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7KLV� VWXG\� LQYHVWLJDWHV� WKH� DEVRUSWLRQ� EHKDYLRU� RI� VXSHUDEVRUEHQW� SRO\PHU� �6$3�� ZLWK� GLIIHUHQW�

FKHPLFDO� VWUXFWXUHV� DQG� WKHLU� HIIHFW� RQ� FHPHQW� K\GUDWLRQ�� HDUO\�DJH� DXWRJHQRXV� VKULQNDJH� DQG�

PHFKDQLFDO�SURSHUWLHV�RI�FHPHQW�SDVWH��6$3�ZLWK�KLJK�GHQVLW\�RI�DQLRQLF�IXQFWLRQDO�JURXSV�DEVRUEHG�WKH�

FHPHQW�SRUH�VROXWLRQ�TXLFNO\��DQG�WKHQ�UHOHDVHG�LW�EHFDXVH�WKH�DQLRQLF�JURXSV�RQ�WKH�QHWZRUN�RI�6$3�

FRPSOH[HG�ZLWK�PXOWLYDOHQW�FDWLRQV�LQ�WKH�SRUH�VROXWLRQ��H�J���&D�����0XFK�OHVV�UHOHDVH�ZDV�PHDVXUHG�

IRU�6$3�ZLWK�ORZ�GHQVLW\�RI�DQLRQLF�JURXSV��)XUWKHUPRUH��6$3�ZLWK�HLWKHU�ERWK�DQLRQLF�DQG�FDWLRQLF�

JURXSV� RU�ZLWK� RQO\� QRQ�LRQLF� JURXSV� GLG� QRW� UHOHDVH� WKH� OLTXLG��'HVSLWH� WKHLU� GLIIHUHQW� EHKDYLRU� LQ�

VROXWLRQV��DOO�6$3�ZHUH�DEOH�WR�FRXQWHUDFW�DXWRJHQRXV�VKULQNDJH��6$3�ZLWK�HLWKHU�ERWK�LRQLF�JURXSV�RU�

KLJK� GHQVLW\� RI� DQLRQLF� JURXSV� VKRZHG� H[FHOOHQW� LQWHUQDO� FXULQJ� HIIHFW�� 7KH� LQWHUQDO� FXULQJ� KDG� QR�



QHJDWLYH� HIIHFW� RQ� WKH� FRPSUHVVLYH� VWUHQJWK� RI� WKH� SDVWH� ZKHQ� WKH� WRWDO� FHPHQW�WR�ZDWHU� UDWLR� ZDV�

FRQVLGHUHG��

.H\ZRUGV�� 6XSHUDEVRUEHQW� SRO\PHUV�� FKHPLFDO� VWUXFWXUH�� DEVRUSWLRQ�� DXWRJHQRXV� VKULQNDJH��

PHFKDQLFDO�SURSHUWLHV�

�� ,QWURGXFWLRQ�

+LJK�SHUIRUPDQFH�FRQFUHWH��+3&���DOVR�NQRZQ�DV�KLJK�VWUHQJWK�FRQFUHWH��+6&��KDV�EHFRPH�SRSXODU�

GXH� WR� VXSHULRU� PHFKDQLFDO� DQG� GXUDELOLW\� SURSHUWLHV� >�@�� LQ� SDUWLFXODU� IRU� DSSOLFDWLRQV� LQ� H[WUHPH�

HQYLURQPHQWDO� FRQGLWLRQV� >��� �@�� ,Q�+3&�� WKH�ZDWHU�WR�FHPHQW� UDWLR� �Z�F�� LV� NHSW� ORZ� WR� UHGXFH� WKH�

SRURVLW\� DQG� LPSURYH� WKH� GXUDELOLW\�� ZLWK� WKH� XQLQWHQGHG� FRQVHTXHQFH� WKDW� WKH� DPRXQW� RI� ZDWHU� LV�

LQVXIILFLHQW� IRU� FRPSOHWH� FHPHQW�K\GUDWLRQ� >�@��7KH� VKRUWDJH�RI�ZDWHU� DQG� WKH� ILQH�SRUHV� UHVXOW� LQ� D�

SURQRXQFHG�GHFUHDVH�LQ�UHODWLYH�KXPLGLW\��5+��ZLWKLQ�WKH�SRUH�V\VWHP�>�@��ZKLFK�LV�DFFRPSDQLHG�E\�

LQFUHDVLQJ�SRUH�SUHVVXUH�DQG�DXWRJHQRXV�VKULQNDJH�>�@��7KH�KLJK�DXWRJHQRXV�VKULQNDJH�DQG�UHODWLYHO\�

ORZ�WHQVLOH�VWUHQJWK�HVSHFLDOO\�DW�HDUO\�DJHV�UHVXOW�LQ�PDFURVFRSLF�FUDFNV�LQ�UHVWUDLQHG�FRQFUHWH�PHPEHUV�

>�@��ZKLFK�FDQ�VXEVWDQWLDOO\�GHFUHDVH�WKH�VHUYLFH�OLIH�RI�VWUXFWXUHV�PDGH�ZLWK�+3&��

&RQYHQWLRQDO� PHWKRGV� IRU� FXULQJ� RI� FRQFUHWH�� VXFK� DV� H[WHUQDO� ZDWHU� FXULQJ�� FDQQRW� FRQWULEXWH�

VXEVWDQWLDOO\� WR� PLWLJDWLQJ� WKH� DXWRJHQRXV� VKULQNDJH� RI� FRQFUHWH� ZLWK� ORZ� Z�F�� ,Q� IDFW�� VLQFH� WKH�

PLFURVWUXFWXUH� RI� W\SLFDO�+3&� LV� YHU\� GHQVH� HYHQ� DW� HDUO\� DJH�� LW� GRHV� QRW� DOORZ� VXIILFLHQWO\� UDSLG�

WUDQVSRUW�RI�FXULQJ�ZDWHU� LQWR� WKH� LQWHULRU�RI�FRQFUHWH�PHPEHUV��EH\RQG�D�IHZ�PP�IURP�WKH�VXUIDFH��

,QWHUQDO�FXULQJ�LV�FRQVLGHUHG�DV�DQ�HIIHFWLYH�PHWKRG�WR�PDLQWDLQ�KLJK�UHODWLYH�KXPLGLW\��5+��DQG�PLWLJDWH�

VHOI�GHVLFFDWLRQ�RI�+3&�>����@��$XWRJHQRXV�VKULQNDJH�FDQ�EH�PLWLJDWHG�E\�LQWURGXFLQJ�LQWR�WKH�FRQFUHWH�

PDWHULDOV�ZLWK�KLJK�ZDWHU�VWRUDJH�FDSDFLW\��UHIHUUHG�WR�DV�LQWHUQDO�FXULQJ�DJHQWV�>��@��ZKLFK�UHOHDVH�WKH�

VWRUHG�ZDWHU�LQWR�WKH�FRQFUHWH�PDWUL[�GXULQJ�VHOI�GHVLFFDWLRQ��/LJKWZHLJKW�DJJUHJDWHV��/:$��ZLWK�RSHQ�

SRURVLW\�DUH�D�FODVV�RI�LQWHUQDO�FXULQJ�DJHQWV�WKDW�FDQ�EH�HIIHFWLYH�DW�UHGXFLQJ�RU�HOLPLQDWLQJ�DXWRJHQRXV�

VKULQNDJH�>�����@��+RZHYHU��LQFRUSRUDWLRQ�RI�/:$�FDQ�FRPSURPLVH�WKH�ILQDO�FRPSUHVVLYH�VWUHQJWK�RI�

FRQFUHWH� WKURXJK� WKH� LQWURGXFWLRQ�RI�YRLGV�DQG�IODZV� LQ� WKH�FXUHG�FRQFUHWH�� ,Q� IDFW��PRUH�SRURVLW\� LV�



W\SLFDOO\�DGGHG�WKDQ�WKH�PLQLPXP�QHHGHG�WR�VWRUH�ZDWHU�IRU�LQWHUQDO�FXULQJ�DQG�KHQFH�WKH�/:$�ZLWK�

SRRU�PHFKDQLFDO�SURSHUWLHV�HQG�XS�RFFXS\LQJ�D�FRQVLGHUDEOH�YROXPH�RI�FRQFUHWH�>��@��,Q�DGGLWLRQ��WKH�

DPRXQW� RI� LQWHUQDO� FXULQJ�ZDWHU� VWRUHG� LQ� WKH�/:$� LV� GLIILFXOW� WR� FRQWURO� IRU� D� QXPEHU� RI� UHDVRQV��

LQFOXGLQJ��D��WKH�DEVRUSWLRQ�PD\�YDU\�EHWZHHQ�GLIIHUHQW�EDWFKHV��E��LW�LV�GLIILFXOW�WR�PHDVXUH�DEVRUSWLRQ�

LQ�VDWXUDWHG�VXUIDFH�GU\�FRQGLWLRQV�DFFXUDWHO\��F��LW�LV�DOVR�GLIILFXOW�WR�DYRLG�ZDWHU�UHOHDVH�GXULQJ�PL[LQJ�

RU�SXPSLQJ��%HVLGHV��QRW�DOO�WKH�SRUHV�RI�WKH�/:$�FDQ�EH�ILOOHG�E\�ZDWHU�DQG�QRW�DOO�WKH�ZDWHU�VWRUHG�LQ�

WKH�/:$�FDQ�EH�XVHG�IRU�LQWHUQDO�FXULQJ�>����������@��6XSHUDEVRUEHQW�SRO\PHUV��6$3��DUH�DQRWKHU�PRVW�

FRPPRQO\�XVHG�LQWHUQDO�FXULQJ�DJHQW�>�����@��6$3�FDQ�DEVRUE�ZDWHU�DQG�VROXWLRQV�XS�WR�WKRXVDQGV�RI�

WLPHV� WKHLU� GU\� ZHLJKW� EHFDXVH� RI� WKHLU� K\GURSKLOLF� QHWZRUN� VWUXFWXUHV� FRQVLVWLQJ� RI� FURVV�OLQNHG�

SRO\HOHFWURO\WHV� >��@�� 6$3� DOVR� H[KLELW� VXSHULRU� GHVRUSWLRQ� FDSDFLW\� FRPSDUHG� WR� RWKHU� FDQGLGDWH�

LQWHUQDO�FXULQJ�PDWHULDOV�>��������������@��'LIIHUHQWO\�IURP�/:$��ZKLFK�XVXDOO\�QHHG�WR�EH�SUH�VDWXUDWHG�

>�����@��6$3�DUH�XVXDOO\�HPSOR\HG�DV�D�GU\�FRQFUHWH�DGPL[WXUH�DQG�WDNH�XS�ZDWHU�GXULQJ�WKH�PL[LQJ�

SURFHVV��7KH�XVH�RI�6$3�SHUPLWV�PRUHRYHU�IUHH�GHVLJQ�RI�WKH�VKDSH�DQG�VL]H�RI�WKH�IRUPHG�YRLGV�>��@��

6$3� SDUWLFOHV� DUH� SRO\PHU� K\GURJHOV� FRPSRVHG� RI� SRO\HOHFWURO\WH� FKDLQV� ZKLFK� DUH� FRYDOHQWO\�

FURVVOLQNHG�WR�IRUP�D�WKUHH�GLPHQVLRQDO�SRO\PHU�QHWZRUN�>��@��'ULYHQ�E\�RVPRWLF�SUHVVXUH�DQG�ZDWHU�

DIILQLW\�� GU\� 6$3� SDUWLFOHV� VZHOO� ZKHQ� LQ� FRQWDFW� ZLWK� ZDWHU� �RU� DTXHRXV� VROXWLRQV�� >��@�� 2VPRWLF�

SUHVVXUH�UHVXOWV�IURP�WKH�IRUPDWLRQ�RI�D�FKHPLFDO�SRWHQWLDO�JUDGLHQW�LQ�WKH�V\VWHP�GXH�WR�WKH�UHODWLYHO\�

KLJK�FRQFHQWUDWLRQ�RI�LRQV�ZLWKLQ�WKH�QHWZRUN�RI�WKH�6$3�FRPSDUHG�WR�WKH�H[WHUQDO�HQYLURQPHQW�>��@��

7KH�PRVW�FRPPRQ�6$3�XVHG�DV�LQWHUQDO�FXULQJ�DJHQW�LQ�FRQFUHWH�DUH�FRYDOHQWO\�FURVV�OLQNHG�FRSRO\PHUV�

RI�DFU\OLF�DFLG�DQG�DFU\ODPLGH��7KH\�DUH�FKHPLFDOO\�VWDEOH�DQG�DEOH�WR�VZHOO� LQ�WKH�VWURQJO\�DONDOLQH�

FHPHQW�SRUH�VROXWLRQ�>��@��7KH�FDUER[\OLF�DFLG�JURXSV�RI�WKH�DFU\OLF�DFLG�PRQRPHU�ZLOO�GHSURWRQDWH�DW�

S+�!����SDUWLDOO\�QHXWUDOL]HG�DFU\OLF�DFLG�VRPHWLPHV�LV�GLUHFWO\�XVHG�IRU�V\QWKHVLV���ZKHUHDV�WKH�DPLGH�

JURXSV�RI�WKH�DFU\ODPLGH�PRQRPHU�DUH�SDUWLDOO\�K\GURO\]HG�WR�IRUP�DQLRQLF�FDUER[\OLF�JURXSV�DORQJ�WKH�

SRO\PHU�FKDLQ�ZKHQ�WKH�S+�LV�KLJKHU�WKDQ�DERXW����>������@��'XULQJ�WKH�K\GUDWLRQ�SURFHVV�RI�FHPHQW��

PXOWLSOH�LRQV�DUH�UHOHDVHG�LQWR�WKH�SRUH�VROXWLRQ��VXFK�DV�.���1D���&D����62�
���DQG�2+��>������@��7KH�

VZHOOLQJ�RI�6$3�LQ�SRUH�VROXWLRQ�LV�VXEVWDQWLDOO\�ORZHU�FRPSDUHG�WR�GHLRQL]HG�ZDWHU�>���������@��/RZHU�

DEVRUSWLRQ�LQ�FHPHQW�ILOWUDWH�FRPSDUHG�WR�D�����0�1D2+�VROXWLRQ�ZLWK�VLPLODU�S+��a����ZDV�REVHUYHG�

LQ�>��@��7KLV�SKHQRPHQRQ��FRPPRQO\�REVHUYHG�LQ�WKH�VZHOOLQJ�RI�LRQLF�K\GURJHOV��LV�RIWHQ�DWWULEXWHG�WR�



D� FKDUJH� VFUHHQLQJ� HIIHFW� RI� WKH� DGGLWLRQDO� FDWLRQV� >���� ��@��7KLV� VFUHHQLQJ� UHGXFHV� WKH� HOHFWURVWDWLF�

UHSXOVLRQ�DQG� OHDGV� WR� D�GHFUHDVHG�RVPRWLF�SUHVVXUH�EHWZHHQ� WKH�K\GURJHO�QHWZRUN�DQG� WKH�H[WHUQDO�

VROXWLRQ� >��@�� %HVLGHV�� WKH� SUHVHQFH� RI� &D��� LRQV� LQ� WKH� SRUH� VROXWLRQ� KDV� D� VWURQJ� LPSDFW� RQ� WKH�

DEVRUSWLRQ�NLQHWLFV�RI� WKH�6$3�LQ�UHODWLRQ� WR� WKH�DQLRQLF�JURXS�GHQVLW\�RI� WKH�6$3��&D���ZLOO� LQ� IDFW�

FRPSOH[�ZLWK�FDUER[\ODWH�JURXSV�IURP�WKH�PROHFXODU�FKDLQV�RI�WKH�6$3��IRUPLQJ�DGGLWLRQDO�FURVVOLQNV�

ZKLFK� UHVWUDLQ� WKH�PRYHPHQW�RI� WKH� FKDLQV� LQ� WKH�SRO\PHU� >���� ���� ���� ��@��7KH� DEVRUSWLRQ�RI�6$3�

SDUWLFOHV� LQ� FHPHQW� SDVWH�� PRUWDU� RU� FRQFUHWH� LV� HYHQ� VPDOOHU� WKDQ� LQ� DUWLILFLDO� SRUH� VROXWLRQ�� OLNHO\�

EHFDXVH�RI� WKH� UHVLVWDQFH� WR� VZHOOLQJ�H[HUWHG�E\� WKH� VXUURXQGLQJ�PDWHULDO� >��@�RU�GXH� WR� WKH�PL[LQJ�

SURFHVV��%HVLGHV��WKH�FRPSRVLWLRQ�RI�WKH�SRUH�IOXLG�ZLWKLQ�FHPHQW�SDVWHV�RU�FRQFUHWH�ZLOO�FKDQJH�ZLWK�

FHPHQW�K\GUDWLRQ�>������@��FRQWUDU\�WR�DUWLILFLDO�SRUH�VROXWLRQ��2EVHUYDWLRQV�RI�6$3�DEVRUSWLRQ�LQ�FHPHQW�

SDVWHV�LQGLFDWH�WKDW�WKH�WRWDO�DEVRUSWLRQ�PD\�EH�DERXW�KDOI�WKH�DPRXQW�IRU�V\QWKHWLF�SRUH�VROXWLRQ�>��@��

2QO\�IHZ�V\VWHPDWLF�VWXGLHV�KDYH�EHHQ�GHYRWHG�WR�WKH�HIIHFW�RI�6$3�V\QWKHVLV�RQ�WKHLU�SHUIRUPDQFH�DV�

LQWHUQDO�FXULQJ�DJHQWV��-HQVHQ�DQG�+DQVHQ�>��@�UHSRUWHG�WKDW�VXVSHQVLRQ�SRO\PHUL]HG�6$3��GU\�SDUWLFOH�

VL]HV�a�����P��KDG�DERXW�KDOI�WKH�DEVRUSWLRQ�LQ�V\QWKHWLF�SRUH�IOXLG�FRPSDUHG�WR�VROXWLRQ�SRO\PHUL]HG�

6$3��GU\�SDUWLFOHV�VL]HV����������P���$FFRUGLQJ�WR�6LULZDWZHFKDNXO�HW�DO��>��@��VROXWLRQ�SRO\PHUL]HG�

6$3� KDG� VORZHU� DEVRUSWLRQ� LQ� ZDWHU� WKDQ� VXVSHQVLRQ� SRO\PHUL]HG� 6$3�� (YHQ� WKRXJK� WKH� DXWKRUV�

UHSRUWHG� WKDW� ERWK� 6$3� W\SHV� KDG� VLPLODU� FKHPLVWU\� �SRO\DFU\DOPLQGH� VWUXFWXUH� FURVV�OLQNHG� ZLWK�

PHWK\OHQH�ELV�DFU\ODPLGH��DQG�KDG�VLPLODU�VL]HV��������P���LW�VKRXOG�EH�VWUHVVHG�WKDW�LQ�IDFW�GLIIHUHQW�

SK\VLFDO�SURSHUWLHV��VKDSH��VL]HV�DQG�VXUIDFH�FKDUDFWHULVWLFV��DQG�VRPH�GLIIHUHQFHV�LQ�WKH�FKHPLVWU\�FRXOG�

EH�UHVSRQVLEOH�IRU�WKH�GLIIHUHQW�DEVRUSWLRQ�EHKDYLRU��,Q�D�IXUWKHU�VWXG\�E\�WKH�VDPH�JURXS�>��@��LW�ZDV�

UHSRUWHG�WKDW�VROXWLRQ�SRO\PHUL]HG�6$3�UHVXOWHG�LQ�KLJKHU�HDUO\�DJH�VWUHQJWK�FRQFUHWH�WKDQ�VXVSHQVLRQ�

SRO\PHUL]HG�6$3�� �

6FKU|IO�HW�DO��VKRZHG�WKDW�6$3�ZLWK�KLJK�GHQVLW\�RI�DQLRQLF�IXQFWLRQDO�JURXSV��KLJK�DFU\OLF�DFLG��$$��

WRRN�XS�FHPHQW�SRUH�VROXWLRQ�TXLFNO\��EXW�UHOHDVHG�D�ODUJH�SDUW�RI�LW�VXEVHTXHQWO\�>��@��7KH�FRYDOHQW�

FURVV�OLQNLQJ�GHQVLW\�KDG�QR�SURQRXQFHG�LQIOXHQFH�RQ�WKH�EHKDYLRU�RI�VXFK�6$3��7KH�SUHVHQFH�RI�&D��

LRQV�LQ�WKH�DONDOLQH�VROXWLRQV�KDG�D�VWURQJ�LQIOXHQFH�RQ�WKH�DEVRUSWLRQ�DQG�GHVRUSWLRQ�EHKDYLRU�>��@��=KX�

HW� DO�� V\QWKHVL]HG� D� VHULHV� RI� SRO\� �VRGLXP� DFU\ODWH�DFU\ODPLGH�� FRSRO\PHU� K\GURJHOV� LQ�ZKLFK� WKH�



FRQFHQWUDWLRQ� RI� FRYDOHQW� FURVVOLQNV� DQG� DQLRQLF� JURXSV� ZLWKLQ� WKH� SRO\PHU� QHWZRUN� YDULHG�

V\VWHPDWLFDOO\��7KH�UHVXOWV�VKRZHG�WKDW�FDWLRQV��1D���&D����$O����KDYH�QHJDWLYH�LPSDFWV�RQ�WKH�VZHOOLQJ�

FDSDFLW\�DQG�NLQHWLFV�RI�3$1D�3$0�K\GURJHOV��DQG�LQFUHDVHG�FRYDOHQW�FURVVOLQNLQJ�GHQVLW\�LQ�3$1D�

3$0�K\GURJHO�VDPSOHV�UHVXOWHG�LQ�D�GHFUHDVHG�HTXLOLEULXP�VZHOOLQJ�UDWLR�IRU�VDPSOHV�LPPHUVHG�LQ�ZDWHU�

RU�VROXWLRQV�FRQWDLQLQJ�1D��LRQV�>��@��%HVLGHV��PXOWLYDOHQW�FDWLRQV�LQ�WKH�SRUH�VROXWLRQ��H�J���&D����ZLOO�

FRPSOH[�ZLWK�WKH�FDUER[\OLF�JURXSV��WKHUHE\�UHGXFLQJ�VLJQLILFDQWO\�WKH�6$3�DEVRUSWLRQ�>������@��7KH�

DEVRUSWLRQ�EHKDYLRU�RI�6$3�ZLWK�D�VPDOO�DPRXQW�RI�FDWLRQLF�PRQRPHU�ZLOO�EH�HVSHFLDOO\�DIIHFWHG�E\�

PXOWLYDOHQW�FDWLRQV�>������@��

$FFRUGLQJ�WR�6FKU|IO�DQG�FR�ZRUNHUV�>������@��6$3�WKDW�VKRZ�IDVW�OLTXLG�UHOHDVH�GXH�WR�KLJK�$$�FDQ�

RQO\�PLWLJDWH�DXWRJHQRXV�VKULQNDJH�DW�YHU\�HDUO\�DJHV��$IWHU�WKH�LQLWLDO�IDVW�UHOHDVH��WKH�SRVLWLYH�HIIHFW�

RI�WKHVH�6$3�GLVDSSHDUV�DQG�WKH�UDWH�RI�DXWRJHQRXV�VKULQNDJH�EHFRPHV�WKH�VDPH�DV�LQ�PRUWDUV�ZLWKRXW�

6$3�� +RZHYHU�� LQ� D� ODWHU� ZRUN� E\� .UDIFLN� DQG� (UN� >��@�� 6$3� ZLWK� KLJK� $$� �ZKLFK� DOVR� VKRZHG�

UHODWLYHO\�IDVW�UHOHDVH�RI�DEVRUEHG�SRUH�VROXWLRQ��ZHUH�IRXQG�WR�EH�WKH�PRVW�HIILFLHQW�W\SH�IRU�UHGXFLQJ�

DXWRJHQRXV� VKULQNDJH� RI�PRUWDUV�� $FFRUGLQJ� WR� 6QRHFN� HW� DO��� 6$3�ZLWK� KLJK� DEVRUSWLRQ� DQG� ODUJH�

SDUWLFOH�VL]H�DUH�QRW�LGHDO�IRU�PLWLJDWLQJ�DXWRJHQRXV�VKULQNDJH�>��@��

7KH�PRWLYDWLRQ�RI�WKLV�VWXG\�LV�WR�SURYLGH�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�HIIHFW�RI�6$3�FKHPLVWU\�RQ�WKHLU�

SHUIRUPDQFH�DQG�HYHQWXDOO\�WKHLU�HIIHFW�RQ�WKH�SURSHUWLHV�RI�LQWHUQDOO\�FXUHG�FHPHQWLWLRXV�PDWHULDOV��7R�

WKLV�HQG��WKH�LQIOXHQFH�RI�WKUHH�PDLQ�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�6$3�LV�LQYHVWLJDWHG��WKHVH�LQFOXGH��

D��WKH�FRQFHQWUDWLRQ�RI�DQLRQLF�JURXSV��E��WKH�GHJUHH�RI�FURVV�OLQNLQJ�DQG�F��WKH�W\SH�RI�IXQFWLRQDO�JURXSV�

SUHVHQW�RQ�WKH�QHWZRUN��$�QRYHO�6$3��]ZLWWHULRQLF�6$3��FODVV�ZLWK�ERWK�DQLRQLF�DQG�FDWLRQLF�PRQRPHUV�

ZDV�DOVR�XVHG�IRU�LQWHUQDO�FXULQJ��7KH�DEVRUSWLRQ�RI�6$3�ZDV�ILUVW�PHDVXUHG�RYHU�WLPH�LQ�ERWK�GHLRQL]HG�

ZDWHU� DQG� FHPHQW� ILOWUDWHV�� ,Q� DGGLWLRQ�� WKH� LQIOXHQFH� RI� WKH� FKHPLFDO� FKDUDFWHULVWLFV� RI� WKH� 6$3� RQ�

FHPHQW�K\GUDWLRQ��DXWRJHQRXV�GHIRUPDWLRQ�DQG�FRPSUHVVLYH�VWUHQJWK�ZHUH�DOVR�LQYHVWLJDWHG��

�� 0DWHULDOV�DQG�PHWKRGV�

��� 6XSHUDEVRUEHQW�SRO\PHU

7KH�6$3�VDPSOHV�KDG�DV�PDLQ�PRQRPHUV�DFU\OLF�DFLG��$$��6LQRSKDUP��6KDQJKDL��&KLQD���DFU\ODPLGH�

�$0��$ODGGLQ��6KDQJKDL��&KLQD��DQG�PHWKDFU\ODPLGRSURS\OWULPHWK\ODPPRQLXP�FKORULGH��0$37$&��



$ODGGLQ��6KDQJKDL��&KLQD���1�1¶�PHWK\OHQHELVDFU\ODPLGH��0%$��$ODGGLQ��6KDQJKDL��&KLQD��ZDV�XVHG�

DV�FURVVOLQNLQJ�DJHQW�>������@��6RGLXP�K\GUR[LGH��1D2+��6LQRSKDUP��6KDQJKDL��&KLQD��ZDV�XVHG�WR�

QHXWUDOL]H� $$�� 3RWDVVLXP� SHUVXOIDWH� �.�6�2��� 6LQRSKDUP�� 6KDQJKDL�� &KLQD�� ZDV� XVHG� DV� LQLWLDWRU��

6SDQ���DQG�6SDQ����6LQRSKDUP��6KDQJKDL��&KLQD��ZHUH�XVHG�DV�GLVSHUVDQW��&\FORKH[DQH�ZDV�XVHG�DV�

WKH�K\GURFDUERQ�SKDVH��7DEOH���SURYLGHV�LQIRUPDWLRQ�RQ�WKH�PRQRPHU�FRPSRVLWLRQ�RI�WKH�6$3��$OO�6$3�

DUH�LQ�WKH�IRUP�RI�VSKHULFDO�SDUWLFOHV�SURGXFHG�XVLQJ�WKH�LQYHUVH�VXVSHQVLRQ�SRO\PHULVDWLRQ�WHFKQLTXH�

�VHH�RSWLFDO�PLFURVFRSH�LPDJH��)LJ�����>����������@��$�WRWDO�RI�HLJKW�W\SHV�RI�6$3�ZHUH�V\QWKHVL]HG�DQG�

ODEHOOHG�EDVHG�RQ�WKH�FKHPLFDO�FRPSRVLWLRQ��7KH�ILUVW�OHWWHUV�LQ�WKH�ODEHO�UHIHU�WR�WKH�6$3�W\SHV��$�UHIHUV�

WR�WKH�DQLRQLF�6$3��1�UHIHUV�WR�WKH�$0�EDVHG�6$3�DQG�=�UHIHUV�WR�WKH�]ZLWWHULRQLF�6$3��7KH�QXPEHU�

DIWHU�$�UHIHUV�WR�WKH�UDWLR�EHWZHHQ�$$�DQG�$0��H�J���$���LQGLFDWHV�DQ�DQLRQLF�6$3�WKDW�FRQWDLQV�����

$$�DQG�����$0�PRQRPHUV���7KH�QXPEHU���DIWHU�WKH�XQGHUOLQH�LQGLFDWHV�WKDW�WKH�FURVVOLQNLQJ�GHQVLW\�

LV�LQFUHDVHG�E\���WLPHV�FRPSDUHG�WR�WKH�UHIHUHQFH��$QLRQLF�6$3�ZDV�V\QWKHVL]HG�ZLWK�DQLRQLF�PRQRPHUV�

$$������PRODU�UDWLR�QHXWUDOL]HG�E\�1D2+��DQG�$0��$V�$$�LV�QHXWUDOL]HG�EHIRUH�SRO\PHUL]DWLRQ��WR�

IRUP�VRGLXP�DFU\ODWH��$1D���WKLV�ZLOO�UHVXOW�LQ�D�SRO\PHU�QHWZRUN�LQ�ZKLFK�WKH�DQLRQLF�JURXSV�DUH�IURP�

WKH�$$�VHJPHQWV�RI�WKH�FKDLQ��L�H���&22���DQG�WKH�$0�VHJPHQWV�UHPDLQ�LQWDFW�DQG�VXEVHTXHQWO\�OHVV�

FKDUJHG��$0�EDVHG�6$3�ZDV�V\QWKHVL]HG�ZLWK�PRQRPHU�$0��7KH�SRO\PHU�QHWZRUN�ZLOO�UHPDLQ�OHVV�

FKDUJHG�EHFDXVH�WKHUH�DUH�RQO\�$0�VHJPHQWV�RQ�WKH�FKDLQ��,W�VKRXOG�EH�QRWHG�WKDW�WKH�$0�EDVHG�6$3�

ZLOO�QRW�EH�WRWDOO\�QRQ�LRQLF�����FKDUJH��H[FHSW�LQ�YHU\�DFLG�HQYLURQPHQWV��7KHUH�DUH�VWLOO�OHVV�DQLRQLF�

VHJPHQWV�RQ�WKH�QHWZRUN�RI�WKH�$0�EDVHG�6$3�FRPSDUHG�ZLWK�WKH�DQLRQLF�6$3��GXH�WR�WKH�K\GURO\VLV�

UHDFWLRQ�RI�WKH�$0�WR�IRUP�$$�DQG�VXEVHTXHQW�GHSURWRQDWLRQ�>��@��7KH�K\GURO\VLV�UHDFWLRQ�RI�WKH�$0�

WR�IRUP�$$�LV�VLJQLILFDQWO\�DIIHFWHG�E\�WKH�S+�RI�WKH�VROXWLRQ�DQG�WKH�SUHVHQFH�RI�FDWLRQLF�VSHFLHV�VXFK�

DV�&D��� >��@��=ZLWWHULRQLF�6$3�ZDV� V\QWKHVL]HG�ZLWK�PRQRPHUV�$$�$1D��$0�DQG�0$37$&��7KH�

DQLRQLF�JURXSV�DUH�IURP�WKH�$$�VHJPHQWV�RI�WKH�FKDLQ�DQG�WKH�FDWLRQLF�JURXSV�DUH�IURP�WKH�0$37$&�

VHJPHQWV�RI�WKH�FKDLQ��7KXV��WKH�]ZLWWHULRQLF�6$3V�FRQWDLQHG�ERWK�DQLRQLF��$$��DQG�FDWLRQLF��0$37$&��

UHSHDW�XQLWV�� �

,Q�D���/��WKUHH�QHFNHG��URXQG�ERWWRPHG�IODVN�ZLWK�D�UHIOX[�DQG�VWLUUHU��F\FORKH[DQH��6SDQ���DQG�6SDQ���

ZHUH� DGGHG�� ZKLFK� ZHUH� KHDWHG� WR� FRQVWDQW� ��Û&� LQ� D� ZDWHU� EDWK�� 6LQFH� WKH� LQYHUVH� VXVSHQVLRQ�

SRO\PHULVDWRQ�WHFKQLTXH�ZDV�XVHG��WKH�F\FORKH[DQH�WR�ZDWHU�SKDVH��DOO�PRQRPHU�DTXHRXV�VROXWLRQ��UDWLR�



ZDV������7KH�FRQFHQWUDWLRQ�RI�GLVSHUVDQW�LQ�F\FORKH[DQH�ZDV�����ZW���$Q�DFU\OLF�DFLG�DTXHRXV�VROXWLRQ�

ZDV�QHXWUDOL]HG�E\�D�VRGLXP�K\GUR[LGH�DTXHRXV�VROXWLRQ��DQG�WKH�QHXWUDOL]DWLRQ�ZDV������PRODU�UDWLR���

7KH� LQLWLDWRU� VROXWLRQ�ZDV� REWDLQHG�E\� VHSDUDWHO\� GLVVROYLQJ�.�6�2�� LQ� FRQFHQWUDWLRQ� HTXDO� WR� �����

PRODU�UDWLR�RI�DOO�PRQRPHUV��$TXHRXV�VROXWLRQV�RI�$0��0$37$&�DQG�0%$�ZHUH�DOVR�REWDLQHG�E\�

VHSDUDWHO\�GLVVROYLQJ�HDFK�PRQRPHU�DFFRUGLQJ�WR�WKH�FRPSRVLWLRQ�LQ�7DEOH����$OO�DTXHRXV�VROXWLRQV�RI�

PRQRPHUV��LQLWLDWRU�DQG�FURVVOLQNLQJ�DJHQW�ZHUH�PL[HG�DIWHU�EHLQJ�IXOO\�GLVVROYHG�DW�URRP�WHPSHUDWXUH��

DQG�WKH�REWDLQHG�PL[WXUH�ZDV�DGGHG�GURSZLVH�LQWR�WKH�IODVN�ZLWK�YLJRURXV�VWLUULQJ��7KH�VWLUUHU�VSHHG�ZDV�

PDLQWDLQHG�DW�����USP��7KH�UHDFWLRQ�ZDV�FDUULHG�RXW�XQGHU�YLJRURXV�VWLUULQJ�IRU���K�DW���Û&�ILUVW�DQG�

WKHQ�WKH�WHPSHUDWXUH�ZDV�LQFUHDVHG�E\��Û&�HYHU\�VHFRQG�KRXU�XQWLO���Û&��7KH�UHDFWLRQ�RFFXUUHG�UDSLGO\�

DQG�WKHUH�ZDV�D�PDUNHG�LQFUHDVH�LQ�WKH�YLVFRVLW\�RI�WKH�PHGLXP��)RU�GLIIHUHQW�6$3��WKH�IRUPDWLRQ�WLPH�

YDULHG�IURP�D�IHZ�PLQXWHV�WR�D�IHZ�KRXUV��$OO�YLDOV�ZHUH�DOORZHG�WR�UHVW�IRU�DQRWKHU����K��DW�OHDVW��DIWHU�

WKH�JHO�IRUPDWLRQ�WR�HQVXUH�UHDFWLRQ�FRPSOHWLRQ��7KHQ��WKH�SUHFLSLWDWHV�ZHUH�ZDVKHG�ZLWK�ODUJH�DPRXQWV�

RI�PHWKDQRO�DQG�ILOWHUHG��7KH�UHVXOWLQJ�6$3��LQ�WKH�IRUP�RI�ZKLWH�SRZGHU��ZDV�YDFXXP�GULHG�DW���Û&��

7KH� SDUWLFOH� VL]H� GLVWULEXWLRQV� RI� WKH� 6$3� VDPSOHV� LQ� WKH� GU\� VWDWH� ZHUH� FKDUDFWHUL]HG� E\� RSWLFDO�

PLFURVFRSH�LPDJH�DQDO\VLV�DLGHG�ZLWK�,PDJH-�VRIWZDUH�>��@��$OO�6$3�VDPSOHV�KDYH�D�VLPLODU�SDUWLFOH�

VL]H�GLVWULEXWLRQ�LQ�WKH�GU\�VWDWH�DQG�WKH�DYHUDJH�SDUWLFOH�VL]H�LV�DSSUR[LPDWHO\��������� P��

7DEOH����&KHPLFDO�FRPSRVLWLRQ�RI�WKH�6$3�VDPSOHV��PRODU�UDWLR���

6$3�W\SHV� $$� $0� 0$37$&� &URVVOLQNLQJ�DJHQW��E\�PRODU�RI�

PRQRPHUV��

1� �� ����� �� ��������0%$��

$��� ���� ���� �� ��������0%$��

$��� ���� ���� �� ��������0%$��

$��� ���� ���� �� ��������0%$��

=� ���� ���� ���� ��������0%$��

1B�� �� ����� �� ��������0%$��

$��B�� ���� ���� �� ��������0%$��
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�D�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �E��

)LJ�����2SWLFDO�PLFURVFRSH�LPDJH�RI�$���SDUWLFOHV��EHFDXVH�DOO�GLIIHUHQW�6$3�W\SHV�DUH�LQ�WKH�IRUP�RI�

VSKHULFDO�SDUWLFOHV�DQG�ORRN�YHU\�VLPLODU��RQO\�RQH�W\SH�RI�6$3�LV�VKRZQ���D��GU\�VWDWH��E��ZDWHU�VDWXUDWHG��

,PDJHV�WDNHQ�ZLWK�D�6RQ\�'.&������FDPHUD�PRXQWHG�RQ�D�=HLVV�$[LRSODQ�RSWLFDO�PLFURVFRSH��

��� 0L[�FRPSRVLWLRQ�RI�FHPHQW�SDVWHV�

7KH� FHPHQW� XVHG� LQ� WKLV� VWXG\�ZDV� DQ� RUGLQDU\� 3RUWODQG� FHPHQW� �&(0� ,� ����� 1�� E\� -XUD� &HPHQW�

FRPSO\LQJ� ZLWK� 61� (1� ������� 'HLRQL]HG� ZDWHU� ZDV� XVHG� DV� PL[LQJ� ZDWHU�� $� FRPPHUFLDO�

SRO\FDUER[\ODWH�EDVHG�VXSHUSODVWLFL]HU��3&(��6LND����SOXV�1��ZDV�XVHG�IRU�DOO�PL[WXUHV�DW�D�GRVDJH�RI�

�����E\�PDVV�RI�FHPHQW��7KH�3&(�ZDV�SUH�GLVVROYHG�LQ�WKH�PL[LQJ�ZDWHU��7KH�PL[WXUH�SURSRUWLRQV�DUH�

VKRZQ�LQ�7DEOH����7KH�Z�F�RI�WKH�UHIHUHQFH�SDVWH�5�LV��������QRW�WDNLQJ�LQWR�DFFRXQW�WKH�ZDWHU�LQ�WKH�

VXSHUSODVWLFL]HU��� ZKLOH� WKH� HQWUDLQHG�ZH�F� IRU� DOO� SDVWHV� FRQWDLQLQJ� 6$3� LV� ������� 7KLV� YDOXH� ZDV�

FDOFXODWHG�DFFRUGLQJ�WR�3RZHUV¶�PRGHO��VHH�(T����EHORZ�>�@��DV�FRUUHVSRQGLQJ�WR�WKH�YROXPH�RI�FKHPLFDO�

VKULQNDJH�GXH�WR�FHPHQW�K\GUDWLRQ�WR�EH�FRPSHQVDWHG�E\�WKH�HQWUDLQHG�ZDWHU��QHFHVVDU\�WR�DYRLG�VHOI�

GHVLFFDWLRQ��7KH�Z�F�RI�WKH�VHFRQG�UHIHUHQFH�SDVWH�5��LV��������ZKLFK�FRUUHVSRQGV�WR�WKH�VXP�RI�WKH�

EDVLF�Z�F�������DQG�WKH�HQWUDLQHG�ZH�F��������8VLQJ�WZR�GLIIHUHQW�UHIHUHQFH�SDVWHV�DOORZV�WR�GLVWLQJXLVK�

WKH�HIIHFW�RQ�K\GUDWLRQ��DXWRJHQRXV�GHIRUPDWLRQ�DQG�VWUHQJWK�RI�D�PHUH�LQFUHDVH�LQ�Z�F�IURP�WKDW�RI�6$3�

DGGLWLRQ��,W�PXVW�EH�QRWLFHG�WKDW�WKH�DEVRUSWLRQ�NLQHWLFV�RI�6$3�FKDQJHG�RYHU�WLPH�ZKHQ�LPPHUVHG�LQ�

FHPHQW�ILOWUDWH��HVSHFLDOO\�IRU�DQLRQLF�6$3��VHH�VHFWLRQ�������,Q�DGGLWLRQ��WKH�WLPH�IURP�ZDWHU�DGGLWLRQ�



GXULQJ�PL[LQJ�WR�WKH�VWDUW�RI�WKH�GHIRUPDWLRQ�PHDVXUHPHQWV�LV�DERXW����PLQ��7KXV��WKH�GRVDJH�RI�6$3�

LQ�WKH�SDVWHV�LV�FDOFXODWHG�IURP�WKH�GHVLUHG�DPRXQW�RI�HQWUDLQHG�ZDWHU�DQG�IURP�WKH�DEVRUSWLRQ�FDSDFLW\�

�$&��RI�HDFK�6$3�W\SH�LQ�WKH�FHPHQW�ILOWUDWH�DW����PLQ��VHH�HTXDWLRQ����

Τ ͲǤͳͺ Ȁ ͲǤ͵Τ

����

Ȁ
Τ
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7DEOH����0L[WXUH�SURSRUWLRQ�RI�WKH�SDVWH�

� Z�F� ZH�F� 6$3��E\�PDVV�RI�FHPHQW�� 3&(��E\�PDVV�RI�FHPHQW��

5� ������ �� �� ������

5�� ������ �� �� ������

1� ������ ������ ������ ������

$��� ������ ������ ������ ������

$��� ������ ������ ������ ������
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1B�� ������ ������ ������ ������

=B�� ������ ������ ������ ������

��� )7,5�VSHFWUD�RI�6$3�

7KH� IXQFWLRQDO� JURXSV� RI� WKH� GLIIHUHQW� 6$3� W\SHV�ZHUH� FKDUDFWHUL]HG� E\� )RXULHU�WUDQVIRUP� LQIUDUHG�

VSHFWURVFRS\� �)7,5��� $WWHQXDWHG� WRWDO� UHIOHFWDQFH� �$75�� )RXULHU�WUDQVIRUP� LQIUDUHG� VSHFWUD� ZHUH�

FROOHFWHG�E\�DYHUDJLQJ����VFDQV�RQ�D�%UXNHU�7HQVRU����)7,5�VSHFWURPHWHU�E\�WUDQVPLWWDQFH�EHWZHHQ�

����DQG������FP ��DW�D�UHVROXWLRQ�RI���FP ��RQ�a��PJ�RI�SRZGHU��7KH�REWDLQHG�,5�VSHFWUDO�GDWD�ZDV�



SUHSURFHVVHG�XVLQJ�WKH�VRIWZDUH�SDFNDJH�2386��%UXNHU�2SWLFV�*PE+��(WWOLQJHQ��*HUPDQ\���%DVHOLQH�

FRUUHFWLRQ�DQG�QRUPDOL]DWLRQ�ZHUH�DSSOLHG�WR�HYHU\�UHFRUGHG�VSHFWUXP�� �



��� 6$3�DEVRUSWLRQ�

7KH�JUDYLPHWULF�WHD�EDJ�PHWKRG�ZDV�XVHG�WR�HYDOXDWH�WKH�RYHUDOO�DEVRUSWLRQ�FDSDFLW\�DQG�NLQHWLFV�RI�WKH�

6$3�VDPSOHV�>������@��$V�WKH�DEVRUSWLRQ�SHUIRUPDQFH�GHSHQGV�RQ�WKH�DEVRUEHG�IOXLG��ERWK�GHLRQL]HG�

ZDWHU�DQG�ILOWUDWH�RI�FHPHQW�VOXUU\�ZHUH�XVHG��,Q�RUGHU�WR�SURGXFH�D�VXIILFLHQW�DPRXQW�RI�SRUH�VROXWLRQ��

D�VOXUU\�ZLWK�Z�F�RI���ZDV�SUHSDUHG�DQG�FRQWLQXRXVO\�DQG�DXWRPDWLFDOO\�VWLUUHG�IRU����KRXUV��IROORZHG�

E\�ILOWUDWLRQ�RI�WKH�OLTXLG��7KH�DYHUDJH�PDVV��P���RI�IOXLG�DEVRUEHG�E\�DQ�HPSW\�WHD�EDJ�ZDV�ILUVW�DVVHVVHG��

XVLQJ�WHQ�LQGLYLGXDO�WHD�EDJV��$�GU\�WHD�EDJ�ZDV�ZHLJKHG��P����IROORZHG�E\�D�GU\�WHD�EDJ�FRQWDLQLQJ�WKH�

GU\�6$3��P����7KLV�ILOOHG�WHD�EDJ�ZDV�KXQJ�LQ�D�SODVWLF�ERWWOH�ILOOHG�ZLWK�WKH�WHVW�IOXLG��HLWKHU�GHLRQL]HG�

ZDWHU�RU�SRUH�VROXWLRQ���7KH�ERWWOH�ZDV�UDSLGO\�DQG�WLJKWO\�VHDOHG�ZLWK�D�FDS�WR�DYRLG�FDUERQDWLRQ�DQG�

HYDSRUDWLRQ��7KH�FDS�ZDV�RQO\�UHPRYHG�VKRUWO\�IRU�HDFK�ZHLJKLQJ��$W������������������PLQXWHV����DQG����

KRXUV�DIWHU�WKH�6$3�OLTXLG�FRQWDFW�WLPH��WKH�WHD�EDJ�ZLWK�WKH�K\GURJHO�LQVLGH�ZDV�UHPRYHG�DQG�ZHLJKHG�

�P����%HIRUH�HDFK�ZHLJKLQJ�� WKH� WHD�EDJ�ZLWK�6$3�ZDV�SODFHG�RQ�D�GU\�FORWK�DQG�JHQWO\�ZLSHG�ZLWK�

DQRWKHU�GU\�FORWK� IRU�D� VKRUW� WLPH� �DSSUR[LPDWHO\����V�� WR� UHPRYH�VXUSOXV�DQG�ZHDNO\�ERXQG� OLTXLG��

$IWHU�ZHLJKLQJ��WKH�WHD�EDJ�FRQWDLQLQJ�WKH�K\GURJHO�ZDV�UHWXUQHG�LQWR�WKH�WHVW�IOXLG�XQWLO�WKH�QH[W�WLPH�

VWHS�RI�PDVV�UHFRUGLQJ��(TXDWLRQ���SURYLGHV�WKH�IRUPXOD�WR�FDOFXODWH�WKH�DEVRUSWLRQ�FDSDFLW\�$&��7R�

HQVXUH�WKH�UHOLDELOLW\�RI�WKH�UHVXOWV��WKUHH�LQGLYLGXDO�WHD�EDJV�ZHUH�PHDVXUHG�IRU�HYHU\�6$3�VDPSOH��

$& � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� ,VRWKHUPDO�FDORULPHWU\�

$OO�SDVWHV�ZHUH�PL[HG�DW�����USP�LQ�D�YDFXXP�PL[HU��7ZLVWHU�(YROXWLRQ��ZLWK�DERXW�����P/�PL[LQJ�

FDSDFLW\��7KH�KHDW�IORZ�ZDV�PHDVXUHG�ZLWK�D�7KHUPRPHWULF�7$0�$LU�FRQGXFWLRQ�FDORULPHWHU��FDSDEOH�

RI� HLJKW� SDUDOOHO�PHDVXUHPHQWV� LQ� HLJKW� VHSDUDWH�PHDVXULQJ� FHOOV�� )RU� HDFK� VSHFLPHQ�� DERXW� ���J� RI�

IUHVKO\�PL[HG�SDVWH�ZHUH�ZHLJKWHG�LQWR�D�JODVV�YLDO��'XSOLFDWH�VSHFLPHQV�ZHUH�SUHSDUHG�IRU�HDFK�PL[WXUH��

7KH�JODVV�YLDO�ZDV�VHDOHG�DQG�SODFHG�LQWR�WKH�FDORULPHWHU�DQG�WKH�KHDW�IORZ�ZDV�PHDVXUHG�IRU�DERXW����K��

'XULQJ�WKH�H[SHULPHQW��LVRWKHUPDO�FRQGLWLRQV�������������&��ZHUH�PDLQWDLQHG�LQ�WKH�PHDVXULQJ�FHOOV��



7KH�K\GUDWLRQ�KHDW�IORZ�DQG�WKH�FXPXODWLYH�K\GUDWLRQ�KHDW�ZHUH�QRUPDOL]HG�WR�WKH�FHPHQW�PDVV�LQ�WKH�

VDPSOHV��

��� $XWRJHQRXV�GHIRUPDWLRQ�

(DFK�SDVWH�ZDV�PL[HG�XVLQJ�D�����+REDUW�PL[HU��)LUVW��GU\�FHPHQW�DQG�6$3�ZHUH�PL[HG�GU\�IRU���PLQ��

1H[W��ZDWHU�ZDV�VORZO\�DGGHG�DQG�ZHW�PL[LQJ�ODVWHG�IRU���PLQ��ZLWK�DQ�LQWHUPHGLDWH����V�SDXVH�DIWHU�

��PLQ� IRU� VFUDSLQJ�RI� WKH�PL[LQJ�ERZO���7KH� FRUUXJDWHG� WXEHV� >��@�ZHUH� ILOOHG�ZLWK� WKH� SDVWHV� RQ� D�

YLEUDWLQJ�WDEOH�DQG�WLJKWO\�FORVHG�ZLWK�SODVWLF�HQG�SOXJV��$OO�VKULQNDJH�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�

RQ�D�ULJLG�VWDLQOHVV�VWHHO�IUDPH�FDSDEOH�RI�DFFRPPRGDWLQJ���VSHFLPHQV��(DFK�VDPSOH�ZDV�IL[HG�ZLWK�D�

FODPSLQJ�GHYLFH�DW�RQH�HQG��DQG�WKH�GLVSODFHPHQW�RI�WKH�IUHH�HQG�ZDV�PHDVXUHG�ZLWK�D�/9'7��UHVROXWLRQ�

�����P���7KH�GDWD�ZDV�ORJJHG�DW����V�LQWHUYDOV�DQG�WKH�PHDVXUHPHQWV�ODVWHG�XS�WR���GD\V�IURP�ZDWHU�

DGGLWLRQ�� 7KH� VWHHO� IUDPH� ZDV� LPPHUVHG� LQ� D� EDWK� ILOOHG� ZLWK� VLOLFRQH� RLO� �5KRGRUVLO� ��9���� IRU�

WHPSHUDWXUH�UHJXODWLRQ�DQG�WR�HDVH�WKH�VOLGLQJ�RI�WKH�WXEHV�RQ�WKH�VWHHO�IUDPH��7KH�RLO�WHPSHUDWXUH�ZDV�

FRQWUROOHG�E\�D�FLUFXODWLQJ�SXPS�DQG�D�WKHUPRVWDW�V\VWHP�DW�������������&��$OO�PHDVXUHPHQWV�ZHUH�UXQ�

DQG�WKH�VDPSOHV�ZHUH�VWRUHG�LQ�WKH�VDPH�FOLPDWH�FRQWUROOHG�URRP�DW�������������&�DQG���������5+��7KH�

WLPH�]HUR�IRU�WKH�DXWRJHQRXV�VKULQNDJH�PHDVXUHPHQW�ZDV�GHWHUPLQHG�DV�WKH�WLPH�LQVWDQW�ZKHQ�WKH�VFDWWHU�

RI�WKH�GHIRUPDWLRQ�UDWHV�RI�UHSOLFDWH�VDPSOHV�UHDFKHG�D�FRQVWDQW��ORZ�OHYHO�>��@��

��� 0HFKDQLFDO�SURSHUWLHV�

7KH�SULVPDWLF�VDPSOHV�RI�GLPHQVLRQV���î��î����PP��IRU�WHVWLQJ�IOH[XUDO�DQG�FRPSUHVVLYH�VWUHQJWK�RI�

WKH� SDVWHV�ZHUH�PL[HG� LQ� D� YDFXXP�PL[HU� �7ZLVWHU� HYROXWLRQ�� DW� ����USP�� 7KH� YDFXXP�PL[HU�ZDV�

HPSOR\HG� WR� OLPLW� WKH� DPRXQW� RI� HQWUDLQHG� DLU�� ZKLFK� KDV� D� VLJQLILFDQW� LPSDFW� RQ� WKH� VWUHQJWK�� LQ�

SDUWLFXODU� IRU� WKH� UHODWLYHO\� VPDOO� VDPSOHV� RI� FHPHQW� SDVWH� WHVWHG� KHUH� �ZKHUHDV� WKH� LPSDFW� RQ� WKH�

DXWRJHQRXV�GHIRUPDWLRQ�DIWHU�VHW�ZDV�DVVXPHG�WR�EH�QHJOLJLEOH���7KH�ILUVW�VWHS�RI�GU\�PL[LQJ�ZDV���PLQ�

IRU�DOO�PL[WXUHV��1H[W��WKH�VXSHUSODVWLFL]HU�SUH�GLVVROYHG�LQ�WKH�PL[LQJ�ZDWHU�ZDV�DGGHG�DQG�PL[HG�IRU�

��PLQ��7KH� VSHFLPHQV�ZHUH� VHDOHG�FXUHG�DW���������� �&�XQWLO� WHVWLQJ��$W� OHDVW��� VSHFLPHQV� IRU� HDFK�

PL[WXUH�DQG�DJH�ZHUH�WHVWHG��$OO�SDVWHV�ZHUH�WHVWHG�DW������DQG���GD\V�IURP�VDPSOH�SUHSDUDWLRQ��7KH�

IOH[XUDO�VWUHQJWK�ZDV�PHDVXUHG�ILUVW�LQ���SRLQW�EHQGLQJ��IROORZHG�E\�FRPSUHVVLYH�VWUHQJWK�PHDVXUHPHQWV�

RQ�HDFK�KDOI�SULVP��



�� 5HVXOWV�DQG�GLVFXVVLRQ�

��� )7,5�VSHFWUD�RI�6$3�

7KH�)7,5�VSHFWUD�RI�WKH�6$3�ZLWK�GLIIHUHQW�FKHPLFDO�VWUXFWXUHV�DUH�SUHVHQWHG�LQ�)LJ�����7KH�DEVRUSWLRQ�

EDQG�DW������������DQG������FP���DUH�UHODWHG�WR�WKH�VWUHWFKLQJ�DQG�EHQGLQJ�YLEUDWLRQV�RI�1�+�>�����@��

7KH�DEVRUSWLRQ�EDQG�DW������FP���FRUUHVSRQGV�WR�WKH�VWUHWFKLQJ�YLEUDWLRQ�RI�&�+�>������@��7KH�DEVRUSWLRQ�

EDQG� DW� �����FP��� LV� UHODWHG� WR� WKH� VWUHWFKLQJ� YLEUDWLRQ� RI�& 2� >���� ���� ��@�� 7KH� SHDN� REVHUYHG� DW�

�����FP��� LV� DVVRFLDWHG� ZLWK� WKH� ±&22�� JURXS� LQ� WKH� FDUER[\ODWH� DQLRQ� >���� ��@�� )XUWKHUPRUH�� WKH�

DEVRUSWLRQ�SHDNV�DW������DQG�����FP���DULVH�IURP�1��&+����VWUHWFKLQJ�YLEUDWLRQ�>������@��)RU�6$3�1��

WKH� SHDNV� GHWHFWHG� DW� ������ ����� DQG� �����FP��� LQGLFDWH� 1�+� VWUHWFKLQJ�� & 2� VWUHWFKLQJ� DQG�1�+�

EHQGLQJ�RI�WKH�DPLGH�EDQGV��UHVSHFWLYHO\��ZKLFK�DUH�FKDUDFWHULVWLFV�RI�WKH�±&21+��JURXS�LQ�$0�>����

��@��)RU�6$3�$����$���DQG�$����WKH�DGGLWLRQDO�SHDN�DW������FP���LQGLFDWHV�WKH�±&22��JURXS�LQ�WKH�

FDUER[\ODWH�DQLRQ�FRQWDLQHG�LQ�$$�$1D�>��@��1HZ�SHDNV�DW������DQG�����FP���ZHUH�GHWHFWHG�ZLWK�6$3�

=��ZKLFK�FRUUHVSRQGV�WR�WKH�1��&+����VWUHWFKLQJ�YLEUDWLRQ�LQ�0$37$&�>������@��7KH�UHVXOWV�LQGLFDWH�

WKDW�WKH�GLIIHUHQW�IXQFWLRQDO�JURXSV�ZHUH�VXFFHVVIXOO\�V\QWKHVL]HG�RQWR�WKH�FRUUHVSRQGLQJ�6$3�W\SHV��,Q�

DGGLWLRQ��WKH�6$3�ZLWK�KLJK�FURVVOLQNLQJ�GHQVLW\�VKRZHG�VLPLODU�UHVXOWV�WR�WKH�FRUUHVSRQGLQJ�UHIHUHQFH�

6$3�W\SH��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�H[SHFWDWLRQ�WKDW�WKH�LQFUHDVLQJ�FURVVOLQNLQJ�GHQVLW\�VKRXOG�KDYH�

QR�LQIOXHQFH�RQ�WKH�IXQFWLRQDO�JURXSV�� �



)LJ�����)7,5�VSHFWUD�RI�GLIIHUHQW�6$3�W\SHV�

��� $EVRUSWLRQ�EHKDYLRU�RI�6$3�LQ�GHLRQL]HG�ZDWHU�DQG�SRUH�VROXWLRQ�

7KH�DELOLW\�WR�DEVRUE�ZDWHU��VWRUH�LW�DQG�UHOHDVH�LW�LV�WKH�HVVHQWLDO�IHDWXUH�RI�6$3�WR�PLWLJDWH�DXWRJHQRXV�

VKULQNDJH��7KH�PDLQ�GULYLQJ�IRUFH�IRU�WKH�ZDWHU�DEVRUSWLRQ�DQG�VZHOOLQJ�LV�RVPRWLF�SUHVVXUH�IRU�LRQLF�

6$3��DQLRQLF�6$3�DQG�]ZLWWHULRQLF�6$3���+RZHYHU��IRU�$0�EDVHG�6$3��WKH�DGVRUSWLRQ�PHFKDQLVPV�

DUH�PRUH�GLIILFXOW�WR�GHWHUPLQH��7KH\�PD\�EH�WKH�UHVXOW�RI�SURWRQDWLRQ�RI�DQ�DPLGH�JURXS�RU�WKH�IRUPDWLRQ�

RI�D�K\GURJHQ�ERQG�EHWZHHQ�WKH�R[\JHQ�LRQ�RI�WKH�FDUERQ\O�JURXS�DQG�WKH�VXUIDFH�K\GUR[\OV�DQG��RU�

K\GURJHQ� LRQ� RI� 1+�� >�����@�� 7R� VWXG\� WKH� DEVRUSWLRQ� RI� 6$3� ZLWK� GLIIHUHQW� FKHPLFDO� VWUXFWXUHV��

GHLRQL]HG�ZDWHU�DQG�SRUH�VROXWLRQ�ZHUH�FRQVLGHUHG��)LJV��������

)LJ����VKRZV�WKH�DEVRUSWLRQ�NLQHWLFV�RI�6$3�ZLWK�GLIIHUHQW�FKHPLFDO�VWUXFWXUHV�LQ�GHLRQL]HG�ZDWHU��$IWHU�

D� UDSLG� LQLWLDO� LQWDNH� RI� ZDWHU� DW� VKRUW� WLPHV�� WKH� DEVRUSWLRQ� UHDFKHG� DQ� HIIHFWLYH� SODWHDX� ZLWKLQ�

DSSUR[LPDWHO\�����PLQ�IRU�DOO�6$3��,Q�JHQHUDO��WKH�PD[LPXP�DEVRUSWLRQ�DQG�WKH�LQLWLDO�DEVRUSWLRQ�UDWH�

ZHUH�REVHUYHG�WR�LQFUHDVH�IRU�6$3�WKDW�FRQWDLQHG�JUHDWHU�FRQFHQWUDWLRQV�RI�DQLRQLF�JURXS�LQ�WKH�SRO\PHU�

QHWZRUN��:LWK�WKH�VDPH�FURVVOLQNLQJ�GHQVLW\�RI��������PRODU�UDWLR��WKH�DEVRUSWLRQ�LQ�GHLRQL]HG�ZDWHU�

DW����K�RI�6$3�$���ZDV�DOPRVW�����RI�WKDW�IRU�6$3�$���DQG�DOPRVW�����RI�WKDW�IRU�6$3�$����VHH�)LJ��

�����:LWK�WKH�VDPH�FURVVOLQNLQJ�GHQVLW\��LRQLF�6$3�KDYH�D�ODUJHU�DEVRUSWLRQ�FRPSDUHG�ZLWK�$0�EDVHG�



6$3��7KH�UHDVRQ�IRU�WKLV�EHKDYLRU�LV�WKDW�WKH�GULYLQJ�IRUFH�IRU�VZHOOLQJ�FRPHV�IURP�WKH�RVPRWLF�SUHVVXUH�

�JRYHUQHG� E\� WKH� LRQLF� JURXSV���ZKLFK� LV� VWURQJHU� WKDQ�ZDWHU� DIILQLW\� �JRYHUQHG� E\� WKH� K\GURSKLOLF�

JURXSV���7KH�ZDWHU�DIILQLW\�RI�3$0�FRPHV�IURP�WKH�DELOLW\�RI�WKH�K\GURSKLOLF�DPLQH�IXQFWLRQDOLWLHV�WR�

K\GURJHQ�ERQG�ZLWK�VXUURXQGLQJ�ZDWHU�PROHFXOHV��

)LJ�����$EVRUSWLRQ�RI�6$3�LQ�GHLRQL]HG�ZDWHU�



)LJ�����,QIOXHQFH�RI�$$�FRQFHQWUDWLRQ�RI�6$3�RQ�DEVRUSWLRQ�LQ�GHLRQL]HG�ZDWHU�DIWHU����K��

7KH�DEVRUSWLRQ� LQ�GHLRQL]HG�ZDWHU�DW����K�RI�]ZLWWHULRQLF�6$3�=� LV� ORZHU� WKDQ� IRU�DQLRQLF�6$3�DQG�

KLJKHU�WKDQ�IRU�$0�EDVHG�6$3��VHH�)LJ�������6$3�$���DQG�6$3�=�KDYH�WKH�VDPH�PRODU�UDWLR�RI�QRQLRQLF�

JURXS������PRODU�UDWLR���WKH�RQO\�GLIIHUHQFH�EHLQJ�WKH�����PRODU�UDWLR�RI�DQLRQLF�JURXS�UHSODFHG�E\�

FDWLRQLF� JURXS� LQ� 6$3� =�� ,Q� RWKHU� ZRUGV�� 6$3� $��� VDPSOHV� DUH� FRPSRVLWH� ZLWK� ����PRODU� UDWLR�

$$�$1D�JURXS�DQG�����PRODU�UDWLR�$0�JURXS��6$3�=�VDPSOHV�DUH�FRPSRVLWH�ZLWK�����PRODU�UDWLR�

$$�$1D�JURXS������PRODU�UDWLR�0$37$&�JURXS�DQG�����PRODU�UDWLR�$0�JURXS��7KH�GLIIHUHQFHV�LQ�

DEVRUSWLRQ�LQGLFDWH�WKDW�WKH�RVPRWLF�SUHVVXUH�WKDW�FRPHV�IURP�WKH�$$�$1D�JURXS�LV�VWURQJHU�WKDQ�WKDW�

IURP�WKH�0$37$&�JURXS��7KH�DEVRUSWLRQ�RI�6$3�=�LV�HYHQ�ORZHU�WKDQ�WKDW�RI�6$3�$����ZKLFK�LQGLFDWHV�

WKDW�WKH�RVPRWLF�SUHVVXUH�LQWURGXFHG�E\�WKH�0$37$&�JURXS�LV�PXFK�ZHDNHU�WKDQ�WKDW�RI�WKH�$$�$1D�

JURXS�>��@��$QRWKHU�SRVVLEOH�UHDVRQ�LV�WKDW�WKH�DQLRQLF�DQG�FDWLRQLF�UHSHDW�JURXSV�RQ�WKH�]ZLWWHULRQLF�

6$3�DWWUDFW�HDFK�RWKHU�DQG�SUHYHQW�WKH�QHWZRUN�IURP�H[SDQGLQJ�>��@��$V�LQWURGXFHG�DERYH��WKH�GULYLQJ�

IRUFH�IRU�VZHOOLQJ�RULJLQDWLQJ�IURP�RVPRWLF�SUHVVXUH�LV�VWURQJHU�WKDQ�WKDW�IURP�ZDWHU�DIILQLW\�DQG�DV�D�

FRQVHTXHQFH�WKH�DEVRUSWLRQ�RI�6$3�=�LV�KLJKHU�WKDQ�WKDW�RI�6$3�1��

)LJ����DOVR�LQGLFDWHV�WKDW�LQFUHDVHG�FURVVOLQNLQJ�GHQVLW\�OHG�WR�GHFUHDVHG�DEVRUSWLRQ�ZKHQ�LPPHUVHG�LQ�

GHLRQL]HG�ZDWHU��7KLV�UXOH�LV�YDOLG�IRU�DOO�VDPSOHV��DQLRQLF�6$3��$0�EDVHG�6$3�DQG�]ZLWWHULRQLF�6$3��



$FFRUGLQJ� WR� )ORU\� WKHRU\� DQG� UXEEHU� HODVWLFLW\� >���� ��@�� GXULQJ� WKH� VZHOOLQJ� SURFHVV� RI� WKH� 6$3��

HTXLOLEULXP�LV�UHDFKHG�EHWZHHQ�WKH�H[SDQVLRQ�IRUFH�WKDW�FRPHV�IURP�RVPRWLF�SUHVVXUH�RU�ZDWHU�DIILQLW\�

DQG�WKH�FRQWUDFWLRQ�IRUFH�WKDW�RULJLQDWHV�IURP�WKH�QHWZRUN¶V�EXON�PRGXOXV�>��@��7KXV��DV�WKH�FURVVOLQNLQJ�

GHQVLW\�LQFUHDVHG��WKH�EXON�PRGXOXV�LQFUHDVHG�DV�ZHOO��ZKLFK�OHG�WR�ODUJH�UHWUDFWLRQ�IRUFHV�ZLWKLQ�WKH�

QHWZRUN�DQG�UHGXFHG�WKH�VZHOOLQJ�UDWLR��7KH�ILQDO�VZHOOLQJ�UDWLR�DW����K�LQ�GHLRQL]HG�ZDWHU�ZDV�UHSRUWHG�

LQ�7DEOH���IRU�6$3�FRQWDLQLQJ�GLIIHUHQW�FURVVOLQNLQJ�GHQVLWLHV�DQG�$$�JURXS�FRQFHQWUDWLRQV��

)LJ����LQGLFDWHV�WKDW�WKH�DEVRUSWLRQ�NLQHWLFV�RI�WKH�DQLRQLF�6$3�LPPHUVHG�LQ�WKH�FHPHQW�ILOWUDWH�GLVSOD\HG�

IDVW�DEVRUSWLRQ�LPPHGLDWHO\�IROORZHG�E\�IDVW�IOXLG�UHOHDVH��7KH�LQLWLDO�DEVRUSWLRQ�LV�KLJKHU�ZLWK�KLJKHU�

DQLRQLF�JURXS�GHQVLW\��7KH�IDVW� IOXLG�UHOHDVH�ZDV�SUREDEO\�FDXVHG�E\�&D��� LRQV�FRPSOH[LQJ�ZLWK� WKH�

DQLRQLF� JURXSV� LQ� WKH� QHWZRUN��ZKLFK� OHDGV� WR� DQ� LQFUHDVH� RI� WKH� HIIHFWLYH� FURVVOLQNLQJ� GHQVLW\� DQG�

VKULQNDJH�RI�WKH�6$3�QHWZRUN�>����������@��$V�D�UHVXOW��DGGLWLRQDO�XSWDNH�RI�WKH�VROXWLRQ�LV�EORFNHG�DQG�

VZHOOLQJ�LV�UHGXFHG��7KLV�LV�WKH�UHDVRQ�ZK\�WKH�KLJKHU�WKH�PRODU�UDWLR�RI�$$�$1D�LQ�WKH�QHWZRUN��WKH�

PRUH�WKH�6$3�UHOHDVH�ZDWHU��)RU�WKH�VDPH�UHDVRQ��]ZLWWHULRQLF�6$3�DQG�$0�EDVHG�6$3�VKRZHG�OHVV�RU�

HYHQ�QR�IOXLG�UHOHDVH�� �

7KH�DEVRUSWLRQ�RI�WKH�DQLRQLF�6$3��$����$����$���DQG�$��B���ZDV�PXFK�ORZHU�LQ�WKH�FHPHQW�ILOWUDWH�

�VHH�)LJ�����WKDQ�LQ�GHLRQL]HG�ZDWHU��VHH�)LJ������7KH�UHDVRQ�LV�D�JHQHUDO�VFUHHQLQJ�RI�WKH�FKDUJHV�RI�WKH�

6$3�DQG�UHGXFWLRQ�RI�WKH�RVPRWLF�SUHVVXUH�WKDW�FDXVHV�VZHOOLQJ�E\�WKH�GLVVROYHG�LRQV��,Q�DGGLWLRQ��WKH�

SUHVHQFH�RI�WKH�GLYDOHQW�&D���LRQV�LQ�FHPHQW�ILOWUDWH�IXQGDPHQWDOO\�FKDQJHV�WKH�DEVRUSWLRQ�EHKDYLRXU�RI�

DQLRQLF�6$3�>��@��7KH�FDUER[\OLF�JURXS�RI�WKH�SRO\PHU�FRPSOH[HV�WKH�&D���LRQV�LQ�D�VWDEOH�ZD\�DQG�WKH�

HIILFLHQW� DQLRQLF� FKDUJH�GHQVLW\� LQVLGH� WKH�6$3�GLPLQLVKHV� >���� ��@��7KH�QRZ�DSSDUHQWO\�XQFKDUJHG�

SRO\PHU�FKDLQV�H[SHULHQFH�D�FRQVLGHUDEO\�ORZHU�RVPRWLF�SUHVVXUH�WKDQ�XQFRPSOH[HG�FKDLQV�DQG�DV�D�

FRQVHTXHQFH�WKH�DEVRUSWLRQ�FDSDFLW\�LV�WUHPHQGRXVO\�GLPLQLVKHG��7KLV�HIIHFW�RI�&D���FRPSOH[DWLRQ�LV�

VWURQJO\�SURQRXQFHG�LQ�6$3�ZLWK�KLJK�DQLRQLFLW\��)RU�H[DPSOH��ZLWK�WKH�VDPH�FURVVOLQNLQJ�GHQVLW\��WKH�

DEVRUSWLRQ�DW����K�LV�GHFUHDVHG�E\�DOPRVW������LQ�FHPHQW�ILOWUDWH�FRPSDUHG�WR�GHLRQL]HG�ZDWHU�IRU�6$3�

$���DQG�E\�DOPRVW�����IRU�6$3�$����)LJ����DQG�)LJ����VKRZ�WKDW��RQ�WKH�FRQWUDU\��FHPHQW�ILOWUDWH�KDV�

D�OLPLWHG�LQIOXHQFH�RQ�WKH�DEVRUSWLRQ�RI�]ZLWWHULRQLF�6$3��ZKLFK�GHFUHDVHV�RQO\�E\�����FRPSDUHG�WR�

GHLRQL]HG�ZDWHU��7KLV�UHGXFWLRQ�RI�DEVRUSWLRQ�FDQ�EH�H[SODLQHG�E\�WKH�GHFUHDVH�RI�WKH�RVPRWLF�SUHVVXUH��



2Q�WKH�RWKHU�KDQG��XQOLNH�LQ�WKH�DQLRQLF�6$3��LQ�]ZLWWHULRQLF�6$3�WKH�JHQHUDO�VFUHHQLQJ�FKDUJHV�E\�WKH�

GLVVROYHG�LRQV�LQ�WKH�FHPHQW�ILOWUDWH�FDXVH�DQ�RSSRVLWH�HIIHFW�>������@��OHDGLQJ�WR�OHVV�GUDPDWLF�UHGXFWLRQ�

LQ�DEVRUSWLRQ��7KH�VZHOOLQJ�FKDUDFWHULVWLFV�RI�6$3V�DOVR�GHSHQG�RQ�WKH�DWWUDFWLYH�DQG�UHSXOVLYH�IRUFHV�

EHWZHHQ�WKH�YDULRXV�FKDUJHG�UHSHDW�XQLWV�>��@��2Q�WKH�RQH�KDQG��WKH�DQLRQLF�DQG�FDWLRQLF�UHSHDW�XQLWV�RI�

6$3V�DWWUDFW�HDFK�RWKHU�DQG�SUHYHQW�WKH�QHWZRUN�IURP�H[SDQGLQJ��2Q�WKH�RWKHU�KDQG��WKH�UHSXOVLYH�IRUFHV�

EHWZHHQ�DQLRQLF DQLRQLF�DQG�FDWLRQLF FDWLRQLF�UHSHDW�XQLWV�FDXVH�WKH�QHWZRUN�WR�H[SDQG��7KH�VZHOOLQJ�

FKDUDFWHULVWLFV�RI�6$3V�DUH�GHWHUPLQHG�E\�WKH�QHW�FKDUJH�RQ�WKH�SRO\PHU�QHWZRUN�>��@��7KH�]ZLWWHULRQLF�

6$3�LQ�ZDWHU�KDV�H[WHQVLYH�LQWUD�DVVRFLDWLRQV��HLWKHU�LQWUD�FKDLQ�RU�LQWUD�JURXS�W\SH��>��@��7KHVH�LQWUD�

DVVRFLDWLRQV�ZLOO� OLPLW� WKH�VZHOOLQJ�RI� WKH�6$3��+RZHYHU�� WKH� LRQV�IURP�WKH�FHPHQW�ILOWUDWH�EUHDN�XS�

WKHVH�LRQLF�DVVRFLDWLRQV�EHWZHHQ�]ZLWWHULRQLF�PRQRPHUV�E\�VKLHOGLQJ�WKH�SRVLWLYH�DQG�QHJDWLYH�FKDUJHV��

OHDGLQJ�WR�WKH�VZHOOLQJ�HQKDQFHPHQW�>���������@�7KH�HTXLOLEULXP�VZHOOLQJ�FDSDFLW\�RI�WKH�]ZLWWHULRQLF�

6$3V�LQFUHDVHG�DV�WKH�UDWLR�RI�DQLRQLF�WR�FDWLRQLF�UHSHDW�XQLWV�GHYLDWHG�IURP�XQLW\�>��@��,Q�WKLV�VWXG\��

]ZLWWHULRQLF� 6$3� KDV� D� KLJKHU� PRODU� UDWLR� RI� $$� PRQRPHU� �DQLRQLF� PRQRPHU�� FRPSDUHG� WR� WKH�

0$37$&�PRQRPHU��FDWLRQLF�PRQRPHU��� �

)RU�WKH�$0�EDVHG�6$3�VDPSOHV��WKH�DEVRUSWLYLW\�ZDV�HYHQ�KLJKHU�LQ�FHPHQW�ILOWUDWH�WKDQ�LQ�GHLRQL]HG�

ZDWHU��WKH�DEVRUSWLYLW\�LV��������������J�J�LQ�GHLRQL]HG�ZDWHU�DQG��������������J�J�LQ�FHPHQW�ILOWUDWH�IRU�

6$3�1���7KH�$0�EDVHG�6$3�FRQWDLQ�DPLGH�JURXSV��ZKLFK�FDQ�EH�K\GURO\]HG�WR�IRUP�FDUER[\OLF�DFLG�

ZLWK�K\GURJHQ�WKDW�FDQ�EH�GHSURWRQDWHG�DW�KLJK�S+��DERYH������PDNLQJ�WKH�SRO\PHU�FKDLQV�UHVSRQVLYH�

WR�FKDQJHV�LQ�S+�RU�HYHQ�WR�WKH�W\SH�RI�LRQV�SUHVHQW�DQG�WKHLU�FRQFHQWUDWLRQV�>������@��

,QFUHDVLQJ� WKH� FURVVOLQNLQJ�GHQVLW\�ZLOO� DOVR� OHDG� WR� GHFUHDVHG� DEVRUSWLRQ�RI� DOO� 6$3� VDPSOHV�ZKHQ�

LPPHUVHG�LQ�FHPHQW�ILOWUDWH��GXH�WR�WKH�LQFUHDVHG�EXON�PRGXOXV��)RU�6$3�ZLWK�WKH�VDPH�DQLRQLF�PRODU�

UDWLR� PRQRPHU� EXW� GLIIHUHQW� FURVVOLQNLQJ� GHQVLW\�� WKH� DEVRUSWLRQ� RI� 6$3� DOVR� VKRZV� D� VLJQLILFDQW�

GHFUHDVH� LQ�FHPHQW� ILOWUDWH�FRPSDUHG�ZLWK� WKH�DEVRUSWLRQ� LQ�GHLRQL]HG�ZDWHU� �VHH�)LJ����DQG�)LJ������

+RZHYHU��WKLV�GHFUHDVH�LV�PRUH�OLPLWHG�IRU�6$3�ZLWK�KLJKHU�FURVVOLQNLQJ�GHQVLW\��)RU�H[DPSOH��WKH����K�

DEVRUSWLYLW\�LV�GHFUHDVHG�E\�DOPRVW�����LQ�FHPHQW�ILOWUDWH�IRU�6$3�$���DQG�E\�����LQ�6$3�$��B���

7KH�SUREDEOH�FDXVH�RI�WKLV�EHKDYLRU�LV�WKDW�WKH�SK\VLFDO�FRQILQHPHQW�LPSRVHG�E\�WKH�FKHPLFDO�FURVVOLQNV�

GRPLQDWHV�WKH�VZHOOLQJ�UHVSRQVH�RI�WKH�6$3�SDUWLFOHV�FRPSDUHG�WR�HOHFWURVWDWLF�EDVHG�FRQILQHPHQW��7KH�



ILQDO�DEVRUSWLRQ�DW����K�LQ�FHPHQW�ILOWUDWH�IRU�6$3�FRQWDLQLQJ�GLIIHUHQW�FURVVOLQNLQJ�GHQVLWLHV�DQG�$$�

JURXS�FRQFHQWUDWLRQV�LV�UHSRUWHG�LQ�7DEOH����

7DEOH����)LQDO�DEVRUSWLRQ�DW��� K�LQ�GHLRQL]HG�ZDWHU�

6DPSOH� $EVRUSWLRQ��J�J��

6$3�1� �������������

6$3�$��� ���������������

6$3�$��� ���������������

6$3�$��� ��������������

6$3�=� �������������

6$3�1B�� �������������

6$3�$��B�� �������������

6$3�=B�� �������������

7DEOH����3HDN�DEVRUSWLRQ��DEVRUSWLRQ�DW��� PLQ�DQG�DW��� K�LQ�FHPHQW�ILOWUDWH�

6DPSOH�
$EVRUSWLRQ��J�J��

SHDN� �� PLQ� �� K�

6$3�1� �� ������������� �������������

6$3�$��� ������������� ������������� �������������

6$3�$��� ������������� ������������� �������������

6$3�$��� ������������� ������������� ������������

6$3�=� ������������� ������������� �������������

6$3�1B�� �� ������������� �������������

6$3�$��B�� ������������� ������������� �������������

6$3�=B�� ������������� ������������� �������������



)LJ�����$EVRUSWLRQ�RI�6$3�LQ�FHPHQW�ILOWUDWH��

��� (IIHFWV�RI�6$3�RQ�WKH�NLQHWLFV�RI�FHPHQW�K\GUDWLRQ�

7KH�K\GUDWLRQ�NLQHWLFV�RI�FHPHQW�SDVWHV�ZLWK�DQG�ZLWKRXW�GLIIHUHQW�6$3�W\SHV�ZHUH�LQYHVWLJDWHG�E\�XVLQJ�

LVRWKHUPDO�FDORULPHWU\��VHH�)LJ���DQG�)LJ������$V�FDQ�EH�VHHQ�IURP�WKH�FRPSDULVRQ�RI�5�DQG�5��LQ�)LJ��

���D�GRUPDQW�SHULRG�RI�����K�LV�IROORZHG�E\�D�PDLQ�KHDW�UDWH�SHDN�DW�HLWKHU����RU����K��UHVSHFWLYHO\��)RU�

WKH� SDVWHV� ZLWKRXW� 6$3�� WKH� GRUPDQW� SHULRG� DQG� WKH� PDLQ� KHDW� UHOHDVH� SHDN� DUH� GHOD\HG� DV� Z�F� LV�

LQFUHDVHG��7KH�KHLJKW�RI�WKH�PDLQ�SHDNV�VOLJKWO\�UHGXFHV�ZLWK�KLJKHU�Z�F��ZKLOH�WKH�FXPXODWLYH�KHDW�RI�

K\GUDWLRQ�LQFUHDVHV�ZLWK�Z�F��7KH�UHVXOWV�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�UHVXOWV�UHSRUWHG�LQ�SUHYLRXV�

VWXGLHV�>������@�� �

7KH�PDLQ� SHDNV� RI� SDVWHV�ZLWK�6$3� �VHH�)LJ�� �D� DQG�)LJ�� �D�� DUH� VOLJKWO\� ORZHU� DQG� DSSHDU� HDUOLHU�

FRPSDUHG�WR�5��ZLWK�WKH�VDPH�WRWDO�Z�F��7KLV�ILQGLQJ�FDQ�EH�H[SODLQHG�E\�WKH�GHVRUSWLRQ�NLQHWLFV�RI�

6$3��7KH�HQWUDLQHG�ZDWHU�LQWURGXFHG�E\�6$3�LV�WKHQ�JUDGXDOO\�UHOHDVHG�DV�SRUHV�LQ�FHPHQW�SDVWH�DUH�

HPSWLHG�E\�FKHPLFDO�VKULQNDJH�DQG�FDSLOODU\�IRUFHV�EXLOG�XS�>����������@��7KH�DONDOL�PHWDO�LRQV��.��DQG�

1D���WKDW�FRPH�LQWR�VROXWLRQ�DIWHU�WKH�ILUVW�PLQXWHV��ZKHQ�WKH�6$3�DUH�DOUHDG\�VZROOHQ��ZRXOG�LQFUHDVH�

WKH�FRQFHQWUDWLRQ�LQ�WKH�SRUH�VROXWLRQ�>������@��7KHUHIRUH��WKH�SDVWHV�ZLWK�6$3�VKRZ�HDUOLHU�PDLQ�SHDNV�

FRPSDUHG�WR�WKH�UHIHUHQFH�SDVWH�5��ZLWK�WKH�VDPH�WRWDO�Z�F��2Q�WKH�RWKHU�KDQG��WKH�PDLQ�SHDNV�RI�SDVWHV�



ZLWK�6$3�DUH�GHOD\HG�FRPSDUHG�WR�WKH�UHIHUHQFH�SDVWH�5��2QH�SRVVLELOLW\�LV�WKDW�VRPH�DONDOL�LRQV�ZHUH�

OLNHO\� WDNHQ� XS� E\� WKH� 6$3� LQLWLDOO\� >���� ��@�� 7KXV�� WKH� LQLWLDO� DONDOL� LRQV� FRQFHQWUDWLRQ� LQ� WKH� SRUH�

VROXWLRQ�ZDV�GLOXWHG�DQG�WKH�PDLQ�K\GUDWLRQ�SHDN�ZDV�UHWDUGHG��,W�LV�QRWLFHG�WKDW�WKLV�UHWDUGDWLRQ�LV�ORZHU�

WKDQ�WKH�UHWDUGDWLRQ�REVHUYHG�ZKHQ�WKH�Z�F�LV�LQFUHDVHG�>��@��

,W�FDQ�DOVR�EH�VHHQ�IURP�)LJ���D�DQG��D�WKDW�WKH�PDLQ�K\GUDWLRQ�SHDN�RI�$0�EDVHG�DQG�]ZLWWHULRQLF�6$3�

DSSHDU�VOLJKWO\�HDUOLHU�WKDQ�WKDW�RI�DQLRQLF�6$3��2QH�SRVVLEOH�UHDVRQ�LV�WKDW�WKH�FDUER[\OLF�JURXSV�RI�

DQLRQLF�6$3�FRPSOH[HV�WKH�&D���LRQV�LQ�D�VWDEOH�ZD\�GXH�WR�KLJK�$$��ZKLFK�PDNHV�DQLRQLF�6$3�KDYH�

VWURQJHU� DONDOL� LRQV� DEVRUSWLRQ�� 7KH� GLOXWLRQ� RI� LQLWLDO� DONDOL� LRQV� FRQFHQWUDWLRQ� LV�PRUH� REYLRXV� IRU�

DQLRQLF�6$3��$QRWKHU�SRVVLEOH�UHDVRQ�LV�WKDW�WKH�IDVW�OLTXLG�UHOHDVH�DIWHU�LQLWLDO�DEVRUSWLRQ�RI�DQLRQLF�

6$3�DOVR�FRQWULEXWHV�WR�WKH�GLOXWLRQ�RI�WKH�SRUH�VROXWLRQ��7KHUHIRUH��WKH�PDLQ�FHPHQW�K\GUDWLRQ�SHDNV�

ZLWK�$0�EDVHG�DQG�]ZLWWHULRQLF�6$3�DSSHDU�VOLJKWO\�HDUOLHU�FRPSDUHG�WR�DQLRQLF�6$3��

)LJ���E�DQG�)LJ���E�VKRZ�WKDW�DOO�SDVWHV�FRQWDLQLQJ�6$3�UHDFK�KLJKHU�FXPXODWLYH�K\GUDWLRQ�KHDW�YDOXHV�

WKDQ�WKH�UHIHUHQFH�SDVWH�5��7KH�FXPXODWLYH�KHDW�RI�K\GUDWLRQ�RI�SDVWHV�ZLWK�6$3�H[FHHGV�WKDW�RI�WKH�

UHIHUHQFH�SDVWH�5�DIWHU�DERXW����K��7KLV�LV�LQ�JRRG�DJUHHPHQW�ZLWK�D�SUHYLRXV�VWXG\�>��@��7KH�K\GUDWLRQ�

KHDW�YDOXHV�RI�SDVWHV�ZLWK�DQLRQLF�6$3�VKRZ�QR�REYLRXV�GLIIHUHQFH�ZLWK�WKH�UHIHUHQFH�SDVWH�5��ZLWK�WKH�

VDPH�Z�F�GXULQJ���GD\V��7KH�K\GUDWLRQ�KHDW�YDOXHV�RI�SDVWHV�ZLWK�$0�EDVHG�DQG�]ZLWWHULRQLF�6$3�DOVR�

VKRZ�QR�REYLRXV�GLIIHUHQFH�ZLWK� WKH�UHIHUHQFH�SDVWH�5��ZLWK� WKH�VDPH�Z�F�GXULQJ�WKH�ILUVW����K�DQG�

VOLJKWO\� ORZHU�YDOXHV�DIWHU���GD\V��7KH�VWDEOH�DEVRUSWLRQ�RI�$0�EDVHG�DQG�]ZLWWHULRQLF�6$3�LQ�SRUH�

VROXWLRQ�PD\�EH�WKH�FDXVH�RI�WKLV�VPDOO�GLIIHUHQFH��
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)LJ�����(IIHFWV�RI�DQLRQLF�6$3�RQ�FHPHQW�K\GUDWLRQ�NLQHWLFV���D��K\GUDWLRQ�KHDW�UHOHDVH�UDWH��XQWLO�

���K����E��FXPXODWLYH�KHDW��XQWLO����K��



�D��

�E��

)LJ�����(IIHFWV�RI�$0�EDVHG��6$3�1��DQG�]ZLWWHULRQLF��6$3�=��6$3�RQ�K\GUDWLRQ�NLQHWLFV���D��

K\GUDWLRQ�KHDW�UHOHDVH�UDWH��XQWLO����K����E��FXPXODWLYH�KHDW��XQWLO����K��



��� $XWRJHQRXV�GHIRUPDWLRQ�

)LJ�������VKRZV�WKH�OLQHDU�VWUDLQ�RI�FHPHQW�SDVWHV�ZLWK�6$3�RI�GLIIHUHQW�FKHPLFDO�VWUXFWXUH��7KH�VWUDLQ�

ZDV�]HURHG�DW�WKH�WLPH�LQVWDQW�ZKHQ�WKH�VFDWWHU�RI�WKH�GHIRUPDWLRQ�UDWHV�RI�GXSOLFDWH�VDPSOHV�UHDFKHG�D�

FRQVWDQW��ORZ�OHYHO�>��@��(DFK�FXUYH�VKRZV�WKH�DYHUDJH�RI�WZR�PHDVXUHPHQWV��

7KH�UHIHUHQFH�PL[WXUHV�5�DQG�5��FRQWLQXHG�WR�VKULQN�VLJQLILFDQWO\�RYHU�WLPH��VHH�)LJ������$V�H[SHFWHG��

PL[WXUH� 5� ZLWK� ORZHU� Z�F� VKRZV� KLJKHU� DXWRJHQRXV� VKULQNDJH�� :KHQ� FRPSDUHG� WR� WKH� 6$3�IUHH�

UHIHUHQFH�SDVWH�5�DQG�5���DGGLQJ�DQ\�W\SH�RI�6$3�UHGXFHG�WKH�DXWRJHQRXV�VKULQNDJH��7KLV� LV�ZRUWK�

QRWLQJ� FRQVLGHULQJ� WKDW� DOO� PL[WXUHV� ZLWK� 6$3� KDG� WKH� VDPH� WRWDO� Z�F� �������� DV� WKH� SDVWH� 5��� $V�

REVHUYHG�SUHYLRXVO\�>��@��LQ�WKLV�Z�F�UDQJH�DXWRJHQRXV�VKULQNDJH�ZDV�QRW�HOLPLQDWHG�E\�MXVW�LQFUHDVLQJ�

IUHH�ZDWHU��FRUUHVSRQGLQJ�WR�D�GLIIHUHQFH�LQ�Z�F�EHWZHHQ�5�DQG�5���IURP�������WR���������LW�ZDV�RQO\�

VOLJKWO\�UHGXFHG��

)LJ����VKRZV�WKDW�DQLRQLF�6$3�ZHUH�DEOH�WR�LQGXFH�UDSLG�H[SDQVLRQ�GXULQJ�WKH�ILUVW�GD\�DQG�FRQWLQXRXV��

VORZ�H[SDQVLRQ�DIWHU�WKDW��$FFRUGLQJ�WR�.UDIFLN�DQG�(UN�>��@��LI�WKH�6$3�EHJLQ�UHOHDVLQJ�WKH�DEVRUEHG�

SRUH�VROXWLRQ�IOXLG�DURXQG�LQLWLDO�VHW��WKH�IOXLG�ZLOO�ILOO�WKH�FDSLOODU\�SRUHV�QH[W�WR�WKH�6$3��IURP�ZKLFK�

LW�LV�WUDQVSRUWHG�IXUWKHU�LQWR�WKH�VWLOO�KLJKO\�SHUPHDEOH�PDWUL[��7KLV�PHFKDQLVP�RI�ZDWHU�UHGLVWULEXWLRQ�

IURP�WKH�6$3�KDG�EHHQ�DOUHDG\�SURSRVHG�E\�:\U]\NRZVNL�HW�DO��>��@��2Q�WKH�FRQWUDU\��DFFRUGLQJ�WR�

6FKU|IO�HW�DO��>��@�6$3�ZLWK�KLJK�$$�DQG�IDVW�IOXLG�UHOHDVH�DUH�RQO\�HIILFLHQW�DV�LQWHUQDO�FXULQJ�DJHQWV�DW�

YHU\�HDUO\�DJH��XQWLO�DOO�WKH�IOXLG�LV�UHOHDVHG��,Q�WKH�SUHVHQW�VWXG\��6$3�ZLWK�KLJK�$$�PRODU�UDWLR�OHG�WR�

IDVW� IOXLG� UHOHDVH� LQ� SRUH� VROXWLRQ�� EXW� DOVR� VKRZHG� H[FHOOHQW� LQWHUQDO� FXULQJ� SHUIRUPDQFH��2XU� QHZ�

UHVXOWV� DJUHH� ZLWK� >��@� DQG�PD\� FRQILUP� WKH�PHFKDQLVP� RI� IOXLG� UHOHDVH� DQG� UHGLVWULEXWLRQ� DOUHDG\�

SURSRVHG�LQ�>��@��

)LJ����VKRZV�WKH�DXWRJHQRXV�GHIRUPDWLRQ�RI�SDVWHV�ZLWK�$0�EDVHG�DQG�]ZLWWHULRQLF�6$3��%RWK�$0�

EDVHG�DQG�]ZLWWHULRQLF�6$3�VKRZ�VWDEOH�VWRUDJH��L�H��QR�UHOHDVH�RI�WKH�DEVRUEHG�VROXWLRQ��LQ�FHPHQW�SRUH�

VROXWLRQ��VHH�)LJ������7KH�DGGLWLRQ�RI�ERWK�6$3�W\SHV�DOVR�UHGXFHG�DXWRJHQRXV�VKULQNDJH�VLJQLILFDQWO\�

FRPSDUHG�WR�WKH�UHIHUHQFH�SDVWHV��7KH�SDVWH�ZLWK�6$3�=�H[KLELWHG�LQWHQVH�H[SDQVLRQ�GXULQJ�WKH�ILUVW�GD\�



DQG�VOLJKW�H[SDQVLRQ�ODWHU��ZKLOH�WKH�SDVWH�ZLWK�6$3�1�H[KLELWHG�VPDOOHU�H[SDQVLRQ�GXULQJ�WKH�ILUVW�GD\�

DQG�VORZ�VKULQNDJH�ODWHU�RQ� )UHH�GHVRUSWLRQ�RI�SRUH�VROXWLRQ�E\�6$3�LV�DSSDUHQWO\�VXIILFLHQW�WR�HOLPLQDWH�

VKULQNDJH�DQG�LQGXFH�H[SDQVLRQ�DOUHDG\�LQ�WKH�ILUVW�KRXUV�DIWHU�ILQDO�VHW��$PRQJ�WKH�DEVRUSWLRQ�RI�6$3�

H[DPLQHG�LQ�FHPHQW�ILOWUDWH�LQ�WKLV�VWXG\��WKH�VHTXHQFH�RI�DEVRUSWLRQ�EHIRUH����PLQ�ZDV�$���!�$���!�

$���!�=�!�1��VHH�)LJ������7KLV�RUGHU�LV�DOPRVW�WKH�VDPH�DV�WKH�LQLWLDO�H[SDQVLRQ�RI�SDVWH�FRQWDLQLQJ�6$3��

ZLWK�WKH�RQO\�H[FHSWLRQ�RI�6$3�=��,W�LV�ZRUWK�QRWLQJ�WKDW�DOO�PL[WXUHV�ZLWK�6$3�KDYH�WKH�VDPH�DPRXQW�

RI�HQWUDLQHG�ZDWHU��ZKLFK�PHDQV�WKDW�WKH�GRVDJH�RI�GLIIHUHQW�6$3�W\SHV�LV�GLIIHUHQW��:KHUHDV�WKH�GRVDJH�

RI�6$3�ZLWK�KLJK�DEVRUSWLRQ�DW����PLQ�LV�ORZHU�WKDQ�WKDW�RI�6$3�ZLWK�ORZ�DEVRUSWLRQ��WKH�6$3�ZLWK�

KLJKHU� DEVRUSWLRQ� VKRZ� EHWWHU� LQWHUQDO� FXULQJ� SHUIRUPDQFH�� *RRG� LQWHUQDO� FXULQJ� SHUIRUPDQFH� LV�

FKDUDFWHUL]HG�E\�VWHDG\��PRGHUDWH�H[SDQVLRQ�WKDW�GRHV�QRW�WXUQ�LQWR�VKULQNDJH�LQ�WKH�SHULRG�RI�WHVWLQJ��

$V�WKH�LQLWLDO�SDUWLFOH�VL]H�GLVWULEXWLRQV�LQ�WKH�GU\�VWDWH�RI�DOO�6$3�W\SHV�DUH�YHU\�VLPLODU��LW�DSSHDUV�WKDW�

ODUJHU� LQWHUQDO�FXULQJ� UHVHUYRLUV� LQWURGXFHG�E\�6$3�ZLWK�KLJK�DEVRUSWLRQ�GHPRQVWUDWH�EHWWHU� LQWHUQDO�

FXULQJ�SHUIRUPDQFH��WKLV�ZDV�DOUHDG\�REVHUYHG�LQ�>��@��ZKHUH�WKH�VDPH�6$3�W\SH�ZLWK�GLIIHUHQW�VL]HV�

ZDV� H[DPLQHG��� 7KH� FURVVOLQNLQJ� GHQVLW\� RI� WKH� 6$3� DOVR� LPSDFWHG� WKH� DXWRJHQRXV� GHIRUPDWLRQ� RI�

FHPHQW�SDVWHV��VHH�)LJ�������&RPSDULQJ�$���DQG�=��WKH�LQWHUQDO�FXULQJ�SHUIRUPDQFH�RI�$��B��DQG�=B��

ZDV� ZRUVHQHG� ZKHQ� WKH� FURVVOLQNLQJ� GHQVLW\� LQFUHDVHG�� 2Q� WKH� FRQWUDU\�� QR� VLJQLILFDQW� GLIIHUHQFH�

EHWZHHQ�1�DQG�1B��ZDV�REVHUYHG��7KH�UHDVRQ�PD\�DOVR�EH�FDXVHG�E\�WKH�UHVHUYRLU�VL]H�LQWURGXFHG�E\�

6$3��7KH�DEVRUSWLRQ�RI�$���DQG�=�GHFUHDVH�ZLWK�LQFUHDVLQJ�FURVVOLQNLQJ�GHQVLW\��EXW�WKH�DEVRUSWLRQ�RI�

1�DQG�1B��ZDV�VLPLODU��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�REWDLQHG�DERYH�� �

7KH�RULJLQ�RI�WKH�RIWHQ�REVHUYHG�HDUO\�DJH�H[SDQVLRQ�LQ�FHPHQWLWLRXV�PDWHULDOV�ZLWK�LQWHUQDO�FXULQJ�PD\�

EH�FDXVHG�E\�FU\VWDOOL]DWLRQ�SUHVVXUH�RI�K\GUDWLRQ�SURGXFWV��)RU�WKH�FDVH�RI�6$3��LW�LV�SRVVLEOH�WKDW�WKH�

PRGLILFDWLRQ�RI�SRUWODQGLWH�IRUPDWLRQ�PD\�SOD\�D�GHFLVLYH�UROH�LQ�HDUO\�DJH�H[SDQVLRQ��ZKLOH�HWWULQJLWH�

SUHFLSLWDWLRQ�PLJKW�DOVR�FRQWULEXWH�>������@��7KH�SKHQRPHQRQ�RI�HDUO\�DJH�H[SDQVLRQ�ZDV�SUHYLRXVO\�

UHSRUWHG�DQG�GLVFXVVHG�E\�6DQW�HW�DO��DQG�=XR�HW�DO��>������@��$OWKRXJK�QR�6$3�ZDV�XVHG�LQ�WKRVH�VWXGLHV��

SRUWODQGLWH�IRUPDWLRQ�ZDV�GLVFXVVHG�DV�WKH�PDLQ�UHDVRQ�IRU�WKH�HDUO\�DJH�H[SDQVLRQV�REVHUYHG��7KH�SRUH�

VROXWLRQ�VDWXUDWLRQ� OHYHO�KDV�EHHQ� UHODWHG� WR� WKH� VL]H�RI�FU\VWDOV�DQG� WKH�PDJQLWXGH�RI�FU\VWDOOL]DWLRQ�

VWUHVVHV��&RQVLGHULQJ�WKDW�SRUH�IOXLG�DEVRUSWLRQ�E\�WKH�6$3�OLNHO\�LQFUHDVHV�WKH�VDWXUDWLRQ�OHYHO��WKLV�PD\�

FRQWULEXWH�WR�WKH�H[SDQVLRQ�RI�SDVWHV�ZLWK�6$3��



)LJ�����$XWRJHQRXV�GHIRUPDWLRQ�RI�SDVWHV�ZLWK�DQLRQLF�6$3��7KH�HUURU�EDUV�UHSUHVHQW�WKH�VWDQGDUG�

GHYLDWLRQ��VKRZQ�RQO\�DW�FKRVHQ�WLPH�SRLQWV���

)LJ�����$XWRJHQRXV�GHIRUPDWLRQ�RI�SDVWHV�ZLWK�$0�EDVHG�DQG�]ZLWWHULRQLF�6$3��7KH�HUURU�EDUV�

UHSUHVHQW�WKH�VWDQGDUG�GHYLDWLRQ��VKRZQ�RQO\�DW�FKRVHQ�WLPH�SRLQWV���
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)LJ������$XWRJHQRXV�GHIRUPDWLRQ�RI�SDVWHV�ZLWK�GLIIHUHQW�FURVVOLQNLQJ�GHQVLW\���D��DQLRQLF�6$3���E��

]ZLWWHULRQLF�6$3���F��$0�EDVHG�6$3��7KH�HUURU�EDUV�UHSUHVHQW�WKH�VWDQGDUG�GHYLDWLRQ��VKRZQ�RQO\�DW�

FKRVHQ�WLPH�SRLQWV���

��� (IIHFW�RI�6$3�RQ�WKH�FRPSUHVVLYH�VWUHQJWK�RI�FHPHQW�SDVWH�

)LJ�����VKRZV�WKH�FRPSUHVVLYH�VWUHQJWK�RI�FHPHQW�SDVWHV�ZLWK�RU�ZLWKRXW�6$3�DV�D�IXQFWLRQ�RI�DJH��7KH�

EDVLF�Z�F�LV��������ZKLOH�WKH�ZH�F�LV�������IRU�DOO�SDVWHV�ZLWK�LQWHUQDO�FXULQJ��$V�H[SHFWHG��WKH�UHIHUHQFH�

SDVWH�5�ZLWK�Z�F ������VKRZHG�KLJKHU�VWUHQJWK�WKDQ�5��ZLWK�Z�F ������DQG�WKH�FRPSUHVVLYH�VWUHQJWK�

RI� DOO� SDVWHV� LQFUHDVHG� ZLWK� DJH�� $FFRUGLQJ� WR� SUHYLRXV� VWXGLHV�� WKH� HIIHFW� RI� 6$3� DGGLWLRQ� RQ� WKH�

FRPSUHVVLYH�VWUHQJWK�RI�FRQFUHWH�FRXOG�EH�D�FRXQWHUEDODQFHG�UHVXOW�RI�VHYHUDO�IDFWRUV�>������@��2Q�WKH�

RQH� KDQG�� WKH� ODUJH� YRLGV� LQWURGXFHG� E\� 6$3� DIWHU� UHOHDVLQJ� ZDWHU� PD\� LQ� JHQHUDO� KDYH� QHJDWLYH�

LQIOXHQFH�RQ�WKH�FRPSUHVVLYH�VWUHQJWK�>��@�� ,Q� WKLV�UHJDUG�� WKH�VL]H�RI� WKH�6$3�YRLGV�DQG�SRUWODQGLWH�

SUHFLSLWDWLRQ�LQWR�WKH�YRLGV�PD\�SOD\�D�UROH��2Q�WKH�RWKHU�KDQG��FHPHQW�K\GUDWLRQ�PD\�EH�HQKDQFHG�E\�
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