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7KH�LQWHJUDWHG�YHFWRU�PDQDJHPHQW��,90��LV�D�QHZ�FRQFHSW�WR�RSWLPL]H WKH�XVH�RI�UHVRXUFHV�
WR�PD[LPL]H WKH�HIILFDF\�DQG�VXVWDLQDELOLW\�RI� WKH�YHFWRU� FRQWURO��&RQVLGHULQJ� WKH�H[FHOOHQW
SHUIRUPDQFHV� RI� 0HWDUKL]LXP� DQLVRSOLDH IXQJL� DQG� ,SRPRHD� FDLULFD OHDI H[WUDFW� DJDLQVW�
$HGHV ODUYDH��KHUH�ZH�LQYHVWLJDWHG�WKH�SRVVLELOLW\�RI�LQWHJUDWHG�V\QHUJLVP�HIIHFWV�RI WKHVH�WZR�
QDWXUDO�DJHQWV� LQWR�RQH� IRUPXODWLRQ��7KH� ODUYLFLGDO�HIIHFWLYHQHVV�DQG� WKH�SHUVLVWHQFH�RI� WKLV�
IRUPXODWLRQ� ZHUH� WHVWHG DJDLQVW� SULPDU\� DQG� VHFRQGDU\� YHFWRUV� RI� GHQJXH� IHYHU�� $HGHV�
DHJ\SWL DQG�$H��DOERSLFWXV� 7KH VWXG\�UHYHDOHG�WKH�FRPSDWLELOLW\�RI�,��FDLULFD OHDI�H[WUDFWV�DQG�
0�� DQLVRSOLDH IXQJL� ZDV� DW� WKH� PD[LPXP� OHYHO� RI� ���� SSP� DQG� �� î� ��� FRQLGLD�P/��
UHVSHFWLYHO\�� LQ ZKLFK� ZHUH� DEOH� WR� HQGXUH� WKH� VSRUH� SURGXFWLRQ� RI� 0�� DQLVRSOLDH E\
HVWLPDWLQJ� XVLQJ� FXUYHV� HVWLPDWLRQ� UHJUHVVLRQ�PRGHOV�� 7KH� V\QHUJLVWLF� HIIHFWV� RI� WKHVH� WZR
LQWHJUDWHG DJHQWV�KDG�VKRZQ�KLJK�VXVFHSWLELOLW\�DQG�FDXVHG� IDVWHU�ODUYDO�PRUWDOLW\�IRU�$HGHV�
DOERSLFWXV DW������ZLWKLQ�� GD\V�RI�WKH�WUHDWPHQW�SHULRGV DQG����GD\V�IRU�$H��DHJ\SWL��7KH�
HIIHFWLYHQHVV� RI� WKHVH� LQWHJUDWHG� DJHQWV� ZDV� UHGXFHG WR� OHVV� WKDQ� ���� DIWHU� GD\� ���� 7KH�
FXUUHQW� ILQGLQJ� VKRZV� WKDW� WKH� FRPELQDWLRQ� RI�0�� DQLVRSOLDH ZLWK� ,�� FDLULFD FDQ� SURGXFH�
VWURQJ�V\QHUJLVWLF�LQWHUDFWLRQ�MXVWLILHG�WKH�SRVVLELOLWLHV�RI�FRPELQLQJ�WKHVH�WZR�DJHQWV�LQWR�RQH�
IRUPXODWLRQ�DQG�FDQ�SURORQJ�WKH�HIIHFWLYHQHVV�LQ�FRQWUROOLQJ�WKH�GHQJXH�YHFWRUV��,Q�IDFWV��WKH�
HIIHFWLYHQHVV�RI�WKLV�IRUPXODWLRQ�WRZDUGV�ERWK�$HGHV ODUYDH�KDV�DSSURYHG�WKH�SRWHQWLDO�WR�EH�
XVHG�LQ�,90�WR�FXUE�GHQJXH�GLVHDVHV�

.H\ZRUGV�� $HGHV�� ,QWHJUDWHG� 9HFWRU� 0DQDJHPHQW�� ,SRPRHD FDLULFD�� 0HWDUKL]LXP�
DQLVRSOLDH��6\QHUJLVP

$%675$.

3HQJXUXVDQ� SHURVDN� EHUVHSDGX� �,90�� PHUXSDNDQ� NRQVHS� EDUX� EDJL� PHQJRSWLPXP�
SHQJJXQDDQ� VXPEHU� XQWXN� PHPDNVLPXPNDQ� NHEHUNHVDQ� GDQ� NHOHVWDULDQ� NDZDODQ� YHNWRU��
'HQJDQ� PHQJDPELONLUD� SUHVWDVL� FHPHUODQJ� ROHK� NXODW 0HWDUKL]LXP� DQLVRSOLDH� GDQ� HNVWUDN�
GDXQ ,SRPHRD� FDLULFD WHUKDGDS� WHUKDGDS� ODUYD�$HGHV�� NDPL�PHQJNDML� NHEDUDQJNDOLDQ�NHVDQ�
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VLQHUJLVPH�EHUVHSDGX�GL�DQWDUD�NHGXD�DJHQ�VHPXODMDGL�GL�GDODP�VDWX�IRUPXODVL��.HEHUNHVDQDQ�
ODUYLVLGDO� GDQ� NHULQWDQJDQ� IRUPXODVL� LQL� GLXML� WHUKDGDS� YHNWRU� XWDPD GDQ� NHGXD� GHPDP�
GHQJJL��$HGHV� DOERSLFWXV GDQ�$H� DHJ\SWL�� .DMLDQ�PHQXQMXNNDQ� NHVHUDVLDQ� HNVWUDN� GDXQ� ,��
FDLULFD�GDQ�NXODW�0��DQLVRSOLDH�DGDODK�SDGD�WDKDS�PDNVLPD�����SSP�GDQ���î���� FRQLGLD�P/��
\DQJ� PDQD� PDPSX� XQWXN� EHUODQVXQJ� WHUXV� GHQJDQ� SURGXNVL� VSRUD� 0�� DQLVRSOLDH�
PHQJJXQDNDQ� DQJJDUDQ� PRGHO� UHJUDVL�� .HVDQ� VLQHUJLVPH� ROHK� NHGXD� DJHQ� LQWHJUDVL�
PHQXQMXNNDQ� NHUHQWDQDQ� \DQJ� WLQJJL� GDQ� PHQ\HEDENDQ� NHPDWLDQ� ODUYD� \DQJ� OHELK� FHSDW�
WHUKDGDS�$HGHV�DOERSLFWXV SDGD�WDKDS����� GDODP�WHPSRK���KDUL�WHPSRK�UDZDWDQ�GDQ ���KDUL�
XQWXN�$H�� DHJ\SWL��.HEHUNHVDQDQ� LQWHJUDVL� DJHQ�PHQXUXQ� VHKLJJD� ���� VHOHSDV� KDUL� NH�����
+DVLO� NDMLDQ� VHPDVD� PHQXQMXNNDQ� NRPELQDVL� 0�� DQLVRSOLDH GHQJDQ� ,�� FDLULFD� EROHK�
PHQJKDVLONDQ� LQWHUDNVL� VLQHUJDWLN� \DQJ� NXDW� PHPEHULNDQ� MXVWLILNDVL� NHEDUDQJNDOLDQ� XQWXN�
PHQJJDEXQJNDQ�NHGXD�DJHQ�GL�GDODP�VDWX�IRUPXODVL�GDQ�EROHK�PHPDQMDQJNDQ�NHEHUNHVDQDQ�
GDODP SHQJDZDODQ YHNWRU� GHJJL�� 6HFDUD� IDNWD�� NHEHUNHVDQDQ� IRUPXODVL� LQL� WHUKDGDS� NHGXD�
ODUYD�$HGHV�PHPEXNWLNDQ� SRWHQVL� XQWXN� GLJXQDNDQ� GDODP� ,90� XQWXN� PHQFHJDK� SHQ\DNLW�
GHQJJL��

.DWD� NXQFL� $HGHV� 3HQJXUXVDQ� 9HNWRU� %HUVHSDGX� ,SRPRHD� FDLULFD�� 0HWDUKL]LXP�
DQLVRSOLDH��6LQHUJLVPH�

,1752'8&7,21

$HGHV�DHJ\SWL DQG�$��DOERSLFWXV DUH�WKH�LQFULPLQDWHG�GHQJXH�YHFWRUV�SUHIHU�WR�EUHHG�LQ�QDWXUDO�
DQG� PDQ�PDGH� FRQWDLQHUV� �0DG]ODQ� HW� DO�� ������ WKDW� UHVSRQVLEOH� IRU� WKH� JUHDW� VWULGHV� RI�
GHQJXH� WUDQVPLVVLRQV� LQ�0DOD\VLD� �&KHQ�HW� DO� ������� ,Q�0DOD\VLD�� WKH�PDLQ GHQJXH�YHFWRU�
FRQWURO� PHWKRGV� UHO\� H[WHQVLYHO\� RQ� FKHPLFDO� LQVHFWLFLGHV� WR� FRQWURO� WKH� ULVN� RI� GHQJXH�
UHLQIHVWDWLRQ�DQG�UHGXFH�WKH�WDUJHW�$HGHV SRSXODWLRQ�LQYROYHG�LQ�WKH�GHQJXH�WUDQVPLVVLRQ�DUHD�
�/HH ������� $OWKRXJK� WKH� XVH RI� LQVHFWLFLGH� LV� XVHIXO WR� FRQWURO� WKH� ODUYDO� DQG� DGXOW�
SRSXODWLRQV� RI�$HGHV PRVTXLWRHV�� \HW� WKH� HIIHFW� RI� H[WHQVLYH� XVDJHV� ZLOO� DIIHFW� QRQ�WDUJHW�
LQVHFWV�� DFFXPXODWLRQ� RI� WR[LF� LQ� WKH� HQYLURQPHQW� DQG� UDSLG� GHYHORSPHQW� RI� LQVHFWLFLGH�
UHVLVWDQFH� �)UHQWLX� HW� DO�� ������ 3DXOD� HW� DO�� ������� 7KH� FRQFHSW� RI� LQWHJUDWHG� YHFWRU�
PDQDJHPHQW� LV� D� FRPELQDWLRQ� RI�PRUH� WKDQ� WZR�PDQDJHPHQW� DSSURDFKHV�ZLWK� WKH� SULPDU\
JRDOV�WR�LPSURYH�WKH�HIILFDF\��FRVW�HIIHFWLYHQHVV DQG�VXVWDLQDELOLW\�RI�YHFWRU�FRQWURO�SURJUDP��
2QH�RI�WKH�OHDGLQJ�FDQGLGDWHV�IRU�PRVTXLWR�FRQWURO�LV�HQWRPRSDWKRJHQLF IXQJXV��0HWDUKL]LXP�
DQLVRSOLDH �)UHQWLX�HW�DO� �������+RZHYHU�� WKH�HIILFLHQF\�RI� WKLV�IXQJXV� LV� OLPLWHG GXH�WR� LWV�
VORZ�NLOOLQJ�DFWLYLWLHV��ORZ�SHUVLVWHQFH LQ�HQYLURQPHQWV��VSRUH�YLDELOLW\�DQG�QXPEHU�RI�VSRUHV�
DYDLODEOH� WR� IXOILO� WKH� QHHGHG� IRU� HIIHFWLYH� FRQWURO� �.DPDUHGGLQH� HW� DO� �������*LYHQ� WKHVH�
FRQIRXQGLQJ� IDFWRUV�� WKH� HIILFDF\� RI�0�� DQLVRSOLDH FRXOG� EH� HQKDQFHG E\� FRPELQLQJ� ZLWK�
RWKHU�QDWXUDO�DJHQWV�WKURXJK�DQ�LQWHJUDWHG DFWLRQ�NQRZQ�DV�V\QHUJLVP��6\QHUJLVP�DFWLRQ�ZLOO�
LQFUHDVH� WKH�SRWHQF\�RI� HDFK�FRPSRQHQW�ZLWKLQ� WKH�PL[WXUH�JLYHQ�D�FRPELQHG�HIIHFW�RI� WKH�
QHZ IRUPXODWHG�PL[WXUH�JUHDWHU�WKDQ LQGLYLGXDO�HIIHFWV��%KDQ�HW�DO� ������ +HUH��ZH�GHVLJQHG�
WKH�LQWHJUDWHG�DJHQWV�EHWZHHQ�0��DQLVRSOLDH IXQJL�DQG�,��FDLULFD SODQW�H[WUDFW�WR�LQFUHDVH�WKH�
HIIHFWLYHQHVV�DQG�WR�SURORQJ�WKHLU�UHVLGXDO��7KH�DSSOLFDWLRQ�RI�ODUYLFLGHV�IURP�SODQW�H[WUDFWV�
GHULYDWLYH�DOVR�KDG�EHHQ�SURYHQ�DV�RQH�RI�WKH�SRWHQWLDO PRVTXLWR�FRQWURO�DJHQWV��*KRVK�HW�DO�
������� ,SRPRHD� FDLULFD�� PRUQLQJ� JORU\�� D� ZLGHO\� JURZLQJ� VKUXE� LQ�0DOD\VLD� UHFHQWO\� KDV
UHFHLYHG� FRQVLGHUDEOH� DWWHQWLRQ� DV� D� QHZ� SRWHQWLDO� ELRDFWLYH� DJHQW� LQ� WKH� YHFWRU� FRQWURO�
PDQDJHPHQW� �$KEL5DPL� HW� DO�� ������ 7KLDJDOHWFKXPL� HW� DO� ������ +HUH�ZH� VWXGLHG� IRU� WKH�
ILUVW�WLPH�WKH�FRPELQDWLRQ�RI�,��FDLULFD OHDI�H[WUDFWV�ZLWK�0��DQLVRSOLDH DV�D�QHZO\ IRUPXODWHG�
ELR�ODUYLFLGHV�� 7KH� FRPELQHG� DFWLRQ� RI� WKHVH� ERWK� DJHQWV� LV� H[SHFWHG� WR� IDFLOLWDWH� WKH�
ODUYLFLGDO� DFWLRQ� DJDLQVW� $HGHV ODUYDH� E\� WKH� UDSLG� ODUYLFLGDO� DFWLRQ� IURP� ,�� FDLULFD OHDI�
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H[WUDFWV� DQG WKH� VXUYLYDO� ODUYDH� ZLOO� EH� NLOOHG� E\� WKH� VORZHU� ODUYLFLGDO� DFWLRQ IURP� 0��
DQLVRSOLDH IRU�WKH�SURORQJHG DFWLRQ�

0$7(5,$/6�$1'�0(7+2'6

5HDULQJ�RI�0RVTXLWRHV
7KH� 9HFWRU� &RQWURO� 5HVHDUFK� 8QLW� �9&58� ODERUDWRU\� VWUDLQV� RI� $H�� DOERSLFWXV DQG� $H��
DHJ\SWL XVHG� LQ� WKLV� VWXG\� KDG� EHHQ� HVWDEOLVKHG� DQG� PDLQWDLQHG� LQ� WKH� (QWRPRORJ\�
/DERUDWRU\��9HFWRU�&RQWURO�5HVHDUFK�8QLW��8QLYHUVLWL�6DLQV�0DOD\VLD� DW� WKH� WHPSHUDWXUH�RI�
�����&� DQG� ������� UHODWLYH� KXPLGLW\�� 7KH� PRVTXLWRHV ZHUH UHDUHG XQWLO� UHDFKHG� �UG DQG�
HDUO\��WK LQVWDU�WR�EH�XVHG LQ�WKH�ODUYLFLGDO�DVVD\�H[SHULPHQWV��

3ODQW�([WUDFW
7KH�SODQW� VDPSOHV RI� ,�� FDLULFD ZDV�FROOHFWHG�DURXQG�8QLYHUVLWL�6DLQV�0DOD\VLD�� VHJUHJDWHG�
DQG�GULHG�XQGHU�URRP�WHPSHUDWXUH�IRU�DERXW�WZR�ZHHNV��7KH�GULHG�OHDYHV�ZHUH�PHFKDQLFDOO\�
JURXQG�LQWR�ILQH�SRZGHUV�XVLQJ�D�FRPPHUFLDO EOHQGHU��3DQDVRQLF��0;����70��WR�SURYLGH�D�
JUHDWHU�VXUIDFH�DUHD�GXULQJ�WKH�H[WUDFWLRQ SURFHVV� /HDYHV�SRZGHUV�DW���JP�ZHUH�LQVHUWHG�LQWR�
WKH�SDSHU�WKLPEOH�DQG�H[WUDFWHG�XVLQJ�6R[KOHW�DSSDUDWXV��$FHWRQH�ZDV�FKRVHQ DV�WKH�VROYHQW�
ZLWK�WKH�ERLOLQJ�SRLQW�DW������& DQG�H[WUDFWHG�IRU�WKUHH F\FOHV� 7KH�FUXGH�\LHOG�WKHQ�IXUWKHU�
GULHG� XS� XVLQJ� URWDU\� HYDSRUDWRU� �%UDQG�%XFKL�� DQG NHSW� LQ� WKH� IULGJH� DW� �ஈ&� XQWLO� IXUWKHU�
XVHG��7KH�VHULDO�FRQFHQWUDWLRQ�RI�,��FDLULFD IRU� ODUYDO�ELRDVVD\�WHVWLQJ�ZDV�SUHSDUHG UDQJLQJ
IURP���� �����SSP�GLOXWHG�LQ�GLVWLOOHG�ZDWHU��

)XQJL�&XOWXUH
(QWRPRSDWKRJHQLF�IXQJL��0��DQLVRSOLDH 0(7$�*��VWUDLQ ZDV�LVRODWHG�IURP�DJULFXOWXUDO VRLO�
LQ�)HOGD�7HQDQJ��6HWLX�� 7HUHQJJDQX�� 3ULRU� WR WKH� H[SHULPHQW�� WKH� IXQJL� FRORQLHV�ZHUH� VXE�
FXOWXUHG�RQ�3'$�DWࡈ����&�IRU����GD\V�EHIRUH�EHLQJ�XVHG�LQ�WKH�H[SHULPHQW��7KH�WRWDO�FRQLGLDO�
VSRUHV� FRXQWHG� XVLQJ� KDHPRF\WRPHWHU� DQG� ZHUH� PXOWLSOLHG� E\� ������� ���ၪ�� LQGLFDWHG� WKH�
FXUUHQW�ILQDO�FRQLGLDO�VXVSHQVLRQ�FRQFHQWUDWLRQV��

0LQLPXP�,QKDELWDWLRQ�&RQFHQWUDWLRQ��0,&��7HVW
$�VHULHV�RI�,��FDLULFD H[WUDFWV�ZHUH�SUHSDUHG� WR� WHVW� WKH�PLQLPXP�FRQFHQWUDWLRQ� WKDW� HIIHFWV
WKH�0��DQLVRSOLDH IXQJL�JURZWK��)RU�WKH�ELRDVVD\�����ȝ/�DOLTXRWV�RI�H[WUDFWV�UDQJLQJ�EHWZHHQ�
�������SSP� ZHUH� LQRFXODWHG� LQWR� D� VHPL�VROLGLILHG� 3'$� LQ� SHWUL GLVKHV DQG� DOORZHG� WR�
VROLGLI\�LQVLGH�WKH�ODPLQDU�IORZ��7KH�LQLWLDO�VWDQGDUG�IXQJDO�DW��[���� FRQLGLD�PO�ZHUH VSUHDG�
RQ�WKH�3'$�ZLWK�,��FDLULFD H[WUDFWV�DQG NHSW�LQ WKH GDUN VWRUDJH�DW����& IRU�WKH�JHUPLQDWLRQ�
SURFHVV��7KH�JURZWK�RI�P\FHOLD�PDW�ZDV�FKHFNHG RQ�GD\��� DQG WKH�VSRUHV�ZHUH FDOFXODWHG�
XVLQJ�KDHPRF\WRPHWHU��7KH�FXUYHV�HVWLPDWLRQ�UHJUHVVLRQ�PRGHO�ZDV�SORWWHG DIWHUZDUGV��

6\QHUJLVP�(IIHFWV
7ZHQW\�PRVTXLWR�ODUYDH�RI�WKH��UG DQG�HDUO\��WK LQVWDU�ZDV�SUHSDUHG LQ�SDSHU�FXSV�VL]HG��FP�î�
����FP�î����FP�ZLWK����PO�RI�VHDVRQHG ZDWHU��6HDVRQHG�ZDWHU�LV�WKH�ZDWHU�WKDW�ZDV�OHIW�IRU�
PRUH� WKDQ� ��� KRXUV� WR� UHGXFH� WKH� FKORULQH� FRQWHQW�� $�PL[WXUH� RI� ���SSP� ,�� FDLULFD SODQW�
H[WUDFWV�DQG�0��DQLVRSOLDH IXQJDO�VXVSHQVLRQV�DW��[���� FRQLGLD�PO�ZDV�SUHSDUHG�DQG�DGGHG�
LQWR�WKH�WHVW�FXSV��7KH�WHVW�ZDV�FDUULHG�RXW�XQGHU�WKH�ODERUDWRU\�FRQGLWLRQV�DW����&������5+�
KXPLGLW\� DQG� ��/�� ��'�� ��K�PRUWDOLW\� ZDV UHFRUGHG� DQG� WKH� UHVLGXDO� HIIHFW� ZDV� FKHFNHG
XQWLO�WKH�HIILFDF\�GHFUHDVHG�WR������%RWK�ELRDVVD\V IRU $H��DOERSLFWXV DQG�$H��DHJ\SWL ODUYDH�
ZHUH�GRQH VHSDUDWHO\�
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6WDWLVWLFDO�$QDO\VLV
7KH� KLJKHVW� FRPSDWLELOLW\� YDOXHV� IURP� WKH� LQWHJUDWHG� V\QHUJLVP HIIHFW� RI� ,�� FDLULFD OHDI�
H[WUDFWV� LQFRUSRUDWHG�ZLWK�0��DQLVRSOLDH FXOWXUH�PHGLXP�ZDV�GHWHUPLQHG E\�XVLQJ� D� FXUYH
HVWLPDWLRQ�UHJUHVVLRQ�PRGHO LQ�6366�������:KHUHDV�� WKH�HIIHFWLYHQHVV�RI� WKHVH�FRPELQDWLRQ�
DJHQWV�RQ� WKH� ODUYDO�PRUWDOLW\� IRU�HDFK�VSHFLHV�DQG� UHVLGXDO WLPH�ZDV�FDOFXODWHG�XVLQJ� WZR�
ZD\�$129$ LQ�6366�������7KH�GDWD�ZHUH ORJ�WUDQVIRUPHG�SULRU�WR DQDO\VLV��

5(68/76

7KH� EHVW� LQWHJUDWHG V\QHUJLVP� HIIHFW� IURP� WKH� FXUYH� HVWLPDWLRQ� UHJUHVVLRQ� EHWZHHQ� 0��
DQLVRSOLDH IXQJL�DQG�,��FDLULFD SODQW�H[WUDFW�ZDV�IRXQG�DW�WKH���[���� FRQLGLD�DQG�����SSP��
UHVSHFWLYHO\�� $W� WKLV� FRPELQDWLRQ�� WKH� VSRUH� IXQJDO� JURZWK� ZDV� IRXQG� JURZLQJ DW� WKH�
PD[LPXP�UDWH�DV�VKRZQ�LQ�)LJXUH����

)LJXUH��� 7KH� FXUYHV� HVWLPDWLRQ� UHJUHVVLRQ� EHWZHHQ� 0HWDUKL]LXP� DQLVRSOLDH DQG�
,SRPRHD�FDLULFD

,Q�WKH�ELRDVVD\�WHVWLQJ��$H��DOERSLFWXV ZDV�PRUH�VXVFHSWLEOH�WR�WKH�LQWHJUDWHG�DJHQWV�DV�
FRPSDUHG�WR�$H��DHJ\SWL��,Q�ZKLFK��WKH�PRUWDOLW\�IRU $H��DOERSLFWXV UHDFKHG������RQ�WKH�GD\
��DQG� IRU�$H��DHJ\SWL ZDV�RQ�GD\ ��� �)LJXUH�����+RZHYHU�� QR VLJQLILFDQW� HIIHFW�ZDV� IRXQG
EHWZHHQ�VSHFLHV��06 �������) �������S ��������7DEOH�����EXW� WKH�WUHDWPHQW�SHULRG�VKRZHG�
VLJQLILFDQW�GLIIHUHQFHV��3��������7KH�PD[LPXP�V\QHUJLVP�HIIHFWV�RQ������PRUWDOLW\�IRU�ERWK�
$HGHV VSHFLHV�ZHUH�RQ�GD\����DQG�WKH�HIIHFWLYHQHVV�UHGXFHG�EHORZ�����DIWHU����GD\V�SRVW�
WUHDWPHQW� 1R�PRUWDOLW\�RQ�ERWK�$HGHV VSHFLHV�ZDV�IRXQG LQ�WKH�FRQWURO�WUHDWPHQW�
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)LJXUH��� 7KH� UHVLGXDO� HIIHFWV� RQ� WKH� ODUYDO� PRUWDOLW\� RI� $HGHV� DOERSLFWXV DQG� $H�
DHJ\SWL DIWHU�WKH�H[SRVXUH�WR�WKH�LQWHJUDWHG�PL[WXUH�RI�0HWDUKL]LXP�DQLVRSOLDH
IXQJL�DQG�,SRPRHD�FDLULFD SODQW�H[WUDFW��7KH�OHWWHU�UHSUHVHQWV�WKH�FRPSDULVRQ�
EHWZHHQ�PRVTXLWR�VSHFLHV�IRU�HDFK�WUHDWPHQW�SHULRGV�

7DEOH��� 7ZR�ZD\�$129$�UHVXOWV�RI�WKH�LQWHJUDWHG�HIIHFWV�RI�0HWDUKL]LXP�DQLVRSOLDH
IXQJL�DQG�,SRPRHD�FDLULFD H[WUDFW�RQ�WKH�PRUWDOLW\�RQ�SRVW�WUHDWPHQW�GD\V�RI�
$HGHV�DOERSLFWXV DQG�$H� DHJ\SWL��

6RXUFH GI 0HDQ�VTXDUH )�YDOXH 3�YDOXH
$HGHV VSHFLHV � ����� ����� �����
7UHDWPHQW�SHULRGV� �� ������ ����� �����

$HGHV [�WUHDWPHQW�SHULRGV �� ������ ����� �����

',6&866,21

2XU� VWXG\� GHPRQVWUDWHG� WKH� HIIHFWLYHQHVV� RI� LQWHJUDWHG� V\QHUJLVP� HIIHFWV� EHWZHHQ� D�
FRPELQDWLRQV RI� ,�� FDLULFD SODQW� H[WUDFWV�0�� DQLVRSOLDH IXQJXV� WUHDWPHQWV� E\� FDXVLQJ� WKH�
PRUWDOLW\� WRZDUGV �UG LQVWDU� ODUYDH� RI�$H�� DOERSLFWXV DQG�$H�� DHJ\SWL� $� VLPLODU� UHVXOW� KDV�
VKRZQ�E\�*RPHV�HW�DO���������IRU�WKH FRPELQDWLRQ�RI�QHHP�DQG�IXQJXV��ZKLFK�VLJQLILFDQWO\�
UHGXFHG� ODUYDH� VXUYLYDELOLW\� WKDQ� WKRVH� FDXVHG� E\� VLQJOH� WUHDWPHQW� DORQH��5HFHQWO\�� VHYHUDO�
DWWHPSWV� KDYH� EHHQ�PDGH� WR� LQFUHDVH� WKH� HIIHFWLYHQHVV� RI� WKLV� IXQJXV� E\� FRPELQLQJ� IXQJDO�
FRQLGLD�ZLWK� SODQW� H[WUDFWV� GHULYDWLYHV� �*RPHV� HW� DO� ������ ,VODP� HW� DO�� ������5DGKD� HW� DO��
�������,Q�RUGHU�WR GHWHUPLQH�WKH�RSWLPDO�FRPELQDWLRQ�RI�HQWRPRSDWKRJHQLF�IXQJL�ZLWK�SODQW�
H[WUDFWV� GHWDLOHG�FRPSDWLELOLW\� VWXGLHV�DUH� UHTXLUHG� �6DKD\DUDM�HW� DO� ������ 7KLV LV�EHFDXVH�
VRPH�RI�WKH�SODQW H[WUDFWV�VKRZHG�VLJQLILFDQW�WR[LFLW\�HIIHFWV�WKDW�PD\�LQKLELW�WKH�JHUPLQDWLRQ�
RI�WKH�IXQJDO�VSRUHV��,VODP�HW�DO� �������+HUH��ZH�KDYH�IRXQG�RXW�WKH�EHVW FRPSDWLELOLW\�OHYHO�
LV� DW� ���� SSP� IRU� ,�� FDLULFD DQG� �� î� ��� FRQLGLD�P/� IRU�0�� DQLVRSOLDH�� ,Q� ZKLFK�� WKLV�
FRQFHQWUDWLRQ�RI�,��FDLULFD KDV�QRW�FDXVHG�LQKLELWLRQ�RI WKH�VSRUH SURGXFWLRQ�RI�0��DQLVRSOLDH��

Ă�Ă
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7KH�UDWH�RI�IXQJDO�LQIHFWLRQ�KLJKO\�GHSHQGHG RQ�WKH�VSRUH�SURGXFWLRQ�VLQFH�WKH�ILUVW�VWHSV�RI�
WKH� LQIHFWLRQ SURFHVV� LV� WKURXJK� JHUPLQDWLRQ� VSRUH� LQ� WKH� WUHDWHG� VDPSOHV� �2OLYHULD� HW� DO�
�������

,Q�RXU�ODUYLFLGDO�ELRDVVD\��LW�ZDV�IRXQG�WKDW�ERWK�$H��DOERSLFWXV DQG�$H��DHJ\SWL ODUYDH�
ZHUH� KLJKO\� VXVFHSWLEOH� WR� WKLV� IRUPXODWLRQ�� 7KH� KLJKO\� HIIHFWLYH� PHFKDQLVPV� IRU� WKLV�
IRUPXODWLRQ�SUHVXPDEO\�UHVXOWHG�IURP�WKH�LQWHJUDWHG� V\QHUJLVWLF�LQWHUDFWLRQ�RI�SODQW�H[WUDFW�
IXQJXV� WUHDWPHQWV�� $V� V\QHUJLVP�ZLOO� DIIHFW� WKH� ODUYDO� KXPRUDO� GHIHQVHV V\VWHP ZLWK� WZR�
GLIIHUHQW�PRGHV� RI� DFWLRQ� �%KDQ� HW� DO� ������� WKLV� SUHVXPDEO\� H[SODLQHG� WKH� KLJK�PRUWDOLW\�
UDWH�RI�$HGHV ODUYDH�REVHUYHG�LQ�WKLV�VWXG\��,Q�IDFWV��WKLV�V\QHUJLVP�DOVR�QRW�RQO\�LQFUHDVH�WKH�
PRUWDOLW\�UDWH��EXW�LW�DOVR�SURGXFHV�D�UDSLG�NLOOLQJ�HIIHFW�RQ�WKH�WUHDWHG�LQVHFWV��$V�REVHUYHG�LQ�
WKLV� VWXG\�� WKH� UDSLG� NLOOLQJ� HIIHFW� E\� WKH� ,�� FDLULFD OHDI� H[WUDFWV� RYHUFRPLQJ� WKH� VORZ�
YLUXOHQFH�RI�0��DQLVRSOLDH WRZDUGV�WKH�WUHDWHG�ODUYDH��7KH�DFWLYH�VHFRQGDU\�PHWDEROLWHV�OLQLQJ�
ZLWKLQ� WKH� SODQW� H[WUDFW� VXFK� DV� DONDORLGV� ZHUH� NQRZQ� WR� LQKLELW� WKH� DFHW\OFKROLQHVWHUDVH
�$FKH�� DFWLRQ� WKDW� FDQ� FDXVH� WKH� DFFXPXODWLRQ� RI� DFHW\OFKROLQH� DW� WKH� V\QDSWLF� SDWKZD\�
�5DWWDQ �������7KLV�LQKLELWLRQ�SRWHQWLDOO\�FDXVHG�WR[LQ�DQG�HYHQWXDOO\�OHDG�WR�UDSLG�PRUWDOLW\�
HIIHFW�RQ�WKH�ODUYDH��:KHUHDV��IRU�0��DQLVRSOLDH��WKH�PRUWDOLW\�HIIHFW�HQWDLOV�E\�FRORQL]DWLRQ
DQG�LQYDVLRQ�RI�IXQJDO�VSRUH�ZKLFK�OLPLWV WKH�DELOLW\�IRU�IDVWHU LQIHFWLRQ�UDWH��6KDK�DQG�3HOO�
�������7RJHWKHU��E\�FRPELQLQJ�WKHVH�WZR�GLIIHUHQW�PRGHV�RI�DFWLRQ��ZH�PRGLILHG�WKH�IXQJDO�
SODQW�HIIHFWLYHQHVV�E\�LQFUHDVLQJ�WKH�YLUXOHQFH�DQG�VSHHG�RI�NLOO�RI�WKH�SURGXFWV��DGGLQJ�WKH�
ZHLJKWV�WR�WKH�SRVVLELOLW\�RI�XVLQJ�WKLV�IRUPXODWLRQ�IRU�ILHOG�LPSOHPHQWDWLRQ�

+HUH��ZH� FDQ� FRQFOXGH� WKDW� FKRRVLQJ�D� FRPSOLPHQWDU\� FRPSRXQG� IRU� WKH� FRPELQHG�
PL[WXUH�FOHDUO\ SOD\�D�PDMRU SDUW�WR SURGXFH WKH�LQWHJUDWHG�V\QHUJLVP�HIIHFW��,Q�IDFWV��WKLV QHZ�
IRUPXODWLRQ�DOVR�FDQ�IDFLOLWDWH�WKH�NLOOLQJ HIIHFW�RI�ODUYDO�DQG�LQFUHDVH�WKH�IXQJDO�SHUVLVWHQFH��
&RPSOHWLQJ�RXU�UHVHDUFK�DLP��ZH�YHULILHG�WKH�SRVVLELOLW\�RI�FRPELQLQJ�,��FDLULFD OHDI�H[WUDFWV�
ZLWK�0��DQLVRSOLDH DV�D�QHZ�IRUPXODWLRQ�WKDW�PLJKW�EH�XVHIXO�IRU�WKH�,90�IRU $HGHV ODUYDH�

$&.12:/('*(0(176

7KH� DXWKRUV� DUH� JUDWHIXO� WR� WKH� VWDII� RI� 9HFWRU� &RQWURO� 5HVHDUFK� 8QLW� DQG� 6FKRRO� RI�
%LRORJLFDO� 6FLHQFHV�� 860� IRU� ILHOG� DVVLVWDQFH�� 7KLV� SURMHFW� ZDV� VXSSRUWHG E\� 5HVHDUFK�
8QLYHUVLW\�*UDQW� 8QLYHUVLWL�6DLQV�0DOD\VLD �������3%,2/2*,����������
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$KEL5DPL�� 5��� =XKDUDK�� :�)��� 7KLDJDOHWFKXPL�� 0��� 6XEUDPDQLDP�� 6�� 	 6XQGDUDVHNDU�� -��
������/DUYLFLGDO�HIILFDF\�RI�GLIIHUHQW�SODQW�SDUWV�RI�UDLOZD\�FUHHSHU��,SRPRHD�FDLULFD
H[WUDFW�DJDLQVW�GHQJXH�YHFWRU�PRVTXLWRHV��$HGHV�DOERSLFWXV �'LSWHUD��&XOLFLGDH��DQG�
$HGHV�DHJ\SWL �'LSWHUD��&XOLFLGDH���-RXUQDO�RI�,QVHFW�6FLHQFH ����������

%KDQ�� 6��� 6KUDQNKOD�� /�0�� 	 6ULYDVWDYD�� &�1�� ������ /DUYLFLGDO� WR[LFLW\� RI� WHPHSKRV� DQG�
HQWRPRSDWKRJHQLF� IXQJXV�� $VSHUJLOOXV� IODYXV DQG� WKHLU� V\QHUJLVWLF� DFWLYLW\� DJDLQVW�
PDODULD� YHFWRU�� $QRSKHOHV� VWHSKHQVL�� -RXUQDO� RI (QWRPRORJ\� DQG� =RRORJ\� 6WXGLHV
������������

%KDQ�� 6��� 6KUDQNKOD�� /�0�� 	 6ULYDVWDYD�� &�1�� ������ /DUYLFLGDO� WR[LFLW\� RI� WHPHSKRV� DQG�
HQWRPRSDWKRJHQLF� IXQJXV�� $VSHUJLOOXV� IODYXV DQG� WKHLU� V\QHUJLVWLF� DFWLYLW\� DJDLQVW�
PDODULD� YHFWRU�� $QRSKHOHV� VWHSKHQVL�� -RXUQDO� RI (QWRPRORJ\� DQG� =RRORJ\� 6WXGLHV�
������������

&KHQ��&�'���/HH��+�/���6WHOOD�:RQJ��6�3���/DX��.�:��	 6RILDQ�$]LUXQ��0��������&RQWDLQHU�
VXUYH\�RI�PRVTXLWR�EUHHGLQJ�VLWHV�LQ�D�XQLYHUVLW\�FDPSXV�LQ�.XDOD�/XPSXU��0DOD\VLD��
'HQJXH�%XOOHWLQ ������������

)UHQWLX��)�'��:DONHU��7��	 2
�1HLOO��6�/��������%LRORJLFDO�FRQWURO�RI�GHQJXH�DQG�ZROEDFKLD�
EDVHG�VWUDWHJLHV�� ,Q��*XEOHU��'�- �(G��� 'HQJXH�DQG�'HQJXH�+HPRUUKDJLF�)HYHU���QG

HG���SS���������� 2[IRUG��8.���&$%,�

*KRVK�� $��� &KRZGKXU\�� 1�� 	 &KDQGUD�� *�� ������ 3ODQW� H[WUDFWV� DV� SRWHQWLDO� PRVTXLWR�
ODUYLFLGHV��,QGLDQ�-RXUQDO�0HGLFDO�5HVHDUFK�����������������

*RPHV��6�$���3DXOD��$�5���5LEHLUR��$���0RUDHV��&�2���6DQWRV��-�:���6LOYD��&�3��	 6DPXHOV��
5�,�� ������ 1HHP� RLO� LQFUHDVHV� WKH� HIILFLHQF\� RI� WKH� HQWRPRSDWKRJHQLF� IXQJXV�
0HWDUKL]LXP�DQLVRSOLDH IRU� WKH�FRQWURO�RI�$HGHV�DHJ\SWL �'LSWHUD��&XOLFLGDH�� ODUYDH��
3DUDVLWHV�	�9HFWRUV����������

,VODP��0�7���2OOHND��$��	 5HQ��6�� ������ ,QIOXHQFH� RI� QHHP�RQ� VXVFHSWLELOLW\ RI�%HDXYHULD�
EDVVLDQD DQG� LQYHVWLJDWLRQ� RI� WKHLU� FRPELQHG� HIILFDF\� DJDLQVW� VZHHWSRWDWR ZKLWHIO\��
%HPLVLD�WDEDFL RQ�HJJSODQW��3HVWLFLGH�%LRFKHPLVWU\�DQG�3K\VLRORJ\ ������������

.DPDUHGGLQH�� /��� )DQ�� <��� 2VWD�� 0�$�� 	 .H\KDQL�� 1�2�� ������ ([SUHVVLRQ� RI� 7U\SVLQ�
0RGXODWLQJ� 2RVWDWLF� )DFWRU� �702)�� LQ� DQ� HQWRPRSDWKRJHQLF� IXQJXV� LQFUHDVHV� LWV�
YLUXOHQFH� WRZDUGV�$QRSKHOHV�JDPELDH DQG� UHGXFHV� IHFXQGLW\� LQ� WKH� WDUJHW�PRVTXLWR��
3DUDVLWHV�	�9HFWRUV ��������

/HH�� +�/�� ������ *HUP� ZDUIDUH� DJDLQVW� PRVTXLWRHV�� :KDW� QRZ�� 3URFHHGLQJV� RI� WKH� )LIWK�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�8UEDQ�3HVWV��SS�������

0DG]ODQ�� )��� 'RP�� 1�&��� =DNDULD�� 1��� +DVQDQ�� 6�1�$��� 7LRQJ�� &�6�� 	 &DPDO[DPDQ�� 6�1��
������3URILOLQJ�RI�GHQJXH�YHFWRUV�EUHHGLQJ�KDELWDW�DW�XUEDQ�UHVLGHQWLDO�DUHDV�LQ�6KDK�
$ODP�0DOD\VLD��6HUDQJJD ���������������
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2OLYHULD�� *�1��� 1HYHV� 3�0�2�-�� 	 .DZD]RH� /�6�� ������ &RPSDWLELOLW\� EHWZHHQ� WKH�
HQWRPRSDWKRJHQLF� IXQJXV� %HDXYHULD� EDVVLDQD DQG� LQVHFWLFLGHV� XVHG� LQ� FRIIHH�
SODQWDWLRQV��6FLHQWLD�$JULFROD ��������������

3DXOD�� $�5��� &DUROLQR�� $�7��� 3DXOD�� &�2�� 	 6DPXHOV�� 5�,�� ������ 7KH� FRPELQDWLRQ� RI� WKH�
HQWRPRSDWKRJHQLF� IXQJXV�0HWDUKL]LXP� DQLVRSOLDH ZLWK� WKH� LQVHFWLFLGH� LPLGDFORSULG�
LQFUHDVHV� YLUXOHQFH� DJDLQVW� WKH� GHQJXH� YHFWRU� $HGHV� DHJ\SWL �'LSWHUD�� &XOLFLGDH���
3DUDVLWHV�	�9HFWRUV �������

5DGKD��5���0XUXJDQ��.���:HL��+���$PHUDVDQ��'���&KHQ��3�0�)���.RYHQGDQ��.���1DWDUDM��7���
1DUHVKNXPDU�� $��� +ZDQJ�� -�6�� 	 *RYLQGDUDMDQ�� 0�� ������ ,QVHFWLFLGDO� DFWLYLW\� RI�
HVVHQWLDO�RLOV�DQG�HQWRPRSDWKRJHQLF� IXQJL�DJDLQVW�&RZSHD�%UXFKLG��&DOORVREUXFKXV�
PDFXODWXV �)��� �,QVHFWD�� &ROHRSWHUD�� EUXFKLGDH�� ,QWHUQDWLRQDO� -RXUQDO RI� &XUUHQW�
,QQRYDWLRQ�5HVHDUFK ����

5DWWDQ��5�6��������0HFKDQLVP�RI�DFWLRQ�RI�LQVHFWLFLGDO�VHFRQGDU\�PHWDEROLWHV�RI�SODQW�RULJLQ�
&URS�3URWHFWLRQ����������������

6DKD\DUDM��.���1DPDVLYD\DP��6�.�5��	 5DWKL��-�0��������&RPSDWLELOLW\�RI�HQWRPRSDWKRJHQLF�
IXQJL� ZLWK� H[WUDFWV� RI� SODQWV� DQG� FRPPHUFLDO� ERWDQLFDOV�� $IULFDQ� -RXUQDO� RI�
%LRWHFKQRORJ\ ��������������

6KDK��3�$���	 3HOO��-�.��������(QWRPRSDWKRJHQLF�IXQJL DV�ELRORJLFDO�FRQWURO�DJHQWV��$SSOLHG
0LFURELRORJ\�DQG�%LRWHFKQRORJ\ ��������������

7KLDJDOHWFKXPL��0��� =XKDUDK��:�)��� 5DPL�� 5�� $��� )DG]O\�� 1��� 'LHQJ�� +��� $KPDG�� $�+�� 	
$EX%DNDU��6��������$VVHVVPHQW�RI�UHVLGXDO�ELR�HIILFDF\�DQG�SHUVLVWHQFH�RI� ,SRPRHD�
FDLULFD SODQW� H[WUDFW� DJDLQVW� &XOH[� TXLQTXHIDVFLDWXV 6D\� PRVTXLWR�� 7URSLFDO�
%LRPHGLFLQH ���������������


