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$GVRUSWLYH�5HPRYDO�RI�$UVHQLF��,,,��)URP�$TXHRXV�6ROXWLRQ�
XVLQJ��&KHPLFDOO\�0RGLILHG�6ZHHW�/LPH��&LWUXV�OLPHWWD���3HHOV��

��6XEDUQD�.DUNL���5DP�/RFKDQ�$U\DO���6LWDUDP�%KDWWDUDL���6XUHQGUD�.XPDU�*DXWDP��DQG��

%KRM�5DM�3RXGHO�

�'HSDUWPHQW�RI�&KHPLVWU\��7UL��&KDQGUD�0XOWLSOH�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��1HSDO�
�'HSDUWPHQW�RI�&KHPLVWU\��$PULW�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��1HSDO�

(�PDLO��EKRMUDMSRXGHO#\DKRR�FRP�

$EVWUDFW�

7KH� DGVRUSWLRQ� RI� DUVHQLF�,,,�� LRQV� IURP�DTXHRXV�PHGLD�ZDV� VWXGLHG� XVLQJ� UDZ�&LWUXV� OLPHWWD� SHHO�
�5&/3��DQG�FKHPLFDOO\�PRGLILHG�&LWUXV�OLPHWWD�SHHO��&0&/3��E\�EDWFK�HTXLOLEULXP�PHWKRG��7KH�HIIHFWV�
RI� LQLWLDO� PHWDO� LRQ� FRQFHQWUDWLRQ�� FRQWDFW� WLPH�� DGVRUSWLRQ� GRVH� DQG� S+� ZHUH� VWXGLHG�� 7KH�PD[LPXP�
UHPRYDO�RI�$V�,,,��ZDV�DFKLHYHG�DW�S+���IRU�ERWK�5&/3�DQG�&0&/3�DW�RSWLPXP�FRQWDFW� WLPH�RI���KUV�
DQG���KUV�UHVSHFWLYHO\�DW�LQLWLDO�FRQFHQWUDWLRQ�RI����PJ�/��7KH�PD[LPXP�$V�,,,��UHPRYDO�ZHUH�IRXQG�WR�EH�
�������PJ�J�DQG�����PJ�J�IRU�5&/3�DQG�&0&/3�UHVSHFWLYHO\��)UHXQGOLFK�LVRWKHUP�DQG�SVHXGR�VHFRQG�
RUGHU�NLQHWLF�PRGHO�VKRZHG�EHWWHU�H[SODQDWLRQ�IRU�DGVRUSWLRQ�SURFHVV��7KH�DGVRUEHQW�ZDV�FKDUDFWHUL]HG�
E\�)7�,5��;5'�DQG�%RHKP�WLWUDWLRQ��7KH�UHVXOWV�VKRZHG�WKDW�5&/3�DQG�&0&/3�KDV�D�JUHDW�SRWHQWLDO�IRU�
UHPRYDO�RI�$V�,,,��LRQ�

.H\�ZRUGV��$UVHQLF�,,,���%LRVRUSWLRQ��,VRWKHUP��.LQHWLFV�

,QWURGXFWLRQ�

$UVHQLF� LV�D�KLJKO\� WR[LF�DQG�FDUFLQRJHQLF�PHWDOORLG�DQG�QDWXUDOO\�RFFXUULQJ�FRQWDPLQDQW�RI�VXUIDFH�
ZDWHU� DQG�JURXQG�ZDWHU�� ,W� LV� FRQVLGHUHG� DV�RQH�RI� WKH�ROGHVW� DQG�GDQJHURXV�SRLVRQRXV�KDYLQJ�YDULRXV�
HIIHFW�RQ�KXPDQ�KHDOWK��,V�QRWRULRXV�DV�NLQJ�RI�DOO�SRLVRQV���,W�UDQN���WK�HOHPHQW�LQ�QDWXUDO�DEXQGDQFH�LQ�
HDUWK�FUXVW�DQG�ZLGHO\�GLVWULEXWHG�LQ�HDUWK�DW�FRQFHQWUDWLRQ�RI�QHDUO\���PJ�NJ����7KH�QDPH�RI�DUVHQLF�$V��
LV�GHULYHG�IURP�*UHHN�ZRUG�DUVHQLNRQ�PHDQV�\HOORZ�RUSLPHQW��$UVHQLF�H[LVWV�LQ�GLIIHUHQW�R[LGDWLRQ�VWDWH�
DV� ���� ���� �� DQG� ���� 7ZR� IRUPV� DUH� FRPPRQ� LQ� QDWXUDO� ZDWHUV�� DUVHQLWH� �$V2�

���� DV� DUVHQLF� �,,,�� DQG�
DUVHQDWH� �$V2�

���� DV� DUVHQLF� �9���� $UVHQLF�,,,�� LV� DERXW� ��� WLPHV� PRUH� WR[LF� WKDQ� DUVHQLF�9���
(QYLURQPHQWDO� IRUPV�RI� DUVHQLF�PD\�EH�DUVHQLRXV�DFLGV� �+�$V2���+�$V2�

���+�$V2�
����� DUVKLQH��PHWK\O�

DUVHQLF�DFLGV��HWF��

*HRJHQLF�DQG�DQWKURSRJHQLF�SURFHVVHV�OLNH�PLQLQJ��VPHOWLQJ��FRDO�FRPEXVWLRQ��OHDWKHU�WDQQLQJ�KDV�OHG�
WR� DUVHQLF� FRQWDPLQDWLRQ� RI�ZDWHU� UHVRXUFHV��:RUOG�+HDOWK�2UJDQLVDWLRQ� �:+2�� KDV� VHW� WKH� JXLGHOLQH�
YDOXH�IRU�DUVHQLF�LQ�GULQNLQJ�ZDWHU�DV����SSE�RU�����PJ�/��1HSDO�KDV�IL[HG����SSE�DUVHQLF�JXLGHOLQH�YDOXH�
DV�VWDQGDUG�LQ�GULQNLQJ�ZDWHU���2QFH�DUVHQLF�KDV�HQWHUHG�WR�HQYLURQPHQW��LW�FDQQRW�EH�GHVWUR\HG��LW�VSUHDG�
DQG�FDXVH�KHDOWK�HIIHFWV�WR�KXPDQV�DQG�DQLPDOV��+XPDQ�PD\�H[SRVHG�WR�DUVHQLF�WKURXJK�IRRG��ZDWHU��DLU�
DQG�VNLQ�FRQWDFW�ZLWK�VRLO�DQG�ZDWHU�WKDW�FRQWDLQV�DUVHQLF��7KH�FRQWDPLQDWLRQ�RI�DUVHQLF�LQ�GULQNLQJ�ZDWHU�
KDYH� UDLVHG� VHULRXV� SUREOHP� RQ� KXPDQ� KHDOWK��� +HDOWK� HIIHFWV� DUH� PHODQRVLV�� NHUDWRVLV�� ZHDNQHVV��

�ŽƌƌĞƐƉŽŶĚŝŶŐ�ĂƵƚŚŽƌ
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DQDHPLD�� EXUQLQJ� VHQVDWLRQ� RI� H\HV�� VZHOOLQJ� RI� IHHW� DQG� OHJV�� FKURQLF� OXQJ� GLVHDVH�� NLGQH\� DQG� OLYHU�
IDLOXUH��VNLQ�FDQFHU��O\PSKDWLF�FDQFHU��KHDUW�GLVUXSWLRQV��JDQJUHQH�RI�SDUWV�RI�ERG\�HWF���������

7KH�YDULRXV�WHFKQLTXHV�VXFK�DV�LRQ�H[FKDQJH��FRDJXODWLRQ��UHYHUVH�RVPRVLV��PHPEUDQH�WHFKQRORJLHV��
ELRVRUSWLRQ� DUH� XVHG� IRU� UHPRYLQJ� DUVHQLF� IURP� DTXHRXV� VROXWLRQ�� ,Q� FRPSDULVRQ� WR� FRQYHQWLRQ�
UHPHGLDWLRQ�WHFKQLTXHV��ELRVRUSWLRQ�KDV�EHHQ�VLJQLILFDQW�SURJUHVVLRQ�LQ�UHFHQW�\HDUV�GXH�WR�LWV�ORZ�FRVW��

LPSOH�� HDV\� WR� RSHUDWH� DQG� HFR�IULHQGO\
��� 7KH� SUHVHQW� VWXG\� LV� DLPHG� WR� GHYHORS� D� FRVW� HIIHFWLYH� DQG�

ORFDOO\� DYDLODEOH� ELRVRUEHQW� &LWUXV� OLPHWWD� SHHO� WR� UHPRYH� DUVHQLF� LRQV� E\� ELRVRUSWLRQ� IURP� DUVHQLF�
FRQWDPLQDWHG�ZDWHU��7KH�VRUSWLRQ�SDUDPHWHUV�DUH�S+��FRQWDFW�WLPH��GRVDJH�DQG�LQLWLDO�FRQFHQWUDWLRQ��7KH�
QDWXUH�RI�VRUSWLRQ�DUH� LQ� WHUPV�RI�/DQJPXLU�DQG�)UHXQGOLFK� LVRWKHUP�PRGHO�DQG�UDWH�NLQHWLFV�ZHUH�DOVR�
GHWHUPLQHG��

([SHULPHQWDO�0HWKRGV�

$OO�FKHPLFDOV�XVHG�LQ�SUHVHQW�H[SHULPHQW�ZHUH�RI�DQDO\WLFDO�UHDJHQW�DQG�ZHUH�XVHG�ZLWKRXW�DQ\�IXUWKHU�
SXULILFDWLRQ��$UVHQLF�WULR[LGH��$V�2���ZDV�XVHG�WR�SUHSDUH�WKH�VWRFN�VROXWLRQ�������SSP��RI�DUVHQLF��,,,��
IURP� ZKLFK� GLOXWLRQV� ZHUH� SUHSDUHG� IRU� ZRUNLQJ� VROXWLRQV� XVLQJ� GLVWLOOHG� ZDWHU�� 7KH� S+� RI� WKH�
H[SHULPHQWDO�VROXWLRQV�ZHUH�PDLQWDLQHG�E\�XVLQJ�+&O�DQG�1D2+�VROXWLRQV��

)UXLW�SHHO�RI�&LWUXV� OLPHWWD�ELRPDVV�ZDV�FROOHFWHG�IURP�ORFDO� IUXLW�VKRS� ORFDWHG�DW�1HZ�%DQHVKZRU��
.DWKPDGX��1HSDO� DQG�ZDVKHG� WKRURXJKO\�ZLWK�GLVWLOOHG�ZDWHU��7KHQ�� LW�ZDV�GULHG� LQ� VXQOLJKW���GD\V� WR�
UHPRYH�PRLVWXUH���7KH�GULHG�&LWUXV�OLPHWWD�SHHOV�ZHUH�JULQGHG�LQWR�SRZGHU�E\�XVLQJ�PHFKDQLFDO�JULQGHU�
DW�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\�DQG�VLHYHG�WR�SDUWLFOH�VL]H�RI������P��7KH�REWDLQHG�SRZGHU�LV�QDPHG�
DV� UDZ�&LWUXV� OLPHWWD� SHHO� �5&/3���)RU� FKHPLFDO�PRGLILFDWLRQ����J�RI�5&/3�ZDV� WUHDWHG�ZLWK�����PO�
&RQF��6XOSKXULF�DFLG�LQ�D�EHDNHU�WR�DFFRPSOLVK�FKDUULQJ�UHDFWLRQ��7KH�VXVSHQVLRQ�ZDV�OHIW�IRU����KRXUV�DW�
URRP�WHPSHUDWXUH�IRU�FRPSOHWH�FKDUULQJ�UHDFWLRQ��7KHQ�VXVSHQVLRQ�ZDV�ZDVKHG�GLVWLOOHG�ZDWHU�WLOO�WKH�S+�
EHFRPHV�QHXWUDO��7KXV�REWDLQHG�VROLG�DGVRUEHQW�ZDV�GULHG�DW���R&�LQ�KRW�DLU�RYHQ�IRU���KRXUV�DQG�VLHYHG�
WR� SDVV� WKURXJK� WKH� SDUWLFOH� RI� ���� �P� VLHYLQJ� GHYLFH�� 7KH� REWDLQHG� SRZGHU� LV� NQRZQ� DV� FKHPLFDOO\�
PRGLILHG�&LWUXV�OLPHWWD�SHHO��&0&/3���7KHQ�SRZGHUHG�5&/3�DQG�&0&/3�ZDV�VWRUHG�LQ�DLU�WLJKW�FOHDQ�
DQG�GU\�SODVWLF�ERWWOH�IRU�IXUWKHU�XVH�LQ�ELRVRUSWLRQ�H[SHULPHQWV��7KH�SRVVLEOH�PHFKDQLVP�IRU�WKH�FKDUULQJ�
SURFHVV�RI�PRQRPHULF�XQLW�RI�FHOOXORVH�LV�VKRZQ�EHORZ��

)LJXUH����3ODXVLEOH�PHFKDQLVP�IRU�WKH�FKDUULQJ�SURFHVV�RI�PRQRPHULF�XQLW�RI�FHOOXORVH��

%DWFK�VRUSWLRQ�VWXGLHV�

7KH�DGVRUSWLRQ� H[SHULPHQWV�ZHUH� VWXGLHG�E\�XVLQJ�EDWFK� VRUSWLRQ� H[SHULPHQWV��$OO� WKH� H[SHULPHQWV�
ZHUH� SHUIRUPHG� DW� URRP� WHPSHUDWXUH� DQG� ���� USP� RQ� D� PHFKDQLFDO� VKDNHU� LQ� ����PO� SODVWLF� UHDJHQW�
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ERWWOH��7KH�HIIHFW�RI�S+��DPRXQW�RI�DGVRUEHQW��FRQWDFW�WLPH�DQG�LQLWLDO�FRQFHQWUDWLRQ�ZHUH�VWXGLHG��$IWHU�
DGVRUSWLRQ�� WKH� PL[WXUH� ZDV� ILOWHUHG� WKURXJK�:KDWPDQ� ILOWHU� SDSHU� DQG� ILOWUDWH� ZHUH� DQDO\VHG� IRU� WKH�
GHWHUPLQDWLRQ� RI� HTXLOLEULXP� FRQFHQWUDWLRQ�� 7KH� FRQFHQWUDWLRQ� RI� $V�,,,�� LQ� VROXWLRQ� EHIRUH� DQG� DIWHU�
DGVRUSWLRQ�ZHUH�DQDO\VHG�E\�XVLQJ�VSHFWURSKRWRPHWHU��

3HUFHQWDJH�UHPRYDO�LV�JLYHQ�E\���

� � 5HPRYDO�SHUFHQWDJH� �� �«««««�����

:KHUH�� &L�  � LQLWLDO� FRQFHQWUDWLRQ� RI� DGVRUEDWH� �PJ�/��� &H�  � HTXLOLEULXP� FRQFHQWUDWLRQ� RI�
DGVRUEDWH��PJ�/��

7KH�DPRXQW�RI�DGVRUEDWH�LQ�PJ�J�DW�HTXLOLEULXP�LV�GHWHUPLQHG�E\�XVLQJ�IROORZLQJ�HTXDWLRQ���

T� PJ�J�««««««�����

:KHUH�� Z�  � ZHLJKW� RI� DGVRUEHQW� �J��� &L�  � LQLWLDO� FRQFHQWUDWLRQ� RI� DGVRUEDWH� �PJ�/��&H�  � HTXLOLEULXP�
FRQFHQWUDWLRQ�RI�DGVRUEDWH��PJ�/���Y� �YROXPH�RI�DGVRUEDWH�

5HVXOWV�DQG�'LVFXVVLRQV�

(IIHFW�RI�S+�
7KH�S+�RI�WKH�VROXWLRQ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�IDFWRU�LQ�FRQWUROOLQJ�$VELRVRUSWLRQ��)LJXUH���VKRZV�WKDW�

PD[LPXP� DGVRUSWLRQ� RI�$V�,,,�� RFFXUUHG� DW� S+��� IRU� ERWK�5&/3� DQG�&0&/3� DQG� S+��� LV� GHVLJQDWHG� DV�
RSWLPXP�S+��0D[LPXP�DGVRUSWLRQ�SHUFHQWDJH�ZDV�IRXQG�WR�EH��������IRU�5&/3�DQG���������IRU�&0&/3��

)LJXUH����(IIHFW�RI�S+�RQ�WKH�DGVRUSWLRQ�RI�$V�,,,��RQWR�5&/3�DQG�&0&/3�

,W� ZDV� IRXQG� WKDW� WKH� DUVHQLF� DGVRUSWLRQ� ZDV� ORZHU� DW� ORZHU� S+�� DWWDLQHG� PD[LPXP� DW� S+� �� DQG�
GHFOLQHG� ZLWK� LQFUHDVH� LQ� S+� IRU� ERWK� 5&/3� DQG� &0&/3�� � 7KLV� LQFUHDVH� RUGHFUHDVH� LQ� DGVRUSWLRQ�
FDSDFLW\�ZLWK�S+� LV�GXH� WR� VXUIDFH� IXQFWLRQDO� FKDUJH�RI� WKH�DGVRUEHQW�� WKH�GHJUHH�RI� LRQL]DWLRQ�DQG� WKH�
VSHFLILFDWLRQ�RI�VXUIDFH�IXQFWLRQDO�JURXS��

(IIHFW�RI�DGVRUEHQW�GRVH�

7KH�HIIHFW�RI�DGVRUEHQW�GRVH�RQ�WKH�DGVRUSWLRQ�HIILFLHQF\�RI�$V�,,,��E\�5&/3�DQG�&0&/3�DUH�VKRZQ�
LQ� ILJXUH� ��� )URP� ILJXUH� LW� ZDV� REVHUYHG� WKDW� WKH� DGVRUSWLRQ� RI� $V�,,,�� LQFUHDVHV� RQ� LQFUHDVLQJ� WKH�
DGVRUEHQW�GRVH�DQG� WKH�DGVRUSWLRQ�EHFRPH�DOPRVW�FRQVWDQW�DIWHU�DGVRUEHQW�GRVH�����PJ�IRU�5&/3�DQG�
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����PJ� IRU� &0&/3� DW� RSWLPXP� S+� ��7KH� LQFUHDVH� LQ�$V�,,,�� DGVRUSWLRQ� SHUFHQWDJH�ZLWK� LQFUHDVH� LQ�
DGVRUEHQW� GRVH�PD\� EH� GXH� WR� WKH� JUHDWHU� DYDLODELOLW\� RI� WKH� H[FKDQJHDEOH� VLWHV� DW� KLJKHU� GRVH� RI� WKH�
DGVRUEHQW�� $W� ORZ� DGVRUEHQW� GRVH�� WKH� DGVRUEHQW� VXUIDFH� EHFRPHV� VDWXUDWHG� ZLWK� $V�,,,�� DQG� WKH�
FRUUHVSRQGLQJ�UHVLGXDO�$V�,,,��LRQ�FRQFHQWUDWLRQ�LQ�WKH�VROXWLRQ�LV�ODUJH��

)LJXUH����(IIHFW�RI�DGVRUEHQW�GRVH�RQ�WKH�DGVRUSWLRQ�RI�$V�,,,��RQWR�5&/3�DQG�&0&/3

(IIHFW�RI�FRQWDFW�WLPH�

&RQWDFW�WLPH�VWXGLHV�ZHUH�FRQGXFWHG�EHWZHHQ������KRXUV�RQ�WKH�EDWFK�DGVRUSWLRQ�RI����PJ�/�$V�,,,��
ZLWK����PJ�RI�DGVRUEHQW��7KH�SHUFHQWDJH�DGVRUSWLRQ�RI�DUVHQLF�DW�YDULRXV�FRQWDFW�WLPH�LV�SORWWHG�LQ�ILJXUH����

)LJXUH ���(IIHFW�RI�FRQWDFW�WLPH�IRU�WKH�DGVRUSWLRQ�RI�$V�,,,��RQWR�5&/3�DQG�&0&/3

)URP� ILJXUH� LW�ZDV�REVHUYHG� WKDW� HTXLOLEULXP� WLPH� IRU�5&/3�ZDV� IRXQG� WR�EH���KRXU�ZKLOH� WKDW�RI�
&0&/3�ZDV�IRXQG�WR�EH���KRXU�DW�RSWLPXP�S+���7KH�DUVHQLF�DGVRUSWLRQ�FDSDFLW\�LV�UDSLG�DW�ILUVW�KRXU�
EHFDXVH� RI� WKH� SUHVHQFH� RI� ODUJH� QXPEHU� RI� DQLRQ� H[FKDQJH� VLWHV�� :KHQ� DOO� WKH� DGVRUSWLRQ� VLWHV� DUH�
RFFXSLHG�E\�$V�,,,���WKH�DGVRUSWLRQ�EHFRPHV�FRQVWDQW��

(IIHFW�RI�LQLWLDO�FRQFHQWUDWLRQ�

7KH�HIIHFW�RI�$V�,,,��FRQFHQWUDWLRQ�LV�VKRZQ�LQ�ILJXUH����
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)LJXUH����(IIHFW�RI�LQLWLDO�FRQFHQWDUWLRQ�RQ�WKH�DGVRUSWLRQ�RI�$V�,,,��RQWR�5&/3�DQG�&0&/3�

)URP� ILJXUH� LW� ZDV� FOHDUHG� WKDW� WKH� DGVRUSWLRQ� RI� $V�,,,�� LQFUHDVHVZLWK� DQ� LQFUHDVH� LQ� LQLWLDO�
FRQFHQWUDWLRQ�RI�$V�,,,��VROXWLRQ�DQG�DWWDLQHG�DQ�HTXLOLEULXP�DIWHU�ZKLFK�WKH�DGVRUEHQW�EHFRPHV�DOO�PRVW�
FRQVWDQW��7KH�HTXLOLEULXP�FRQFHQWUDWLRQ�IRU�5&/3�ZDV�IRXQG� WR�EH��������PJ�J�ZKLOH� WKDW�RI�&0&/3�
ZDV�IRXQG�WR�EH��������PJ�J�DW�RSWLPXP�S+���7KH�LQFUHDVH�LQ�FRQFHQWUDWLRQ�RI�$V�,,,��LQFUHDVHV�WKH�PDVV�
WUDQVIHU� GULYLQJ� IRUFH� DQG� DV� D� UHVXOW� LQFUHDVHV� WKH� UDWH� DW�ZKLFK�$V�,,,�� R[\DQLRQV� SDVV� IURP� WKH� EXON�
VROXWLRQ�WR�WKH�SDUWLFOH�VXUIDFH�ZKLFK�FRQVHTXHQWO\�LQFUHDVHV�DGVRUSWLRQ��

$GVRUSWLRQ�LVRWKHUP�

7KH� H[SHULPHQWDO� GDWD� IRU� WKH� DGVRUSWLYH� UHPRYDO� RI�$V�,,,�� IURP� DTXHRXV�PHGLD�ZDV� DQDO\VHG� E\�
XVLQJ�/DQJPXLU�DQG�)UHXQGOLFK�LVRWKHUP�PRGHO�DV�VKRZQ�LQ�ILJXUH���DQG���

)LJXUH����/DQJPXLU�LVRWKHUP�IRU�DGVRUSWLRQ�RI�$V�,,,��RQWR�5&/3�DQG�&0&/3�
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)LJXUH����)UHXQGOLFK�LVRWKHUP�SORW�IRU�WKH�DGVRUSWLRQ�RI�$V�,,,��RQWR�5&/3�DQG�&0&/3�

&RQVWDQW�SDUDPHWHUV�DQG�FRUUHODWLRQ�FRHIILFLHQW�YDOXHV�RI�HDFK�PRGHO�REWDLQHG�DUH�JLYHQ�LQ�WDEOH����

7DEOH����/DQJPXLU�DQG�)UHXQGOLFK�SDUDPHWHUV�IRU�WKH�DGVRUSWLRQ�RI��$V�,,,��RQWR�5&/3�DQG�&0&/3�

$GVRUEHQW� ([S��TP

PJ�J�

/DQJPXLU�LVRWKHUP� )UHXQGOLFK�LVRWKHUP�

TP�PJ�J�� E��PJ�/�� 5�� 5/� .��PJ�J�� ��Q� 5��

5&/3� ������� ������� ������ ����� ����� ������ ����� �����

&0&/3� ������� ������� ������ ����� ����� ������ ����� �����

7KH�5/�YDOXH�OLH�EHWZHHQ���DQG���WKDW�LQGLFDWHV�HTXLOLEULXP�GDWD�ILWV�ZHOO�ZLWK�/DQJPXLU�DGVRUSWLRQ�
LVRWKHUP��7KH�YDOXHV�RI���Q�OLHV�EHWZHHQ���DQG���LQ�)UHXQGOLFK�LVRWKHUP�LQGLFDWHV�WKH�DGVRUSWLRQ�SURFHVV�
LV� IDYRXUDEOH��7KH�FRPSDULVRQ�EHWZHHQ�FRUUHODWLRQ�FRHIILFLHQW�YDOXHV� �5���RI�/DQJPXLU� DQG�)UHXQGOLFK�
DGVRUSWLRQ� LVRWKHUP� LQGLFDWH� WKDW� )UHXQGOLFK� DGVRUSWLRQ� LVRWKHUP� LV� EHWWHU� WKDQ� /DQJPXLU� DGVRUSWLRQ�
LVRWKHUP�ZKLFK�LQGLFDWHV�KHWHURJHQHRXV�GLVWULEXWLRQ�RI�DFWLYH�VLWHV�RQ�WKH�DGVRUEHQW�VXUIDFH��

.LQHWLF�6WXGLHV�

.LQHWLF� VWXGLHV� IRU� WKH�DGVRUSWLRQRI�$V�,,,��RQWR�5&/3�DQG�&0&/3�ZHUH�VWXGLHG�XVLQJ�SVHXGRILUVW�
RUGHU��SVHXGRVHFRQG�RUGHU�DQG�VHFRQG�RUGHU�PRGHOV��)URP�WKH�NLQHWLFV�SORWV�RI�$V�,,,��IRU�WKH�DGVRUSWLRQ�
LW�ZDV�REVHUYHG�WKDW�WKH�FRUUHODWLRQ�FRHIILFLHQWV�5���IRU�SVHXGR�VHFRQG�RUGHU�ZHUH�IRXQG�WR�EH�KLJKHUWKDQ�
WKDW�RI�SVHXGRILUVW�RUGHU� DQG� VHFRQG�RUGHU�NLQHWLFV��7KH�DGVRUSWLRQ�RI�$V�,,,��RQWR�5&/3�DQG�&0&/3�
IROORZV�SVHXGR�VHFRQG�RUGHU�NLQHWLF�PRGHO�ZKLFK�LV�VKRZQ�LQ�ILJXUH����
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)LJXUH���3VHXGR�VHFRQG�RUGHU�NLQHWLF�PRGHO�IRU�DGVRUSWLRQ�RI�$V�,,,��RQWR�5&/3�DQG�&0&/3�

6DPSOH�&KDUDFWHUL]DWLRQ�

)7�,5�DQDO\VLV�

7KH�)7�,5�VSHFWUD�RI�ELRVRUEHQW�EHIRUH�DQG�DIWHU�$V�,,,��ELQGLQJ�ZHUH�DQDO\]HG�LQ�WKH�UDQJH�RI�����
�����FP����7KH�H[DPLQDWLRQ�RI�DGVRUEHQW�EHIRUH�DQG�DIWHU�VRUSWLRQ�UHDFWLRQ�SRVVLEO\�SURYLGHV�LQIRUPDWLRQ�
UHJDUGLQJ� WKH�VXUIDFH�IXQFWLRQDO�JURXSV� WKDW�PLJKW�KDYH�SDUWLFLSDWHG� LQ� WKH�DGVRUSWLRQ�UHDFWLRQ�DQG�DOVR�
LQGLFDWHV�WKH�VXUIDFH�VLWHV�RQ�ZKLFK�DGVRUSWLRQ�KDV�WDNHQ�SODFH�)7,5�VSHFWUXP�DQDO\VLV�ZDV�FRQGXFWHG�DW�
'HSDUWPHQW�RI�&KHPLVWU\��.LUWLSXU��.DWKPDQGX��ZKLFK�DUH�VKRZQ�LQ�ILJXUH����

)LJXUH����)7�,5�VSHFWUXP�RI�&0&/3�DQG�0HWDO�DGVRUEHG�&LWUXV�OLPHWWD�SHHO��0$&/3��

7KH� EURDG� SHDN� ����� FP��� LQGLFDWLQJ� SUHVHQFH� RI� K\GUR[\O� JURXSV� RI� PDFURPROHFXODU� DVVRFLDWLRQ�
�FHOOXORVH�� SHFWLQ�� HWF���� 7KH� FKDUDFWHULVWLFV� EDQG� DW� ����� FP��� LQGLFDWHV� &+�� VWUHWFKLQJ� YLEUDWLRQ� RI�
PHWK\OHQH� DQG�PHWKR[\�JURXS��&DUER[\OLF� DFLGV� VDOWV� VKRZV�FKDUDFWHULVWLF� VWUHWFKLQJ�YLEUDWLRQ� DW� �����
FP��

��7KH�SHDN�DURXQG�����������FP
��ZHUH�GXH�WR�SUHVHQFH�RI�±&1�DQG�&�&�VWUHWFKLQJ��
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7KH�)7�,5�VSHFWUD�RI�RSWLPL]HG�VDPSOH�VKRZV�WKH�VLJQLILFDQW�VKLIW�LQ�LQWHQVLW\�DQG�IUHTXHQF\�UDQJH�RI�
FDUER[\O� DQG� K\GUR[\O� VWUHWFKHV� DQG� DSSHDUDQFH� RI� QHZ� SHDNV� DQG� GLVDSSHDUDQFH� RI� VRPH� SHDN�� 7KH�
FKDQJH� LQ� LQWHQVLW\� DQG� DSSHDUDQFH�RI�QHZ�SHDNV� FDQ�EH� DWWULEXWHG� WR� WKH� ELQGLQJ�RI�PHWDO� LRQV� WR� WKH�
IXQFWLRQDO� JURXS�� ZKLOH� DEVHQFH� RI� SHDN� LQGLFDWHV� WKH� LQYROYHPHQW� RI� FKHPLFDO� UHDFWLRQ�� OHDGLQJ� WR�
GHFRPSRVLWLRQ�RI�FKHPLFDO�ERQGV��7KH�EURDGHQLQJ�RI�SHDN�DW������FP���LQGLFDWHV�SUHVHQFH�RI�±1+�DQG�±
2+�IXQFWLRQDO�JURXS�ERXQGHG��

;5'�DQDO\VLV�

7KH�;5'�SDWWHUQ�RI�ELRVRUEHQW�DUH�JLYHQ�LQ�ILJXUH�����,Q�WKH�ILJXUH��VKDUS�SHDN�ZDV�QRW�REWDLQHG��LW�
VXJJHVWV� WKDW� WKH� VWUXFWXUH�RI� DGVRUEHQW� LV�QRW� FU\VWDOOLQH� UDWKHU� WKDQ� LW� LV� DPRUSKRXV�RQ�QDWXUH��'XH� WR�
DPRUSKRXV�QDWXUH�RI�ELRVRUEHQW��LV�KDV�JRRG�DGVRUSWLRQ�FDSDFLW\��

)LJXUH�������;5'�3DWWHUQ�IRU�5&/3��&0&/3�DQG�0$&/3�

%RHKP�WLWUDWLRQ�

7KH�VXUIDFH�FKHPLFDO�SURSHUWLHV�RI�ELRVRUEHQW�ZDV�FKDUDFWHUL]HG�E\�XVLQJ�%RHKP�WHFKQLTXH�PHWKRG�
IRU� ERWK� 5&/3� DQG� &0&/3�� %DVLFDOO\� VXUIDFH� IXQFWLRQDO� JURXSV� FRQWDLQLQJ� R[\JHQ�ZHUH� GHWHUPLQHG�
DFFRUGLQJ�WR�%RHKP�WLWUDWLRQ�7KH�SURSHUWLHV�RI�WKH�VXUIDFH�IXQFWLRQDO�JURXS�WKURXJK�WKH�%RHKP�WLWUDWLRQ�LV�
VXPPDUL]HG�LQ�WDEOH����7KH�LQFUHDVH�LQ�DFLGLF�JURXS�VXJJHVW�WKDW�WKH�PDMRULW\�RI�WKH�IXQFWLRQDO�JURXS�RQ�
WKH� DGVRUEHQW� VXUIDFH� DUH� DFLGLF�� 7KH� PRUH� DFLGLW\JURXSV� LQGLFDWLQJ� SUHVHQW� RI� PRUH� R[\JHQDWHG�
IXQFWLRQDO�JURXSV�ZKLFK�JLYH�ULVH�WR�KLJKHU�DGVRUSWLRQ�RI�KHDY\�PHWDOV��

7DEOH����%RHKP�WLWUDWLRQ�GDWD�IRU�5&/3�DQG�&0&/3�

%LRVRUEHQW %RHKP¶V�WLWUDWLRQ�PHWKRG

� $FLGLF��PPRO���J�� %DVLF��PPRO���J��

5&/3� ������ ������

&0&/3� ������ ������
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&RQFOXVLRQV�

,Q�WKH�SUHVHQW�ZRUN��WKH�UHPRYDO�RI�$V�,,,��IURP�ORFDOO\�DYDLOLDEOH�ORZ�FRVW�DGVRUEHQW��&LWUXV�OLPHWWD
SHHO�DQG� LWV�FKHPLFDOO\�PRGLILHG� IRUP�ZHUH� LQYHVWLJDWHG�DQG� WKHLU�HIILFLHQF\�ZDV�FRPSDUHG�E\�YDU\LQJ�
GLIIHUHQW�SDUDPHWHUV�7KH�RSWLPXP�DGVRUSWLRQ�FDSDFLW\�ZDV�DFKLHYHG�DWS+���IRU�ERWK�5&/3�DQG�&0&/3�
DW� LQLWLDO�FRQFHQWUDWLRQ�RI����PJ�/��7KH�HTXLOLEULXP�WLPH�IRU� WKH�ELRVRUSWLRQ�RI�$V�,,,��RQWR�5&/3�DQG�
&0&/3�ZHUH�IRXQG�WR�EH���KRXU�DQG���KRXU�UHVSHFWLYHO\��7KH�RSWLPXP�GRVHV�RI�5&/3�DQG�&0&/3�IRU�
DGVRUSWLRQ�RI�$V�,,,��ZHUH�����PJ�DQG�����PJ�UHVSHFWLYHO\��7KH�PD[LPXP�DGVRUSWLRQ�FDSDFLW\RI�5&/3�
DQG� &0&/3�ZHUH� IRXQG� WR� EH� �������PJ�/� DQG� �������PJ�/� UHVSHFWLYHO\�� 7KH� DGVRUSWLRQ� GDWD�ZHUH�
WHVWHG� IRU�ERWK�/DQJPXLU�DQG�)UHXQGOLFK�DGVRUSWLRQ� LVRWKHUP�PRGHO��)URP�NLQHWLF�GDWD�� WKH�EHVW� ILWWLQJ�
PRGHO� LV� SVHXGR�VHFRQG� RUGHU�� )XQFWLRQDO� JURXS� SUHVHQW� LQ� ELRVRUEHQW� ZDV� FKDUDFWHUL]HG� E\� )7�,5�
DQDO\VLV� DQG� %RHKP� WLWUDWLRQ� DQG� VDPSOH� ZDV� DOVR� FKDUDFWHUL]HG� E\� ;5'�� )URP� WKLV� ZRUN�� LW� FDQ� EH�
FRQFOXGHG�WKDW�5&/3�DQG�&0&/3�DUH�VXLWDEOH�ELRVRUEHQW�IRU�DGVRUSWLRQ�RI�$V�,,,��IURP�ZDWHU�ZLWK�KLJK�
HIILFLHQF\� DQG� UDSLG� XSWDNH� FDSDFLW\�� )XUWKHUPRUH�� LW� LV� FOHDU� WKDW� FKHPLFDO� PRGLILFDWLRQ� LQFUHDVHV� WKH�
HIILFLHQF\�RI�DGVRUSWLRQ��

$FNQRZOHGJHPHQWV�

7KH�DXWKRUV�DUH�JUDWHIXO� WR� WKH�'HSDUWPHQW�RI�&KHPLVWU\��7UL�&KDQGUD�0XOWLSOH�&DPSXV��7ULEKXYDQ�
8QLYHUVLW\��*KDQWDJKDU��.DWKPDQGX�IRU�SURYLGLQJ�WKH�DYDLODEOH�UHVHDUFK�IDFLOLWLHV� WR�FRQGXFW� WKLV�ZRUN��
7KH� DXWKRUV� DUH� DOVR� WKDQNIXO� WR� &HQWUDO� GHSDUWPHQW� RI� &KHPLVWU\�� 7ULEKXYDQ� 8QLYHUVLW\�� .LUWLSXU��
.DWKPDQGX�IRU�SURYLGLQJ�)7�,5�VSHFWUD�DQG�JULQGLQJ�PDFKLQH�DQG�;5'�VSHFWUD�IURP�1$67��.KXPDOWDU��
.DWKPDQGX��1HSDO��
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