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.H\ZRUGV�� 3HQWR[LI\OOLQH�� EORRG� WKLQQLQJ�� PLWRFKRQGULD�� UHG� EORRG� FHOOV�� HODVWLF�
PRGXOXV��$)0

$EVWUDFW
7KH�EORRG� WKLQQLQJ�SURSHUWLHV�RI�SHQWR[LI\OOLQH�KDYH�EHHQ�DWWULEXWHG� WR� LWV� DELOLW\� WR�
LQFUHDVH�WKH�GHIRUPDELOLW\�RI�UHG�EORRG�FHOOV�DQG�LPSURYH�WKHLU�UKHRORJLFDO�SURSHUWLHV��
7R�LQWHUSUHW�DQG�VXEVWDQWLDWH�WKHVH�REVHUYDWLRQV�D�QRYHO�DSSURDFK�LV�WDNHQ�E\�PHDVXULQJ�
WKH� VWLIIQHVV� RI� LQGLYLGXDO� UHG� EORRG� FHOOV� IURP� KHDOWK\� KXPDQV� EHIRUH� DQG� DIWHU�
VXEVFULSWLRQ�WR�SHQWR[LI\OOLQH�IRU�QLQH�GD\V��$WRPLF�IRUFH�PLFURVFRS\�QDQRLQGHQWDWLRQ�
H[SHULPHQWV�UHYHDO�WKDW�WKH�HODVWLF�PRGXOXV�RI�UHG�EORRG�FHOOV�GHFUHDVHG�E\����������
DIWHU� SHQWR[LI\OOLQH� VXEVFULSWLRQ�� 7KLV� GHFUHDVH� LQ� HODVWLF� PRGXOXV� LV� UHODWHG� WR� WKH�
DELOLW\� RI� SHQWR[LI\OOLQH� WR� LQFUHDVH� WKH� SURGXFWLRQ� RI� $73� DQG� GHFUHDVH� &D���
FRQFHQWUDWLRQV�LQ�UHG�EORRG�FHOOV��7KH�SUHVHQW�H[SHULPHQWV�DUH�WKH�ILUVW�WR�SURYH�WKDW�D�
ZLGHO\� XVHG� EORRG� WKLQQLQJ� PHGLFDWLRQ�� SHQWR[LI\OOLQH�� LQGHHG� UHGXFHV� WKH� HODVWLF�
PRGXOXV� RI� KHDOWK\� KXPDQ� UHG� EORRG� FHOOV�� SDYLQJ� WKH� ZD\� WR� XVH� LQGHQWDWLRQ� LQ�
PHGLFLQH��,W�LV�DOVR�HQFRXUDJLQJ�WKDW�WKLV�VWXG\�ZDV�SHUIRUPHG�RQ�KHDOWK\�YROXQWHHUV�

���,QWURGXFWLRQ
3HQWR[LI\OOLQH �37;� �����'LK\GUR�����GLPHWK\O������R[RKH[\O���+�SXULQH�����
GLRQH�� LV� D� [DQWKLQH� GHULYDWLYH GUXJ�� ZKLFK� LQKLELWV� HU\WKURF\WH� SKRVSKRGLHVWHUDVH��
UHVXOWLQJ�LQ�DQ�LQFUHDVH�LQ�HU\WKURF\WH�F$03�DFWLYLW\��37; LV�URXWLQHO\�SUHVFULEHG�WR�
SDWLHQWV�IRU�WKH�SUHYHQWLRQ RI VWURNH�HSLVRGHV��DV�LW�HQKDQFHV WKH�EORRG IORZ�YHORFLW\�
WKURXJK WKH�VPDOO EORRG�YHVVHOV���VXFK�DV�EUDLQ�FDSLOODULHV� :LWK�LWV�KHPRUKHRORJLFDO�

ȗNDLIDQWLV#XIO�HGX �HPDLO���WHO�ID[����������������



DFWLYLW\��37; LV�XVHG�WR�WUHDW�YDULRXV�GLVHDVHV��VXFK�DV�FHUHEURYDVFXODU�LQVXIILFLHQF\��
VHQLOH� RUJDQLF� EUDLQ� V\QGURPH�� WUDQVLHQW� LVFKHPLF� DWWDFNV�� RFXODU DQG� RWRORJLFDO�
FLUFXODWRU\�GLVRUGHUV��DV�ZHOO�DV�SHULSKHUDO�DQJLRSDWKLHV�ZLWK�LQWHUPLWWHQW�FODXGLFDWLRQ��

,Q YLYR�DQG� YLWUR VWXGLHV KDYH FRQFOXGHG�WKDW�37; LQFUHDVHV�WKH�UHG�EORRG FHOO�
�5%&� GHIRUPDELOLW\����� .�� 6áRF]\ĔVN�� 0�� .y]ND�� (�� 3ĊNDOD�� $�� 0DUFKHZND DQG� +�� 0DURQD�� ,Q� YLWUR� HIIHFW� RI�

SHQWR[LI\OOLQH�DQG�OLVRI\OOLQH�RQ�GHIRUPDELOLW\ DQG�DJJUHJDWLRQ�RI�UHG�EORRG�FHOOV�IURP�KHDOWK\�VXEMHFWV�DQG SDWLHQWV�ZLWK�FKURQLF�

YHQRXV�GLVHDVH $FWD�%LRFKLPLFD�3RORQLFD��������±������������ZKLFK�DOORZV�IRU�DQ�LQFUHDVH LQ WKH�EORRG�
IORZ�YHORFLW\� DQG�D�GHFUHDVH�LQ ORFDO�K\SHUYLVFRVLW\�DQG�K\SHU�DJJUHJDELOLW\�RI�5%&V��
�����$V�D UHVXOW WKH R[\JHQDWLRQ�RI�WLVVXHV LV�LPSURYHG DQG��URXOHDX�OHDGLQJ�LQ FORWV DUH�
DYRLGHG����

0RUH� UHFHQWO\�� WKHUHIRUH�� LQ� DGGLWLRQ� WR� SUHVFULELQJ� 37;� WR� SDWLHQWV� ZLWK�
FHUHEURYDVFXODU�DQG�SHULSKHUDO�DUWHULDO�GLVHDVH��LW�LV�DOVR�JLYHQ�WR�PDODULD�SDWLHQWV��VLQFH
SODVPRGLXP� SHQHWUDWLRQ� UHGXFHV� VLJQLILFDQWO\� WKH� 5%&� PHPEUDQH� SODVWLFLW\� DQG�
GHIRUPDELOLW\��PDNLQJ�EORRG�IORZ�GLIILFXOW� ,Q�YLWUR XVH�RI�37;�RQ�PDODULD� LQIHFWHG�
5%&V�VKRZHG�DQ�LQFUHDVH�LQ�WKH�EORRG�IORZ�YHORFLW\�WKURXJK�SLSHWWHV��VXJJHVWLQJ�DQ�
LQFUHDVH�LQ�WKH�5%&�GHIRUPDELOLW\���,Q�WKLV�FRQWH[W�LW�VKRXOG�EH�HPSKDVL]HG�WKDW�37;�
LV�DOVR�FRQVLGHUHG�IRU�WKH�WUHDWPHQW�$O]KHLPHU¶V (NHUW�-2��*RXOG�5/��5H\QROGV�*��+RZDUG�5-��71)�DOSKD�

LQKLELWRUV� LQ�$O]KHLPHU
V� GLVHDVH��$� V\VWHPDWLF� UHYLHZ�� ,QWHUQDWLRQDO� MRXUQDO� RI� JHULDWULF�SV\FKLDWU\�� �����0D\����������������
ZKLFK�KDV�EHHQ�VKRZQ�WR�LQFUHDVH�5%&�ULJLGLW\ %HVWHU��-���%X\V��$�9���/LSLQVNL��%���.HOO��'�%���3UHWRULXV��

(���+LJK�IHUULWLQ�OHYHOV�KDYH�PDMRU�HIIHFWV�RQ�WKH�PRUSKRORJ\�RI�HU\WKURF\WHV�LQ�$O]KHLPHU¶V�GLVHDVH��)URQW��$JLQJ�1HXURVFL��������

����������
0RVW�RI�WKH�DIRUHPHQWLRQHG VWXGLHV�DUH�LQ�YLWUR�DQG LQFXEDWH�5%&V�ZLWK�37; LQ�

RUGHU WR� DVVHVV LWV� HIIHFWV� RQ� WKH� 5%&� UKHRORJ\ RU� GHIRUPDELOLW\ (KUO\� $0�� 7KH� HIIHFW� RI�

SHQWR[LI\OOLQH�RQ�WKH�IORZ�SURSHUWLHV�RI�K\SHURVPRODU�EORRG��,&56�0HGLFDO�6FLHQFH������������� 6RZHPLPR�&RNHU�62��7XUQHU�

3��7KH�HIIHFW�RI�SHQWR[LI\OOLQH�RQ�ILOWHUDELOLW\�RI�QRUPDO�UHG�EORRG�FHOOV�DQG�WKHLU�DGKHVLYHQHVV�WR�FXOWXUHG�HQGRWKHOLDO�FHOOV��(XU�-�

&OLQ�3KDUPDFRO�����������������.��6áRF]\ĔVN��0��.y]ND��(��3ĊNDOD��$��0DUFKHZND DQG�+��0DURQD��,Q�YLWUR�HIIHFW�RI�SHQWR[LI\OOLQH�

DQG�OLVRI\OOLQH�RQ�GHIRUPDELOLW\�DQG�DJJUHJDWLRQ�RI�UHG�EORRG�FHOOV�IURP�KHDOWK\�VXEMHFWV�DQG�SDWLHQWV�ZLWK�FKURQLF�YHQRXV�GLVHDVH�

$FWD�%LRFKLPLFD�3RORQLFD��������±����������� 'HIRUPDELOLW\�LV�XVXDOO\�PHDVXUHG E\�H[DPLQLQJ�WKH�
5%& ILOWHUDELOLW\�WKURXJK�PHPEUDQHV�RI�D�IL[HG�SRUH VL]H 6RZHPLPR�&RNHU�62��7XUQHU�3��7KH�HIIHFW�
RI�SHQWR[LI\OOLQH�RQ�ILOWHUDELOLW\�RI�QRUPDO�UHG�EORRG�FHOOV�DQG�WKHLU�DGKHVLYHQHVV�WR�FXOWXUHG�HQGRWKHOLDO�FHOOV��(XU�-�&OLQ 3KDUPDFRO�

����������������RU�E\�PHDVXULQJ� WKH�GHIRUPDELOLW\� LQGH[� DQG�HORQJDWLRQ� WKURXJK�D� ODVHU�
DVVLVWHG�RSWLFDO�URWDWLRQDO FHOO�DQDO\VHU .��6áRF]\ĔVN��0��.y]ND��(��3ĊNDOD��$��0DUFKHZND DQG�+��0DURQD��,Q�

YLWUR�HIIHFW�RI�SHQWR[LI\OOLQH�DQG�OLVRI\OOLQH�RQ�GHIRUPDELOLW\�DQG�DJJUHJDWLRQ�RI�UHG�EORRG�FHOOV�IURP�KHDOWK\�VXEMHFWV�DQG�SDWLHQWV�

ZLWK�FKURQLF�YHQRXV�GLVHDVH�$FWD�%LRFKLPLFD�3RORQLFD��������±������������
6XFK�VWXGLHV��DOWKRXJK�HIILFLHQW�LQ�HVWDEOLVKLQJ WKDW�37;�DIIHFWV�WKH�PHFKDQLFDO�

SURSHUWLHV�RI 5%&V��DUH�PRUH�RI�D TXDOLWDWLYH�QDWXUH�DV�GHIRUPDELOLW\ DQG�HORQJDWLRQ�
DUH� QRW� PDWHULDO� SDUDPHWHUV� XVHG� WR� GHILQH� HODVWLF� EHKDYLRU�� 7KLV� µLQFUHDVH� LQ�
GHIRUPDELOLW\¶� RI� 5%&V� WKDW� LV� XVHG� LQ� PHGLFDO� WHUPLQRORJ\� FDQ� EH� WUDQVODWHG� WR� D�
µGHFUHDVH� LQ� WKH� HODVWLF� PRGXOXV¶� RU� µLQFUHDVH� LQ� HODVWLFLW\¶ LQ� ULJRURXV� VFLHQWLILF
WHUPLQRORJ\� 7KH�HODVWLF�PRGXOXV�LV�RQH�RI� WKH�PRVW�H[SORUHG�PHFKDQLFDO�SURSHUWLHV�
WKDW� GHILQH� WKH EHKDYLRU� RI� PDWHULDOV� DQG� ZHOO�HVWDEOLVKHG� WHFKQLTXHV� KDYH� EHHQ�
GHYHORSPHQW IRU�LWV�PHDVXUHPHQW��VXFK DV DWRPLF�IRUFH�PLFURVFRS\ �$)0� LQGHQWDWLRQ�
WKDW�ZLOO�EH�XVHG�KHUHLQ�

7KH�DGYDQWDJH�RI�$)0�LV�WKDW�LQ�DGGLWLRQ�WR�EHLQJ�PRUH�DFFXUDWH��LW LPDJHV WKH�
VDPSOH� VXUIDFH� SULRU� WR� LQGHQWLQJ�� DQG� WKH� WHVWV FDQ� EH� SHUIRUPHG� LQ� D� OLTXLG�
HQYLURQPHQW� DOORZLQJ WR� PDLQWDLQ� SK\VLRORJLFDO� FRQGLWLRQV� 7KHUHIRUH�� QXPHURXV�
VWXGLHV�HPSOR\�$)0�WR�PHDVXUH�WKH�HODVWLF�PRGXOXV�RI�5%&V 5HI>��@��$WRPLF�IRUFH�PLFURVFRS\�

LPDJLQJ�DQG�PHFKDQLFDO�SURSHUWLHV�PHDVXUHPHQW�RI�UHG�EORRG�FHOOV�DQG�DJJUHVVLYH�FDQFHU�FHOOV�1RYHPEHU������9RO����1R�����

���±����� ,GD� 'XOLQVND�� 0DUWD� 7DUJRV]�� :RMFLHFK� 6WURMQ\�� 0D\JRU]DWD� /HNND�� 3DZH\� &]XED�� :DOHQW\QD� %DOZLHU]�� 0DUHN�

6]\PRQVNL -��%LRFKHP��%LRSK\V��0HWKRGV�������������± ����-�/�0DFLDV]HN��%�$QGHPDULDP��*�/\NRWUDILWLV� 0LFURHODVWLFLW\�RI�



UHG�EORRG�FHOOV�LQ�VLFNOH�FHOO�GLVHDVH��-��6WUDLQ�$QDO\VLV�9RO������������������� DQG�H[DPLQH�KRZ�LW¶V�YDOXH FDQ�EH�
DIIHFWHG�E\�YDULRXV�GLVHDVHV ,GD�'XOLQVND��0DUWD�7DUJRV]��:RMFLHFK�6WURMQ\��0D\JRU]DWD�/HNND��3DZH\�&]XED��

:DOHQW\QD�%DOZLHU]��0DUHN�6]\PRQVNL -��%LRFKHP��%LRSK\V��0HWKRGV ��� ���������± ���� -�/�0DFLDV]HN��%�$QGHPDULDP��*�

/\NRWUDILWLV� 0LFURHODVWLFLW\�RI�UHG�EORRG�FHOOV�LQ�VLFNOH�FHOO�GLVHDVH��-��6WUDLQ�$QDO\VLV�9RO�������������������� ,Q�RUGHU�WR�
SHUIRUP $)0�LQ�D�OLTXLG�FHOO�WKH�5%&V�PXVW�EH�IL[HG RQWR�WKH�VXEVWUDWH��7KHUHIRUH��DOO�
VWXGLHV�WKDW�XVH�$)0�WR�PHDVXUH�WKH�HODVWLFLW\�RI 5%&V�ILUVW� WUHDW� WKH�VXEVWUDWH�ZLWK�
SRO\�O�O\VLQH�LQ�RUGHU�WR�LQFUHDVH�FHOO�DGKHUHQFH� DQG�IL[DWLRQ�RI�WKH�5%&V�LV�SHUIRUPHG�
E\� WUHDWLQJ WKHP ZLWK� JOXWDUDOGHK\GH�� 7KHQ� 3%6� EXIIHU� VROXWLRQ� LV� DGGHG� WR� DYRLG�
GHK\GUDWLRQ� DQG� LQGHQWDWLRQ� LV� SHUIRUPHG WR� REWDLQ� WKH� HODVWLF�PRGXOXV� WKURXJK� WKH�
+HUW]LDQ�PHWKRG� 7KH� GUDZEDFNV� RI� WKLV� SURFHGXUH� DUH WKDW� JOXWDUDOGHK\GH� NLOOV� WKH�
5%&V��DQG�WKH�+HUW]LDQ�PHWKRG�FDQQRW�DFFRXQW�IRU�YLVFRHODVWLF�HIIHFWV� ,Q�WKH�SUHVHQW�
VWXG\�ERWK�RI�WKHVH�GUDZEDFNV�DUH�RYHUFRPH�DV��L��IUHVK�EORRG�VDPSOHV�DUH�DWWDFKHG�RQ�
JODVV�VOLGHV�E\�WKH�VPHDULQJ�PHWKRG��ZKLFK�DOORZV�GLUHFW�DWWDFKPHQW�RI�5%&V� ZLWKRXW�
WKH�XVH�RI�SRO\�O�O\VLQH�RU�JOXWDUDOGHK\GH��DQG� �LL�� WKH� MXPS�UDWH PHWKRG��������ZKLFK�
DFFRXQWV IRU� YLVFRHODVWLF� HIIHFWV� LV� XVHG� WR� PHDVXUH� WKH� HODVWLF� PRGXOXV�� $QRWKHU�
QRYHOW\�RI�WKH�SUHVHQW�VWXG\�LV�WKDW�WKH�37;�ZDV�DGPLQLVWHUHG�LQ�YLYR WR KHDOWK\�KXPDQ�
YROXQWHHUV� DQG� WKHLU� IUHVK� EORRG� ZHUH� H[DPLQHG LPPHGLDWHO\� DIWHU� H[WUDFWLRQ� DV�
RSSRVHG�WR�LQFXEDWLQJ�5%&�ZLWK�37; IRU�LQ�YLWUR VWXGLHV��

,Q�FRQFOXGLQJ�WKLV�LQWURGXFWLRQ� LW�VKRXOG�EH�QRWHG�WKDW�VLQFH�37;�FDQ�DOWHU�WKH�
HODVWLFLW\�RI�5%&V��LW�LV�LPSOLHG�WKDW�LW�FDQ�DIIHFW�WKHLU�PLFURVWUXFWXUH� ,W�ZDV�SRLQWHG�
RXW�LQ�DQ�HDUO\�VWXG\�WKDW 37;��DV�D�GHULYDWLYH�RI�PHWK\O[DQWKLQH��DFWV�DV�DQ�LQKLELWRU�WR�
SKRVSKRGLHVWHUDVH� HQ]\PHV�� ZKLFK� DUH� IRXQG� LQ� PLWRFKRQGULD�� DQG DV� D� UHVXOW� FDQ�
LQFUHDVH WKH�LQWHULRU�PHPEUDQH�V\VWHPV�RI�WKH�FHOO�� �WKH�PHPEUDQHV�RI�PLWRFKRQGULD��
VPRRWK� HQGRSODVPLF� UHWLFXOXP� DQG� *ROJL� FRPSOH[�� ZKLOH� DW� WKH� VDPH� WLPH� LW� FDQ�
UHVWRUH SODVPD�PHPEUDQH�GHIRUPDWLRQ� ZKLFK�PD\�RFFXU�HLWKHU�DV�D�UHVXOW�RI�K\SR[LD�
RU� GXH� WR� HYHQWXDO� HQHUJ\� GHILFLHQF\� 7KLV� ZDV� LOOXVWUDWHG�� E\� H[DPLQLQJ� WKH�
PLWRFKRQGULD�RI�QHXURQV�LQ�WKH�KLSSRFDPSXV�DQG�FHUHEUDO�FRUWH[ RI�JHUELOV ZKR�ZHUH�
SUHVFULEHG�37;�DIWHU�EHLQJ�PDGH�WR�VXIIHU�DQ LVFKHPLF�FRQGLWLRQ��,W�ZDV�UHYHDOHG�WKDW�
WKH�37; WUHDWHG�JHUELOV KDG�DQ�LPSUHVVLYH�K\SHUWURSK\�RI�PLWRFKRQGULD LQ�FRPSDULVRQ�
ZLWK� QRUPDO� FRQWUROV� DQG XQWUHDWHG� LVFKHPLF� JHUELOV���� 7KH� HIIHFW� RI� 37;� RQ� WKH�
VWUXFWXUH�RI�5%&�PLWRFKRQGULD�FDQQRW�EH�H[DPLQHG��DV�5%&V�UHOHDVHG�LQWR SHULSKHUDO
EORRG�DUH�PDWXUH�DQG�ODFN�D�QXFOHXV�DQG�IRUPHG RUJDQHOOHV��+RZHYHU��WKH\�VWLOO�FRQWDLQ�
SKRVSKRGLHVWHUDVH�HQ]\PHV WKDW�FDQ�UHDFW�ZLWK�37;��ZKLFK�FDQ�WKHQ�DIIHFW WKH�SODVPD�
HODVWLFLW\� ,W� LV�� WKHUHIRUH�� LPSRUWDQW� WR� LOOXVWUDWH� WKDW� 37;� GRHV� QRW� RQO\� DIIHFW� WKH�
PLWRFKRQGULDO�VWUXFWXUH�RI�QHXURQV�EXW�RI�RWKHU�FHOOV�DV�ZHOO��VLQFH WKLV�FRXOG�UDWLRQDOL]H�
WKH� LQFUHDVH� LQ� WKH� 5%&�PHPEUDQH� IOH[LELOLW\� ,Q� WKH� SUHVHQW� VWXG\�� KHQFH� PXVFOH�
PLWRFKRQGULD�� ZKLFK� DUH�PRUH� GXUDEOH�� DQG� FDQ� EH� IL[HG� LQ� SURSHU� FRQGLWLRQ��ZHUH�
FKRVHQ WR�H[DPLQH�37;�RQ�RWKHU�FHOOV� $�/HZLV�UDW��$J%��� ZDV�WKHUHIRUH WUHDWHG�ZLWK�
��PJ�RI� 37; IRU� WZR�ZHHNV�� DQG� HOHFWURQ�PLFURVFRS\�ZDV� SHUIRUPHG�RQ� LWV� PDMRU�
JOXWHXV�PXVFOH�

7KH�SUHVHQW�VWXG\�LV�WKHUHIRUH�DEOH�WR�FDSWXUH�WKURXJK�LQ�YLYR�VWXGLHV�LQ�KXPDQV�
DQG�DQLPDOV�WKH�VWUXFWXUDO�DQG�PHFKDQLFDO�HIIHFWV�WKDW�37;�KDV�RQ�5%&V�

���([SHULPHQWDO�0HWKRGV
7KLV�VWXG\�ZDV�DSSURYHG�DQG�SHUIRUPHG�DFFRUGLQJ�WR�WKH�,5%�SURWRFROV�RI�WKH $ULVWRWOH�
8QLYHUVLW\�RI�7KHVVDORQLNL��ZKHUH�WKH�H[SHULPHQWV�WRRN�SODFH��

�����,Q�YLYR�KXPDQ�VWXGLHV
,Q�RUGHU� WR�FDSWXUH�RQO\� WKH�HIIHFW�RI�37;�DQG�QRW� WKDW RI�RWKHU�SK\VLRORJLFDO�

SDUDPHWHUV��WKUHH KHDOWK\�KXPDQ�VXEMHFWV ZHUH�XVHG�LQ�WKLV�VWXG\�WKDW�ZLVKHG�WR�VWDUW�



WDNLQJ�37;�IRU�DWKOHWLF�SXUSRVHV��WKH\�ZHUH�QRW�RQ�DQ\�RWKHU�PHGLFDWLRQV�VXEVWDQFHV��
QRU�VXIIHULQJ�IURP�D�PHGLFDO�FRQGLWLRQ��3ULRU�WR�LQLWLDWLRQ�RI 37;��WKH\�JDYH�D�VPDOO�
EORRG�VDPSOH��SRNH�RQ�WKXPE E\�D�VWHULOL]HG�V\ULQJH���ZKLFK�ZDV�LPPHGLDWHO\�VPHDUHG�
RQ�D�JODVV�VOLGH��VR�DV�WR�REWDLQ�D PRQROD\HU RI�OLYH�5%&V��7KH�JODVV�VOLGH�ZDV�WKHQ�
LPPHGLDWHO\� SODFHG� LQ� WKH� DWRPLF� IRUFH� PLFURVFRSH� �$)0��� ZKHUH� LPDJLQJ� DQG�
LQGHQWDWLRQ�ZHUH�SHUIRUPHG�ZLWKLQ�WHQ PLQXWHV DIWHU EORRG�H[WUDFWLRQ� $IWHU�WHQ PLQXWHV�
WKH�VDPSOH�ZDV�GLVSRVHG�RI�DQG�D�IUHVK�EORRG�VDPSOH�ZDV�REWDLQHG LQ�RUGHU�WR�REWDLQ�
HQRXJK�GDWD�IRU�VWDWLVWLFDO�SXUSRVHV��)RU�HDFK�VXEMHFW ���LQGHQWDWLRQV�ZHUH�SHUIRUPHG�
RQ��� GLIIHUHQW�5%&V��SULRU�WR�37;�LQLWLDWLRQ��7KHQ��WKH�VXEMHFWV�EHJDQ�WDNLQJ����PJ�
RI�37;�HYHU\����KRXUV�����PJ�GD\��� IRU���GD\V��2Q� WKH��WK GD\� WKH�DIRUHPHQWLRQHG�
$)0�SURFHGXUH�ZDV�UHSHDWHG�VR�DV�WR�REWDLQ�WKH�HODVWLF�PRGXOXV�RI�5%&V�ZLWK�37;�
HIIHFWV��

�����&DOFXODWLRQ�RI�HODVWLF�PRGXOXV�RI�5%&V
,PDJLQJ�DQG�LQGHQWDWLRQ�ZHUH�SHUIRUPHG�XVLQJ�WKH�9HHFR�0XOWLPRGH�$)0�ZLWK�

��� QP� 6L&� WDSSLQJ� PRGH� WLSV�� $IWHU� SHUIRUPLQJ WKH� $)0� LQGHQWDWLRQV� WKH� HODVWLF�
PRGXOXV� RI� WKH�5%&V�ZDV� GHGXFHG� XVLQJ WKH� MXPS� UDWH�PHWKRG�����ZKLFK� KDV� EHHQ�
GHYHORSHG� IRU� PHDVXULQJ� DFFXUDWHO\� WKH� HODVWLFLW\� RI� YLVFRXV� PDWHULDOV� VXFK� DV� VRIW�
SRO\PHUV�DQG�FHOOV� 7KLV�SURWRFRO� LQYROYHV� DSSO\LQJ�D� VWHS� MXPS� LQ� WKH� ORDGLQJ� UDWH�
GXULQJ ORDGLQJ�� 2QO\� WKH� HODVWLF� FRPSRQHQW� RI� WKH� PDWHULDO� FRQVWLWXWLYH� EHKDYLRU
UHVSRQGV�WR�WKH�VWHS�MXPS�DQG��WKHUHIRUH��E\�VXEWUDFWLQJ�WKH�ORDG�GLVSODFHPHQW�UHVSRQVH
RI�WKH�5%& MXVW�EHIRUH�DQG�MXVW�DIWHU�WKH�UDWH�MXPS��UHPRYHV�WKH�FRQWULEXWLRQ�IURP�WKH�
YLVFRXV�GHIRUPDWLRQ���

,Q�DQ�$)0�WKH�PRYHPHQW�į RI�WKH�VDPSOH�VWDJH��DQG�WKH�SKRWRGLRGH�VLJQDO�' GXH�
WR�FDQWLOHYHU�GHIOHFWLRQ� DUH�UHFRUGHG�RYHU�WLPH� 'XULQJ WKH LPSRVHG�VWHS�MXPS�LQ�WKH�
ORDGLQJ�UDWH��WKHVH�WZR�TXDQWLWLHV�XQGHUJR�VWHS�FKDQJHV�LQ�WKHLU�WLPH�UDWHV�RI�G� DQG'�
UHVSHFWLYHO\��ZKLFK�FDQ�EH�REWDLQHG�IURP�WKH�UHFRUGHG�GDWD��G� DQG'� KDYH�EHHQ�VKRZQ�
WR�EH�UHODWHG�E\�
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ZKHUH�$ LV�D�VHQVLWLYLW\�FRQVWDQW��L�H� WKH GHIOHFWLRQ�SHU�SKRWR�GLRGH�VLJQDO�RI�WKH�$)0�
FDQWLOHYHU��DQG D LV WKH�UDWLR�EHWZHHQ�WKH�VSULQJ�VWLIIQHVV�RI�WKH�$)0�FDQWLOHYHU�WR�WKH�
HQG�GLDPHWHU�RI�WKH�$)0�WLS�ZKLFK�LV�DVVXPHG�WR�EH�IODW�HQGHG��7KH�ILQDO�SDUDPHWHU�LQ�
(T������LV�(U��ZKLFK�GHQRWHV�WKH�UHGXFHG�HODVWLF�PRGXOXV�RI�WKH�WLS�VDPSOH�FRQWDFW��DQG
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ZKHUH�YWLS��(WLS��YVDPSOH��(VDPSOH��DUH�WKH�3RLVVRQ¶V�UDWLR�DQG�HODVWLF�PRGXOXV�RI�WKH�$)0�
WLS�DQG�VDPSOH��UHVSHFWLYHO\��+HQFH��IRU�D�SDUWLFXODU�FDQWLOHYHU�WLS��WKH�FRQVWDQWV�$ DQG�
D FDQ� EH� GHWHUPLQHG� E\� REWDLQLQJ�$)0� LQGHQWDWLRQ� IRUFH�GLVWDQFH� FXUYHV� IRU� WZR�
VWDQGDUG�PDWHULDOV�ZLWK�NQRZQ�HODVWLF�PRGXOL� 7KHQ�WKH�VDPH�WLS�FDQ�EH�XVHG�WR�LQGHQW�
D� VDPSOH�ZLWK� XQNQRZQ�PHFKDQLFDO� SURSHUWLHV� DQG (TV ���� DQG� ���� FDQ� EH� XVHG� WR�
FDOFXODWH�(VDPSOH��ZKLFK�LQ�WKLV�FDVH�LV�WKH HODVWLF�PRGXOXV�RI�WKH 5%& �(5%&���

7KLV� MXPS�UDWH�PHWKRG�KDV�EHHQ�IRXQG�WR�\LHOG�UHOLDEOH�UHVXOWV� IRU�WKH�HODVWLF�
PRGXOXV�RI�QXPHURXV�PHWDO�DQG�SRO\PHU�PDWHULDOV��DQG�PRUH�UHFHQWO\�IRU RUDO�FDQFHU�
FHOOV�� ,W�ZDV� WKHUHIRUH��HPSOR\HG� LQ� WKH�SUHVHQW�VWXG\��XVLQJ� D�VRIW�VROLG�JHO� �( ���
03D��DQG�D�6L�ZDIHU� �( ��� *3D��DV�VWDQGDUGV IRU�GHWHUPLQLQJ�$ DQG D LQ�(T�������
%HIRUH�EHJLQQLQJ�WKH�H[SHULPHQWV��WKH�$)0�WLS�ZDV�IODWWHQHG�E\�LQGHQWLQJ�RQ�WKH�6L�



ZDIHU�LQ�RUGHU�WR�DFKLHYH�D�IODW�HQGHG�WLS��$IWHU�GHWHUPLQLQJ�$ DQG�D IURP�WKH�6L�DQG�
JHO�� D� WHVW� VDPSOH� RI� KLJKO\ RULHQWHG S\URO\WLF� JUDSKLWH �SURYLGHG� E\� 9HHFR� DV� D�
VWDQGDUG� ZDV�LQGHQWHG�XVLQJ�WKH�DERYH�UDWH�MXPS�SURWRFRO�DQG�LWV�HODVWLF�PRGXOXV�ZDV�
IRXQG��XVLQJ�(TV ��� DQG �����DV��� *3D��7KLV�YDOXH�ZDV�LQ�DJUHHPHQW�ZLWK�WKH YDOXH�
VWDWHG� E\� 9HHFR�� DQG� KHQFH� YHULILHG� WKDW� WKH� MXPS� UDWH� PHWKRG� HPSOR\HG� KHUHLQ�
DFFXUDWHO\� PHDVXUHV� WKH� HODVWLF� PRGXOXV� RI� PDWHULDOV� 2QFH� WKLV� YHULILFDWLRQ� ZDV�
FRPSOHWHG�LQGHQWDWLRQV�RQ�WKH�5%&V�EHJDQ��(YHU\�WLPH�WKH�WLS�ZDV�FKDQJHG�RU�D�QHZ�
GD\�RI�H[SHULPHQWV�EHJDQ�$ DQG ĮZHUH�GHWHUPLQHG�IURP�WKH�JHO�DQG�6L�VWDQGDUGV�DQHZ�

�����,Q�YLYR�UDW�VWXG\
,Q� RUGHU� WR� H[DPLQH� WKH� HIIHFW� RI� 37;� RQ� PLWRFKRQGULD� �PJ� RI� 37;�ZHUH�

SUHVFULEHG�IRU����GD\V�WR�D�KHDOWK\�/HZLV�UDW �$JǺ��� WKDW�ZDV�� PRQWKV�ROG� 7KH�UDW�
ZDV�WKHQ�DQHVWKHWL]HG�ZLWK�LVR����DQG�LQMHFWHG�WUDQVFDUGLDOO\�ZLWK��PO�RI�(XWKDVRO������
PJ�PO�SHQWREDUELWDO�����PJ�PO�SKHQ\WRLQ�� ,WV�PDMRU�JOXWHXV�PXVFOH�ZDV�UHPRYHG�DQG�
LQLWLDOO\� SODFHG� LQ� 6RWHOR� IL[LQJ� VROXWLRQ� FRPSRVHG�RI�� ���SDUDIRUPDOGHK\GH�� �����
JOXWDUDOGHK\GH� LQ� FDFRG\ODWH� EXIIHU� ���PRO�/�� DQG� DGMXVWHG� DW� D ���� S+�� 7KHQ� WKH�
VSHFLPHQV ZHUH�IL[HG�E\�LPPHUVLRQ�LQ����RVPLXP�WHWUR[LGH�IRU����PLQXWHV�DW�URRP�
WHPSHUDWXUH� DQG� GHK\GUDWHG� LQ� JUDGHG� DOFRKRO� VROXWLRQV� DQG� SURS\OHQH� R[LGH�� 7KLQ�
VHFWLRQV� ZHUH� FXW� LQ� D� 5HLFKHUW� XOWUDWRPH�� FRQWUDVWHG� ZLWK� XUDQ\O� DFHWDWH� DQG� OHDG�
FLWUDWH��DQG�VWXGLHG�LQ�D�=HLVV��D6�HOHFWURQ�PLFURVFRSH�

���5HVXOWV�
)LJV �D	E LOOXVWUDWH D�EORRG�VDPSOH�VPHDUHG�RQ�D�JODVV�VOLGH��,W�LV�VHHQ�WKDW�WKH�

5%&V�DUH�VSUHDG�RXW�LQ�D�PRQROD\HU��7KH�VPRRWK��GRQXW� VKDSH�RI�WKH�FHOOV�LQGLFDWHV�
WKH\�ZHUH�DOLYH�����PLQXWHV�DIWHU�H[WUDFWLRQ��WKH�FHOO�PHPEUDQH�EHJDQ�WR�UXSWXUH�DQG�
DVSHULWLHV�ZHUH�GHWHFWHG�DV�VKRZQ�LQ�)LJ���F� (YHQWXDOO\�����PLQXWHV�DIWHU�H[WUDFWLRQ��D�
�VWDU�OLNH��VKDSH�ZDV�REWDLQHG�DV�GHSLFWHG�LQ )LJ���G� ,Q�RUGHU��KHQFH� WR�HQVXUH�WKDW�DOO�
5%&V�ZHUH�DW WKH�VDPH�VWDWH�RQFH�H[WUDFWHG��DOO�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�RQ�IUHVK�
EORRG�VDPSOHV�ZLWKLQ��� PLQXWHV�

)LJ���D�SUHVHQWV�D�VLQJOH�5%& WKDW�ZDV�LQGHQWHG� 7KH�$)0�LQGHQWDWLRQ�GHSWK�ZDV�
NHSW�EHORZ���QP��ZKLFK�LV�ZHOO�EHORZ������RI�WKH�FHOO�KHLJKW �a���QP���DQG�WKHUHIRUH�
WKH�VXEVWUDWH�HODVWLF�SURSHUWLHV�GLG�QRW�DIIHFW�WKH�PHDVXUHPHQWV� )LJ���E�LOOXVWUDWHV�WKDW�
WKH�GHIOHFWLRQ�VLJQDO�RI�WKH�FDQWLOHYHU�XQGHUZHQW�D�VSLNH DV WKH�WLS�SHQHWUDWHG LQWR�WKH�
FHOO�DQG�WKHQ�UHWUDFWHG��7KLV�WUDQVLWLRQ�IURP�LQGHQWDWLRQ�WR�UHWUDFWLRQ�ZDV�WDNHQ�WR�EH�
WKH�UDWH�MXPS�SRLQW�ZKLFK�ZDV�XVHG�LQ (T������WR�REWDLQ�(U DQG�VXEVHTXHQWO\�LQ�(T������
WR�HYDOXDWLRQ�(5%&��

7DEOH���VXPPDUL]HV�WKH�HODVWLF�PRGXOXV�EHIRUH�DQG�DIWHU�37;�VXEVFULSWLRQ��,W�LV�
VHHQ�WKDW�DIWHU�WKH�VXEMHFWV�KDG�WDNHQ 37;�IRU���GD\V�WKH�HODVWLF�PRGXOXV�RI�WKHLU�5%&V�
GHFUHDVHG�GUDPDWLFDOO\� E\�DERXW���������2Q�WKH�RWKHU�KDQG�� WKH�VWDQGDUG�GHYLDWLRQ�
FRUUHVSRQGLQJ�WR�WKH�UHSHDWHG�PHDVXUHPHQWV�IURP����UDQGRPO\�VHOHFWHG�5%&V�LQ�HDFK�
FRQGLWLRQ�LV�VPDOO�FRPSDUHG�WR�WKH�UHGXFWLRQ�LQ�WKH�DYHUDJH�HODVWLF�PRGXOXV�DIWHU�37;�
WUHDWPHQW�� 7KHUHIRUH�� DOWKRXJK� LW� LV� NQRZQ� WKDW� FHOOV� DW� GLIIHUHQW� VWDJHV� LQ� WKHLU� OLIH�
F\FOHV�PD\�EHKDYH�GLIIHUHQWO\�PHFKDQLFDOO\����VXFK�HIIHFWV�DUH�GHHPHG�VPDOO�FRPSDUHG�
WR�WKH�HIIHFWV�RI�WKH�37;��� ,W� LV�LQWHUHVWLQJ�WR�QRWH�WKDW� LQ�DOO�VXEMHFWV�FRQVLGHUHG� WKH�
HODVWLF�PRGXOXV�YDOXH�ZDV�����WLPHV�ORZHU�WKDQ�LWV�LQLWLDO�YDOXH DIWHU�37;�VXEVFULSWLRQ��

,W�VKRXOG�EH�QRWHG�WKDW�LQ SULRU�VWXGLHV�� WKH�HODVWLF�PRGXOXV�RI�KHDOWK\�5%&V�ZDV�
HVWLPDWHG�XVLQJ�WKH�+HUW]LDQ�DSSURDFK��ZKLFK�KRZHYHU��PHDVXUHV�DQ�DSSDUHQW�HODVWLF�
PRGXOXV�� WKDW LV� GHULYHG� IURP� WKH� UDWH� E\� ZKLFK� WKH� DSSOLHG� IRUFH� LQFUHDVHV� ZLWK�
LQGHQWDWLRQ�GHSWK��7KH�+HUW]LDQ�DSSURDFK�WKHUHIRUH�SURYLGHV�WKH�YDOXH�RI DQ�DSSDUHQW�
PRGXOXV� LV� WKDW� FRQWDLQV� WKH� HIIHFWV RI� YLVFRVLW\� DQG LWV� YDOXH�ZRXOG� FKDQJH� LI� WKH�



ORDGLQJ�UDWH�ZHUH�FKDQJHG��,Q�WKH DIRUHPHQWLRQHG MXPS�UDWH�PHWKRG��� YLVFRVLW\�HIIHFWV�
DUH GHFRXSOHG� IURP� WKH PHDVXUHG� HODVWLF� PRGXOXV�� DOORZLQJ WKXV WKH� ODWWHU� WR� EH�
PHDVXUHG�DV�DQ�LQWULQVLF�SURSHUW\�RI�WKH�5%&�LQGHSHQGHQW�RI�WKH�ORDGLQJ�FRQGLWLRQV�

)LJ����GHSLFWV�DQ�HOHFWURQ�PLFURJUDSK RI�WKH�PDMRU�JOXWHXV�PXVFOH RI�WKH�/HZLV�
UDW�ZKLFK�ZDV�VXEVFULEHG�37;�IRU����GD\V���,W�LV�VHHQ�WKDW�WKH�PLWRFKRQGULDO�YROXPH�
DQG�FULVWDH�GHQVLW\�LQFUHDVHG��LQGLFDWLQJ�WKDW�37;�FDQ�DIIHFW�WKH�PHPEUDQH�VWUXFWXUH�RI�
PLWRFKRQGULD���

���'LVFXVVLRQ�
7KH VPHDULQJ�PHWKRG�XVHG�WR�SUHSDUH�WKH�EORRG�VDPSOHV�LQ�WKLV�VWXG\��LV�ZLGHO\�

HPSOR\HG�E\�KHPDWRORJLVWV�DQG LV� WKH�PRVW�HIILFLHQW� WHFKQLTXH� WR�DWWDFK�5%&V�RQ�D�
VXEVWUDWH��7KH�GUDZEDFN� WKRXJK RI� WKLV PHWKRG� LV� WKDW� LW�FDQQRW�DOORZ�IRU� WKH�$)0�
H[SHULPHQWV� WR� WDNH� SODFH� LQ� D� OLTXLG� HQYLURQPHQW�� DV� WKH� 5%&V ZRXOG� GHWDFK�� $V�
PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ��LQ�RUGHU�WR�GR�$)0�LQGHQWDWLRQ�LQ�OLTXLG�LW�ZRXOG�KDYH�
EHHQ�QHFHVVDU\�WR�SURFHVV�WKH�EORRG�LQ�RUGHU�WR�VHSDUDWH�WKH�5%&V DQG�WUHDW�WKHP�ZLWK�
JOXWDUDOGHK\GH� WR� DFKLHYH� IL[DWLRQ�� LQ� DGGLWLRQ� WR� WUHDWLQJ WKH� VXEVWUDWH�ZLWK� SRO\�O�
O\VLQH��� 7KLV� SURFHVV�� KRZHYHU�� QRW� RQO\� NLOOV� WKH� FHOOV�� EXW� SRO\�O�O\VLQH� DQG�
JOXWDUDOGHK\GH� FDQ� DIIHFW� WKH� HODVWLF� PRGXOXV� 2WKHU� WHFKQLTXHV�� VXFK� DV� RSWLFDO� RU�
PDJQHWLF�WZHH]HUV��ZKLFK�FDQ�PHDVXUH�WKH�HODVWLF�PRGXOXV�LQ�OLTXLG ZLWKRXW�WKH�XVH�RI�
DGGLWLRQDO�FKHPLFDOV��SURYLGH�YHU\�URXJK�DSSUR[LPDWLRQV�IRU�LWV�YDOXH��VR�D�FRPSDULVRQ�
EHIRUH�DQG�DIWHU�37;�VXEVFULSWLRQ�FRXOG�QRW�EH�SHUIRUPHG��

6LQFH� WKH� H[SHULPHQWV�ZHUH�QRW�SHUIRUPHG� LQ� D� OLTXLG� HQYLURQPHQW�� WKH�5%&V�
ZHUH�GHK\GUDWHG��)URP�D�PHFKDQLFV�SRLQW�RI�YLHZ�LW�KDV�EHHQ�GRFXPHQWHG�WKDW�DOO�GH�
K\GUDWHG�ELRORJLFDO�WLVVXHV�DQG�FHOOV�DUH�VWLIIHU��DQG�KHQFH��KDYH�D�VLJQLILFDQWO\�KLJKHU�
HODVWLF�PRGXOXV��IURP�WKHLU�UHVSHFWLYH�K\GUDWHG�VWDWH��,W�ZDV�� WKHUHIRUH��H[SHFWHG�WKDW�
WKH�PRGXOXV�YDOXHV�WKDW�ZRXOG�UHVXOW�IURP�WKH�SUHVHQW�H[SHULPHQWV�ZRXOG�EH�LQ�WKH�03D�
UDQJH��VLQFH�WKDW�RI�K\GUDWHG�5%&V�LV�LQ�N3DV��� $Q�HDUOLHU�VWXG\�XVHG�$)0�WR�PHDVXUH�
WKH�HODVWLF�PRGXOXV�5%&V�WKDW�ZHUH�IL[DWHG�RQ�WKH�VXEVWUDWH�XVLQJ�IRUPDOGHK\GH�DQG�
WKHQ�IXOO\�GHK\GUDWHG�DQG�GULHG�%HVWHU��-���%X\V��$�9���/LSLQVNL��%���.HOO��'�%���3UHWRULXV��(���+LJK�IHUULWLQ�OHYHOV�
KDYH�PDMRU� HIIHFWV� RQ� WKH�PRUSKRORJ\� RI� HU\WKURF\WHV� LQ� $O]KHLPHU¶V� GLVHDVH�� )URQW�� $JLQJ� 1HXURVFL�� ��� ��� �������� 7KH�
REWDLQHG� HODVWLF� PRGXOXV� ZDV� a�������03D�� ZKLFK� LV� VLJQLILFDQWO\� KLJKHU� WKDQ� WKH�
YDOXHV�REWDLQHG�SULRU�37;�VXEVFULSWLRQ�LQ 7DEOH����6XFK�D�GLIIHUHQFH�LV�H[SHFWHG�VLQFH�
LQ�RXU�FDVH� WKH�5%&V ZHUH�QRW�IXOO\ GHK\GUDWHG DQG�GULHG� 2XU�UHVXOWV�DUH� WKHUHIRUH�
FRQVLVWHQW�ZLWK�SULRU�VWXGLHV�RQ�GU\�5%&V��

7KH�REVHUYHG�GHFUHDVH�RI�WKH�HODVWLF�PRGXOXV�DIWHU�37;�WUHDWPHQW�IDFLOLWDWHV�WKH�
GHIRUPDELOLW\�RI�5%&V�� DQG�FDQ� WKHUHIRUH�H[SODLQ LQ�YLWUR REVHUYDWLRQV��ZKLFK�KDYH�
VKRZQ�WKDW�5%&V�LQ�37;�FDQ�WUDQVLW LQ�PLFURWXEXOHV DW�KLJKHU�UDWHV�WKDQ�QRUPDO�FHOOV��
�� 7KHUHIRUH��37;�FDQ�UHGXFH WKH�HODVWLF�PRGXOXV�RI 5%&V ZKLFK�UHVXOWV LQ�D�PLFUR�
UKHRORJLFDO�SURILOH�LPSURYHPHQW��DV�ZHOO�DV�LQ�DQ�LQFUHDVH�LQ�EORRG�WUDQVSRUW FDSDFLW\�
LQ�VXEMHFWV�ZLWK�FHUHEURYDVFXODU�DQG�SHULSKHUDO�DUWHULDO GLVHDVHV�

37; LV�NQRZQ�WR�KDYH�PDMRU�HIIHFWV�RQ�VHYHUDO�PHPEUDQH�DVVRFLDWHG�DFWLYLWLHV�LQ�
KXPDQ� EORRG� FHOOV�� VXFK� DV� GHFUHDVHG� VXSHUR[LGH� JHQHUDWLRQ� DFWLYDWHG� E\� ]\PRVDQ��
IRUP\O�PHWKLRQ\O�OHXF\O�SKHQ\ODODQLQH�� DQG� FRQFDQDYDOLQ� $� GHFUHDVHG� XSWDNH� RI�
DGHQRVLQH� DQG LQFUHDVHG� FOLQGDP\FLQ� XSWDNH� LQ� ]\PRVDQ�VWLPXODWHG�
SRO\PRUSKRQXFOHDU�QHXWURSKLOV� $V�PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ�DGPLQLVWHULQJ�37;�
WR�JHUELOV�ZKR�ZHUH�PDGH�WR�VXIIHU�IURP�DQ�LVFKHPLF�FRQGLWLRQ��E\�ELODWHUDO�FRPPRQ�
FDURWLG�DUWHU\�RFFOXVLRQ� UHVXOWHG�LQ�DQ�LPSUHVVLYH�K\SHUWURSK\�RI QHXURQ�PLWRFKRQGULD�
LQ� FRPSDULVRQ�ZLWK� QRUPDO� FRQWUROV� DQG� XQWUHDWHG� LVFKHPLF� JHUELOV���� 6LQFH� WKHQ�� D�
VXEVWDQWLDO�ERG\�RI�HYLGHQFH�KLJKOLJKWV�WKH�UROH�RI�WKH�PLWRFKRQGULDO�LQQHU�PHPEUDQH�
RUJDQL]LQJ�V\VWHP�LQ�SURWHLQ�ELRJHQHVLV������



,W�FDQ�WKHUHIRUH�EH�DUJXHG�WKDW�WKH�DFWLRQ�RI�37;�RQ�PLWRFKRQGULD�LV�UHVSRQVLEOH�
IRU�DOWHULQJ� WKH�HODVWLFLW\�RI�5%&V�� ,Q�RUGHU� IRU�5%&V� WR�EH�UHOHDVHG� LQWR�SHULSKHUDO�
EORRG��WKH\�KDYH�WR�UHDFK�D�PDWXUH�VWDWH��DW�ZKLFK�WKH\�ODFN�D�QXFOHXV�DQG�RWKHU�IRUPHG�
RUJDQHOOHV��$W�WKHLU�SUHPDWXUH�VWDWH�5%&V�KDYH�WKH�FRPSOHWH�FHOOXODU�VWUXFWXUH��EXW�ZLWK�
PDWXUDWLRQ� WKH� PLWRFKRQGULD� HQ]\PHV� WKDW� DUH� UHVSRQVLEOH� IRU� R[LGDWLYH�
SKRVSKRU\ODWLRQ�DQG�WKH�UHVSLUDWRU\�IXQFWLRQ�RI�WKH�FHOO�H[LVW�LQ�D�GLIIXVH�IRUP�LQ�WKH�
F\WRSODVP�DQG� WKH�SODVPD�PHPEUDQH��:LWKRXW� WKHVH�HQ]\PHV� WKH�VXUYLYDO�RI�5%&V
ZRXOG�EH�LPSRVVLEOH� 6LQFH�WKH�DYHUDJH�OLIH�RI�DQ�5%&�LQ�WKH�SHULSKHU\�LV�����GD\V��LW�
IROORZV�WKDW�ERWK�WKH�UHVSLUDWRU\�IXQFWLRQ�RI�WKH�FHOO�DQG�WKH�SURGXFWLRQ�RI�HQHUJ\�E\�
R[LGDWLYH� SKRVSKRU\ODWLRQ�� DUH� SHUIRUPHG� FRQWLQXRXVO\�� +HQFH�� HYHQ� WKRXJK�
PLWRFKRQGULD�DUH�QRW�SUHVHQW LQ�SHULSKHUDO�5%&V�37; FDQ�VWLOO�UHDFW ZLWK�WKH�GLIIXVH�
SKRVSKRGLHVWHUDVH�HQ]\PHV��DQG�DIIHFW�SODVPD�HODVWLFLW\��,Q�RUGHU��KRZHYHU��IRU�WKLV�WR�
RFFXU��LW�PXVW�EH�VKRZQ�WKDW�37;�FDQ�DIIHFW�WKH�PLWRFKRQGULD�PHPEUDQH�VWUXFWXUH�RI�
RWKHU�FHOOV��DQG�QRW�RQO\�QHXURQV��DV�LW�KDV�EHHQ�VKRZQ�WKXV�IDU��)LJ��� LQGHHG�LOOXVWUDWHG�
WKDW� DIWHU� SUHVFULELQJ� �PJ� RI� 37;� WR� D� /HZLV� UDW�,JE��� IRU� ��� GD\V� UHVXOWHG� LQ� DQ�
LQFUHDVH LQ� WKH� QXPEHU� DQG� WKH� YROXPH� RI� PLWRFKRQGULD�� DV� ZHOO� DV� LQ� WKH� LQQHU�
PHPEUDQHV�LQ�FRPSDULVRQ�ZLWK�QRUPDO�FRQWUROV��� 7KLV� LV�FRQVLVWHQW�ZLWK�DQ�LQ�YLYR�
VWXG\�ZKLFK�LQGLFDWHG�WKH�DELOLW\�RI�37;�WR�LPSURYH�PLWRFKRQGULD�IXQFWLRQ�RQ�SDWLHQWV�
ZLWK�FODXGLFDWLQJ�OLPE�PXVFOHV����KRZHYHU��HOHFWURQ�PLFURVFRS\�ZDV�QRW�SHUIRUPHG�WR�
LOOXVWUDWH�LI�DQG�KRZ�WKH�PLWRFKRQGULD VWUXFWXUH�ZDV DIIHFWHG�

,W�LV�WKHUHIRUH�GHPRQVWUDWHG�WKDW�37;�FDQ�DIIHFW�WKH�PLWRFKRQGULD�LQ�RWKHU�FHOOV�
W\SHV� DV� ZHOO�� 0XVFOH� PLWRFKRQGULD�� DUH� YHU\ GXUDEOH�� DQG� FDQ� EH� IL[HG� LQ� SURSHU�
FRQGLWLRQ��DQG�WKHUHIRUH�ZHUH�FKRVHQ IRU�VWXG\LQJ�WKHP XQGHU�WKH�HOHFWURQ�PLFURVFRSH�
3UHPDWXUH�5%&V��ZKLFK�FRQWDLQ�PLWRFKRQGULD� GLVLQWHJUDWH�VKRUWO\�DIWHU�H[WUDFWLRQ�GXH�
WR�DXWRO\VLV��DQG�WKHUHIRUH�LW�LV�YHU\�GLIILFXOW�WR�VWXG\�WKHP�LQ�WKH�HOHFWURQ�PLFURVFRSH��

7KH�PHFKDQLVP�E\�ZKLFK�37;�FDQ�DIIHFW�WKH�GHIRUPDELOLW\�RI�5%&V�LV�WKURXJK�
WKH�GLUHFW�HIIHFW�LW�KDV�RQ�PLWRFKRQGULD�HQ]\PHV��ZKLFK�DUH�UHVSRQVLEOH�IRU�SURYLGLQJ�
PHFKDQLFDO�VWDELOLW\��DQG�KHQFH�GLFWDWH�WKH�SODVWLFLW\�DQG�HODVWLFLW\�RI�PHPEUDQHV� ,Q�
DGGLWLRQ� WR� DOWHULQJ� WKH� VWUXFWXUH� RI�PLWRFKRQGULD� LW� KDV� EHHQ� VKRZQ� WKDW� 37; DOVR
LQFUHDVHV�WKH�HQHUJ\�WKDW�WKH\ SURGXFH������UHVXOWLQJ�LQ �D��DQ�LQFUHDVH�RI�LQWUDFHOOXODU�
DGHQRVLQH� WULSKRVSKDWH� �$73�� FRQFHQWUDWLRQV�� �E�� WKH� GHFUHDVH� RI� LQWUDFHOOXODU� &D��

FRQFHQWUDWLRQV E\�DFWLYDWLRQ�RI�WKH�&D��� 0J�� $73DVH DQG�FDOPRGXOLQ� �F��WKH�LQFUHDVH
LQ SKRVSKRU\ODWLRQ�RI�WKH�SURWHLQV�LQ�WKH�HU\WKURF\WHV�PHPEUDQH�E\�IDFLOLWDWLQJ 0J��
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LQFUHDVH� RI�PHPEUDQH� SKRVSKRSURWHLQ� FRQFHQWUDWLRQ� ,Q�PDWXUH�5%&V�� HYHQ� WKRXJK�
IRUPHG�PLWRFKRQGULD�GR�QRW�H[LVW��WKH�FKDQJH�RI�PRQRYDOHQW�DQG�GLYDOHQW�LRQV�LV�FDUULHG�
E\�WKH�DFWLYDWLRQ�RI�WZR�PDLQ�SXPSV��ZKLFK�DUH�IRXQG�LQ�WKH�F\WRSODVP�PHPEUDQH�RI�
DOO�FHOOV��WKHVH�SXPSV�DUH�WKH�1D�.�$73DVH�DQG�WKH�&D���0J��$73DVH��+HQFH��HYHQ�
ZLWK�WKH�ODFN�RI�PLWRFKRQGULD��37;�FDQ�VWLOO�LQFUHDVH $73�SURGXFWLRQ DQG�GHFUHDVH &D��

FRQFHQWUDWLRQV� LQ� 5%&V� 7KLV� LV� LQ� DJUHHPHQW� ZLWK� HDUOLHU VWXGLHV ZKLFK KDYH� DOVR�
DWWULEXWHG�WKH�DELOLW\ RI�37;�WR�DOWHU WKH�GHIRUPDELOLW\�RI�5%&V�WR LWV�HIIHFW RQ�$73�
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7KH DIRUHPHQWLRQHG LQFUHDVH�LQ�$73�SURGXFWLRQ FDQ�EH�GLUHFWO\�UHODWHG�WR�WKH�
GHFUHDVH�LQ�WKH�HODVWLF�PRGXOXV�RI�WKH�5%&V�VLQFH LW�KDV�EHHQ�VKRZQ�LQ WKHRUHWLFDO�DQG�
H[SHULPHQWDO� VWXGLHV�� WKDW� D� GHFUHDVH� LQ�$73� UHVXOWV� LQ� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH�
HODVWLF�PRGXOXV RI�FHOOV����0RUHRYHU��LW�KDV�EHHQ�VKRZQ�WKDW�DQ�LQFUHDVH�LQ�LQWUDFHOOXODU�
&D�� LQFUHDVHV�WKH�PRGXOXV�RI�5%&V����KHQFH�WKH�GHFUHDVH�RI�&D���FRQFHQWUDWLRQV�GXH�
WR�37;�IXUWKHU�FRQWULEXWHV�WR D�ORZHU�HODVWLF�PRGXOXV��DQG�WKHUHIRUH�KLJKHU�IOH[LELOLW\�
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2XU LQ�YLYR KXPDQ�DQG�DQLPDO VWXG\ SURYLGHV�IXUWKHU HYLGHQFH IRU DQ DELOLW\�RI�
37;�WR�LQFUHDVH�WKH�HODVWLFLW\�RI�5%&V�ZKLFK LV�LQ�DJUHHPHQW�ZLWK HDUOLHU�REVHUYDWLRQV�
VXPPDUL]HG�LQ�WKH�LQWURGXFWLRQ��7KH�RQO\�VWXG\�ZKLFK�LV�FRQWUDGLFWRU\�LV�WKDW�RI�%DOODV�
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DXWKRUV�VXJJHVWHG WKDW�WKH LQFRQVLVWHQF\�REVHUYHG PLJKW�EH�GXH�WR�D�ORZ 37;�GRVDJH�
XVHG�LQ�WKH�LQFXEDWLRQ��DQG \HW WKH\ DOVR VWDWHG WKDW�WKH PHDVXUHG�GHIRUPDELOLW\�RI�5%&V�
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WKH�5%&V�RI� WKH�SDWLHQWV�ZDV�QRW�PHDVXUHG�SULRU� WR� WKH�DGPLQLVWHULQJ�RI�37;��VR� LW�
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$QJLRORJ\�� ������ ���� ������� PD\� EH� GXH� WR� WKH� LQFXEDWLRQ� WHPSHUDWXUH� DQG� H[SHULPHQWDO�
PHWKRG�XVHG�E\�WKHP�%DOODV�DQG�&XPPLQJV��$QJLRORJ\��������������������
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PRGXOXV� RI� UHG� EORRG� FHOOV� LQ� KHDOWK\� KXPDQ� VXEMHFWV�� ZKLFK� LPSOLHV� DQ� LQFUHDVHG�
IOH[LELOLW\�RI�5%&V��DOORZLQJ�IRU�WKH�EORRG�WKLQQLQJ�EHQHILWV�RI�37;� $IWHU�QLQH�GD\V�
RI� 37;� VXEVFULSWLRQ� WKH� 5%&� HODVWLF� PRGXOXV� IURP� KHDOWK\� KXPDQ� VXEMHFWV� KDG�
GHFUHDVHG�E\���������,Q�SHUIRUPLQJ� WKH�H[SHULPHQWV� WKH�FHOOV�ZHUH�DWWDFKHG�RQ� WKH�
VXEVWUDWH�XVLQJ�WKH�VPHDULQJ�PHWKRG��DQG�WKHUHIRUH�QR�H[WHUQDO�IDFWRUV�VXFK�DV�SRO\�O�
O\VLQH�DIIHFWHG�WKH�PHDVXUHPHQWV��)XUWKHUPRUH��LW�ZDV�VKRZQ�WKDW 37;�LQFUHDVHV�WKH�
DPRXQW� DQG� YROXPH� RI�PLWRFKRQGULD� LQ� GLIIHUHQW� W\SHV� RI� FHOOV�� LQGLFDWLQJ� WKDW� WKH�
LQFUHDVHG�SODVWLFLW\�DQG�IOH[LELOLW\�RI 5%& SODVPD�PHPEUDQHV�XQGHU�WKH�LQIOXHQFH�RI�
37; LV�UHODWHG�ZLWK�WKH�37; HQKDQFLQJ�HIIHFW�RQ�HQ]\PHV�IRXQG�LQ�PLWRFKRQGULD WKDW�
DIIHFW�PHPEUDQLF�VWDELOLW\�DQG�IXQFWLRQ� ,Q�5%&V� IXQFWLRQV�RWKHUZLVH�FDUULHG�RXW�LQ�
PLWRFKRQGULD�� RFFXU� LQ� WKH� SODVPD� PHPEUDQH� DQG� WKH� ELRFKHPLFDO� HIIHFWV� RI� 37;�
LQFOXGH�DQ�LQFUHDVH�LQ�$73�DQG�GHFUHDVH�RI�&D����ERWK�RI�ZKLFK�KDYH�EHHQ�VKRZQ�WR�
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HODVWLFLW\� RI� SDWLHQWV¶V� 5%&V� �EHIRUH� DQG� DIWHU� 37;� VXEVFULSWLRQ��� DOORZLQJ� WKH�
GHWHUPLQLQDWLRQ� RI� WKH� RSWLPDO� 37;� GRVDJH� WKDW� UHWDLQV� WKH�PRGXOXV� WR� WKH� GHVLUHG�
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