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3RO\PRGDO�QDQRSRURVLW\�RI�VLOLFD�PDWHULDOV�KDV�EHHQ�VWXGLHG�E\�WZR�QHZ�PHWKRGV��7KH�ILUVW�PHWKRG�RI�

GLIIXVLRQ�GLDJQRVWLFV�LV�EDVHG�RQ�WKH�KLJK�VHQVLWLYH�PDVV�VSHFWUDO�UHJLVWUDWLRQ�RI�NLQHWLFV�RI�JDV�GHVRUSWLRQ�

IURP�SRUHV� LQWR� KLJK� YDFXXP��7KH� VHFRQG�PHWKRG� UHVLGHV� LQ� WKH� DQDO\VLV� RI� HTXLOLEULXP�GHVRUSWLRQ� DQG�

DGVRUSWLRQ�LVRWKHUPV�DW�ORZ�SDUWLDO�SUHVVXUHV��7KH�FRPSXWHU�ILWWLQJ�RI�HTXLOLEULXP�LVRWKHUPV�DQG�GLIIXVLRQ�

NLQHWLFV�RI�QLWURJHQ��R[\JHQ�DQG�DUJRQ�GHVRUSWLRQ�DW������.�KDV� UHYHDOHG�WKH�DYDLODELOLW\�RI�PLFURSRURXV�

VXEVWUXFWXUH�LQ�PHVRSRURXV�DPRUSKRXV�VLOLFDV�DQG�SRURXV�JODVVHV��7ULPRGDO�QDQRSRURXV�VWUXFWXUH�RI�VLOLFDV�

DQG�SRURXV�JODVVHV�FRQVLVWV�HVVHQWLDOO\�RI�WUDQVSRUWLQJ�PHVRSRUHV�ZLWK�PHDQ�GLDPHWHU�IURP���WR����QP�DQG�
WZR� NLQGV� RI� DGVRUELQJ� PLFURSRUHV� ZLWK� GLDPHWHU� �������� DQG� �������� QP� ZKDW� FRUUHVSRQGV� �� DQG� ��

GLDPHWHUV� RI� JDV� PROHFXOHV�� 7KH� PRUSKRORJ\� RI� SRUHV� LQ� SRURXV� JODVVHV� GHSHQGV� RQ� PHWKRG� RI� JODVV�

SURGXFLQJ� E\� OHDFKLQJ� RI� DONDOL� ERURVLOLFDWH� JODVVHV�� *DV� DGVRUSWLRQ� LQ� PLFURSRUHV� KDV� D� FKDUDFWHU� RI�

YROXPH� ILOOLQJ�� 0LFURSRUH� YROXPH� LQ� SRURXV� JODVVHV� LV� HTXDO� WR� ����� IURP� WRWDO� SRUH� YROXPH�� )RU�

DPRUSKRXV�VLOLFDV�WKH�YROXPH�RI�PLFURSRUHV�GHSHQGV�RQ�PHWKRG�RI�V\QWKHVLV�DQG�RQ�WKH�VL]H�RI�JOREXOHV��

*DV�GLIIXVLRQ�LQ�PHVRSRUHV�LV�PDLQO\�.QXGVHQ�GLIIXVLRQ�DOWKRXJK�WKH�HIIHFWLYH�GLIIXVLRQ�FRHIILFLHQW�LV�WKH�
FRPSOLFDWHG�IXQFWLRQ�RI�.QXGVHQ�GLIIXVLRQ�FRHIILFLHQW��VXUIDFH�GLIIXVLRQ�FRHIILFLHQW�DQG�+HQU\¶V�DGVRUSWLRQ�

FRQVWDQW��7KH�PHFKDQLVP�RI�GLIIXVLRQ�LQ�PLFURSRUHV�LV�VXUIDFH�GLIIXVLRQ�RQH��7KH�SHUVSHFWLYH�GLUHFWLRQ�RI�

XVLQJ�WKH�GLIIXVLRQ�PHWKRG�IRU�SRUH�PRUSKRORJ\�GLDJQRVWLFV�LV�LWV�DSSOLFDWLRQ�IRU�UHVHDUFKLQJ�WKH�V\VWHPV�

ZLWK�VPDOO�SRUH�YROXPH��QDQRSRURXV�FRDWLQJV��ILOPV�DQG�VXUIDFH�GHIHFWLYH�OD\HUV�RQ�RSWLFDO�PDWHULDOV��

,QWURGXFWLRQ�

$FFRUGLQJ�WR�WKH�,83$&�FODVVLILFDWLRQ���WKH�SRUHV�LQ�VROLGV�DUH�VXEGLYLGHG�LQWR�PDFUR��
�ZLWK�PHDQ�GLDPHWHU�ODUJHU�WKDQ����QP���PHVR����²���QP��DQG�PLFURSRUHV��OHVV�WKDQ���QP���
1DQRSRURVLW\� LV� XQGHUVWRRG� E\� XV� DV� WKH� SRUHV� RI� QDQR�VL]H� DQG� LQFOXGHV� PLFUR�� DQG�
PHVRSRUHV�� 0DFUR�� DQG� PHVRSRUHV� LQ� VROLG� EXON� DUH� VXFFHVVIXOO\� GLDJQRVHG� E\� PHUFXU\�
SHQHWUDWLRQ� DQG� FRPPRQ� DGVRUSWLRQ�PHWKRG� IURP� FDSLOODU\� FRQGHQVDWLRQ� UHJLRQ�ZLWK� WKH�
K\VWHUHVLV�ORRS�RQ�WKH�DGVRUSWLRQ�GHVRUSWLRQ�LVRWKHUPV��0LFURSRUHV�UHPDLQ�WHUUD�LQFRJQLWD��$W�
WKH�SUHVHQW� WLPH� WKH�TXDQWLWDWLYH�PHWKRGV� IRU� WKH� VLPXOWDQHRXV�GLDJQRVLQJ� WKH�PLFUR�� DQG�
PHVRSRUHV� LQ� QDQRSRURXV� V\VWHPV� DQG� IRU� GLDJQRVWLFV� RI� QDQRSRUHV� RI� VPDOO� YROXPH� DUH�
DEVHQW�� 7KH� DYDLODELOLW\� RI� PLFURSRUHV� DIIHFWV� PDQ\� DGVRUSWLYH�� DGKHVLYH�� PHFKDQLFDO� DQG�
FDSLOODU\�SURSHUWLHV�RI�VROLGV�EHFDXVH�RI�KLJK�DGVRUSWLYH�SRWHQWLDO�RI�PLFURSRUHV��3URGXFLQJ�
PLFURSRUHV�RQ�VXUIDFH�DQG� LQ� WKH�EXON�RI�JODVV� LV�SRVVLEOH�XQGHU�PHFKDQLFDO��FKHPLFDO�DQG�
KHDW�WUHDWPHQWV�DQG�XQGHU�WKH�DFWLRQ�RI�KLJK�HQHUJLHV��

1HZ�PHWKRG�IRU�PLFURSRURVLW\�UHVHDUFK�

'LIIXVLRQ�GLDJQRVWLFV��''�PHWKRG��

7KH�QHZ�PHWKRG�RI�GLIIXVLRQ�GLDJQRVWLFV� �''�PHWKRG��KDV�EHHQ�GHYHORSHG�IRU�VWXG\�
RI�SRO\PRGDO�QDQRSRURVLW\�RI�VLOLFD�PDWHULDOV��,W�LV�EDVHG�RQ�WKH�KLJK�VHQVLWLYH�PDVV�VSHFWUDO�
UHJLVWUDWLRQ�RI�NLQHWLFV�RI�JDV�GHVRUSWLRQ�IURP�SRUHV� LQWR�KLJK�YDFXXP� ���$IWHU�SUHOLPLQDU\�
JDV�DGVRUSWLRQ�DW�ORZ�SDUWLDO�SUHVVXUH�DQG�DW�WHPSHUDWXUH�RI�OLTXLG�QLWURJHQ��WKH�SXPSLQJ�RXW�
DQG� PDVV� VSHFWUDO� UHFRUGLQJ� RI� JDV� IORZ� GHVRUEHG� DW� WKH� VDPH� WHPSHUDWXUH� IURP� SRURXV�
VDPSOH� LQWR� KLJK� YDFXXP� DUH� FDUULHG� RXW��'LVWLQJXLVKLQJ� LQ� WKH� GLIIXVLRQ� GUDJ� RI� WKH� JDV�
WUDQVSRUW�LQ�WKH�SRUHV�RI�YDULRXV�PRUSKRORJ\�UHVXOWV�LQ�WKH�HVVHQWLDO�GLIIHUHQFH�LQ�WKH�W\SH�RI�
LVRWKHUPDO� NLQHWLF� FXUYHV� RI� GHVRUSWLRQ� RI� ZKLFK� WKH� FRUUHVSRQGLQJ� GLIIXVLRQ� FRHIILFLHQWV�
FDQ� EH� FDOFXODWHG�� )RU� SRO\GLVSHUWLRQDO� PDWHULDOV� ZLWK� YROXPH� SRURVLW\�� WKH� GLIIXVLRQ� LV�



UDGLDOO\� V\PPHWULF� DV� IRU� D� VSKHUH� DQG� GLIIXVLRQ� FRHIILFLHQWV� FDQ� EH� FDOFXODWHG� IURP� DQ�
HTXDWLRQ�
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ZKHUH�ρ���GHQVLW\��V�²�RXWHU�VSHFLILF�VXUIDFH��P���PDVV�RI�VDPSOH��W���WLPH��&R�DQG�&���LQLWLDO�
DQG� DFWXDO� FRQFHQWUDWLRQV� RI� JDV� LQ� VROLG�� 7KH� DOJRULWKP� RI� WKH� GLIIXVLRQ� FRHIILFLHQWV�
FDOFXODWLRQ� LQFOXGHV� D� GLVSHUVLRQ� IXQFWLRQ� RI� SDUWLFOH� VL]H� DQG� WKH� FRHIILFLHQW� WDNHQ� LQWR�
DFFRXQW�WKH�GHYLDWLRQ�RI�SDUWLFOH�VKDSH�IURP�VSKHULFDO�RQH��

(TXLOLEULXP�DGVRUSWLRQ�RU�GHVRUSWLRQ�DW�ORZ�SUHVVXUH��/3($��RU�/3('�PHWKRG��

7KLV�PHWKRG� LV� EDVHG�RQ� FRPSXWHU� DQDO\VLV� RI� HTXLOLEULXP�GHVRUSWLRQ� DQG� DGVRUSWLRQ�
LVRWKHUPV� DW� ORZ� SDUWLDO� SUHVVXUHV�� ,W� KDV� EHHQ� HDUOLHU� GHWHFWHG� WKDW� DGVRUSWLRQ� DQG�
GHVRUSWLRQ� LVRWKHUPV� RQ� PRGHO� PRQRPRGDO� SRURXV� V\VWHPV� ²� ]HROLWHV� $� DQG� ;� ZLWK�
ZLQGRZ�GLDPHWHU�HTXDO�WR������DQG������QP���KDYH�V�OLNH�VKDSH�DQG�DUH�ILWWHG�E\�%RO]PDQQ�
HTXDWLRQ��:LWK�GHFUHDVLQJ� WKH�ZLQGRZ�GLDPHWHU�� WKH� SUHVVXUH� LQ� LQIOHFWLRQ� SRLQW� GHFUHDVHV�
DQG�DGVRUSWLRQ�FRQVWDQW�HTXDO�WR�WKH�UHFLSURFDO�RI�WKH�SUHVVXUH�LQ�LQIOHFWLRQ�SRLQW��DQDORJRXV�
WR�+HQU\·V�DGVRUSWLRQ�FRQVWDQW��LQFUHDVHV��&RQVHTXHQWO\��WKH�LQFUHDVH�RI�DGVRUSWLRQ�SUHVVXUH�
LQ� WKH� ORZ�SUHVVXUH� UDQJH� IRU� SRO\PRGDO� SRURXV� V\VWHPV� EULQJV� WR� WKH� VHTXHQWLDO� YROXPH�
ILOOLQJ�RI�ODUJHU�PLFURSRUHV��

([SHULPHQWDO�

3RO\GLVSHUVLRQDO�VLOLFD�VDPSOHV�FRQWDLQLQJ�PHVR��DQG�PLFURSRUHV�KDYH�EHHQ�WKH�VXEMHFW�
RI� LQYHVWLJDWLRQ�� 7KH� VWUXFWXUDO� FKDUDFWHULVWLFV� RI� WKH� VDPSOHV� DUH� JLYHQ� LQ� 7DEOH� ��� 7KUHH�
VDPSOHV� RI� DPRUSKRXV� VLOLFD� KDYH� KDG� JOREXODU� VWUXFWXUH�� 7KH� VL]H� RI� JOREXOHV� KDV� EHHQ�
PHDVXUHG�E\�HOHFWURQ�PLFURVFRSH��7KUHH�VDPSOHV�RI�SRURXV�JODVVHV�ZLWK�IUDFWLRQ����²������
PP�KDYH�EHHQ�SURGXFHG�E\�OLTXDWLRQ�DQG�OHDFKLQJ�RI�DONDOL�ERURVLOLFDWH�JODVVHV��7KH�JODVVHV�
FRQWDLQ�DQ�DOPRVW�SXUH�SKDVH�RI�VLOLFD��XS�WR�����

7DEOH����6WUXFWXUDO�DQG�GLIIXVLRQ�FKDUDFWHULVWLFV�RI�SRURXV�VDPSOHV�
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3*�&� ���� ����� ���� ������ ����� ������ ����� ���� ���� ����� ���� ����
�FDOFXODWHG�ZLWK�WKH�DVVXPSWLRQ�RI�JOREXODU�VWUXFWXUH�RI�SRURXV�JODVVHV�
6L2����D�PDLQ�LPSXULW\�RI�ERURQ�R[LGH�DQG�WUDFHV�RI�VRGLXP�R[LGH��7KH�VWUXFWXUH�RI�SRURXV�
JODVVHV� LV� QRUPDOO\� FRQVLGHUHG� DV�PL[HG� JOREXODU²VSRQJH� VWUXFWXUH� ZKHUH� VHFRQGDU\� VLOLFD�
JOREXOHV�DUH�IRUPHG�DW�OHDFKLQJ��7KH�YDOXHV�RI�VSHFLILF�VXUIDFH�V%(7�KDYH�EHHQ�PHDVXUHG�IURP�
QLWURJHQ�DGVRUSWLRQ�LVRWKHUPV�E\�%(7�PHWKRG��WKH�PHVRSRURXV�VSHFLILF�VXUIDFH�VPHVR���IURP�
V%(7� LQ� WHUPV�RI� DGVRUSWLRQ� LQ�PLFURSRUHV�� WKH�RXWHU�VSHFLILF� VXUIDFH� VRXW� �� IURP�WKH�SDUWLFOH�



VL]H�DQG�VKDSH�FRHIILFLHQW��WKH�SRUH�YROXPH�YS���E\�ZDWHU�FRQGHQVDWLRQ��WKH�PHDQ�GLDPHWHU�RI�
JOREXOHV�GJO���IURP�V%(7��WKH�DSSDUHQW�GHQVLW\���IURP�WUXH�GHQVLW\�RI�VLOLFD������J�FP

���DQG�SRUH�
YROXPH�� WKH�PHDQ� GLDPHWHU� RI� PHVRSRUH� HQWUDQFHV� LQ� VLOLFD� SDUWLFOHV� �� IURP� YROXPH� DQG�
VXUIDFH�RI�PHVRSRUHV�ZLWK�WKH�IRUPXOD�GPHVR� ���YPHVR���VPHVR��7KH�PHDQ�GLDPHWHUV�DUH�FORVH�WR�
WKH� YDOXHV� RI� PD[LPXP� RI� PHVRSRUH�VL]H� GLVWULEXWLRQ� GHWHUPLQHG� IURP� WKH� LVRWKHUPV� RI�
QLWURJHQ�DGVRUSWLRQ�DQG�GHVRUSWLRQ�LQ�WKH�UDQJH�SRO\PROHFXODU�FRQGHQVDWLRQ��

5HVXOWV�DQG�GLVFXWLRQ�

7KH�FRPSXWHU�DQDO\VLV�RI�NLQHWLF�FXUYHV�RI�QLWURJHQ��R[\JHQ�DQG�DUJRQ�GLIIXVLRQ�IURP�
VLOLFDV� DQG� SRURXV� JODVVHV� DW� ����� .� E\� ''�PHWKRG� KDV� DOORZHG� WR� GHWHFW� WKUHH� PDLQ�
GLIIXVLRQ�SURFHVVHV�ZLWK�YDULRXV�FKDUDFWHULVWLF�GHJDVVLQJ� WLPHV�� WR�FDOFXODWH� WKH�FRHIILFLHQWV�
RI�JDV�GLIIXVLRQ� LQ�WKH�WKUHH�W\SHV�RI�SRUHV�� WR�FRUUHODWH� WKH�GLIIXVLRQ�FRHIILFLHQWV�ZLWK�WKH�
WULPRGDO� VWUXFWXUH�RI�QDQRSRUHV�DQG�WR�REWDLQ�WKH�FXUYHV�RI�SRUH�VL]H�GLVWULEXWLRQ��)LJ������
1DQRSRURXV� VWUXFWXUH� RI� WKH� VLOLFDV� DQG� SRURXV� JODVVHV� FRQVLVWV� HVVHQWLDOO\� RI� WUDQVSRUWLQJ�
PHVRSRUHV�ZLWK�PHDQ�GLDPHWHU� IURP��� WR� ���QP�DQG� WZR�NLQGV� RI� DGVRUELQJ�PLFURSRUHV�
GLDPHWHU� RI� ZKLFK� ZDV� HVWLPDWHG� WR� EH� HTXDO� WR� DERXW� �������� DQG� �������� QP� ZKDW�
FRUUHVSRQGV�RQH�DQG�WZR�GLDPHWHUV�RI�JDV�PROHFXOHV��*DV�GLIIXVLRQ�IURP�PHVRSRUHV�LV�WKH�
IDVWHVW� SURFHVV� DQG� LV�PDLQO\�.QXGVHQ� GLIIXVLRQ�� 7KH� HIIHFWLYH� GLIIXVLRQ� FRHIILFLHQW� LV� WKH�
FRPSOLFDWHG� IXQFWLRQ� RI� .QXGVHQ� GLIIXVLRQ� FRHIILFLHQW�'J� � �SURSRUWLRQDO� WR� GLDPHWHU� RI�

PHVRSRUHV���VXUIDFH�GLIIXVLRQ�FRHIILFLHQW�'V��+HQU\·V�DGVRUSWLRQ�FRQVWDQW�.+��SRURVLW\�ε�DQG�
WRUWXRVLW\�τ��
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+HQU\·V� DGVRUSWLRQ� FRQVWDQW� .+� XVHG� LQ� ''�PHWKRG� KDV� DJUHHG� ZLWK� RQH� REWDLQHG� E\�
/3('�PHWKRG� IRU� PHVRSRUHV�� 7KH� JDV� GLIIXVLRQ� IURP� WZR� W\SHV� RI� PLFURSRUHV� LV� WKH�
VORZHVW�SURFHVVHV�DQG�FDQ�EH�FRQVLGHUHG�DV�VHTXHQWLDO�SDVVDJH�WKURXJK�PLFURSRURXV�UHJLRQV�
DQG�WUDQVSRUWLQJ�PHVRSRUHV��7KHUHIRUH�WKH�WRWDO�GLIIXVLRQ�UHVLVWDQFH�IRU�JDV�HYROXWLRQ�IURP�
PLFURSRUHV� LV� DGGHG� IURP�GLIIXVLRQ� UHVLVWDQFHV� LQ�PLFUR�� DQG�PHVRSRUHV��7KH� UHODWLRQVKLS�
EHWZHHQ�WKH�GLIIXVLRQ�UHVLVWDQFHV�LQ�PLFUR��DQG�PHVRSRUHV�FDQ�EH�FKDQJHG�E\�WKH�YDULDWLRQ�
RI� SDUWLFOH� VL]H� DQG� KHQFH� GLIIXVLRQ� ZD\� LQ� PHVRSRUHV�� 7KH� PHFKDQLVP� RI� GLIIXVLRQ� LQ�
PLFURSRUHV� LV� VXUIDFH�GLIIXVLRQ� RQH��7KH�PHDQ� YDOXHV� RI� QLWURJHQ�GLIIXVLRQ� FRHIILFLHQWV� DW�

�����.� � IRU�PLFURSRUHV�RI� ,� W\SH� �'′���� ,,� W\SH� �'′��� DQG�PHVRSRUHV� �'′��� DUH� WDEXODWHG� LQ�
7DEOH����'′� �'HII���ε���'LIIXVLRQ�FRHIILFLHQWV�GHFUHDVH�LQ�WKH�URZ�IURP�QLWURJHQ�WR�DUJRQ��L�H��
LQ� WKH� URZ� RI� GHFUHDVLQJ� WKH� YDOXH� RI� TXDGUXSROH� PRPHQW� RI� WKH� PROHFXOHV�� 0LFURSRUH�
GLIIXVLRQ�FRHIILFLHQWV�GHSHQG�DOVR�RQ�SRUH�GLDPHWHU�DQG�FDQ�EH�UHODWHG�IRU�PLFURSRUHV�ZLWK�
FRHIILFLHQWV� RI� JDV� GLIIXVLRQ� LQ� ]HROLWH� FKDQQHOV� RI� VLPLODU� VL]H�� 'LIIXVLRQ� FRHIILFLHQWV� IRU�
PLFURSRUHV�RI�,�DQG�,,�W\SHV�LQ�VLOLFD�PDWHULDOV�ZLWK�JOREXODU�VWUXFWXUH�DUH�VRPH�ORZHU�WKDQ�LQ�
]HROLWH�$� DQG�;�ZLWK�ZLQGRZV� ����� DQG� ����� QP� FRUUHVSRQGLQJO\�� %XW� WKH�PLFURSRUHV� LQ�
JOREXODU�VWUXFWXUH�FDQ�EH�PRGHOHG�DV�ZHGJH�VKDSHG�SRUHV�LQ�JDSV�EHWZHHQ�JOREXOHV�DURXQG�
FRQWDFW�SRLQWV��0LFURSRUHV�LQ�WKH�]HROLWHV�FDQ�EH�SUHVHQWHG�DV�F\OLQGULFDO�SRUHV�ZLWK�YDULDEOH�
FURVV� VHFWLRQ� DQG�PHDQ� HIIHFWLYH� GLDPHWHU� RI� ]HROLWH� FKDQQHOV� DUH� GHWHUPLQHG� E\� QRW� RQO\�
GLDPHWHU�RI�ZLQGRZV�EXW�DOVR�GLDPHWHU�RI�ODUJH�FDYLWLHV�����²����QP���

%\� WKH� /3('�PHWKRG�� WZR� W\SHV� RI� PLFURSRUHV�� DSDUW� IURP� PHVRSRUHV�� KDYH� EHHQ�
LGHQWLILHG�LQ�VWXGLHG�VLOLFD�PDWHULDOV�DV�ZHOO��)LJ������7KH�PLFURSRUHV�LQ�VLOLFD�PDWHULDOV�KDYH�
DGVRUSWLRQ�FRQVWDQWV�DW�%RO]PDQQ�ILWWLQJ�FORVH��EXW�VRPH�ODUJHU��WR�RQHV�IRU�]HROLWHV�$�DQG�



;���0D[LPD�RQ�WKH�FXUYHV�RI�SRUH�VL]H�GLVWULEXWLRQ�DUH�DSSURSULDWH� WR���DQG���GLDPHWHU�RI�
JDV�PROHFXOHV� DV� ZHOO� DV� E\�''�PHWKRG��*DV� DGVRUSWLRQ� LQ�PLFURSRUHV�� LQ� GLVWLQFWLRQ� WR�
PHVRSRUHV���KDV��QRW��GHSHQGHG���RU�GHSHQGHG�VOLJKWO\���RQ��DGVRUSWLRQ�SUHVVXUH�IRU�SUHVVXUH�
ODUJHU�WKDQ�WKH�UHFLSURFDO�RI�DGVRUSWLRQ�FRQVWDQW�DQG�KDV�D�FKDUDFWHU�RI�YROXPH�ILOOLQJ��7KH�
YROXPH�RI�PLFURSRUHV�RI�,�DQG�,,�W\SHV�GHWHUPLQHG�IURP�QLWURJHQ�GHVRUSWLRQ�E\�HTXLOLEULXP�
/3('�� �Y�� DQG� Y�� LQ� 7DEOH� ��� DQG� NLQHWLF�''²PHWKRGV� KDYH� EHHQ� WKH� VDPH�ZLWKLQ� �����
3DFNDJH�RI�R[\JHQ�DQG�DUJRQ�LQ�DGVRUEHG�OD\HU��LQ�FRQWUDVW�WR�QLWURJHQ��KDV�EHHQ�OHVV�FORVH�
WKDQ�LQ�OLTXLG�SKDVH��0LFURSRUH�YROXPH�PHDVXUHG�E\�''��DQG�/3('�PHWKRGV�LV�FRUUHODWHG�

ZLWK�HVWLPDWLRQV�IURP�WKH�LVRWKHUPV�RI�QLWURJHQ�DGVRUSWLRQ�DW������.�E\�6LQJ·V�αV²PHWKRG��
)RU�SRURXV� JODVVHV� WKH�PLFURSRUH� YROXPH� LV� HTXDO� WR� �� �����IURP� WRWDO� SRUH�YROXPH��)RU�
DPRUSKRXV� VLOLFDV� WKH� YROXPH�RI�PLFURSRUHV�GHSHQGV� RQ�PHWKRG�RI� V\QWKHVLV� DQG� RQ� WKH�
VL]H� RI� JOREXOHV�� ZLWK� GHFUHDVLQJ� VL]H� RI� JOREXOHV� PLFURSRUH� YROXPH� ULVHV� �7DEOH� ����
0LFURSRUHV� VXUIDFH� FDQ� EH� DOVR� HVWLPDWHG� HDVLO\� IRU� GLIIHUHQW� JHRPHWULFDO� PRGHO� RI� SRUHV�
NQRZLQJ� YROXPH� DQG� VL]H� RI� SRUH�� 9ROXPH� RI� GLIIHUHQW� W\SHV� RI� SRUHV� DQG� RWKHU�
PRUSKRORJLFDO�SURSHUWLHV�RI�SRURXV�VWUXFWXUH��PHDQ�SRUH�GLDPHWHU��ZLGWK�RI�SHDN�RQ�SRUH�
VL]H�GLVWULEXWLRQ� FXUYH�� GHSHQG�RQ�PHWKRG�RI�SURGXFLQJ� SRURXV� JODVVHV��7KH�SRURXV� JODVV�
3*�$�ZLWK�WKH�ODUJHVW�YROXPH�RI�PLFURSRUHV�DQG�WKH�ORZHVW�GLDPHWHU�RI�PHVRSRUHV�KDV�EHHQ�
REWDLQHG�DW� WKH�KLJKHVW� WHPSHUDWXUH�RI� OLTXDWLRQ��)URP�WKH�FRPSDULVRQ�RI� UHVXOWV�REWDLQHG�
E\�''��DQG�/3('�PHWKRGV�LW�KDV�EHHQ�HVWDEOLVKHG�WKDW�WKH�PLFURSRURXV�JOREXODU�UHJLRQV�LQ�
SRURXV�JODVVHV�IRUP�RQO\�SDUW�RI�VROLG�PDWUL[��XSWR�������

&RQFOXVLRQ�

3RO\PRGDO�QDQRSRURVLW\�RI�VLOLFD�PDWHULDOV�KDV�EHHQ�VWXGLHG�E\�WZR�QHZ�PHWKRGV��7KH�
FRPSXWHU� ILWWLQJ� RI� HTXLOLEULXP� LVRWKHUPV� DQG� GLIIXVLRQ� RI� QLWURJHQ�� R[\JHQ� DQG� DUJRQ�
GHVRUSWLRQ� DW� ����� .� UHYHDOHG� WKH� DYDLODELOLW\� PLFURSRURXV� VXEVWUXFWXUH� LQ� PHVRSRURXV�
DPRUSKRXV� VLOLFDV� DQG� SRURXV� JODVVHV�� 7ULPRGDO� QDQRSRURXV� VWUXFWXUH� RI� WKH� VLOLFDV� DQG�
SRURXV�JODVVHV�FRQVLVWV�HVVHQWLDOO\�RI�WUDQVSRUWLQJ�PHVRSRUHV�ZLWK�PHDQ�GLDPHWHU�IURP���WR�
���QP�DQG�WZR�NLQGV�RI�DGVRUELQJ�PLFURSRUHV�ZLWK�GLDPHWHU�����������DQG�����������QP�ZKDW�
FRUUHVSRQGV���DQG���GLDPHWHUV�RI�JDV�PROHFXOHV��7KH�QHZ�''��DQG�/3('�PHWKRGV�KDYH�
HQDEOHG� QRW� RQO\� WR� GHWHUPLQH�PHDQ� VL]HV� RI� SRUHV� EXW� DOVR� WR� FKDUDFWHUL]H� WKH� ZLGWK� RI�
SHDNV�RQ�SRUH�VL]H�GLVWULEXWLRQ�FXUYH�DQG�WR�GHWHUPLQH�WKH�YROXPH�RI�DOO�NLQGV�RI�QDQRSRUHV��
7KH� SHUVSHFWLYH� GLUHFWLRQ� IRU� XVLQJ� WKH� GLIIXVLRQ� PHWKRG� IRU� GLDJQRVWLFV� RI� SRUH�
PRUSKRORJ\� LV� LWV� DSSOLFDWLRQ� IRU� UHVHDUFKLQJ� WKH� V\VWHPV� ZLWK� VPDOO� SRUH� YROXPH��
QDQRSRURXV�FRDWLQJV��ILOPV�DQG�VXUIDFH�GHIHFWLYH�OD\HUV�RQ�RSWLFDO�PDWHULDOV�ZKDW�LV�SRVVLEOH�
RZLQJ� WR� WKH� KLJK� VHQVLWLYLW\� RI� PDVV� VSHFWUDO� DQDO\VLV� DQG� LV� QRW� SRVVLEOH� E\� FRPPRQ�
DGVRUSWLRQ�PHWKRGV��,Q�WKLV�FDVH�WKH�DOJRULWKP�RI�FDOFXODWLRQ�ZLOO�LQFOXGH�GLIIXVLRQ�HTXDWLRQV�
IRU�RQH�VLGHG�SODWH�V\PPHWU\��
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)LJXUH����7ULPRGDO�QDQRSRUH�VL]H�

GLVWULEXWLRQ�RI�DPRUWKRXV�VLOLFDV�DQG�SRURXV�

JODVVHV�GHWHFWHG�E\�''�PHWKRG�DIWHU�JDV�

DGVRUSWLRQ�DW�������±������7RUU��

)LJXUH����0LFURSRURXV�VXEVWUXFWXUH�LQ�

DPRUWKRXV�VLOLFDV�DQG�SRURXV�JODVVHV�

GHWHFWHG�E\�/3('�PHWKRG�DIWHU�JDV�

DGVRUSWLRQ�DW�����±�����7RUU��

$FNQRZOHGJHPHQW�

)LQDQFLDO�VXSSRUW�E\�WKH�5)%5��JUDQWV��������������LV�JUDWHIXOO\�DFNQRZOHGJHG��

�

�

�

��� 5RXTXHURO�� -��� $YQLU�� '��� )DLUEULGJH�� &�� :��� (YHUHWW�� '�� +��� +DLQHV�� -�� +��� 3HUQLFRQH�� 1���

5DPVD\��-��'��)���6LQJ��.��6��:��DQG�8QJHU��.��.���3XUH�$SSO��&KHP�������������������

��� .UHLVEHUJ�� 9�� $�� DQG� 6SLYDNRY�� 0�� 9��� 3URF�� ;9,,,� ,QW�� &RQJUHVV� RQ� *ODVV�� (GV� 0�� .��
&KRXGKDU\�HW�DO���$P��&HUDP��6RF���:HVWHUYLOOH��������&������
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