�GLVVROYLQJ��������J�RI�3E��12���
� LQ�D�����PO�YROXPHWULF�IODVN�DQG�GLOXWLQJ�WR�WKH�
PDUN� ZLWK� GLVWLOOHG� ZDWHU�� /RZHU� FRQFHQWUDWLRQV�
ZHUH� SUHSDUHG� E\� VHULDO� GLOXWLRQ� RI� WKH� VWRFN�
VROXWLRQ� ZLWK� SKRVSKDWH� EXIIHU�� S+� �� 8QLYHUVDO�
EXIIHU� VROXWLRQV� ����� 0�� ZHUH� SUHSDUHG� IURP�
SKRVSKRULF� DFLG� VROXWLRQV� DQG� VRGLXP� K\GUR[LGH�
VROXWLRQV� DQG� DGMXVWLQJ� S+� WR� WKH� GHVLUHG� YDOXH�
����0��� 7KH� ILQDO� S+� ZDV� DGMXVWHG� ZLWK� WKH�
DGGLWLRQ�RI�D�VRGLXP�K\GUR[LGH��

������6\QWKHVLV�RI��JUDSKHQ�R[LGH�1DQRVKHHWV�*2�
*2� ZDV� SURYLGHG� XVLQJ� D� PRGLILFDWLRQ� RI�
+XPPHUV�DQG�2IIHPDQ¶V�PHWKRG�>��@��%ULHIO\�LQ�
D� W\SLFDO� UHDFWLRQ�� ��J�JUDSKLWH�� ��J�1D12��� DQG�
���� P/� +�62� ZHUH� VWLUUHG� WRJHWKHU� LQ� DQ� LFH�
EDWK�� .0Q2� ���� J�� ZDV� VORZO\� DGGHG� ZKLOH
VWLUULQJ��DQG�WKH�UDWH�RI�DGGLWLRQ�ZDV�FRQWUROOHG�WR�
SUHYHQW� WKH� PL[WXUH� WHPSHUDWXUH� IURP� H[FHHGLQJ�
��� �&��7KH�PL[WXUH�ZDV� WKHQ� WUDQVIHUUHG� WR� D� ���
�&� ZDWHU� EDWK� DQG� VWLUUHG� IRU� DERXW� ��� PLQ��
IRUPLQJ�D� WKLFN�SDVWH��6XEVHTXHQWO\������P/�GH�
LRQL]HG� ZDWHU� ZDV� DGGHG� OLWWOH� E\� OLWWOH� DQG� WKH�
WHPSHUDWXUH�ZDV�LQFUHDVHG�WR�����&��7KH�PL[WXUH�

ZDV� IXUWKHU� UHPHGLHG� ZLWK� ��� P/� ���� +�2�

VROXWLRQ�� 7KH� VROXWLRQ� ZDV� WKHQ� ILOWHUHG� DQG�
ZDVKHG�ZLWK�GHLRQL]HG�ZDWHU� XQWLO� WKH�S+�ZDV���
DQG�GULHG�DW�����&�XQGHU�YDFXXP�>��@�

��� ��� 6\QWKHVLV� RI� FRYDOHQWO\� DWWDFKHG� 0HODPLQH�
*2�K\EULGV��*2�0��
%ULHIO\� LQ�D� W\SLFDO� UHDFWLRQ�� D�PL[WXUH�RI����PJ�
*2�DQG����PJ�0HODPLQH�ZDV�WDNHQ�LQ�D�����P/�
URXQG�ERWWRP�IODVN�DQG���P/�RI�WULHWK\ODPLQH�DQG�
���P/�RI�'0)�ZHUH�DGGHG�DQG�KHDWHG�WR������&�
IRU� ��� K� XQGHU� D� QLWURJHQ� DWPRVSKHUH�� $IWHU� WKH�
UHDFWLRQ�� WKH� VROXWLRQ� ZDV� FRROHG� WR� URRP�
WHPSHUDWXUH��DQG�WKHQ�SRXUHG�LQWR�����P/�GLHWK\O�
HWKHU� WR� SUHFLSLWDWH� WKH� SURGXFW�� 7KH� SUHFLSLWDWH�
ZDV�FROOHFWHG�E\�FHQWULIXJLQJ�DW������USP�IRU����
PLQ�� 7KH� VXSHUQDWDQW� ZKLFK� FRQWDLQHG� GLVVROYHG�
0HODPLQH�ZDV� GLVFDUGHG� DQG� WKH� SUHFLSLWDWH�ZDV�
ZDVKHG�WKRURXJKO\��$IWHU�DGGLQJ�DQRWKHU�����P/�
RI�GLHWK\O� HWKHU�� WKH�PL[WXUH�ZDV� VRQLFDWHG� IRU���
PLQ�DQG�WKHQ�FHQWULIXJHG�DW������USP�IRU����PLQ�
WR�FROOHFW� WKH�*2�0��)LQDOO\�� WKH�SUHFLSLWDWH�ZDV�
ZDVKHG� ZLWK� �&+&O��� WKUHH� WLPHV� IROORZLQJ� WKH�
DERYH� SURFHGXUH�� 7KH� VFKHPDWLF� LOOXVWUDWLRQ� RI�
*2�0�ZDV�VKRZQ�LQ�)LJ� � DQG�)LJ����
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)LJ�� �� 7KH� VWUXFWXUDO� IRUPXOD� RI� *UDSKHPH� 2[LGH� �
0HODPLQH��*2�0��

)LJ�� �� 6(0� LPDJHV� RI� � $�� *2�1DQR� VKHHWV� DQG� � %��
*2�0HODPLQH�FRPSRVLWH�

��� ��� 6\QWKHVLV� RI� SRO\� �6W\UHQH� ± DOWHUQDWLYH�
0DOHLF�$QK\GULGH���60$�
7KH� 60$� SRO\PHU� ZDV� SUHSDUHG� E\� WKH� IUHH�
UDGLFDO� SRO\PHUL]DWLRQ� RI�0DOHLF� $QK\GULGH� DQG�
6W\UHQH� DW� ���&� LQ� WKH� SUHVHQFH� RI� EHQ]R\O�
3HUR[LGH� DV� DQ� LQLWLDWRU�� ,Q� WKLV� SURFHGXUH�� ���� J�
������ PPRO�� RI� SXUH� 6W\UHQH� DQG� ����� J� ������
PPRO�� RI� 0DOHLF� $QK\GULGH� DW� D� PRODU� UDWLR� RI�
������LQ�ZHUH�GLVVROYHG����P/�7+)� 7KHQ�������J�
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�������PPRO�� RI� EHQ]R\O� SHUR[LGH�ZDV� DGGHG� WR�
PL[WXUH�DV�DQ�LQLWLDWRU���7KH�UHDFWLRQ�PL[WXUH�ZDV�
UHIOX[HG� IRU� �� K� DW� ��� �&� XQGHU� LQHUW� JDV� LQ� WKH�
SUHVHQFH� RI� XOWUDVRQLF� LUUDGLDWLRQ� DORQJ� ZLWK�
YLJRURXV� VWLUULQJ� EDU� LQ� 7+)�� 7KH� SUHFLSLWDWLRQV�
ZHUH�FRPSOHWHG�E\� WKH�DGGLWLRQ�RI�Q�KH[DQH�DV�D�
QRQ�VROYHQW� DQG�ZHUH� VHSDUDWHG� E\� ILOWUDWLRQ� DQG�
ZDVKHG� E\� Q�KH[DQH� VHYHUDO� WLPHV�� 7KH� SURGXFW�
ZDV� GULHG� LQ� D� YDFXXP� RYHQ� IRU� ��� K� DW� ��� �&�
�\LHOG� ���������7KH�60$�SRO\PHU�ZDV�SUHSDUHG�
DV�UHSRUWHG�SUHYLRXVO\��7KH�V\QWKHVLV�UHDFWLRQV�RI�
SRO\��60$��DUH�SUHVHQWHG�LQ�6FKHPH�����
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6W\UHQH 0DOHLF $QK\ULGH

3RO\�6W\UHQH � DOWHUQDWLYH 0DOHLF $QK\GULGH�
60$

6FKHPH����6WUXFWXUH�RI��SRO\PHU��60$��

������3UHSDUDWLRQ�RI�60$�PRGLILHG�ZLWK�PHODPLQH�
�60$�0�
)RU�D�V\QWKHVLV�RI�WKH�JUDIWHG�60$�SRO\PHU������J�
����� PPRO�� RI� 60$� SRO\PHU� DQG� ����� J� �����
PPRO��RI�0HODPLQH�DW�D�UDWLR�RI�����ZHUH�SRXUHG�
LQWR� D� IODVN�� 7KHQ�� ���� PO� ����� PLOH�� RI� WUL�
HWK\ODPLQH� �7($�� DV� D� FDWDO\VW� DQG� ��� P/� RI�
ZDWHU�DV�D�VROYHQW�ZHUH�PL[HG�LQ�D�WKUHH QHFNHG��
URXQG�ERWWRP� IODVN� HTXLSSHG� ZLWK� D� FRQGHQVHU��
PDJQHWLF�VWLUULQJ�EDU��LQOHW�DQG�RXWOHW�IRU�LQHUW�JDV��
DQG�XOWUDVRQLF�LUUDGLDWLRQ�SUREH�>��@��7KH�UHDFWLRQ�
PL[WXUH�ZDV�UHIOX[HG�XQGHU�WKHVH�FRQGLWLRQV�IRU���
K�� 7KH� SUHFLSLWDWLRQV� ZHUH� FRPSOHWHG� E\� WKH�
DGGLWLRQ� RI� Q�KH[DQH� DV� D� QRQ�VROYHQW� DQG� ZHUH�
VHSDUDWHG�E\� ILOWUDWLRQ�DQG�ZDVKHG�E\�Q� � KH[DQH�
VHYHUDO�WLPHV��7KH�SURGXFW�ZDV�GULHG�LQ�D�YDFXXP�
RYHQ� IRU� ��� K� DW� ��� �&� �\LHOG�  � ������ 7KH�
V\QWKHVLV� SURFHVV� RI� WKH� ILUVW� FKHODWLQJ� UHVLQ� LV�
VKRZQ�LQ�6FKHPH���� DQG�)7��,5�6SHFWUXP�RI�WKH�
60$�0�SRO\PHU�LV�VKRZQ�LQ�)LJ� ��
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60$�0

5HOX[��K�

��P/�+�2�

60$ 0

6FKHPH� ��� � 5HDFWLRQ� IRU� WKH� IRUPDWLRQ� RI� PRGLILHG�
60$�ZLWK�0HODPLQH��0��

)LJ�����)7,5�6SHFWUXP�RI�WKH�*2�±0HODPLQH�

�����6WUXFWXUDO�DQG�VSHFWURVFRSLF�FKDUDFWHUL]DWLRQ�
RI�*2�0�DQG�60$�0
7KH�)7,5�VSHFWUD�ZHUH�UHFRUGHG�XVLQJ�.%U SODWHV�
LQ�WKH�UDQJH����±�����FP�� XVLQJ�D�1LFROHW������
)7�,5�VSHFWURPHWHU��)LJ� ��DQG�VKRZ�WKH�W\SLFDO�
)7,5� VSHFWUXP� REWDLQHG� IRU� *2�� *R�0� DQG�
60$�0�7KH� PRVW� FKDUDFWHULVWLF� IHDWXUHV� DUH� WKH�
EURDG��LQWHQVH�EDQG�DW������FP�� �2±+�VWUHWFKLQJ�
YLEUDWLRQV�� DQG WKH� EDQGV� DW� ����� FP�� �& 2�
VWUHWFKLQJ� YLEUDWLRQV� IURP� FDUERQ\O� DQG�
FDUEDPLGH�JURXSV��������FP�� �VNHOHWDO�YLEUDWLRQV�
IURP�R[LGL]HG�JUDSKLWLF�GRPDLQV��������FP�� �&±
2+�VWUHWFKLQJ�YLEUDWLRQV���DQG������FP�� �&±2�LV�
VWUHWFKLQJ� YLEUDWLRQV��� 7KH� DSSHDUDQFH� RI WKH�
SHDNV� DW� DURXQG� ����FP�� LV� DVFULEHG� WR� WKH�
DURPDWLF� VWUHWFKLQJ� YLEUDWLRQV� RI� &±+� ERQGV� RI�
*2�� $IWHU� FRYDOHQW� IXQFWLRQDOL]DWLRQ� ZLWK�
0HODPLQH�� D� QHZ� SHDN� DSSHDUV� DW� � ����� FP��

FRUUHVSRQGLQJ�WR�WKH�& &�YLEUDWLRQV�RI�0HODPLQH�
DQG�WKH�SHDN�RI�WKH�&±2�VWUHWFKHV�YLEUDWLRQ�VKLIWV�
WR� ����� FP���DQG� EURDGHQV�� 7KH� SHDN� SUHVHQW� DW�
�����FP�� LV�DVVLJQHG�WR�WKH�EHQGLQJ�YLEUDWLRQ�RI�
WKH�& 1�RI�WKH�0HODPLQH�ULQJ��7KH�GLVDSSHDUDQFH�
RI� WKH� SHDN DW� �������� FP��� �& 2� IURP� &2�

VWUHWFKLQJ�YLEUDWLRQV��FOHDUO\�LQGLFDWHV�WKDW�LQ�*2�
± 0HODPLQH� FRPSRVLWH�� WKH�0HODPLQH�PROHFXOHV�
DUH� FRYDOHQWO\� ERQGHG� WR� WKH� *2� YLD� DPLQH�
OLQNDJH��7KH�6(0�LPDJH��)LJ� ���VKRZV�WKDW� IHZ�
OD\HUHG�*2� LV� IRUPHG�� DOWKRXJK� WKH� 6(0� LPDJH�
GRHV� QRW� VXUPLVH� WKH� OD\HU� QXPEHUV� RI� WKH� *2�
1DQR� VKHHWV� SUHFLVHO\�� 3XUH� JUDSKLWH� SUHVHQWV�
RUGHUHG� IODNHV� RI� D� �±�ȝP� UDQJH�� 7KH� VFDQQLQJ�
HOHFWURQ�PLFURJUDSK�IRU�WKH�*2±0HODPLQH�K\EULG�
PDWHULDOV��)LJ� �%��GLVSOD\V� WKDW�D�KRPRJHQHRXV�
V\VWHP�ZLWK�D�PLFURPHWHU�RUGHU�RI�PDJQLWXGH�ZDV�
JDLQHG�2Q�IXQFWLRQDOL]DWLRQ��*2�SUHVHQWV�D�WKUHH�
GLPHQVLRQDO� QHWZRUN� RI� UDQGRPO\� RULHQWHG� VKHHW�
OLNH� VWUXFWXUHV� ZLWK� D� ZULQNOHG� WH[WXUH� DQG�
KLHUDUFKLFDO� SRUHV� ZLWK� D� ZLGH� VL]H� GLVWULEXWLRQ�
>�����@�

������$GVRUSWLRQ�H[SHULPHQWV�
7R�RSWLPL]H�WKH�DGVRUSWLRQ�HIILFLHQF\��DGVRUSWLRQ�
H[SHULPHQWV�ZHUH�SHUIRUPHG�DW�YDULRXV�S+�OHYHOV�
RI� WKH� DTXHRXV� VROXWLRQ� RI� /HDG� �,,�� LRQ�� $OO�
H[SHULPHQWV� ZHUH� UXQ� LQ� WULSOLFDWH�� ([SHULPHQWV�
ZHUH� FDUULHG� RXW� XVLQJ� �� J�/� RI� DGVRUEHQWV� HDFK�
WLPH� ������ J� RI� DGVRUEHQWV¶�PDVV�ZHUH� DGGHG� WR�
���P/�RI�GHLRQL]HG�ZDWHU�LQ�D�FRQLFDO�IODVN���7KH�
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S+�HIIHFW� WHVWV� ZHUH� LQLWLDOO\� DGMXVWHG� ZLWK�
DTXHRXV�PHGLD� RI� DFLG� DQG� EDVH� ������0�+�32�

DQG�1D2+���%XIIHU� VROXWLRQ� LV�DSSOLHG� WR�FRQWURO�
WKH�S+ �)LJ����� &RQVLGHULQJ�/HDG�SUHFLSLWDWLRQ�LQ�
KLJKHU� FRQFHQWUDWLRQ�� WKH� HTXLOLEULXP� DGVRUSWLRQ�
WHVWV�ZHUH� FRQGXFWHG� DW� S+���� �� LQ�EDWFK�PRGHV��
7KH� SURFHVV� RI� UHPRYLQJ� PHWDO� ZDV� SHUIRUPHG��
7KH� /HDG� VROXWLRQ� ZDV� VKDNHQ� RQ� DQ� RUELWDO�
VKDNHU�DW�����USP IRU�D�VSHFLILHG�SHULRG�RI�WLPH�
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)LJ�� � �� $GVRUSWLRQ� RI� � /HDG� �,,�� LRQ� � E\� *2�0� DQG�
60$�0�

6DPSOHV�ZHUH�FROOHFWHG�IURP�WKH�VXSHUQDWDQW�DQG�
ILOWHUHG�� 7KH� HTXLOLEULXP� FRQFHQWUDWLRQV� RI� /HDG�
LRQV� WKDW� UHPDLQHG� LQ� VROXWLRQ� ZHUH� PHDVXUHG�
XVLQJ� $$6�� 7KH� HIIHFW� RI� FRQWDFW� WLPH� RQ� WKH�
/HDG� LRQ� XSWDNH� ZDV� VWXGLHG� DW� FRQVWDQW� S+�
�S+ �� IRU� 60$�0� DQG� S+ �� IRU� *2�0��� 7KH�
RXWFRPHV� VKRZHG� WKDW� DGVRUSWLRQ� LQFUHDVHG�
UDSLGO\�GXULQJ�WKH�ILUVW����PLQ��$IWHU����PLQ��WKH�
DGVRUSWLRQ� UHDFKHG� WR� WKH� HTXLOLEULXP� VWDWH�� $V�
HYLGHQW� IURP� )LJ� ��� ��� PLQ� FRQWDFW� WLPH� ZDV�
UHTXLUHG� WR� DWWDLQ� DGVRUSWLRQ� HTXLOLEULXP� IRU� WKH�
/HDG� VROXWLRQ��'XULQJ� WKLV� WLPH��PRUH� WKDQ� ����
DQG� ���� RI� WKH� 3E� �,,�� LRQV� ZHUH� DGVRUEHG� E\�
*2�0�DQG�60$�0�UHVSHFWLYHO\��$W�HTXLOLEULXP��
FRRUGLQDWH� LQWHUDFWLRQ� EHWZHHQ� *2�0�� 60$�0�
DQG� /HDG� �,,�� LRQ� RFFXUUHG�� DQG� DGVRUSWLRQ�
EHFDPH�DOPRVW�FRQVWDQW� XS WR� WKH�HQG�RI� WKH� WHVW�
>�����@�

)LJ�����5HPRYDO�SHUFHQWDJH�RI��/HDG��,,��LRQV��E\������J�
RI�*2�0�FRPSRVLWH�DQG�����J�RI�60$�0��LQ����PO�RI
��� SSP�/HDG� �,,�� LRQV� DTXHRXV� VROXWLRQ� DW� S+ � �� IRU�
*2�0�DQG�S+ ��IRU�60$�0��LQ�WKH�SHULRG�RI����PLQ�

,W�FDQ�EH�UHVXOWHG�WKDW�WKH�ELQGLQJ�RI�/HDG��,,��LRQ�
ZLWK� *2�0� DQG� 60$�0� DUH� KLJK� GXULQJ� WKH�
LQLWLDO� VWDJHV� DQG� WKDW�� WKH� UHDFWLYH� IXQFWLRQDO�
JURXSV� RI� *2�0� DQG� 60$�0� ZHUH� LQWHJUDWHG�
DIWHU� D� FHUWDLQ� SHULRG� RI� WLPH� �RSWLPL]HG�
FRQGLWLRQV�VKRZQ�LQ�7DEOH���>�>��@��

���5(68/76�$1'�',6&866,21
������'HVRUSWLRQ�DQG�UHSHDWHG�XVH
'HVRUSWLRQ�RI�/HDG� �,,�� LRQ�ZDV� DGPLQLVWHUHG�E\�
���0� +12� VROXWLRQ�� 7KH� 60$�0± /HDG� LRQ��
FRPSOH[HV� ZHUH� LPPHUVHG� LQ� ���� 0�
+12�VROXWLRQV�DQG� WKH�PL[WXUH�ZDV� VKDNHQ�XQWLO�
HTXLOLEULXP� ZDV� UHDFKHG� ���� PLQ��� 7KHQ� WKH�
PL[WXUH�ZDV�ILOWUDWHG�DQG�WKH�ILQDO�FRQFHQWUDWLRQV�
RI� /HDG� �,,�� LRQ� LQ� WKH� DTXHRXV� VROXWLRQ� ZDV�
PHDVXUHG�E\�$$V��7KH�GHVRUSWLRQ�UDWLR��'����RI�
WR[LF�/HDG��,,�� LRQ�IURP�WKH��&60$�0�DQG�*2�
0�� DGVRUEHQWV� ZHUH� FRPSXWHG� E\� IROORZLQJ�
HTXDWLRQ�

�Ψ ൌ
ౚେౚ

 ሺେିେሻ
ൈ��� ���

:KHUH�9�LV�WKH�YROXPH�RI�WKH�VROXWLRQ��/���&G LV�
WKH�FRQFHQWUDWLRQ�RI�WKH�WR[LF�/HDG��,,��LRQ�LQ�WKH�
GHVRUSWLRQ�VROXWLRQV��PJ�/���DQG�9G LV�WKH�YROXPH�
RI� WKH� GHVRUSWLRQ� VROXWLRQ� �/��7KH� DVVHPEOHG�
�60$�0�DQG�*2�0�IURP�WKH�GHVRUSWLRQ�SURFHVV�
ZDV�ZDVKHG�WKRURXJKO\�ZLWK�GHLRQL]HG�ZDWHU�DQG�
GULHG� E\� YDFXXP�SXPS� DW� ���&� IRU� UHSHDWHG� XVH�
>�����@�

������3UHSDUDWLRQ�RI�6DPSOH�VROXWLRQV
9DULRXV� ZDWHU� VDPSOHV� �*URXQG� ZDWHU� DQG� 7DS�
ZDWHU�� ZHUH� FRPSLOHG� IURP� GLIIHUHQW� SODFHV� LQ�
DURXQG� 8UPLD� DQG� 6DOPDV� �,UDQ��� 7KH� VDPSOHV�
����� P/�� ZHUH� VDYHG� DW� �R&� LQ� PHWDO� IUHH�
SRO\HWK\OHQH�ERWWOHV��:DWHU�VDPSOHV�ZHUH�ILOWHUHG�
WKURXJK�ZKDW�PDQ� ILOWHU� SDSHU� DQG� FROOHFWHG� LQWR�
���� P/� EHDNHUV�� $OO� WKH� ILOWHUHG� HQYLURQPHQWDO�
ZDWHU�VDPSOHV�ZHUH�HYDSRUDWHG�QHDUO\� WR�GU\QHVV�
ZLWK�D�PL[WXUH�RI���P/�FRQ�+12� DQG���P/�RI�
FRQ�+�62� LQ�D�IXPH�FXSERDUG�DQG�WKHQ�FRROHG�WR�
URRP�WHPSHUDWXUH��7KH�VDPSOH�ZDV�GLJHVWHG�LQ�WKH�
SUHVHQFH� RI� DQ� H[FHVV� SRWDVVLXP� SHUPDQJDQDWH�



,UDQLDQ�-RXUQDO�RI�$QDO\WLFDO�&KHPLVWU\ � ������������_ ��

VROXWLRQ�DFFRUGLQJ�WKH�PHWKRG�UHFRPPHQGHG��7KH�
UHVLGXHV�ZHUH�WKHQ�KHDWHG�ZLWK���P/�RI�GHLRQL]HG�
ZDWHU�LQ�RUGHU�WR�GLVVROYH�WKH�VDOWV��7KH�VROXWLRQV�
ZHUH�FRROHG�DQG�QHXWUDOL]HG�ZLWK�GLOXWH�1+�2+��
7KH�GLJHVW�ZDV�WUDQVIHUUHG�LQWR�D����P/�FDOLEUDWHG�

IODVN� DQG� GLOXWHG� XS� WR� WKH� PDUN� ZLWK� GHLRQL]HG�
ZDWHU�� WKHQ� PHDVXUHG� YDOXH� RI� /HDG� �,,�� LRQV� LQ�
VROXWLRQV�E\�$$6��7DEOH�����

7DEOH��� 2SWLPL]HG�FKDUDFWHUV�IRU�UHPRYDO�RI�/HDG��,,��LRQ�ZLWK�60$�0�DQG�*2�0�
$GVRUEHQWV S+ &RQWDFW�

WLPH�PLQ�
&RQFHQWUDWLRQ�RI�
/HDG�,,�LRQ��SSP�

$PRXQW�RI�
6RUEHQWV�J�/���

7HPSHUDWXUH�
��&�

*2�0 � �� �� � ��
&60$�0 � �� �� � ��

7DEOH����'HWHUPLQDWLRQ�RI�/HDG��,,��LRQ�LQ�UHDO�VDPSOHV�
6DPSOH�1DPH 3E�,,��IRXQG�ȝJ�P/

$$6 6�' 5�6�'��� 'HVRUEHG�
IURP�
*2�0

6�'� 5�6�'��� 'HVRUEHG�
IURP�
60$�0

6�'� 5�6�'���

*URXQG�
ZDWHU$

����� ������ ������� ����� ������ ������� ���� ������ �����

*URXQG�
ZDWHU%

����� ������� ������� ����� ������ ������ ����� ����� �����

,QGXVWULDO
ZDVWH�ZDWHU$

����� ������ ������ ����� ������ ������ ����� ������ �����

,QGXVWULDO
ZDVWH�ZDWHU%

����� ������ ����� ����� ������ ������� ����� ������ ������

$��8UPLD�%��6DOPDV

������(TXLOLEULXP�,VRWKHUP
7KH� LQWHUURJDWHG� RI� HTXLOLEULXP� LVRWKHUPV� ZDV�
DGPLQLVWHUHG�E\�DJLWDWLQJ�RI���PJ��60$�0�UHVLQ�
DQG� *2�0� DGVRUEHQW� LQ� D� VROXWLRQ� FRQWDLQLQJ�
GLIIHUHQW� FRQFHQWUDWLRQV� RI� /HDG�,,�� LRQ� IRU� ���
PLQ�DW�S+� �� IRU�60$�0�DQG�S+ �� IRU�*2�0��
$IWHU� ILOWUDWLRQ�� WKH�$$6�ZDV DSSOLHG� WR�PHDVXUH�
WKH�/HDG��,,��LRQ�FRQFHQWUDWLRQ�LQ�WKH�ILOWUDWH��7KH�
DPRXQW� RI� /HDG� �,,�� LRQ� DGVRUEHG� TH� �PJ�J�� ZDV�
PHDVXUHG� XVLQJ� WKH� IROORZLQJ� PDVV� EDODQFH�
UHODWLRQVKLS�

�ୣ ൌ
ሺେିେሻ

ୗ
���

:KHUH�9�LV�WKH�YROXPH�RI�WKH�VROXWLRQ��/���DQG�6�
LV�WKH�PDVV��J��RI�WKH�DGVRUEHQW�

������ /DQJPXLU�,VRWKHUP��
/DQJPXLU� PRGHO� KDV� EHHQ� ZLGHO\� XVHG� WR� VRPH�
SURFHVV� RI� PHWDO� LRQV� DGVRUSWLRQ�� 7KH�
IXQGDPHQWDO� VXSSRVLWLRQ� RI� WKH� /DQJPXLU� WKHRU\�
LV� WKDW� XSWDNH� RI� PHWDO� LRQV� KDSSHQV� RQ� D�
PRQRWRQRXV� VXUIDFH� E\� PRQROD\HU� DGVRUSWLRQ�
ZLWKRXW� DQ\� LQWHUSOD\� EHWZHHQ� DGVRUEHG� PHWDO�
LRQV� WKDW� LV� DOO� WKH� DGVRUSWLRQ� VLWHV� KDYH� HTXDO�
DGVRUEDWH� FRQWLQXLW\� DQG� WKDW� WKH� DGVRUSWLRQ� DW�
RQH� VLWH� GRHV� QRW� DIIHFW� WKH� DGVRUSWLRQ� DW� D�
QHLJKERU� VLWH�� 6R�� WKH� /DQJPXLU� LVRWKHUP� LV�
H[DFWO\� IRU� PRQROD\HU� DGVRUSWLRQ� RQWR� D� VXUIDFH�
FRQWDLQLQJ� D� GHWHUPLQDWH� QXPEHU� RI� LGHQWLFDO�
VLWHV>��@�� 7KH� /DQJPXLU� DGVRUSWLRQ� LVRWKHUP�
PRGHO�LV�JLYHQ�E\�

 ݍ
಼ಽ

ଵାಽ
����������

:KHUH� &H LV� WKH� HTXLOLEULXP� FRQFHQWUDWLRQ�
�PJ�/���TH LV� WKH�DPRXQW�DGVRUEHG�DW�HTXLOLEULXP�

�PJ�J��� TP LV� WKH� PD[LPXP DGVRUSWLRQ� FDSDFLW\�
FRUUHVSRQGLQJ� WR� WKH� FRPSOHWH� PRQROD\HU�
FRYHUDJH��PJ�J���DQG�./ LV�WKH�/DQJPXLU�FRQVWDQW�
DIILOLDWHG�WR�WKH�DGVRUSWLRQ�HQHUJ\>��@��7KH�PRGHO�
RI� /DQJPXLU� DGVRUSWLRQ� LVRWKHUP� FDQ� EH�
UHDUUDQJHG�DV�IROORZV�



 

ଵ

ಽ





ሺͷሻ

7KH� OLQHDU� SORW� RI�/DQJPXLU� DGVRUSWLRQ� LVRWKHUP�
�&H�TH YV�� &H�� GHPRQVWUDWHG� WKH� DSSOLFDELOLW\� RI�
/DQJPXLU� DGVRUSWLRQ� LVRWKHUP� IRU� WKLV� ZRUN� WKDW�
ZDV�VKRZQ�LQ�)LJ� ���

Ϭ
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Ϭ͘ϭ
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Ϭ͘Ϯ
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Ϭ͘ϯ

Ϭ͘ϯϱ

Ϭ͘ϰ

Ϭ ϱϬ ϭϬϬ ϭϱϬ ϮϬϬ

&60$�0

*2�0

&H

& H
T H��

)LJ���� /DQJPXLU�LVRWKHUPV�IRU�3E��,,��DGVRUSWLRQ�RQWR�
&60$�0�DQG�*2�0�

7KH� YDOXHV� RI� TP DQG� ./ IRU� 3E� �,,� �LRQV� ZHUH�
FDOFXODWHG�IURP�WKH�VORSH�DQG�WKH�LQWHUFHSW�RI�WKH�
OLQHDU�SORWV�&H�TH YHUVXV�&H�7KH UHVXOWV� DUH� OLVWHG�
LQ�7DEOH����7KH� UHVXOWV� VKRZHG� WKDW�JRRG� ILW�ZDV�
DFKLHYHG� ZLWK� WKH� /DQJPXLU� LVRWKHUP� HTXDWLRQ��
7KH� /DQJPXLU� SDUDPHWHUV� FDQ� DOVR� EH� XVHG� WR�
SUHGLFW� DIILQLW\� EHWZHHQ� WKH� DGVRUEDWH� DQG� WKH�
DGVRUEHQW�XVLQJ�WKH�ZLWKRXW�GLPHQVLRQ�VHSDUDWLRQ�
IDFWRU��5/���ZKLFK�KDV�EHHQ�GHILQHG�DV�EHORZ�

ܴ 
ଵ

ଵାಽ
�������
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¨* ��57�OQ�./ ���������������������������������
:KHUH�./�LV�WKH�/DQJPXLU�FRQVWDQW��/�PJ��DQG�&R�

LV� WKH�FRQFHQWUDWLRQ�RI�WR[LF�KHDY\�PHWDO� LRQV�� LQ�
PJ�/��7KH�DPRXQW�RI�5/ LOOXVWUDWHG�WKH�W\SH�RI�WKH�
LVRWKHUP� WR� EH� HLWKHU� XQGHVLUDEOH� �5/ !���� OLQHDU�
�5/  � ���� GHVLUDEOH� ��� �� 5/ �� ���� RU� LUUHYHUVLEOH�
�5/ �����)LJ� � LOOXVWUDWHG�WKDW�DGVRUSWLRQ�RI�/HDG�
�,,��LRQ�LQFUHDVHG�FRQWLQXDOO\�ZLWK�D�FRQFHQWUDWLRQ�
RI� /HDG� �,,�� LRQ�� 7KH� FRPSXWHG� 5/ YDOXHV� IRU�
/HDG��,,�� LRQ�DGVRUSWLRQ� LOOXVWUDWH� WKDW�DGVRUSWLRQ�
LV� GHVLUDEOH� HYHQ� IRU� KLJKHU� FRQFHQWUDWLRQV� RI�
/HDG� LRQ� �/DQJPXLU�FRQVWDQWV�H[KLELWHG� LQ�7DEOH�
����>�����@�

Ϭ

Ϭ͘ϭ

Ϭ͘Ϯ

Ϭ͘ϯ

Ϭ͘ϰ

Ϭ͘ϱ

Ϭ͘ϲ

Ϭ ϱϬ ϭϬϬ ϭϱϬ ϮϬϬ ϮϱϬ ϯϬϬ

*2�0

&60$�0

&R �PJ /
���

5
/

)LJ� �� 6HSDUDWLRQ�IDFWRU��5/��IRU�DGVRUSWLRQ�RI�OHDG��,,��
LRQ�DV�IXQFWLRQ�RI�FRQFHQWUDWLRQ�RI��OHDG�LRQ�E\�&60$�
0�DQG�*2�0�

7DEOH����/DQJPXLU�LVRWKHUP�SDUDPHWHUV�DQG�UHJUHVVLRQ�
GDWD�RU�/HDG��,,��LRQ�XVLQJ�*2�0�DQG�&60$�0�DV�

DGVRUEHQWV�
/DQJPXLU�LVRWKHUP *2�0 &60$�0
TP��PJ�J��� ������ ������
./��/�PJ���
5/

5�

¨*��.M�PRO���

�����
�����
������
�����

�����
�����
������
�����

���&21&/86,21
,Q� WKLV� VWXG\�� QHZ� FRPSRVLWHV� ZHUH� V\QWKHVL]HG�
EDVHG� RQ� WKH� PHODPLQH� �0�� VWDELOL]HG� ZLWK� *2�
DQG�SRO\��6W\UHQH� DOWHUQDWLYH� 0DOHLF�$QK\GULGH��
�60$�� DV� 6RUEHQWV� IRU� WKH� UHPRYDO� RI� DPRXQWV�
/HDG� �,,�� LRQV� IURP� DTXHRXV� VROXWLRQV��%DVHG� RQ�
WKH�UHVXOWV��LW�LV�FOHDU�WKDW�WKH�/HDG�UHPRYDO�YDOXHV�
DFKLHYHG� ZLWK� *2�0HODPLQH� FRPSRVLWHV� ZHUH�
KLJKHU� WKDQ� *2� DQG� 60$�0� ZHUH� KLJKHU� WKDQ�
60$� >�����@�� 7KH� PDLQ� DGYDQWDJHV� RI� WKLV�
HOLPLQDWLRQ� PHWKRG� LQFOXGH� VLPSOLFLW\�� FRVW�
HIIHFWLYHQHVV�� UDSLGLW\�� DQG� KLJKHU� HOLPLQDWLRQ�
HIILFLHQF\� RI� WR[LF� /HDG� �,,�� LRQV�� 7KH� *2±0�
FRPSRVLWHV�FDQ�EH�SURGXFHG�UHDGLO\�E\�D�VROXWLRQ�
RI�('7$�DQG�WKH\�KDYH�ORQJHU�OLIHWLPH�DQG�DOVR�D�
GHVRUSWLRQ� RI� /HDG� �,,�� LRQ�ZDV� DGPLQLVWHUHG� E\�
���0�+12� VROXWLRQ��7KH�60$�0± /HDG�LRQ�DQG�
*2�0� FRPSOH[HV� ZHUH� LPPHUVHG� LQ� ���� 0�
+12�VROXWLRQV�DQG� WKH�PL[WXUH�ZDV� VKDNHQ�XQWLO�
HTXLOLEULXP� ZDV� UHDFKHG� ���� PLQ��� 7KHQ� WKH�

PL[WXUH�ZDV�ILOWUDWHG�DQG�WKH�ILQDO�FRQFHQWUDWLRQV�
RI� /HDG� �,,�� LRQV� LQ� WKH� DTXHRXV� VROXWLRQ� ZHUH�
PHDVXUHG� E\�$$V��7KH� DGVRUEHQWV�ZHUH� UHVXOWHG�
WR� EH� UHSURGXFLEOH� ZLWK� D� JRRG� /HDG� �,,�� LRQ�
VHOHFWLYLW\�RYHU�RWKHU�SRWHQWLDOO\� LQWHUIHULQJ� LRQV��
'DWD�RI� WKHVH�DGVRUEHQWV�YHU\�VHW�ZLWK�/DQJPXLU�
LVRWKHUP��7KHVH�DGVRUEHQWV�ZHUH�WHVWHG�RQ�YDULRXV�
ZDWHU� VDPSOHV�� ZKLFK� ZHUH� VKRZQ� KLJK�
DGVRUSWLRQ� FDSDFLW\� IRU� WKH� HOLPLQDWLRQ� RI�
DPRXQWV�/HDG��,,��LRQV��7KHVH�DGVRUEHQWV�DUH�YHU\�
SURSHU� IRU� UHPRYLQJ� KHDY\� PHWDO� LRQV� VSHFLDOO\�
/HDG��,,��LRQV�IURP�DTXHRXV�VROXWLRQV>��@�

$FNQRZOHGJHPHQWV�
7KH� DXWKRUV� ZRXOG� OLNH� WR� WKDQN� � SURI��'U�0�$��
=DQMDQFKL�� �� SURI�'U�5�� $QVDUL�� DQG�'U�6KDEQDP��
6RKUDEQDMDG� �*XLODQ� 8QLYHUVLW\�� IRU� OHDGLQJ� PH�
DERXW��VSHFWURSKRWRPHWU\�DQG�1DQR�WHFKQRORJ\�

5()(5(1&(6
>�@ $�0�0��9DUJDV�� &�$��*DUFLD�� (�0��5HLV�� (��

/HQ]L��:�)��&RVWD�DQG�9�&��$OPHLGD��1D2+�
DFWLYDWHG� FDUERQ� IURP� IODPER\DQW� �'HORQL[�
UHJLD�� SRGV�� RSWLPL]DWLRQ� RI� SUHSDUDWLRQ�
FRQGLWLRQV� XVLQJ� FHQWUDO� FRPSRVLWH� URWDWDEOH�
GHVLJQ��&KHP��(QJ��-���������������±���

>�@ .��*HUJRYD�DQG�6��(VHU��(IIHFWV�RI�DFWLYDWLRQ�
PHWKRG� RQ� WKH� SRUH� VWUXFWXUH� RI� DFWLYDWHG
FDUERQV� IURP� DSULFRW� VWRQHV�� &DUERQ� ���
����������±����

>�@ '��6DYRYD��(��$SDN��(��(NLQFL��)��<DUGÕP��1��
3HWURY��7��%XGLQRYD��0��5D]YLJRURYD�DQG�9��
0LQNRYD�� %LRPDVV� FRQYHUVLRQ� WR� FDUERQ�
DGVRUEHQWV� DQG� JDV�� %LRPDVV� %LRHQHUJ\� ���
����������±����

>�@ :��+HVFKHO DQG�(��.ORVH��2Q� WKH� VXLWDELOLW\�
RI�DJULFXOWXUDO�E\SURGXFWV�LQ�WKH�PDQXIDFWXUH�
RI�JUDQXODU�DFWLYDWHG�FDUERQ��)XHO���� �������
����±�����

>�@ ,�$�:��7DQ��$�/��$KPDG�DQG�%�+��+DPHHG��
2SWLPL]DWLRQ� RI� SUHSDUDWLRQ� FRQGLWLRQV� IRU�
DFWLYDWLQJ� FDUERQV� IURP� FRFRQXW� KXVN XVLQJ�
UHVSRQVH�VXUIDFH�PHWKRGRORJ\��&KHP��(QJ��-��
��������������±����

>�@ +�0�� 0R]DPPHO�� 2�� 0DVDKLUR� DQG� 6�&��
%DKDWWDFKDU\D�� $FWLYDWHG� FKDUFRDO� IURP�
FRFRQXW� VKHOO� XVLQJ� =Q&O�� DFWLYDWLRQ��
%LRPDVV�%LRHQHUJ\��������������±����

>�@ =�� +X�� 0�3�� 6ULQLYDVDQ� DQG� 1�� <DPLQJ��
1RYHO�DFWLYDWLRQ�SURFHVV�IRU�SUHSDULQJ�KLJKO\�
PLFURSRURXV� DQG� PHVRSRURXV� DFWLYDWHG�
FDUERQV��&DUERQ��������������±����

>�@ .�� *HUJRYD�� 1�� 3HWURY� DQG� 6�� (VHU��
$GVRUSWLRQ� SURSHUWLHV� DQG� PLFURVWUXFWXUH� RI�
DFWLYDWHG�FDUERQV�SURGXFHG�IURP�DJULFXOWXUDO�
E\�SURGXFWV� E\� VWHDP� S\URO\VLV�� &DUERQ� ���
����������±����



,UDQLDQ�-RXUQDO�RI�$QDO\WLFDO�&KHPLVWU\ � ������������_ ��

>�@ 0�0�� 6DELR� DQG� )�5�� 5HLQRVR�� 5ROH� RI�
FKHPLFDO� DFWLYDWLRQ� LQ� WKH� GHYHORSPHQW� RI�
FDUERQ� SRURVLW\�� &ROORLGV� 6XUI�� ���� �������
��±���

>��@$��*XUVHV��&��'RJDU��6��.DUDFD��0��$FN\OG]�
DQG� 5�� %D\UDN�� 3URGXFWLRQ� RI� JUDQXODU�
DFWLYDWHG�FDUERQ�IURP�ZDVWH�5RVD�FDQLQD�VS��
VHHGV� DQG� LWV� DGVRUSWLRQ� FKDUDFWHULVWLFV� IRU�
G\H��-��+D]DUG�0DWHU����������������±����

>��@&�� 6XGKHUVDQ� DQG� -�� +XVVDLQ�� ,Q� YLWUR�
SURSDJDWLRQ� RI� DPXOWLSXUSRVH� WUHH�� =L]LSKXV�
VSLQD�FKULVWL� �/���� 'HVI�� 7XUN�� -�� %RW�� ���
����������±����

>��@(�� /HY� DQG� =�� $PDU�� (WKQRSKDUPDFRORJLFDO�
VXUYH\� RI� WUDGLWLRQDO� GUXJV� VROG� LQ� ,VUDHO� DW�
WKH� HQG� RI� WKH� ��WK� FHQWXU\�� -��
(WKQRSKDUPDFRO���� ����������±����

>��@1�� 6DPDGL�� 5�� $QVDUL�� %�.KRGDYLUGLOR�
5HPRYDO� RI�0DQJDQHVH� ,RQV� )URP�$TXHRXV�
6ROXWLRQV� 8VLQJ� 3RO\PHUV� 'HULYDWLRQV� RI�
3RO\� �6W\UHQH�$OW� 0DOHLF� $QK\GULGH��� ,UDQ
-��$QDO�&KHP�� ���������������

>��@$�$�� 6KDKDW�� /�� 3LHWHUV�� 6�� $SHUV�� 1�0��
1D]HLW� 1�6�� $EGHO�$]LP�� '�9�� %HUJKH� DQG�
$�7�� 9OLHWLQFN�� &KHPLFDO� DQG� ELRORJLFDO�
LQYHVWLJDWLRQ� RQ� =L]LSKXV� VSLQD�FKULVWL� /��
3K\WRWKHU��5HV���������������±����

>��@:��)HQJ�&KLQ��7��5X�/LQJ�DQG�-��5XH\�6KLQ��
3UHSDUDWLRQ� RI� KLJKO\� PLFURSRURXV� FDUERQV�
IURP� ILU� ZRRG� E\� .2+� DFWLYDWLRQ� IRU�
DGVRUSWLRQ� RI� G\HV� DQG� SKHQROV� IURP� ZDWHU��
6HS��3XULI��7HFKQRO��������������±���

>��@=�� +X� DQG� 0�3�� 6ULQLYDVDQ�� 3UHSDUDWLRQ� RI�
KLJK�VXUIDFH�DUHD� DFWLYDWHG� FDUERQV� IURP�
FRFRQXW� VKHOO�� 0LFURSRURXV� 0HVRSRURXV�
0DWHU��������������±���

>��@6�� %UDXQDXHU� 3�� (PPHWWH� DQG� (�� 7HOOHU��
$GVRUSWLRQ�RI�JDVHV�LQ�PXOWLPROHFXODU�OD\HUV��
-��$P��&KHP��6RF���������������±����

>��@9�� *RPH]�6HUUDQR�� -�� 3DVWRU�9LOOHJDV�� &�-��
'XUDQ�9DOOH� DQG� &�� 9DOHQ]XHOD�&DODKRUUR��
+HDW� WUHDWPHQW� RI� 5RFNURVH� FKDU� LQ� WKH�
DLU�(IIHFW� RQ� VXUIDFH� � KHPLVWU\� DQG� SRURXV�
WH[WXUH��&DUERQ��������������±����

>��@0�6��6ROXP��5�-��3XJPLUH��0�� -DJWR\HQ� DQG�
)��'HUE\VKLUH��(YROXWLRQ�RI� FDUERQ� VWUXFWXUH�
LQ� FKHPLFDOO\� DFWLYDWHG� ZRRG�� &DUERQ� ���
�����������±�����

>��@ -�� 3DVWRU�9LOOHJDV�� &�� 9DOHQ]XHOD�&DODKRUUR��
$�� %HUQDOWH�*DUFLD� DQG� 9�� *RPH]VHUUDQR��
&KDUDFWHULVDWLRQ� VWXG\� RI� FKDU� DQG� DFWLYDWHG�
FDUERQ� SUHSDUHG� IURP� UDZ� DQG� H[WUDFWHG�
URFNURVH��&DUERQ���������������±�����

>��@+�(�6�� $PMDG�� 3�1�� $ODQ�� .�$�'�� +DILG�� 3��
6XNL� DQG� &�� 1HLO�� &KDUDFWHUL]DWLRQ� RI�
DFWLYDWHG� FDUERQ� SUHSDUHG� IURP� D� VLQJOH�
FXOWLYDU� RI� -RUGDQLDQ� 2OLYH� VWRQHV� E\�
FKHPLFDO�DQG�SK\VLFRFKHPLFDO� WHFKQLTXHV��-��
$QDO��$SSO��3\URO���������������±����

>��@ -�&�3�� 9DJKHWWL�� (�&�� /LPD�� %�� 5R\HU�� %�0��
GD� &XQKD�� 1�)�&DUGRVR�� -�/�� %UDVLO� DQG�
6�/�3��'LDV��3HFDQ�QXWVKHOO�� DV�ELRVRUEHQW� WR�
UHPRYH� &X� �,,��� 0Q� �,,�� DQG� 3E� �,,�� IURP�
DTXHRXV� VROXWLRQV�� -�� +D]DUG�� 0DWHU�� ����
����������±����

>��@ �� =KHQJ�� ;�0�� /L�� )�� :DQJ�� 4�� <DQJ�� 3��
'HQJ�� $GVRUSWLRQ� UHPRYDO� RI� FDGPLXP� DQG�
FRSSHU� IURP� DTXHRXV� VROXWLRQ� E\� $UHFD�D�
IRRG� ZDVWH�� -�� +D]DUG�� 0DWHU�� ����������
��������

>��@0��-��6ROWDQLDQIDUG��$��)LURR]DGHK��6\QWKHVLV�
DQG� &KDUDFWHUL]DWLRQ� RI� &RSSHU� �,,�� �
2[LGH1DQR� SDUWLFOHV� IURP� 7ZR� &X� �,,��
&RRUGLQDWLRQ� 3RO\PHUV�� -�� 6FL�� ,�5�� ,UDQ� ���
������������ ����

>��@$�� $EEDVL�� 0�*KDULE� DQG� 0�� 1DMDIL��
3UHSDUDWLRQ� RI� =Q2� 1DQRFU\VWDOV� ZLWK�
'HVLUHG� 0RUSKRORJ\� IURP� &RRUGLQDWLRQ�
3RO\PHUV� WKURXJK� D� 6ROLG�VWDWH�
'HFRPSRVLWLRQ� 5RXWH�� -�� 6FL�� ,�5�� ,UDQ� ���
�����������± ����

>��@0�0��-RKQV��:�(��0DUVKDOO� DQG�&�$��7ROHV��
$JULFXOWXUDO�E\SURGXFWV�DV�JUDQXODU�DFWLYDWHG�
FDUERQV� IRU� DGVRUELQJ� GLVVROYHG� PHWDOV� DQG�
RUJDQLFV�� -�� &KHP�� 7HFKQRO�� %LRWHFKQRO�� ���
����������±����

>��@<�� 6XQ� DQG� 3�$�� :HEOH\�� 3UHSDUDWLRQ� RI�
DFWLYDWHG� FDUERQV� IURP� FRUQ� FRE� ZLWK� ODUJH�
VSHFLILF�VXUIDFH�DUHD�E\ D�YDULHW\�RI�FKHPLFDO�
DFWLYDWRUV�DQG�WKHLU�DSSOLFDWLRQ�LQ�JDV�VWRUDJH��
&KHP��(QJ��-����������������±����

>��@1�� 6DPDGL�� 5�� $QVDUL�� %�.KRGDYLUGLOR�
6\QWKHVL]HG�1DQR�3DUWLFOH�'HULYDWLRQ�RI�3RO\�
�6W\UHQH� �$OWHUQDWLYH�0DOHLF� $QK\GULGH�� IRU�
WKH� 5HPRYDO� RI� WKH� 6LOYHU� �,�� ,RQV� )URP�
$TXHRXV� 6ROXWLRQV�� ,UDQLDQ�� -�� $QDO�&KHP��
�������������

>��@%�� .KRGDYLUGLOR�� 1�� 6DPDGL�� 5�� $QVDUL�
6\QWKHVLV� RI� *UDSKHQH� 2[LGH�0HODPLQH±
7KLR� 2[DOLF� DFLG� 1DQRFRPSRVLWH� DQG� LWV�
DSSOLFDWLRQ�LQ�WKH�HOLPLQDWLRQ�RI�0HUFXU\��,,��
LRQV���,UDQ��&KHP��&RPPXQ�����������������



%��.KRGDYLUGLOR HW�DO���6\QWKHVLV�DQG�&KDUDFWHUL]DWLRQ�RI�*UDSKHQH�2[LGH�0HODPLQH�����_ ��

|Ì�¯Y�¾§Y�³�dË�Âb»Z¯�Â¿Z¿�½{�¯��z�»Á��fÀ���½�ËZf�Y�Ê¸a�Á�¾Ì»Ô»±ÂÌeZ¿�f·M�
®ÌÌ·Z»|Ë�|Ì¿Y�¾Ì»Ô»ÉY�]¥~u½ÂËÉZÅ[���,,��µÂ¸v»�YÉZÅÊ]M

�Ê�Z¼¸��É�ÅY�ÄÌ��»�,�É|¼����Z¿�,�Á�Â¸Ë{�ÁY|y��ZÌfz]
���]�z�Ì¼Ê�ÃZ´�¿Y{�,¹Â¸��Ã|°�¿Y{�,�Ã�Z¼���Ë{�a�,½ÔÌ³�d���,,½Y�ËY

��z]���Ì¼Ê½Y�ËY�,ÄÌ»Á�Y�,ÄÌ»Á�Y�ÃZ´�¿Y{�,¹Â¸��Ã|°�¿Y{�,ÄË�ne

��z]���Ì¼Ê½Y�ËY�,�Ë�^e�,½ZnËZ]�}M�Ê¿|»�|ÌÆ��ÃZ´�¿Y{�,¹Â¸��Ã|°�¿Y{�,

��d§ZË�{�xË�Ze��É{��������Ë~a�xË�Ze�¾Ë{�Á�§����

Ã|Ì°q
Y�{Ë¾�Ä ·Z�»Ë®|m��Á�Ë|³�Z°]Z]Ì�É�Âb»Z¯Â¿Z¿ËdZÅÉ�¯Y�¾§Y�³Ì|�»Ô»Ì¾¬f�»�ÁÊ¸a�YÊZf�YË½�±ÌeZ¿�f·MÂ�·Z»ÌÌ®¿YÌ�|Ë|�»Ô»Ì¾�[}Zm�½YÂÀ��Ä]
Y�]É�¥~uËZÆ¿ÂÉZÆ·Â¸v»��Y��[��É]MÊ[}Zm��|¿Y�Äf§�³�Y�«�Ã{Z¨f�Y�{�Â»Y�]�ZÅÉ�¥~uËZÆ¿ÂÉ¸]Z«��[��Ìd¿�Y{�Y��¹�Ó|»Ô»�½{�¯�d]Zi�Á�½|¿Z�¿Z]��Ì¾
Á�ÉZÅ�Ä«�ÁÂ¿Z¿É�¯Y�¾§Y�³Ì|¯�eÌ\�Â]Á�Ã|��ÄfyZ����¿�{�Â»ÌÄ¸À°eÌ®ZÅÉ»Ì_Â°�Á�°¿Á�f°·YÊ�]Á�Ê��¿ÉaÂ°�Á�f°b�Y�,Ê|^eË¶�Â§ËÄ�Á�w��Á�§

aÂ°�Á�f°b�YÊ¼eY�[~mÊ��Y�{�Â»Ë]ZÊZ�ZÀ�ÁÊË��d§�³��Y�«µÂ¸v»�d�¸£��Ì�¿�¦¸fz»�ÉZÅ�f»Y�Za[}Zm��Y|¬»�,[���ÉZÅ[}Zm�Z]��Z¼e�½Z»��,ZÅ�Á�ZÅS+

Ã|��ÄÀÌÆ]��|¿YY�{Ë¾�¿�Ä ·Z�»Z»Ô»�½|¿Z�¿�Z]�Ä¯�d�Y�Ã|��Ã{Y{�½Ì¾Á�É[}ZmY�Z¯�ZÅÊËY�§Y�ZÆ¿MË�aÌY|�d�Y�Ã{�¯

Ã�YÁÉ|Ì¸¯�ÉZÅ
|Ì�¯Y�¾§Y�³-¥~u�-Ä«�ÁÂ¿Z¿Å�-Z¾Ì»Ô»�-Âb»Z¯Â¿Z¿�dË�


