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8QLYHUVLW\�RI�6\GQH\�
GHH�FDUWHU#V\GQH\�HGX�DX�

&KDLU�6FLHQWLILF�3URJUDP�
-XOLH�'MRUGMHYLF��
:HVWPHDG�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK��
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/RFDO�2UJDQLVLQJ�&RPPLWWHH��
2OLYHU�0RUWRQ��6HFUHWDU\��:HVWHUQ�6\GQH\�8QLYHUVLW\�
2�0RUWRQ#ZHVWHUQV\GQH\�HGX�DX�

0DUF�:LONLQV��6SRQVRUVKLS��8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV�
P�ZLONLQV#XQVZ�HGX�DX�

+HLQULFK�.URXNDPS��7UHDVXUHU��0DFTXDULH�8QLYHUVLW\�
KHLQULFK�NURXNDPS#PT�HGX�DX�

-XVWLQ�%HDUGVOH\��6RFLDO�(YHQWV��0DULH�%DVKLU�,QVWLWXWH��:HVWPHDG�
,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK�
MXVWLQ�EHDUGVOH\#V\GQH\�HGX�DX�
�
�
3URJUDP�2UJDQL]LQJ�&RPPLWWHH��
�
-DPHV�)UDVHU��8QLYHUVLW\�RI�4XHHQVODQG��
7UDXGH�%HLOKDU]�0RQDVK�8QLYHUVLW\��
$XVWHQ�*DQOH\�7KH�8QLYHUVLW\�RI�$XFNODQG��
6LPRQ�6FKPLGW�$XVWUDOLDQ�:LQH�5HVHDUFK�,QVWLWXWH��
-L\RWL�9HUPD�0RQDVK�8QLYHUVLW\��
$OH[�$QGULDQRSRXORV�8QLYHUVLW\�RI�0HOERXUQH��
2OLYHU�5DFNKDP�3HUNLQV�,QVWLWXWH�DQG�&+,5,��&XUWLQ�8QLYHUVLW\�
9DQHVVD�5RVVHWWR�0DUFHOLQR�0DULH�%DVKLU�,QVWLWXWH��
/DV]Oy�,ULQ\L�:HVWPHDG�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK��
%HQMDPLQ�6FKXOW]��8QLYHUVLW\�RI�4XHHQVODQG�
$QWKRQ\�%RUQHPDQ�$XVWUDOLDQ�:LQH�5HVHDUFK�,QVWLWXWH�
(YHO\Q�6DWWOHJJHU��0DVVH\�8QLYHUVLW\�
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�
'D\���:HGQHVGD\��WK�'HFHPEHU�

�����DP������DP�5HJLVWUDWLRQ�
�����DP�������DP�2SHQLQJ�UHPDUNV�DQG�3OHQDU\�/HFWXUH�

�
&KDLU��'HH�&DUWHU��
6SHDNHU��6DNNLH�3UHWRULXV��
<HDVW�������EXLOGLQJ�WKH�ZRUOG
V�ILUVW�IXQFWLRQDO�V\QWKHWLF�HXNDU\RWLF�JHQRPH�
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����������SP�%UHDN�ZLWK�ZLQH�WDVWLQJ�IURP�7LQWLOOD�YLQH\DUGV��+XQWHU�9DOOH\�
ZLQHU\��LQ�WKH�*UHDW�+DOO�RU�DVVRFLDWHG�DUHD�±�HLWKHU�WKH�DQWH�URRP�RU�WKH�
FRXUW\DUG�LQ�WKH�+ROPH�%XLOGLQJ�RU�RXWVLGH�LQ�WKH�4XDG���

�
�����SP�'LQQHU�LQ�WKH�*UHDW�+DOO�

������DP��������6HVVLRQ�,������
�

³,QGXVWULDO�DQG�6\QWKHWLF�)XQJL´�
�
&KDLU��7UDXGH�%HLOKDU]�
6SHDNHUV���
����� 3KLOLS�%HOO��0LFURELRJHQ��16:��
1HZ�LQGXVWULDO�\HDVW�IRU�WKH�ELRIXHO�LQGXVWULHV�
����� 9LFWRULD�+DULWRV��0RQDVK��9LF��
(QJLQHHULQJ�RI�\HDVW�OLSLG�ELRIDFWRULHV��
����� +HQJ�&KRRL��8:$��:$��
6WUDWHJLHV�DQG�WRROV�IRU�DFFHVVLQJ�WKH�KLGGHQ�WUHDVXUH�WURYHV�RI�IXQJL��ELRDFWLYH�
PROHFXOHV�DQG�ELRFDWDO\WLF�HQ]\PHV�
����� 1LFN�&ROHPDQ��8QLYHUVLW\�RI�6\GQH\��16:���
7DNLQJ�WKH�PDJLF�IURP�PXVKURRP�WR�PLFUREH��FRQVWUXFWLRQ�RI�DQ�(��FROL�VWUDLQ�IRU�
SVLORF\ELQ�ELRV\QWKHVLV�

&KDLU��-XVWLQ�%HDUGVOH\�
����������SP�6WXGHQW�3UHVHQWDWLRQV�DQG�3RVWHUV�

6HVVLRQ�,�
�
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�����������SP�/XQFK�

�����������DP�6HVVLRQ�������
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³9LUXOHQW�)XQJL´�
�
&KDLU��-XOLH�'MRUGMHYLF�
6SHDNHUV���
�����5LFKDUG�&DQQRQ��8QLYHUVLW\�RI�2WDJR��1=��
&DQGLGD�DXULV�DQ�HPHUJLQJ�PXOWLGUXJ�UHVLVWDQW�SDWKRJHQ�RI�KXPDQV��
�����2OLYHU�0RUWRQ��:68��16:���
8VLQJ�LQIHFWLRQ�PRGHOV�WR�VWXG\�WKH�LQWHUDFWLRQ�EHWZHHQ�$VSHUJLOOXV�IXPLJDWXV�DQG�
WKH�KRVW���
�����$OH[�,GQXUP��8QLYHUVLW\�RI�0HOERXUQH��9LF���
2SSRVLQJ�UROHV�RI�'1$�UHSDLU�V\VWHPV�LQ�IXQJDO�YLUXOHQFH�DV�DVVHVVHG�LQ�
&U\SWRFRFFXV�VSHFLHV�
�����-L\RWL�9HUPD��0RQDVK��9LF���
,QVLJKWV�LQWR�FKURPDWLQ�G\QDPLFV�DQG�LWV�UROH�LQ�IXQJDO�YLUXOHQFH��

������������6HVVLRQ�������
�
�
�

³7KH�0LFURELRPH�DQG�%LRILOPV´�
�
&KDLUV��+HLQULFK�.URXNDPS�DQG�9DQHVVD�5RVHWWR�0DUFHOLQR�
6SHDNHUV���
�����0HJDQ�/HQDUGRQ��816:��
$�QRYHO��LQ�YLWUR�PRGHO�WR�VWXG\�&DQGLGD�DOELFDQV�FRORQLVDWLRQ�RI�WKH�KXPDQ�
FRORQ��
�����9DQHVVD�5RVHWWR�0DUFHOLQR��0%,��8QLYHUVLW\�RI�6\GQH\�DQG�:,05��16:���
1RYHO�DSSURDFKHV�DQG�FKDOOHQJHV�LQ�IXQJDO�PHWDJHQRPLFV�
�����%U\DQ�5��&RDG��8QLYHUVLW\�RI�$GHODLGH��6$��
$QWLIXQJDO�VXUIDFH�FRDWLQJV�IRU�SUHYHQWLQJ�ELRILOP�IRUPDWLRQ�
�����%HQMDPLQ�6FKZHVVLQJHU��$18��
3DWKRJHQ�'HWHFWLRQ�DQG� WKH� UROH�RI�0LFURELDO�&RPPXQLWLHV� LQ� WKH�SK\OORVSKHUH�
GXULQJ�IXQJDO�LQIHFWLRQ�RI�ZKHDW��
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³'UXJ�'LVFRYHU\�DQG�'HYHORSPHQW´�
�
&KDLU��$QD�7UDYHQ�
6SHDNHUV���
�����/XNH�*XGGDW��8QLYHUVLW\�RI�4/'��
$FHWRK\GUR[\DFLG�V\QWKDVH��DQ�DQWLIXQJDO�GUXJ�WDUJHW��
�����&ODXGLD�6LPP��0RQDVK��9LF��
1HZ�6WUDWHJLHV�WR�FRPEDW�WKH�VXSHUEXJ�&DQGLGD�DXULV��
�����-DPHV�0F.HQQD��/D�7UREH��9LF��
3ODQW�GHIHQVLQV�ZRUN�LQ�V\QHUJ\�ZLWK�FDVSRIXQJLQ�DJDLQVW�&DQGLGD�VSHFLHV�DQG�
FDQ�NLOO�&DQGLGD�DXULV�
�����/RUQD�:LONLQVRQ�:KLWH��8QLYHUVLW\�RI�6\GQH\��
([SORLWLQJ�LQRVLWRO�SRO\SKRVSKDWH�NLQDVHV�IRU�DQWLIXQJDO�GUXJ�GHYHORSPHQW�
�

����������SP��������6HVVLRQ�������
�

³1HWZRUNV�DQG�5HJXODWLRQ´�
�
&KDLU��(YHO\Q�6DWWOHJJHU�
6SHDNHUV���
�����0DUF�:LONLQV��816:���
7KH�0LVVLQJ�/LQN�V��LQ�3URWHRPLFV��1HWZRUN�'LVFRYHU\�E\�&URVVOLQNLQJ�0DVV�
6SHFWURPHWU\�
�����1LNROD\�6KLURNLNK��$18��$&7���
5DSLG�51$�OHYHO�UHVSRQVHV�WR�VWUHVV�UHYHDOHG�E\�WUDQVODWLRQ�FRPSOH[�SURILOH�
VHTXHQFLQJ�LQ�\HDVW�
�����0DUN�%OHDFNOH\��/D7UREH��9LF���
3URWHRPLF�FKDUDFWHUL]DWLRQ�RI�6DFFKDURP\FHV�FHUHYLVLDH�DQG�&DQGLGD�DOELFDQV�
H[WUDFHOOXODU�YHVLFOHV�WR�LGHQWLI\�ELRPDUNHUV�DQG�D�SRWHQWLDO�UROH�LQ�DQWLIXQJDO�
GUXJ�WROHUDQFH��
�����2OLYHU�5DFNKDP��3HUNLQV��&+,5,��&XUWLQ�8QLYHUVLW\���
8VLQJ�\HDVW�WR�GLVFRYHU�QH[W�JHQHUDWLRQ�WRROV�IRU�PDQLSXODWLQJ�JHQHV�
�����7LP�7XFH\��0RQDVK�8QLYHUVLW\������PLQ��
,QIODPPDVRPH�DFWLYDWLRQ�DQG�PHWDEROLF�FRQWURO�RI�LQQDWH�LPPXQLW\�GXULQJ�IXQJDO�
LQIHFWLRQV�

�����SP�6,*�0HHWLQJ��
�����SP�9LVLW�0DUULFNYLOOH�%UHZHULHV��
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�����������SP�&RQFOXGLQJ�5HPDUNV�DQG�3UL]HV��-XOLH�'MRUGMHYLF���
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³<HDVW�DQG�0LFURIXQJL�LQ�WKH�:RUOG´�
�
&KDLU��6LPRQ�6FKPLGW�
�
6SHDNHUV���
�����&ULVWLDQ�9DUHOD��$:5,��$GHODLGH��
'LVFRYHULQJ�WKH�LQGLJHQRXV�PLFURELRWD�DVVRFLDWHG�ZLWK�$XVWUDOLDQ�$ERULJLQDO�DQG�
7RUUHV�6WUDLW�,VODQGHU�IHUPHQWDWLRQV�
�����0DQSUHHW�'KDPL��0DQDDNL�:KHQXD�/DQGFDUH�5HVHDUFK��1=���
:KHUH�WKH�ZLOG�\HDVWV�DUH��5HIOHFWLRQV�RQ�KRZ�GLVSHUVDO��HQYLURQPHQWDO�
YDULDELOLW\�DQG�FRPSHWLWLRQ�VKDSH�PHWDEROLF�SRWHQWLDO�RI�QHFWDU�\HDVWV�
�����/DV]OR�,ULQ\L��:,05��
$VVHVVPHQW� RI� IXQJDO� GLYHUVLW\� RI� $XVWUDOLDQ� WUHH� KROORZV� LQ� FRQQHFWLRQ� WR� WKH�
&U\SWRFRFFXV�JDWWLL�DQG�&��QHRIRUPDQV�VSHFLHV�FRPSOH[HV�
�����'DYLG�*XHVW��8QLYHUVLW\�RI�6\GQH\��16:���
7KH�LPSDFW�RI�IXQJDO�SODQW�GLVHDVHV�RQ�IRRG�VHFXULW\�
�

���������SP�6HVVLRQ����
�

³*HQHWLFV��(YROXWLRQ�DQG�5HVLVWDQFH´���
�
&KDLU��%HQMDPLQ�6FKXOW]�
6SHDNHUV����
�����$OH[�$QGULDQRSRXORV��8QLYHUVLW\�RI�0HOERXUQH��9LF���
$GDSWDWLRQ�WR�WKH�KRVW�QLFKH�WKURXJK�FHOO�VKDSH�FRQWURO�LQ�WKH�KXPDQ�SDWKRJHQLF�
IXQJXV�7DODURP\FHV�PDUQHIIHL��
�����$XVWHQ�*DQOH\��8QLYHUVLW\�RI�$XFNODQG��1=��
%XLOGLQJ�5XEH�*ROGEHUJ�PDFKLQHV�LQ�\HDVW�WR�H[SORUH�XQQHFHVVDU\�FRPSOH[LW\�LQ�
ELRORJ\�
�����(UZLQ�/DPSLQJ��8QLYHUVLW\�RI�2WDJR��1=��
&KDOOHQJHV�RI�PHPEUDQH�SURWHLQ�UHVHDUFK�LQ�6DFFKDURP\FHV�FHUHYLVLDH��
�����$QWKRQ\�%RUQHPDQ�
,V�62��WROHUDQFH�LQ�%UHWWDQRP\FHV�EUX[HOOHQVLV�D�GHYHORSLQJ�FRQFHUQ"�
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3OHQDU\�/HFWXUH�
�
<HDVW� ������ EXLOGLQJ� WKH�ZRUOG
V� ILUVW� IXQFWLRQDO� V\QWKHWLF� HXNDU\RWLF�
JHQRPH�
�

7RP�:LOOLDPV��+HLQULFK�.URXNDPS��+XJK�*RROG��5R\�:DONHU�� ,DQ�3DXOVHQ�
DQG�,VDN�6��3UHWRULXV��
�
$5&� &HQWUH� RI� ([FHOOHQFH� LQ� 6\QWKHWLF� %LRORJ\�� 0DFTXDULH� 8QLYHUVLW\��
6\GQH\�
(PDLO��6DNNLH�3UHWRULXV#PT�HGX�DX�
�

+LVWRULDQV�RI�WKH�IXWXUH�PD\�ZHOO�GHVFULEH������DV�WKH�\HDU�WKDW�WKH�ZRUOG¶V�ILUVW�IXQFWLRQDO�
V\QWKHWLF�HXNDU\RWLF�JHQRPH�EHFDPH�D�UHDOLW\��:LWKRXW�WKH�EHQHILW�RI�KLQGVLJKW��LW�PLJKW�
EH�KDUG�WR�FRPSOHWHO\�JUDVS�WKH�ORQJ�WHUP�VLJQLILFDQFH�RI�D�EUHDNWKURXJK�PRPHQW�LQ�WKH�
KLVWRU\�RI�VFLHQFH�OLNH�WKLV��7KH�UROH�RI�V\QWKHWLF�ELRORJ\�LQ�WKH�LPPLQHQW�ELUWK�RI�D�EXGGLQJ�
6DFFKDURP\FHV�FHUHYLVLDH�\HDVW�FHOO�FDUU\LQJ����PDQ�PDGH�FKURPRVRPHV�FDXVHV�WKH�
ZRUOG� RI� VFLHQFH� WR� WHHWHU� RQ� WKH� WKUHVKROG� RI� D� IXWXUH�GHILQLQJ� VFLHQWLILF� IURQWLHU�� 7KH�
JHQRPH�HQJLQHHULQJ� WRROV� DQG� WHFKQRORJLHV�FXUUHQWO\� EHLQJ�GHYHORSHG� WR�SURGXFH� WKH�
XOWLPDWH� \HDVW� JHQRPH� ZLOO� LUUHYHUVLEO\� FRQQHFW� WKH� GRWV� EHWZHHQ� RXU� LPSURYHG�
XQGHUVWDQGLQJ�RI�WKH�IXQGDPHQWDOV�RI�D�FRPSOH[�FHOO�FRQWDLQLQJ�LWV�'1$�LQ�D�VSHFLDOLVHG�
QXFOHXV� DQG� WKH� DSSOLFDWLRQ� RI� ELRHQJLQHHUHG� HXNDU\RWHV� GHVLJQHG� IRU� DGYDQFHG�
ELRPDQXIDFWXULQJ�RI�EHQHILFLDO�SURGXFWV��%\�MRLQLQJ�XS�WKH�GRWV�EHWZHHQ�WKH�ILQGLQJV�DQG�
OHDUQLQJV�IURP�WKH�LQWHUQDWLRQDO�6\QWKHWLF�<HDVW�*HQRPH�SURMHFW��NQRZQ�DV�WKH�<HDVW�����
RU� 6F���� SURMHFW�� DQG� FRQFXUUHQW� DGYDQFHPHQWV� LQ� ELRGHVLJQ� WRROV� DQG� VPDUW� GDWD�
LQWHQVLYH�WHFKQRORJLHV��D�IXWXUH�ZRUOG�SRZHUHG�E\�D�WKULYLQJ�ELRHFRQRP\�VHHPV�UHDOLVWLF���
7KLV�JOREDO�SURMHFW�GHPRQVWUDWHV�KRZ�D�FROODERUDWLYH�QHWZRUN�RI�GRW�FRQQHFWRUV���GULYHQ�
E\�D�WLQNHUHU¶V�LQGRPLWDEOH�FXULRVLW\�WR�XQGHUVWDQG�KRZ�WKLQJV�ZRUN�LQVLGH�D�HXNDU\RWLF�
FHOO���DUH�XVLQJ�FXWWLQJ�HGJH�ELRGHVLJQ�FRQFHSWV�DQG�V\QWKHWLF�ELRORJ\�WRROV�WR�DGYDQFH�
VFLHQFH�DQG�WR�SRVLWLYHO\�IUDPH�KXPDQ�IXWXUHV��L�H��LPSURYHG�TXDOLW\�RI�OLIH��LQ�D�SODQHWDU\�
FRQWH[W��L�H��D�VXVWDLQDEOH�HQYLURQPHQW���([SORUDWLRQV�VXFK�DV�WKLV�KDYH�D�ULFK�KLVWRU\�RI�
UHVXOWLQJ� LQ� XQH[SHFWHG� GLVFRYHULHV� DQG� XQDQWLFLSDWHG� DSSOLFDWLRQV� IRU� WKH� EHQHILW� RI�
SHRSOH� DQG� SODQHW�� +RZHYHU�� ZH�PXVW� OHDUQ� IURP�SDVW� H[SORUDWLRQV� LQWR� FRQWURYHUVLDO�
IXWXULVWLF�VFLHQFHV�DQG�HQVXUH�WKDW�UHVHDUFKHUV�DW� WKH�IRUHIURQW�RI�DQ�HPHUJLQJ�VFLHQFH�
VXFK� DV� V\QWKHWLF� ELRORJ\� UHPDLQ� FRQQHFWHG� WR� DOO� VWDNHKROGHUV¶� FRQFHUQV� DERXW� WKH�
ELRVDIHW\��ELRHWKLFV�DQG�UHJXODWRU\�DVSHFWV�RI�WKHLU�SLRQHHULQJ�ZRUN��7KLV�DUWLFOH�SUHVHQWV�
D�VKDUHG�YLVLRQ�RI�FRQVWUXFWLQJ�D�V\QWKHWLF�HXNDU\RWLF�JHQRPH�LQ�D�VDIH�PRGHO�RUJDQLVP�
E\� XVLQJ� QRYHO� FRQFHSWV� DQG� DGYDQFHG� WHFKQRORJLHV�� 7KLV� PXOWLGLVFLSOLQDU\� DQG�
FROODERUDWLYH�SURMHFW�LV�FRQGXFWHG�XQGHU�D�VRXQG�JRYHUQDQFH�VWUXFWXUH�WKDW�GRHV�QRW�RQO\�
UHVSHFW�WKH�VFLHQWLILF�DFKLHYHPHQWV�DQG�OHVVRQV�IURP�WKH�SDVW��EXW�WKDW�LV�DOVR�IRFXVVHG�
RQ�OHDGLQJ�WKH�SUHVHQW�DQG�KHOSLQJ�WR�VHFXUH�D�EULJKWHU�IXWXUH�IRU�DOO��
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6HVVLRQ���
�

�����1HZ�LQGXVWULDO�\HDVW�IRU�WKH�ELRIXHO�LQGXVWULHV�

3KLOLS�%HOO��

0LFURELRJHQ� 3W\� /WG�� %XVLQHVV� 3DUN�� 8QLW� (��� /DQH�
&RYH�����6LULXV�5G��/DQH�&RYH�:HVW�16:������

<HDVW�RI�WKH�JHQXV�6DFFKDURP\FHV�DUH�WKH�PRVW�ZLGHO\�
XVHG�LQGXVWULDO�PLFUREHV�XQGHUSLQQLQJ�LQGXVWULHV�ZRUWK�
LQ�H[FHVV�RI����WULOOLRQ�DQQXDOO\���/DUJH�LQGXVWULHV�EDVHG�
RQ� 6DFFKDURP\FHV� LQFOXGH� WKH� WUDGLWLRQDO� EDNLQJ��
EUHZLQJ��DQG�ZLQH�LQGXVWULHV�ZLWK�RYHU�����������WRQQHV�
RI� \HDVW� ELRPDVV� SURGXFHG� IRU� WKH� EDNLQJ� LQGXVWU\�
DORQH�� � ,Q� DGGLWLRQ� WR� WKHVH� HVWDEOLVKHG� LQGXVWULHV��
HPHUJHQW� LQGXVWULHV�VXFK�DV�WKH�ELRIXHOV��ELRFKHPLFDO��
QXWUDFHXWLFDO�� DQG� SKDUPDFHXWLFDO� LQGXVWULHV� DUH� LQ�
PDQ\�FDVHV�GHSHQGHQW�XSRQ�6DFFKDURP\FHV�DV�D�FRUH�
FRPSRQHQW�RI�WKHLU�SURGXFWLRQ�V\VWHP���%RWK�WKH�FXUUHQW�
ILUVW�JHQHUDWLRQ��FURS�EDVHG��DQG�WKH�HPHUJLQJ�VHFRQG�
JHQHUDWLRQ��SODQW�ELRPDVV�EDVHG��IXHO�HWKDQRO�LQGXVWULHV�
H[SORLW�WKH�XQVXUSDVVHG�DELOLW\�RI�6DFFKDURP\FHV�\HDVW�
WR� DFW� DV� D� FDWDO\VW� LQ� WKH� FRQYHUVLRQ� RI� VXJDUV� LQWR�
HWKDQRO�ZLWK�KLJK�\LHOG�DQG�SURGXFWLYLW\���,Q�WKLV�WDON�,�ZLOO�
SUHVHQW� DQ� RYHUYLHZ� RI�0LFURELRJHQ¶V� WHFKQRORJ\� WKDW�
KDV� JHQHUDWHG� LQGXVWULDO� \HDVW� VWUDLQV� WKDW� DUH� QRZ�
SURGXFLQJ�!�����RI�86�ELRHWKDQRO��DQG�KRZ�LW¶V�$��0�
�QG�JHQHUDWLRQ�SURJUDP�EDFNHG�E\�DQ�$XVWUDOLDQ�)HGHUDO�
JRYHUQPHQW�$5(1$�JUDQW�LV�OHDGLQJ�WR�WKH�GHYHORSPHQW�
RI�\HDVW�WKDW�FDQ�HQDEOH�WKH�SURGXFWLRQ�RI�IRRG�DQG�IXHO�
IURP�OLJQRFHOOXORVLF�ELRPDVV��
�
�����(QJLQHHULQJ�RI�\HDVW�OLSLG�ELRIDFWRULHV��
-LDQJ��:�����3HQJ��+���+H��/��DQG�+DULWRV��96���
��� 'HSDUWPHQW� RI� &KHPLFDO� (QJLQHHULQJ�� 0RQDVK�
8QLYHUVLW\��&OD\WRQ��9,&�������$XVWUDOLD��
��� 'HSDUWPHQW� RI� %LRHQJLQHHULQJ�� ,PSHULDO� &ROOHJH�
/RQGRQ��/RQGRQ��8QLWHG�.LQJGRP�
(PDLO��9LFWRULD�KDULWRV#PRQDVK�HGX�
�
%LRSURGXFWLRQ� RI� FKHPLFDOV� DQG� IXHOV� LV� DQ� LPSRUWDQW�
DQG� JURZLQJ� VHJPHQW� RI� PDQXIDFWXULQJ� DQG�
6DFFKDURP\FHV� FHUHYLVLDH� LV� ERWK� ZLGHO\� XVHG� DV�
SURGXFWLRQ� RUJDQLVP�DQG�DV� D�PHWDEROLF�PRGHO�� )DWW\�
DFLG�FRQWDLQLQJ� OLSLGV� DUH� D� FODVV� RI� PRGHUDWH� YDOXH��
KLJKO\� YHUVDWLOH� FKHPLFDOV� SURGXFHG� E\� \HDVWV� ZLWK�
DSSOLFDWLRQ�DV�IXHOV��FRVPHWLFV��OXEULFDQWV�DQG�FRDWLQJV��
2YHU� WKH� SDVW� GHFDGH�� PHWDEROLF� OLSLG� HQJLQHHULQJ� RI�
\HDVW�KDV�LQFUHDVHG�SURGXFWLRQ�OHYHOV�RI�VWDQGDUG�IDWW\�
DFLGV� HQRUPRXVO\� DQG� WKHVH� DUH� QRZ� FORVH� WR�
FRPPHUFLDO� UHDOLW\�� %XW� ZH� DUH� VWLOO� D� ORQJ� ZD\� IURP�
HIILFLHQW� FHOO� IDFWRULHV� SURGXFLQJ� D� ZLGHU� UDQJH� RI�
IXQFWLRQDO� FKHPLVWULHV�� :H� DLP� WR� GHYHORS� \HDVW�
ELRIDFWRULHV� IRU� QHZ� FKHPLVWULHV� WKURXJK� HQ]\PH�
GLVFRYHU\�DQG�HQJLQHHULQJ�� LQIRUPHG�E\�FRPSXWDWLRQDO�
PHWDEROLF� IOX[� PRGHOV� DQG� DSSO\LQJ� GHVLJQ�WHVW�EXLOG�

OHDUQ� SULQFLSOHV� IURP� V\QWKHWLF� ELRORJ\�� +HUH��
F\FORSURSDQDWHG�IDWW\�DFLG�LV�XVHG�DV�SURRI�RI�SULQFLSOH�
WKDW� H[SDQGV� WKH� FXUUHQW� HQ]\PH� DQG� PHWDEROLF�
SDWKZD\� GHVLJQ� VSDFH��:KLOH� \HDVW� QDWXUDOO\� SURGXFH�
VWDQGDUG� PRQRXQVDWXUDWHG� IDWW\� DFLGV� VXFK� DV� ROHLF��
SDOPLWROHLF� DQG� VDWXUDWHG� IRUPV� VWHDULF� DQG� SDOPLWLF��
IXQFWLRQDOLVHG� IDWW\� DFLGV� VXFK� DV� F\FORSURSDQH� IDWW\�
DFLGV� WKDW� SRVVHVV� D� VWUDLQHG� ��PHPEHUHG� ULQJ� LQ� D�
VDWXUDWHG� FKDLQ�� SUHVHQW� JUHDWHU� FKDOOHQJHV�� 2XU�
VWUDWHJ\�WR�DFKLHYH�KLJK�\LHOG�RI�F\FORSURS\O�FRQWDLQLQJ�
OLSLG� SURGXFW� LQFOXGHV� H[SUHVVLQJ� (VFKHULFKLD� FROL�
F\FORSURSDQH� IDWW\�DFLG�V\QWKHWDVH��(F&)$6�� LQ�\HDVW�
SUH�HQJLQHHUHG�IRU�LQFUHDVHG�OLSLG�SURGXFWLRQ��7KLV�VWHS�
LQFUHDVHG� WKH� \LHOG� RI� F\FORSURS\O� IDWW\� DFLG� ��IROG� LQ�
WULJO\FHULGH��7$*���+RZHYHU�� WKH�F\FORSURS\O� IRUP�ZDV�
MXVW�����RI�WRWDO�7$*�IDWW\�DFLG�ZKHUHDV�WKH�SURSRUWLRQ�
LQ�SKRVSKROLSLG�ZDV������7R�IXUWKHU�LPSURYH�\LHOG�RI�WKLV�
IDWW\�DFLG��ZH�KDYH�XQGHUWDNHQ�D�V\VWHPDWLF�DQDO\VLV�RI�
F\FORSURSDQH�IDWW\�DFLG�V\QWKHVLV��DVVHVVHG�WKH�LPSDFW�
RI�H[SUHVVLQJ�QDWLYH�DQG�LQWURGXFHG�OLSLG�KDQGOLQJ�JHQHV�
DQG� SDWKZD\� PRGLILFDWLRQV�� DQG� H[DPLQHG� SRWHQWLDO�
VXEVWUDWH� OLPLWDWLRQV�� 7RJHWKHU�� WKLV� PHWDEROLF�
HQJLQHHULQJ�VWUDWHJ\�KDV�JUHDWO\� LPSURYHG�F\FORSURS\O�
SURGXFWLRQ� LQ�\HDVWV�DQG�WKH�DSSURDFK�LV�DSSOLFDEOH�WR�
RWKHU�VLPLODUO\�V\QWKHVLVHG�KLJK�YDOXH�H[RWLF�IDWW\�DFLGV��
�
����� 6WUDWHJLHV�DQG� WRROV� IRU�DFFHVVLQJ� WKH�KLGGHQ�
WUHDVXUH� WURYHV� RI� IXQJL�� ELRDFWLYH�PROHFXOHV� DQG�
ELRFDWDO\WLF�HQ]\PHV�

<LW�+HQJ�&+22,�

$5&� )XWXUH� )HOORZ� �� 6FKRRO� RI� 0ROHFXODU� 6FLHQFHV��
8QLYHUVLW\�RI�:HVWHUQ�$XVWUDOLD��3HUWK�������:$���

$� SDUDGLJP� WKDW� KDV� HPHUJHG� IRU� PLFURELDO� GUXJ�
GLVFRYHU\� LQ� WKH� JHQRPLFV�HUD� LV� WKDW�ZH�DUH� IDU� IURP�
H[KDXVWLQJ� WKH� FKHPLFDO� GLYHUVLW\� HQFRGHG� LQ� WKH�
JHQRPHV�RI� IXQJL��DV�WKH�QXPEHU�RI�ELRV\QWKHWLF�JHQH�
FOXVWHUV� LQ� WKH� JHQRPHV� RIWHQ� JUHDWO\� H[FHHGV� WKH�
QXPEHU�RI�VHFRQGDU\�PHWDEROLWHV�LVRODWHG�IURP�FXOWXUHV�
LQ� WKH� ODERUDWRU\�� 7KLV� LV� GXH� WR� PDQ\� RI� WKHVH�
VSHFLDOLVHG� PHWDEROLWH� ELRV\QWKHWLF� SDWKZD\V� DUH�
FRQGLWLRQDOO\� H[SUHVVHG�� LQ� UHVSRQVH� WR� YDU\LQJ� ELRWLF�
DQG�DELRWLF�IDFWRUV�LQ�WKH�HQYLURQPHQW��,QVSLUHG�E\�WKLV��
ZH� KDUQHVV� PLFURELDO� ELRWLF� LQWHUDFWLRQV� WR� JXLGH� RXU�
JHQRPH�PLQLQJ�HIIRUW�IRU�ELRDFWLYH�PROHFXOH�GLVFRYHU\��
2XU� ODE�KDV�D�VSHFLDO� LQWHUHVW� LQ�PROHFXOHV� IURP� IXQJL�
LQWHUDFWLQJ�ZLWK�KLJKHU�HXNDU\RWLF�KRVWV�� L�H��SODQWV�DQG�
DQLPDOV�� DV� WKHVH� PROHFXOHV� FRXOG� KDYH� SRWHQWLDO�
DJULFXOWXUDO�DQG�SKDUPDFHXWLFDO�DSSOLFDWLRQV��2QH�RI�RXU�
VWUDWHJLHV� LV� WR� XVH� WUDQVFULSWRPLFV� WR� SULRULWLVH�
ELRV\QWKHWLF� JHQH� FOXVWHUV� WKDW� DUH� H[SUHVVHG� GXULQJ�
IXQJDO�KRVW� LQWHUDFWLRQV�DQG�FRXSOH� WKDW�ZLWK� V\QWKHWLF�
ELRORJ\� WRROV� WKDW� HQDEOHG� VSHFLILF� SDWKZD\� DFWLYDWLRQ�
DQG�RU� SDWKZD\� UHFRQVWUXFWLRQ� LQ� KHWHURORJRXV�
H[SUHVVLRQ�V\VWHP��7R� WKLV�HQG��ZH�KDYH�GHYHORSHG�D�
PRGXODU� PXOWL�JHQH� HSLVRPDO� H[SUHVVLRQ� V\VWHP� IRU�
UDSLG� UHFRQVWUXFWLRQ� DQG� HOXFLGDWLRQ� RI� FU\SWLF�
ELRV\QWKHWLF�SDWKZD\V�LQ�IXQJL��8VLQJ�VXFK�VWUDWHJ\�RQ�
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D�ZKHDW�IXQJDO�SDWKRJHQ��ZH�KDYH�GLVFRYHUHG�D�QXPEHU�
RI�SK\WRWR[LF�QDWXUDO�SURGXFWV�SUHYLRXVO\�QRW�NQRZQ�WR�
EH� SURGXFHG� E\� WKH� IXQJXV�� VRPH� RI� ZKLFK� ZH� KDYH�
GHPRQVWUDWHG� WR� EH� LPSRUWDQW� IRU� LWV� YLUXOHQFH�� ,Q� WKH�
SURFHVV�� ZH� KDYH� DOVR� XQFRYHUHG� D� QXPEHU� RI� QRYHO�
ELRV\QWKHWLF� HQ]\PHV� LQ� WKHVH� FU\SWLF� ELRV\QWKHWLF�
SDWKZD\V�� ZKLFK� FRXOG� SHUIRUP� FRPSOH[� FKHPLFDO�
WUDQVIRUPDWLRQV� DQG� KDYH� SRWHQWLDO� DSSOLFDWLRQV� DV�
ELRFDWDO\VWV�IRU�FKHPLFDO�V\QWKHVLV��)LQDOO\��,�ZLOO�GLVFXVV�
WKH�UHFHQW�GHYHORSPHQW�LQ�RXU�ODE�RQ�WKH�GHYHORSPHQW�
RI�&5,635�EDVHG�WHFKQRORJ\�IRU�DFFHVVLQJ�WKH�KLGGHQ�
ELRV\QWKHWLF� SRWHQWLDO� RI� IXQJL� WR� DFFHOHUDWH� ELRDFWLYH�
PROHFXOHV�GLVFRYHU\��
�
������7DNLQJ�WKH�PDJLF�IURP�PXVKURRP�WR�PLFUREH��
FRQVWUXFWLRQ� RI� DQ� (�FROL� VWUDLQ� IRU� SVLORF\ELQ�
ELRV\QWKHVLV�
$OL�� )��� &DUXDQD�� 0��� *RQ]DJD�� %��� +DZNLQV�� 1���
0DJUDWK��,���7RGG��(���DQG�&ROHPDQ�1�9�����
6FKRRO�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�
RI�6\GQH\��

3VLORF\ELQ� LV� WKH� PDMRU� SV\FKRDFWLYH� FRPSRQHQW� RI�
µPDJLF¶�PXVKURRPV��7KLV�FKHPLFDO�LV�EHLQJ�LQYHVWLJDWHG�
DV� D� PHGLFLQH� IRU� WUHDWPHQW� RI� GHSUHVVLRQ�� DGGLFWLRQ��
DQG� SRVW�WUDXPDWLF� VWUHVV� GLVRUGHU�� 2QH� RI� WKH� PDMRU�
KXUGOHV� IRU� UHVHDUFK� LV� LQ�VRXUFLQJ�SVLORF\ELQ�� WKH�ZLOG�
PXVKURRPV�YDU\�JUHDWO\�LQ�SRWHQF\�DQG�DUH�QRW�HDV\�WR�
JURZ�LQ�FDSWLYLW\��DQG�WKH�FRPSRXQG�LV�GLIILFXOW�WR�PDNH�
YLD� RUJDQLF� FKHPLVWU\�� � :H� WRRN� D� V\QWKHWLF� ELRORJ\�
DSSURDFK�WR�VROYH�WKLV�SUREOHP��E\�H[SUHVVLQJ�WKH�IRXU�
JHQHV�IURP�WKH�SVLORF\ELQ�ELRV\QWKHWLF�SDWKZD\�LQ�(�FROL��
ZKLFK� LV� HDVLHU� WR� JURZ� DQG� VFDOH�XS� WKDQ� 3VLORF\EH�
PXVKURRPV�� 7KLV� SURMHFW� ZDV� GRQH� E\� D� WHDP� RI� VL[�
XQGHUJUDGXDWHV�DV�SDUW�RI�WKH��
7KH�JHQHV�RI�WKH�SVLORF\ELQ�SDWKZD\�ZHUH�V\QWKHVLVHG�
DV�µJ%ORFNV¶�WR�UHPRYH�LQWHUQDO�UHVWULFWLRQ�VLWHV�DQG�DOORZ�
FRGRQ�RSWLPLVDWLRQ�RI� WKH�JHQHV��7KH� ILUVW�JHQH� LQ� WKH�
SDWKZD\� �3VL+�� D� S���� K\GUR[\ODVH�� QHHGV� D� SDUWQHU�
HQ]\PH�� VR� WKH� SVL+� JHQH�ZDV� FORQHG� LQWR� DQ� ,37*�
LQGXFLEOH�H[SUHVVLRQ�SODVPLG��S&:��WKDW�DOVR�FRQWDLQV�
WKH�KXPDQ�S����UHGXFWDVH�JHQH��7KH�UHPDLQLQJ�WKUHH�
JHQHV� �SVL'� GHFDUER[\ODVH�� SVL.� NLQDVH� DQG� SVL0�
PHWK\ODVH�� ZHUH� FORQHG� LQWR� WKH� FXPDWH�LQGXFLEOH�
H[SUHVVLRQ� SODVPLG� S86����� $OO� WKH� JHQHV� ZHUH� DOVR�
FORQHG�LQGLYLGXDOO\�LQWR�WKH�S(7���H[SUHVVLRQ�YHFWRU�WR�
FRQILUP�WKDW�VROXEOH�SURWHLQV�ZHUH�EHLQJ�PDGH�LQ�(�FROL��
6XFFHVVIXO� H[SUHVVLRQ� RI� 3VL'�� 3VL.�� DQG� 3VL0� ZDV�
FRQILUPHG� E\� 6'6�3$*(� DQG� SHSWLGH� PDVV�
VSHFWURPHWU\��EXW�ZH�FRXOG�QRW�FRQILUP�3VL+�H[SUHVVLRQ��
(�FROL� FHOOV� FRQWDLQLQJ� WKH� 3VL'.0� JHQH� FOXVWHU� ZHUH�
FDSDEOH� RI� FRQYHUWLQJ� ��K\GUR[\WU\SWDPLQH� WR�
QRUEDHRF\VWLQ� DQG� EDHRF\VWLQ�� $OWKRXJK� ZH� GLG� QRW�
GHWHFW�SVLORF\ELQ�LWVHOI��LW�LV�QRWDEOH�WKDW�EDHRF\VWLQ�GRHV�
KDYH�SV\FKHGHOLF�SURSHUWLHV��
:H� VXFFHVVIXOO\� UHFRQVWUXFWHG� VHYHUDO� VWHSV� RI�
SVLORF\ELQ�ELRV\QWKHVLV�LQ�(�FROL��DQG�QRZ�QHHG�WR�ZRUN�
RQ�3VL+�JHQH�H[SUHVVLRQ�WR�FRPSOHWH�WKH�SDWKZD\�IURP�
WU\SWRSKDQ�WKURXJK�WR�SVLORF\ELQ����
�

6HVVLRQ���
�

�����&DQGLGD�DXULV�DQ�HPHUJLQJ�PXOWLGUXJ�UHVLVWDQW�
SDWKRJHQ�RI�KXPDQV�
&DQQRQ��5�'���$XP��%���/DPSLQJ��(��
6LU�-RKQ�:DOVK�5HVHDUFK�,QVWLWXWH��)DFXOW\�RI�'HQWLVWU\��
8QLYHUVLW\�RI�2WDJR��'XQHGLQ��1HZ�=HDODQG�

&DQGLGD� DXULV� LV� D� UDSLGO\� HPHUJLQJ� KXPDQ� IXQJDO�
SDWKRJHQ�WKDW�FDQ�FDXVH�IDWDO�LQYDVLYH�IXQJDO�LQIHFWLRQV�
LQ�WKH�LPPXQRFRPSURPLVHG��&��DXULV�ZDV�ILUVW�LGHQWLILHG�
LQ� -DSDQ� LQ� ������ DQG� WKH� ILUVW� FDVH� RI� QRVRFRPLDO�
FDQGLGHPLD�GXH�WR�&��DXULV�ZDV�UHSRUWHG�LQ�6RXWK�.RUHD�
LQ�������&��DXULV�SRVHV�D�JOREDO�KHDOWK�WKUHDW�EHFDXVH�
RI� LWV� WUDQVPLVVLELOLW\�� LWV� SHUVLVWHQFH� LQ� KHDOWK� FDUH�
VHWWLQJV�� DQG� WKH� SUHYDOHQFH�RI� GUXJ� UHVLVWDQW� VWUDLQV��
6RPH�&��DXULV� LVRODWHV�DUH� UHVLVWDQW� WR�DOO� WKUHH�PDMRU�
DQWLIXQJDO� FODVVHV�� WKH� D]ROHV�� SRO\HQHV�� DQG�
HFKLQRFDQGLQV�� $]ROH� UHVLVWDQFH� FDQ� DULVH� IURP�
PXWDWLRQV� LQ� WKH� GUXJ� WDUJHW�� (5*���� EXW� WKH�
FRQWULEXWLRQ� RI� LQFUHDVHG� H[SUHVVLRQ� RI� $%&*�W\SH�
$73�ELQGLQJ� FDVVHWWH� �$%&�� WUDQVSRUWHUV� WR� D]ROH�
UHVLVWDQFH�LQ�&��DXULV�LV�XQNQRZQ��7KH�REMHFWLYH�RI�WKLV�
VWXG\�ZDV�WR�GHWHUPLQH�ZKLFK�&��DXULV�$%&�JHQHV�PLJKW�
FRQWULEXWH� WR� GUXJ� UHVLVWDQFH� E\� KHWHURORJRXV�
H[SUHVVLRQ� RI� FDQGLGDWH� JHQHV� LQ� 6DFFKDURP\FHV�
FHUHYLVLDH�:H�LGHQWLILHG�WKH�$%&*�JHQHV�PRVW�VLPLODU�
WR� WKRVH� LQ� &�� DOELFDQV� UHVSRQVLEOH� IRU� D]ROH� GUXJ�
UHVLVWDQFH��:H�KHWHURORJRXVO\�H[SUHVVHG�WKHVH�JHQHV��
&'5��� &'5��� &'5���� 614�� DQG� 614���� LQ�
6DFFKDURP\FHV� FHUHYLVLDH� $'��� DQG� PHDVXUHG� WKH�
DQWLIXQJDO� GUXJ� VXVFHSWLELOLWLHV� WKH\� FRQIHUUHG�� :H�
FRQILUPHG�WKDW�WKUHH�JHQHV��&'5���&'5���DQG�614���
DQG�SRVVLEO\�DOVR�&'5��DQG�614����HQFRGHG�PXOWLGUXJ�
HIIOX[� SXPSV�� &GU��� KRZHYHU�� ZDV� E\� IDU� WKH� PRVW�
HIIHFWLYH��DIILUPLQJ�LW�DV�WKH�µSULPH�VXVSHFW¶�IRU�SOD\LQJ�D�
UROH�LQ�WKH�GUXJ�UHVLVWDQFH�SKHQRW\SH�RI�&��DXULV��
�
�����8VLQJ�LQIHFWLRQ�PRGHOV�WR�VWXG\�WKH�LQWHUDFWLRQ�
EHWZHHQ�$VSHUJLOOXV�IXPLJDWXV�DQG�WKH�KRVW���
&�� 2OLYHU� 0RUWRQ�� 6DP� (O�.DPDQG�� &DUO� 5DPLUH]��
0DULVD�=DSSLD��5RJLQH�/LJRW���

6FKRRO� RI� 6FLHQFH� DQG� +HDOWK�� :HVWHUQ� 6\GQH\�
8QLYHUVLW\��&DPSEHOOWRZQ�&DPSXV��16:�������

,QIHFWLRQ� E\� RSSRUWXQLVWLF� IXQJDO� SDWKRJHQV� KDYH�
FRQWLQXHG�WR�LQFUHDVH��LQYDVLYH�DVSHUJLOORVLV��,$��LV�RQH�
RI� WKH� PRVW� VHULRXV� WKUHDWV� WR� LPPXQRFRPSURPLVHG�
LQGLYLGXDOV�� ,$� LV� XVXDOO\� FDXVHG� E\� $VSHUJLOOXV�
IXPLJDWXV� EXW� RWKHU� VSHFLHV� ZLWKLQ� WKLV� JHQXV� DUH�
EHFRPLQJ�PRUH�SUHYDOHQW���7KH�UROH�RI�IXQJDO�YLUXOHQFH�
IDFWRUV� LQ� GLVHDVH� RXWFRPH� LV� VWLOO� XQFOHDU� JLYHQ� WKH�
LPPXQH�VWDWXV�RI�WKH�KRVW��
,$� LV� GLIILFXOW� WR� VWXG\� LQ� WKH� KXPDQ� KRVW�� WKLV� KDV�
LPSHGHG�WKH�GHYHORSPHQW�RI�GLDJQRVWLF�WHVWV�DQG�PDGH�
LW� FKDOOHQJLQJ� WR� GLVVHFW� IXQJDO� SDWKRJHQHVLV�� $V� ZLWK�
PDQ\� RWKHU� LQIHFWLRXV� GLVHDVH� VPDOO� PDPPDOV� KDYH�
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EHHQ�XVHG�DV�PRGHO�KRVWV�WR�H[SORUH�YDULRXV�DVSHFWV�RI�
,$�� �7KHVH�SUHVHQW� WZR�SUREOHPV�� WKH\�DUH�QRW�KXPDQ�
DQG� WKHUH� LV� LQFUHDVLQJ�SUHVVXUH� WR� UHGXFH� WKH�XVH�RI�
DQLPDOV�LQ�UHVHDUFK���2YHU�VHYHUDO�\HDUV�WKHUH�KDV�EHHQ�
PRYH� WR� XVH� GLIIHUHQW� PRGHOV� WR� VWXG\� ,$�� ,Q� WKLV�
SUHVHQWDWLRQ�WKH�XVH�RI�YDULRXV�PRGHOV�IRU�VWXG\LQJ�,$�
ZLOO� EH� GLVFXVVHG�� 7KHVH� LQFOXGH� SXULILHG� KXPDQ�
LPPXQH�FHOOV��D�WUDQVZHOO�PRGHO�RI�WKH�DOYHRODU�LQWHUIDFH�
XVLQJ� KXPDQ� FHOO� OLQHV�� 7ULFKRPRQDV� YDJLQDOLV� DV� D�
VXEVWLWXWH�IRU�KXPDQ�LPPXQH�FHOOV��DQG�PHDO�ZRUPV�DV�
DQ�LQIHFWLRQ�PRGHO����
8VLQJ� QRQ�PDPPDOLDQ� KRVWV� SURYLGHV� D� FKHDS� DQG�
HWKLFDOO\�IDYRXUDEOH�PHDQV�RI�WHVWLQJ�K\SRWKHVHV�UHODWHG�
WR� IXQJDO� LQIHFWLRQ��VXFK�DV�YLUXOHQFH� WHVWLQJ�DQG�GUXJ�
WHVWLQJ�� 7KLV� DOORZV� IRU� LPSURYHG� H[SHULPHQWDO� GHVLJQ�
DQG� UHGXFHG� QXPEHUV� RI� PDPPDOLDQ� KRVWV� LQ�
GRZQVWUHDP�H[SHULPHQWV���
�
�����2SSRVLQJ�UROHV�RI�'1$�UHSDLU�V\VWHPV�LQ�IXQJDO�
YLUXOHQFH�DV�DVVHVVHG�LQ�&U\SWRFRFFXV�VSHFLHV�
$OH[DQGHU�,GQXUP��
6FKRRO� RI� %LR6FLHQFHV�� 8QLYHUVLW\� RI� 0HOERXUQH�� 9,&�
�����

7KH�IXQGDPHQWDO�QDWXUH�RI�'1$�LQ�FHOOV�LV�UHIOHFWHG�E\�D�
GLYHUVH� DUUD\� RI�PHFKDQLVPV� WKDW� DUH� LQYROYHG� LQ� WKH�
SURWHFWLRQ� DQG� UHSDLU� RI� GDPDJH� WR� WKLV� PROHFXOH���
5HVHDUFK�LQ�WKH�KXPDQ�SDWKRJHQLF�IXQJL�KDV�VXJJHVWHG�
WKDW� WKHUH� DUH� WZR� FRQIOLFWLQJ� UROHV� RI� '1$� UHSDLU�
HQ]\PHV��LQ�DOORZLQJ�D�OHYHO�RI�VORSSLQHVV�LQ�UHSOLFDWLRQ�
IRU�WKH�UDSLG�PLFURHYROXWLRQ�RI�QHZ�WUDLWV�EDODQFHG�E\�WKH�
QHHG�WR�SURWHFW�'1$�IURP�WRR�PXFK�GDPDJH���7KH�WDON�
ZLOO�FRYHU�WKHVH�WZR�DVSHFWV�RI�WKH�LPSDFW�RI�'1$�UHSDLU�
RQ�WKH�YLUXOHQFH�RI�WKH�KXPDQ�SDWKRJHQLF�\HDVWV�LQ�WKH�
JHQXV�&U\SWRFRFFXV���5HFHQW�ILQGLQJV�KDYH�LGHQWLILHG�D�
PXWDWLRQ� LQ� WKH� SURRI�UHDGLQJ� FRPSRQHQW� RI� '1$�
SRO\PHUDVH���DV�EHLQJ�FHQWUDO�WR�D�SURFHVV�RQFH�GHILQHG�
DV�SKHQRW\SLF�VZLWFKLQJ���&XULRXVO\��WKLV�PXWDWLRQ�LWVHOI�
KDV� QR� LPSDFW� RQ� YLUXOHQFH�� EXW� FDXVHV� WKH� UDSLG�
HPHUJHQFH� RI� µPLFURHYROYHG¶� VWUDLQV� ZLWK� DOWHUHG�
SURSHUWLHV���6HFRQG��WKH�5$'���JHQH�ZDV�FKDUDFWHUL]HG�
LQ�GHWDLO���5DG����D�NQRZQ�FRPSRQHQW�RI�WKH�QXFOHRWLGH�
H[FLVLRQ� UHSDLU� SDWKZD\� WKDW� LV� UHTXLUHG� IRU� &��
QHRIRUPDQV� YLUXOHQFH�� KDV� D� VHFRQG� UROH� LQ� UHF\FOLQJ�
SURWHLQV� WKURXJK� WKH� SURWHDVRPH�� � %\� JHQHUDWLQJ� DQG�
WHVWLQJ�DOOHOHV�RI�5$'��� LPSDLU� LQ�ERWK�SURFHVVHV�� WKH�
UROH�RI�5$'���LQ�YLUXOHQFH�ZDV�XQFRXSOHG�IURP�LWV�UROH�
LQ�'1$�UHSDLU���7KHVH�UHVHDUFK�GLUHFWLRQV�WKHUHE\�KHOS�
H[WHQG� IURP� DQ� RULJLQDO� VLPSOH� K\SRWKHVLV� WKDW� '1$�
UHSDLU� LV� UHTXLUHG� IRU� IXQJDO� GLVHDVH�� LQWR� D� PRUH�
FRPSUHKHQVLYH� XQGHUVWDQGLQJ� RI� ZKLFK� FRPSRQHQWV�
SOD\�VSHFLILF� UROHV� LQ� WKH�ELRORJ\� RI�SDWKRJHQLF�\HDVWV�
DQG�RWKHU�IXQJL��
�
�����,QVLJKWV�LQWR�FKURPDWLQ�G\QDPLFV�DQG�LWV�UROH�LQ�
IXQJDO�YLUXOHQFH��
-L\RWL� 9HUPD��� 4L� :DQJ� ��� 1LNROLQD� 9LGDQ����� <DQDQ�
:DQJ��� 7LPRWK\�0� 7XFH\��� 3DXO� )�+DUULVRQ���0LFKDHO�

6HH��� $QJDYDL� 6ZDPLQDWKDQ��� .DUO� .XFKOHU��� 0LFKDHO�
7VFKHUQHU��� -LDQJQLQJ� 6RQJ��� 'DYLG� 5� 3RZHOO��� 0DU\�
6RSWD���7UDXGH�+�%HLOKDU]��DQG�$QD�7UDYHQ���
�,QIHFWLRQ�DQG�,PPXQLW\�3URJUDP�DQG�WKH�'HSDUWPHQW�RI�
%LRFKHPLVWU\� DQG� 0ROHFXODU� %LRORJ\�� %LRPHGLFLQH�
'LVFRYHU\� ,QVWLWXWH�� 0RQDVK� 8QLYHUVLW\�� &OD\WRQ� �����
9LFWRULD��$XVWUDOLD�
�'HSDUWPHQW� RI� 0ROHFXODU� %LRORJ\�� ,QVWLWXWH� 5XGMHU�
%RVNRYLF��%LMHQLFND�����������=DJUHE��&URDWLD�
�%LRLQIRUPDWLFV� 3ODWIRUP�� 0RQDVK� 8QLYHUVLW\�� &OD\WRQ�
�����9LFWRULD��$XVWUDOLD��
�'HYHORSPHQW� DQG� 6WHP� &HOOV� 3URJUDP� DQG� WKH�
'HSDUWPHQW� RI� %LRFKHPLVWU\� DQG� 0ROHFXODU� %LRORJ\��
%LRPHGLFLQH� 'LVFRYHU\� ,QVWLWXWH�� 0RQDVK� 8QLYHUVLW\��
&OD\WRQ������9LFWRULD��$XVWUDOLD�
�0HGLFDO� 8QLYHUVLW\� RI� 9LHQQD�� &HQWHU� IRU� 0HGLFDO�
%LRFKHPLVWU\�� 0D[� 3HUXW]� /DEV�� &DPSXV� 9LHQQD�
%LRFHQWHU��'U��%RKU�*DVVH������9LHQQD��$XVWULD�
�
0HWDEROLF� UHJXODWLRQ�XQGHUSLQV�DOO�FHOO�ELRORJ\��5HFHQW�
LGHQWLILFDWLRQ� RI� PXOWLSOH� KLVWRQH� DF\ODWLRQV� GLYHUVLILHV�
WUDQVFULSWLRQDO�FRQWURO�E\�PHWDEROLVP��DQG�WKH�FKDOOHQJH�
QRZ� LV� WR�XQGHUVWDQG� WKHLU� UROHV� DQG� UHJXODWLRQ��+HUH��
ZH� UHSRUW� HYLGHQFH� RI� KLVWRQH� FURWRQ\ODWLRQ� LQ� WKH�
KXPDQ� FRPPHQVDO� DQG� \HDVW� SDWKRJHQ� &DQGLGD�
DOELFDQV��GHILQH�WKH�HQ]\PHV�WKDW�UHJXODWH�LW��DQG�VKRZ�
LWV�G\QDPLF�FRQWURO�E\�KRVW�UHOHYDQW�PHWDEROLF�VLJQDOV��
FDUERQ� VRXUFHV�� PLFURELRWD�GHULYHG� VKRUW�FKDLQ� IDWW\�
DFLGV�EXW\UDWH�DQG�FURWRQDWH��DQG�FHOO�ZDOO�VWUHVV��2XU�
ILQGLQJV� VKHG� QHZ� OLJKW� RQ� WKH� IXQFWLRQV� RI� KLVWRQH�
FURWRQ\ODWLRQ� DQG� LWV� UHDGHUV�� GHILQH� UHJXODWLRQ� E\�
PHWDEROLF�FXHV��DQG�VXJJHVW�WKDW�HXNDU\RWLF�PLFURELRWD�
XVH�GLYHUVH�KLVWRQH�DF\ODWLRQV�WR�UHJXODWH�WKHLU�ELRORJ\�
DQG� SDWKRJHQHVLV�� 7KLV� ZRUN� LV� DFFRPSOLVKHG� E\�
WUDQVYHUVDO� FROODERUDWLRQV� LQYROYLQJ� PROHFXODU�
ELRORJLVWV�� ELRFKHPLVWV� DQG� ELRLQIRUPDWLFLDQV� IURP� ��
ODEV�DQG���UHVHDUFK�SODWIRUPV��%LRLQIRUPDWLFV�3ODWIRUP�
DQG�0RQDVK�$QLPDO�5HVHDUFK�3ODWIRUP��DW�0RQDVK�DQG�
��LQWHUQDWLRQDO�WHDPV�IURP�&URDWLD�DQG�$XVWULD��
� �
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6HVVLRQ���
�

����� $� QRYHO�� LQ� YLWUR� PRGHO� WR� VWXG\� &DQGLGD�
DOELFDQV�FRORQLVDWLRQ�RI�WKH�KXPDQ�FRORQ��
/DL�� <�:���� 3URNRS�� 0�'���� *ULIILWKV�� (��� DQG�
/HQDUGRQ��0�'����
�6FKRRO� RI� %LRWHFKQRORJ\� DQG�%LRPROHFXODU� 6FLHQFHV��
816:�6\GQH\��16:��������

7KH� PDMRU� IXQJDO� SDWKRJHQ� RI� KXPDQV�� &DQGLGD�
DOELFDQV��FRORQLVHV�WKH�JDVWUR�LQWHVWLQDO��*,��WUDFW�RI�RYHU�
���� RI� WKH� SRSXODWLRQ�� ,Q� VHYHUHO\� LOO� RU� LPPXQH�
FRPSURPLVHG�SDWLHQWV��&��DOELFDQV�FDQ�HVFDSH�IURP�WKH�
JXW�� GLVVHPLQDWH� WKURXJK� WKH� EORRGVWUHDP� DQG� FDXVH�
V\VWHPLF� GLVHDVH�� 0RVW� UHVHDUFK� LQ� WKH�&DQGLGD� ILHOG�
KDV�IRFXVHG�RQ�GHILQLQJ�WUDLWV�WKDW�FRQWULEXWH�GLUHFWO\�WR�
YLUXOHQFH�� WKHUH� DUH� FRPSDUDWLYHO\� IHZ� VWXGLHV� ZKLFK�
KDYH�DGGUHVVHG�KRZ�&��DOELFDQV�FRORQLVHV�DQG�SHUVLVWV�
LQ� WKH� JXW�� )XUWKHUPRUH�� VXFK� VWXGLHV� KDYH� EHHQ�
SHUIRUPHG�PRXVH�PRGHOV�GHYRLG�RI�UHVLGHQW�*,�EDFWHULD��
FRPSOHWHO\� QHJOHFWLQJ� WKH� PDMRU� LPSDFW� RI� WKH� ORFDO�
PLFURELRWD� RQ� *,� FRORQLVDWLRQ�� 7KLV� UDLVHV� WKH� NH\�
TXHVWLRQ��KRZ�GRHV�&��DOELFDQV�SHUVLVW�LQ�WKH�*,�WUDFW�LQ�
WKH�SUHVHQFH�RI�WKH�QRUPDO�JXW�PLFURELRWD"�
7R�DGGUHVV�WKLV�TXHVWLRQ��ZH�KDYH�GHYHORSHG�D�QRYHO�LQ�
YLWUR� WZR�SKDVH� DQDHURELF� IHUPHQWDWLRQ� V\VWHP� WKDW�
VLPXODWHV� WKH� KXPDQ� FRORQ� PLFURHQYLURQPHQW�� 7KLV�
³FRORQ� PLFURFRVP´� V\VWHP� VXSSRUWV� WKH� JURZWK� RI�
KXPDQ� IDHFDO� PLFURELRWD� LQ� OLTXLG� DQDHURELF� FRORQ�
PHGLXP��SKDVH����DQG�&��DOELFDQV�JURZWK�RQ�DJDU�SOXJV�
ZKLFK�DUH�DGGHG�WR�WKH�PHGLXP�WR�PLPLF�WKH�HSLWKHOLDO�
VXUIDFH��SKDVH�����7KH�LPSDFW�RI�&��DOELFDQV�XSRQ�WKH�
IDHFDO� PLFURELRWD� LV� PRQLWRUHG� E\� H[DPLQLQJ� WKH�
SODQNWRQLF� SKDVH� �SKDVH� ���� ZKLOVW� WKH� HIIHFW� RI� WKH�
PLFURELRWD� RQ� WKH� JURZWK� RI�&��DOELFDQV� LV� PRQLWRUHG�
DIWHU� H[WUDFWLQJ� &��DOELFDQV� FHOOV� IURP� WKH� DJDU� SOXJV�
�SKDVH�����
7KH� UHVXOWV� IURP� 51$6HT� DQG� FRPSHWLWLYH� ILWQHVV�
DVVD\V�ZLOO�EH�SUHVHQWHG�ZKLFK�KDYH�EHHQ�FDUULHG�RXW�WR�
YDOLGDWH�WKH�PRGHO��'DWD�IURP�SLORW�VWXGLHV�ZLOO�DOVR�EH�
SUHVHQWHG�WR�LOOXVWUDWH�WKH�SRWHQWLDOO\�H[SORLWDEOH�LPSDFW�
RI�WKH�KXPDQ�*,�PLFURELRWD�IURP�KHDOWK\�LQGLYLGXDOV�RQ�
&��DOELFDQV� JURZWK�� ,Q� WKH� IXWXUH�� WKLV� PRGHO� ZLOO� EH�
XWLOLVHG� WR� GHWHUPLQH� WKH� DGDSWLYH� DQG� HYROXWLRQDU\�
PHFKDQLVPV� WKDW� HQDEOH� &��DOELFDQV� WR� SHUVLVW� LQ� WKH�
FRORQ�LQ�WKH�SUHVHQFH�RI�WKH�*,�PLFURELRWD��
�
����� 1RYHO� DSSURDFKHV� DQG� FKDOOHQJHV� LQ� IXQJDO�
PHWDJHQRPLFV�
9DQHVVD�5��0DUFHOLQR��
0DULH� %DVKLU� ,QVWLWXWH� IRU� ,QIHFWLRXV� 'LVHDVHV� DQG�
%LRVHFXULW\�� 7KH� 8QLYHUVLW\� RI� 6\GQH\� DQG� 7KH�
:HVWPHDG�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK�
�
&XOWXUH�LQGHSHQGHQW� KLJK�WKURXJKSXW� VHTXHQFLQJ�
DSSURDFKHV� �PHWDJHQRPLFV�� DUH� UHYHDOLQJ� DQ�
XQFKDUWHG� GLYHUVLW\� RI� PLFURRUJDQLVPV� ZLWK� LPSRUWDQW�

IXQFWLRQV� IRU� WKH� KHDOWK� RI� WKHLU� DVVRFLDWHG� KRVW� RU�
HQYLURQPHQW�� <HDVWV�� PROGV� DQG� RWKHU� PLFURELDO�
HXNDU\RWHV� DUH� GLYHUVH�� ZLGHO\� GLVWULEXWHG�� DQG� SOD\�
LPSRUWDQW�IXQFWLRQDO�UROHV�LQ�WKHVH�HQYLURQPHQWV��EXW�DUH�
IDU�OHVV�VWXGLHG�WKDQ�WKHLU�EDFWHULDO�FRXQWHUSDUWV��$�QHZ�
ELRLQIRUPDWLFV�SLSHOLQH�GHYHORSHG�ZLWKLQ�RXU�JURXS�FDQ�
FLUFXPYHQW�D�NH\�PHWKRGRORJLFDO�OLPLWDWLRQ�±�WKH�ODFN�RI�
UHIHUHQFH�GDWDEDVHV�RI�FRPSOHWH�HXNDU\RWLF�JHQRPHV�±�
DQG� IDFLOLWDWHV� WKH� LQFOXVLRQ� RI� IXQJL� LQ� PHWDJHQRPLF�
VWXGLHV��:H�DSSOLHG�RXU�SLSHOLQH�WR�FKDUDFWHUL]H�WKH�JXW�
PLFURELRPH�RI�ZLOG�ELUGV��DQG�ZH�IRXQG�DQ�DEXQGDQW�DQG�
GLYHUVH�FRPPXQLW\�RI�PLFUR�HXNDU\RWHV��ZLWK�IXQJDO�WD[D�
FRPSRVLQJ� ���� RI� WKH� IDPLO\�OHYHO� GLYHUVLW\� LQ� WKRVH�
VDPSOHV�� 2XU� ZRUN� RSHQV� QXPHURXV� SRVVLELOLWLHV� WR�
LGHQWLI\�IXQJL�LQ�PL[HG�FRPPXQLWLHV�ZLWK�PHWDJHQRPLFV��
�
����� $QWLIXQJDO� VXUIDFH� FRDWLQJV� IRU� SUHYHQWLQJ�
ELRILOP�IRUPDWLRQ�
1DGHUL�� -���� /DPRQW� )ULHGULFK�� 6�-���� &KDNUDERUW\�� $����
*LOHV�&����7UDYHQ��$����*ULHVVHU��+�-����&RDG��%�5������
��� )XWXUH� ,QGXVWULHV� ,QVWLWXWH�� 7KH�8QLYHUVLW\� RI� 6RXWK�
$XVWUDOLD��0DZVRQ�/DNHV�6$�������
���,QIHFWLRQ�DQG�,PPXQLW\�3URJUDP�DQG�WKH�'HSDUWPHQW�
RI� %LRFKHPLVWU\� DQG� 0ROHFXODU� %LRORJ\�� %LRPHGLFLQH�
'LVFRYHU\� ,QVWLWXWH�� 0RQDVK� 8QLYHUVLW\�� &OD\WRQ� 9,&�
������
���6FKRRO�RI�$JULFXOWXUH��)RRG�	�:LQH��7KH�8QLYHUVLW\�RI�
$GHODLGH��8UUEUDH�6$�������

,QWURGXFWLRQ��0\�JURXS�LV�EURDGO\�LQWHUHVWHG�LQ�SODQW�DQG�
DQLPDO� IXQJDO� SDWKRJHQHVLV�� PRUH� VSHFLILFDOO\�� KRZ�
SDWKRJHQV� VHQVH� DQG� UHVSRQG� WR� WKH� FKHPLFDO� DQG�
SK\VLFDO�SURSHUWLHV�RI� LQWHUIDFHV�VXUIDFHV��,Q�WKLV�WDON��,�
ZLOO� IRFXV� RQ� LQYHVWLJDWLRQV� LQWR� SUHYHQWLRQ� RI� IXQJDO�
ELRILOP� IRUPDWLRQ� RQ�PHGLFDO� GHYLFH� LPSODQW� PDWHULDOV�
FDXVHG�E\�&DQGLGD�VSS��,PSODQW�FRDWLQJV�LQFRUSRUDWLQJ�
D]ROHV�DQG�SRO\HQH�DQWLIXQJDO�GUXJV�HIIHFWLYHO\�SUHYHQW�
RU� GHOD\� ELRILOP� IRUPDWLRQ� RQ� VXUIDFHV� EHFDXVH� WKHVH�
GUXJV�DUH�JUDGXDOO\�UHOHDVHG�IURP�WKH�FRDWLQJ��+RZHYHU��
UHVXOWV� IURP� H[SHULPHQWV� XVLQJ� SHUPDQHQWO\� DWWDFKHG�
HFKLQRFDQGLQV� DV� DQWLIXQJDO� VXUIDFH� FRDWLQJV� KDYH�
SURGXFHG�LQWULJXLQJ�UHVXOWV��
+\SRWKHVLV�� 0HWKRGV� 	� 5HVXOWV�� :H� KDYH� JDWKHUHG�
HYLGHQFH�WKDW�VXSSRUWV�WKH�K\SRWKHVLV� WKDW�\HDVWV�WKDW�
FRQWDFW� VXUIDFHV� EHDULQJ� FRYDOHQWO\� DWWDFKHG�
HFKLQRFDQGLQV�DUH�LQKLELWHG�GHVSLWH�QR�GLIIXVLYH�UHOHDVH�
RI�GUXJ�IURP�WKH�VXUIDFH��:H�KDYH�FRQILUPHG�FKHPLFDO�
DWWDFKPHQW� RI� FDVSRIXQJLQ�� DQLGXODIXQJLQ� DQG�
PLFDIXQJLQ� WR� VXUIDFH� FRDWLQJV� XVLQJ� LQVWUXPHQWDO�
DQDO\VLV�DQG�TXDQWLILHG�VWURQJ�LQKLELWLRQ��!�����&)8�PO��
RI� &DQGLGD� VSS� ZLWK� QR� ELRILOP� IRUPDWLRQ�� :H� KDYH�
LQYHVWLJDWHG� ZKHWKHU� HOXWLRQ� RI� WKHVH� GUXJV� FRXOG�
H[SODLQ� DQ� DQWLIXQJDO� HIIHFW� LQ� VROXWLRQ�� KRZHYHU�� WKH�
HYLGHQFH�IURP�VXUIDFH�SDWWHUQLQJ�H[SHULPHQWV�DQG�6(0�
LPDJLQJ�GRHV�QRW�VXSSRUW�WKLV�YLHZ��$GGLWLRQDOO\��VLQFH�
VXUIDFHV� UHPDLQ� DFWLYH� DIWHU� EHLQJ� H[SRVHG� VHYHUDO�
WLPHV� WR� IUHVK� IXQJDO� FKDOOHQJHV� �L�H�� WKH\� FDQ� EH�
UHXVHG���ZH�EHOLHYH�WKDW�GUXJV�DUH�QRW�EHLQJ�FOHDYHG�E\�
K\GURODVHV�� ,QKLELWLRQ� RI� WKH� ȕ����� JOXFDQ� V\QWKDVH�
FRPSOH[� LV� OLNHO\� LQYROYHG� EHFDXVH� WKH� UHVLVWDQFH� WR�
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HFKLQRFDQGLQV�FDXVHG�E\�).6�PXWDWLRQV�LQ�&��DOELFDQV�
SHUVLVWV�ZKHWKHU�WHVWHG�RQ�VXUIDFHV�RU�LQ�VROXWLRQ��
&RQFOXVLRQ�� $� VXUIDFH�FKHPLVWU\� DSSURDFK� IRU�
IDEULFDWLQJ� DQWLIXQJDO� VXUIDFH� FRDWLQJV� KDV� SURGXFHG�
KLJKO\� HIIHFWLYH� PDWHULDOV� IRU� HOLPLQDWLQJ� IXQJDO� FHOO�
DGKHVLRQ�RQ�FRQWDFW�DQG�SUHYHQWLQJ�ELRILOP� IRUPDWLRQ��
3URPLVLQJ� UHVXOWV� ZLWK� HFKLQRFDQGLQV� ZDUUDQW� IXUWKHU�
WHVWLQJ� WR� DVVHVV� FOLQLFDO� WUDQVODWDELOLW\� DQG� HOXFLGDWH�
ZKDW�ZH�EHOLHYH�LV�D�QRYHO�PHFKDQLVP�RI�DFWLRQ�IRU�WKLV�
GUXJ�FODVV��
�
����� 3DWKRJHQ� 'HWHFWLRQ� DQG� WKH� UROH� RI� 0LFURELDO�
&RPPXQLWLHV� LQ� WKH� SK\OORVSKHUH� GXULQJ� IXQJDO�
LQIHFWLRQ�RI�ZKHDW�
<LKHQJ�+X�
��*DPUDQ�*UHHQ���$QGUHZ�0LOJDWH���/DV]OR�
,ULQ\L���:LHODQG�0H\HU���(ULF�6WRQH���-RKQ�5DWKMHQ�
�DQG�
%HQMDPLQ�6FKZHVVLQJHU�
��
��5HVHDUFK�6FKRRO�RI�%LRORJ\��7KH�$XVWUDOLDQ�1DWLRQDO�
8QLYHUVLW\��&DQEHUUD��$&7��$XVWUDOLD��
��:DJJD�:DJJD�$JULFXOWXUDO�,QVWLWXWH��1HZ�6RXWK�:DOHV�
'HSDUWPHQW�RI�3ULPDU\�,QGXVWU\��:DJJD�:DJJD��16:��
$XVWUDOLD��
��0ROHFXODU�0\FRORJ\�5HVHDUFK�/DERUDWRU\��&HQWHU�IRU�
,QIHFWLRXV� 'LVHDVHV� DQG� 0LFURELRORJ\�� )DFXOW\� RI�
0HGLFLQH� DQG� +HDOWK�� 6\GQH\� 0HGLFDO� 6FKRRO��
:HVWPHDG� &OLQLFDO� 6FKRRO�� 7KH�8QLYHUVLW\� RI� 6\GQH\��
6\GQH\��16:��$XVWUDOLD��

)XQJDO� GLVHDVHV� RI� SODQWV� DUH� UHVSRQVLEOH� IRU� PDMRU�
ORVVHV�LQ�DJULFXOWXUH��KLJKOLJKWLQJ�WKH�QHHG�IRU�UDSLG�DQG�
DFFXUDWH� LGHQWLILFDWLRQ� RI� IXQJDO� SODQW� SDWKRJHQV��
'LVHDVH�RXWFRPHV�DUH� LQIOXHQFHG�E\�GLYHUVH�PLFURELDO�
FRPPXQLWLHV�NQRZQ�DV�PLFURELRPHV�DW�VLWHV�RI�LQIHFWLRQ��
:H� FRQGXFWHG� WKH� ILUVW� XVH� RI� PHWDJHQRPLFV�
VHTXHQFLQJ�ZLWK�D�SRUWDEOH�VHTXHQFHU�DV�D�PHWKRG�IRU�
GHWHFWLQJ� IXQJDO� SDWKRJHQV� IURP� ZKHDW� �7ULWLFXP�
DHVWLYXP�� LQ� D� VWDQGDUG�PROHFXODU� ELRORJ\� ODERUDWRU\��
7KH� GDWD� UHYHDOHG� WKDW� RXU� PHWKRG� LV� UREXVW� DQG�
FDSDEOH�RI�GLDJQRVLQJ�VWULSH� UXVW� �FDXVHG�E\�3XFFLQLD�
VWULLIRUPLV� I�� VS�� WULWLFL��� VHSWRULD� EORWFK� �FDXVHG� E\�
=\PRVHSWRULD� WULWLFL�� DQG� \HOORZ� VSRW� �FDXVHG� E\�
3\UHQRSKRUD� WULWLFL� UHSHQWLV��� :H� DOVR� LGHQWLILHG� WKH�
EDFWHULDO�JHQXV�3VHXGRPRQDV�FR�SUHVHQW�ZLWK�3XFFLQLD�
DQG�=\PRVHSWRULD�EXW�QRW�3\UHQRSKRUD�LQIHFWLRQV��2QH�
OLPLWDWLRQ� RI� WKH� PHWKRG� LV� WKH� RYHU�UHSUHVHQWDWLRQ� RI�
UHGXQGDQW�ZKHDW�JHQRPH�VHTXHQFHV�IURP�VDPSOHV�DQG�
WKHUHIRUH� D� ORZ� FRYHUDJH� RI� SDWKRJHQ� VSHFLHV� ZKLFK�
DIIHFWV� WKH� LGHQWLILFDWLRQ� DFFXUDF\�� :H� DUH� LPSURYLQJ�
IXQJDO� LGHQWLILFDWLRQ� E\� WHVWLQJ� GLIIHUHQW� FODVVLILFDWLRQ�
VWUDWHJLHV� RQ� D� PRFN� IXQJDO� FRPPXQLW\�� +HUH� ,� ZLOO�
SUHVHQW�UHFHQW�SURJUHVV�LQ�RXU�PHWKRG�GHYHORSPHQW�DQG�
WKH� ELRORJLFDO� LQVLJKW� JDLQHG� GXULQJ� WKLV� SURFHVV�� 2XU�
ZRUN�RXWOLQHV�D�QHZ�DSSURDFK�IRU�GHWHFWLRQ�RI�D�EURDG�
UDQJH� RI� SODQW� SDWKRJHQV� DQG� DVVRFLDWHG� PLFUREHV�
XVLQJ�D�SRUWDEOH�VHTXHQFHU��SURYLGLQJ�WKH�EDVLV�IRU�WKH�
GHYHORSPHQW�RI�D�KLJK�WKURXJKSXW��ODUJH�VFDOH�DQG�RQ�
VLWH�SODQW�GLVHDVH�PRQLWRULQJ�V\VWHP��
�

6HVVLRQ���
�

�����$FHWRK\GUR[\DFLG�V\QWKDVH��DQ�DQWLIXQJDO�
GUXJ�WDUJHW��
/XNH�:�*XGGDW��
6FKRRO� RI� &KHPLVWU\� DQG� 0ROHFXODU� %LRVFLHQFHV�� 7KH�
8QLYHUVLW\�RI�4XHHQVODQG��%ULVEDQH��������4XHHQVODQG��
$XVWUDOLD��

$FHWRK\GUR[\DFLG�V\QWKDVH��$+$6��LV�WKH�ILUVW�HQ]\PH�
LQ�WKH�EUDQFKHG�FKDLQ�DPLQR�DFLG�ELRV\QWKHVLV�SDWKZD\��
7KLV� SDWKZD\� LV� SUHVHQW� RQO\� LQ� SODQWV�� EDFWHULD� DQG�
IXQJL�PDNLQJ�LW�DQ�DWWUDFWLYH�WDUJHW�IRU�GUXJ�DQG�KHUELFLGH�
GLVFRYHU\��,QGHHG��PRUH�WKDQ����FRPPHUFLDO�KHUELFLGHV�
KDYH�EHHQ�GHYHORSHG�WKDW�WDUJHW�WKLV�HQ]\PH�DQG�DUH�LQ�
KLJK�GHPDQG�IRU�FURS�SURWHFWLRQ��:H�KDYH�VKRZQ�WKDW�
VHYHUDO� $+$6� LQKLELWRUV� GHYHORSHG� DV� FRPPHUFLDO�
KHUELFLGHV�� DUH� SRZHUIXO� DFFXPXODWLYH� LQKLELWRUV� RI�
&DQGLGD�DOELFDQV�$+$6��.L�YDOXHV�DV� ORZ�DV�����S0��
DQG�KDYH�GHWHUPLQHG�KLJK�UHVROXWLRQ�FU\VWDO�VWUXFWXUHV�
RI� WKLV� HQ]\PH� LQ� FRPSOH[� ZLWK� VHYHUDO� RI� WKHVH�
KHUELFLGHV�� ,Q� DGGLWLRQ�� ZH� KDYH� GHPRQVWUDWHG� WKDW�
FKORULPXURQ� HWK\O� �&(��� D�PHPEHU� RI� WKH� VXOIRQ\OXUHD�
KHUELFLGH� IDPLO\�� KDV� SRWHQW� DQWLIXQJDO� DFWLYLW\� DJDLQVW�
ILYH�GLIIHUHQW�&DQGLGD�VSHFLHV�DQG�&��QHRIRUPDQV��ZLWK�
0,&���YDOXHV�DV� ORZ�DV��� Q0���� )XUWKHUPRUH�� LQ� WKHVH�
DVVD\V��ZH�KDYH�VKRZQ�&(�DQG� LWUDFRQD]ROH��D�3����
LQKLELWRU�� FDQ� DFW� V\QHUJLVWLFDOO\� WR� IXUWKHU� LPSURYH�
SRWHQF\�� )LQDOO\�� ZH� KDYH� VKRZQ� WKDW� LQ� &DQGLGD�
DOELFDQV�LQIHFWHG�PLFH��&(�LV�KLJKO\�HIIHFWLYH�LQ�UHGXFLQJ�
SDWKRJHQLF�IXQJDO�EXUGHQ�LQ�WKH�OXQJV��OLYHU�DQG�VSOHHQ��
WKXV��UHGXFLQJ�RYHUDOO�PRUWDOLW\�UDWHV��7KHUHIRUH��LQ�YLHZ�
RI� WKHLU� ORZ� WR[LFLW\� WR� KXPDQV�� $+$6� LQKLELWLQJ�
KHUELFLGHV� UHSUHVHQW� D� QHZ� FODVV� RI� DQWLIXQJDO� GUXJ�
FDQGLGDWHV���
5HIHUHQFH�>�@�*DUFLD��0��'���&KXD��6��0��+���/RZ��<��6���
/HH��<��7���$JQHZ�)UDQFLV��.���:DQJ��-��*���1RXZHQV��
$��� /RQKLHQQH�� 7���:LOOLDPV�� &��0��� )UDVHU�� -�� $��� DQG�
*XGGDW�� /�� :�� ������� &RPPHUFLDO� $+$6�LQKLELWLQJ�
KHUELFLGHV�DUH�SURPLVLQJ�GUXJ�OHDGV�IRU�WKH�WUHDWPHQW�RI�
KXPDQ�IXQJDO�SDWKRJHQLF�LQIHFWLRQV��3URF�1DWO�$FDG�6FL�
86$������(�����(������
�
����� 1HZ� 6WUDWHJLHV� WR� FRPEDW� WKH� VXSHUEXJ�
&DQGLGD�DXULV���

6LPP��&��DQG�7UDYHQ��$��

'HSDUWPHQW� RI� %LRFKHPLVWU\� DQG� 0ROHFXODU� %LRORJ\��
0RQDVK� 8QLYHUVLW\� %XLOGLQJ� ���� ��� ,QQRYDWLRQ� :DON�
0RQDVK�8QLYHUVLW\��&OD\WRQ�������9,&��$8675$/,$�

,W�LV�LQFUHDVLQJO\�EHLQJ�UHFRJQL]HG�WKDW�IXQJDO�LQIHFWLRQV�
SRVH�D�VLJQLILFDQW�DQG�JURZLQJ�WKUHDW�WR�KXPDQ�KHDOWK��
DQG� WKDW� WKH� FXUUHQW� DUPRXU\� RI� DQWLIXQJDO� GUXJV� LV�
LQDGHTXDWH��0RVW�DQWLIXQJDO�GUXJV�VXFK�DV�DPSKRWHULFLQ�
%� DQG� IOXFRQD]ROH� ZHUH� GHYHORSHG� GHFDGHV� DJR� DQG�
WDUJHW�HLWKHU�HUJRVWHURO�RU�FHOO�ZDOO�ELRV\QWKHVLV��/LPLWHG�



ϭϱ�
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WDUJHW� VSHFWUXP�� HIILFDF\� DQG� VXEVWDQWLDO� KRVW� WR[LFLW\�
WXUQ� V\VWHPLF� IXQJDO� LQIHFWLRQV� LQWR� D� GHDGO\� KXPDQ�
GLVHDVH� ZLWK� PRUWDOLW\� UDWHV� RI� XS� WR� ����� ,QFUHDVLQJ�
UHVLVWDQFH� WRZDUGV� WKHVH� ³ROG� GUXJV´�� DV� ZHOO� DV� WKH�
HPHUJHQFH� RI� LQWULQVLFDOO\� UHVLVWDQW� IXQJDO� SDWKRJHQV�
VXFK�DV�&DQGLGD�DXULV�PHDQV�WKDW�WKH�GHYHORSPHQW�RI�
QHZ�DQWLIXQJDO�WKHUDSHXWLF�VWUDWHJLHV�LV�SDUDPRXQW��)RU�
WKLV�SURMHFW��ZH�FRQGXFWHG�D�SKHQRW\SLF�VFUHHQ�DJDLQVW�
&�� DXULV� XVLQJ� FRPSRXQGV� RI� WKH� 3DWKRJHQ� ER[�
�0HGLFLQHV� IRU� 0DODULD� 9HQWXUH� �009�� IRXQGDWLRQ��� D�
FROOHFWLRQ� RI� ���� VPDOO� GUXJ�OLNH� PROHFXOHV� GLUHFWHG�
DJDLQVW� QHJOHFWHG� GLVHDVHV�� 6HYHUDO� FRPSRXQGV� ZLWK�
DQWLIXQJDO�DFWLYLW\�DJDLQVW�&��DXULV�ZHUH� LGHQWLILHG� DQG�
PLQLPDO�LQKLELWRU\�FRQFHQWUDWLRQV�ZHUH�GHWHUPLQHG�IRU���
FDQGLGDWH� FRPSRXQGV�� 0XOWLSOH� FRPSOHPHQWDU\�
WHFKQLTXHV�DUH�HPSOR\HG�WR�LGHQWLI\�WKH�PHFKDQLVP�RI�
DFWLRQ� RI� WKH� PRVW� HIILFDFLRXV� FRPSRXQGV�� 7KH�
LQYHVWLJDWLRQ� RI� QRYHO� WDUJHWV� ZLOO� JLYH� XV� LQVLJKW� LQWR�
SDWKRJHQLFLW\�DQG�YLUXOHQFH�IDFWRUV�RI� WKLV�QHZ�KXPDQ�
SDWKRJHQ��
�
����� 3ODQW� GHIHQVLQV� ZRUN� LQ� V\QHUJ\� ZLWK�
FDVSRIXQJLQ�DJDLQVW�&DQGLGD� VSHFLHV�DQG�FDQ�NLOO�
&DQGLGD�DXULV��

0F.HQQD��-��$��%OHDFNOH\��0��5���YDQ�GHU�:HHUGHQ�1��
/���$QGHUVRQ�0��$���
/D� 7UREH� ,QVWLWXWH� IRU� 0ROHFXODU� 6FLHQFH�� %XQGRRUD��
9LFWRULD��$XVWUDOLD��

3ODQW� GHIHQVLQV� DUH� VPDOO� SHSWLGHV� WKDW� DUH� D� PDMRU�
FRPSRQHQW� RI� WKH� LQQDWH� LPPXQH� V\VWHP� RI� SODQWV���
0DQ\�KDYH�EURDG�VSHFWUXP�DFWLYLW\�DJDLQVW�D� UDQJH�RI�
SODQW�DV�ZHOO�DV�KXPDQ� IXQJDO�SDWKRJHQV� �3DULVL�HW� DO�
�������:H�KDYH�EHHQ�LQYHVWLJDWLQJ�WKH�SRWHQWLDO�RI�SODQW�
GHIHQVLQV�IRU�WUHDWPHQW�RI�&DQGLGD�LQIHFWLRQV�ERWK�DORQH�
DQG� LQ� FRPELQDWLRQ� ZLWK� FOLQLFDO� DQWLIXQJDOV� IURP� WKH�
HFKLQRFDQGLQ�IDPLO\��0RUH�UHFHQWO\��ZH�KDYH�DVVHVVHG�
WKH� DFWLYLW\� RI� D� UDQJH� RI� SODQW� GHIHQVLQV� DJDLQVW� WKH�
HPHUJLQJ�IXQJDO�SDWKRJHQ�&��DXULV��
&DQGLGD�VSHFLHV�DUH�DPRQJ�WKH�PRVW�FRPPRQ�KXPDQ�
FRPPHQVDO� RUJDQLVPV�� EHFDXVH� WKH\� FDQ� FRORQL]H�
DOPRVW� DOO� PXFRVDO� VXUIDFHV�� � � 7KH\� RQO\� FDXVH� PLOG�
ORFDOL]HG� LQIHFWLRQV� LQ� KHDOWK\� LQGLYLGXDOV�� EXW� WKHLU�
XQUHVWULFWHG�JURZWK�FDQ�FDXVH�OLIH�WKUHDWHQLQJ�V\VWHPLF�
LQIHFWLRQV� LQ� WKH� LPPXQRFRPSURPLVHG�� :H� KDYH�
LGHQWLILHG�VHYHUDO�SODQW�GHIHQVLQV�WKDW�DFW�LQ�V\QHUJ\�ZLWK�
FDVSRIXQJLQ���6XE�LQKLELWRU\�FRQFHQWUDWLRQV�RI�GHIHQVLQ�
GHFUHDVH�WKH�0,&�RI�FDVSRIXQJLQ�E\�DV�PXFK�DV����IROG�
DJDLQVW�VHYHUDO�&DQGLGD�VSHFLHV�LQFOXGLQJ�&��DOELFDQV��
&��NUXVHL��&��JODEUDWD�DQG�&��SDUDSVLORVLV��
3ODQW�GHIHQVLQV�DOVR� LQKLELW�DQG�NLOO�&��DXULV��:H�KDYH�
WHVWHG� D� UDQJH� RI� GHIHQVLQV� IRU� WKHLU� DFWLYLW\� DJDLQVW�
WKUHH�&�� DXULV� VWUDLQV� WKDW� ZHUH� LVRODWHG� LQ� $XVWUDOLD��
HDFK�ZLWK�GLIIHUHQW�DQWLIXQJDO�VXVFHSWLELOLW\�SURILOHV��2QH�
RI�WKHVH�VWUDLQV�LV�UHVLVWDQW�WR�HFKLQRFDQGLQV�DQG�RQH�LV�
UHVLVWDQFH� WR� D]ROHV��:KLOH� DOO� GHIHQVLQV� LQKLELWHG� WKH�
JURZWK�RI�&��DXULV�WR�YDU\LQJ�GHJUHHV��RQH�GHIHQVLQ�ZDV�
VLJQLILFDQWO\� PRUH� DFWLYH�� 7KLV� GHIHQVLQ� FRPSOHWHO\�
LQKLELWHG� WKH� JURZWK� RI�&�� DXULV� DW� ����J�P/� LQFOXGLQJ�
VWUDLQV�WKDW�ZHUH�IOXFRQD]ROH�RU�HFKLQRFDQGLQ�UHVLVWDQW��

:H�DUH�FXUUHQWO\� VWXG\LQJ� WKH�PHFKDQLVP�RI�DFWLRQ�RI�
WKLV�GHIHQVLQ�WR�XQGHUVWDQG�KRZ�VXFFHVVIXO�WUHDWPHQWV�
IRU�IXQJDO�GLVHDVH�PLJKW�EH�GHYHORSHG��
�
����� ([SORLWLQJ� LQRVLWRO� SRO\SKRVSKDWH� NLQDVHV� IRU�
DQWLIXQJDO�GUXJ�GHYHORSPHQW��
/RUQD� :LONLQVRQ�:KLWH��� 'HVPDULQL� 'HVPDULQL�������
6RSKLH�/HY�������7DQLD�&��6RUUHOO�������3KLOLS�7KRPSVRQ��
DQG�-XOLDQQH�7HUHVD�'MRUGMHYLF�������
�6\GQH\�)%''�)DFLOLW\��6\GQH\�$QDO\WLFDO��
8QLYHUVLW\�RI�6\GQH\������16:��
�&HQWUH�IRU�,QIHFWLRXV�'LVHDVHV�DQG�0LFURELRORJ\��
:HVWPHDG�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK��
:HVWPHDG�������16:����
�:HVWPHDG�&OLQLFDO� 6FKRRO�� )DFXOW\� RI�0HGLFLQH�
DQG� +HDOWK��8QLYHUVLW\� RI� 6\GQH\� DW�:HVWPHDG��
�����16:�
�0DULH�%DVKLU�,QVWLWXWH�IRU�,QIHFWLRXV�'LVHDVHV�DQG�
%LRVHFXULW\��8QLYHUVLW\�RI�6\GQH\�������16:�
�0RQDVK�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK��3DUNYLOOH��
�����9LFWRULD����
�
,QYDVLYH�IXQJDO�GLVHDVH�SRVHV�D�VHULRXV�WKUHDW�WR�
KXPDQ� KHDOWK�� DIIHFWLQJ� ���� PLOOLRQ� SHRSOH� DQG�
FDXVLQJ� ���� PLOOLRQ� GHDWKV� DQQXDOO\�� &XUUHQW�
WKHUDSLHV� DUH� WR[LF�� VXE�RSWLPDO� RU� SRRUO\�
DEVRUEHG��DQG�DQWL�IXQJDO�UHVLVWDQFH�LV�HPHUJLQJ��

8VLQJ�&U\SWRFRFFXV�QHRIRUPDQV�DV�D�PRGHO��RXU�
WHDP�GHPRQVWUDWHG�WKDW� WKH�IXQJDO�NLQDVH��$UJ���
LV� FULWLFDOO\� OLQNHG� WR� IXQJDO� YLUXOHQFH� DQG�
LQYDVLYHQHVV�� $UJ�� GHOHWLRQ� OHDGV� WR� V\PSWRP�
IUHH� LQIHFWLRQ� DQG� UDSLG� FOHDUDQFH� RI� &��
QHRIRUPDQV� LQ� PLFH�� 7KHUHIRUH�� VPDOO� PROHFXOH�
LQKLELWRUV�RI�$UJ�VKRXOG�DFKLHYH�VLPLODU�RXWFRPHV�
IRU� DQ\� IXQJDO� SDWKRJHQV� ZLWK� $UJ�� RUWKRORJV��
LQFOXGLQJ� &DQGLGD� DOELFDQV� DQG� $VSHUJLOOXV�
IXPLJDWXV��7KH�WHDP�KDV�XVHG�UDWLRQDO�GHVLJQ�WR�
V\QWKHVLVH� D� OHDG� FRPSRXQG� �32��� WKDW� LQKLELWV�
WKH�IXQJDO�NLQDVH�PRUH�HIIHFWLYHO\�WKDQ�LWV�FORVHVW�
KXPDQ� KRPRORJXH�� ,30.�� SURYLGLQJ� SURRI�RI�
FRQFHSW�WKDW�VHOHFWLYH�WDUJHWLQJ�RI�$UJ��LV�IHDVLEOH��
:H� KDYH� DOVR� XVHG� D� IUDJPHQW� EDVHG� GUXJ�
GLVFRYHU\� �)%''�� DSSURDFK�� ZLWK� WKH� DLP� RI�
LGHQWLI\LQJ� QRYHO� PROHFXOHV� DQG�RU� ELQGLQJ� VLWHV�
WKDW�FRXOG�LQKLELW�$UJ���7KH�GHYHORSPHQW�RI�PRUH�
SRWHQW�DQG�VHOHFWLYH�VPDOO�PROHFXOH� LQKLELWRUV�RI�
$UJ�� IURP�ERWK� RI� WKHVH� VWDUWLQJ� SRLQWV� LV� EHLQJ�
SXUVXHG� WR� FUHDWH� D� QRYHO� FODVV� RI� DQWLIXQJDO�
DJHQW��

� �
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6HVVLRQ���
�

����� 7KH� 0LVVLQJ� /LQN�V�� LQ� 3URWHRPLFV�� 1HWZRUN�
'LVFRYHU\�E\�&URVVOLQNLQJ�0DVV�6SHFWURPHWU\�
7DUD�%DUWROHF�����'DQLHOD�/HH�6PLWK�����,JQDWLXV�3DQJ�����
<RX�'DQ;X����-RVKXD�+DPH\�����0DUF�:LONLQV����
���6\VWHPV�%LRORJ\� ,QLWLDWLYH��6FKRRO�RI� %LRWHFKQRORJ\�
DQG�%LRPROHFXODU�6FLHQFHV��816:�
���6FKRRO�RI�&KHPLVWU\��816:��

6DFFKDURP\FHV� FHUHYLVLDH� KDV� WKH� PRVW�
FRPSUHKHQVLYHO\� FKDUDFWHULVHG� SURWHLQ�SURWHLQ�
LQWHUDFWLRQ�QHWZRUN��RU�LQWHUDFWRPH��RI�DQ\�VSHFLHV��7KLV�
KDV� EHHQ� JHQHUDWHG� WKURXJK� PXOWLSOH�� V\VWHPDWLF�
VWXGLHV� RI� SURWHLQ�SURWHLQ� LQWHUDFWLRQV� E\� WZR�K\EULG�
WHFKQLTXHV�DQG�WKURXJK�PXOWLSOH��V\VWHPDWLF�VWXGLHV�RI�
DIILQLW\�SXULILHG�SURWHLQ�FRPSOH[HV��'HVSLWH�WKH�TXDOLW\�RI�
WKLV�LQWHUDFWRPH��D�TXHVWLRQ�UHPDLQV�DV�WR�WKH�H[WHQW�RI�
LQWHUDFWLRQV� WKDW� DUH� \HW� WR� EH� GHWHFWHG�� 7KHVH� PD\�
LQFOXGH�LQWHUDFWLRQV�WKDW�DUH�ZHDN�RU�WUDQVLHQW��RU�WKRVH�
LQYROYLQJ�SURWHLQV�WKDW�DUH�QRW�DPHQDEOH�WR�VWXG\�DV�WZR�
K\EULG� IXVLRQ� SURWHLQV�� /DUJH� VFDOH� FURVVOLQNLQJ�PDVV�
VSHFWURPHWU\��;/�06��KDV�EHFRPH�SRVVLEOH�WKURXJK�WKH�
GHYHORSPHQW� RI� FOHDYDEOH� FURVVOLQNHUV��06��PHWKRGV�
IRU�SHSWLGH�DQDO\VLV�DQG�QHZ�VRIWZDUH��7R�GDWH�� WKHVH�
PHWKRGV�KDYH�EHHQ�DSSOLHG� WR�DQDO\VLV�RI�PDPPDOLDQ�
FHOOV�DQG�WLVVXHV��WR�VRPH�RUJDQHOOHV�DQG�WR�D�QXPEHU�
RI� EDFWHULDO� V\VWHPV� KRZHYHU� WKH\� KDYH� QRW� EHHQ�
DSSOLHG�WR�\HDVW���GHVSLWH�LW�SURYLGLQJ�D�YDOXDEOH�V\VWHP�
IRU�EHQFKPDUNLQJ��+HUH�ZH�XVHG�;/�06�WR�VWXG\�LQWDFW�
\HDVW� QXFOHL�� XVLQJ� '662�� 06�� DQDO\VLV� DQG� ;OLQN;��
/LQHDU� SHSWLGHV� LGHQWLILHG� a������ QXFOHDU�DVVRFLDWHG�
SURWHLQV��JHQHUDWLQJ�WKH�PRVW�FRPSUHKHQVLYH�SURWHRPH�
RI� WKLV� \HDVW� RUJDQHOOH� WR� GDWH�� $� WRWDO� RI� a������
FURVVOLQNHG� VSHFWUDO� PDWFKHV� ZHUH� IRXQG�� UHVXOWLQJ� LQ�
a������ XQLTXH� O\VLQH�O\VLQH� FURVVOLQNV��2I� WKHVH�� ����
ZHUH�LQWUD�SURWHLQ�FURVVOLQNV�DQG�����ZHUH�LQWHU�SURWHLQ�
FURVVOLQNV��$SSUR[LPDWHO\�RQH�WKLUG�RI�LQWUDOLQNV�PDSSHG�
WR�3'%�VWUXFWXUHV������ZKLFK�ZHUH�OHVV�WKDQ�WKH����Հ�
GLVWDQFH�FRQVWUDLQW�� ,QWHUHVWLQJO\�� LQWUDOLQNV�ZHUH�IRXQG�
IRU�����SURWHLQV�ZLWK�QR�H[LVWLQJ�VWUXFWXUDO�GDWD��,Q�VRPH�
FDVHV�� VXFK� LQWUDOLQNV� FRXOG� UHILQH� DE� LQLWLR� VWUXFWXUDO�
PRGHOV�� $SSOLFDWLRQ� RI� VWULQJHQW� VFRUH� FXWRIIV� WR�
LQWHUOLQNV�\LHOGHG�D�KLJK�FRQILGHQFH�QXFOHDU�LQWHUDFWRPH��
6WULNLQJO\�� DOPRVW� KDOI� RI� WKH� LQWHUDFWLRQV� ZHUH� QRW�
SUHYLRXVO\�GHWHFWHG�E\�WZR�K\EULG�RU�$3�06�WHFKQLTXHV��
0XOWLSOH� OLQHV� RI� HYLGHQFH� H[LVWHG� IRU� PDQ\� VXFK�
LQWHUDFWLRQV�� ZKHWKHU� WKURXJK� UHSOLFDWHV�� OLWHUDWXUH� RU�
RUWKRORJ�LQWHUDFWLRQ�GDWD��:H�FRQFOXGH�WKDW�;/�06�LV�D�
SRZHUIXO�PHDQV�WR�PHDVXUH�SURWHLQ�SURWHLQ�LQWHUDFWLRQV�
WKDW� FDQ� FRPSOHPHQW� WZR�K\EULG� DQG� $3�06�
WHFKQLTXHV��
�
����� 5DSLG� 51$�OHYHO� UHVSRQVHV� WR� VWUHVV�
UHYHDOHG� E\� WUDQVODWLRQ� FRPSOH[� SURILOH�
VHTXHQFLQJ�LQ�\HDVW��

6KLURNLNK��1�(����-DQDSDOD��<����+RUYDWK��$����%HLOKDU]��
7����+DQQDQ��.����(\UDV��(����+DQQDQ��5����3UHLVV��7������

��� 'HSDUWPHQW�RI�*HQRPH�6FLHQFHV��7KH�-RKQ�&XUWLQ�
6FKRRO�RI�0HGLFDO�5HVHDUFK��7KH�$XVWUDOLDQ�1DWLRQDO�
8QLYHUVLW\��&DQEHUUD��$&7��$XVWUDOLD�

��� 0RQDVK�%LRLQIRUPDWLFV�3ODWIRUP��0RQDVK�8QLYHUVLW\��
0HOERXUQH��9LF��$XVWUDOLD�

��� $XVWUDOLDQ�&DQFHU�5HVHDUFK�)RXQGDWLRQ�'HSDUWPHQW�
RI�&DQFHU�%LRORJ\�DQG�7KHUDSHXWLFV��7KH�-RKQ�&XUWLQ�
6FKRRO�RI�0HGLFDO�5HVHDUFK��7KH�$XVWUDOLDQ�1DWLRQDO�
8QLYHUVLW\��&DQEHUUD��$&7��$XVWUDOLD�

��� 9LFWRU� &KDQJ� &DUGLDF� 5HVHDUFK� ,QVWLWXWH�� 6\GQH\��
16:��$XVWUDOLD�

)URP�V\QDSWLF�SODVWLFLW\�LQFOXGLQJ�PHPRU\�IXQFWLRQV��WR�
DGDSWDWLRQ� WR� LPPHGLDWH� HQYLURQPHQWV� DQG� VWUHVVHV��
HXNDU\RWLF�FHOOV�UHO\�RQ�IDVW�SDFHG�WUDQVODWLRQDO�FRQWURO��
7R�XQGHUVWDQG�KRZ�WKH�FHOOV�PLWLJDWH�DGYHUVH�FRQGLWLRQV�
RU� DFTXLUH� DQG� PDLQWDLQ� DQ� DGDSWHG� SKHQRW\SH�� LW� LV�
FULWLFDO� WR� H[SRVH� WKH� XQGHUO\LQJ� UHJXODWLRQ� RI� SURWHLQ�
V\QWKHVLV� HQFRGHG� LQ� PHVVHQJHU� �P�51$�� <HDVWV�
GHSHQG� RQ� JOXFRVH� DV� D� SULPDU\� QXWULHQW� DQG� DFXWHO\�
UHVSRQG� WR� FKDQJH� RI� LWV� OHYHOV�� *OXFRVH� VWUHVV�
DGDSWDWLRQ�UHODWHV�WR�\HDVW�UREXVWQHVV�LQ�ELRSURGXFWLRQ�
DQG� SDWKRJHQLFLW\�� DV� ZHOO� DV� LW� LV� DQ� DUFKHW\SLFDO�
HXNDU\RWLF� UHDFWLRQ� WR� D� FKDQJHG� HQYLURQPHQW�� <HDVW�
UHVSRQVH� WR� JOXFRVH� GHSULYDWLRQ� LV� GUDPDWLF� DQG�
PDQLIHVWV�DV�D�PXOWL�VWDJH��FRPSOH[�SURFHVV�HYHQWXDOO\�
OHDGLQJ� WR� UHSURJUDPPLQJ� RI� WKH� H[SRVHG� FHOOV���
+RZHYHU�� SULPDU\� UHVSRQVHV� LQLWLDWLQJ� WKLV�
UHSURJUDPPLQJ�FDVFDGH�DUH�LQFRPSOHWHO\�XQGHUVWRRG���
7R� GHWHFW� DQG� LQYHVWLJDWH� WUDQVODWLRQDO� UHVSRQVHV� LQ�
YLYR�� ZH� GHYHORSHG� WUDQVODWLRQ� FRPSOH[� SURILOH�
VHTXHQFLQJ� �7&3�VHT������ 7&3�VHT� XQLTXHO\� DOORZV� WR�
UHVROYH�DOO� WUDQVODWLRQ� LQWHUPHGLDWHV�� LQFOXGLQJ�WKRVH�RI�
IDVW�SDFHG� SURFHVVHV� VXFK� DV� P51$� VFDQQLQJ�� DQG�
YLVXDOL]H�VWDUW�FRGRQ�UHFRJQLWLRQ�HYHQWV�DQG�ULERVRPDO�
UHF\FOLQJ� GLUHFWO\� LQ� OLYH� FHOOV���:H� FRPELQH� 7&3�VHT�
ZLWK� WUDQVODWLRQ� LQLWLDWLRQ� IDFWRU�VHOHFWLYH�SXULILFDWLRQ�RI�
SURWHLQ� V\QWKHVLV� FRPSOH[HV� WR� GLVFHUQ� KRZ� JOXFRVH�
VWDUYDWLRQ� UHVSRQVH� LV� LQLWLDWHG�� PDLQWDLQHG� DQG�
UHOHDVHG�LQ�\HDVW��
:H�REVHUYH�SUHYLRXVO\�XQFKDUDFWHULVHG�H[WUHPHO\�UDSLG�
UHDFWLRQV� RI� \HDVW� FHOOV� WR� JOXFRVH� UHPRYDO�� ZLWK� WKH�
LQLWLDO� UHVSRQVH� GLVFHUQLEOH� DW� D� ���VHFRQG� WLPH� SRLQW��
0DQ\� 
KRXVHNHHSLQJ
�P51$V�DUH� LQKLELWHG�GXULQJ� WKLV�
UHVSRQVH��KRZHYHU��D�VXEVHW�RI�P51$V�UHPDLQV�KLJKO\�
WUDQVODWHG� RU� LV� VSHFLILFDOO\� DFWLYDWHG�� 0XFK� RI� WKHVH�
P51$V� DUH� LQYROYHG� LQ� JOXFRQHRJHQHVLV� DQG� HQHUJ\�
FRQWURO�� VXJJHVWLQJ� WKDW� \HDVWV� ILUVW� WU\� WR� µZDLW� RYHU¶�
JOXFRVH� GHSOHWLRQ� DQG� UHO\� RQ� WKH� H[LVWLQJ�P51$V� WR�
DGMXVW�WKHLU�PHWDEROLVP��EHIRUH�PDNLQJ�PRUH�SHUPDQHQW�
FKDQJHV� WR� WKH� JHQH� H[SUHVVLRQ� SURILOHV�� 2XU� GDWD�
GHPRQVWUDWH� WKH� FRPSOH[LW\� RI� FHOOXODU� JHQHWLF�
UHVSRQVHV�WR�VWLPXOL�DQG�PD\�UHYHDO�SULPDU\�UHVSRQVHV�
VHUYLQJ�DV�WULJJHUV�WR�WKH�VXEVHTXHQW�JHQHWLF�FRQWURO��

5HIHUHQFHV�
���-DQDSDOD��<���3UHLVV��7���6KLURNLNK��1�(���������
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,QWHUQDWLRQDO� -RXUQDO� RI�0ROHFXODU� 6FLHQFHV� ���� ������
&RQWURO� RI� 7UDQVODWLRQ� DW� WKH� ,QLWLDWLRQ� 3KDVH� 'XULQJ�
*OXFRVH�6WDUYDWLRQ�LQ�<HDVW��
��� Ɣ$UFKHU�� 6�� .��� Ɣ6KLURNLNK�� 1�� (��� %HLOKDU]�� 7�� +���
3UHLVV��7���������
1DWXUH���������������'\QDPLFV�RI�ULERVRPH�VFDQQLQJ�
DQG�UHF\FOLQJ�UHYHDOHG�E\�WUDQVODWLRQ�FRPSOH[�SURILOLQJ��
��� Ɣ6KLURNLNK�� 1�� (��� Ɣ$UFKHU�� 6�� .���%HLOKDU]�� 7��+���
3RZHOO��'���3UHLVV��7���������
1DWXUH� 3URWRFROV� ���� ��������� 7UDQVODWLRQ� FRPSOH[�
SURILOH� VHTXHQFLQJ� WR� VWXG\� WKH� LQ� YLYR� G\QDPLFV� RI�
P51$�ULERVRPH� LQWHUDFWLRQV� GXULQJ� WUDQVODWLRQ�
LQLWLDWLRQ��HORQJDWLRQ�DQG�WHUPLQDWLRQ��
��� 6KLURNLNK�� 1�� (��� 3UHLVV�� 7�� ������� :LOH\�
,QWHUGLVFLSOLQDU\� 5HYLHZV� 51$� ��� H������ 7UDQVODWLRQ�
LQLWLDWLRQ� E\� FDS�GHSHQGHQW� ULERVRPH� UHFUXLWPHQW��
5HFHQW�LQVLJKWV�DQG�RSHQ�TXHVWLRQV��
�
����� 3URWHRPLF� FKDUDFWHUL]DWLRQ� RI�6DFFKDURP\FHV�
FHUHYLVLDH� DQG� &DQGLGD� DOELFDQV� H[WUDFHOOXODU�
YHVLFOHV�WR�LGHQWLI\�ELRPDUNHUV�DQG�D�SRWHQWLDO�UROH�
LQ�DQWLIXQJDO�GUXJ�WROHUDQFH���
0DUN� %OHDFNOH\�� &KDUORWWH� 'DZVRQ�� .HQLQJ� =KDR��
6XUHVK�0DWKLYDQDQ��0DULO\Q�$QGHUVRQ��
/D� 7UREH� ,QVWLWXWH� IRU� 0ROHFXODU� 6FLHQFH�� /D� 7UREH�
8QLYHUVLW\��%XQGRRUD��9LFWRULD��$XVWUDOLD�������

([WUDFHOOXODU� YHVLFOHV� �(9V�� DUH� VPDOO�� OLSLG�
HQFDSVXODWHG� SDUWLFOHV� FRQWDLQLQJ� SURWHLQV�� QXFOHLF�
DFLGV� DQG� PHWDEROLWHV� WKDW� DUH� SURGXFHG� E\� DOO�
RUJDQLVPV��2XU�NQRZOHGJH�RI�WKHLU�ELRJHQHVLV�DQG�WKHLU�
IXQFWLRQ� LQ� LQWHUFHOOXODU� FRPPXQLFDWLRQ� VWHPV� ODUJHO\�
IURP� VWXGLHV� LQ� PDPPDOLDQ� FHOOV� DQG� WKHLU� UROH� LQ�
SDWKRJHQHVLV�RI�*UDP�QHJDWLYH�EDFWHULD��<HDVW�(9V�DUH�
D�PDMRU�SDWKZD\�RI�QRQ�FODVVLFDO�SURWHLQ�VHFUHWLRQ�DQG�
KDYH� EHHQ� LPSOLFDWHG� LQ� EDVLF� FHOOXODU� SK\VLRORJ\��
SDWKRJHQHVLV� DQG� K\SHUYLUXOHQFH�� 3URWHRPLF�
FKDUDFWHUL]DWLRQ�RI�\HDVW�(9V�UHYHDOHG�WKDW�PDQ\�RI�WKH�
FDQRQLFDO� ELRPDUNHUV� XVHG� LQ� PDPPDOLDQ� V\VWHPV��
LQFOXGLQJ�WKH�KLJKO\�FRQVHUYHG�(6&57�SURWHLQV��DUH�QRW�
SUHVHQW��+RZHYHU��6��FHUHYLVLDH�VWUDLQV�ZLWK�GHOHWLRQV�LQ�
(6&57� SURWHLQV� SURGXFH� IHZHU� (9V� DQG� WKHVH� (9V�
KDYH�PDUNHGO\� GLIIHUHQW� SURWHRPLF� SURILOHV� WR� WKH�ZLOG�
W\SH� VWUDLQ� VXSSRUWLQJ� D� UROH� IRU� (6&57� LQ� (9�
ELRJHQHVLV�LQ�\HDVW��7KLV�OHG�XV�WR�LGHQWLI\�SURWHLQV�WKDW�
FRXOG�EH�XVHG�DV�(9�ELRPDUNHUV�LQ�\HDVW��,VRODWLRQ�DQG�
SURWHRPLF� FKDUDFWHUL]DWLRQ� RI� (9V� IURP� WKUHH� &��
DOELFDQV�VWUDLQV�JURZQ�DV�SODQNWRQLF�FXOWXUHV��WRJHWKHU�
ZLWK�RQH�VWUDLQ�JURZQ�DV�D�ELRILOP��OHG�WR�LGHQWLILFDWLRQ�RI�
��� SURWHLQV� WKDW� DUH� SRWHQWLDO� (9� PDUNHUV�� 7KHVH�
LQFOXGHG�D�VXEVHW�RI�SURWHLQV�ZLWK�IRXU�WUDQVPHPEUDQH�
GRPDLQV� WKDW� DUH� WRSRORJLFDOO\� VLPLODU� WR� PDPPDOLDQ�
WHWUDVSDQQLQV��VRPH�RI�ZKLFK�DUH�KLJKO\�FRQVHUYHG�(9�
PDUNHUV� LQ� PDPPDOLDQ� FHOOV�� 7KHVH� PDUNHUV� KDYH�
DSSOLFDWLRQ� LQ�WKH�LGHQWLILFDWLRQ�RI�(9V�DQG�WUDFNLQJ�WKH�
(9V�GXULQJ�SXULILFDWLRQ�RU�LQ�D�ELRORJLFDO�V\VWHP�VXFK�DV�
DQ�LQIHFWLRQ�PRGHO��(9�FDUJR�DOVR�LQFOXGHG�SURWHLQV�WKDW�
PD\�HQKDQFH�UHVLVWDQFH�WR�DQWLIXQJDO�GUXJV�VXFK�DV�WKH�
HIIOX[� SXPSV�&GU����� WKH� ���� ȕ�JOXFDQ� V\QWKDVH� )NV��

�DV�ZHOO�DV� LWV� UHJXODWRU�5KR���DQG� WKH�PDMRU�FHOO�ZDOO�
FKLWLQ� V\QWKDVH� &KV���:H� GLVFRYHUHG� WKDW� \HDVW� (9V�
SURWHFW� \HDVW� DJDLQVW� WKH� DQWLIXQJDO� DFWLYLW\� RI�
FDVSRIXQJLQ�DQG�D�SODQW�DQWLIXQJDO�GHIHQVLQ�VXSSRUWLQJ�
D� UROH� IRU� (9V� LQ� HQKDQFLQJ� WROHUDQFH� WR� DQWLIXQJDO�
PROHFXOHV����
�
�����8VLQJ�\HDVW�WR�GLVFRYHU�QH[W�JHQHUDWLRQ�WRROV�IRU�
PDQLSXODWLQJ�JHQHV�

2OLYHU�5DFNKDP�

+DUU\�3HUNLQV�,QVWLWXWH�RI�0HGLFDO�5HVHDUFK�DQG�&XUWLQ�
+HDOWK� ,QQRYDWLRQ� 5HVHDUFK� ,QVWLWXWH�� 6FKRRO� RI�
3KDUPDF\�DQG�%LRPHGLFDO�6FLHQFHV�

&XUWLQ�8QLYHUVLW\��:HVWHUQ�$XVWUDOLD��

7KH�DELOLW\�WR�DOWHU�WKH�JHQRPHV�RI� OLYLQJ�FHOOV�LV�NH\�WR�
XQGHUVWDQGLQJ�KRZ�JHQHV� LQIOXHQFH�DOO� WKH� IXQFWLRQV�RI�
RUJDQLVPV�DQG�ZLOO�EH�FULWLFDO�WR�PRGLI\�OLYLQJ�V\VWHPV�IRU�
XVHIXO�SXUSRVHV��+RZHYHU��WKLV�KDV�ORQJ�EHHQ�OLPLWHG�E\�
WKH�WHFKQLFDO�FKDOOHQJHV�LQYROYHG�LQ�JHQHWLF�HQJLQHHULQJ��
5HFHQW�DGYDQFHV�LQ�JHQH�HGLWLQJ�KDYH�E\SDVVHG�VRPH�
RI�WKHVH�FKDOOHQJHV�EXW�WKH\�DUH�VWLOO�IDU�IURP�LGHDO��:H�
KDYH� XVHG� D� YDULHW\� RI� JHQHWLF� VHOHFWLRQ� V\VWHPV� WKDW�
HQDEOH� WKH� UH�HQJLQHHULQJ�RI�JHQH�PRGXODWLQJ�V\VWHPV�
YLD�OLIH�GHDWK�VHOHFWLRQV�LQ�\HDVW��:H�KDYH�H[SDQGLQJ�WKH�
51$� UHFRJQLWLRQ� FRGH� RI� 3XPLOLR� DQG� )%)� KRPRORJ\�
�38)�� SURWHLQV� LQ� \HDVW�� HQDEOLQJ� WKH� GHVLJQ� RI� 51$�
ELQGLQJ� SURWHLQV� ZLWK� SURJUDPPDEOH� VSHFLILFLWLHV��
)XUWKHUPRUH�� LQ�UHFHQW�ZRUN�ZH�KDYH�FUHDWHG�V\QWKHWLF�
SURWHLQV� IURP� DQRWKHU� IDPLO\� RI� 51$�ELQGLQJ� UHSHDW�
GRPDLQ� SURWHLQV�� WKH� SHQWDWULFRSHSWLGH� UHSHDW� �335��
SURWHLQV��7KHVH�DUWLILFLDO�SURWHLQV�KDYH�UHYHDOHG�WKH�FRGH�
IRU�51$� ELQGLQJ�E\� QDWXUDO� 335�GRPDLQV� DQG�SURYLGH�
XQLTXH� WRROV� IRU� PDQLSXODWLQJ� FHOOXODU� 51$V��
)XUWKHUPRUH��ZH�IRXQG�WKDW�WKHVH�SURWHLQV�FDQ�EH�XVHG�
WR� VHOHFWLYHO\� PDQLSXODWH� VV'1$� DQG� VKRZ� WKDW� WKHVH�
SURWHLQV�FDQ�EH�GHVLJQHG�WR�SRWHQWO\�LQKLELW�WHORPHUDVH��
D�FUXFLDO�FDQFHU�WDUJHW��)XUWKHUPRUH��ZH�KDYH�FDSLWDOLVHG�
RQ� WKHVH� V\QWKHWLF� ELRORJ\� PHWKRGV� WR� HQJLQHHU�
&5,635�&DV��JHQH�HGLWLQJ�V\VWHPV�LQ�\HDVW��7KH�GHVLJQ�
RI�SURWHLQV�WKDW�FDQ�ELQG�DQ\�51$�RU�'1$�VHTXHQFH�RI�
LQWHUHVW� DQG� PRGXODWH� LWV� IXQFWLRQ� ZLOO� EH� LPSRUWDQW� WR�
HOXFLGDWH�WKH�PHFKDQLVPV�E\�ZKLFK�JHQHV�DUH�FRQWUROOHG�
DQG� IRU� EXLOGLQJ� JHQHWLF� FLUFXLWV� ZLWK� SURJUDPPDEOH�
SURSHUWLHV�LQ�V\QWKHWLF�ELRORJ\��

�
�����,QIODPPDVRPH�DFWLYDWLRQ�DQG�PHWDEROLF�FRQWURO�
RI�LQQDWH�LPPXQLW\�GXULQJ�IXQJDO�LQIHFWLRQV����
7XFH\�� 70��� 9HUPD�� -��� /R�� 7/��� 5REHUWVRQ�� $���
1DGHUHU��7��DQG�7UDYHQ��$���
���,QIHFWLRQ�DQG�,PPXQLW\�3URJUDP�DQG�WKH�'HSDUWPHQW�
RI� %LRFKHPLVWU\� DQG� 0ROHFXODU� %LRORJ\�� %LRPHGLFLQH�
'LVFRYHU\� ,QVWLWXWH��0RQDVK� 8QLYHUVLW\�� &OD\WRQ� ������
9LFWRULD��$XVWUDOLD�
��� 6FKRRO� RI� &KHPLVWU\� DQG� 0ROHFXODU� %LRVFLHQFHV��
8QLYHUVLW\�RI�4XHHQVODQG��%ULVEDQH��$XVWUDOLD�
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&DQGLGD� DOELFDQV� LV� D� FRPPHQVDO� \HDVW� DQG� QRUPDO�
FRPSRQHQW�RI�WKH�KXPDQ�PLFURELRPH��+RZHYHU��WKH�XVH�
RI� KHDY\� DQWLELRWLFV�� LQGZHOOLQJ� GHYLFHV�� RU�
LPPXQRVXSSUHVVLYH�WKHUDSLHV�FDQ�FDXVH�FRORQL]DWLRQ�WR�
HVFDODWH� LQWR� V\VWHPLF� LQIHFWLRQV� ZLWK� KLJK� PRUWDOLW\��
0DFURSKDJHV� DUH� RQH� RI� WKH� ILUVW� OLQHV� RI� GHIHQVH�
IROORZLQJ�&��DOELFDQV� LQIHFWLRQ��&��DOELFDQV�FRQWUROV� LWV�
LQWHUDFWLRQ�ZLWK�PDFURSKDJHV�WKURXJK�D�PRUSKRORJLFDO�
VZLWFK�EHWZHHQ�\HDVW�DQG�K\SKDO�FHOOV��DQG�WKLV�WULJJHUV�
1/53�� LQIODPPDVRPH�DFWLYDWLRQ��S\URSWRWLF�FHOO�GHDWK�
DQG� HJUHVV� RI� WKH� SDWKRJHQ�� :H� KDYH� UHFHQWO\�
GHPRQVWUDWHG�WKDW�DQRWKHU�NH\�DVSHFW�RI�WKLV�LQWHUDFWLRQ�
LQYROYHV� WKH�PHWDEROLF� FRPSHWLWLRQ� IRU� JOXFRVH�� ZKLFK�
EHFRPHV�DQ�HVVHQWLDO�QXWULHQW� IRU�&��DOELFDQV�LQIHFWHG�
PDFURSKDJHV� ODWHU� LQ� LQIHFWLRQ�� ,Q� RXU� ODWHVW� ZRUN��ZH�
FRPSDUH�D�FROOHFWLRQ�RI����FOLQLFDO�LVRODWHV�RI�&��DOELFDQV�
GXULQJ�LQIHFWLRQ�RI�PDFURSKDJHV��
7KURXJK� TXDQWLWDWLYH� OLYH� FHOO� LPDJLQJ�� ZH� ILQG� WKDW�
DFWLYDWLRQ�RI� WKH� LQIODPPDVRPH�SDWKZD\�RFFXUV�E\�DQ�
HODERUDWH� QHWZRUN� RI� PRUSKRJHQHWLF� DQG� PHWDEROLF�
VZLWFKHV� LQ� SDWKRJHQ� DQG� KRVW�� :H� GHILQH� WKH�
PHFKDQLVWLF�UHTXLUHPHQWV�IRU�PHWDEROLF�DFWLYDWLRQ�RI�WKH�
LQIODPPDVRPH� E\� &�� DOELFDQV�� :H� DOVR� ILQG� WKDW�
S\URSWRVLV�LV�RQO\�REVHUYHG�ZLWK�VRPH�FOLQLFDO�LVRODWHV�RI�
&�� DOELFDQV� DQG� RQO\� XQGHU� VSHFLILF� H[SHULPHQWDO�
FRQGLWLRQV��ZKHUHDV�PHWDEROLF�LQIODPPDVRPH�DFWLYDWLRQ�
LV� GRPLQDQW� DFURVV� WKH� SKHQRW\SLFDOO\� DQG�
SK\ORJHQHWLFDOO\� GLYHUVH� LVRODWHV�� 7KLV� VWXG\� UHGHILQHV�
WKH�PHFKDQLVWLF�PRGHOV�RI�LQIODPPDVRPH�UHVSRQVHV�WR�
&��DOELFDQV�DQG�VXJJHVWV�WKDW�LPPXQRPHWDEROLF�VWDWXV�
LV�WKH�FRUH�VHQVRU�RI�WKH�FRPPHQVDO�SDWKRJHQ�WUDQVLWLRQ�
LQ�PLFURELRWD��
�

6HVVLRQ���
�

����� 'LVFRYHULQJ� WKH� LQGLJHQRXV� PLFURELRWD�
DVVRFLDWHG� ZLWK� $XVWUDOLDQ� $ERULJLQDO� DQG� 7RUUHV�
6WUDLW�,VODQGHU�IHUPHQWDWLRQV�
&ULVWLDQ� 9DUHOD����� /XFLHQ� $OSHUVWHLQ��� -RDQQD�
6XQGVWURP��� .DWKOHHQ� &XLMYHUV��� 0DJJLH� %UDG\���
9ODGLPLU�-LUDQHN���$QWKRQ\�%RUQHPDQ���
�7KH�$XVWUDOLDQ�:LQH�5HVHDUFK�,QVWLWXWH��32�%R[������
*OHQ�2VPRQG�6$�������$XVWUDOLD�
�'HSDUWPHQW�RI�:LQH�DQG�)RRG�6FLHQFH��8QLYHUVLW\�RI�
$GHODLGH��30%���*OHQ�2VPRQG��6$�������$XVWUDOLD�
�&HQWUH� IRU� $ERULJLQDO� (FRQRPLF� 3ROLF\� 5HVHDUFK��
&ROOHJH� RI� $UWV� DQG� 6RFLDO� 6FLHQFHV�� 7KH� $XVWUDOLDQ�
1DWLRQDO�8QLYHUVLW\��$FWRQ��$&7�������$XVWUDOLD�

2YHU�WKH�FRXUVH�RI�KXPDQ�KLVWRU\�DQG�LQ�PRVW�VRFLHWLHV��
IHUPHQWHG�EHYHUDJHV�KDYH�SOD\HG�D�XQLTXH�UROH�GXH�WR�
WKHLU� HFRQRPLF� DQG� FXOWXUDO� LPSRUWDQFH�� ,Q� $XVWUDOLD�
EHIRUH� WKH� DUULYDO� RI� WKH� ILUVW� (XURSHDQV�� $ERULJLQDO�
SHRSOH� SURGXFHG� VHYHUDO� IHUPHQWHG� GULQNV� LQFOXGLQJ�
PDQJDLWFK�IURP�IORZHULQJ�FRQHV�RI�D�EDQNVLD�SODQW�DQG�
ZD\�D�OLQDK� IURP� (XFDO\SWXV� WUHH� VDS�� ,Q� WKH� 7RUUHV�
6WUDLW�� ,VODQGHUV� OHDUQHG� IURP�)LOLSLQRV�KRZ� WR�PDNH�D�

IHUPHQWHG� GULQN� 7XED� IURP� FRFRQXW� SDOP� V\UXS��
1XPHURXV�PLFURRUJDQLVPV�� LQFOXGLQJ� IXQJL�� \HDVW� DQG�
EDFWHULD��SUHVHQW�RQ�WKH�VXUIDFH�RI�IUXLWV�DQG�JUDLQV��DUH�
UHVSRQVLEOH� IRU� WKH�FRQYHUVLRQ�RI� WKH�VXJDU�SUHVHQW� LQ�
WKHVH�PDWHULDOV� LQWR�HWKDQRO��+HUH�ZH�GHVFULEH� QDWLYH�
PLFURELDO�SRSXODWLRQV�DVVRFLDWHG�ZLWK�WKH�VSRQWDQHRXV�
IHUPHQWDWLRQ� RI� VDS� IURP� WKH� µFLGHU� JXP¶� (XFDO\SWXV�
JXQLL�� D� (XFDO\SWXV� WUHH� LQGLJHQRXV� WR� WKH� UHPRWH�
&HQWUDO� +LJKODQGV� RI� 7DVPDQLD�� DQG� WKH� \HDVW�
PLFURELRWD�DVVRFLDWHG�ZLWK�IORZHUV��IUXLWV�DQG�SDOP�WUHHV�
IURP�(UXE� ,VODQG� LQ� WKH�7RUUHV�6WUDLW��$PSOLFRQ�EDVHG�
,76�SK\ORW\SLQJ�KDV�VKRZQ�QXPHURXV�PLFURELDO�VSHFLHV�
LQ� FLGHU� JXP� VDPSOHV�� ZLWK� IXQJDO� VSHFLHV� GLIIHULQJ�
JUHDWO\� WR� WKRVH� DVVRFLDWHG� ZLWK� ZLQHPDNLQJ��
3K\ORW\SLQJ� DOVR� UHYHDOHG� VHYHUDO� IXQJDO� VHTXHQFHV�
ZKLFK�GR�QRW�PDWFK�NQRZQ�IXQJDO�JHQRPHV�VXJJHVWLQJ�
QRYHO� \HDVW� VSHFLHV�� 6LPLODUO\�� PDQ\� GLIIHUHQW� \HDVW�
VSHFLHV�ZHUH� LGHQWLILHG� IURP�SODQWV�� IORZHUV� DQG� IUXLWV�
IURP� (UXE� ,VODQG�� 7KHVH� ILQGLQJV� KLJKOLJKW� WKH� YDVW�
PLFURELDO� GLYHUVLW\� DVVRFLDWHG� ZLWK� QDWLYH� $XVWUDOLDQ�
SODQWV�DQG�EHYHUDJHV��
�
�����:KHUH�WKH�ZLOG�\HDVWV�DUH��5HIOHFWLRQV�RQ�KRZ�
GLVSHUVDO��HQYLURQPHQWDO�YDULDELOLW\�DQG�FRPSHWLWLRQ�
VKDSH�PHWDEROLF�SRWHQWLDO�RI�QHFWDU�\HDVWV��
'KDPL�0�.���
%LRGLYHUVLW\� 	� &RQVHUYDWLRQ�� 0DQDDNL� :KHQXD�
/DQGFDUH�5HVHDUFK��/LQFROQ�������1HZ�=HDODQG�

:LOG� \HDVWV� RFFXS\� D� YDULHW\� RI� QLFKHV�� IURP� ZKDOH�
H[FUHPHQW�WR�IORUDO�QHFWDU��6XFK�QLFKHV�FDQ�YDU\�LQ�WKHLU�
QXWULWLRQDO� YDOXH� DQG� HQYLURQPHQW� H[HUWLQJ� XQLTXH�
VHOHFWLYH�SUHVVXUHV�RQ�WKHLU�RFFXSDQWV��)ORUDO�QHFWDU�LV�
D� FDUERK\GUDWH�ULFK�� QLWURJHQ�SRRU� QLFKH�� WKDW� FDQ� EH�
KLJKO\�YDULDEOH�GXH� WR� SROOLQDWRU�GULYHQ�\HDVW�GLVSHUVDO�
DQG� FRPSHWLWLRQ� IURP� RWKHU� PLFUREHV�� +RZ� GR�
0HWVFKQLNRZLD� UHXNDXILL� \HDVWV� �6DFFKDURP\FHWDOHV��
WKHQ�GRPLQDWH� WKLV�YDULDEOH�DQG�QXWULHQW�OLPLWHG�QHFWDU�
QLFKH"� 8VLQJ� UHJLRQDO� SRSXODWLRQ� JHQHWLFV� VXUYH\V��
H[SHULPHQWV� DQG� VLPXODWLRQV�� ZH� H[SORUH� KRZ�
PHFKDQLVPV� VXFK� DV� GLVSHUVDO�� HQYLURQPHQWDO�
YDULDELOLW\�DQG�
FRPSHWLWLRQ�� VKDSH� WKH� PHWDEROLF� SRWHQWLDO� DQG�
SHUVLVWHQFH� LQ�0��UHXNDXILL��:H�ILQG� WKDW�GXSOLFDWLRQ�RI�
DPLQR� DFLG� WUDQVSRUWHUV�� VXFK� DV� *$3�� DQG� 387���
FRPELQHG� ZLWK� PRGLILFDWLRQV� WR� VWUHVV� WROHUDQFH�
SDWKZD\V� LQ�0��UHXNDXILL�� IDFLOLWDWH�SHUVLVWHQFH�DJDLQVW�
QXWULHQW� OLPLWDWLRQ� DQG�YDULDELOLW\��:H� ILQG�QR�HYLGHQFH�
WKDW�0��UHXNDXILL�SRSXODWLRQ�LV�
GLVSHUVDO�OLPLWHG� DFURVV� WKH� VDPSOHG� UHJLRQV�� )XUWKHU��
WKH� GLYHUJHQFH� RI� PHWDEROLF� FDSDFLW\� DFURVV� WKH�
SRSXODWLRQ�DOORZV�WKH�VSHFLHV�WR�VXFFHVVIXOO\�FRPSHWH�
ZLWK� RWKHU�PLFUREHV�DW� WKH� UHJLRQDO� VFDOH��2XU� UHVXOWV�
H[HPSOLI\�KRZ�ZLOG�\HDVWV�FDQ�WKULYH�XQGHU�FRQGLWLRQV�RI�
QXWULHQW�
OLPLWDWLRQ� DQG� HQYLURQPHQWDO� YDULDELOLW\� WKDW� DUH�
SUHYDOHQW�DFURVV�DOO�QLFKHV��
�
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����� $VVHVVPHQW� RI� IXQJDO� GLYHUVLW\� RI� $XVWUDOLDQ�
WUHH� KROORZV� LQ� FRQQHFWLRQ� WR� WKH� &U\SWRFRFFXV�
JDWWLL�DQG�&��QHRIRUPDQV�VSHFLHV�FRPSOH[HV�
/DXUD�-��6FKPHUWPDQQD�E�F
��/DV]OR� ,ULQ\LE�F�G
��5LFKDUG�
0DOLNH�� -HII� 5�� 3RZHOOI�� :LHODQG� 0H\HUE�F�G�� 0DUN� %��
.URFNHQEHUJHUD�G���
D6\GQH\�6FKRRO�RI�9HWHULQDU\�6FLHQFH��%���0F0DVWHU�
%XLOGLQJ��7KH�8QLYHUVLW\�RI�6\GQH\��6\GQH\��1HZ�6RXWK�
:DOHV�������$XVWUDOLD�
E0ROHFXODU�0\FRORJ\�5HVHDUFK�/DERUDWRU\��&HQWUH� IRU�
,QIHFWLRXV�'LVHDVHV�DQG�0LFURELRORJ\��7KH�8QLYHUVLW\�RI�
6\GQH\� �� :HVWPHDG� &OLQLFDO� 6FKRRO�� )DFXOW\� RI�
0HGLFLQH� DQG� +HDOWK�� 6\GQH\�� 1HZ� 6RXWK� :DOHV��
$XVWUDOLD�
F7KH� :HVWPHDG� ,QVWLWXWH� IRU� 0HGLFDO� 5HVHDUFK��
:HVWPHDG��1HZ�6RXWK�:DOHV��$XVWUDOLD�
G0DULH� %DVKLU� ,QVWLWXWH� IRU� ,QIHFWLRXV� 'LVHDVHV� DQG�
%LRVHFXULW\�� 7KH� 8QLYHUVLW\� RI� 6\GQH\�� 6\GQH\�� 1HZ�
6RXWK�:DOHV��$XVWUDOLD�
H&HQWUH� IRU�9HWHULQDU\�(GXFDWLRQ��%����6\GQH\�6FKRRO�
RI� 9HWHULQDU\� 6FLHQFH�� 7KH� 8QLYHUVLW\� RI� 6\GQH\��
6\GQH\��������16:��$XVWUDOLD�
I+DZNHVEXU\� ,QVWLWXWH� IRU� WKH� (QYLURQPHQW�� :HVWHUQ�
6\GQH\�8QLYHUVLW\��3HQULWK��16:�������$XVWUDOLD�
�
&U\SWRFRFFRVLV�LV�D�IXQJDO�LQIHFWLRQ�FDXVHG�E\�PHPEHUV�
RI� WKH�&U\SWRFRFFXV�JDWWLL� DQG�&��QHRIRUPDQV�VSHFLHV�
FRPSOH[HV��7KH�&��JDWWLL�VSHFLHV�FRPSOH[�KDV�D�VWURQJ�
HQYLURQPHQWDO� DVVRFLDWLRQ� ZLWK� HXFDO\SW� KROORZV�
�SDUWLFXODUO\� (XFDO\SWXV� FDPDOGXOHQVLV��� ZKLFK� PD\�
SUHVHQW�D�VRXUFH�RI�LQIHFWLRQ��,W�UHPDLQV�XQFOHDU�ZKHWKHU�
D� VSHFLILF� P\FRELRPH� LV� UHTXLUHG� WR� VXSSRUW� LWV�
HQYLURQPHQWDO� VXUYLYDO� DQG� JURZWK�� &RQYHQWLRQDO�
GHWHFWLRQ�RI�HQYLURQPHQWDO�&U\SWRFRFFXV�VSS��LQYROYHV�
FXOWXUH� RQ� GLIIHUHQWLDO� PHGLD�� VXFK� DV� *XL]RWLD�
DE\VVLQLFD� VHHG� DJDU�� 1H[W�JHQHUDWLRQ� VHTXHQFLQJ�
�1*6��EDVHG�FXOWXUH�LQGHSHQGHQW� LGHQWLILFDWLRQ�DLGV� LQ�
FRQWH[WXDOLVLQJ� WKHVH� VSHFLHV� LQ� WKH� HQYLURQPHQWDO�
P\FRELRPH�� 6DPSOHV� IURP� ��� $XVWUDOLDQ� WUHH� KROORZV�
ZHUH� VXEMHFWHG� WR� ERWK� FXOWXUH�� DQG� DPSOLFRQ�EDVHG�
PHWDJHQRPLF� DQDO\VLV� WR� FKDUDFWHULVH� WKH�P\FRELRPH�
DQG� DVVHVV� UHODWLRQVKLSV� EHWZHHQ�&U\SWRFRFFXV� VSS��
DQG� RWKHU� IXQJDO� WD[D�� 7KH� PRVW� DEXQGDQW� JHQHUD�
GHWHFWHG� ZHUH� &RQLRFKDHWD�� $VSHUJLOOXV� DQG�
3HQLFLOOLXP��DOO�EHLQJ�FRPPRQO\�LVRODWHG�IURP�GHFD\LQJ�
ZRRG��7KHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQ�WKH�SUHVHQFH�
RI�&U\SWRFRFFXV�VSS��LQ�D�WUHH�KROORZ�DQG�WKH�SUHVHQFH�
RI� DQ\� RWKHU� IXQJDO� JHQXV�� 6RPH� GLIIHUHQFHV� LQ� WKH�
DEXQGDQFH�RI�QXPHURXV�WD[D�ZHUH�QRWHG�LQ�D�GLIIHUHQWLDO�
KHDW� WUHH� FRPSDULQJ� VDPSOHV� ZLWK� RU� ZLWKRXW�
&U\SWRFRFFXV�1*6� UHDGV�� 7KH� VWXG\� H[SDQGHG� WKH�
NQRZQ� HQYLURQPHQWDO� QLFKH� RI� WKH� &�� JDWWLL� DQG� &��
QHRIRUPDQV� VSHFLHV� FRPSOH[HV� LQ� $XVWUDOLD� ZLWK�
GHWHFWLRQV� IURP� D� IXUWKHU� ILYH� WUHH� VSHFLHV��
'LVFUHSDQFLHV� EHWZHHQ� WKH� GHWHFWLRQ� RI�&U\SWRFRFFXV�
VSS�� XVLQJ� FXOWXUH� RU� 1*6� VXJJHVW� WKDW� QHLWKHU� LV�
VXSHULRU�SHU� VH� DQG� WKDW�� UDWKHU�� WKHVH�PHWKRGRORJLHV�
DUH� FRPSOHPHQWDU\�� 7KH� LQKHUHQW� ELDVHV� RI� DPSOLFRQ�
EDVHG�PHWDJHQRPLFV�UHTXLUH�FDXWLRXV�LQWHUSUHWDWLRQ�RI�

GDWD� WKURXJK� FRQVLGHUDWLRQ� RI� LWV� ELRORJLFDO� UHOHYDQFH��
)XUWKHU�LPSURYHPHQWV�LQ�1*6��VXFK�DV�ZKROH�JHQRPH�
VKRWJXQ� DQG� ORQJ�UHDG� VHTXHQFLQJ�� WRJHWKHU� ZLWK�
DSSURSULDWH�GDWD�DQDO\VLV�SLSHOLQHV�DQG�WKH�H[WHQVLRQ�RI�
UHIHUHQFH�GDWDEDVHV�� VKRXOG� VLJQLILFDQWO\� FRQWULEXWH� WR�
EHWWHU� FKDUDFWHULVDWLRQ� DQG� XQGHUVWDQGLQJ� RI� VXFK�
FRPSOH[�PLFURELDO�FRPPXQLW\�VWUXFWXUHV��
�
����� 7KH� LPSDFW� RI� IXQJDO� SODQW� GLVHDVHV� RQ� IRRG�
VHFXULW\�
�
*XHVW��'��
7KH�8QLYHUVLW\�RI�6\GQH\�

0LFURELDO� SDWKRJHQV�� SHVWV� DQG� ZHHGV� FDXVH� KXJH�
ORVVHV� WR� DJULFXOWXUDO� SURGXFWLRQ� DQG� HQYLURQPHQWDO�
GDPDJH�� ³)XQJL´�� LQFOXGLQJ� WKH� RRP\FHWHV�� DUH�
UHVSRQVLEOH� IRU� FURS� IDLOXUHV�� \LHOG� ORVVHV� DQG� XQVDIH�
IRRG��7KH�LPSDFW�RI�IXQJDO�SODQW�GLVHDVH�RQ�KXPDQV�LV�
LQYDULDEO\�FRPSRXQGHG�E\�VRFLRHFRQRPLF��SROLWLFDO�DQG�
KXPDQ�KHDOWK�IDFWRUV��,�ZLOO�SUHVHQW�H[DPSOHV�RI�IDPLQHV�
SUHFLSLWDWHG� E\� IXQJL�� GHVFULEH� WKH� HYHQWV� OHDGLQJ� WR�
IDPLQHV�DQG�GLVHDVH�RXWEUHDNV�DQG�GLVFXVV�IHDWXUHV�RI�
IXQJDO�ELRORJ\�WKDW�HQDEOH�WKHP�WR�HVFDSH�FRQYHQWLRQDO�
DWWHPSWV� DW� PDQDJHPHQW�� ,� ZLOO� SURSRVH� DQ�
LQWHUGLVFLSOLQDU\�³2QH�+HDOWK´�VWUDWHJ\�WR�EHWWHU�PDQDJH�
WKH�LPSDFWV�RI�IXQJDO�SODQW�SDWKRJHQV�RQ�IRRG�VHFXULW\��

6HVVLRQ���
�

�����$GDSWDWLRQ�WR�WKH�KRVW�QLFKH�WKURXJK�FHOO�VKDSH�
FRQWURO� LQ� WKH� KXPDQ� SDWKRJHQLF� IXQJXV�
7DODURP\FHV�PDUQHIIHL��
:HHUDVLQJKH�� +��� 3D\QH�� 0��� *XSWD�� $�� DQG�
$QGULDQRSRXORV��$��
*HQHWLFV�� *HQRPLFV� DQG� 6\VWHPV� %LRORJ\�� 6FKRRO� RI�
%LR6FLHQFHV�� 8QLYHUVLW\� RI� 0HOERXUQH�� 9,&� ������
$XVWUDOLD�

7DODURP\FHV� PDUQHIIHL��3HQLFLOOLXP� PDUQHIIHL�� LV� DQ�
LPSRUWDQW� IXQJDO� SDWKRJHQ� RI� KXPDQV�� LQ� SDUWLFXODU�
WKRVH�ZKR� DUH� LPPXQRFRPSURPLVHG��7��PDUQHIIHL�KDV�
WKH�FDSDFLW\�WR�DOWHUQDWH�EHWZHHQ�D�K\SKDO�DQG�D�\HDVW�
JURZWK�IRUP��D�SURFHVV�NQRZQ�DV�GLPRUSKLF�VZLWFKLQJ��
7KH�VWURQJHVW�H[WULQVLF�WULJJHU�IRU�GLPRUSKLF�VZLWFKLQJ�LV�
LQ� UHVSRQVH� WR� WHPSHUDWXUH��7��PDUQHIIHL�JURZV� LQ� WKH�
K\SKDO�IRUP�DW����&�DQG�LQ�WKH�\HDVW�IRUP�DW����&��7KH�
K\SKDO� IRUP�SURGXFHV�FRQLGLD� WKDW�DUH� OLNHO\� WR�EH� WKH�
LQIHFWLRXV�DJHQW�DQG�EHOLHYHG�WR�HVWDEOLVK�LQIHFWLRQ�DIWHU�
LQKDODWLRQ��7KH�\HDVW�JURZWK�IRUP�LV�WKH�SDWKRJHQLF�IRUP�
IRXQG� LQ� LQIHFWHG� SDWLHQWV�� 7KHVH� \HDVW� FHOOV� H[LVW�
LQWUDFHOOXODUO\�LQ�WKH�PRQRQXFOHDU�SKDJRF\WH�V\VWHP�RI�
WKH� KRVW�� 7KH� DLP� RI� WKLV� ZRUN� LV� WR� XQGHUVWDQG� WKH�
PHFKDQLVPV�IRU�VSHFLI\LQJ�FHOO�W\SH�DQG�WR�XQGHUVWDQG�
KRZ�WKHVH�LPSDFW�RQ�SDWKRJHQLFLW\��
+LJK� WKURXJKSXW� WUDQVFULSWRPLF� DQDO\VHV� LGHQWLILHG�
K\SKDO�DQG�\HDVW�FHOO�VSHFLILF�SDWKZD\V�GXULQJ�JURZWK�RI�
7�� PDUQHIIHL�� &RXSOHG� ZLWK� JHQRPLFV� VWXGLHV� ZH�
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FKDUDFWHULVHG� D� QXPEHU� RI� FDQGLGDWHV� WKDW� ZHUH�
SUHGLFWHG� WR� SOD\� D� UROH� GXULQJ� JURZWK� LQ� WKH� KRVW�� $�
QXPEHU�RI� WKH�JHQHV�ZHUH�VKRZQ� WR�SOD\�FULWLFDO� UROHV�
GXULQJ�\HDVW�FHOO�PRUSKRJHQHVLV� LQVLGH�KRVW�FHOOV��&HOO�
VKDSH� LV� FULWLFDO� IRU�7��PDUQHIIHL�WR� VXUYLYH�ZLWKLQ� KRVW�
FHOOV� ZLWKRXW� SUHPDWXUHO\� NLOOLQJ� WKHP�� 7KH� UHVXOWV�
VXJJHVW� WKDW�7��PDUQHIIHL�KDV�HYROYHG�D�XQLTXH�VHW�RI�
VWUDWHJLHV� WR� HVWDEOLVK� DQG�PDLQWDLQ� LWV� PRUSKRORJLFDO�
VWDWH�LQ�WKH�KRVW��ZKLFK�LV�FHQWUDO�WR�SDWKRJHQLFLW\��
�
�����%XLOGLQJ�5XEH�*ROGEHUJ�PDFKLQHV� LQ� \HDVW� WR�
H[SORUH�XQQHFHVVDU\�FRPSOH[LW\�LQ�ELRORJ\�
'DQLHOOH�0DGGRFN��$XVWHQ�5�'��*DQOH\��DQG�$QW�3RROH�
6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLW\�RI�$XFNODQG��
1HZ�=HDODQG�

%LRORJ\�PDNHV�IUHTXHQW�XVH�RI�PHWDSKRUV��$�FRPPRQ�
RQH�LV�SRUWUD\LQJ�FHOOXODU�V\VWHPV�DV�KLJKO\�HQJLQHHUHG�
VROXWLRQV� UHVXOWLQJ� IURP� WKH� UHOHQWOHVV� IRUFH� RI� QDWXUDO�
VHOHFWLRQ�PD[LPLVLQJ�SHUIRUPDQFH��+RZHYHU��WKH�H[WHQW�
WR�ZKLFK� WKLV�PHWDSKRU�DFFXUDWHO\�UHSUHVHQWV�UHDOLW\� LV�
GHEDWHG�� ZLWK� PROHFXODU� HYROXWLRQLVWV� LQ� SDUWLFXODU�
SURSRVLQJ�WKDW�ELRORJLFDO�V\VWHPV�KDYH�D�JUHDW�GHDO�RI�
µXQQHFHVVDU\¶� FRPSOH[LW\�� 6XFK� XQQHFHVVDU\�
FRPSOH[LW\�LV�SURSRVHG�WR�DULVH�WKURXJK�FKDQFH�HYHQWV�
WKDW� ODFN� DGDSWLYH� EHQHILW�� D� SURFHVV� LV� NQRZQ� DV�
&RQVWUXFWLYH� 1HXWUDO� (YROXWLRQ� �&1(��� DQG� WKHVH� DUH�
SUHGLFWHG�WR�EH�SUHYDOHQW�LQ�SRSXODWLRQV�SURQH�WR�JHQHWLF�
GULIW�� 3URSRVHG� H[DPSOHV� LQFOXGH� WKH� VHHPLQJO\�
JUDWXLWRXV�QXPEHU�RI�SURWHLQV� WKDW� IRUP�WKH�HXNDU\RWLF�
PLWRFKRQGULDO�ULERVRPH��DQG�WKH�FRQYROXWHG�SURFHVVHV�
RI�51$�HGLWLQJ�DQG�VSOLFLQJ�� ,I�FRUUHFW��5XEH�*ROGEHUJ�
PDFKLQHV��GHOLEHUDWHO\�DEVXUG�FRQWUDSWLRQV�WKDW�SHUIRUP�
VLPSOH� WDVNV�YLD�D� ODUJH�QXPEHU�RI� VWHSV��PLJKW�EH� D�
EHWWHU�PHWDSKRU�IRU�FHOOXODU�V\VWHPV��+RZHYHU��WKHUH�LV�
D�ODFN�RI�FOHDU�H[SHULPHQWDO�HYLGHQFH�GHPRQVWUDWLQJ�WKH�
YDOLGLW\� RI� WKH�&1(�PRGHO�� 7KLV� KDV� OHG� WR� VFHSWLFLVP�
UHJDUGLQJ� LWV� JHQHUDOLW\�� DQG� WR� VXJJHVWLRQV� WKDW� ZH�
VLPSO\�IDLO�WR�XQGHUVWDQG�WKH�DGDSWLYH�EHQHILWV�LQ�FDVHV�
RI� VHHPLQJ� XQQHFHVVDU\� FRPSOH[LW\�� +HUH� ZH� ZLOO�
SUHVHQW� RXU� ZRUN� EXLOGLQJ� DQ� XQQHFHVVDULO\� FRPSOH[�
PXOWL�SURWHLQ� PDFKLQH� LQ� \HDVW�� 7KLV� PDFKLQH� ZDV�
FRQVWUXFWHG� YLD� LQLWLDOO\� VSXULRXV�� QRQ�DGDSWLYH�
LQWHUDFWLRQV�EHWZHHQ�XQUHODWHG�SURWHLQV�LGHQWLILHG�XVLQJ�
WKH�\HDVW���K\EULG�V\VWHP��7KHVH�SURWHLQV�GHULYH� IURP�
DOO� WKUHH�GRPDLQV�RI� OLIH� WR�PLQLPL]H� WKH� OLNHOLKRRG�WKDW�
DGDSWLYH� LQWHUDFWLRQV� XQGHUSLQ� RXU� UHVXOWV�� :H� ZLOO�
SUHVHQW� WKH� GHVLJQ� DQG� FRQVWUXFWLRQ� RI� WKHVH� µ5XEH�
*ROGEHUJHVTXH¶� SURWHLQ� PDFKLQHV�� DQG� ZLOO� DQWLFLSDWH�
WKH� RXWFRPHV� RI� H[SHULPHQWDO� HYROXWLRQ� GHVLJQHG� WR�
H[SORUH� KRZ� QDWXUH� UHDFWV� WR� FRPSOH[LW\� WKDW� LV�
GHPRQVWUDEO\�XQQHFHVVDU\��7KLV�SURMHFW�ZLOO�SURYLGH�DQ�
H[SHULPHQWDO� WHVW� RI�&1(�� DQG� LOOXVWUDWH� WKH� G\QDPLFV�
WKURXJK�ZKLFK�FRQYROXWHG�PROHFXODU�V\VWHPV�HYROYH��
�

����� &KDOOHQJHV� RI� PHPEUDQH� SURWHLQ� UHVHDUFK� LQ�
6DFFKDURP\FHV�FHUHYLVLDH��
/DPSLQJ��(���

6LU�-RKQ�:DOVK�5HVHDUFK�,QVWLWXWH��)DFXOW\�RI�'HQWLVWU\��
8QLYHUVLW\� RI� 2WDJR�� 'XQHGLQ� 1=��
HUZLQ�ODPSLQJ#RWDJR�DF�Q]�

%LRORJLFDO�PHPEUDQHV�DUH�VWXQQLQJO\�FRPSOH[�PL[WXUHV�
RI� VSDWLRWHPSRUDOO\� VHSDUDWHG� ODWHUDO� PLFURGRPDLQV�
FRPSULVLQJ� FHUWDLQ� W\SHV� RI� SURWHLQV� HPEHGGHG� LQ� D�
K\GURSKRELF�ELOD\HU�RI� FHUWDLQ� W\SHV�RI� DV\PPHWULFDOO\�
GLVWULEXWHG� OLSLGV�� 7KXV�� PHPEUDQH� SURWHLQV� RIWHQ�
UHTXLUH�DGGLWLRQDO�SURWHLQV�DQG�FHUWDLQ�W\SHV�RI�OLSLGV�WR�
H[SUHVV� DQG� IXQFWLRQ� SURSHUO\� LQ� D� KHWHURORJRXV�KRVW��
2XU�H[SHULHQFH�VXJJHVWV� WKDW� WKLV� LV�RQH�RI� WKH�PDMRU�
FKDOOHQJHV� ZKHQ� VWXG\LQJ� KHWHURORJRXV� PHPEUDQH�
SURWHLQV�LQ�WKH�HXNDU\RWLF�PRGHO�RUJDQLVP�6��FHUHYLVLDH��
7KH� UDQJH� RI� PHPEUDQH� SURWHLQV� RI� LQWHUHVW� WKDW� ZH�
H[SUHVVHG�DQG�VWXGLHG�LQ�6��FHUHYLVLDH�RYHU�WKH�SDVW�WZR�
GHFDGHV� LQFOXGHV� EDFWHULDO�� IXQJDO�� DQG� KXPDQ�
PXOWLGUXJ� HIIOX[� SXPSV� DQG� WKH� DQWLIXQJDO� GUXJ� WDUJHW�
(UJ���� DQ� HVVHQWLDO� HQ]\PH� RI� WKH� HUJRVWHURO�
ELRV\QWKHVLV� SDWKZD\�� IURP� PDMRU� SODQW� DQG� KXPDQ�
IXQJDO� SDWKRJHQV� LQFOXGLQJ� YDULRXV� PRXOG� DQG� \HDVW�
VSHFLHV��([DPSOHV�RI�FULWLFDOO\�LPSRUWDQW�SURWHLQ�SURWHLQ�
DQG� SURWHLQ�OLSLG� LQWHUDFWLRQV� IRU� SURSHU� H[SUHVVLRQ��
IROGLQJ� DQG�RU� IXQFWLRQ� RI� WKHVH� SURWHLQV� LQ� RXU�
KHWHURORJRXV� 6�� FHUHYLVLDH� KRVW�� $'¨¨�� ZLOO� EH�
GLVFXVVHG��
�
�����,V�62��WROHUDQFH�LQ�%UHWWDQRP\FHV�EUX[HOOHQVLV�
D�GHYHORSLQJ�FRQFHUQ"��
&DUROLQH� %DUWHO��� &ULVWLDQ� 9DUHOD��� &KULV� &XUWLQ���
$QWKRQ\�%RUQHPDQ��
�7KH�$XVWUDOLDQ�:LQH�5HVHDUFK� ,QVWLWXWH��32�%R[�����
*OHQ�2VPRQG��6RXWK�$XVWUDOLD��������$XVWUDOLD�
�'HSDUWPHQW�RI�)RRG�6FLHQFH�DQG�7HFKQRORJ\��2UHJRQ�
6WDWH�8QLYHUVLW\��:LHJDQG�+DOO�������6:�&DPSXV�:D\��
&RUYDOOLV��25��������86$�

%UHWWDQRP\FHV� EUX[HOOHQVLV� LV� D� ZLQH� VSRLODJH� \HDVW�
WKDW� SURGXFHV� WKH� YRODWLOH� SKHQROV� ��(3� DQG� ��(*��
ZKLFK� FRQWULEXWH� WR� ZLQH� FKDUDFWHULVWLFV� GHVFULEHG� DV�
³EDUQ\DUG´�DQG�³EDQG�DLG´��&RPPRQO\�%��EUX[HOOHQVLV�LV�
FRQWUROOHG� WKURXJK� WKH� DGGLWLRQ� RI� 62��� &XUUHQW�
ZLQHPDNLQJ� WUHQGV�� WKDW�PLQLPLVH� 62�� DGGLWLRQV��PD\�
SURYLGH�OHYHOV�WKDW�DUH�LQVXIILFLHQW�WR�NLOO�%��EUX[HOOHQVLV��
7KHVH�VXE�OHWKDO�FRQFHQWUDWLRQV�PD\�JLYH�ULVH�WR�VWUDLQV�
ZLWK�LQFUHDVHG�WROHUDQFH�WR�62���
,Q�RUGHU�WR�LQYHVWLJDWH�WKH�SRWHQWLDO�IRU�%��EUX[HOOHQVLV�WR�
HYROYH�WROHUDQFH�WR�62���D�WZR�VWHS�DSSURDFK�ZDV�WDNHQ�
WKDW� FRPELQHG� H[SHULPHQWDO� DGDSWLYH� HYROXWLRQ� WR�
LQFUHDVLQJ�� VXE�OHWKDO� FRQFHQWUDWLRQV� RI� 62���� ZLWK� D�
FRPSDULVRQ�RI� 62�� WROHUDQFH� OHYHOV�EHWZHHQ�PRGHUQ�
GD\�DQG�KLVWRULFDO�LVRODWHV�RI�%UHWWDQRP\FHV��
$GDSWLYH� HYROXWLRQ�ZDV� VKRZQ� WR� EH� DEOH� WR� LQFUHDVH�
62�� WROHUDQFH� LQFUHDVHG� IRU� WKH� WZR� PDLQ� JHQHWLF�
JURXSV�RI�%��EUX[HOOHQVLV�IRXQG�LQ�ZLQH��ZLWK�XS�WR���IROG�
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PRUH�62��WROHUDQFH�REVHUYHG�LQ�VRPH�����JHQHUDWLRQ�
LVRODWHV� FRPSDUHG� WR� WKH� SDUHQW�� *URZWK� NLQHWLFV� RI�
WKHVH� LVRODWHV� VKRZHG� D� UHGXFHG� ODJ� SKDVH� GXULQJ�
JURZWK�LQ�62�FRQFHQWUDWLRQV�XS�WR�����PJ�/�P62���
7R� GHWHUPLQH� LI� $XVWUDOLDQ� LQGXVWULDO� LVRODWHV� RI� %��
EUX[HOOHQVLV�ZHUH�SRWHQLWDOO\� LQFUHDVLQJ� WKHLU� WROHUDQFH�
WR�62��RYHU�WLPH��RYHU�����%��EUX[HOOHQVLV�LVRODWHV�ZHUH�
REWDLQHG� IURP� DFURVV� WKUHH� WLPH� SHULRGV� ����������
��������DQG�����������7KH�LVRODWHV�IURP���������DQG�
�������� ZHUH� REWDLQHG� IURP� WKH� $:5,� &XOWXUH�
&ROOHFWLRQ�� ZKLOH� WKH� �������� LVRODWHV� ZHUH� DFTXLUHG�
IURP� ��� ZLQH� VDPSOHV� IURP� ��� GLIIHUHQW� ZLQHULHV��
5HVXOWV�LQGLFDWH�WKDW�WKH�PHDQ�PD[LPXP�62��WROHUDQFH�
UHPDLQHG� ODUJHO\�XQFKDQJHG�IURP���������WR���������
EXW�KDG�JUHDWO\�LQFUHDVHG�IRU�WKH�SHULRG�RI����������7KH�
GLVWULEXWLRQ� RI� 62�� WROHUDQFH� KDG� ZLGHQHG�� ZLWK� PRUH�
LVRODWHV�FOXVWHULQJ�DERYH�WKH�PHDQ��&KDUDFWHULVDWLRQ�RI�
WKH� PRVW� WROHUDQW� LVRODWHV� FRQILUPHG� WKHLU� KLJK� 62��
WROHUDQFH��7KHVH� LVRODWHV�ZHUH�DEOH� WR�JURZ�DW�KLJKHU�
FRQFHQWUDWLRQV� WKDQ� WZR� VWUDLQV� FRQVLGHUHG� DV� KLJKO\�
WROHUDQW��
2XU� UHVXOWV� GHPRQVWUDWH� WKDW� %�� EUX[HOOHQVLV� KDV� WKH�
SRWHQWLDO� WR�GHYHORS�62�� WROHUDQFH� LQ� LQGXVWU\��)XUWKHU�
VDPSOLQJ�IURP�PRUH�ZLQHULHV�LV�UHTXLUHG�WR�FRQILUP�WKLV�
ILQGLQJ��KRZHYHU�UHVXOWV�VXJJHVW�WKDW�WKH�ZLQH�LQGXVWU\�
VKRXOG� FDUHIXOO\� FRQVLGHU� DOWHUQDWLYH� VWUDWHJLHV� IRU�
FRQWUROOLQJ�%��EUX[HOOHQVLV��
�
� �
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6WXGHQW�SUHVHQWDWLRQV�
�
���6HTXHQFH�OHYHO�FKDUDFWHUL]DWLRQ�RI�WKH�HYROXWLRQ�
RI� UHVLVWDQFH� WR� DQWLPLFURELDO� SHSWLGHV� LQ�&DQGLGD�
DOELFDQV�

$PDQGD�0F&ROO��0DUN�%OHDFNOH\��0DULO\Q�$QGHUVRQ���
/D� 7UREH� ,QVWLWXWH� IRU� 0ROHFXODU� 6FLHQFH�� /D� 7UREH�
8QLYHUVLW\��6FLHQFH�'U��%XQGRRUD�9,&������

2YHU�WKH�ODVW�IHZ�GHFDGHV��WKH�HPHUJHQFH�RI�UHVLVWDQFH�
WR�FRPPRQO\�XVHG�DQWLIXQJDO�PROHFXOHV�KDV�EHFRPH�D�
PDMRU�EDUULHU�WR�HIIHFWLYH�WUHDWPHQW�RI�IXQJDO�LQIHFWLRQV��
5HVLVWDQFH� FRPELQHG� ZLWK� WKH� LQFUHDVHG� LQFLGHQFH� RI�
IXQJDO� GLVHDVHV� KDV� FUHDWHG� WKH� QHHG� IRU� QHZ�
DQWLIXQJDOV�� $QWLPLFURELDO� SHSWLGHV� �$03V�� DUH� RQH�
SRWHQWLDO� VROXWLRQ�� 7KH\� GLIIHU� IURP� D]ROHV� DQG�
HFKLQRFDQGLQ� DQWLIXQJDOV� EHFDXVH� WKH\� GR� QRW� DFW� E\�
LQKLELWLQJ� D� VLQJOH� HQ]\PH� EXW� KDYH� PXOWLSOH� WDUJHWV��
7KH\� PD\� LQWHUDFW� ZLWK� WKH� IXQJDO� FHOO� ZDOO� DQG�
PHPEUDQH� DQG� LQ� VRPH� FDVHV� HQWHU� WKH� IXQJDO�
F\WRSODVP�DQG�WDUJHW�PXOWLSOH�FHOOXODU�SURFHVVHV�OHDGLQJ�
WR�FHOO�GHDWK���
$�NH\�VWHS�LQ�WKH�GHYHORSPHQW�RI�QRYHO�DQWLIXQJDOV�LV�DQ�
XQGHUVWDQGLQJ�RI�WKH�SRWHQWLDO�IRU�WKH�IXQJXV�WR�GHYHORS�
UHVLVWDQFH�� 2XU� SUHYLRXV� ZRUN� LQ� 6�� FHUHYLVLDH�
GHPRQVWUDWHG�WKDW�$03�UHVLVWDQFH�FRXOG�GHYHORS�DV�D�
UHVXOW� RI� PXWDWLRQV� LQ� JHQHV� WKDW� IXQFWLRQ� LQ�
RVPRUHJXODWRU\�SURFHVVHV��+HUH��ZH�KDYH�H[SDQGHG�RQ�
RXU�LQLWLDO�VWXG\�LQ�6��FHUHYLVLDH�E\�SHUIRUPLQJ�D�VLPLODU�
H[SHULPHQW� LQ�&�� DOELFDQV�� :H� KDYH� XVHG� WKH� PRGHO�
SODQW�GHIHQVLQ�1D'���WKH�KXPDQ�FDWKHOLFLGLQ�//����DQG�
WKH� FOLQLFDOO\� UHOHYDQW� D]ROH� ,WUDFRQD]ROH� LQ� VHULDO�
SDVVDJHV� ZLWK� WKH� IXQJDO� SDWKRJHQ� &�� DOELFDQV� WR�
H[DPLQH�WKH�HYROXWLRQ�RI�UHVLVWDQFH�WR�WKHVH�PROHFXOHV��
(QKDQFHG�WROHUDQFH�ZDV�GHYHORSHG�LQ����LQGHSHQGHQW�
OLQHV�IRU�HDFK�DQWLIXQJDO��3DVVDJLQJ�RI�&��DOELFDQV�LQ�WKH�
DEVHQFH�RI�DQWLIXQJDO�ZDV�DOVR�SHUIRUPHG�WR�FRQWURO�IRU�
PXWDWLRQV�WKDW�LPSURYHG�ILWQHVV�LQ�RXU�DVVD\�PHGLXP��&��
DOELFDQV� VWUDLQV� GLG� GHYHORS� WROHUDQFH� WR� WKH�
DQWLPLFURELDO� SHSWLGHV�� H[FHSW� DW� D� VORZHU� UDWH�
FRPSDUHG� WR� ,WUDFRQD]ROH��*HQRPLF�'1$� IURP�DOO� WKH�
UHVLVWDQW� OLQHV� ZDV� SXULILHG� DQG� VHTXHQFHG� XVLQJ� D�
1H[W6HT�V\VWHP��7KH�VHTXHQFH�GDWD� LV�EHLQJ�SDVVHG�
WKURXJK� D� ELRLQIRUPDWLF� SLSHOLQH� WR� LGHQWLI\� PXWDWLRQV�
WKDW� DUH� DVVRFLDWHG� ZLWK� $03� UHVLVWDQFH� DQG� ZLOO� EH�
SUHVHQWHG�DW�<3'���
�
���,GHQWLILFDWLRQ�DQG�&KDUDFWHULVDWLRQ�RI�V3(3V�LQ�&��
QHRIRUPDQV��

(USI�3�(��	�)UDVHU�-�$��
$XVWUDOLDQ�,QIHFWLRXV�'LVHDVHV�5HVHDUFK�&HQWUH��6FKRRO�
RI�&KHPLVWU\�	�0ROHFXODU�%LRVFLHQFHV��7KH�8QLYHUVLW\�RI�
4XHHQVODQG��%ULVEDQH��4XHHQVODQG��$XVWUDOLD��

6KRUW� RSHQ� UHDGLQJ� IUDPHV� �V25)V�� ZLWK� FRGLQJ�
SRWHQWLDO�KDYH�EHHQ�IRXQG�LQ�D�YDULHW\�RI�VSHFLHV�DFURVV�
D�ZLGH�UDQJH�RI�JHQRPLF�ORFDWLRQV��LQFOXGLQJ�WUDQVFULSWV�
SUHYLRXVO\� FODVVLILHG� DV�QRQFRGLQJ���¶� DQG��¶�875V�RI�

WUDQVFULSWV� IRU� NQRZQ� SURWHLQV�� DQG� LQ� RYHUODSSLQJ�
DOWHUQDWH� UHDGLQJ� IUDPHV� RI� HQFRGHG� JHQHV��
&KDUDFWHULVDWLRQ� RI� V25)�HQFRGHG� SHSWLGHV� �V3(3V��
IURP�KXPDQV�WR�\HDVW�KDV�UHYHDOHG�WKHLU�LPSRUWDQFH�LQ�
ELRORJLFDO� SURFHVVHV� UDQJLQJ� IURP� PRUSKRJHQHVLV��
HPEU\RJHQHVLV� DQG� LRQ� WUDIILFNLQJ� WR� KRUPRQH�
VLJQDOOLQJ��WUDQVODWLRQDO�UHJXODWLRQ��DQG�'1$�UHSDLU�DQG�
UHSOLFDWLRQ��6RPH�RI�WKH�EHVW�H[DPSOHV�RI�V3(3V�KDYH�
FRPH� IURP� WKH� PRGHO� DVFRP\FHWH� 6DFFKDURP\FHV�
FHUHYLVLDH�DQG�DUH�FRQVHUYHG�LQ�D�YDULHW\�RI�RWKHU�IXQJDO�
VSHFLHV�� LQFOXGLQJ� PHPEHUV� RI� WKH� SK\OXP�
%DVLGLRP\FRWD�� WR� ZKLFK� &U\SWRFRFFXV� QHRIRUPDQV�
EHORQJV�� 2XU� ODERUDWRU\� LV� LQWHUHVWHG� LQ� WKLV�
HQFDSVXODWHG� SDWKRJHQLF� \HDVW� DV� LW� FDXVHV� OLIH�
WKUHDWHQLQJ�LQIHFWLRQV�LQ�WKH�LPPXQRFRPSURPLVHG�ZLWK�
WKH� DLG� RI� YLUXOHQFH� WUDLWV� WKDW� HQDEOH� VXUYLYDO� LQ� WKH�
KXPDQ� KRVW�� :H� K\SRWKHVLVH� WKDW� V3(3V� ZLWKLQ� &��
QHRIRUPDQV�PD\�SOD\�D�UROH�LQ�YLUXOHQFH��KRZHYHU�WKHLU�
LGHQWLILFDWLRQ�� YDOLGDWLRQ�� DQG� FKDUDFWHULVDWLRQ� WR� GDWH�
KDV�EHHQ�OLPLWHG�GXH�WR�D�ODFN�RI�VWDQGDUGLVHG�SURWRFROV��
:H�KDYH�GHYHORSHG�DQ�HQULFKPHQW�SURFHVV�WKDW�SHUPLWV�
V3(3V� GHWHFWLRQ� ZLWKLQ� D� SURWHLQ� VDPSOH� DQG�
LPSOHPHQWHG�SURWHRJHQRPLFV�WR�SURYLGH�DQ�LQVLJKW�LQWR�
WKH� YDOLGLW\� RI� SUHGLFWHG� DQG� K\SRWKHWLFDO� V25)V�
DQQRWDWHG�LQ�WKH�&��QHRIRUPDQV�JHQRPH��,Q�DGGLWLRQ�WR�
WKLV�� QRYHO� V25)V� ZLWKLQ� �¶� DQG� �¶� 875V� RI� NQRZQ�
WUDQVFULSWV�KDYH�DOVR�EHHQ�GLVFRYHUHG�XVLQJ�WKH�VDPH�
SURWHRPLF� SUHSDUDWLRQ�� 7KH� PROHFXODU� JHQHWLF�
FKDUDFWHULVDWLRQ� RI� V25)V� WKDW� UHVLGH� ZLWKLQ� WKHVH�
UHJLRQV� LV� XQGHUVWDQGDEO\� SUREOHPDWLF�� +RZHYHU�� RXU�
GHYHORSPHQW� RI� D� QHZ� GRPLQDQW� UHF\FODEOH� JHQHWLF�
PDUNHU� XWLOL]LQJ� WKH� DPG6� JHQH� IURP� $VSHUJLOOXV�
QLGXODQV� SUHYDLOV� WKHVH� SUREOHPDWLF� IHDWXUHV� E\�
IDFLOLWDWLQJ� LQ� WKH� LQYHVWLJDWLRQ� RI� V3(3V¶� UROHV� LQ� WKH�
YLUXOHQFH�RI�WKLV�LPSRUWDQW�IXQJDO�SDWKRJHQ��
�
��� )XQFWLRQ� RI� 2VW�S� DQG� 2VW�S� LQ� DQG� RXW� RI�
JO\FRV\ODWLRQ�

=KRX��&���DQG�6FKXO]��%�/�������

��6FKRRO�RI�&KHPLVWU\�DQG�0ROHFXODU�%LRVFLHQFHV��7KH�
8QLYHUVLW\�RI�4XHHQVODQG��6W�/XFLD�������4XHHQVODQG��
$XVWUDOLD��
��$XVWUDOLDQ� ,QIHFWLRXV�'LVHDVH�5HVHDUFK�&HQWUH��7KH�
8QLYHUVLW\�RI�4XHHQVODQG��6W�/XFLD�������4XHHQVODQG��
$XVWUDOLD���
��&HQWUH� IRU� %LRSKDUPDFHXWLFDO� ,QQRYDWLRQ�� $XVWUDOLDQ�
,QVWLWXWH� RI� %LRHQJLQHHULQJ� DQG� 1DQRWHFKQRORJ\�� 7KH�
8QLYHUVLW\�RI�4XHHQVODQG��6W�/XFLD�������4XHHQVODQG��
$XVWUDOLD���
�
1�JO\FRV\ODWLRQ�SOD\V�DQ�HVVHQWLDO�UROH�LQ�SURWHLQ�IROGLQJ�
DQG�IXQFWLRQV�LQ�HXNDU\RWLF�FHOOV��7UDQVIHU�RI�WKH�JO\FDQV�
WR� WKH� VHOHFWHG� DVSDUDJLQH� UHVLGXHV� LQ� SHSWLGHV� LV�
FDWDO\VHG�E\�ROLJRVDFFKDU\OWUDQVIHUDVH��27DVH���ZKLFK�
LV� D� PXOWLPHULF� FRPSOH[� FRQVLVWV� RI� HLJKW� VXEXQLWV��
2VW�S� DQG� 2VW�S� DUH� PXWXDOO\� H[FOXVLYH� VXEXQLWV� LQ�
\HDVW� 27DVH�� GHILQLQJ� WZR� VXEVWUDWH�VSHFLILF� 27DVH�
LVRIRUPV��2[LGRUHGXFWDVH�DFWLYLW\�RI�2VW�S��S�PHGLDWHG�
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E\� WKH� 1�WHUPLQDO� WKLRUHGR[LQ� GRPDLQ� LV� LPSRUWDQW� IRU�
HIILFLHQW� JO\FRV\ODWLRQ�� $EVHQFH� RI� ERWK� 2VW�S��S� LQ�
\HDVW� FDXVHV� XQGHUJO\FRV\ODWLRQ� DW� D� VXEVHW� RI�
JO\FRV\ODWLRQ� VLWHV�� DQG� WKHUHIRUH� UHVXOWLQJ� LQ� VHYHUH�
JURZWK�GHIHFWV�RI�WKH�\HDVW��+RZHYHU��DEQRUPDOO\�IDVW�
JURZLQJ�\HDVW�VWUDLQV�ZHUH�IUHTXHQWO\�SURGXFHG�E\�WKH�
267���� GRXEOH� GHILFLHQW� VWUDLQV�� 7KLV� VWXG\� DLPV� DW�
DVFHUWDLQLQJ�WKH�SRWHQWLDO�UHDVRQV�WKDW�HQDEOH�WKH�\HDVW�
ODFNLQJ�ERWK�2VW�S�DQG�2VW�S�WR�LPSURYH�JURZWK�ZLWKRXW�
UHFRYHULQJ�JO\FRV\ODWLRQ��7R�UHDOL]H�WKDW��ZKROH�JHQRPH�
VHTXHQFLQJ� ZDV� SHUIRUPHG� RQ� WKH� 267���� GRXEOH�
GHILFLHQW�\HDVW�DQG�WKH�LVRODWHG�UHYHUWDQWV�ZKLFK�VKRZ�D�
VWDEOH� JURZWK� LPSURYHPHQW� SKHQRW\SH�� 0XWDWLRQV�
ORFDWHG�LQVLGH�FRGLQJ�UHJLRQV��&'6��RI�IXQFWLRQDO�JHQHV�
ZLWK�KLJK�GHWHFWLRQ�TXDOLWLHV�ZHUH�LGHQWLILHG�DQG�IXUWKHU�
FRQILUPHG� E\� 6DQJHU� VHTXHQFLQJ�� 7KUHH� JHQHV� ZHUH�
ILQDOO\� LGHQWLILHG� WR� FRQWDLQ� VWDEOH� DQG� KHULWDEOH� SRLQW�
PXWDWLRQV��:KLOH� NQRFNRXW� RI� WKH� ZKROH� JHQHV� LQ� WKH�
267����GRXEOH�GHILFLHQW�\HDVW�IDLOHG�WR�LPSURYH�JURZWK��
RWKHU� DSSURDFKHV�ZLOO� EH� UHTXLUHG� ODWHU� IRU� WHVWLQJ� WKH�
HIIHFWV� RI� WKH� SRLQW� PXWDWLRQ� LWVHOI�� ,Q� DGGLWLRQ��
PLWRFKRQGULDO�JHQRPH�ORVV�ZDV�REVHUYHG�LQ�WZR�RI�WKH�
UHYHUWDQWV�� DQG� FRQILUPHG� E\� JURZWK� VSRWWLQJ� DVVD\V�
SHUIRUPHG� RQ�PHGLXP� XVLQJ� QRQ�IHUPHQWDEOH� JO\FHURO�
DV� WKH� RQO\� FDUERQ� VRXUFH�� 7KH� FRUUHODWLRQV� EHWZHHQ�
PLWRFKRQGULDO� JHQRPH� ORVV� DQG� JURZWK� UHVFXH� RI� WKH�
267����GRXEOH�GHILFLHQW�\HDVW�ZLOO�DOVR�EH�LQYHVWLJDWHG�
LQ�WKH�IXWXUH��
�

���&HOO�:DOO�DQG�:KROH�&HOO�3URWHRPHV�'HILQH�
)ORFFXODWLRQ�DQG�)HUPHQWDWLRQ�%HKDYLRXU�RI�<HDVW�

(GZDUG� '�� .HUU������ 'XLQ� &�� 0F'LDUPLG������ -DPHV� $��
)UDVHU������DQG�%HQMDPLQ�/��6FKXO]��������
��6FKRRO�RI�&KHPLVWU\�DQG�0ROHFXODU�%LRVFLHQFHV��7KH�
8QLYHUVLW\�RI�4XHHQVODQG��6W�/XFLD�������$XVWUDOLD�

�$XVWUDOLDQ� ,QIHFWLRXV� 'LVHDVHV� 5HVHDUFK� &HQWUH��
6FKRRO� RI� &KHPLVWU\� 	� 0ROHFXODU� %LRVFLHQFHV�� 7KH�
8QLYHUVLW\�RI�4XHHQVODQG��6W�/XFLD�������$XVWUDOLD�

�� &HQWUH� IRU� %LRSKDUPDFHXWLFDO� ,QQRYDWLRQ�� $XVWUDOLDQ�
,QVWLWXWH� IRU� %LRHQJLQHHULQJ� DQG� 1DQRWHFKQRORJ\�� 7KH�
8QLYHUVLW\�RI�4XHHQVODQG��6W�/XFLD�������$XVWUDOLD�

)ORFFXODWLRQ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�FKDUDFWHULVWLFV�
RI� EUHZLQJ� \HDVW� DV� LW� DOORZV� IRU� WKH� HDV\� DQG� FKHDS�
UHPRYDO� RI� FHOOV� DIWHU� IHUPHQWDWLRQ�� 7KH� JHQHV�
UHVSRQVLEOH� IRU�ERWK� WKH�)OR��DQG�1HZ)OR� IORFFXODWLRQ�
SKHQRW\SHV� DUH� ZHOO� FKDUDFWHUL]HG�� +RZHYHU�� WKH�
UHODWLRQVKLS� EHWZHHQ� )OR� SURWHLQ� DEXQGDQFH� DQG�
IORFFXODWLRQ� HIILFLHQF\� LV� SRRUO\� XQGHUVWRRG�� ,Q� WKLV�
SUHVHQW�VWXG\��ZH�XVHG�PDVV�VSHFWURPHWU\�SURWHRPLFV�
WR� FRPSDUH� WKH� FHOO�ZDOO� DQG�ZKROH� FHOO� SURWHRPHV�RI�
FRPPHUFLDO� \HDVW� VWUDLQV� ZLWK� GLYHUVH� IORFFXODWLRQ�
EHKDYLRXUV�� :H� IRXQG� WKDW� WKH� UHODWLYH� DEXQGDQFH� RI�
)OR����RU�)OR���LQ�WKH�FHOO�ZDOO�ZDV�FRUUHODWHG�ZLWK�WKH�
DELOLW\� RI� WKHVH� \HDVW� VWUDLQV� WR� IORFFXODWH�� $QDO\VLV� RI�
ZKROH� FHOO� SURWHRPHV� LGHQWLILHG� GLIIHUHQFHV� LQ� WKH�
SURWHRPHV�RI�\HDVW�VWUDLQV�DQG� LGHQWLILHG� WKH�SRWHQWLDO�

IRU�KLJK�PHWDEROLF�GLYHUVLW\��&KDUDFWHUL]DWLRQ�RI�WKH�FHOO�
ZDOO� DQG� ZKROH� FHOO� SURWHRPHV� GXULQJ� IHUPHQWDWLRQ�
VKRZHG�KLJK� OHYHOV�RI�)OR��� LQ� FHOOV� WKDW� VHWWOHG�HDUO\�
GXULQJ�IHUPHQWDWLRQ��2XU�GDWD�UHYHDO�WKH�GLYHUVLW\�RI�WKH�
FHOO� ZDOO� DQG� JOREDO� SURWHRPHV� RI� EUHZLQJ� \HDVW��
KLJKOLJKWLQJ� WKH�SRWHQWLDO�ELRFKHPLFDO� GLYHUVLW\�SUHVHQW�
LQ� \HDVW� WKDW� FDQ� EH� XWLOL]HG� LQ� WKH� SURGXFWLRQ� RI�
IHUPHQWHG�EHYHUDJHV��
�
���7KH�QXFOHDU�SURWHLQ�LQWHUDFWRPH�RI�EXGGLQJ�\HDVW�
UHYHDOHG� E\� ODUJH� VFDOH� FURVV�OLQNLQJ� PDVV�
VSHFWURPHWU\��
7DUD� .�� %DUWROHF��� 'DQLHOD�/HH� 6PLWK��� &KL� 1DP�
,JQDWLXV�3DQJ���<RX�'DQ�;X���-RVKXD�-��+DPH\���0DUF�
5��:LONLQV���
�� 6\VWHPV� %LRORJ\� ,QLWLDWLYH�� 6FKRRO� RI� %LRWHFKQRORJ\�
DQG�%LRPROHFXODU�6FLHQFHV�
8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV�16:������$XVWUDOLD���
��&HQWUH�IRU�$GYDQFHG�0DFURPROHFXODU�'HVLJQ��6FKRRO�
RI�&KHPLVWU\��8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��6\GQH\��
1HZ�6RXWK�:DOHV�������$XVWUDOLD�
,Q� FURVV�OLQNLQJ� PDVV� VSHFWURPHWU\� �;/�06���
FURVVOLQNHUV� FRYDOHQWO\� OLQN� VSHFLILF� DPLQR� DFLGV� LQ�
SURWHLQV� ZLWKLQ� VSDWLDOO\� FRQVWUDLQHG� UHDFWLRQV�� 0DVV�
VSHFWURPHWU\� �06�� LV� WKHQ� XVHG� WR� LGHQWLI\� WKHVH�
OLQNDJHV� HLWKHU� ZLWKLQ� RU� EHWZHHQ� SURWHLQV�� ,W� LV� D�
SRZHUIXO� WHFKQLTXH�ZKLFK�SURYLGHV� LQIRUPDWLRQ�EH\RQG�
MXVW� LGHQWLILFDWLRQ� RI� SURWHLQ� LQWHUDFWRUV� RU� FRPSOH[�
FRPSRQHQWV�� EXW� DOVR� VWUXFWXUDO� LQIRUPDWLRQ� RQ� WKH�
LQWHUDFWLRQ� LQWHUIDFH� RU� RI� DQ� LQGLYLGXDO� SURWHLQ¶V� IROG��
5HFHQW� WHFKQRORJLFDO� DGYDQFHV� KDYH� HQDEOHG� LWV�
DSSOLFDWLRQ�WR�FRPSOH[�VDPSOHV��IDFLOLWDWLQJ�WKH�VWXG\�RI�
FHOOXODU� SURWHLQ�SURWHLQ� LQWHUDFWLRQ� �33,�� QHWZRUNV� DV�
ZHOO� DV� XQFRYHULQJ� WKH� LQ� YLYR� VWUXFWXUDO� SURWHRPH��
6DFFKDURP\FHV� FHUHYLVLDH� KDV� WKH� PRVW�
FRPSUHKHQVLYHO\� FKDUDFWHULVHG� SURWHLQ� LQWHUDFWRPH� RI�
DQ\� HXNDU\RWH�� $� SUHVVLQJ� TXHVWLRQ� LV� WR� XQGHUVWDQG�
KRZ� ODUJH�VFDOH� ;/�06� FDQ� FRQILUP� DQG� H[WHQG� WKLV�
LQWHUDFWRPH���

+HUH�� LQWDFW� \HDVW� QXFOHL� ZHUH� VXEMHFW� WR� FURVVOLQNLQJ�
ZLWK�'662��JHQHUDWLQJ�WKH�ILUVW�\HDVW�ODUJH�VFDOH�;/�06�
GDWDVHW�ZLWK�RYHU�������XQLTXH�UHVLGXH�SDLUV��$�PHWKRG�
IRU�RSWLPLVLQJ�LQWHU�SURWHLQ�VFRUH�FXW�RIIV�ZDV�GHYHORSHG�
E\�OHYHUDJLQJ�WKH�H[WHQVLYH�UHVRXUFH�RI�H[LVWLQJ�NQRZQ�
\HDVW� LQWHUDFWLRQV�� ZKLFK� OHG� WR� D� KLJK� FRQILGHQFH�
QXFOHDU� LQWHUDFWRPH� ZLWK� RYHU� ���� XQLTXH� 33,V��
6WULNLQJO\�� HYHQ� DIWHU� VWULQJHQW� TXDOLW\� FRQWURO�� DOPRVW�
KDOI� RI� WKH� LQWHUDFWLRQV�ZHUH� QRYHO�� $GGLWLRQDOO\�� LQWUD�
SURWHLQ� FURVVOLQNV� SURYLGHG� H[WHQVLYH� VWUXFWXUDO�
FRQVWUDLQW�GDWD�RI� LQ�YLYR�SURWHLQ�FRQIRUPDWLRQV��ZKLFK�
����YDOLGDWHG�ERWK�H[SHULPHQWDOO\�GHULYHG�VWUXFWXUHV�DQG�
KRPRORJ\�PRGHOV�� DQG� ���� ZHUH� VXFFHVVIXOO\� XVHG� WR�
JXLGH�FRQVWUXFWLRQ�RI�QRYHO�PRGHOV���

7KLV�ZRUN� FRQWULEXWHV� WR�SHUWLQHQW� GLVFXVVLRQ�RQ� ODUJH�
VFDOH� ;/�06� TXDOLW\� FRQWURO� IRU� WKH� VWXG\� RI� SURWHLQ�
LQWHUDFWRPHV��)XUWKHUPRUH��LW�LOOXVWUDWHV�WKH�XWLOLW\�RI�;/�



Ϯϰ�
�

06�LQ�XQFRYHULQJ�QRYHO�ELRORJLFDO� LQVLJKWV��HYHQ�ZKHQ�
DSSOLHG� WR� FRPSUHKHQVLYHO\� VWXGLHG� PRGHO� RUJDQLVPV�
OLNH�\HDVW��
�
��� 0XVLFDO� %HHU�� WKH� LPSDFW� RI� DXGLEOH� VRXQG� RQ�
IHUPHQWDWLRQV��
+DUULV��$��*DQOH\��$��-HIIV��$���
7KH� 8QLYHUVLW\� RI� $XFNODQG�� 6FKRRO� RI� %LRORJLFDO�
6FLHQFHV��
�$�6\PRQGV�6WUHHW��$XFNODQG�������

6RXQG�LV�XELTXLWRXV�LQ�QDWXUH�DQG�LQGXVWU\��KRZHYHU��LWV�
LPSDFW�RQ�PLFUREHV� LV� ODUJHO\�XQNQRZQ��5HFHQWO\�� WKH�
ELRORJLFDO� HIIHFWV� RI� DXGLEOH� VRXQG�� ZLWK� D� IUHTXHQF\�
EHWZHHQ� ��� KHUW]� �+]�� WR� ��� N+]�� KDYH� EHHQ�
LQYHVWLJDWHG� LQ� \HDVW�� ,W�ZDV� IRXQG� WKDW�DXGLEOH� VRXQG�
SRVLWLYHO\�LQIOXHQFHV�WKH�JURZWK�RI�ERWK�6DFFKDURP\FHV�
FHUHYLVLDH�DQG�&DQGLGD�DOELFDQV��)XUWKHUPRUH��GLIIHUHQW�
IUHTXHQFLHV�RI�VRXQG�DOWHUHG�VHFRQGDU\�PHWDEROLVP�RI�
6�� FHUHYLVLDH�� SURGXFLQJ� GLVWLQFW�PHWDEROLF� SURILOHV�� ,Q�
WKH�FXUUHQW�VWXG\�ZH�DUH�LQYHVWLJDWLQJ�WKH�HIIHFWV�WKDW�WKH�
WZR�NH\�FRPSRQHQWV�RI�DXGLEOH�VRXQG�� IUHTXHQF\�DQG�
LQWHQVLW\��KDYH�RQ�WKH� IHUPHQWDWLRQ�FKDUDFWHULVWLFV�DQG�
PHWDEROLVP�RI�D�FRPPHUFLDO�6DFFKDURP\FHV�FHUHYLVLDH�
VWUDLQ�86�����ZLWK�WKH�XOWLPDWH�DLP�RI�SURGXFLQJ�D�QRYHO�
VRQLF� EHHU�� 7R� OLPLW� EDFNJURXQG� QRLVH� ZH� XWLOL]HG� WKH�
8QLYHUVLW\� RI� $XFNODQG¶V� DQHFKRLF� FKDPEHU�� ZKLFK�
VLJQLILFDQWO\�UHGXFHV�LQWHUIHUHQFH�IURP�H[WHUQDO�VRXQGV��
,QLWLDOO\�� WKH� DXGLEOH� VSHFWUXP� ZDV� GLYLGHG� LQWR� IRXU�
EDQGV�� ZLWK� D� VLOHQW� FRQWURO�� )HUPHQWDWLRQV� ZHUH�
FRQGXFWHG�LQ�WULSOLFDWH�LQ�PLQLPDO�PHGLD�ZLWK�PDOWRVH��DW�
LQGXVWU\�FRQFHQWUDWLRQ��DV�WKH�VROH�FDUERQ�VRXUFH��7KH�
JHQHUDO�IHUPHQWDWLRQ�FKDUDFWHULVWLFV��JURZWK�UDWH��VXJDU�
FRQVXPSWLRQ�DQG�HWKDQRO�SURGXFWLRQ�ZHUH�FRPSDUHG�WR�
LGHQWLI\�DQ� µDFWLYH¶� IUHTXHQF\�EDQG��6XEVHTXHQWO\�� WKLV�
DFWLYH� IUHTXHQF\�EDQG�ZDV�H[SRVHG� WR� WKUHH� GLIIHUHQW�
LQWHQVLWLHV��WR�FRPSDUH�WKH�LQWUDFHOOXODU�DQG�H[WUDFHOOXODU�
PHWDEROLVP�GXULQJ� H[SRQHQWLDO� JURZWK��2YHUDOO�� VRXQG�
ZDV� VKRZQ� WR� LQFUHDVH� WKH� VSHFLILF� JURZWK� UDWH�ZKHQ�
FRPSDUHG�WR�VLOHQFH�E\�XS�WR�����LQ�ORZHU�IUHTXHQFLHV�
ZKHUHDV�KLJKHU�IUHTXHQFLHV�VKRZHG�YHU\�OLWWOH�FKDQJH��
$SSO\LQJ� GLIIHUHQW� VRXQG� LQWHQVLWLHV� WR� IHUPHQWDWLRQV�
UHVXOWHG� LQ� GLVWLQFW� LQWUD�� DQG� H[WUDFHOOXODU� PHWDEROLWH�
SURILOHV��IURP�ZKLFK�ZH�FRXOG�LGHQWLI\�IHUPHQWDWLRQV�ZLWK�
XS� WR� ���� DFFXUDF\�� 7RJHWKHU� WKHVH� UHVXOWV� VXJJHVW�
VRXQG��ERWK� IUHTXHQF\�DQG� LQWHQVLW\��FRXOG�EH�XVHG�WR�
LQIOXHQFH� 6�� FHUHYLVLDH� IHUPHQWDWLRQV� LQ� WKH� EUHZLQJ�
LQGXVWU\�� )XUWKHUPRUH�� FRPELQLQJ� PHWDERORPLFV� ZLWK�
JHQH� H[SUHVVLRQ� FRXOG� SURYLGH� LQVLJKW� LQWR� WKH�
PHFKDQLVP�WKURXJK�ZKLFK�VRXQG�DFWV���
��
��� /DFWRIHUULQ� DQG� $PSKRWHULFLQ� %� 6\QHUJLVH�
$JDLQVW�<HDVWV��
)HUQDQGHV�.(���/DL�<���:LONLQV�05��	�&DUWHU�'$���
�6FKRRO�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�
RI�6\GQH\��16:��$XVWUDOLD���
�6FKRRO� RI� %LRWHFKQRORJ\� DQG�%LRPROHFXODU� 6FLHQFHV��
8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��16:��$XVWUDOLD�
�

1DWXUDO�SURGXFWV�UHSUHVHQW�D�VLJQLILFDQW�VRXUFH�RI�QRYHO�
DQWLIXQJDO� FRPSRXQGV�� DQG� DQ� LQFUHDVLQJ�QXPEHU� DUH�
EHLQJ�LGHQWLILHG�IURP�PDPPDOLDQ�VRXUFHV�LQFOXGLQJ�PLON�
SURWHLQV�� 2QH� VXFK� FRPSRXQG� LV� ODFWRIHUULQ� �/)��� D�
PXOWLIXQFWLRQDO� LURQ�ELQGLQJ�JO\FRSURWHLQ� ORQJ�NQRZQ�WR�
KDYH�DQWLPLFURELDO�DFWLYLW\�DJDLQVW�D�UDQJH�RI�SDWKRJHQLF�
PLFURRUJDQLVPV� LQFOXGLQJ� IXQJL�� +RZHYHU�� VXEVWDQWLDO�
GLIIHUHQFHV�LQ�DFWLYLW\�KDYH�EHHQ�UHSRUWHG�IRU�/)�LQ�WKH�
VDPH� RU� FORVHO\� UHODWHG� IXQJDO� VSHFLHV�� UDQJLQJ� IURP�
UHDVRQDEO\�WR�QRW�DW�DOO�DFWLYH���
7R� FODULI\� WKLV�� D� FRPSUHKHQVLYH� HYDOXDWLRQ� RI� WKH�
DQWLIXQJDO�VSHFWUXP�RI�DFWLYLW\�RI�WKUHH�GHILQHG�VRXUFHV�
RI�/)�ZDV�XQGHUWDNHQ�DFURVV����\HDVWV�DQG����PRXOG�
VSHFLHV� XVLQJ� &/6,�PHWKRGV�� 7KH� SRWHQWLDO� RI� /)� IRU�
V\QHUJLVWLF� LQWHUDFWLRQV� ZDV� WKHQ� WHVWHG� ZLWK� ��
FRPPRQO\� XVHG� DQWLIXQJDO� GUXJV� XVLQJ� FKHFNHUERDUG�
DVVD\V� DQG� GHWHUPLQHG� E\� )UDFWLRQDO� ,QKLELWRU\�
&RQFHQWUDWLRQ�,QGH[��),&,���)LQGLQJ�D�V\QHUJLVWLF�SDLULQJ�
LQ�/)�DQG�DPSKRWHULFLQ�%��$0%���FRPELQDWLRQ�WKHUDS\�RI�
/)�$0%�DJDLQVW�\HDVWV�ZDV�HYDOXDWHG� LQ�YLYR�XVLQJ�D�
*DOOHULD� PHOORQHOOD� LQIHFWLRQ� PRGHO�� 7KH� HIIHFW� RI�
/)�$0%� WUHDWPHQW� RQ� PRUSKRORJLFDO� FKDQJHV�
DVVRFLDWHG�ZLWK�YLUXOHQFH�ZDV�H[DPLQHG�E\� ORRNLQJ�DW�
FDSVXOH� DQG� FHOO� VL]H� FKDQJHV� LQ� &U\SWRFRFFXV� DQG�
ELRILOP�DQG�K\SKDO�IRUPDWLRQ�LQ�&DQGLGD���

/)� H[KLELWHG� EURDG�VSHFWUXP� DQWLIXQJDO� DFWLRQ� ERWK�
DORQH� DQG� LQ� FRPELQDWLRQ� ZLWK� $0%� DJDLQVW� \HDVWV��
KRZHYHU�LWV�HIILFDF\�YDULHG�VXEVWDQWLDOO\�DFURVV�PRXOGV��
7KH�V\QHUJLVWLF�SDLULQJ�RI�/)�$0%�ZDV�HIIHFWLYH�LQ�DQ�LQ�
YLYR� PRGHO� DQG� SRWHQW� DJDLQVW� &U\SWRFRFFXV� DQG�
&DQGLGD� YLUXOHQFH� IDFWRUV�� DQG� WKHUHIRUH� KDV� JUHDW�
SRWHQWLDO� WR�EH�IXUWKHU�GHYHORSHG�DV�D�QRYHO�DQWLIXQJDO�
WUHDWPHQW��
�
���$X[LQ�PHGLDWHG�FRQGLWLRQDO�JHQH� LQDFWLYDWLRQ� LQ�
PHWDEROLF� HQJLQHHULQJ�� IOX[� UHGLUHFWLRQ�� PHWDEROLF�
UHJXODWLRQ��DQG�JURZWK�DUUHVW�LQ�WHUSHQH�SURGXFWLRQ�
\HDVW��
/X��=�������3HQJ��%�������'XPVGD\��*����9LFNHUV��&�����

��� $XVWUDOLDQ� ,QVWLWXWH� IRU� %LRHQJLQHHULQJ� DQG�
1DQRWHFKQRORJ\� �$,%1��� 7KH� 8QLYHUVLW\� RI�
4XHHQVODQG��%ULVEDQH��4/'�������$XVWUDOLD�

��� 6FKRRO�RI�&KHPLVWU\�DQG�0ROHFXODU�%LRVFLHQFHV��7KH�
8QLYHUVLW\� RI� 4XHHQVODQG�� %ULVEDQH�� 4/'� ������
$XVWUDOLD��

��� &6,52� 6\QWKHWLF� %LRORJ\� )XWXUH� 6FLHQFH� 3ODWIRUP��
*32�%R[�������%ULVEDQH��4/'�������$XVWUDOLD�

��� &6,52�0DQXIDFWXULQJ��&OD\WRQ��9,&�������$XVWUDOLD�

0HWDEROLF�HQJLQHHULQJ�HQDEOHV�\HDVW�WR�SURGXFH�PDQ\�
YDOXDEOH� PHWDEROLWHV� DSSOLFDEOH� DV� IXHOV�� IRRG�� DQG�
SKDUPDFHXWLFDOV��7R�SURGXFH�WKH�WDUJHW�PROHFXOHV�DW�D�
KLJK� \LHOG�� UHTXLUHV� UHGLUHFWLQJ� DQG� UHGLVWULEXWLQJ�
PHWDEROLF� IOX[� WKURXJK� PXOWL�DVSHFW� HQJLQHHULQJ� RI�
PHWDEROLF� DQG� UHJXODWRU\� QHWZRUNV�� 0HWDEROLF�
SHUWXUEDWLRQ� WKURXJK� JHQH� LQDFWLYDWLRQ� LV� D� PHWKRG�
HPSOR\HG�WR�XQGHUVWDQG�PHWDEROLVP�DQG�UHJXODWLRQ�IRU�
PHWDEROLF� HQJLQHHULQJ�� +RZHYHU�� IRU� HVVHQWLDO� JHQHV��
JHQH�GHOHWLRQ�FDQ�EH�OHWKDO��7KHUHIRUH��D�WRRO�LV�UHTXLUHG�
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WR� DVVHVV� WKH� UROHV� RI� HVVHQWLDO� JHQHV� LQ�PHWDEROLVP�
XQGHU�QRUPDO�FXOWLYDWLRQ�FRQGLWLRQV��+HUH��ZH�H[SORLWHG�
DX[LQ�LQGXFLEOH�SURWHLQ�GHJUDGDWLRQ� WR�GHSOHWH�D� WDUJHW�
SURWHLQ� DQG� HYDOXDWH� PHWDEROLF� HIIHFWV�� :H�
UHFRQVWUXFWHG� WKH� DX[LQ� LQGXFLEOH� SURWHLQ� GHJUDGDWLRQ�
PHFKDQLVP�LQ�6DFFKDURP\FHV�FHUHYLVLDH�E\�H[SUHVVLQJ�
)�ER[� SURWHLQ� 7,5�� IURP� ULFH� 2U\]D� VDWLYD� DQG�
FKDUDFWHUL]HG�D�YDULHW\�RI�DX[LQ�LQGXFLEOH�GHJURQ��$,'��
WDJV� IRU� ODEHOOLQJ� WDUJHW� SURWHLQV�� 1�WHUPLQDO� IXVLRQ� RI�
6NS�S� WR� 7,5�� FRXSOHG� ZLWK� WKH� &XS�S�$,'
� WDJ�
PLQLPL]HG�WKH�QRQ�DX[LQ�GHSHQGHQW�GHFUHDVH�LQ�WDUJHW�
SURWHLQ� OHYHO��7KLV�WRRO�FDQ�EH�XVHG�WR�GHSOHWH�VSHFLILF�
F\WRVROLF�DQG�QXFOHDU�SURWHLQV��$SSO\LQJ�WKLV�V\VWHP�LQ�
WHUSHQH�SURGXFLQJ� \HDVWV�� ZH� GHPRQVWUDWHG� WKDW�� ����
GHSOHWLQJ� HVVHQWLDO� IDUQHV\O� S\URSKRVSKDWH� V\QWKDVH�
(UJ��S� UHGLVWULEXWHG� PHWDEROLF� IOX[� DW� JHUDQ\O�
S\URSKRVSKDWH� QRGH� WR� IDYRU� WKH� SURGXFWLRQ� RI�
PRQRWHUSHQH� OLPRQHQH�� ���� GHSOHWLQJ� KH[RNLQDVH���
+[N�S�� DQ� PRRQOLJKWLQJ� SURWHLQ� PRGXODWLQJ� JOXFRVH�
PHWDEROLVP� DQG� JOXFRVH� UHJUHVVLRQ�� ERRVWHG� WKH�
SURGXFWLRQ�RI�VHVTXLWHUSHQH�QHUROLGRO�IURP�����J�/�WR�����
J�/� LQ� IODVN� FXOWLYDWLRQV�� ����GHSOHWLQJ� HVVHQWLDO� DFHW\O�
&R$�FDUER[\ODVH�$FF�S�DUUHVWHG�FHOO�JURZWK��ZKHUHDV�
WKH�FHOOV�VWLOO�PDLQWDLQHG�QHUROLGRO�SURGXFWLRQ�ZLWKRXW�WKH�
VSHFLILF� SURGXFWLRQ� UDWH� FRPSURPLVHG�� ,Q� FRQFOXVLRQ��
DX[LQ�PHGLDWHG�FRQGLWLRQDO�JHQH�LQDFWLYDWLRQ��EHLQJ�WKH�
WRRO� IRU� LQYHVWLJDWLQJ� SHUWXUEDWLRQ� HIIHFWV� RI� JHQH�
LQDFWLYDWLRQ�� FDQ� EH� LQFRUSRUDWHG� DV� D� V\VWHP�ZLGH�
PHFKDQLVP� LQ� PHWDEROLF� HQJLQHHULQJ� IRU� PHWDEROLF�
FRQWURO�DQG�UHJXODWLRQ��
�
��� 'HWHUPLQDWLRQ� RI� WKH� FHOOXODU� WDUJHWV� RI� D� QRYHO�
DQWKUDF\FOLQH�XVLQJ�FKHPLFDO�JHQRPLF�DSSURDFKHV�
LQ�\HDVW��
$NUDP��=����&DSRQ��5����6WHZDUW��0����+LOO��/����5\DQ��%����
9DMMKDOD��� 3��� %RRQH�� &���� /RSH]�� $���� +DUULFK�� '����
/HZLQ��6�5����0DN��-����0XQQ��$�/������
���6FKRRO�RI�0HGLFDO�6FLHQFH��0HQ]LHV�+HDOWK�,QVWLWXWH�
4XHHQVODQG�� *ULIILWK� 8QLYHUVLW\� �*ROG� &RDVW� FDPSXV���
3DUNODQGV�'ULYH��6RXWKSRUW��4/'�������$XVWUDOLD��
��� ,QVWLWXWH� RI�0ROHFXODU�%LRVFLHQFH��7KH�8QLYHUVLW\� RI�
4XHHQVODQG��6W��/XFLD��4/'�������$XVWUDOLD��
���%DQWLQJ�DQG�%HVW�'HSDUWPHQW�RI�0HGLFDO�5HVHDUFK�
DQG�'HSDUWPHQW�RI�0HGLFDO�*HQHWLFV�DQG�0LFURELRORJ\��
7HUUHQFH�'RQQHOO\�&HQWUH�IRU�&HOOXODU�DQG�%LRPROHFXODU�
5HVHDUFK�� 8QLYHUVLW\� RI� 7RURQWR�� ���� &ROOHJH� 6WUHHW��
7RURQWR��&DQDGD�
��� 4,05� %HUJKRIHU�� ���� +HUVWRQ� 5G�� %ULVEDQH� 4/'�
������$XVWUDOLD��
���'HSDUWPHQW�RI� ,QIHFWLRXV�'LVHDVHV��$OIUHG�+RVSLWDO��
3UDKDQ��9,&�������$XVWUDOLD��
��� 7KH� 0DF)DUODQH� %XUQHW� ,QVWLWXWH� IRU� 0HGLFDO�
5HVHDUFK� DQG� 3XEOLF� +HDOWK�� 3UDKDQ�� 9,&� ������
$XVWUDOLD��

$QWKUDF\FOLQHV�DUH�FKHPRWKHUDSHXWLF�DJHQWV�FRPPRQO\�
XVHG�WR�WUHDW�D�EURDG�UDQJH�RI�PDOLJQDQFLHV��$OWKRXJK�
HIIHFWLYH�� WKHVH� GUXJV� SUHVHQW� VHULRXV� FRPSOLFDWLRQV��
PRVW�QRWDEO\�FDUGLRWR[LFLW\��7KH�QRYHO�DQWKUDF\FOLQH�$��

WKDW� LV� WKH� SURGXFW� RI� $XVWUDOLDQ� 6WUHSWRP\FHWH� OLNH�
DYDLODEOH�DQWL�FDQFHU�GUXJV��2XU�DLP�ZDV�WR�LGHQWLI\�WKH�
FHOOXODU� WDUJHWV� DQG� WKHUHE\� WKH� PRGH�RI�DFWLRQ� RI�
DQWKUDF\FOLQHV�� WKHUHIRUH� ZH� HPSOR\HG� WKH� FKHPLFDO�
JHQRPLF�DSSURDFK��7KLV�DSSURDFK�SURYLGHV�LQVLJKW�LQWR�
SRVVLEOH�PRGH�RI�DFWLRQ�RI� WKH�FRPSRXQG�E\�UHYHDOLQJ�
ZKLFK�RI� WKH�JHQHV�LQ�\HDVW�LQIOXHQFH�WKH�VHQVLWLYLW\�RI�
\HDVW�FHOO�JURZWK�WR�WKH�SUHVHQFH�RI�WKH�FRPSRXQG��:H�
KDYH� XVHG� ZLOG� W\SH� KDSORLG� \HDVW� FHOOV� DQG� ������
LQGLYLGXDO�JHQH�NQRFNRXW�PXWDQW�VWUDLQV�FRQVWUXFWHG�LQ�
WKH�%<�����JHQHWLF�EDFNJURXQG� IRU� WKLV�JHQRPH�ZLGH�
FKHPLFDO� JHQRPLFV� VFUHHQ�� &RQVHTXHQWO\�� ��� PXWDQW�
VWUDLQV�WKDW�GLVSOD\�K\SHUVHQVLWLYLW\�WR�$��ZHUH�LGHQWLILHG�
XVLQJ� WKLV�FKHPLFDO� JHQRPLF�DSSURDFK��7KLV�QRYHO�$��
DQWKUDF\FOLQH� KDV� QR� VXJDU�PRLHW\�� ZKLFK� VXJJHVWV� LW�
PD\�EH�OHVV�F\WRWR[LF�DQG�KDYH�D�GLVWLQFW�PRGH�RI�DFWLRQ�
WKDQ� RWKHU� DQWKUDF\FOLQHV�� ,Q� WKLV� PDQQHU�� ZH� KDYH�
VHOHFWHG����\HDVW�JHQH�GHOHWLRQ�PXWDQW�VWUDLQV��62'���
62'��� &75��� &&6��� 5*3��� 0$&��� ;56��� 5$'���
5$'���5$'����5$'���DQG�5$'����LGHQWLILHG�DV�KLWV�LQ�
WKLV�FKHPLFDO�JHQRPLFV�VFUHHQ�WR�GLUHFWO\�FRQILUP�WKHLU�
K\SHUVHQVLWLYLW\� WR� $��� &RPSOHPHQWDWLRQ� RI� WKH� $��
VHQVLWLYH� SKHQRW\SHV� RI� WKH� GHOHWLRQ� VWUDLQV� ZLWK� WKH�
ZLOG�W\SH�JHQHV�SURYHV�WKDW�WKH�VHQVLWLYLW\�RI�WKH�VWUDLQ�
WR�$�� LV�GXH� WR� WKH�JHQH�GHOHWLRQ��7KH�JHQHV� WKDW�DUH�
WDUJHWV�RI�$��EHORQJ�WR�SDWKZD\V�LQFOXGLQJ�'1$�UHSDLU��
51$� PHWDEROLVP� DQG� FKURPDWLQ� UHPRGHOOLQJ�� ,Q�
DGGLWLRQ�� SURWHLQV� ZLWK� PLWRFKRQGULDO�� YDFXRODU�� DQG�
ULERVRPDO�IXQFWLRQV�DUH�DOVR�WDUJHWV�RI�$���0RVW�RI�WKH�
LGHQWLILHG�WDUJHW�SURWHLQV�KDYH�PDPPDOLDQ�KRPRORJXHV�
WKDW�SDUWLFLSDWH� LQ�FRQVHUYHG�SDWKZD\V��2XU�GDWD�PD\�
SURYH� XVHIXO� WR� DFKLHYH� D� EHWWHU� XQGHUVWDQGLQJ�RI� WKH�
HIIHFWV�RI�DQWKUDF\FOLQHV�RQ�FHOOV�DQG�WKLV�XQGHUVWDQGLQJ�
PD\� HQDEOH� WKH� GHYHORSPHQW� RI� DQWKUDF\FOLQHV� ZLWK�
UHGXFHG�RII�WDUJHW�F\WRWR[LF�HIIHFWV��

�
���� 7KH� UROH� RI� XSVWUHDP� SKRVSKRU\ODWLRQ� LQ� WKH�
UHJXODWLRQ�RI�KLVWRQH�PHWK\ODWLRQ�
6HSDURYLFK��5�-����+DPH\��-�-����:LONLQV��0�5����

6\VWHPV�%LRORJ\�,QLWLDWLYH��6FKRRO�RI�%LRWHFKQRORJ\�DQG�
%LRPROHFXODU� 6FLHQFHV�� 7KH� 8QLYHUVLW\� RI� 1HZ� 6RXWK�
:DOHV��6\GQH\��1HZ�6RXWK�:DOHV�������$XVWUDOLD��

+LVWRQH�PHWK\ODWLRQ�LV�D�FHQWUDO�PHDQV�E\�ZKLFK�JHQH�
H[SUHVVLRQ� LV� FRQWUROOHG�� ,Q� WKH� ORZHU� HXNDU\RWH��
6DFFKDURP\FHV� FHUHYLVLDH�� KLVWRQH� PHWK\ODWLRQ� LV�
UHJXODWHG�E\�D�UHGXFHG��EXW�HYROXWLRQDULO\�FRQVHUYHG�VHW�
RI� PHWK\OWUDQVIHUDVHV� �6HW��� 6HW��� 6HW��� 'RW��� DQG�
GHPHWK\ODVHV� �-KG��� -KG��� 5SK��� *LV���� :KLOH� WKH�
FDWDO\WLF�DFWLYLW\�DQG�VSHFLILFLW\�RI�WKHVH�HQ]\PHV�KDYH�
EHHQ� HVWDEOLVKHG�� NQRZOHGJH�RI� KRZ� WKH\� WKHPVHOYHV�
DUH� UHJXODWHG� E\� SRVW�WUDQVODWLRQDO� PRGLILFDWLRQ� LV�
VXUSULVLQJO\� OLPLWHG�� &RQVHTXHQWO\�� WKH� UHJXODWRU\�
QHWZRUN� RI� KLVWRQH� PHWK\ODWLRQ� LQ� \HDVW� UHPDLQV�
XQNQRZQ�DQG� LV�DOVR�XQNQRZQ� LQ�DOO�RWKHU�HXNDU\RWHV��
7R�WKLV�HQG��ZH�DLPHG�WR�FRPSUHKHQVLYHO\�FKDUDFWHULVH�
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WKH�PRGLILFDWLRQV�RFFXUULQJ� RQ� WKH� HLJKW� \HDVW�KLVWRQH�
PHWK\OWUDQVIHUDVHV�DQG�GHPHWK\ODVHV�LQ�YLYR��7KLV�ZDV�
DFKLHYHG� E\� SXULILFDWLRQ� RI� WKHVH� SURWHLQV�� DQG� WKHLU�
DQDO\VLV� E\� WDUJHWHG� OLTXLG� FKURPDWRJUDSK\�WDQGHP�
PDVV� VSHFWURPHWU\� �/&�06�06��� :LWK� UHVSHFW� WR�
SKRVSKRU\ODWLRQ��WR�GDWH��ZH�KDYH�LGHQWLILHG�PRGLILFDWLRQ�
VLWHV�RQ�WKH�KLVWRQH�PHWK\OWUDQVIHUDVHV�6HW������VLWHV���
6HW�� ���� VLWHV�� DQG� 'RW�� ���� VLWHV��� DQG� WKH�
GHPHWK\ODVHV� -KG�� �RQH� VLWH��� -KG�� �WZR� VLWHV�� DQG�
5SK������VLWHV���2I�WKHVH����SKRVSKRU\ODWLRQ�VLWHV�����
YDOLGDWH� WKRVH�REVHUYHG�SUHYLRXVO\� LQ� KLJK� WKURXJKSXW�
SKRVSKRSURWHRPLF�VFUHHQV��DQG����VLWHV�DUH�QRYHO��7R�
GHWHUPLQH� WKH� XSVWUHDP� NLQDVHV� UHVSRQVLEOH� IRU� WKH�
SKRVSKRU\ODWLRQ�� DQG� SRWHQWLDO� UHJXODWLRQ� RI� WKHVH�
HQ]\PHV��PDVV�VSHFWURPHWULF�DQDO\VLV�ZDV�HPSOR\HG�WR�
PRQLWRU�OHYHOV�RI�KLVWRQH�PHWK\ODWLRQ�LQ�NLQDVH�NQRFNRXW�
\HDVW� VWUDLQV�� $V� D� SURRI� RI� FRQFHSW�� TXDQWLILFDWLRQ� RI�
+�.��� PHWK\ODWLRQ� LQ� WKH� NQRFNRXW� FHOOV� HVWDEOLVKHG�
WZHQW\�ILYH� NLQDVHV� WKDW� DUH� QRW� UHVSRQVLEOH� IRU� WKH�
UHJXODWLRQ� RI� 'RW�� PHWK\OWUDQVIHUDVH� DFWLYLW\�� 7KH�
VFUHHQLQJ� RI� DOO� RWKHU� QRQ�HVVHQWLDO� NLQDVHV� LV� LQ�
SURJUHVV��:H� SODQ� WR� H[WHQG� WKLV� PHWKRGRORJ\� WR� WKH�
RWKHU� \HDVW� KLVWRQH� PHWK\OWUDQVIHUDVHV� DQG�
GHPHWK\ODVHV� LQ� RUGHU� WR� FRPSUHKHQVLYHO\� LQWHJUDWH�
WKHVH� HQ]\PHV� LQWR� LQWUDFHOOXODU� VLJQDOOLQJ� SDWKZD\V��
DQG� XOWLPDWHO\� IDFLOLWDWH� WKH� DVVHPEO\� RI� WKH� ILUVW�
UHJXODWRU\�QHWZRUN�RI�KLVWRQH�PHWK\ODWLRQ�LQ�HXNDU\RWHV��
�
���� ,QWHUDFWLYH� SHSWLGHV�� WKH� XQGLVFORVHG�
FRPPXQLFDWLRQ� QHWZRUNV� RI� SDWKRJHQLF�
SRO\PLFURELDO�ELRILOPV��
*HPPD�'HDNLQ�����7KRPDV�-HIIULHV�����0LFKDHO�3KLOOLSV���
2OLYHU�0RUWRQ���

��� 6FKRRO� RI� 6FLHQFH� DQG� +HDOWK�� :HVWHUQ� 6\GQH\�
8QLYHUVLW\� $XVWUDOLD�� ��� :HVWHUQ� 0LFURELDO� 6\VWHPV�
/DERUDWRU\��:HVWHUQ�6\GQH\�8QLYHUVLW\�$XVWUDOLD��

3RO\PLFURELDO� ELRILOPV� LQIOXHQFH� WKH� VHYHULW\� RI� DQ�
LQIHFWLRQ��ZKLFK�SRVHV�FKDOOHQJHV�IRU�WUHDWLQJ�LQIHFWLRQ��
HVSHFLDOO\� LQ� LPPXQRFRPSURPLVHG� LQGLYLGXDOV�� 7KLV�
OHDGV� WR� WKH� TXHVWLRQ�� µKRZ� GR� SDWKRORJLFDOO\� UHOHYDQW�
EDFWHULD��\HDVW��DQG�IXQJXV�LQWHUDFW"�7KH�PHFKDQLVPV�
EHKLQG� WKH� LQWHUDFWLRQV� ZHUH� LQYHVWLJDWHG� XVLQJ�PDVV�
VSHFWURPHWU\� RI� SHSWLGHV� H[WUDFWHG� IURP� WKH� H[WUD�
SRO\PHULF� VXEVWDQFHV� �(36�� WKDW� WKH� EDFWHULDO� DQG�
IXQJDO� PHPEHUV� RI� SDWKRJHQLF� SRO\PLFURELDO� ELRILOP�
SURGXFH�LQ�UHVSRQVH�WR�HDFK�RWKHU���
�
���� ³/D]\´� \HDVW� DQG� FHOO�WR�FHOO� YDULDWLRQ� LQ�
PLFURELDO�UHFRPELQDQW�SURWHLQ�SURGXFWLRQ��
+X��.�.��<������6XUL��$�����'XPVGD\��*�-�����+DULWRV��9�6��
���
�� 'HSDUWPHQW� RI� &KHPLFDO� (QJLQHHULQJ�� 0RQDVK�
8QLYHUVLW\��&OD\WRQ��9,&�������$XVWUDOLD�
��&6,52�0DQXIDFWXULQJ��&OD\WRQ�9,&�������$XVWUDOLD�
�H�PDLO��QJX\HQ�KR#PRQDVK�HGX�
�
,Q� WKHLU� QDWXUDO� HQYLURQPHQW�� FHOO�WR�FHOO� YDULDWLRQ� LQ�
PLFURELDO� FRPPXQLWLHV� DULVHV� DV� D� FRXQWHU�PHDVXUH�

DJDLQVW� QDWXUDO� VHOHFWLRQ�� ZKHUHLQ� PHWDEROLF� GLYHUVLW\�
DPRQJ�LQGLYLGXDOV�LQFUHDVHV�SRSXODWLRQ�UREXVWQHVV�DQG�
VXUYLYDO� UDWH� DJDLQVW� DGYHUVH� FRQGLWLRQV�� ,Q� D�
ELRSURFHVV�� KRZHYHU�� SKHQRW\SLF� YDULDWLRQV� DPRQJ�
FXOWXUHG� PLFURELDO� FHOOV� DUH� XQIDYRXUDEOH�� DV� WKH\�
LQFUHDVH� WKH� IOXFWXDWLRQ� LQ� SURFHVV� SHUIRUPDQFH� DQG�
SURGXFWLYLW\��PDNLQJ�LW�OHVV�SUHGLFWDEOH�DQG�FRQWUROODEOH��
7KH� DELOLW\� WR� FRQWURO� DQG� PLQLPLVH� SHUIRUPDQFH�
YDULDWLRQV� EHWZHHQ� LQGLYLGXDO� FHOOV� WKXV� UHSUHVHQWV� DQ�
RSSRUWXQLW\�IRU�WKH�LPSURYHPHQW�LQ�SURGXFWLYLW\�DQG�\LHOG�
LQ�ELRWHFKQRORJ\��+HUH�ZH�LQYHVWLJDWHG�WKH�ZHOO�VWXGLHG�
ELRWHFKQRORJ\�\HDVW��6DFFKDURP\FHV�FHUHYLVLDH�XQGHU�
UHFRPELQDQW� H[SUHVVLRQ� RI� IOXRUHVFHQW� SURWHLQV� DV�
SURGXFWLYLW\� PHDVXUHV�� WR� H[DPLQH� PHFKDQLVPV� DQG�
H[WHUQDO� IDFWRUV� FDXVLQJ� FHOO�WR�FHOO� YDULDWLRQ��
)OXRUHVFHQFH�PLFURVFRSH� LPDJLQJ� DQG� IORZ�F\WRPHWU\�
ZHUH� XVHG� IRU� VLQJOH� FHOO� DQDO\VLV� DQG� SURGXFW�
TXDQWLILFDWLRQ��2XU�LQYHVWLJDWLRQ�KDV�GHPRQVWUDWHG�WKDW�
UHFRPELQDQW� IOXRUHVFHQW� SURWHLQ� H[SUHVVLRQ� YDULHV�
JUHDWO\� EHWZHHQ� \HDVW� FHOOV�� HVSHFLDOO\� ZKHUH� SURWHLQ�
H[SUHVVLRQ�LV�SODVPLG�EDVHG��,Q�WKLV�VLWXDWLRQ��YDULDWLRQ�
LQ�H[SUHVVLRQ�LV�HOHYDWHG�WR�ZKHUH�LW�EHFRPHV�ELPRGDO�
DQG������RI� WKH�FHOOV�KDYH�QR� GHWHFWDEOH� IOXRUHVFHQW�
SURWHLQ�GXULQJ� WKH�FXOWXUH�SHULRG�±� WKH�VR�FDOOHG� ³OD]\´�
\HDVW��)XUWKHUPRUH��WKH�FHOOV�WKDW�GR�H[SUHVV�IOXRUHVFHQW�
SURWHLQV�� WKH�YDULDQFH���U&9��RI� WKH�PHDVXUHG�VLQJOH�
FHOO� IOXRUHVFHQW� LQWHQVLW\� LV�FRQVLVWHQWO\�DERYH�����IRU�
DOO� WHVWHG� V\VWHPV�� &DXVHV� RI� FHOO�WR�FHOO� YDULDWLRQ� LQ�
UHFRPELQDQW� SURWHLQ� H[SUHVVLRQ� LQFOXGH�� LQKHUHQW�
³QRLVH´� LQ� SURPRWHU� UHJXODWLRQ�� LQVXIILFLHQW� XSWDNH� RI�
SURPRWHU� LQGXFLQJ� DJHQWV�� SODVPLG� ORVV� DQG�
DV\PPHWULFDO� SODVPLG� LQKHULWDQFH� GXULQJ� FHOO�
GXSOLFDWLRQ��(DFK�RI�WKHVH�ZDV�DGGUHVVHG�LQ�RXU�VWXG\�
DQG�HOLPLQDWHG�DV�WKH�URRW�FDXVH�DOWKRXJK�SODVPLG�ORVV�
PD\� FRQWULEXWH�� 5HFHQW� UHVXOWV� SRLQW� WR� LQKHUHQW�
SK\VLRORJLFDO� GLIIHUHQFHV� EHWZHHQ� WKH� IOXRUHVFHQW�
SURWHLQ�H[SUHVVLQJ� DQG� WKH� QRQ�H[SUHVVLQJ� FRKRUWV� LQ�
UHVSRQVH�WR�GLIIHULQJ�ORDGV�RI�PHWDEROLF�EXUGHQ��)XUWKHU�
LQYHVWLJDWLRQ�RI�WKLV�K\SRWKHVLV�LV�XQGHUZD\��.QRZOHGJH�
RI� WKH� PHFKDQLVPV� XQGHUO\LQJ� ELPRGDO� UHFRPELQDQW�
SURWHLQ�H[SUHVVLRQ�ZLOO�SURYLGH�LQVLJKW�LQWR�VWUDWHJLHV�WR�
LPSURYH� WKH� RYHUDOO� SHUIRUPDQFH� DQG� SURGXFWLYLW\� RI�
PLFURELDO�FXOWXUHV��
�
����0HFKDQLVWLF� LQYHVWLJDWLRQ�RI�YDQLOOLQ� WR[LFLW\� WR�
6DFFKDURP\FHV� FHUHYLVLDH� XVLQJ� DPEU���
PLFURELRUHDFWRUV�DQG�IORZ�F\WRPHWU\���
6XUL��$������+X��.�.��<�����3HQJ��+�'�����+DULWRV��9�6�����
�� 'HSDUWPHQW� RI� &KHPLFDO� (QJLQHHULQJ�� 0RQDVK�
8QLYHUVLW\��&OD\WRQ��9,&�������$XVWUDOLD�
�� 'HSDUWPHQW� RI� %LRHQJLQHHULQJ�� ,PSHULDO� &ROOHJH�
/RQGRQ��8QLWHG�.LQJGRP�
�H�PDLO��DQNLWD�VXUL#PRQDVK�HGX�

9DQLOOLQ� ���K\GUR[\���PHWKR[\EHQ]DOGHK\GH�� LV� D�
SRSXODU�IODYRULQJ�DJHQW�ZLWK�D�JURZLQJ�JOREDO�PDUNHW��,W�
LV� VRXUFHG�YLD� FKHPLFDO� WUHDWPHQW�RI�ZRRG�RU�PD\�EH�
V\QWKHVLVHG�ZLWKLQ�FHOOV�RI�JHQHWLFDOO\�HQJLQHHUHG�\HDVW�
RU�EDFWHULD��,Q�ERWK�WKH�HQJLQHHUHG�RUJDQLVPV�DQG�\HDVW�
H[SRVHG�WR�FHOOXORVLF�HWKDQRO�IHUPHQWDWLRQ��YDQLOOLQ�KDV�
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EHHQ� VKRZQ� WR� EH� D� SRWHQW� WR[LFDQW� DQG� LQKLELWRU� RI�
PLFUREHV��5HFHQW� LQYHVWLJDWLRQ�RI� WR[LFLW\�RI�YDQLOOLQ� WR�
\HDVW� EDVHG� RQ� WUDQVFULSWRPLFV� DQG� JHQH� NQRFNRXWV�
KDYH�FRQFOXGHG� WKDW�YDQLOOLQ�FDXVHV�HIIHFWV�RQ�SURWHLQ�
SURGXFWLRQ�RU� LQFUHDVHG�UDGLFDO�R[\JHQ�VSHFLHV��526��
JHQHUDWLRQ�� 2WKHU� VWXGLHV� LQGLFDWH� WKH� H[SRVHG� \HDVW�
PDLQWDLQ� IXOO� PHWDEROLF� IXQFWLRQ�� 7R� LQYHVWLJDWH� WKH�
PHFKDQLVP� DQG� SRWHQF\� RI� YDQLOOLQ� WR[LFLW\� WR�
6DFFKDURP\FHV� FHUHYLVLDH� %<������ZH� FXOWLYDWHG� WKH�
FRQWURO� VWUDLQ� �HPSW\� S(6&�8UD� YHFWRU�� DQG� WKRVH�
H[SUHVVLQJ� PRGLILHG� 7XUTXRLVH� )OXRUHVFHQFH� 3URWHLQ�
�P7)3�� LQ� WKH� 6DUWRULXV� DPEU���� IHUPHQWDWLRQ�
PLFURELRUHDFWRU�V\VWHP��DW�����&�IRU�XS�WR����KRXUV� LQ�
WKH�SUHVHQFH�RI�YDQLOOLQ�DW� LQLWLDO�FRQFHQWUDWLRQV�RI���WR�
���P0�LQ�EDWFK�PRGH��6LQJOH�FHOO�7)3�H[SUHVVLRQ�OHYHO�
DORQJ�ZLWK�RWKHU�FHOOXODU�SK\VLRORJ\� LQGLFDWRUV�VXFK�DV�
PHPEUDQH� LQWHJULW\�� 526� OHYHO� DQG� PLWRFKRQGULDO�
PHPEUDQH� SRWHQWLDO� ZHUH� PHDVXUHG� XVLQJ� %HFNPDQ�
&RXOWHU�&\WR)OH[�IORZ�F\WRPHWHU��1R�F\WRWR[LF�HIIHFW�RI�
YDQLOOLQ� ZDV� REVHUYHG� RQ� \HDVW� DW� DQ\� RI� WKH�
FRQFHQWUDWLRQV� WHVWHG�� 7KH� FHOOV� ZHUH� PHWDEROLFDOO\�
DFWLYH� ZLWK� LQWDFW� PHPEUDQHV� DQG� KDG� DFWLYH�
PLWRFKRQGULD�DQG�VKRZHG�QR�VLJQV�RI�HOHYDWHG�526�QRU�
LQKLELWLRQ� LQ� SURWHLQ� SURGXFWLRQ�� 2QO\� FHOO� GLYLVLRQ� DQG�
ELRPDVV� DFFXPXODWLRQ� ZHUH� DIIHFWHG�� ZKHUHLQ�
FRQFHQWUDWLRQV� !�� P0� LQGXFHG� SRWHQW� \HDVW� JURZWK�
LQKLELWLRQ�� $ORQJ� ZLWK� WKH� H[WHQGHG� ODJ� SKDVH�� ORZHU�
\HDVW� JURZWK� UDWH� ��PD[�� DQG� LQFUHDVHG� R[\JHQ� XVDJH�
ZHUH� REVHUYHG� LQ� D� FRQFHQWUDWLRQ�GHSHQGHQW� PDQQHU�
LQGLFDWLQJ� YDQLOOLQ� FRQYHUVLRQ� UHTXLUHV� DGGLWLRQDO�
PHWDEROLVP��7KH�PLFURELRUHDFWRU� V\VWHP�FRXSOHG�ZLWK�
IORZ�F\WRPHWU\�DUH�D�SRZHUIXO�FRPELQDWLRQ�IRU�H[DPLQLQJ�
VXEVWUDWHV��WR[LFDQWV�DQG�LQKLELWRUV�RI�PLFUREHV�LQ�D�KLJK�
WKURXJKSXW� UHSURGXFLEOH�PDQQHU�DQG�KHUH�GHWHUPLQLQJ�
YDQLOOLQ�WR�EH�D�VSHFLILF�LQKLELWRU�RI�\HDVW�FHOO�GLYLVLRQ��
�

���� 8VLQJ� \HDVW� WR� GHFLSKHU� KXPDQ� *FQ��*FQ��
LQWHUDFWLRQ��DQG�LWV�VXLWDELOLW\�DV�GUXJ�WDUJHW��
6XVDQQH�*RWWIULHG
��(YHO\Q�6DWWOHJJHU��
6FKRRO�RI�1DWXUDO�DQG�&RPSXWDWLRQDO�6FLHQFHV��0DVVH\�
8QLYHUVLW\��$XFNODQG�
$OEDQ\�&DPSXV�*DWH����%XLOGLQJ�
����
VXVDQQHJRWWIUL#JPDLO�FRP����������������
�
7KH�H,)�Į�SURWHLQ�NLQDVH�*FQ���³*HQHUDO�FRQWURO�QRQ�
GHSUHVVLEOH´����LV�SUHVHQW�LQ�YLUWXDOO\�DOO�HXNDU\RWLF�FHOOV��
IURP�\HDVW�WR�KXPDQ��,W�KHOSV�FHOOV�WR�FRSH�ZLWK�QXWULHQW�
VWDUYDWLRQ�� 8QGHU� DPLQR� DFLG� VWDUYDWLRQ�� *FQ��
SKRVSKRU\ODWHV� WKH� IDFWRU� H,)�Į�� ZKLFK� VXEVHTXHQWO\�
VWLPXODWHV� WKH� WUDQVODWLRQ� RI� WKH� WUDQVFULSWLRQ� IDFWRU�
*FQ��� *FQ�� WKHQ� LQGXFHV� WKH� H[SUHVVLRQ� RI� VWUHVV�
UHVSRQVH� JHQHV� LQYROYHG� LQ� DPLQR� DFLG� ELRV\QWKHVLV��
$FWLYDWLRQ� RI� *FQ�� UHTXLUHV� ELQGLQJ� RI� DQ� XQFKDUJHG�
W51$�WR�LWV�+LV56�OLNH�GRPDLQ��DQG�WKLV�GHSHQGV�RQ�WKH�
SK\VLFDO� LQWHUDFWLRQ� EHWZHHQ� *FQ�� DQG� *FQ��� *FQ��
*FQ��FRPSOH[�IRUPDWLRQ�LV�PHGLDWHG�E\�WKH�1�WHUPLQDO�
5:'�GRPDLQ�LQ�*FQ��DQG�WKH�&�WHUPLQDO�5:'�ELQGLQJ�
GRPDLQ� �5:'%'�� LQ� *FQ��� *FQ�� PDOIXQFWLRQ� LV�

LPSOLFDWHG� LQ� YDULRXV� GLVHDVHV� VXFK� DV� FDQFHU� DQG�
$O]KHLPHU¶V��&DQFHU�FHOOV�WDNH�DGYDQWDJH�RI�*FQ��DQG�
DUH�GHSHQGHQW�RQ�*QF��WR�VDWLVI\�WKHLU�KLJK�QXWULWLRQDO�
GHPDQG�� $V� KHDOWK\� FHOOV� GR� QRW� FULWLFDOO\� GHSHQG� RQ�
*FQ��� WKLV� PDNHV� *FQ�� D� SURPLVLQJ� WDUJHW� IRU� GUXJ�
GHYHORSPHQW���
,Q�RUGHU�WR�ILQG�VXLWDEOH�GUXJ�WDUJHWV�WR�ILJKW�RU�SUHYHQW�
*FQ�� DVVRFLDWHG� GLVHDVHV� LW� LV� FUXFLDO� WR� XQGHUVWDQG�
*FQ��IXQFWLRQ�LQ�GHWDLO��2XU�DLP�LV�WR�LQYHVWLJDWH�KXPDQ�
*FQ��*FQ�� LQWHUDFWLRQ� XVLQJ� \HDVW� DV� D� PRGHO�
RUJDQLVP��6LWH�GLUHFWHG�PXWDJHQHVLV�DQG� LQ�YLYR�*FQ��
DFWLYLW\�VFUHHQLQJ�DOORZHG�XV�WR�FRQGXFW�D�PRUH�LQ�GHSWK�
FKDUDFWHULVDWLRQ�RI�*FQ��*FQ��LQWHUDFWLRQ���
2XU� UHVXOWV� VKRZHG� DJDLQ� KLJK� HYROXWLRQDU\�
FRQVHUYDWLRQ�RI�*FQ��*FQ��LQWHUDFWLRQ��FRQILUPLQJ�WKDW�
\HDVW�LV�D�SULPH�PRGHO�IRU�DQVZHULQJ�KXPDQ�ELRPHGLFDO�
TXHVWLRQV���
�

����,QYHVWLJDWLQJ�G\QDPLFV�RI�U'1$�FRS\�QXPEHU�DW�
LQWUD�VSHFLHV�OHYHO���
6KDUPD� '��� +HUPDQQ�/H� 'HQPDW� 6����� 0DW]NH� 1-���
+DQQDQ� .0��� +DQQDQ� 5'��� 2¶6XOOLYDQ� -0��� *DQOH\�
$5'���
���6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLW\�RI�$XFNODQG��
$XFNODQG��1HZ�=HDODQG�
���(FROH�QRUPDOH�VXSpULHXUH��36/�5HVHDUFK�8QLYHUVLW\��
)�������3DULV��)UDQFH��
��� /LJJLQV� ,QVWLWXWH�� 8QLYHUVLW\� RI� $XFNODQG�� $XFNODQG��
1HZ�=HDODQG�
��� &5)� 'HSDUWPHQW� RI� &DQFHU� %LRORJ\� DQG�
7KHUDSHXWLFV��-RKQ�&XUWLQ�6FKRRO�RI�0HGLFDO�5HVHDUFK��
$XVWUDOLDQ� 1DWLRQDO� 8QLYHUVLW\�� &DQEHUUD�� $&7�� ������
$XVWUDOLD�
,Q�PRVW�HXNDU\RWHV�ULERVRPDO�'1$��U'1$��JHQHV�H[LVW�
DV�D� WDQGHP�DUUD\�V��RI� UHSHDWV�ZLWK�KLJK�YDULDELOLW\� LQ�
FRS\�QXPEHU�ZLWKLQ�DQG�EHWZHHQ�VSHFLHV��7KH�U'1$�LV�
FHQWUDO� WR� PDQ\� FULWLFDO� FHOOXODU� DFWLYLWLHV� IRU� ZKLFK� LWV�
PXOWL�FRS\�QDWXUH�LV�EHOLHYHG�WR�EH�LPSRUWDQW��+RZHYHU��
ZKLOH�WKH�PHFKDQLVP�RI�U'1$�FRS\�QXPEHU�YDULDWLRQ�LV�
XQGHUVWRRG��OLWWOH�LV�NQRZQ�DERXW�U'1$�G\QDPLFV�DW�WKH�
SRSXODWLRQ� OHYHO�� SDUWO\� EHFDXVH� RI� GLIILFXOWLHV� LQ�
PHDVXULQJ� FRS\� QXPEHU�� ,Q� SDUWLFXODU�� ZKLOH� GLIIHUHQW�
VSHFLHV�PDLQWDLQ�GLIIHUHQW�³VHW´�U'1$�FRS\�QXPEHUV��LW�
LV�QRW�NQRZQ� LI� WKLV�KROGV� WUXH� IRU�GLIIHUHQW�SRSXODWLRQV�
ZLWKLQ�WKH�VDPH�VSHFLHV��7R�DGGUHVV�WKLV�TXHVWLRQ��ZH�
GHYHORSHG� D� QRYHO� DSSURDFK� WR� PHDVXUH� U'1$� FRS\�
QXPEHU� IURP�ZKROH�JHQRPH�VHTXHQFH�GDWD�XVLQJ� WKH�
PRVW� IUHTXHQW� �PRGDO�� FRYHUDJH�� :H� YDOLGDWHG� WKLV�
PHWKRG�ZLWK�6DFFKDURP\FHV�FHUHYLVLDH�VWUDLQV�KDYLQJ�
NQRZQ��GLIIHUHQW�U'1$�FRS\�QXPEHUV��DQG�WKHQ�DSSOLHG�
LW� WR� FDOFXODWH� WKH� FRS\� QXPEHUV� RI� ����6�� FHUHYLVLDH�
VWUDLQV� XVLQJ� VHTXHQFH� GDWD� IURP� WKH� ����� <HDVW�
JHQRPH�SURMHFW�� ,QWHUHVWLQJO\��ZH� IRXQG�QR�FRUUHODWLRQ�
EHWZHHQ�SK\ORJHQ\�DQG�U'1$�FRS\�QXPEHU��XQOLNH�ZKDW�
LV� VHHQ�DERYH� WKH� VSHFLHV� OHYHO� LQ� IXQJL��:H� UXOH� RXW�
SORLG\� GLIIHUHQFHV� GULYLQJ� WKLV� ODFN� RI� FRUUHODWLRQ��
$QRWKHU� H[SODQDWLRQ�� FRQVLVWHQW� ZLWK� GLIIHUHQW� PHDQ�
FRS\� QXPEHU� DFURVV� WKHVH� VWUDLQV� �a��� FRSLHV��
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FRPSDUHG�WR�ODERUDWRU\�6��FHUHYLVLDH����������FRSLHV���
LV� WKDW� HQYLURQPHQWDO� GLIIHUHQFHV� GULYH� U'1$� FRS\�
QXPEHU� GLIIHUHQFHV�� +RZHYHU�� RXU� DQDO\VHV� GR� QRW�
SURYLGH� VWURQJ� VXSSRUW� IRU� WKLV� H[SODQDWLRQ�� HLWKHU��
7KHUHIRUH�� RXU� UHVXOWV� DUH� FRQVLVWHQW� ZLWK� DOO� 6��
FHUHYLVLDH�SRSXODWLRQV�KDYLQJ�D�VLQJOH�µVHW¶�U'1$�FRS\�
QXPEHU�� VXJJHVWLQJ� WKDW� WKH� JHQHWLF� GLIIHUHQFHV� WKDW�
GULYH�FRS\�QXPEHU�GLIIHUHQFHV�RQO\�PDQLIHVW�DERYH�WKH�
VSHFLHV� OHYHOV�� DW� OHDVW� LQ� 6�� FHUHYLVLDH�� 7KLV� IXUWKHU�
VXJJHVWV� WKDW� YDULDWLRQ� LQ� U'1$�FRS\�QXPEHU� LQ�RWKHU�
V\VWHPV��VXFK�DV�WLVVXH�VSHFLILF�GLIIHUHQFHV�LQ�KXPDQV��
PD\� VLPSO\� EH� WKH� UHVXOW� RI� VWRFKDVWLF� FRS\� QXPEHU�
YDULDWLRQ���
�
����%LRSURVSHFWLQJ�$XVWUDOLDQ�ZLQH�PLFURELRWD��
+DUWPDQQ�/�$�����6FKPLGW�6�$���%RUQHPDQ�$�5��

��7KH�$XVWUDOLDQ�:LQH�5HVHDUFK�,QVWLWXWH��32�%R[������
*OHQ� 2VPRQG� �$GHODLGH�� 6$� ������ $XVWUDOLD�� ��
8QLYHUVLW\� RI� $GHODLGH�� 6FKRRO� RI� %LRORJLFDO� 6FLHQFHV��
1RUWK�7HUUDFH�&DPSXV��$GHODLGH�6$������
/LNH� DOO� SODQWV�� JUDSHYLQH� LV� KRVW� WR� D� SOHWKRUD� RI�
PLFURRUJDQLVPV�� 8QOLNH� RWKHU� SODQWV�� WKHVH� PLFUR�
RUJDQLVPV� DUH� FDUULHG� RYHU� YLD� WKH� JUDSH� LQWR�
ZLQHPDNLQJ�� :KLOH� 6DFFKDURP\FHV� FHUHYLVLDH� LV� WKH�
PDLQ� GULYHU� IRU� DOFRKROLF� IHUPHQWDWLRQ�� LW� KDV� EHFRPH�
DSSDUHQW�WKDW�WKH�RWKHU�PLFUREHV�FDQ�KDYH�D�VLJQLILFDQW�
LPSDFW�RQ�IHUPHQWDWLRQ�DQG�UHVXOWLQJ�ZLQH��)HZ�RI�WKHVH�
PLFUR�RUJDQLVPV� KDYH� EHHQ� VXFFHVVIXOO\� LVRODWHG� DQG�
WKHLU� FRQWULEXWLRQV� GXULQJ� IHUPHQWDWLRQ� DUH� SRRUO\�
XQGHUVWRRG��$�SRWHQWLDO�FRPSRQHQW�RI� WKLV� LQIOXHQFH� LV�
WKH�SURGXFWLRQ�RI�JO\FRVLGH�K\GURODVHV�QRW�SURGXFHG�E\�
6��FHUHYLVLDH�EXW�DUH�XVHG�E\�RWKHU�PLFUR�RUJDQLVPV�WR�
DIIRUG�DFFHVV�WR�SODQW�UHVRXUFHV�ZKLOVW�VXUYLYLQJ�RQ�WKH�
SODQW�� 'XULQJ� ZLQHPDNLQJ�� JO\FRVLGH� K\GURODVHV� KDYH�
WKH�SRWHQWLDO�WR�DIIHFW�WKH�EUHDNGRZQ�RI�FRPSOH[�VXJDUV�
LQ� SODQW� FHOO� ZDOOV�� ZLWK� WKH� SRWHQWLDO� WR� DLG� MXLFH�
H[WUDFWLRQ�DQG�FODULILFDWLRQ��DQG�PHGLDWLQJ�WKH�UHOHDVH�RI�
IODYRXU�DQG�DURPD�FRPSRXQGV�IURP�JO\FRV\O�OLQNDJH���
$�FRPELQDWLRQ�RI�PHWDJHQRPLFV�DQG�V\QWKHWLF�ELRORJ\�
ZHUH� XVHG� WR� H[SORUH� WKH� HQ]\PDWLF� SRWHQWLDO� RI� WZR�
JUDSHYLQH� GHULYHG� HQYLURQPHQWV�� DQ� XQIHUPHQWHG�
&KDUGRQQD\� JUDSH� PXVW� DQG� D� PL[HG� YDULHWDO� JUDSH�
PDUF� �09*0���7KHVH�HQYLURQPHQWV�FRQWDLQHG�GLVWLQFW�
PLFURELDO�FRPPXQLWLHV��7KH�&KDUGRQQD\�PXVW�SULPDULO\�
FRQWDLQHG� IXQJDO� JHQRPHV� ZKHUHDV� WKH� 09*0� ZDV�
GRPLQDWHG� DOPRVW� H[FOXVLYHO\� E\� EDFWHULD�� 1XPHURXV�
QRYHO� JO\FRVLGH� K\GURODVHV� ZHUH� LGHQWLILHG� IURP� ERWK�
PHWDJHQRPHV�� ,Q� RUGHU� WR� DVVHVV� VXLWDELOLW\� DV� ZLQH�
SURFHVVLQJ� DLGV�� D� VXEVHW� RI� ȕ�JOXFRVLGDVHV� DQG�
SRO\JDODFWXURQDVHV� ZHUH� FKRVHQ� IRU� KHWHURORJRXV�
H[SUHVVLRQ� LQ� WKH� \HDVWV� 3LFKLD� SDVWRULV� DQG�
6DFFKDURP\FHV� FHUHYLVLDH� DV� D� SRWHQWLDO� ³LQ�ZLQH´�
SODWIRUP�� :KHQ� H[SUHVVHG� LQ� 3�� SDVWRULV�� WKH� WZR�
SRO\JDODFWXURQDVHV�RI�IXQJDO�RULJLQ�H[KLELWHG�SURPLVLQJ�
OHYHOV� RI� DFWLYLW\� DW� ZLQH� S+� DQG� WKH� HTXLYDOHQW� 6��
FHUHYLVLDH�VWUDLQV�ZHUH�XVHG�WR�IHUPHQW�V\QWKHWLF�JUDSH�
PXVW�FRQWDLQLQJ�SRO\JDODFWXURQLF�DFLG�WR�WHVW�DFWLYLW\�LQ�
D�ZLQH�OLNH�FRQWH[W��7KHVH�HQ]\PHV�FRXOG�EH�OHYHUDJHG�

WR� LPSURYH� MXLFH�H[WUDFWLRQ�DQG� WKH� FODULILFDWLRQ� GXULQJ�
ZLQHPDNLQJ���
�
����,QYHVWLJDWLQJ�WKH�UROH�RI�SKRVSKRU\ODWLRQ�LQ�WKH�
UHJXODWLRQ�RI� WKH�6�� FHUHYLVLDH� O\VLQH�GHPHWK\ODVH�
5SK��XVLQJ�/&�06�06�
:RQJ�� 0�:�0���� 6HSDURYLFK�� 5�-���� +DPH\�� -�-����
:LONLQV��0�5�����
�6\VWHPV� %LRORJ\� ,QLWLDWLYH�� 6FKRRO� RI� %LRWHFKQRORJ\�
DQG� %LRPROHFXODU� 6FLHQFHV�� 7KH� 8QLYHUVLW\� RI� 1HZ�
6RXWK�:DOHV��6\GQH\��$XVWUDOLD�

$� QXFOHRVRPH� FRQVLVWV� RI� '1$� ZUDSSHG� DURXQG� DQ�
RFWDPHU� RI� KLVWRQH� SURWHLQV�� +LVWRQH� SURWHLQV� DUH�
VXEMHFW�WR�YDULRXV�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV�ZKLFK�
DIIHFW� FKURPDWLQ� VWDWHV� WR� HQDEOH� ORFDO� DQG� JHQRPH�
ZLGH� FKURPDWLQ� IXQFWLRQV�� VXFK� DV� WUDQVFULSWLRQ�� '1$�
UHSOLFDWLRQ� DQG� FKURPRVRPH� FRQGHQVDWLRQ�� :KLOH� WKH�
LGHQWLWLHV�DQG�DFWLYLWLHV�RI�KLVWRQH�PRGLILHUV�KDYH�EHHQ�
ZHOO� VWXGLHG�� WKHLU� UHJXODWLRQ� LV�VWLOO�SRRUO\�XQGHUVWRRG��
6XFK�LV�WKH�FDVH�ZLWK�KLVWRQH�O\VLQH�PHWK\ODWLRQ��ZKHUH�
PHWK\O� JURXSV� DUH� DGGHG� E\� PHWK\OWUDQVIHUDVHV� DQG�
UHPRYHG� E\� GHPHWK\ODVHV�� 7KHVH� HQ]\PHV� DUH� RIWHQ�
KLJKO\�SKRVSKRU\ODWHG��DQG� WKLV�PD\�VHUYH� WR� UHJXODWH�
WKHLU� IXQFWLRQ�� +HUH�� ZH� LQYHVWLJDWHG� WKH� HIIHFW� RI�
SKRVSKRU\ODWLRQ� RQ� WKH� HQ]\PDWLF� DFWLYLW\� RI�
6DFFKDURP\FHV� FHUHYLVLDH� O\VLQH� GHPHWK\ODVH� 5SK���
ZKLFK� DFWV� RQ� O\VLQH� ��� RI� KLVWRQH� �� �+�.����� :H�
JHQRPLFDOO\�HQJLQHHUHG�SKRVSKR�PLPLF�DQG�SKRVSKR�
QXOO�DPLQR�DFLG�VXEVWLWXWLRQV�DW� WZR�ZHOO�FKDUDFWHULVHG�
SKRVSKR�VLWHV� RI� 5SK��� VHULQH� ���� DQG� VHULQH� ����
�6���������� %\� PRQLWRULQJ� +�.��� PHWK\ODWLRQ� OHYHOV�
XVLQJ� DQ� PDVV� VSHFWURPHWU\�EDVHG� DSSURDFK�� ZH�
LQYHVWLJDWHG� WKH� UHJXODWRU\� UROH� RI� SKRVSKRU\ODWLRQ� DW�
WKHVH�VLWHV�RQ�WKH�DFWLYLW\�RI�5SK���7KH�ELRORJLFDO�HIIHFW�
RI�6����DQG�6����SKRVSKRU\ODWLRQ�ZDV�GHWHUPLQHG�E\�
WKH�TXDQWLILFDWLRQ�RI�DOO�WKUHH�+�.���PHWK\ODWLRQ�VWDWHV�
LQ� VWUDLQV� FRQWDLQLQJ� ZLOG�W\SH� DQG� 6���$�� 6���'��
6���$�� 6���'� 5SK�� PXWDQWV�� :H� REVHUYHG� QR�
VLJQLILFDQW� FKDQJH� LQ� +�.��� PHWK\ODWLRQ� EHWZHHQ�
PXWDQW� DQG� ZLOG�W\SH� 5SK�� H[SUHVVLQJ� VWUDLQV��
VXJJHVWLQJ� WKDW� 6���� DQG�6���� GR� QRW� LQGHSHQGHQWO\�
IXQFWLRQ�DV�UHJXODWRU\�SKRVSKRU\ODWLRQ�VLWHV�LQ�5SK��DQG�
FKDOOHQJLQJ� SUHYLRXV� REVHUYDWLRQV�� +RZHYHU� IXUWKHU�
LQYHVWLJDWLRQ� LV� UHTXLUHG� WR� GHWHUPLQH� ZKHWKHU� WKHVH�
VLWHV�H[KLELW�D�UHJXODWRU\�HIIHFW�ZKHQ�SKRVSKRU\ODWHG�LQ�
FRPELQDWLRQ�ZLWK�RWKHU�5SK��SKRVSKRU\ODWLRQ�VLWHV��RU�
XQGHU� GLIIHUHQW� FRQGLWLRQV�� 2XU� LQYHVWLJDWLRQ�
GHPRQVWUDWHV� WKH� XWLOLW\� RI� PDVV� VSHFWURPHWU\� DV� DQ�
HIIHFWLYH�WRRO�IRU�LQYHVWLJDWLQJ�WKH�UHJXODWRU\�UROH�RI�5SK��
SKRVSKRU\ODWLRQ��
�
����3XULQH�ELRV\QWKHVLV�DV�DQ�DQWLIXQJDO�WDUJHW��
&KXD��6�0�+���:L]UDK��0�6�,���/XR��=���.REH��%��)UDVHU��
-�$���
6FKRRO� RI� &KHPLVWU\� DQG� 0ROHFXODU� %LRVFLHQFHV�� 7KH�
8QLYHUVLW\�RI�4XHHQVODQG��%ULVEDQH�4/'������
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,QWURGXFWLRQ�� &U\SWRFRFFXV� QHRIRUPDQV� LV� D� PDMRU�
IXQJDO� SDWKRJHQ� WKDW� FDXVHV� OLIH�WKUHDWHQLQJ� V\VWHPLF�
P\FRVHV��7KH�FXUUHQW�DQWLIXQJDOV�HPSOR\HG�WR�WUHDW�WKLV�
GLVHDVH�KDYH�QRW�FKDQJHG�VLJQLILFDQWO\�IRU�WKH�SDVW����
\HDUV� GHVSLWH� WKH� KLJK� PRUWDOLW\� DQG� PRUELGLW\��
7KHUHIRUH�� WKHUH� LV� DQ� XUJHQW� QHHG� WR� GHYHORS� QHZ�
DQWLIXQJDO� GUXJV�� $Q� DUHD� RI� LQWHUHVW� IRU� ILQGLQJ� QHZ�
DQWLIXQJDO� WDUJHWV� LV� WKH� SXULQH� ELRV\QWKHVLV� SDWKZD\��
0DQ\� HIIHFWLYH� GUXJV� KDYH�EHHQ� GHYHORSHG� EDVHG� RQ�
WKH�SXULQH�PHWDEROLF�SDWKZD\��KRZHYHU�WKHUH�DUH�OLPLWHG�
VWXGLHV� WKDW�XWLOLVH�WKLV�SDWKZD\�DV�D�VRXUFH�RI� WDUJHWV�
IRU� DQWLIXQJDO� GLVFRYHU\�� 7KH� SXULQH� ELRV\QWKHVLV�
SDWKZD\�FRQVLVWV�RI�HOHYHQ�VHTXHQWLDO�HQ]\PDWLF�VWHSV�
WR�IRUP�,03��DQ�LQWHUPHGLDWH�IRU�IRUPDWLRQ�RI�$73�DQG�
*73��2YHU� WKH� FRXUVH� RI� HYROXWLRQ� RI� WKH� HXNDU\RWHV��
VHYHUDO� JHQH� IXVLRQ�HYHQWV�KDYH�RFFXUUHG� UHVXOWLQJ� LQ�
WKH�IRUPDWLRQ�RI�ELIXQFWLRQDO�RU�WULIXQFWLRQDO�HQ]\PHV�LQ�
KLJKHU� RUGHU� RUJDQLVPV�� $Q� H[DPSOH� RI� WKLV� LV�
ELIXQFWLRQDO� *$5� V\QWKHWDVH�$,5� V\QWKHWDVH�� ZKLFK�
FDWDO\VHV�VWHSV�WZR�DQG�ILYH�RI�WKH�SXULQH�ELRV\QWKHVLV�
SDWKZD\�� ,Q� KXPDQV�� WKLV� KDV� XQGHUJRQH� KDV� DQ�
DGGLWLRQDO�JHQH�IXVLRQ�WR�FUHDWH�D�WULIXQFWLRQDO�HQ]\PH�
WKDW�LQFOXGHV�*$5�WUDQVIRUP\ODVH���
+\SRWKHVLV�DQG�$LPV�7KH�JURVV�GLIIHUHQFHV�EHWZHHQ�
WKH� IXQJDO� DQG� KXPDQ� HQ]\PHV� FRXOG� SRWHQWLDOO\� EH�
H[SORLWHG� LQ� WKH� GHYHORSPHQW� RI� IXQJDO� VSHFLILF�
LQKLELWRUV�� 7KH� HQ]\PH� KDV� EHHQ� FKDUDFWHULVHG� XVLQJ�
PROHFXODU�JHQHWLFV��HQ]\PRORJ\�DQG�VWUXFWXUDO�ELRORJ\�
WHFKQLTXHV���
5HVXOWV� DQG� FRQFOXVLRQ� 2XU� ZRUN� SURYHV� WKDW� WKH�
HQ]\PH� LV� UHTXLUHG� IRU�GH� QRYR� DGHQLQH�DQG� JXDQLQH�
SURGXFWLRQ� DQG� LV� HVVHQWLDO� IRU� YLUXOHQFH� LQ� D� PRXVH�
LQKDODWLRQ�PRGHO��VKRZLQJ�LWV�SRWHQWLDO�DV�DQ�DQWLIXQJDO�
WDUJHW�� (DFK� GRPDLQ� RI� WKH� SURWHLQ� KDV� EHHQ�
KHWHURORJRXVO\�H[SUHVVHG�DQG�FU\VWDOOLVHG��7KH�*$56�
GRPDLQ�FU\VWDO�KDG�D�SUHOLPLQDU\�GLIIUDFWLRQ�RI�����c�DQG�
WKH�$,56�GRPDLQ�FU\VWDO�KDG�D�SUHOLPLQDU\�GLIIUDFWLRQ�RI�
��c��DQG� UHYHDOV�GLIIHUHQFHV� IURP� WKH�KXPDQ�HQ]\PH�
WKDW�FRXOG�EH�H[SORLWHG�LQ�DQWLIXQJDO�GUXJ�GHYHORSPHQW��
�
���� $QWLIXQJDO� DFWLYLW\� RI� KRQH\� DJDLQVW�
GHUPDWRSK\WHV��,V�+�2��WKH�ZKROH�VWRU\"�
*XWWHQWDJ��$�D�.ULVKQDNXPDU��.�D�&RNFHWLQ��1�E�DQG�
&DUWHU��'�$�D�
D6FKRRO�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�DQG�WKH�
0DULH�%DVKLU�,QVWLWXWH�IRU�,QIHFWLRXV�'LVHDVHV�DQG�
%LRVHFXULW\��8QLYHUVLW\�RI�6\GQH\��1HZ�6RXWK�:DOHV��
$XVWUDOLD��
ELWKUHH�,QVWLWXWH��8QLYHUVLW\�RI�7HFKQRORJ\�6\GQH\��1HZ�
6RXWK�:DOHV��$XVWUDOLD��

'HUPDWRSK\WHV� DUH� IXQJL� WKDW� FDXVH� VXSHUILFLDO�
LQIHFWLRQV� RI� NHUDWLQLVHG� WLVVXHV�� FROOHFWLYHO\� WHUPHG�
µWLQHDV¶��&XUUHQW� WKHUDSHXWLF�RSWLRQV�RIWHQ� UHTXLUH� ORQJ�
WUHDWPHQW�WLPHV�DQG�VWUXJJOH�WR�UHVROYH�WKHVH�FRPPRQ�
DLOPHQWV�� 3UHYLRXV� ZRUN� KDV� IRXQG� FHUWDLQ� $XVWUDOLDQ�
MDUUDK� KRQH\�� ZKLFK� FRQWDLQV� JOXFRVH� R[LGDVH� DQG�
SURGXFHV� +�2�� XSRQ� GLOXWLRQ�� LV� SDUWLFXODUO\� HIIHFWLYH�
DJDLQVW� GHUPDWRSK\WHV�� 7KH� DLP� RI� WKLV� VWXG\� ZDV� WR�

LQYHVWLJDWH� ZKHWKHU� KRQH\� FRPSRQHQWV� LQ� DGGLWLRQ� WR�
+�2�� PHGLDWH� WKLV� SRWHQW� DQWLIXQJDO� DFWLYLW\� DQG� WR�
GHWHUPLQH� WKH� VSHFLILF� PHFKDQLVP�V� RI� DFWLRQ� DJDLQVW�
7ULFKRSK\WRQ�UXEUXP��D�FRPPRQ�GHUPDWRSK\WH�VSHFLHV��
5HPRYDO�RI�+�2��XVLQJ�FDWDODVH�WUHDWPHQW�LQFUHDVHG�WKH�
PLQLPXP� LQKLELWRU\� FRQFHQWUDWLRQ� �0,&�� RI� KRQH\�
DJDLQVW� WKUHH� GHUPDWRSK\WH� VSHFLHV�� KRZHYHU��
TXDQWLILFDWLRQ� XVLQJ� D� FRORXULPHWULF� DVVD\� IRXQG� WKH�
OHYHO�RI�+�2��SUHVHQW�ZDV��±���IROG�ORZHU�WKDQ�H[SHFWHG�
EDVHG�RQ�LQKLELWLRQ�E\�+�2��DORQH��0LFURVFRSLF�DQDO\VLV�
RI�FRQLGLD�WUHDWHG�ZLWK�KRQH\�DQG�VWDLQHG�ZLWK�FDOFRIOXRU�
ZKLWH�LQGLFDWHG�WKDW�KRQH\�LQKLELWV�FRQLGLDO�JHUPLQDWLRQ��
ZKLFK�ZDV�QRW�VHHQ�ZLWK�IROORZLQJ�WUHDWPHQW�ZLWK�+�2��
LQ� D� VXJDU� VROXWLRQ�� � (OHFWURQ� PLFURVFRS\� RI� PDWXUH�
K\SKDH� WUHDWHG� ZLWK� KRQH\� IRXQG� WKHVH� ZHUH�
VXEVWDQWLDOO\�GDPDJHG�DQG�FROODSVHG��ZKLOH�'&)'$��D�
IOXRURSKRUH� WKDW� GHWHFWV� UHDFWLYH� R[\JHQ� VSHFLHV��
VXJJHVWHG� WKH� WUHDWHG� K\SKDH� ZHUH� QRW� DIIHFWHG� E\�
VLJQLILFDQW� R[LGDWLYH� VWUHVV�� 7RJHWKHU�� WKHVH� ILQGLQJV�
LQGLFDWH� WKDW� +�2�� DQG� VXJDU� FDQQRW� DFFRXQW� IRU� WKH�
UHPDUNDEOH� DQWL�GHUPDWRSK\WH� SURSHUWLHV� RI� $XVWUDOLDQ�
MDUUDK�KRQH\�DQG�VXJJHVW�WKH�SUHVHQFH�RI�D�QRYHO�KRQH\�
FRPSRQHQW�WKDW�PD\�EH�D�YHU\�HIIHFWLYH�DQWLIXQJDO��
��
����$,&$5�WUDQVIRUP\ODVH��,03�F\FORK\GURODVH��$Q�
DQWLIXQJDO�GUXJ�WDUJHW���
:L]UDK�� 0�6�,�:��� &KXD�� 6�0�+��� /XR�� =��� .REH�� %��
)UDVHU��-�$���
6FKRRO� RI� &KHPLVWU\� DQG� 0ROHFXODU� %LRVFLHQFHV�� 7KH�
8QLYHUVLW\�RI�4XHHQVODQG��%ULVEDQH�4/'������

,QWURGXFWLRQ�&U\SWRFRFFDO�PHQLQJLWLV�LV�RQH�RI�WKH�PRVW�
GDQJHURXV� IXQJDO� LQIHFWLRQV� FDXVHG� E\� &U\SWRFRFFXV�
QHRIRUPDQV�� ,PPXQRFRPSURPLVHG� LQGLYLGXDOV� DUH�
VXVFHSWLEOH� WR� WKH� IXQJXV� DQG� DQQXDOO\�� ���� PLOOLRQ�
LQFLGHQFHV� RI� FU\SWRFRFFDO� PHQLQJLWLV� LQIHFWLRQV� DUH�
UHFRUGHG� ZLWK� VLJQLILFDQW� QXPEHU� RI� GHDWKV� FDVHV��
&XUUHQW� WUHDWPHQW� XVHV� DQWL�IXQJDO�� EXW� WKH\� DUH�
DVVRFLDWHG�ZLWK�REVWDFOHV�VXFK�DV� WR[LFLW\��KLJK�FRVWV��
YDULDELOLW\� LQ� LWV� HIIHFW�� WKH� QHHG� IRU� IUHTXHQW�
KRVSLWDOL]DWLRQ�� DQG� GUXJ� UHVLVWDQFH�� 3LRQHHULQJ� D�
WUHDWPHQW�WKDW�LV�PRUH�LPPXQRORJLFDOO\��ILQDQFLDOO\��DQG�
WHFKQLFDOO\�HIILFLHQW� LV�D�ULVLQJ�XUJHQW�QHHG��7KH�SXULQH�
PHWDEROLF�SDWKZD\�KDV�EHHQ�WKH�WDUJHW�IRU�GUXJ�GHVLJQ�
VLQFH�WKLV�SDWKZD\�FRPSRVHG�RI�D�VHULHV�RI�SURFHVVHV�
VXSSOLHV� WKH� FHOO� ZLWK� $73� DQG� *73� HVVHQWLDO� DV� DQ�
HQHUJ\�VRXUFH�DQG�IRU�LPSRUWDQW�FHOO�IXQFWLRQV��(YLGHQFH�
VXSSRUWV�WDUJHWLQJ�HQ]\PHV�LQ�WKLV�SDWKZD\�VHUYHV�DV�D�
WKHUDSHXWLF� DJHQW� WR� HIIHFWLYHO\� WUHDW� DQWLIXQJDO�
LQIHFWLRQV���
+\SRWKHVLV�DQG�$LPV�7KHUH�LV�D�QHHG�WR�GHYHORS�QHZ�
DQWLIXQJDO�WUHDWPHQWV��7KH�SXULQH�ELRV\QWKHVLV�SDWKZD\�
KDV� SURYHQ� WR� EH� D� SRWHQWLDO� WDUJHW� WR� GHYHORS� WKH�
SURPLVLQJ� DQWLIXQJDO� GUXJV� VLQFH� $73� DQG� *73�
SURGXFWLRQ�LV�UHTXLUHG�IRU�VHYHUDO�FHOO�IXQFWLRQV��:LWKLQ�
WKLV�SDWKZD\�VHYHUDO�HQ]\PHV�FRXOG�SRWHQWLDOO\�VHUYH�DV�
DQWLIXQJDO�WDUJHWV��ZKHUH�WKHLU�LQKLELWLRQ�PD\�OHDG�WR�ORVV�
RI�YLUXOHQFH�RI�WKH�IXQJDO�SDWKRJHQ��
5HVXOWV� DQG� FRQFOXVLRQ� FKDUDFWHULVDWLRQ� RI� $,&$5�
WUDQVIRUP\ODVH�,03�F\FORK\GURODVH�IURP�&��QHRIRUPDQV�
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ZDV� SHUIRUPHG�� 7KH�DPLQR�DFLG� VLPLODULW\� EHWZHHQ�&��
QHRIRUPDQV�$7,&�DQG�WKDW�SUHVHQW�LQ�RWKHU�HXNDU\RWHV��
LQFOXGLQJ�KXPDQV��ZDV������SHUFHQW��$�KLJKHU�VLPLODULW\�
ZDV�REVHUYHG�LQ�UHJDUG�WR�&��DOELFDQV�DQG�6��FHUHYLVDH��
EHLQJ� ������ DQG� ������ UHVSHFWLYHO\�� &U\VWDOV� ZHUH�
FU\RSURWHFWHG�ZLWK�HLWKHU�JO\FHURO�EHIRUH�GLIIUDFWLRQ��GDWD�
ZDV� FROOHFWHG� DW� WKH� $XVWUDOLDQ� 6\QFKURWURQ� DQG� WKH�
VWUXFWXUH�RI�&��QHRIRUPDQV�$7,&�ZDV�VROYHG�WR����ǖ��
�

���� $SSO\LQJ� GXDO� '1$� EDUFRGLQJ� WR� WKH�
LGHQWLILFDWLRQ�RI�FOLQLFDOO\�UHOHYDQW�&DQGLGD�VSHFLHV��
0LQK�7KX\�9L�+RDQJ�����/DV]OR�,ULQ\L�������6KDURQ�&��$��
&KHQ�������7DQLD�&��6RUUHOO�������WKH�,6+$0�%DUFRGLQJ�RI�
0HGLFDO�)XQJL�ZRUNLQJ�JURXS��DQG�:LHODQG�0H\HU���������
�0ROHFXODU�0\FRORJ\�5HVHDUFK�/DERUDWRU\��&HQWUH� IRU�
,QIHFWLRXV� 'LVHDVHV� DQG� 0LFURELRORJ\�� )DFXOW\� RI�
0HGLFLQH� DQG� +HDOWK�� 6\GQH\� 0HGLFDO� 6FKRRO��
:HVWPHDG� &OLQLFDO� 6FKRRO�� 7KH�8QLYHUVLW\� RI� 6\GQH\��
6\GQH\��16:��$XVWUDOLD��
�0DULH� %DVKLU� ,QVWLWXWH� IRU� ,QIHFWLRXV� 'LVHDVHV� DQG�
%LRVHFXULW\�� 7KH�8QLYHUVLW\�RI� 6\GQH\�� 6\GQH\��16:��
$XVWUDOLD��
�:HVWPHDG�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK��:HVWPHDG��
16:�$XVWUDOLD��
�:HVWPHDG� +RVSLWDO� �5HVHDUFK� DQG� (GXFDWLRQ�
1HWZRUN���:HVWPHDG��16:��$XVWUDOLD��
�&HQWUH� IRU� ,QIHFWLRXV� 'LVHDVHV� DQG� 0LFURELRORJ\�
/DERUDWRU\�6HUYLFHV��,QVWLWXWH�IRU�&OLQLFDO�3DWKRORJ\�DQG�
0HGLFDO�5HVHDUFK��16:�+HDOWK�3DWKRORJ\��:HVWPHDG��
16:��$XVWUDOLD��

5DSLG�DQG�DFFXUDWH�GLDJQRVLV� LV�HVVHQWLDO� IRU�HIIHFWLYH�
PDQDJHPHQW� RI� P\FRVHV�� '1$� EDUFRGLQJ� KDV� EHHQ�
HVWDEOLVKHG�DV�WKH�JROG�VWDQGDUG�IRU�WKH�LGHQWLILFDWLRQ�RI�
SDWKRJHQLF�IXQJL��,W�LV�EDVHG�XSRQ�WKH�VHOHFWLRQ�RI�VKRUW��
VWDQGDUGL]HG�'1$�UHJLRQV�±�'1$�EDUFRGHV�±�WKDW�DUH�
GLYHUJHQW� DW� WKH� VSHFLHV� OHYHO�� 7KH� GXDO� EDUFRGLQJ�
VFKHPH� LV� FRPSRVHG� RI� WKH� SULPDU\� IXQJDO� '1$�
EDUFRGH��WKH�LQWHUQDO�WUDQVFULEHG�VSDFHU�UHJLRQ��,76������
DQG� WKH� VHFRQGDU\� IXQJDO� '1$� EDUFRGH�� WKH�
WUDQVODWLRQDO� HORQJDWLRQ� IDFWRU� �Į�� 7R� HQDEOH� FOLQLFDO�
LPSOHPHQWDWLRQ�RI�'1$�EDUFRGLQJ�WKH�,6+$0�%DUFRGLQJ�
'DWDEDVH�ZDV�HVWDEOLVKHG��SURYLGLQJ�TXDOLW\�FRQWUROOHG�
UHIHUHQFH�'1$�EDUFRGH�VHTXHQFHV��7KH�JHQXV�&DQGLGD�
FRQWDLQV�PDMRU�JOREDO�IXQJDO�SDWKRJHQV�ZLWK�WKUHH�RI�WKH�
ILYH�PRVW�SDWKRJHQLF�&DQGLGD�VSHFLHV�EHLQJ�FRQWDLQHG�
ZLWKLQ� WKH� /RGGHURP\FHV� FODGH�� $GGLWLRQDOO\�� ULVLQJ�
RFFXUUHQFH� RI� DQWLELRWLF� UHVLVWDQFH� LV� EHLQJ� REVHUYHG��
H�J�� &�� DXULV�� &�� NUXVHL� �3LFKLD� NXGULDY]HYLL�� DQG� &��
JODEUDWD�� 7KH� FXUUHQW� VWXG\� DLPHG� WR� FRPSOHPHQW� WKH�
SULPDU\�'1$�EDUFRGHV��,76�����ZLWK�WKH�JHQHUDWLRQ�RI�
VHFRQGDU\� UHIHUHQFH� EDUFRGH� VHTXHQFHV� RI� &DQGLGD�
VSHFLHV�IRU�WKH�,6+$0�%DUFRGLQJ�'DWDEDVH��7KH�VWXG\�
DOVR� DLPHG� WR� HYDOXDWH� WKH� DELOLW\� RI� WKH� GXDO� '1$�
EDUFRGLQJ� VFKHPH� WR� LGHQWLI\� WKH� VSHFLHV� RI� WKH�
/RGGHURP\FHV� FODGH�� %DUFRGLQJ� VHTXHQFHV� ZHUH�
DPSOLILHG� IURP� SXUH� IXQJDO� FXOWXUHV� DQG� FRPPHUFLDOO\�
VHTXHQFHG��7KH�UHVXOWLQJ�VHTXHQFHV�ZHUH�VXEPLWWHG�WR�
WKH�,6+$0�%DUFRGLQJ�'DWDEDVH�����VHFRQGDU\�EDUFRGH�

VHTXHQFHV� ZHUH� JHQHUDWHG� UHSUHVHQWLQJ� ��� &DQGLGD�
VSHFLHV�� %DUFRGLQJ� JDS� DQDO\VLV� ZDV� SHUIRUPHG� WR�
HYDOXDWH�WKH�XVHIXOQHVV�RI� WKH�GXDO�EDUFRGLQJ�VFKHPH�
WR�GLVWLQJXLVK�EHWZHHQ�WKH�VSHFLHV�RI�WKH�/RGGHURP\FHV�
FODGH��1R�EDUFRGLQJ�JDS�ZDV�SURGXFHG�IRU�WKH�SULPDU\�
EDUFRGH�� KRZHYHU�� WKH� VHFRQGDU\� EDUFRGH� DQG� WKH�
FRPELQDWLRQ� RI� ERWK� EDUFRGHV� JHQHUDWHG� EDUFRGLQJ�
JDSV�LQGLFDWLQJ�DQ�DFFXUDWH�LGHQWLILFDWLRQ��$V�VXFK��WKH�
GXDO�'1$�EDUFRGLQJ� VFKHPH�� LQ� FRPELQDWLRQ�ZLWK� WKH�
H[SDQVLRQ� RI� WKH� ,6+$0� %DUFRGLQJ� 'DWDEDVH��
HVWDEOLVKHV� D� KLJKO\� DFFXUDWH� DQG� UDSLG� LGHQWLILFDWLRQ�
V\VWHP�IRU�URXWLQH�GLDJQRVLV�RI�&DQGLGD�VSHFLHV��
�
���� 0XOWL�/RFXV� 6HTXHQFH� W\SLQJ� RI� &DQLQH�
3QHXPRF\VWLV�LVRODWHV���
/DQD� 3DVLF��� 5LFKDUG� 0DOLN��� /DV]OR� ,ULQ\��� :LHODQG�
0H\HU���
�0ROHFXODU�0\FRORJ\�5HVHDUFK�/DERUDWRU\��&HQWHU� IRU�
,QIHFWLRXV� 'LVHDVHV� DQG� 0LFURELRORJ\�� 0DULH� %DVKLU�
,QVWLWXWH� IRU� (PHUJLQJ� ,QIHFWLRXV� 'LVHDVHV� DQG�
%LRVHFXULW\�� )DFXOW\� RI� 0HGLFLQH� DQG� +HDOWK�� 6\GQH\�
0HGLFDO�6FKRRO��:HVWHUQ�&OLQLFDO�6FKRRO��7KH�8QLYHUVLW\�
RI� 6\GQH\�� :HVWPHDG� +RVSLWDO� �5HVHDUFK� DQG�
(GXFDWLRQ� 1HWZRUN��� 7KH� :HVWPHDG� ,QVWLWXWH� IRU�
0HGLFDO�5HVHDUFK��:HVWPHDG��16:��
�&HQWUH� IRU� 9HWHULQDU\� (GXFDWLRQ�� 7KH� 8QLYHUVLW\� RI�
6\GQH\��6\GQH\��1HZ�6RXWK�:DOHV��$XVWUDOLD��

3QHXPRF\VWLV�VSS��DUH�NQRZQ�WR�KDYH� WKH�SRWHQWLDO� WR�
FDXVH� KRVW� VSHFLHV�VSHFLILF� OLIH�WKUHDWHQLQJ� IXQJDO�
GLVHDVHV�� PDQLIHVWLQJ� DV� 3QHXPRF\VWLV� SQHXPRQLD�
�3&3���LQ�D�YDULHW\�RI�PDPPDOV��LQFOXGLQJ�UDEELWV��PLFH��
UDWV��KRUVHV�DQG�GRJV��3QHXPRF\VWLV�FDULQLL�I�VS��µFDQLV¶�
�3�� FDQLV�� LV� WKH� IXQJDO� SDWKRJHQ� FDXVLQJ� LQIHFWLRQV�
VSHFLILFDOO\� LQ� GRJV�� %DVHG� RQ� RXU� SUHYLRXV� VWXGLHV�
IRFXVLQJ� RQ� WKH� RSWLPL]DWLRQ� RI� WKH� 0XOWL�/RFXV�
6HTXHQFH�7\SLQJ� �0/67��VFKHPH��ZKLFK�VXFFHVVIXOO\�
DPSOLILHG� KXPDQ�3QHXPRF\VWLV� �3�� MLURYHFLL�� '1$��ZH�
KDYH� QRZ� H[WHQGHG� WKH� DSSOLFDWLRQ� RI� WKLV� VFKHPH� WR�
JHQRW\SLQJ� 3�� FDQLV�� ZLWK� WKH� ILQDO� DLP� RI� EXLOGLQJ� D�
XQLYHUVDO�� FRQVHQVXV� 3QHXPRF\VWLV� 0/67� VFKHPH��
)LYH� LVRODWHV� IURP� GRJV� ZLWK� DFWLYH� 3QHXPRF\VWLV�
LQIHFWLRQV�ZHUH�VXEMHFWHG�WR�0/67�W\SLQJ��$V�SDUW�RI�WKLV�
SURFHVV��WKH�,6+$0�0/67�VFKHPH��FRQVLVWLQJ�RI�WKH�ȕ�
WXEXOLQ��PW��V��'+36�DQG�,76�ORFL��ZDV�FRPSDUHG�WR�D�
QHZO\�GHYHORSHG�VFKHPH�FRQVLVWLQJ�RI�WKH�&<%��62'��
PW��V� ORFL�� %RWK� VFKHPHV� ZHUH� DEOH� WR� HIIHFWLYHO\�
DPSOLI\� DQG� VHTXHQFH� DOO� WDUJHWHG� ORFL� IURP�3�� FDQLV��
'XH� WR� GLIILFXOWLHV� LQ� DPSOLI\LQJ� WKH� ,76� ORFL�ZLWKLQ� WKH�
,6+$0� 0/67� VFKHPH�� WKH� QHZO\� GHYHORSHG� 0/67�
VFKHPH� SHUIRUPHG� ZLWK� D� PDUJLQDOO\� KLJKHU� VXFFHVV�
UDWH� DQG� LV� WKHUHIRUH� UHFRPPHQGHG� DV� WKH� SUHIHUUHG�
VFKHPH��*HQRW\SLF�DQDO\VLV�RI�WKH�VHTXHQFHV�VKRZHG�
WKDW� DOO� ILYH� LVRODWHV� ZHUH� LGHQWLILHG� DV� VHSDUDWH�
VHTXHQFH� W\SHV� ZLWK� ERWK� VFKHPHV�� 3K\ORJHQHWLF�
DQDO\VHV�FRPSDULQJ�KXPDQ�DQG�GRJ�VDPSOHV�VKRZHG�
WKDW�3��FDQLV�GLIIHUHG�E\�PRUH�WKDQ�����IURP�WKH�KXPDQ�
SDWKRJHQ� 3�� MLURYHFLL�� 7R� GHWHUPLQH� WKH� DELOLW\� RI� WKH�
GHYHORSHG� 0/67� VFKHPH� WR� EH� DSSOLFDEOH� WR� DOO�
3QHXPRF\VWLV�VSHFLHV��IXUWKHU�VWXGLHV�DUH�SODQQHG�RQ�D�
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EURDGHU�UDQJH�RI�PDPPDOLDQ�VSHFLHV�WR�GHYHORS�D�µRQH�
VL]H�ILWV�DOO¶� DSSURDFK� WR�3QHXPRF\VWLV� JHQRW\SLQJ�� ,Q�
DGGLWLRQ��QH[W�JHQHUDWLRQ�VHTXHQFLQJ� �1*6��XVLQJ� WKH�
1DQRSRUH�0LQ,21�GHYLVH�ZDV�XQGHUWDNHQ�IRU�WZR�RI�WKH�
GRJ� LVRODWHV�� 0LQ,21� VHTXHQFLQJ� LGHQWLILHG�
3QHXPRF\VWLV�FDQLV� LQ�ERWK�VDPSOHV�EXW�GLG�QRW�DOORZ�
IRU�JHQRW\SLQJ�RI� WKH� LQYROYHG� IXQJDO�VWUDLQV�EDVHG�RQ�
WKH�1*6�GDWD�REWDLQHG��
�
���� 7KH� &U\SWRFRFFXV� QHRIRUPDQV� 6$*$�� WKH�
HSLJHQHWLF�LPSDFW�RI�WKH�WUDQVFULSWLRQDO�FRDFWLYDWRU�
RQ�YLUXOHQFH�LQ�D�JOREDO�IXQJDO�SDWKRJHQ�
6WHSKHQVRQ��&��-��(USI��3��DQG�)UDVHU��-�$��
6FKRRO� RI� &KHPLVWU\� DQG� 0ROHFXODU� %LRVFLHQFHV�� 7KH�
8QLYHUVLW\�RI�4XHHQVODQG��%ULVEDQH�4/'������

,QWURGXFWLRQ� &�� QHRIRUPDQV� LV� DQ� RSSRUWXQLVWLF�
SDWKRJHQLF� IXQJXV�ZKLFK� SRVHV�D� WKUHDW� WR� WKH� JOREDO�
LPPXQRFRPSURPLVHG� SRSXODWLRQ�� 8SRQ� LQIHFWLRQ� WKLV�
SDWKRJHQ� LQGXFHV� D� SOHWKRUD� RI� YLUXOHQFH� WUDLWV� ZKLFK�
HQDEOH� LW� WR� HYDGH� KRVW� LPPXQH� V\VWHPV�� FDXVLQJ�
PHQLQJRHQFHSKDOLWLV�DQG�GHDWK��7KHVH�YLUXOHQFH� WUDLWV�
DUH�KLJKO\�UHJXODWHG�E\�D�FRPSOH[�LQWHUSOD\�EHWZHHQ�WKH�
HQYLURQPHQW�� WUDQVFULSWLRQDO� PDFKLQHU\� DQG� JHQRPLF�
HOHPHQWV�� 7KHUHIRUH�� XQGHUVWDQGLQJ� DQ\� PHFKDQLVP�
ZKLFK�LQIOXHQFHV�WKHVH�SDWKZD\V�DUH�DUHDV�RI�VLJQLILFDQW�
LQWHUHVW��DQG�FDQ�DLG�LQ� WKH�GHYHORSPHQW�RI�QRYHO�GUXJ�
VWUDWHJLHV�� 7UDQVFULSWLRQDO� UHJXODWRU\� SURWHLQV�� ZKLFK�
KDYH� D� ZLGHVSUHDG� LPSDFW� RQ� JHQH� UHJXODWLRQ�� PDNH�
LGHDO�FDQGLGDWHV�IRU�GUXJ�WKHUDSLHV�DV�WKH\�FDQ�LQWHUIHUH�
LQ� QXPHURXV� SDWKZD\V�� $� SULPDU\� FDQGLGDWH� IRU� WKLV�
OHYHO�RI�SOHLRWURSLF� UHJXODWLRQ� LV� WKH�6$*$�FRPSOH[��D�
���SURWHLQ�WUDQVFULSWLRQDO�FRDFWLYDWRU��FRQVHUYHG�DFURVV�
HXNDU\RWHV�� ,QWHUDFWLRQV� EHWZHHQ� WKLV� FRPSOH[� DQG�
UHJXODWLRQ�RI�VWUHVV�UHVSRQVH�JHQHV�KDYH�ZLGHO\�EHHQ�
HVWDEOLVKHG� LQ� 6�� FHUHYLVLDH�� $� KDQGIXO� RI� VWXGLHV�
IRFXVVLQJ�RQ�WKH�+$7�PRGXOH�ZLWKLQ�6$*$�KDV� OLQNHG�
WKLV� FRPSOH[� WR� K\SRYLUXOHQFH� ZLWKLQ� &�� QHRIRUPDQV��
KRZHYHU� WKHVH� VWXGLHV� ZHUH� FRQGXFWHG� LQ� D�
K\SHUYLUXOHQW�EDFNJURXQG���
$LPV�9LUXOHQFH�ZLWKLQ�&��QHRIRUPDQV� LV� LQWULFDWHO\�WLHG�
WR�WKH�DELOLW\�RI�WKH�SDWKRJHQ�WR�LQGXFH�DQ�DUUD\�RI�VWUHVV�
UHVSRQVH�SDWKZD\V�XSRQ�LQIHFWLRQ���7KH�6$*$�FRPSOH[�
ZKLFK� SOD\V� DQ� RYHUDUFKLQJ� UROH� LQ� WKHVH� SDWKZD\V¶�
UHJXODWLRQ� VKRXOG� KDYH� DQ� REVHUYDEOH� LPSDFW� RQ�
YLUXOHQFH�� 7DUJHWLQJ� WKHVH� JHQHV�� WKURXJK� D�
FRPELQDWLRQ� RI� JHQHWLFV� DQG� SURWHRPLF� DSSURDFKHV�
FRXOG� LGHQWLI\� QRYHO� UHJXODWRU\� SDWKZD\V�� SURYLGLQJ�
DYHQXHV� IRU� IXQJDO� VSHFLILF� GUXJ� WKHUDSLHV� DJDLQVW�
FU\SWRFRFFDO�LQIHFWLRQV����
5HVXOWV�DQG�FRQFOXVLRQV�7KH�+$7�PRGXOH�KDV�EHHQ�
GHOHWHG�ZLWKLQ�WKH�+��2�VWUDLQ�WR�UHDVVHVV�WKH�YLUXOHQFH�
HIIHFW� RI� WKLV� PRGXOH� RXWVLGH� RI� WKH� LQIOXHQFH� RI� WKH�
K\SHUYLUXOHQW� EDFNJURXQG�� 7KH� UHFUHDWHG� VWUDLQV�
GHPRQVWUDWH� D� GLYHUJLQJ� SKHQRW\SH� WR� WKH� RULJLQDO�
PXWDQWV�� :H� KDYH� DOVR� GHPRQVWUDWHG� WKDW� WKH�
GHXELTXLWLQDVH� �'8%�� PRGXOH� RI� 6$*$� SOD\V� DQ�
RYHUDUFKLQJ� UROH� LQ� PRGXODWLQJ� YLUXOHQFH� ZLWKLQ� &��
QHRIRUPDQV�� ZLWK� K\SHUYLUXOHQFH� REVHUYHG� ZLWKLQ� D�

PXULQH�PRGHO�ZKHQ�DQ\�FRPSRQHQW�RI�WKH�'8%�PRGXOH�
LV�UHPRYHG�IURP�WKH�FRPSOH[��
��
���� ,UUHJXODU� &HOOV� DQG� 5HODSVLQJ� ,QIHFWLRQ� LQ�
&U\SWRFFRFXV�

,FHWRQ��$�
�)HUQDQGHV��.�
�3HUIHFW��-��DQG�&DUWHU��'�
�

6FKRRO�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�DQG�WKH�
0DULH�%DVKLU�,QVWLWXWH�IRU�,QIHFWLRXV�'LVHDVHV�DQG�
%LRVHFXULW\��8QLYHUVLW\�RI�6\GQH\��1HZ�6RXWK�:DOHV��
$XVWUDOLD��
�'HSDUWPHQW�RI�0HGLFLQH��'XNH�8QLYHUVLW\�0HGLFDO�
&HQWHU��'XUKDP��1RUWK�&DUROLQD��86$��
�
&U\SWRFRFFXV� LV� D� SDWKRJHQLF� HQFDSVXODWHG� \HDVW�
FDXVLQJ� D� VLJQLILFDQW� GLVHDVH� EXUGHQ�� HVSHFLDOO\� LQ�
GHYHORSLQJ� FRXQWULHV� GXH� WR� WKH� SUHYDOHQFH� RI�
LPPXQRVXSSUHVVLYH�GLVHDVH��8QGHU�VWUHVVIXO�FRQGLWLRQV�
W\SLFDOO\� HQFRXQWHUHG� GXULQJ� PDPPDOLDQ� LQIHFWLRQ��
&U\SWRFRFFXV�FDQ�IRUP�SOHRPRUSKLF�FHOO�W\SHV�WKDW�KDYH�
EHHQ� IRXQG� WR� EH� DVVRFLDWHG� ZLWK� YDULRXV� FOLQLFDO�
SDUDPHWHUV�� $PRQJ� WKHVH�� LUUHJXODUO\� VKDSHG� DQG�
HORQJDWHG� FHOOV� VHHQ� LQ� VRPH� VWUDLQV� DUH� SRVLWLYHO\�
DVVRFLDWHG�ZLWK�UHODSVLQJ�LQIHFWLRQ�DQG�WKH�UHTXLUHPHQW�
IRU� DGGLWLRQDO� OXPEDU� SXQFWXUHV�� DQG� QHJDWLYHO\�
DVVRFLDWHG�ZLWK�SDWLHQW�GHDWK��VXJJHVWLQJ�WKHVH�PD\�EH�
SURPRWLQJ�FKURQLF��ORZ�JUDGH�LQIHFWLRQ�WKDW�LV�GLIILFXOW�WR�
FOHDU��7KHVH�PD\�EH�³SHUVLVWHU´�FHOOV��ZKLFK�KDYH�EHHQ�
FKDUDFWHULVHG� LQ� YDULRXV� PLFUR�RUJDQLVPV� DQG� DUH�
FKDUDFWHULVHG� E\� ORZ� PHWDEROLF� DFWLYLW\�� DQG� UHGXFHG�
GUXJ�XSWDNH�DQG�VXVFHSWLELOLW\��7KH�DLP�RI�WKLV�VWXG\�LV�
WR� FKDUDFWHULVH� WKH� LUUHJXODU� &U\SWRFRFFXV� FHOOV� DQG�
GHWHUPLQH�KRZ�WKHVH�PD\�E\SDVV�WUHDWPHQW�DQG�FDXVH�
UHODSVLQJ� LQIHFWLRQ�� 6WUDLQV� ZLWK� YDULRXV� DPRXQWV� RI�
LUUHJXODU� FHOOV� KDYH� EHHQ� FKDUDFWHULVHG� XVLQJ�
PLFURVFRS\��DQG�WKHVH�ZLOO�EH�WHVWHG�IRU�VXVFHSWLELOLW\�WR�
YDULRXV�VWUHVVHV��&HOO�PRUSKRORJ\�DQG�PHWDEROLVP�ZLOO�
EH�H[DPLQHG�XVLQJ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\�DQG�
IOXRUHVFHQFH�PLFURVFRS\�ZLWK� YDULRXV�PHWDEROLF� G\HV��
)LQDOO\��SURWHRPLF�DQDO\VHV�ZLOO�EH�XVHG�WR�JDLQ�LQVLJKW�
LQWR�WKHLU�PROHFXODU�ELRORJ\��7KLV�LQYHVWLJDWLRQ�ZLOO�KHOS�
GHWHUPLQH�WKH�UROH�RI�WKH�LUUHJXODU�FHOO�W\SH�LQ�UHODSVLQJ�
LQIHFWLRQ��DQG�PD\�KDYH�LPSOLFDWLRQV�IRU�WKH�WUHDWPHQW�RI�
UHFDOFLWUDQW�IXQJDO�LQIHFWLRQV��
�

����8VLQJ�ELVSKRVSKRQDWHV�WR�RYHUFRPH�
D]ROH�UHVLVWDQFH�LQ�&DQGLGD�

.DQH��$��&DUWHU��'�

6FKRRO�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV��
)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�RI�6\GQH\�

6\VWHPLF� LQIHFWLRQ�E\�&DQGLGD� UHVXOWV� LQ�DW� OHDVW�
��������GHDWKV�D�\HDU��DQG�FDQGLGLDVLV�RI�WKH�RUDO�
DQG�YDJLQDO�PXFRVD�DIIHFWV� WKH� OLYHV�RI�PLOOLRQV��
$OPRVW� ���� RI� &DQGLGD� LVRODWHV� FDXVLQJ�
EORRGVWUHDP� LQIHFWLRQV� DUH� UHVLVWDQW� WR� D]ROH�
GHULYHG� DQWLIXQJDOV�� ZLWK� D� PDMRULW\� RI� WKHVH�



ϯϮ�
�

EHORQJLQJ� WR� WKH�VSHFLHV�&DQGLGD�JODEUDWD��:LWK�
D]ROHV�EHFRPLQJ�OHVV�HIIHFWLYH�WKHUH�LV�D�QHHG�IRU�
VWUDWHJLHV� WKDW� FDQ� V\QHUJLVH� DQG� UHVWRUH� WKHLU�
DQWLIXQJDO� DFWLYLW\�� :H� SUHYLRXVO\� LGHQWLILHG� XS�
UHJXODWLRQ� RI� IDUQHV\O� S\URSKRVSKDWH� V\QWKHWDVH�
�)336�� LQ�UHVSRQVH� WR�D]ROH� WUHDWPHQW��)336� LV�
SDUW� RI� WKH�PHYDORQDWH� SDWKZD\�� UHVSRQVLEOH� IRU�
WKH� V\QWKHVLV� RI� VTXDOHQH� WKDW� IHHGV� LQWR� WKH�
HUJRVWHURO� ELRV\QWKHVLV� SDWKZD\�� ZKLFK� LV�
WDUJHWHG� E\� WULD]ROHV�� )336� LV� LQKLELWHG� E\�
ELVSKRVSKRQDWHV��DQ�)'$�DSSURYHG�FODVV�RI�DQWL�
RVWHRSRURWLF� SKDUPDFHXWLFDOV�� +HUH� ZH�
GHPRQVWUDWH� WKDW� ELVSKRVSKRQDWHV� KDYH�
DQWLIXQJDO� DFWLYLW\� DJDLQVW� YDULRXV� VSHFLHV� RI�
&DQGLGD��LQFOXGLQJ�KLJKO\�D]ROH�UHVLVWDQW�VWUDLQV�RI�
&DQGLGD� JODEUDWD� DQG� &DQGLGD� NUXVHL��
&KHFNHUERDUG�PLFURGLOXWLRQ� SODWHV�ZHUH� XVHG� WR�
VKRZ� WKDW� ELVSKRVSKRQDWHV� FDQ� V\QHUJLVH� ZLWK�
D]ROH�EDVHG� DQWLIXQJDOV� DQG� UHVXOW� LQ� IXQJLFLGDO�
DFWLYLW\�� %\� VXSSOHPHQWLQJ� LQKLELWHG� FHOOV� ZLWK�
H[RJHQRXV� VTXDOHQH�� ZH� GHPRQVWUDWHG� WKDW�
VTXDOHQH� GHSULYDWLRQ� ZDV� UHVSRQVLEOH� IRU� WKH�
REVHUYHG� V\QHUJ\�� 7LPH�FRXUVH� IOXRUHVFHQFH�
DVVD\V� GHPRQVWUDWHG� WKDW� FRPELQDWLRQV� RI�
ELVSKRVSKRQDWHV� DQG� D]ROHV� UHVXOW� LQ� LQFUHDVHG�
PHPEUDQH�GHSRODULVDWLRQ��UHGXFHG�HIIOX[��DQG�WKH�
DFFXPXODWLRQ� RI� WR[LF� UHDFWLYH� R[\JHQ� VSHFLHV��
)XUWKHUPRUH�� LQ� FHUWDLQ� FRPELQDWLRQV�� D]ROHV� ��
ELVSKRVSKRQDWHV� ZHUH� DEOH� WR� GDPDJH� ELRILOPV�
DQG� SUHYHQW� WKH� DFTXLVLWLRQ� RI� UHVLVWDQFH�� :H�
FRQFOXGH� WKDW� ELVSKRVSKRQDWHV� DUH� DQ� H[FLWLQJ�
OHDG� WRZDUGV� D� QHZ�� HIIHFWLYH�� EURDG�VSHFWUXP�
DQWLIXQJDO�WUHDWPHQW�VWUDWHJ\���

�

���� 0HWKDQRO� DVVLPLODWLRQ� LQ� QDWLYH� DQG�
V\QWKHWLF�VWUDLQV�RI�6DFFKDURP\FHV�FHUHYLVLDH�

0RQLFD� ,�� (VSLQRVD� ����� .DVSDU� 9DOJHSHD� �����
5LFDUGR�$��*RQ]DOH]�*DUFLD����&ROLQ�6FRWW������,VDN�
6��3UHWRULXV����(VWHEDQ�0DUFHOOLQ����,DQ�7��3DXOVHQ�
�
�DQG�7KRPDV�&��:LOOLDPV����
�

��$5&�&HQWUH�RI�([FHOOHQFH�LQ�6\QWKHWLF�%LRORJ\��
'HSDUWPHQW� RI� 0ROHFXODU� 6FLHQFHV�� 0DFTXDULH�
8QLYHUVLW\��6\GQH\��$XVWUDOLD�

�� 6\QWKHWLF� %LRORJ\� )XWXUH� 6FLHQFH� 3ODWIRUP��
&6,52��6\GQH\��$XVWUDOLD�

�� $XVWUDOLDQ� ,QVWLWXWH� IRU� %LRHQJLQHHULQJ� DQG�
1DQRWHFKQRORJ\�� 7KH� 8QLYHUVLW\� RI� 4XHHQVODQG��
6W��/XFLD��$XVWUDOLD�

��(5$�&KDLU� LQ�*DV�)HUPHQWDWLRQ�7HFKQRORJLHV��
,QVWLWXWH�RI�7HFKQRORJ\��8QLYHUVLW\�RI�7DUWX��7DUWX��
(VWRQLD�

�� %LRFDWDO\VLV� DQG� 6\QWKHWLF� %LRORJ\� 7HDP��
&6,52��&DQEHUUD��$XVWUDOLD�

0LFURELDO� IHUPHQWDWLRQ�IRU�FKHPLFDO�SURGXFWLRQ� LV�
EHFRPLQJ�PRUH�EURDGO\�DGRSWHG�DV�DQ�DOWHUQDWLYH�
WR� SHWURFKHPLFDO� UHILQLQJ�� )HUPHQWDWLRQ� W\SLFDOO\�
UHOLHV� RQ� VXJDU� DV� D� IHHG�VWRFN�� +RZHYHU�� RQH�
FDUERQ� FRPSRXQGV� OLNH� PHWKDQRO� DUH� D� PRUH�
VXVWDLQDEOH� DOWHUQDWLYH� DV� WKH\� GR� QRW� FRPSHWH�
ZLWK� DUDEOH� ODQG�� 7KLV� VWXG\� IRFXVHG� RQ�
HQJLQHHULQJ�WKH�FDSDFLW\�IRU�PHWK\ORWURSK\�LQ�WKH�
\HDVW�6DFFKDURP\FHV�FHUHYLVLDH�WKURXJK�D�\HDVW�
[\OXORVH� PRQRSKRVSKDWH� �;X03�� SDWKZD\�� D�
µK\EULG¶�;X03�SDWKZD\�� DQG� D� EDFWHULDO� ULEXORVH�
PRQRSKRVSKDWH� �5X03�� SDWKZD\�� 7KURXJK�
PHWKDQRO� WR[LFLW\� DVVD\V� DQG� ��&�PHWKDQRO�
JURZWK�SKHQRW\SLF�FKDUDFWHUL]DWLRQ�� WKH�EDFWHULDO�
5X03� SDWKZD\� ZDV� LGHQWLILHG� DV� WKH� PRVW�
SURPLVLQJ� V\QWKHWLF� SDWKZD\� IRU� PHWKDQRO�
DVVLPLODWLRQ�� :KHQ� WHVWLQJ� KLJKHU� PHWKDQRO�
FRQFHQWUDWLRQV�� PHWKDQRO� DVVLPLODWLRQ� ZDV� DOVR�
REVHUYHG� LQ� WKH� ZLOG�W\SH� VWUDLQ�� DV� ��&�HWKDQRO�
ZDV�SURGXFHG� IURP� ��&�PHWKDQRO��7KHVH� UHVXOWV�
GHPRQVWUDWH� WKDW�6�� FHUHYLVLDH� KDV� D� SUHYLRXVO\�
XQGLVFRYHUHG� QDWLYH� FDSDFLW\� IRU� PHWKDQRO�
DVVLPLODWLRQ� DQG� SDYH� WKH� ZD\� IRU� IXUWKHU�
GHYHORSPHQW� RI� ERWK� QDWLYH� DQG� V\QWKHWLF� RQH�
FDUERQ�DVVLPLODWLRQ�SDWKZD\V�LQ�6��FHUHYLVLDH��

�

����$XVWUDOLDQ�VRXUGRXJK�\HDVWV�DQG�EDFWHULD��
LGHQWLW\��GLYHUVLW\�DQG�WKHLU� LQIOXHQFHV�RQ�WKH�
EUHDG�DURPD�

'L� /LX�� 0LFKHOD� :LQWHUV�� 'DSKQH� 3DQD\RWLGHV��
$QQOL�7HH��$QQD�:LWWZHU��.DWH�+RZHOO
�

6FKRRO� RI� $JULFXOWXUH� DQG� )RRG�� )DFXOW\� RI�
9HWHULQDU\�DQG�$JULFXOWXUDO�6FLHQFHV��8QLYHUVLW\�RI�
0HOERXUQH��3DUNYLOOH��9LF��$XVWUDOLD�

<HDVW� DQG� EDFWHULDO� FRPPXQLWLHV� LQKDELW� D�
VRXUGRXJK� VWDUWHU� WR�PDNH�DUWLVDQDO� EUHDG�� 7KLV�
VWXG\� LGHQWLILHV� VSHFLHV� IRXQG� LQ� 9LFWRULDQ�
VRXUGRXJKV�DQG�VKRZV�ZKHWKHU�WKH�LQWHUDFWLRQV�RI�
PLFUR�RUJDQLVPV� GHULYHG� IURP� $XVWUDOLDQ�
VRXUGRXJK� VWDUWHUV� SURYLGH� VRPH�RI� WKH� SRVLWLYH�
IODYRXU�� DQG�DURPD�SURSHUWLHV� WR�EUHDG�E\�XVLQJ�
GHILQHG�VRXUGRXJK�FXOWXUHV�DV�WKH�VROH�OHDYHQ�LQ�
EUHDG� SURGXFWLRQ�� )RXU� GLIIHUHQW� \HDVW� VSHFLHV�
ZHUH� LGHQWLILHG� DV� 6DFFKDURP\FHV� FHUHYLVLDH��
.D]DFKVWDQLD�KXPLOLV��.D]DFKVWDQLD�EXOGHUL��DQG�
3LFKLD� PHPEUDQLIDFLHQV�� )XUWKHUPRUH�� D� WRWDO� RI�
VHYHQ� /DFWREDFLOOXV� VSHFLHV� ZHUH� LVRODWHG�� WZR�
$FHWREDFWHU� VSHFLHV�� RQH� .RFXULD�� DQG� RQH�
%DFLOOXV��:KHQ�EUHDG�ZDV�PDGH�FRPELQLQJ�WKHVH�
\HDVWV�LQGLYLGXDOO\�DQG�LQ�FRPELQDWLRQV�ZLWK�ODFWLF�
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DFLG�EDFWHULD�DOVR�LVRODWHG�IURP�WKHVH�VRXUGRXJK�
VWDUWHUV�� WKH� EUHDG� DURPD� SURILOHV� ZHUH� PRUH�
GLVWLQFWLYH��ZLWK� HQULFKHG� FRPSRXQGV� DVVRFLDWHG�
ZLWK� VRXU� DURPDV� SURGXFHG�� DQG� SUHIHUUHG� E\�
VHQVRU\�SDQHOV��,Q�FRQFOXVLRQ��WKH�XVH�RI�GHILQHG�
PL[HG�FXOWXUHV�DV�WKH�OHDYHQ�LQ�EUHDG�PDNLQJ��E\�
H[SORLWLQJ� WKH� PLFURELDO� GLYHUVLW\� RI� DUWLVDQDO�
$XVWUDOLDQ� VWDUWHUV�� FDQ� SURGXFH� EUHDG� ZLWK�
GLVWLQFWLYH�DQG�DWWUDFWLYH�DURPDV���

�

����'RHV�LQWUDVSHFLHV�YDULDWLRQ�LQ�$VSHUJLOOXV�
IXPLJDWXV� DIIHFW� LQIHFWLRQ� RXWFRPHV"� $�
SKHQRW\SH�JHQRW\SH� VWXG\� XVLQJ� DQ� LQVHFW�
PRGHO��

(O�.DPDQG��6���3DSDQLFRODRX��$���0RUWRQ��&2��

�:HVWHUQ� 6\GQH\� 8QLYHUVLW\�� 6FKRRO� RI� 6FLHQFH�
DQG�+HDOWK��&DPSEHOOWRZQ�&DPSXV��16:�������
$XVWUDOLD�

�+DZNHVEXU\� ,QVWLWXWH� IRU� WKH� (QYLURQPHQW��
:HVWHUQ� 6\GQH\� 8QLYHUVLW\�� +DZNHVEXU\�
&DPSXV��16:�������$XVWUDOLD�

$VSHUJLOOXV�IXPLJDWXV�LV�D�VDSURSK\WLF�VRLO�IXQJXV�
DQG�DQ�RSSRUWXQLVWLF�KXPDQ�SDWKRJHQ��7KLV�PRXOG�
UHSURGXFHV� DVH[XDOO\� XVLQJ� VSRUHV� WKDW� UHDGLO\�
EHFRPH� DLUERUQH�� ,Q� LPPXQRFRPSURPLVHG�
LQGLYLGXDOV��LQKDODWLRQ�RI�$��IXPLJDWXV�VSRUHV�FDQ�
OHDG� WR� D� SXOPRQDU\� LQIHFWLRQ� WHUPHG� µLQYDVLYH�
DVSHUJLOORVLV¶��,$���'HVSLWH�H[WHQVLYH�UHVHDUFK�RQ�
KXPDQ� LPPXQLW\� DQG� WUHDWPHQW�� WKH� UHODWLYH�
FRQWULEXWLRQ� RI� IXQJDO� JHQHWLF� DQG� SKHQRW\SLF�
YDULDWLRQ� WR� LQIHFWLRQ� RXWFRPH� LV� \HW� WR� EH�
GHWHUPLQHG��,Q�WKLV�VWXG\��ZH�VRXJKW�WR�GHWHUPLQH�
WKH� SDWKRJHQLF� UHOHYDQFH� RI� WKH� LQWUDVSHFLHV�
YDULDWLRQ� LQ�$�� IXPLJDWXV�� � &OLQLFDO� LVRODWHV�ZHUH�
DVVD\HG� IRU� UHOHYDQW� SKHQRW\SLF� WUDLWV� VXFK� DV�
UDGLDO� JURZWK� UDWH�� 89� UHVLVWDQFH� DQG�
DPSKRWHULFLQ�%� UHVLVWDQFH�� &RPSDUDWLYH�
JHQRPLFV� DSSURDFKHV� ZHUH� XVHG� WR� LGHQWLI\�
SK\ORJHQHWLF� UHODWLRQVKLSV� DQG� FRPPRQ� VLQJOH�
QXFOHRWLGH� YDULDQWV�� 7KHVH� GDWD� ZHUH� LQWHJUDWHG�
ZLWK� YLUXOHQFH� GDWD� JHQHUDWHG� LQ� DQ� LQYHUWHEUDWH�
LQIHFWLRQ� PRGHO�� XVLQJ� 7HQHEULR� PROLWRU� ODUYDH�
�PHDOZRUPV���WR�GHWHUPLQH�WKH�UHOHYDQFH�RI�IXQJDO�
YDULDWLRQ� WR� FOLQLFDO� RXWFRPHV�� LGHQWLI\� SRWHQWLDO�
YLUXOHQFH�IDFWRUV�DQG�EXLOG�RXU�XQGHUVWDQGLQJ�RI�$��
IXPLJDWXV�SDWKRJHQHVLV�LQ� LQYDVLYH�DVSHUJLOORVLV��
,W�ZDV� IRXQG�WKDW� LVRODWHV� IURP�FDVHV�RI� ,$�JUHZ�
PRUH� VORZO\� LQ� QXWULHQW�ULFK� HQYLURQPHQWV� WKDQ�
FRORQLVLQJ� LVRODWHV�� ,$� LVRODWHV� ZHUH� DOVR� OHVV�
YLUXOHQW� LQ� WKH� LQIHFWLRQ� PRGHO�� 7KH� FRUUHODWLRQ�
EHWZHHQ� FOLQLFDO� RULJLQ� DQG� PRGHOOHG� YLUXOHQFH�
VXJJHVWV�D�FRQWULEXWLRQ�RI�IXQJDO�ELRORJ\�WRZDUGV�

FOLQLFDO�RXWFRPHV��7KH�ORZ�PRGHOOHG�YLUXOHQFH�RI�
,$� LVRODWHV� UHODWLYH� WR� FRORQLVHUV� VXJJHVWV� WKH�
ELRORJ\� RI� ,$� LVRODWHV� PD\� EH� RSWLPLVHG� IRU�
RYHUFRPLQJ�FOLQLFDO�FKDOOHQJHV�QRW�PRGHOOHG�LQ�7��
PROLWRU�ODUYDH��� �
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2WKHU�DEVWUDFWV�
�

'HYHORSPHQW�RI�D�IORZ�F\WRPHWU\�EDVHG�FRPSHWLWLYH�
ILWQHVV�DVVD\�WR�YDOLGDWH�D�QRYHO��LQ�YLWUR�PRGHO�IRU�
&DQGLGD�DOELFDQV�FRORQLVDWLRQ�RI�WKH�FRORQ���

3URNRS��0�'����/DL��<�:���DQG�/HQDUGRQ��0�'����

�6FKRRO� RI� %LRWHFKQRORJ\� DQG�%LRPROHFXODU� 6FLHQFHV��
816:�6\GQH\��16:��������

7KH�PRVW� FRPPRQ� VRXUFH�RI� OLIH�WKUHDWHQLQJ�V\VWHPLF�
LQIHFWLRQV�FDXVHG�E\�&DQGLGD�DOELFDQV� LV� WKH� UHVHUYRLU�
RI� WKH� IXQJXV� OLYLQJ� FRPPHQVDOO\� ZLWKLQ� WKH� SDWLHQW¶V�
JDVWURLQWHVWLQDO� �*,�� WUDFW�� 'XH� WR� WKH� OLPLWDWLRQV� RI�
H[LVWLQJ� DQLPDO� PRGHOV�� OLWWOH� LV� NQRZQ� DERXW� KRZ�
&��DOELFDQV� LQWHUDFWV� ZLWK� WKH�*,�PLFURELRWD� GXULQJ�*,�
FRORQLVDWLRQ�� :H� KDYH� WKHUHIRUH� GHYHORSHG� D� QRYHO�
LQ�YLWUR� WZR�SKDVH� DQDHURELF� IHUPHQWDWLRQ� V\VWHP�� WKH�
FRORQ� PLFURFRVP�� WKDW� VLPXODWHV� WKH� KXPDQ� FRORQ�
PLFURHQYLURQPHQW�DQG�FDQ�EH�H[SORLWHG�WR�GHWHUPLQH�WKH�
DGDSWLYH�PHFKDQLVPV�WKDW�HQDEOH�&��DOELFDQV�WR�SHUVLVW�
LQ�WKH�FRORQ�LQ�WKH�SUHVHQFH�RI�WKH�*,�PLFURELRWD��

$V� SDUW� RI� WKH� YDOLGDWLRQ� RI� WKLV� QHZ� PRGHO�� D� IORZ�
F\WRPHWU\�EDVHG� FRPSHWLWLYH� ILWQHVV� DVVD\� KDV� EHHQ�
GHYHORSHG� DQG� RSWLPLVHG�� &��DOELFDQV� ZLOG�W\SH� DQG�
PXWDQW� VWUDLQV� FRQVWLWXWLYHO\� H[SUHVVLQJ� HLWKHU� JUHHQ�
�*)3��RU�UHG��G7RPDWR��IOXRUHVFHQW�SURWHLQV�KDYH�EHHQ�
FRQVWUXFWHG��3DLUV�RI�VWUDLQV�DUH�EHLQJ�FRPSHWHG�DJDLQVW�
HDFK� RWKHU� IRU� ���K� LQ� WKH� FRORQ� PLFURFRVP�� 7KH�
DEXQGDQFH� RI� HDFK� VWUDLQ� DW� W �� DQG� W ���K� ZLOO� EH�
DVVHVVHG� E\� IORZ� F\WRPHWU\� DQG� XVHG� WR� GHWHUPLQH�
UHODWLYH� ILWQHVV� RI� WKH� WZR� VWUDLQV� LQ� FRORQ� VLPXODWLQJ�
FRQGLWLRQV�� 7KH� UHVXOWV� IURP� WKHVH� DVVD\V� ZLOO� EH�
FRPSDUHG� WR� SXEOLVKHG� GDWD� IURP� FRPSDUDEOH�
H[SHULPHQWV�SHUIRUPHG�LQ�PRXVH�PRGHOV�RI�&��DOELFDQV�
*,� FRORQLVDWLRQ� WR� GHWHUPLQH� ZKHUH� RXU� PRGHO� VLWV� LQ�
UHODWLRQ�WR�WKH�FXUUHQW�OLWHUDWXUH��
�
$Q�LQH[SHQVLYH�� UDSLG��HIILFLHQW�SURWRFRO�IRU� WKH�
LGHQWLILFDWLRQ� RI� 6DFFKDURP\FHV� FHUHYLVLDH�
PDWLQJ�W\SHV��
$UUDV�6'0���0LWVXJL�0F+DWWLH�/���+HUPDQQ�/H�'HQPDW�
6���:RRGV�0$���-RKQVRQ�&(��DQG�*DQOH\�$5'���
�6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLW\�RI�$XFNODQG��
$XFNODQG��1HZ�=HDODQG�
�,QVWLWXWH� RI� 1DWXUDO� DQG� 0DWKHPDWLFDO� 6FLHQFHV��
0DVVH\�8QLYHUVLW\��$XFNODQG��1HZ�=HDODQG�

7KH�EXGGLQJ�\HDVW�6DFFKDURP\FHV�FHUHYLVLDH�LV�D�ORQJ�
HVWDEOLVKHG�� ZLGHO\� NQRZQ� JHQHWLF� PRGHO�� ,W� FDQ� EH�
PDLQWDLQHG� LQ� KDSORLG� DQG� GLSORLG� IRUPV��PDNLQJ� LW� DQ�
H[FHSWLRQDO� JHQHWLF� V\VWHP� ZLWK� ZKLFK� WR� SHUIRUP�
JHQHWLF� FURVVHV�� 6XFK� FURVVHV� DUH� UDWKHU�
VWUDLJKWIRUZDUG��DV�ORQJ�DV�WKH�PDWLQJ�W\SH�DQG�SORLG\�RI�
WKH�VWUDLQV�DUH� NQRZQ��+DSORLG�6�� FHUHYLVLDH� FHOOV�DUH�
HLWKHU�0$7D�RU�0$7Į�PDWLQJ�W\SH��DQG�GHWHUPLQDWLRQ�RI�

PDWLQJ� W\SH� �RU� SORLG\�� LV� FODVVLFDOO\� SHUIRUPHG� E\�
FURVVLQJ� ZLWK� WHVW� 0$7D� DQG� 0$7Į� VWUDLQV� DQG�
REVHUYLQJ� PDWLQJ� WKURXJK� WKH� IRUPDWLRQ� RI� GLSORLG�
µVFKPRR¶�FHOOV�XQGHU�WKH�PLFURVFRSH��+RZHYHU��YLVLEOH�
PDWLQJ�IRUPDWLRQ�FDQ�EH�HSKHPHUDO�DQG�LV�W\SLFDOO\�RQO\�
REVHUYHG� LQ� D� VPDOO� QXPEHU� RI� FHOOV�� UHGXFLQJ� WKH�
UREXVWQHVV�RI�WKH�DVVD\��$QRWKHU�DSSURDFK�LV�3&5��EXW�
WKLV� LV� UHODWLYHO\� H[SHQVLYH� DQG� ODERULRXV�� +HUH� ZH�
YDOLGDWHG�D�VLPSOH��FKHDS�DQG�UREXVW�DOWHUQDWLYH�PHWKRG�
WR� HQDEOH� UDSLG� LGHQWLILFDWLRQ� RI� 6�� FHUHYLVLDH� PDWLQJ�
W\SHV��:KHQ�FHOOV�RI�RSSRVLWH�PDWLQJ�W\SH�DUH�PL[HG�LQ�
OLTXLG�PHGLD�� WKH\�XQGHUJR�D�FKDQJH� LQ�GHQVLW\�DQG�RU�
IORFFXODWLRQ� WKDW� FDQ� HDVLO\� EH� GHWHFWHG� YLVXDOO\� LQ� D�
FXOWXUH� WXEH��DV�D� µFUHHSLQJ¶�FORXG�XS� WKH�VLGHV�RI� WKH�
FXOWXUH�YHVVHO��0L[WXUHV�RI�FHOOV�RI�WKH�VDPH�PDWLQJ�W\SH�
RU�ZLWK�D�GLSORLG�VWUDLQ�V��FDQ�HDVLO\�EH�GLVWLQJXLVKHG��DV�
WKH\� MXVW� VHWWOH� RXW� RYHU� WKH� VDPH� WLPH� GXUDWLRQ�� 7KLV�
PHWKRG� GRHV� QRW� UHTXLUH� VSHFLDOL]HG� HTXLSPHQW�� LV�
UREXVW�WR�GLIIHUHQW�PHGLD��GLIIHUHQW�6��FHUHYLVLDH�VWUDLQV��
DQG� WKH� GLIIHUHQW� SURSRUWLRQV� RI� WKH� WZR� VWUDLQV��
)XUWKHUPRUH�� LW� FDQ�EH�VFDOHG� WR� ���ZHOO� SODWH� IRUPDW��
DQG� WKH� µFUHHSLQJ¶� FORXG� SKHQRW\SH� LV� REVHUYDEOH� IRU�
VHYHUDO� GD\V� DQG� WKXV� LV� OHVV� WUDQVLHQW� WKDQ� µVFKPRR¶�
IRUPDWLRQ��7KH�VLPSOLFLW\�DQG�UREXVWQHVV�RI�WKLV�PHWKRG�
PDNHV� LW� LGHDOO\� VXLWHG� IRU� URXWLQH� YHULILFDWLRQ� RI� 6��
FHUHYLVLDH� PDWLQJ� W\SH� DQG� FRXOG� IRUP� DQ� HIIHFWLYH�
DSSURDFK� WR� VFUHHQ� IRU� JHQHV� WKDW� SOD\� D� UROH� LQ� WKH�
SKHQRW\SH��
�

7KH� LQRVLWRO� S\URSKRVSKDWH� ,3�� LV� FULWLFDO� IRU�
3+2� SDWKZD\� DFWLYDWLRQ� LQ� &U\SWRFRFFXV�
QHRIRUPDQV�
'HVPDULQL� 'HVPDULQL������� 6RSKLH� /HY�������
'RURWKHD� )LHGOHU��� 7DQLD� &� 6RUUHOO������� DQG�
-XOLDQQH�7HUHVD�'MRUGMHYLF������
�&HQWUH�IRU�,QIHFWLRXV�'LVHDVHV�DQG�0LFURELRORJ\��
7KH� :HVWPHDG� ,QVWLWXWH� IRU� 0HGLFDO� 5HVHDUFK��
6\GQH\��16:��$XVWUDOLD��
�6\GQH\�0HGLFDO�6FKRRO�:HVWPHDG��8QLYHUVLW\�RI�
6\GQH\��6\GQH\��16:��$XVWUDOLD���
�0DULH�%DVKLU�,QVWLWXWH�IRU�,QIHFWLRXV�'LVHDVHV�DQG�
%LRVHFXULW\��8QLYHUVLW\�RI�6\GQH\��6\GQH\��16:��
$XVWUDOLD���
�/HLEQL]�)RUVFKXQJVLQVWLWXW� I�U� 0ROHNXODUH�
3KDUPDNRORJLH�LP�)RUVFKXQJVYHUEXQG�%HUOLQ�
H�9���)03��&DPSXV�%HUOLQ�%XFK�5REHUW�5RHVVOH�
6WU�����������%HUOLQ��*HUPDQ\��

,Q� WKH� KXPDQ� IXQJDO� SDWKRJHQ� &U\SWRFRFFXV�
QHRIRUPDQV��DFWLYDWLRQ�RI�WKH�SKRVSKDWH�VLJQDOOLQJ�
DQG�DFTXLVLWLRQ��3+2��SDWKZD\�DQG�SURGXFWLRQ�RI�
WKH� LQRVLWRO�S\URSKRVSKDWH���33�,3�� �,3���E\� WKH�
,3�� NLQDVH�� .FV��� DUH� HVVHQWLDO� IRU� IXQJDO�
GLVVHPLQDWLRQ� WR� WKH� KRVW� EUDLQ� DQG� LQGXFWLRQ� RI�
IDWDO�PHQLQJLWLV��$FWLYDWLRQ�RI�WKH�3+2�SDWKZD\�LV�
WULJJHUHG� E\� D� F\FOLQ�GHSHQGHQW� NLQDVH� �&'.��
FRPSOH[�FRPSULVHG�RI�WKH�&'.��3KR�����D�F\FOLQ�
�3KR����DQG�D�&'.�LQKLELWRU��3KR�����*LYHQ�WKDW�
3KR��� FRQWDLQV� DQ� 63;� GRPDLQ� DQG� 63;�
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GRPDLQV� FDQ� ELQG� LQRVLWRO� S\URSKRVSKDWHV� LQ�
HXNDU\RWLF� FHOOV�� ZH� K\SRWKHVL]HG� WKDW� ,3��
LQWHUDFWLRQ� ZLWK� WKH� 63;� GRPDLQ� RI� 3KR��� LV�
HVVHQWLDO�IRU�3+2�SDWKZD\�DFWLYDWLRQ���
7R�LQYHVWLJDWH�WKLV��ZH�XVHG�VHTXHQFH�DOLJQPHQW�
WR� LGHQWLI\� D� O\VLQH� VXUIDFH� FOXVWHU� �.6&�� LQ� WKH�
63;� GRPDLQ� RI� 3KR��� SXWDWLYHO\� LQYROYHG� LQ�
IRUPLQJ�HOHFWURVWDWLF�LQWHUDFWLRQV�ZLWK�,3���:H�WKHQ�
XVHG� VLWH�GLUHFWHG� PXWDJHQHVLV� WR� PRGLI\� WKHVH�
O\VLQH� UHVLGXHV� WR� DODQLQH�� DQG� DIILQLW\�
FKURPDWRJUDSK\� DQG� :HVWHUQ� EORWWLQJ� WR�
GHWHUPLQH�ZKHWKHU�WKH\�HQDEOH�3KR���WR�ELQG�WR�D�
FXVWRP�PDGH� ,3�� DIILQLW\� UHVLQ�� :H� DOVR�
GHWHUPLQHG� WKH� HIIHFW� RI� GLVUXSWLQJ� 3KR���,3��
LQWHUDFWLRQ� RQ� 3+2� SDWKZD\� DFWLYDWLRQ� DQG�
YLUXOHQFH� LQ� D� PRXVH� LQKDODWLRQ� PRGHO� RI�
FU\SWRFRFFRVLV���
2XU� UHVXOWV� VKRZ� WKDW� ,3�� SK\VLFDOO\� DVVRFLDWHV�
ZLWK� WKH�63;�GRPDLQ�RI�3KR���YLD� WKH�.6&�DQG�
WKDW�WKLV�DVVRFLDWLRQ�LV�HVVHQWLDO�IRU�3+2�SDWKZD\�
DFWLYDWLRQ��7KLV�LV�LQ�FRQWUDVW�WR�WKH�PRGHO�\HDVW��
6DFFKDURP\FHV�FHUHYLVLDH��ZKHUH�,3��VXSSUHVVHV�
3+2�SDWKZD\�DFWLYDWLRQ��'HVSLWH�WKH�,3��ELQGLQJ�
GHIHFWLYH�VWUDLQ�KDYLQJ�D�VLPLODU�YLUXOHQFH�SURILOH�
WR� WKH�:7�VWUDLQ� LQ�YLWUR�� LW�ZDV�XQDEOH� WR�FDXVH�
GLVHDVH� LQ� PLFH�� 2XU� UHVXOWV� KLJKOLJKW� WKH�
RFFXUUHQFH� RI� HYROXWLRQDU\� FKDQJHV� LQ� 3+2�
SDWKZD\�UHJXODWLRQ�WKDW�FRQWULEXWH�WR�WKH�YLUXOHQFH�
UHSHUWRLUH� RI� D� IXQJDO� SDWKRJHQ� RI� PHGLFDO�
VLJQLILFDQFH� DQG� WKDW� GLVUXSWLRQ� RI� ,3��3KR���
LQWHUDFWLRQ�LV�D�SRWHQWLDO�DQWLIXQJDO�VWUDWHJ\���
� �
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