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(IIHFWLYH�6HSDUDWLRQ�RI�0DQJDQHVH��,,��IURP�$TXHRXV�
6ROXWLRQ�XVLQJ�0RGLILHG�6XJDUFDQH�%DJDVVH�

3XVSD�/DO�+RPDJDL ��1DPLWD�%KDQGDUL��DQG�6DKLUD�-RVKL��

�$PULW�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��7KDPHO��.DWKPDQGX��1HSDO�
�3XOFKRN�&DPSXV��,2(��7ULEKXYDQ�8QLYHUVLW\��/DOLWSXU��1HSDO�

(�PDLO��KRPDJDLSO#JPDLO�FRP�

$EVWUDFW�

7KH�SRWHQWLDO�WR�UHPRYH�WKH�ULVN�RI�0Q�,,��IURP�DTXHRXV�VROXWLRQV�WKURXJK�DGVRUSWLRQ�XVLQJ�&KDUUHG�
;DQWKDWHG� 6XJDUFDQH� %DJDVVH� �&;6%�� DV� D� ORZ� FRVW� QDWXUDO� ZDVWHV� ZDV� LQYHVWLJDWHG�� &;6%� ZHUH�
FKDUDFWHUL]HG� XVLQJ� )RXULHU� WUDQVIRUP� LQIUDUHG� VSHFWUD� �)7,5�� DQG� )DU�(PLVVLRQ� 6FDQQLQJ� (OHFWURQ�
0LFURVFRSH��)(�6(0���7KH�EDWFK�H[SHULPHQWV�XQGHU�GLIIHUHQW�SDUDPHWHUV�VXFK�DV�HIIHFWV�RI�S+��HIIHFW�RI�
FRQFHQWUDWLRQ�DQG�HIIHFW�RI� WLPH�ZDV�FDUULHG�RXW��7KH�FRQFHQWUDWLRQ�RI�PHWDO� LRQV�EHIRUH�DQG�DIWHU� WKH�
DGVRUSWLRQ�ZDV�GHWHUPLQHG�E\�XVLQJ�$$6��,QLWLDO�FRQFHQWUDWLRQ�DQG�DGVRUEHQW�GRVDJH�LQ�WKH�DGVRUSWLRQ�RI�
0Q�,,��ZDV�GRQH�RQWR�&;6%�DV�DQ�DGVRUEHQW��2SWLPXP�FRQGLWLRQ�IRU�HDFK�PHWDO�LRQV�ZHUH�IRXQG�WR�EH�DW�
D�S+�RI���DW�D�GRVH�RI�������J�DQG�DJLWDWLRQ�VSHHG�RI�����USP�IRU�LQLWLDO�PHWDO�LRQV�FRQFHQWUDWLRQ�IL[HG�DW�
���PJ�/��7KH�UHPRYDO�HIILFLHQF\�RI�0Q�,,��LRQV�ZDV�IRXQG�WR�EH��������DW�S+��6LPLODUO\��WKH�NLQHWLF�GDWD�
EHVW� ILWWHG� IRU�SVHXGR�VHFRQG�RUGHU�� ,W� IROORZV� WKH�/DQJPXLU�DGVRUSWLRQ� LVRWKHUP��+HQFH��&;6%�FDQ�EH�
XVHG�DV�ELR�DGVRUEHQW�IRU�WKH�UHPRYDO�RI�0Q�,,��LRQV�IURP�DTXHRXV�VROXWLRQ��

.H\�ZRUGV���$GVRUSWLRQ�FDSDFLW\��$GVRUSWLRQ�LVRWKHUP��&KDUUHG�[DQWKDWHG�VXJDUFDQH�EDJDVVH��5HPRYDO��

,QWURGXFWLRQ

,W� LV�D�PDWWHU�RI�JOREDO�FRQFHUQ�WKHVH�GD\V�UHJDUGLQJ�WKH�KHDY\�PHWDO�SROOXWLRQ�LQWR�WKH�HQYLURQPHQW�
GXH� WR�YDULRXV�KXPDQ�DFWLYLWLHV� DQG� UDSLG� LQGXVWULDOL]DWLRQ���0DQJDQHVH� LV�RQH�RI� WKH�FKHPLFDO� ULVNV� LQ�
ZDWHU�DOWKRXJK�WUDFH�OHYHOV�RI�PDQJDQHVH�DUH�HVVHQWLDO�IRU�JURZWK�DQG�GHYHORSPHQW�RI�KXPDQV��DQLPDOV�
DQG�SODQWV��+RZHYHU��IRU�KHDOWK�DQG�DHVWKHWLF�FRQVLGHUDWLRQV�WKH�DPRXQW�RI�PDQJDQHVH�LQ�GULQNLQJ�ZDWHU�
VKRXOG�EH�OLPLWHG�WR�YHU\�ORZ�YDOXHV���,Q�QDWXUH��PDQJDQHVH�RFFXUV�DV�D�FRPSRXQG��IRXQG�LQ�PDQ\�W\SHV�
RI� URFNV�� ,W� LV�XVXDOO\� IRXQG� WRJHWKHU�ZLWK� LURQ�DQG� VLOLFD�DQG� LV� WKH���WK�PRVW� DEXQGDQW� HOHPHQW� LQ� WKH�
HDUWK¶V�FUXVW��,W�LV�D�FRQVWLWXHQW�RI�PRUH�WKDQ����PDQJDQHVH�R[LGH�K\GUR[LGH�EDVHG�PLQHUDOV��SOD\LQJ�DQ�
DFWLYH�UROH�LQ�WKH�HQYLURQPHQWDO�JHRFKHPLVWU\��0DQJDQHVH�R[LGHV�DUH�XELTXLWRXV�LQ�VRLOV�DQG�VHGLPHQWV��
DQG� EHFDXVH� WKH\� DUH� KLJKO\� FKHPLFDOO\� UHDFWLYH� DQG� VWURQJ� VFDYHQJHUV� RI� KHDY\� PHWDOV�� WKH\� H[HUW�
FRQVLGHUDEOH� LQIOXHQFHV� RQ� WKH� FKHPLFDO� EHKDYLRU� RI� VHGLPHQWV�� VRLOV� DQG� DVVRFLDWHG� DTXHRXV� V\VWHPV��

&RUUHVSRQGLQJ�DXWKRU
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0DQJDQHVH�FDQ�H[LVW� LQ�PXOWLSOH�R[LGDWLRQ�VWDWHV��7KH�HQYLURQPHQWDOO\�DQG�ELRORJLFDOO\�PRVW� LPSRUWDQW�
PLQHUDOV�DUH�WKRVH�FRQWDLQLQJ�0Q���RU�0Q�� ����

:KHQ�GLVVROYHG�LQ�ZDWHU��PDQJDQHVH�UHDFKHV�WKH�VXUIDFH�RI�JURXQG�ZDWHU�DQG�H[SRVHV�WR�DLU��LW�EHFRPHV�
LQVROXEOH�DQG�PDNHV�ZDWHU�EURZQ�RU�UHG���0DQJDQHVH�ZLWK�ORZ�OHYHO�FRQFHQWUDWLRQ�FDXVHV�VRPH�SUREOHPV�
VXFK� IRUPDWLRQ� RI� R[LGH� GHSRVLWV� LQ� SLSHOLQHV�� GLVFRORUDWLRQ� RI� ZDWHU� DQG� ODXQGU\� DV� ZHOO� DV� LPSDUW� DQ�
XQSOHDVDQW�PHWDOOLF� WDVWH��� ,Q� DGGLWLRQ�� WKH� SUREOHPV� RI�PDQJDQHVH�ZLWK� KLJK� OHYHO� FRQFHQWUDWLRQ� LQFOXGH�
KHDOWK�FRQFHUQV��DHVWKHWLF�DQG�HFRQRPLF�SUREOHPV���,W� LV�GDQJHURXV�IRU�EUDLQ�WLVVXH�DQG�DIIHFWV� WKH�FHQWUDO�
QHUYRXV� V\VWHP�� $OVR�� WKH� SUHVHQFH� RI� KLJK� OHYHOV� RI� PDQJDQHVH� FUHDWHV� QHXURORJLFDO� GLVRUGHUV� VXFK� DV�
3DUNLQVRQ¶V�GLVHDVH��%HFDXVH�RI�WKDW�SUREOHPV�RFFXU�GXH�WR�SUHVHQFH�RI�PDQJDQHVH�LQ�ZDWHU��DV�ZHOO�DV�RI�
WKHLU� WR[LFLW\�� QRQ�ELRGHJUDGDELOLW\� DQG� SHUVLVWHQW� QDWXUH�� WKHLU� UHPRYDO� EHFRPHV� DQ� DEVROXWH� QHFHVVDU\��
$GVRUSWLRQ�WHFKQRORJ\�LV�WKH�PRVW�ZLGHO\�XVHG�WUHDWPHQW�PHWKRG�RI�RUJDQLF�DQG�LQRUJDQLF�WR[LF�ZDVWHV����

+HDY\�PHWDOV�DUH�KD]DUGRXV��DQG�WR[LF�HYHQ�DW�ORZ�OHYHO�ELRDFFXPXODWLRQ�LQ�ZDWHU�DFFRUGLQJ�WR�ZRUOG�
KHDOWK� RUJDQL]DWLRQ��� )RU� WKLV� UHDVRQ�� WKH� UHPRYDO� RI� KHDY\�PHWDO� LRQV� IURP�ZDVWHZDWHU� KDYH� EHFRPH�
PDMRU� VRXUFH� RI� FRQFHUQ� WR� ZDWHU� TXDOLW\� PDQDJHUV� DQG� LV� JLYHQ� H[WHQVLYH� UHVHDUFK� DWWHQWLRQ��
&RQYHQWLRQDO�PHWKRGV�ZHUH�XVHG�IRU�UHPRYLQJ�PDQJDQHVH�LRQV�LQFOXGH�FKHPLFDO�SUHFLSLWDWLRQ��FKHPLFDO�
R[LGDWLRQ� DQG� UHGXFWLRQ�� LRQ� H[FKDQJH�� HOHFWURFKHPLFDO� WUHDWPHQW�� 7KHVH� PHWKRGV� DUH� H[SHQVLYH� DQG�
JHQHUDWLRQ�RI�WR[LF�VOXGJH���

5HFHQWO\��QXPHURXV�KLJKHU�SODQWV�ELRPDVV�PDWHULDOV�XWLOL]HG�DV�VROLG�SKDVH�H[WUDFWRUV�DQG�WKH\�KDYH�
JRRG�DGVRUSWLRQ�SURSHUWLHV� VXFK�DV� VXJDUFDQH�EDJDVVH���PDL]H�KXVN���DQG� ULFH�KXVN�DVK����7KH�VWXG\�RI�
DGVRUSWLRQ�IRU�WKH�WUHDWPHQW�RI�ZDVWHZDWHU�KDV�EHHQ�SURYHQ�WR�EH�OHVV�H[SHQVLYH��HIIHFWLYH�IRU�ZDVWHZDWHU�
WUHDWPHQW�GHSHQGLQJ�RQ�WKH�W\SH�RI�DGVRUEHQW�XVHG��6XJDUFDQH�EDJDVVH�LV�WKH�NLQG�RI�E\SURGXFWV�REWDLQHG�
IURP�MXLFH�VKRS��7KH\�FRQWDLQ�FHOOXORVH��KHPL�FHOOXORVH�DQG�OLJQLQ��7KLV�YDULHW\�RI�FKHPLFDO�FRPSRVLWLRQ�
DQG� FRQVHTXHQWO\� IXQFWLRQDO� JURXSV� PDNH� 6XJDUFDQH� %DJDVVH� �6&%�� VKRZHG� GLIIHUHQW� HIILFLHQFLHV� IRU�
UHPRYDO�RI�KHDY\�PHWDO� LRQV� VXFK� DV� IRU�6&%�)H�,,,���&G�,,���&U�,9�� DQG�1L�,,����� ������� ,Q� WKLV� UHJDUGV��
ORFDOO\�DYDLODEOH�VXJDUFDQH�EDJDVVH�ZLOO�EH�FRQVLGHUHG�IRU�WKH�FKHPLFDO�PRGLILFDWLRQ�ZLWK�WKH�LQWURGXFWLRQ�
RI�[DQWKDWH�JURXS�RQWR�LWV�SRO\PHU�DQDORJ��7KH�VHOHFWLYLW\�RI�[DQWKDWH�JURXS�LV�PRUH�GXH�WR�VXOSKXU�KDV�
PRUH�DIILQLW\� WRZDUGV�PDQJDQHVH�LQ� WKH�DGVRUSWLRQ�SURFHVV��)XUWKHU�� WKH�HIIHFWLYHQHVV�RI�DGVRUEHQW� WKXV�
SUHSDUHG�ZLOO�EH�DSSOLHG�IRU�WKH�UHPRYDO�RI�PDQJDQHVH�IURP�FRQWDPLQDWHG�ZDWHU��6LQFH��WKH�SUHVHQFH�RI�
PDQJDQHVH�LQ�GULQNLQJ�ZDWHU�LV�RI�SDUWLFXODU�ULVN��7KH�:+2�KHDOWK�EDVHG�JXLGHOLQH�YDOXH�IRU�PDQJDQHVH�
LQ�GULQNLQJ�ZDWHU�LV����� J�/����

7KH�JHQHUDO�REMHFWLYH�RI�WKH�UHVHDUFK�LV�WR�GHYHORS�HIILFLHQW�DQG�VHOHFWLYH�DGVRUEHQW�E\�VLPSOH�FKHPLFDO�
PRGLILFDWLRQ� IURP� ORFDOO\� DYDLODEOH� DJULFXOWXUDO� ZDVWH� SURGXFW�� ZKLFK� FDQ� UHSODFH� H[SHQVLYH� V\QWKHWLF�
FKHODWLQJ�UHVLQ��

([SHULPHQWDO�0HWKRGV�

3UHSDUDWLRQ�RI�DGVRUEHQW�PDWHULDO�

/RFDOO\�FROOHFWHG�VXJDUFDQH�EDJDVVH��6&%��IURP�MXLFH�FHQWHU��.DWKPDQGX�ZDV�FXW� LQWR�VPDOO�SLHFHV�
DQG�GULHG�XQGHU� VXQOLJKW��NHSW� LQ� DLU� RYHQ�DW� ���&� IRU����KUV� DQG�GULHG� VDPSOH�ZDV�JURXQGHG� LQWR� ILQH�
SDUWLFOHV�ZLWK�XQLIRUP�VL]H�RI������P��7KH�EDJDVVH�SRZGHU�ZDV�WUHDWHG�ZLWK�FRQFHQWUDWHG�+�62��DQG�OHIW�
IRU� RYHUQLJKW�� ,W�ZDV�ZDVKHG�ZLWK� GHLRQL]HG�ZDWHU� XQWLO� QHXWUDOLW\� DQG� GU\LQJ� LW� LV� UHIHUUHG� DV� FKDUUHG�
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VXJDUFDQH�EDJDVVH��&6%���,W� LV�NQRZQ�WR�XV� WKDW�DFLG�WUHDWPHQW�ZLWK�VXFK�ELRSRO\PHU�FUHDWHV�D�VXLWDEOH�
HQYLURQPHQW�IRU�LWV�ULQJ�RSHQLQJ��,Q�DGGLWLRQ�WR�GHK\GUDWLQJ�SURSHUW\�RI�DFLG��VXFK�PDWHULDOV�ZHUH�IRXQG�
WR� EH� HIIHFWLYH� IRU� IXUWKHU� FKHPLFDO� PRGLILFDWLRQV�� ,Q� WKLV� UHJDUG�� WKH� ��� J� RI� FKDUUHG� PDWHULDO� ZDV�
[DQWKDWHG�E\�DGGLQJ�����P/�RI�����VRGLXP�K\GUR[LGH�DQG�WKHQ�PL[WXUH�ZDV�OHIW�IRU���KUV��$IWHU�WKDW����
P/� FDUERQ�GLVXOSKLGH� ZDV� DGGHG� WR� PL[WXUH� DQG� ZDV� VWLUUHG� DQG� NHSW� IRU� ��� KUV�� ,W� ZDV� ZDVKHG� WLOO�
QHXWUDOLW\�DQG�GULHG�DW��������&�DQG�ILQDOO\�NHSW�LQ�GHVLFFDWRU��7KLV�PDWHULDO�LV�UHDG\�IRU�WKH�H[SHULPHQWV�
DQG�FDOOHG�DV�FKDUUHG�[DQWKDWHG�VXJDUFDQH�EDJDVVH��&;6%���

&KHPLFDOV�

$OO� UHDJHQWV� DQG� FKHPLFDOV� XVHG� LQ� WKLV� VWXG\� ZHUH� /5�$5� JUDGH�� $SSURSULDWH� DPRXQW� RI�
PRQRK\GUDWHG�PDQJDQHRXV� VXOSKDWH� VDOW�ZDV�GLVVROYHG� WR�SUHSDUH������PJ�/� VWDQGDUG� VWRFN� VROXWLRQV��
7KH�ZRUNLQJ�VROXWLRQV�RI�GLIIHUHQW�FRQFHQWUDWLRQV�ZHUH�GLOXWHG�XVLQJ��0�+12��7KH�S+�RI�H[SHULPHQWDO�
VROXWLRQ�ZDV�DGMXVWHG�XVLQJ���0�1D2+�DQG��0�+&O��

$GVRUSWLRQ�H[SHULPHQW�

,Q� WKH�EDWFK� DGVRUSWLRQ�PHWKRG�� D�GHILQLWH�PDVV�RI� DGVRUEHQW� LV� DJLWDWHG�ZLWK� WKH� VHULHV�RI� UHTXLUHG�
YROXPH� RI� VROXWLRQ� FRQWDLQLQJ� GLIIHUHQW� DPRXQW� RI� KHDY\�PHWDOV� DQG� VXSHUQDWDQW� OLTXLG� LV� DQDO\]HG� WR�
GHWHUPLQH� WKH� H[WHQW� RI� DGVRUSWLRQ�� ,Q� WKLV� VWXG\� WR� XQGHUVWDQG� WKH� PHFKDQLVP� DQG� HIIHFWLYHQHVV� RI�
DGVRUSWLRQ�� DQ\� SDUDPHWHU� LV� FKDQJHG� E\� NHHSLQJ� RWKHU� FRQVWDQW�� $GVRUSWLRQ� RI� 0Q�,,�� RQ� GLIIHUHQW�
DGVRUEHQW�LV�LQIOXHQFHG�E\�YDULRXV�SDUDPHWHUV�OLNH�S+�RI�WKH�VROXWLRQ��DPRXQW�RI�DGVRUEHQW�XVHG��LQLWLDO�
FRQFHQWUDWLRQ� RI� 0DQJDQHVH�,,�� VROXWLRQ�� FRQWDFW� WLPH� HWF�� 6R� WKHVH� SDUDPHWHUV� DUH� VWXGLHG� E\� EDWFK�
DGVRUSWLRQ�PHWKRG�LQ�ZKLFK�D�VHULHV�RI�VROXWLRQV�DUH�SUHSDUHG�E\�YDU\LQJ�DQ\�RQH�SDUDPHWHU�NHHSLQJ�RWKHU�
SDUDPHWHU�FRQVWDQW�����

7KH�DPRXQW�RI�PHWDO�LRQ�DGVRUEHG�LQ�PJ�J�DW�WLPH�µW¶�LV�FRPSXWHG�E\�WKH�IRUPXOD�

�������������������������������������������TW� ��FR�FH�î� �����««««««««««����

:KHUH�� &R� DQG� &H� DUH� WKH� PHWDO� LRQ� FRQFHQWUDWLRQV� LQ� PJ�/� LQLWLDOO\� DQG� DW� WLPH� µW¶� UHVSHFWLYHO\���
9 �YROXPH�RI�WKH�PHWDO�LRQ�VROXWLRQ�LQ�/�DQG�PV� �ZHLJKW�RI�DGVRUEHQW�LQ�JUDP��

7KH�SHUFHQWDJH�RI�PHWDO�LRQ�DGVRUEHG��$����LV�FDOFXODWHG�E\��

�«««««««�����

���������������������������$QG�� ««««««« ����

:KHUH��' �GLVWULEXWLRQ�IDFWRU�IRU�WKH�DGVRUSWLRQ�LQ��/�J���

5HVXOWV�DQG�'LVFXVVLRQ�

�(OHPHQW�$QDO\VLV�

,Q�RUGHU�WR�GHWHFW�WKH�HOHPHQW�SUHVHQW�LQ�WKH�SUHSDUHG�VDPSOH��LW�ZDV�DQDO\]HG�XVLQJ�WKH�HOHPHQW�GHWHFWRU�
�1HSDO�%XUHDX�RI�6WDQGDUG�DQG�0HWURORJ\����
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7DEOH
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KH�VXUIDFH�PR
LFDO�PRGLILFDW
FH� RI�56%�ZD
K� DQG� QRQ�XQL
XULF�DFLG��7KH
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56%��&6%�EH
DO\]HG�XVLQJ� I
EH� VPRRWK�ZK
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KDUUHG� VXJDUF
ZLWK� UHVSHFW� WR
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HUFHQWDJH�RI�F
G�PRGLILFDWLRQ
H�FDUERQ�GLVXO
DXVH�WKH�DGVRU

HIRUH�PRGLILFD
IDU�HPLVVLRQ� V
KHUHDV� WKH� ILEH
DFWLRQ� RQ� WKH
6%��&6%��&;6
G� ��G�� UHVSHF
FDQH� EDJDVVH�
R� WKH� QDWXUH�
P�DQG�URXJK�V
DUHQWO\� LVRODWH
Q�HIIHFWLYH�GLI
QFH�DGVRUSWLRQ
KH�DGVRUSWLRQ�
GVRUSWLRQ�WDNH

6%�����E &6%�

DVVH�EHIRUH�DQ

�
�
�

DUERQ�DQG�6XO
Q�RI� WKH�VDPS
OSKLGH�ZDV�XVH
USWLRQ�RI�0Q

DWLRQ�ZKHUHDV�
VFDQQLQJ� HOHFW
HU� VXUIDFH� RI�
H� VXUIDFH� RI� 6
6%�DQG�&;6%
FWLYHO\�� ;DQWK
DQG� LWV� SK\VL
RI� V\QWKHWLF�
VXUIDFH�WKDW�FK
HG�DQG� LUUHJXO
IIXVLRQ�VXUIDF
Q�FDSDFLW\�RI�
RI�PHWDO��WKH�

HV�SODFH�SURSHU

�����F &;6%�

ϭď

ϭĚ

QG�DIWHU�PRGLI
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OSKXU�YDULHV�LQ
OH��7KH�SHUFH
HG�GXULQJ�[DQW
LV�PRUH�LQ�WKH

IRU�&;6%�DQ
WURQ�PLFURVFR
&6%�ZDV� IRX

6%� E\� WKH� DFW
%��DGV��ZDV�FK
KDWLRQ� SURFHV
FDO�� FKHPLFDO
VLGH� FKDLQV�
KDQJHG�LQWR�LU
ODUO\�GLVWULEXWH
H�DUHD�WKDW�KH
WKH�PRGLILHG�
KRQH\FRPE�V
UO\�

�DQG���G &;6

ILFDWLRQ�

Q�WKH�56%��&6
HQWDJH�RI�6XOS
WKDWLRQ�SURFHV
H�&;6%�WKDQ

QG�&;6%��DGV
RS\� �)(�6(0
XQG� WR� EH� UHOD
WLRQ� RI� FRQFHQ
KDUDFWHUL]HG�E\
V� KDG� FRQVLG
O� DQG� ELRGHJU
LQFRUSRUDWHG�
UUHJXODU�KRQH\
HG�SRUHV��ZKL
HOSV� WR�H[SRVH
VXJDUFDQH�ED

VXUIDFH�OLNH�VWU

;6%DGV��

6%�DQG�
SKXU� LQ�
VV��7KH�
�LQ�WKH�

V��DIWHU
0���7KH�
DWLYHO\�
QWUDWHG�
\�6(0�
GHUDEO\�
UDGDEOH�
�� 6(0�
\FRPE�
LFK�DUH�
H�PRUH�
DJDVVH��
UXFWXUH�
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)7,5�$QDO\VLV�

)7,5� LV� D� XVHIXO� WRRO� WR� LGHQWLI\� WKH� SUHVHQFH� RI� FHUWDLQ� IXQFWLRQDO� JURXSV� LQ� D� PROHFXOH� DV� HDFK�
VSHFLILF�FKHPLFDO�ERQG�RIWHQ�KDV�D�XQLTXH�HQHUJ\�DEVRUSWLRQ�EDQG��7KH�VSHFWUDO�DQDO\VLV�ZDV�HPSOR\HG�WR�
FRQILUP� FKDQJLQJ� RI� IXQFWLRQDO� JURXSV� IRU� SUHWUHDWHG� DQG� [DQWKDWHG� VXJDUFDQH� EDJDVVH�� 7KH� )7,5�
VSHFWUXP�RI�GLIIHUHQW�VXJDUFDQH�EDJDVVH�ZDV� UHFRUGHG�ZLWK�.%U�GLVSHUVLRQ�PHWKRG�ZKHUH�6%�DQG�.%U�
UDWLR�ZDV�WDNHQ�������WR�PDNH�WDEOHW��7KH�EURDG��LQWHQVH�DEVRUSWLRQ�SHDNV�REVHUYHG�DW���������FP���DUH�
GXH� WR� WKH� H[LVWHQFH� RI� ERXQGHG� K\GUR[\O� JURXSV� LQ�&6%� WKDQ�56%�� 6LPLODUO\�� K\GUR[\O� JURXSV�ZHUH�
REVHUYHG�DW���������FP���DQG���������FP���LQ�&;6%�DQG�&;6%��DGV���7KH�SHDNV�REVHUYHG�DW������FP��

DUH� FKDUDFWHULVWLFV� RI� &�2� JURXS� RI� SULPDU\� K\GUR[\O� VWUHWFKLQJ� WKDW� PD\� EH� DWWULEXWHG� WR� FHOOXORVH�
VWUXFWXUH�RI�WKH�VXJDUFDQH�EDJDVVH��7KH�EDQG�DW������FP���ZDV�REVHUYHG�LV�GXH�WR�WKH�±&+2�JURXS�IRUPHG�
GXULQJ�WKH�FKDUULQJ�SURFHVV�EHIRUH�PRGLILFDWLRQ�RI�&6%��7KLV�SHDN�GLVDSSHDUV�DIWHU�PRGLILFDWLRQ�RI�&6%�
LQWR� &;6%� DQG� DQ� LQWHQVH� EURDG� EDQG� GHSLFWHG� LQ� )LJXUH�� �� LV� REVHUYHG� DW� ����� FP��� UHYHDOLQJ� WKDW�
[DQWKDWH�JURXS�KDV�EHHQ�LQWURGXFHG�RQWR�WKH�&6%��$EVRUSWLRQ�SHDNV�DSSHDUHG�DW������FP���FRUUHVSRQGLQJ�
WR� WKH�& 6�VWUHWFKLQJ�YLEUDWLRQ�RI� WKH�[DQWKDWH�XQLW�DQG� LW�PD\�EH�DWWULEXWHG� WR� WKH�±&6�+�GHIRUPDWLRQ�
VXJJHVWLQJ� WKDW�&;6%�KDV�EHHQ� VXFFHVVIXOO\�[DQWKDWHG��7KH� VWUHWFKLQJ�YLEUDWLRQ�RI�& 6��6 2�DQG�6�6�
IRXQG�DW������������DQG�����FP���� UHVSHFWLYHO\� LQ� WKH�VSHFWUXP�RI�&;6%�ZHUH�VWURQJ� LQGLFDWLYH�RI� WKH�
SUHVHQFH�RI�[DQWKDWH�JURXS�ERQGHG�WR�WKH�FKDUUHG�PDWHULDOV��7KH�PDMRU�DEVRUSWLRQ�EDQGV�FKDUDFWHULVWLF�RI�
WKH�& 6�JURXSV�OD\�LQ�WKH�UHJLRQ�����������FP�����7KLV�UHJLRQ�LV�PXFK�PRUH�LQWHQVH�IRU�&;6%�LQ�FRPSDULVRQ�
WR�&6%��7KH�SHDN�FRUUHVSRQGLQJ�WR�&�6�6�DQG�&�2�&�V\PPHWULF�VWUHWFKLQJ�VHHPHG�WR�KDYH�PHUJHG�LQWR�D�
EURDG�EDQG�DW������FP����7KH�DV\PPHWULF�VWUHWFKLQJ�YLEUDWLRQ�RI�&�2�&�LV�REVHUYHG�DW������FP��������

*HQHUDOO\��WKH�ELQGLQJ�RI�PHWDO�LRQV�WR�DGVRUEHQWV�PD\�EH�SURFHHG�YLD�FRPSOH[DWLRQ�ZLWK�IXQFWLRQDO�
JURXSV��LRQLF�H[FKDQJH��VXUIDFH�SUHFLSLWDWLRQV�DQG�FKHPLFDO�UHDFWLRQ�ZLWK�VXUIDFH�VLWHV��5HJDUGLQJ�)7,5�
IRU�&;6%�DIWHU�0Q�,,�� DGVRUSWLRQ�� LW�ZDV� IRXQG� WKDW� FDUERQDWHV�� �&�2+�DQG�SKHQ\O�JURXS�DUH� DIIHFWHG�
DIWHU�XSWDNH�SURFHVV��7KLV�LV�MXGJLQJ�IURP�VKLIWV�LQ�WKHLU�SRVLWLRQ��VKDSH�RU�EDQG�LQWHQVLW\�IURP����������
��������DQG��������FP���WR������������������DQG��������FP���IRU�&;6%�DQG�&;6%��DGV��UHVSHFWLYHO\��

)LJXUH����)7,5�SHDNV�VKRZLQJ�WKH�IXQFWLRQDO�JURXSV�RI�56%��&6%��&;6%�DQG�&;6%��DGV���
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S+3=&��3RLQW�RI�=HUR�&KDUJH��

'HSHQGLQJ�RQ�VROXWLRQ�S+��WKH�DGVRUEHQW�VXUIDFHV�FDQ�EHDU�QHW�QHJDWLYH��RU�SRVLWLYH��RU�QR�FKDUJH��7KH�
S+�ZKHUH�WKH�QHW�WRWDO�SDUWLFOH�FKDUJH�LV�]HUR�LV�FDOOHG�WKH�SRLQW�RI�]HUR�FKDUJH��S+3=&���ZKLFK�LV�RQH�RI�
WKH�PRVW�LPSRUWDQW�SDUDPHWHUV�XVHG�WR�GHVFULEH�YDULDEOH�FKDUJH�VXUIDFHV��,I�WKH�S+�RI�DGVRUEHQW�VXUIDFH�LV�
DERYH� LWV� S+3=&�� WKH� DGVRUEHQW� VXUIDFH� ZLOO� KDYH� D� QHW� QHJDWLYH� FKDUJH� DQG� SUHGRPLQDQWO\� H[KLELW� DQ�
DELOLW\�WR�H[FKDQJH�FDWLRQV��ZKLOH�WKH�PRGLILHG�DGVRUEHQW�ZLOO�PDLQO\�UHWDLQ�DQLRQV��HOHFWURVWDWLFDOO\��LI�LWV�
S+�LV�EHORZ�LWV�3=&��7KH�SRLQW�RI�]HUR�FKDUJH�IRU�56%�DQG�&;6%�ZDV�IRXQG�WR�EH���DQG���DV�VKRZQ�LQ�
)LJXUH����

)LJXUH����$�W\SLFDO�SORW�RI�=HWD�SRWHQWLDO�9HUVXV�S+�

(IIHFW�RI�S+�

)LJXUH����VKRZV�WKDW�HIIHFW�RI�S+�RQ�DGVRUSWLRQ�RI�0Q��,,��RQWR�&KDUUHG�;DQWKDWHG�6XJDUFDQH�%DJDVVH�
DW� LQLWLDO� FRQFHQWUDWLRQ� RI� ��� SSP� DW� URRP� WHPSHUDWXUH�� 7KH� S+� YDOXH� RI� WKH� KHDY\� PHWDOV� SOD\V� DQ�
LPSRUWDQW�UROH�LQ�WKH�DGVRUSWLRQ�SURFHVV�RQ�QRW�RQO\�WKH�VLWH�GLVVRFLDWLRQ�RI�WKH�DGVRUEHQW�VXUIDFH�EXW�DOVR�
RQ� WKH� VROXWLRQ� FKHPLVWU\� RI� WKH� PHWDOV�� ZKLFK� LQFOXGH�� K\GURO\VLV�� FRPSOH[DWLRQ� E\� RUJDQLF� DQG�
LQRUJDQLF� OLJDQGV�� UHGR[� UHDFWLRQV�� SUHFLSLWDWLRQ�� WKH� VSHFLDWLRQ� DQG� WKH� DGVRUSWLRQ� DYDLODELOLW\� RI� WKH�
KHDY\�PHWDOV��7KLV�LV�FOHDUO\�LQGLFDWHG�DV�VKRZQ�LQ�ILJXUH����IRU�WKH�XSWDNH�RI�0Q�,,��LRQV�DV�D�IXQFWLRQ�RI�
S+� ����������� 7KHUHIRUH�� DW� ORZ� S+� YDOXHV� VKRZHG� YHU\� ORZ� WHQGHQF\� IRU� XSWDNH� RI� 0Q�,,�� GXH� WR�
SURWRQDWLRQ�RI�LWV�IXQFWLRQDO�JURXSV�RU�FRPSHWLWLRQ�RI�+��ZLWK�PHWDO�LRQ�IRU�ELQGLQJ�VLWHV����7KH��ELQGLQJ��
FDSDFLWLHV� � UHDFKHG� � WKHLU� � PD[LPXP� � SHUFHQWDJH� UHPRYDO� DURXQG� S+� ����� $W� S+����� 0Q�,,�� ZDV�
SUHFLSLWDWHG� GXH� WR� SUHVHQFH� RI� 2+�� IRUPLQJ� PDQJDQHVH� K\GUR[LGH� SUHFLSLWDWH�� 7KXV�� WKH� PD[LPXP�
DGVRUSWLRQ�ZDV�REWDLQHG�DW�S+�����IRU�&KDUUHG�;DQWKDWHG�6XJDUFDQH�%DJDVVH���
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)LJXUH����(IIHFW�RI�S+�IRU�DGVRUSWLRQ�RI�0Q�,,��RQWR�&;6%

(IIHFW�RI�,QLWLDO�&RQFHQWUDWLRQ�

7KH� DGVRUSWLRQ� LVRWKHUPV� IRU� WKH� DGVRUSWLRQ� RI� 0Q�,,�� RQWR� &;6%� DUH� VKRZQ� LQ� ILJXUH� �� ��� 7KH�
DGVRUSWLRQ�RI�0Q�,,��RQWR�&;6%��DGVRUEHQWV� LQFUHDVHV�ZLWK� LQFUHDVH� LQ� LQLWLDO�FRQFHQWUDWLRQ�RI� WKH� LRQV�
VROXWLRQ�DQG�WKHQ�UHDFKHV�D�SODWHDX�ZKHUH�LW�DWWDLQV�HTXLOLEULXP��([SHULPHQWDOO\��LW�ZDV�REVHUYHG�WKDW�WKH�
DPRXQW� RI� DGVRUSWLRQ� LQFUHDVHG� IURP� �� PJ�J� WR� ��� PJ�J� LQ� D� UDSLG� PDQQHU� DQG� DIWHU� WKH� LQLWLDO�
FRQFHQWUDWLRQ� RI� ��� PJ�/�� WKHUH� ZDV� QRW� DQ\� VLJQLILFDQW� FKDQJHV� DW� LWV� RSWLPXP� S+� ��� +HQFH�� WKH�
PD[LPXP�DGVRUSWLRQ�ZDV�����PJ�J��

7KH� FKHPLFDO� PRGLILFDWLRQ� RQ� &;6%� UHVXOWV� LQ� HQKDQFLQJ� WKH� VRUSWLRQ� FDSDFLW\�� 7KLV� PD\� EH�
DWWULEXWHG� WR� DQ� LQFUHDVH� LQ� WKH� GULYLQJ� IRUFH� RI� WKH� FRQFHQWUDWLRQ� JUDGLHQW� ZLWK� LQFUHDVH� LQ� RUGHU� WR�
RYHUFRPH� DOO� PDVV� WUDQVIHU� UHVLVWDQFH� RI� PHWDO� LRQV� EHWZHHQ� WKH� DTXHRXV� DQG� VROLG� SKDVH�� 7KHUHIRUH��
KLJKHU�LQLWLDO�FRQFHQWUDWLRQ�RI�PHWDO� LRQV�PD\�LQFUHDVH�WKH�DGVRUSWLRQ�FDSDFLW\��,W�FDQ�DOVR�EH�H[SODLQHG�
WKDW� WKH� DGVRUEHQW� KDV� D� OLPLWHG� QXPEHU� RI� DFWLYH� VLWHV�� ZKLFK� EHFRPHV� VDWXUDWHG� DW� D� FHUWDLQ�
FRQFHQWUDWLRQ�� 7KLV� LQGLFDWHV� WKDW� WKH� VRUSWLRQ� FDSDFLW\� ZLOO� LQFUHDVH� ZLWK� WKH� LQFUHDVH� LQ� LQLWLDO�
FRQFHQWUDWLRQ�JUDGLHQW�

)LJXUH����$GVRUSWLRQ�,VRWKHUPV�IRU�$GVRUSWLRQ�RI�0Q�,,��RQWR�&;6%�
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)LJXUH����/DQJPXLU�$GVRUSWLRQ�,VRWKHUPV�IRU�$GVRUSWLRQ�RI�0Q�,,��RQWR�&;6%�

$W�ORZHU�LQLWLDO�FRQFHQWUDWLRQ�VXIILFLHQW�VRUSWLRQ�VLWHV�DUH�DYDLODEOH�IRU�WKH�VRUSWLRQ�RI�WKH�PHWDO�LRQV�
WKHUHIRUH� WKH� IUDFWLRQDO� VRUSWLRQ� LV� LQGHSHQGHQW� RI� LQLWLDO�PHWDO� LRQ� FRQFHQWUDWLRQ�� 7KHUHIRUH�� DW� KLJKHU�
LQLWLDO� FRQFHQWUDWLRQ�� WKH� QXPEHUV� RI� PHWDO� LRQV� DUH� UHODWLYHO\� KLJKHU� WKDQ� DGVRUSWLRQ� VLWHV�� KHQFH� WKH�
UHPRYDO� SHUFHQWDJH� GHSHQGV� RQ� WKH� LQLWLDO� FRQFHQWUDWLRQ��$W� KLJKHU�PHWDO� LRQ� FRQFHQWUDWLRQ� DGVRUSWLRQ�
WHQGV�WR�EH�FRQVWDQW�ZKLFK�LQGLFDWHV�/DQJPXLU�W\SH�RI�DGVRUSWLRQ�DV�VKRZQ�E\�ILJXUH����

.LQHWLF�6WXGLHV�RI�$GVRUSWLRQ�RI�0Q�,,��

7KH�ELR� VRUSWLRQ�RI�PHUFXU\�ZDV� IDVW� LQ� WKH�HDUO\� VWDJHV��DQG� WKH�HTXLOLEULXP�DWWDLQHG� LQ����PLQ�RI�
FRQWDFW� WLPH�DV�VKRZQ�LQ�ILJXUH�����7KH�UHPRYDO�RI�0Q�,,�� LQFUHDVHG�IURP����PJ�J� WR����PJ�J�VKDUSO\�
ZLWK�WLPH�LQ�WKH�LQLWLDO�VWDJH�RI������PLQ�UDQJH�DQG�WKHQ�VWHDG\�DXJPHQWDWLRQ�WR�DWWDLQ�HTXLOLEULXP�WR�MXVW�
DERXW� ���PLQ� WLPH�� 7KHUHIRUH�� WKH� RSWLPXP� WLPH� DQG� LQLWLDO� FRQFHQWUDWLRQ� IRU� DWWDLQLQJ� WKH� DGVRUSWLRQ�
HTXLOLEULXP�LV����PLQ�DQG����PJ�/��UHVSHFWLYHO\��,W�LV�SHUFHLYHG�IURP�WKH�RXWFRPH�WKDW�DGGLWLRQDO�LQFUHDVH�
LQ�WKH�FRQWDFW�WLPH�KDV�QHJOLJLEOH�HIIHFW�RQ�WKH�VRUSWLRQ�RI�PHWDO�LRQ��.LQHWLFV�VWXGLHV�IRU�WKH�DGVRUSWLRQ�RI�
0Q�,,��RQ�&;6%�ZHUH�VWXGLHG�E\�XVLQJ�GLIIHUHQW�NLQHWLFV�PRGHOV�DQG�SVHXGR�VHFRQG�RUGHU��

)LJXUH����(IIHFW�RI�FRQWDFW�WLPH�LQ�WKH�DGVRUSWLRQ�RI�0Q�,,��RQWR�&;6%�
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)LJXUH����3VHXGR�VHFRQG�RUGHU�NLQHWLFV�IRU�0Q�,,��RQWR�&;6%�

3VHXGR�VHFRQG�RUGHU�NLQHWLF�SORW�RI��W�TW��YV�W�JDYH�WKH�SHUIHFW�VWUDLJKW�OLQH�IRU�WKH�DGVRUSWLRQ�RI�0Q�,,��
RQWR� &;6%� LQGLFDWLQJ� WKDW� WKH� DGVRUSWLRQ� UHDFWLRQ� FDQ� EH� IROORZHG� WKURXJK� WKH� SVHXGR� VHFRQG� RUGHU�
NLQHWLF�PRGHO�DV� VKRZQ�E\� ILJXUH�����+LJK�YDOXH�RI�FRUUHODWLRQ�FRHIILFLHQW� LQ�SVHXGR�VHFRQG�RUGHU�SORW�
WKDQ�SVHXGR�ILUVW�RUGHU�DUH�WKH�DGGLWLRQDO�HYLGHQFH�WR�FRQIRUP�WKDW�WKH�DGVRUSWLRQ�UHDFWLRQ�SURFHHGHG�E\�
WKH�SVHXGR�VHFRQG�RUGHU�NLQHWLF�PRGHO��

&RQFOXVLRQ�

$Q� HIIHFWLYH� DGVRUEHQW� IRU� WKH� UHPRYDO� RI� WKH� 0Q�,,�� KDV� EHHQ� LQYHVWLJDWHG� E\� PDNLQJ� VLPSOH�
FKHPLFDO�PRGLILFDWLRQ�RI�6XJDUFDQH�%DJDVVH�:DVWH��7KH�&KDUUHG�;DQWKDWHG�6XJDUFDQH�%DJDVVH��&;6%��
SUHSDUHG� DW� RXU� ODERUDWRU\� ZDV� IRXQG� WR� EH� JRRG� DGVRUEHQW� IRU� LWV� UHPRYDO� WKDQ� WKRVH� ZKLFK� ZHUH�
SUHYLRXVO\�IRXQG�LQ�GLIIHUHQW�OLWHUDWXUH��7KH�RSWLPDO�FRQGLWLRQV�IRU�0Q�,,��UHPRYDO�RQWR�&;6%�RFFXUHG�DW�
S+�����ZLWK�DGVRUEHQW�GRVH�������J��DJLWDWLRQ�VSHHG�����USP�DW�URRP�WHPSHUDWXUH��7KH�HTXLOLEULXP�ZDV�
IRXQG� WR� EH� ���PLQXWHV� WR� VXIILFLHQWO\� UHPRYH�0Q�,,��� 7KH� REWDLQHG� GDWD�ZHUH� XVHG� IRU�PDWKHPDWLFDO�
GHVFULSWLRQ�RI� WKH� ELRVRUSWLRQ� SURFHVV� IRU�/DQJPXLU� DQG�)UHXQGOLFK� LVRWKHUPV��7KH� GDWD�ZHUH� ILWWHG� WR�
/DQJPXLU� LVRWKHUP�ZLWK�KLJKHU�FRUUHODWLRQ�FRHIILFLHQW�YDOXHV� LV��������7KH�DGVRUSWLRQ�SURFHVV�IROORZHG�
3VHXGR�VHFRQG�RUGHU�NLQHWLFV�ZLWK�D�FRUUHODWLRQ�FRHIILFLHQW�YDOXH�LV��������7KH�UHVXOWV�REWDLQHG�IURP�WKH�
EDWFK� H[SHULPHQWV� FRQFOXGHG� WKDW� &;6%� KDV� WKH� SRWHQWLDO� WR� EH� XVHG� LQ� UHDO� SUDFWLFH� IRU� PDQJDQHVH�
UHPRYDO� IURP� WKH� DTXHRXV� VROXWLRQ�� 7KXV�� LW� FDQ� EH� FRQFOXGHG� WKDW� &;6%� LV� KLJKO\� HIIHFWLYH� LQ� WKH�
VHSDUDWLRQ���SXULILFDWLRQ�RI�0Q�,,��IURP�ZDVWH�ZDWHU��

$FNQRZOHGJHPHQWV�

$XWKRUV� DUH� JUDWHIXO� WR�1$67�.KXPDOWDU�� /DOLWSXU� IRU�$$6��&HQWUDO�'HSDUWPHQW� RI�&KHPLVWU\� IRU�
)7,5�DQG�$VVLVWDQW�3URI��'HYDO�3UDVDG�%KDWWDUDL�� 3K'�6FKRODU� DW�&KRQEXN�1DWLRQDO�8QLYHUVLW\��6RXWK�
.RUHD��IRU�6(0���

�

�

�

�

�

�

�

� �� ��� ���

W�T
W�
P
LQ
�P
J�
J�

WLPH�PLQ�



-��1HSDO�&KHP��6RF���9RO����������

����

5HIHUHQFHV�

�� 3��/��+RPDJDL��.��1��*KLPLUH��.��,QRXH��6HS��6F��7HFKQRO������������������

�� :+2�*XLGHOLQHV�IRU�'ULQNLQJ�ZDWHU�4XDOLW\��8UDQLXP�LQ�'ULQNLQJ�ZDWHU���UG�HGLWLRQ��������

�� -��+��%UXLQV��0DQJDQHVH�5HPRYDO�IURP�*URXQGZDWHU��5ROH�RI�%LRORJLFDO�DQG�3K\VLFR�&KHPLFDO�
$XWRFDWDO\WLF�3URFHVVHV��&5&�3UHVV��������

�� 1��(VIDQGLDU��%��1DVHUQHMDG��7��(EDGL��-��RI�,QG��DQG�(QJ��&KHP�������������������

�� .�$��(PPDQXHO��$�9��5DR��-��RI�&KHP�����������������

�� $�*��7HNHUOHNRSRXORX��'�9��9D\HQDV��$PPRQLD��LURQ�DQG�PDQJDQHVH�UHPRYDO�IURP�SRWDEOH�
ZDWHU�XVLQJ�WULFNOLQJ�ILOWHUV��'HVDOLQDWLRQ������������������

�� &�:��&KHXQJ��-�)��3RUWHU��*��0F.D\��:DWHU�5HV������������������

�� /��%HHVOH\��2�6��,QQHK��*�-��1RUWRQ��(��0RUHQR�-LPHQH]��7��3DUGR��5���&OHPHQWH��-��-��'DZVRQ��
(QYLURQ��3ROOXW�������������������

�� 6�$��$KPHG��$�0��(O�5RXGL��$�$��6DOHP��-��RI�(QYLURQ��6FL��DQG�7HFKQRO�����������������

��� $�,��$GHRJXQ��0�$��,GRZX��$�(��2IXGMH��6�2��.DUHHP��6�$��$KPHG��$SSO��:DWHU�6FL�����������������

��� <��=KDQJ��-��=KDR��=��-LDQJ��'��6KDQ��<��/X��%LRPHG�5HV��LQWHUQDWLRQDO��������

��� (�0��6ROLPDQ��6�$��$KPHG��$�$��)DGO��$���5HPRYDO�RI�FDOFLXP�LRQV�IURP�DTXHRXV�VROXWLRQV�E\�
VXJDU�FDQH�EDJDVVH�PRGLILHG�ZLWK�FDUER[\OLF�DFLGV�XVLQJ�PLFURZDYH�DVVLVWHG�VROYHQW�IUHH�
V\QWKHVLV��'HVDOLQDWLRQ�����������������

��� 8��*DUJ��0�3��.DXU��*�.��-DZD��'��6XG��9�.��*DUJ��9��.���-��RI�KD]DUGRXV�PDWHULDOV�������������������

��� 0��5DR��$�9���3DUZDWH��$��*��%KROH��:DVWH�PDQDJHPHQW�����������������

��� 0�)��%RXFKDUG��6��6DXYp��%��%DUEHDX��0��/HJUDQG��0�(��%URGHXU��7��%RXIIDUG��'��0HUJOHU��
(QYLURQ��KHDOWK�SHUVSHFWLYHV�����������������

��� 3�/��+RPDJDL��'��%DVK\DO��+��3RXG\DO��.�1��*KLPLUH��.��1���1HSDO�-��RI�6FL��DQG�7HFKQRO���
���������������

��� 5�0��6LOYHUVWHLQ��)�;��:HEVWHU��'�-��.LHPOH��'�/��%U\FH��6SHFWURPHWULF�LGHQWLILFDWLRQ�RI�RUJDQLF�
FRPSRXQGV��-RKQ�ZLOH\�	�VRQV�������
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