
(J\SWLDQ�-RXUQDO�IRU�$TXDFXOWXUH���9RO��� 1R���� ����

��

(IIHFWV�RI�+XPLF�$FLG�DV�)HHG�$GGLWLYH�LQ�,PSURYHPHQW�RI�1RQVSHFLILF�
,PPXQH�5HVSRQVH�DQG�'LVHDVH�5HVLVWDQFH�LQ�&RPPRQ�&DUS��&\SULQXV�

FDUSLR�
$KPHG�0��$EGHO�:DKDE���$KPHG�0�(��(O�5HIDHH� DQG�$\PDQ�$��$PPDU�

�� )LVK�'LVHDVHV�'HSW�
�� $TXDFXOWXUH�'HSW�

&HQWUDO�/DE��)RU�$TXDFXOWXUH�5HVHDUFK��$EEDVVD��$JULFXOWXUH�5HVHDUFK�&HQWHU
$EVWUDFW

+XPLF�DFLG�LV�D QDWXUDO�RUJDQLF�VXEVWDQFH�IRXQG�LQ�QDWXUDO�ZDWHU�V\VWHPV�
DQG�WKXV� LV FRPSDWLEOH�ZLWK�DOO�DTXDWLF�OLIH� IRUPV�� &RPPRQ FDUS��&\SULQXV�
FDUSLR��ZDV IHG RQ�GLHWV�VXSSOHPHQWHG�E\ IRXU RI KXPLF�DFLG OHYHOV �����������
�����DQG����RI�WKH�GU\�ZHLJKW GLHW��JSV�������� IRU����GD\V� $W�WKH�HQG�RI�WKH
H[SHULPHQW� WKH�ERG\�ZHLJKW JDLQ��VSHFLILF�JURZWK�UDWH DQG�O\VR]\PH DFWLYLW\�
ZHUH�HYDOXDWHG��$�VXEJURXS�����ILVK�HDFK��RI�JSV��������ZHUH�FKDOOHQJHG�ZLWK�
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ZDV� FROOHFWHG� IURP� FKDOOHQJHG� ILVK� ZLWK� $�� K\GURSKLOD WZLFH� ZLWK� ��� GD\V�
LQWHUYDO� IRU� GHWHFWLRQ� DQWLERG\� LPPXQH� OHYHO�� XVLQJ� DJJOXWLQDWLRQ� WHVW�� 7KH�
ERG\ ZHLJKW JDLQ�� VSHFLILF� JURZWK� UDWH� DQG� O\VR]\PH DFWLYLW\� ZHUH�
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DQG�������LQ�JSV������ UHVSHFWLYHO\�DW�ILUVW FROOHFWLRQ DQG ���� ���������� DQG�
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,QWURGXFWLRQ

5HFHQWO\� WKH� XVH� RI� QDWXUDO�
LPPXQRVWLPXODQWV� IRU� DFWLYDWLRQ� RI� WKH�
QRQ�VSHFLILF� LPPXQH� UHVSRQVH� DJDLQVW�
GLIIHUHQW� VWUHVVRUV� DV� SURSK\ODFWLF�
PHDVXUHV� LV� DQ� DWWUDFWLYH� DQG� SURPLVLQJ�
DUHD� WR� VXSSRUW� GHYHORSPHQW� DQG� VXVWDLQ�
DTXDFXOWXUH� SURGXFWLRQ�� ,W� LV� ZHOO�
DFNQRZOHGJHG� WKDW� WKH� QRQ�VSHFLILF�
LPPXQH� GHIHQVH� LQ� ILVK� SOD\V� DQ�
LPSRUWDQW� UROH� LQ� 3UHYHQWLYH� 0HGLFLQHV�
�6DKX�HW�DO�� ������

+XPLF� DFLG� LV� RQH� RI� WKH� PDMRU�
FRPSRQHQWV� RI� KXPLF� VXEVWDQFHV� ZKLFK�
DUH�GDUN�EURZQ�DQG�PDMRU�FRQVWLWXHQWV�RI�
VRLO� RUJDQLF� PDWWHU� +XPLF� DFLG

FRQWULEXWHV� WR� VRLO� FKHPLFDO� DQG� SK\VLFDO�
TXDOLW\� DQG� DFWV� DV SUHFXUVRU� RI� VRPH�
IRVVLO� IXHOV�� 7KH\� FDQ� EH� IRXQG� LQ� SHDW��
FRDO�� PDQ\� XSODQG� VWUHDPV� DQG� RFHDQ
ZDWHU�� ,W DULVHV E\� WKH� PLFURELDO�
GHJUDGDWLRQ� RI� ELRPROHFXOHV� �OLSLGV��
SURWHLQV�� FDUERK\GUDWHV DQG� OLJQLQ��
GLVSHUVHG� LQ� WKH� HQYLURQPHQW� DIWHU� WKH�
GHDWK� RI� OLYLQJ� FHOOV� �0DULQVN\� HW� DO��
������ +XPLF� VXEVWDQFHV� IURP� VRLO� DQG�
ZDWHU� DUH� PDMRU FRQWUROOLQJ� PDWHULDOV� IRU�
PHWDO� VSHFLDWLRQ�� SROOXWDQW ELQGLQJ� DQG�
QXWULHQW�DYDLODELOLW\��$Q�XQGHUVWDQGLQJ�RI
PHWDO� LRQ� ELQGLQJ� DQG� FRPSHWLWLRQ�
UHPDLQV� GLIILFXOW� EHFDXVH� RI� WKH�
FRPSOH[LW\� RI� KXPLF� VXEVWDQFHV� ZKLFK�
DUH� SURSRVHG� WR� EH� LUUHJXODU� SRO\PHUV�
ZLWK� D QXPEHU� RI� FKHPLFDOO\� XQ�LGHQWLFDO�
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DFLGLF�IXQFWLRQDO�JURXSV KDYLQJ�D�YDULDEOH�
HOHFWULF�SRWHQWLDO��6DDU�DQG�:HEHU� �������

%DFWHULDO�ILVK�SDWKRJHQV�FRQVWLWXWH�RQH�
RI�WKH�PDMRU�OLPLWLQJ�IDFWRUV ZKLFK�LPSDLU�
WKH� ILVK� KHDOWK� DQG� FDXVH� JUHDW� HFRQRPLF�
ORVVHV�� � $HURPRQDV� K\GURSKLOD�� WKH�
FDXVDWLYH� DJHQW� RI� PRWLOH� $HURPRQDV�
VHSWLFHPLD�� KDV� D� ZRUOGZLGH� GLVWULEXWLRQ��
LQIHFWLQJ� ILVKHV�� ELUGV� DQG� PDPPDOV� DQG�
FDXVLQJ� KHDY\� PRUWDOLWLHV� �6WRVNRSK��
������� � 7KLV� SUREOHP� LV� H[DFHUEDWHG� E\�
WKH� ODFN� RI� FKHPRWKHUDSHXWLFV DSSURYHG�
IRU� XVH� LQ� IRRG� ILVK� EHVLGHV� ODFN� RI
HIILFLHQW� YDFFLQH�� 3URSK\ODFWLF� PHDVXUHV�
DQG LPPXQRVWLPXODQWV� DUH� QHHGHG� WR�
FRQIURQW WKH LQFUHDVH� LQ� GLVHDVH� ULVN��
LQFOXGLQJ� WUDQVSRUW�� KDQGOLQJ� DQG� D�
FKDQJH� LQ�HQYLURQPHQWDO�FRQGLWLRQV� �5DD��
�������

7KH� SRWHQWLDO� RI� KXPLF� VXEVWDQFHV� LQ�
WKH�WUHDWPHQW�RI�ILVK�GLVHDVHV�KDV�VFDUFHO\�
EHHQ� LQYHVWLJDWHG�� DOWKRXJK� SUHYLRXV�
H[SHULPHQWV GHPRQVWUDWHG� D� SURWHFWLYH�
HIIHFW� RI� KXPLF� DFLG DJDLQVW� DW\SLFDO�
$HURPRQDV� VDOPRQLFLGD� LQIHFWLRQ� LQ� FDUS�
�XOFHU� GLVHDVH� �.RGDPD� HW� DO�� �������
$OVR�� KXPLF� DFLG� WUHDWPHQW� RI� ILVK� ZDV�
HIIHFWLYH� DJDLQVW� SDUDVLWHV� WKURXJK� WKH�
LPSURYHPHQW� RI� WKH� SK\VLRORJLFDO�
FRQGLWLRQ� RI� WKH� ILVK �0HLQHOW� HW� DO��
������ +XPLF� DFLG KDV� DQ� HIIHFW� E\� RUDO�
DGPLQLVWUDWLRQ� RQ� SURWHFWLRQ� RI� D\X� ILVK�
IURP�FROG�ZDWHU� GLVHDVH� �1DNDJZD HW� DO��
������ 7KH�FKHPLFDO�DFULIODYLQH�LV�XVHG�DV�
D�ORQJ�WHUP�EDWK�WR�WUHDW�H[WHUQDO�EDFWHULDO�
DQG� SURWR]RDQ� GLVHDVHV� RI� ILVK�� 7KH�
WUHDWPHQW� ZLWK� KXPLF� DFLG� LQ� SURWRFRO�
UHGXFHV� WKH� WR[LFLW\� RI� DFULIODYLQH�
�0HLQHOW�HW�DO�� ������

7KHUHIRUH�� WKH� JRDO� RI� WKLV� VWXG\� ZDV�
WR� GHWHUPLQH� WKH� HIIHFWV� RI� WKH� RUDOO\�
DGPLQLVWHUHG� KXPLF� DFLG WR�&�� FDUSLR RQ�
WKH� QRQ�VSHFLILF� LPPXQH� UHVSRQVH� XQGHU�
H[SHULPHQWDO�FRQGLWLRQV�

0DWHULDO�DQG�PHWKRGV
)LVK

$SSDUHQWO\�KHDOWK\ &\SULQXV FDUSLR RI�
�����J %��ZW� DQG���������FP ORQJ ZHUH
UDQGRPO\ FROOHFWHG� IURP� D� ORFDO� IDUP RI�
&HQWUDO� /DERUDWRU\� IRU� $TXDFXOWXUH�
5HVHDUFK� �&/$5�� $EEDVVD� $ERX±
+DPPDG�� 6KDUNLD�� (J\SW�� 7KH� ILVK� ZHUH
PDLQWDLQHG LQ GHFKORULQDWHG� DQG�
FRQWLQXRXV� DHUDWLRQ� WDS� ZDWHU� 7KH\� ZHUH�
H[SRVHG� WR� WKH� QDWXUDO� SKRWR�SHULRG� DQG�
DFFOLPDWL]HG� WR� ODERUDWRU\� FRQGLWLRQV� IRU�
��� GD\V� EHIRUH WKH� VWDUW RI� WKH�
H[SHULPHQW� )LVK�ZHUH� IHG� WZLFH� GDLO\ RQ
VWDQGDUG�FRPPHUFLDOO\�SUHSDUHG�SHOOHWV�DW�
VDWLDWLRQ�

$TXDULD

7ZHOYH� DTXDULD� ���î��î��FP� ZHUH�
SUHSDUHG� XVLQJ� GHFKORULQDWHG� WDS� ZDWHU��
FRQWLQXRXV� DHUDWLRQ�� PDLQWDLQHG
WHPSHUDWXUH� DW� ��R&� WKURXJKRXW� WKH�
H[SHULPHQW�� $ERXW� KDOI� RI� WKH� ZDWHU� ZDV�
FKDQJHG� DQG IHFDO�PDWWHUV�ZHUH� VLSKRQHG�
RXW�RQFH�GDLO\�GXULQJ�WKH�H[SHULPHQW��

0HGLFDWHG�5DWLRQV

$�FRPPHUFLDO� UDWLRQ�ZDV� JUDLQHG� DQG�
GLYLGHG�LQWR�IRXU�GLYLVLRQV�JURXSV��*S�����
ZDV� IUHH� IURP� KXPLF� DFLG �FRQWURO��� *SV�
������ RI� WKH� UDWLRQ FRQWDLQHG KXPLF� DFLG�
DW�D�FRQFHQWUDWLRQV RI�����������DQG����RI�
UDWLRQ�ZHLJKW UHVSHFWLYHO\� 7KH FDOFXODWHG�
GRVH� ZDV� PL[HG ZLWK� D� VPDOO� DPRXQW� RI�
YHJHWDEOH�RLO� WR�DYRLG�UDSLG�GLVVROXWLRQ�LQ�
ZDWHU�� WKHQ� DGVRUEHG� LQWR� UDWLRQ�� UH�
SHOOHWHG�DQG GULHG�LQ�DQ�LQFXEDWRU�DW����&�
7KH� KXPLF� DFLG ZDV SURFXUHG� IURP D�
7XUNLVK� FRPSDQ\� E\� DQ� (J\SWLDQ� VDOH�
DJHQW� �,%1� (/:$/('� &2� 7DQWD�
(J\SW��

([SHULPHQWDO�'HVLJQ

)RXU JURXSV RI�&�� FDUSLR ���� LQ� HDFK�
JURXS� LQ� WKUHH� UHSOLFDWHV� ZHUH� SUHSDUHG�
7KH� ILVK�ZHUH� IHG� WR VDWLDWLRQ WZLFH�GDLO\
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��

GXULQJ�WKH�H[SHULPHQW IRU����GD\V��$W�WKH�
HQG� RI� H[SHULPHQW� WKH� IROORZLQJ�
SDUDPHWHUV�ZHUH�PHDVXUHG��

*URZWK�3DUDPHWHUV

7KH�ILVK ZHUH�ZHLJKHG�DQG�OHQJWK ZDV�
PHDVXUHG ZHHNO\� WKURXJKRXW WKH�
H[SHULPHQWDO� SHULRG ���� GD\V�� 7KH
VSHFLILF�JURZWK� UDWH� �6*5��DQG� FRQGLWLRQ�
IDFWRU� �&)�� ZHUH� FDOFXODWHG� DV� GHVFULEHG�
E\�/DLUG�DQG�1HHGKDP���������

6*5 �>�OQ�RI�ILQDO�PHDQ�ERG\�± ,Q�RI�
LQLWLDO� PHDQ� ERG\� ZHLJKW� �J�� ·� 7LPH�
LQWHUYDO��GD\V�@ î���

&) � >ZHLJKW� �J�� ·� �OHQJWK� �FP�� �@ î
���

1LWULF�2[LGH�&KDOOHQJH

$W� WKH� HQG�RI� WKH� IHHGLQJ� H[SHULPHQW�
���ILVK�IURP�HDFK�UHSOLFDWH�ZHUH�UDQGRPO\�
FROOHFWHG� DQG FKDOOHQJHG� E\� H[SRVXUH WR�
QLWULF� R[LGH �%DNHU� &KHPLFDO� &R���
����PJ�O IRU�ILYH�VXFFHVVLYH�GD\V �%HHU�HW�
DO�� ������

/\VR]RPDO�DFWLYLW\�

6HUXP� O\VR]\PH� ZDV� GHWHUPLQHG� E\�
WXUELGRPHWULF� DVVD\� DFFRUGLQJ WR�
6DQNDUDQ�DQG�*XUQDQL��������

&KDOOHQJH� ZLWK� 9LUXOHQW� $HURPRQDV�
K\GURSKLOD

$W� WKH� HQG�RI� WKH� IHHGLQJ� H[SHULPHQW�
���ILVK�IURP�HDFK�UHSOLFDWH�ZHUH�UDQGRPO\�
FROOHFWHG� DQG� FKDOOHQJHG ZLWK� YLUXOHQW�
VWUDLQ� RI� $� K\GURSKLOD� ZKLFK ZDV�
SUHYLRXVO\� LVRODWHG� IURP� QDWXUDOO\�
GLVHDVHG� FDUS DQG� LGHQWLILHG� DFFRUGLQJ� WR
VWDQGDUG�EDFWHULRORJLFDO�WHVWV�DV�GHVFULEHG�
E\� &KX� DQG� /X� �������� (DFKILVK� ZDV� ,3�
LQRFXODWHG� E\ ���� PO� YLUXOHQW� $��
K\GURSKLOD ��� KV� FXOWXUH� VXVSHQVLRQ� RI�
FRQWDLQLQJ� ���� &)8�� PO�� 7KH� ILVK� ZHUH�
REVHUYHG IRU����GD\V� IRU�PRUWDOLWLHV��7KH�
GHDG� ILVK� ZHUH� UHPRYHG� RQFH� D� GD\� DQG�

VXEMHFWHG�WR�EDFWHULDO�UH�LVRODWLRQ WR�YHULI\�
GHDWK��

$JJOXWLQDWLRQ�7HVW �WLWHU�

$IWHU����GD\V�RI�FKDOOHQJH�ILVK�ZLWK $��
K\GURSKLOD��EORRG�ZDV�FROOHFWHG�WZR�WLPHV�
ZLWK� ��� GD\V� LQWHUYDO� ZLWKRXW�
DQWLFRDJXODQW� IRU� VHUXP� VHSDUDWLRQ� WR
PHDVXUH� WKH VWDELOLW\� RI� VSHFLILF� DQWLER\
SURGXFWLRQ�� 7KH� VHUXP ZDV� VHULDOO\ WZR�
IROG� GLOXWHG DQG� WLWUDWHG DJDLQVW�
VXVSHQVLRQ� RI�$�� K\GURSKLOD VWUDLQ� �î���

&)8�PO� WKHQ� PL[HG� ZHOO�� 7KH� PL[WXUH�
ZDV� LQFXEDWHG� DW� ��R&� IRU� �KU�� DQG� WKH�
UHVXOWV�ZHUH� UHFRUGHG��7KH� WHFKQLTXH�ZDV�
GRQH�DFFRUGLQJ�WR�0F*UDZ���������

6WDWLVWLFDO�$QDO\VLV

7KH�VWDWLVWLFDO� DQDO\VLV�ZDV�SHUIRUPHG�
E\� WKH� RQH� ZD\� $129$� DQDO\VLV� RI�
YDULDQFH� DFFRUGLQJ� WR� �.DFKLJDQ�� �������
7KH� PXOWLSOH� WHVWV� ZHUH� FDUULHG� RXW� WR�
GHWHUPLQH WKH GLIIHUHQFHV DPRQJ
WUHDWPHQW� PHDQV� DW� VLJQLILFDQFH� OHYHO RI
3�� ������ 7KH� VWDQGDUG HUURU� ZDV�
GHWHUPLQHG�

5HVXOWV

*URZWK�3DUDPHWHUV

7KH�ERG\�ZHLJKW�JDLQ� VSHFLILF�JURZWK�
UDWH �6*5��� FRQGLWLRQ� IDFWRU� �&)� DQG�
VXUYLYDO� SHUFHQW LQ� LQ� JSV�� ����� ZHUH�
VLJQLILFDQWO\� KLJKHU� WKDQ� WKH� FRQWURO�
�7DEOH� ���� 7KHUH� ZDV� D� VLJQLILFDQW�
LQFUHDVH LQ� WKH� ERG\� ZHLJKW�JDLQ� DQG�
FRQGLWLRQ�IDFWRU�ZLWK�JSV�� ��	�� WKDQ�JS��
�����

1LWULF�2[LGH�&KDOOHQJH�

7DEOH� ���� VKRZV HIIHFWLYH�
SURWHFWLRQ� RI� KXPLF� DFLGDJDLQVW� QLWULF�
R[LGH FKDOOHQJH� 7KH� PRUWDOLW\� UDWH� ZDV�
������ LQ� JS�� ��� GXH� WR� QLWULF� R[LGH�
FKDOOHQJH� IRU� �� VXFFHVVLYH� GD\V�� � ,Q�
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FRQWUDVW��WKH�PRUWDOLW\�UDWHV�ZHUH���������
DQG ����� LQ�JSV��������UHVSHFWLYHO\�

6HUXP�O\VR]RPH DFWLYLW\�

7KH� FXUUHQW� LQYHVWLJDWLRQ� VKRZHG� WKDW�
WKH� VHUXP� O\VR]\PH� ZDV� VLJQLILFDQWO\�
LQFUHDVHG� LQ� JSV�� ��	�� DW� WKH� HQG�RI� WKH�
VHFRQG�ZHHN�RI�IHHGLQJ��7KH GHFUHDVHG�DW�
WKH� HQG� RI� WKH� �WK ZHHN� DQG� LQFUHDVHG�
DJDLQ� DW� WKH HQG� RI� WKH �WK ZHHN� RI� WKH�
IHHGLQJ� H[SHULPHQW� ZLWKRXW� DQ\�
VLJQLILFDQW� FKDQJHV� �7DEOH ��� *S�� ���
SUHVHQWHG GHFUHDVLQJ� O\VR]\PH� DFWLYLW\�
WKURXJKRXW WKH�IHHGLQJ�H[SHULPHQW�

&KDOOHQJH� ZLWK� 9LUXOHQW� $HURPRQDV�
K\GURSKLOD

�7DEOH� ��� VKRZV WKDW� JS�� ���
FKDOOHQJHG ZLWK $� K\GURSKLOD� VXIIHUHG
������ PRUWDOLW\�� *SV� ������ H[KLELWHG
����� ���� DQG ����� PRUWDOLWLHV�
UHVSHFWLYHO\� )LVK� PRUWDOLW\� DQG�
GHYHORSPHQW� RI� VNLQ� OHVLRQV�� VXFK� DV�
HURVLRQV DQG�KHPRUUKDJHV�RQ�WKH�VNLQ��JLOO�
FRYHU� DQG PRXWK�ZHUH� VXSSUHVVHG� LQ� ILVK�
IHG� RQ� VXSSOHPHQWHG KXPLF� DFLG UDWLRQ���
$�� K\GURSKLOD� ZDV� UH�LVRODWHG� IURP� WKH
JLOOV� DQG� WKH� HURGHG VNLQ� RI� WKH� UHFHQWO\�
GHDG�ILVK��

$JJOXWLQDWLRQ�7HVW �WLWHU�

7KH� XVHG $�K\GURSKLOD VWUDLQ� �î���

&)8�PO� ZDV� DJJOXWLQDWHG� EORRG� DW� �+$�
DQG�VR��E\�WKH�FROOHFWHG�VHUXP ZKLFK�ZDV�
VHULDOO\ WZR� IROG� GLOXWHG DQG� WLWUDWHG
DJDLQVW� VXVSHQVLRQ� RI� �+$� XVHG� EDFWHULD�
WKHQ� PL[HG� ZHOO�� 7KH� REWDLQHG� FXW� SRLQW�
WLWHUV�ZHUH������� ����� DQG ����� LQ�JSV�
����� DW WKH�ILUVW�EORRG�FROOHFWLRQ DQG������
����� DQG� ������ DW WKH� VHFRQG� EORRG�
FROOHFWLRQ�� 7KH� VHUXP� JS�� ��� XQDEOH� WR
LQKLELW DJJOXWLQDWH EORRG�FHOOV �7DEOH� ��	
����

'LVFXVVLRQ

3URORQJHG� VWUHVV� DQG� LQDGHTXDWH�
DGDSWDWLRQ� RI ILVK WR DTXDFXOWXUH� FRXOG�
FRPSURPL]H WKH� LPPXQH� GHIHQVH� RI� ILVK�
ZKLFK� SUHGLVSRVHV WR� LQIHFWLRQ DQG
GHFUHDVH JURZWK UDWH��6DKX�HW�DO�� ������

6XSSOHPHQWHG� UDWLRQ� ZLWK� KXPLF� DFLG�
����� DQG� ��� LQFUHDVHG� WKH� ERG\�ZHLJKW�
JDLQ�DQG� VSHFLILF�JURZWK� UDWH RI� FRPPRQ�
FDUS� 7KH� WUHDWHG� ILVK� H[SUHVVHG� EHWWHU
FRQGLWLRQ� IDFWRU� WKDQ FRQWURO ZKLFK� LV�
SUREDEO\� GXH� WR� LPSURYHG RI�
SK\VLRORJLFDO� FRQGLWLRQV� RI� WKH� FRPPRQ�
FDUS� IHG�RQ� WKH�KXPLF� DFLG� VXSSOHPHQWHG�
GLHW�� �9DQ� 5HQVEXUJ� HW� DO��� ���� DQG�
6FKHSHWNLQ� HW� DO��� ����� WKURXJK�
LPSURYLQJ� KHPDWRORJLFDO SDUDPHWHUV
WRJHWKHU ZLWK� VHUXP� DQG� WLVVXH� HQ]\PHV��
0RUHRYHU� KXPLF� DFLG� HOLPLQDWHV PHWDO�
ELRDFFXPXODWLRQ�OHYHOV�IURP ILVK�WLVVXHV�

*HQHUDOO\� PRVW�ILVK�EDFWHULDO�GLVHDVHV�
DUH� FDXVHG� E\� RSSRUWXQLVWLF� EDFWHULD�
ZKLFK� PHDQ�� PRVW� EDFWHULDO� LQIHFWLRQV�
UHVXOW�EHFDXVH�RI�FKDQJHV�LQ�WKH�EDFWHULD���
ILVK� UHODWLRQVKLS�� 7KLV� LV� D� YHU\� GHOLFDWH�
UHODWLRQVKLS�� EXW� JHQHUDOO\� ZKHQ� DQ�
RSSRUWXQLVWLF� EDFWHULXP� WULHV� WR� HVWDEOLVK�
DQ LQIHFWLRQ�WKH�ILVK�KRVW�LV�DEOH�WR�UHVLVW�LW�
E\� D� YDULHW\� RI� GHIHQVH� PHFKDQLVPV��
+RZHYHU�� LI� WKH� QXPEHUV� RU� YLUXOHQFH� RI�
WKH� SDWKRJHQ� LQFUHDVHV� RU� WKH� KRVW�
UHVLVWDQFH�LV�UHGXFHG�WKH�SDWKRJHQ�PD\�EH�
DEOH� WR� FRORQL]H� WLVVXH� DQG� HVWDEOLVK�
LQIHFWLRQ�� 7KH� ZDWHU� TXDOLW\ LV� LPSRUWDQW�
LQ� WKLV� DVSHFW�� 6RPH� VLJQV�� VXFK� DV�
IODVKLQJ�� PD\� EH� FDXVHG� E\� KLJK� QLWULWH�
OHYHOV�� $GGLQJ DQ\ FKHPLFDO�� DV� WKHUDS\�
LQ�WKHVH�FLUFXPVWDQFHV�ZLOO�H[DFHUEDWH�WKH�
PDODG\��6DDU�DQG�:HEHU��������

7KH�LQQDWH�LPPXQH�UHVSRQVHV�RI�ILVKHV�
SOD\�D�FHQWUDO�UROH�LQ�KRVW�GHIHQVH�DJDLQVW�
LQIHFWLRXV� GLVHDVHV� �+DQLQJWRQ� HW� DO���
�������+XPLF�DFLG�DGGLWLYH�WR�GLHW� DW KLJK�
OHYHO� LQFUHDVHG VHUXP� O\VR]\PH� LQ WKH�
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VHFRQG� ZHHN� RI� IHHGLQJ� FRPSDUHG� ZLWK�
WKH� FRQWURO�� ,QQDWH� LPPXQH� UHVSRQVH��
PHGLDWHG� E\� O\VR]\PH� ZDV� UHSRUWHG� LQ�
VHYHUDO� ILVK� VSHFLHV� �(O�$VKUDP� DQG� (O�
%RVK\� ������ (O�%RVK\� HW� DO��� ����� DQG�
(O�%RVK\� HW� DO��� ������� ,PSURYHG� WKH�
LPPXQH� V\VWHP� E\ D� WKLQ� SURWHFWLYH�
FRDWLQJ� RQ� WKH� DQLPDOV
� LQWHVWLQDO�
PXFRVD��

7KH� VXSSOHPHQWHG� GLHW� ZLWK KXPLF�
DFLG IRU� ��� GD\V� SURYHG� WR� EH�
HIIHFWLYHDJDLQVW� H[SHULPHQWDO $�
K\GURSKLOD LQIHFWLRQ� LQ� FDUS� ZKLFK LV� LQ�
DJUHHPHQW ZLWK� .RGDPD� DQG� 'HQVR�
������� DQG� .RGDPD� HW� DO� ������� ZKR�
UHFRUGHG� WKDW KXPLF� DFLG ZDV HIIHFWLYH�
DJDLQVW� WU\SDQRVRPH� EUXFLH� LQ� PLFH�
+XPLF� DFLG� PD\� LPSURYH� WKH
SK\VLRORJLFDO� DQG� LPPXQRORJLFDO
FRQGLWLRQ �.RGDPD� HW� DO�� ������ +XPLF�
DFLG� HQKDQFHG WKH� SURGXFWLRQ� RI� UHDFWLYH�
R[\JHQ�VSHFLHV�DQG�QLWULF�R[LGH� LQ�PRXVH�
SHULWRQHDO� PDFURSKDJHV WKDW FODULILHV WKH�
UROH� RI� KXPLF� DFLG LQ� SURWHFWLRQ� RI� FDUS�
DIWHU�QLWULF�R[LGH�FKDOOHQJH��7KH�HPSLULFDO�
HYLGHQFH� LV� FXUUHQWO\� DFFXPXODWLQJ� WKDW�
KXPLF� VXEVWDQFHV� DUH� WDNHQ� XS� �%HHU� HW�
DO��� ������ 2QFH� LQWHUQDOL]HG�� WKHVH�
VXEVWDQFHV� FDQ� LQGXFH� ELRWUDQVIRUPDWLRQ�
HQ]\PHV�DQG�VWUHVV�GHIHQVH�SURWHLQV��VXFK�
DV�FKDSHURQV�RU�KHDW�VKRFN�SURWHLQ�LQ�ILVK�
DQG�LQYHUWHEUDWHV��0HQ]HO�HW�DO����������

0HDVXULQJ� VWDELOLW\� RI� SURGXFHG�
VSHFLILF� DQWLERGLHV� DJDLQVW�$�� K\GURSKLOD
FKDOOHQJH� VKRZHG� FXW� SRLQW� DW� ������
����� DQG ����� LQ�JSV������� UHVSHFWLYHO\
DW� ILUVW� EORRG�FROOHFWLRQ DQG� ����� �����
DQG� ������ DW� WKH� VHFRQG� EORRG�FROOHFWLRQ
ZLWK� WKH KLJKHVW LQ�JS�� ����� ,W� LV� WKHUHIRUH�
UHDVRQDEOH� WR VXSSRVH� WKDW� KXPLF�
VXEVWDQFHV DUH� DEVRUEHG�YLD� WKH� LQWHVWLQDO�
WUDFW RI� WKH� FDUS� WR� DIIHFW� WKH� KRVW�
SK\VLRORJLFDO� FRQGLWLRQV�� VXFK� DV� LQQDWH�
LPPXQH� UHVSRQVHV�� WKHUHE\� FRQIHUULQJ�
SURWHFWLRQ�DJDLQVW�$��K\GURSKLOD LQIHFWLRQ��

6LPLODU� ILQGLQJV� ZHUH� GHVFULEHG� E\ �9DQ�
5HQVEXUJ�HW DO���������

,W� FRXOG� EH� FRQFOXGHG WKDW� WKH� RUDO�
DGPLQLVWUDWLRQ� RI KXPLF� DFLG� GXULQJ� WKH�
UHDULQJ� SHULRG� LV� EHQHILFLDO� $V� WKH�
VSHFLILF� DQG� LQQDWH� LPPXQH� UHVSRQVHV�
ZHUH� HQKDQFHG�� WR� UHVLVW GLVHDVHV��
)XUWKHUPRUH��LW LQFUHDVHG�WKH�JURZWK�UDWH�
7KH� EHVW� OHYHO� RI� KXPLF� DFLG LQ� WKH� ILVK�
GLHW�ZDV������

5HIHUHQFHV

%HHU�� $�� 0��� -XQJLQJHU�� +�� (��
/XNDQRY�� -�� DQG� 6DJRUFKHY�� 3��
������� (YDOXDWLRQ� RI� WKH� SHUPHDWLRQ�
RI�SHDW�VXEVWDQFHV�WKURXJK�KXPDQ�VNLQ�
LQ� YLWUR�� ,QWHUQDWLRQDO -RXUQDO� RI
3KDUPDFRORJ\� ��������±����

&KX� :�+�� DQG� /X�� &�3�� �������
0XOWLSOH[�3&5�DVVD\�IRU�WKH�GHWHFWLRQ�
RI� SDWKRJHQLF�$HURPRQDV� K\GURSKLOD��
-RXUQDO�RI�)LVK�'LVHDVHV� ��� ��������

(O�$VKUDP�� $�0�0� DQG� (O�%RVK\��
0�(� ������� $VVHVVPHQW� RI� GLHWDU\�
ERYLQH� /DFWRIHUULQ� LQ� HQKDQFHPHQW� RI�
LPPXQH� IXQFWLRQ� DQG� GLVHDVH�
UHVLVWDQFH� LQ� 1LOH� 7LODSLD�
�2UHRFKURPLV� QLORWLFXV��� �WK

,QWHUQDWLRQDO�6\PSRVLXP�RQ�7LODSLD�LQ�
$TXDFXOWXUH�� &DLUR�� (J\SW� �������
2FWREHU�������3DUW ,,������������

(O�%RVK\�� 0�(�� (O�$VKUDP�� $�0�0��
DQG� $EG� (O�*KDQ\�� 1�$� �������
(IIHFW� RI� GLHWDU\� %HWD����� *OXFDQ� RQ�
LPPXQRPRGXODWRU\� GLVHDVHG�
2UHRFKURPLV� QLORWLFXV H[SHULPHQWDOO\�
WR[LFDWHG� ZLWK� $IODWR[LQ� %��� �WK

,QWHUQDWLRQDO�6\PSRVLXP�RQ�7LODSLD�LQ�
$TXDFXOWXUH�� &DLUR�� (J\SW� �������
2FWREHU�������,,������������

(O�%RVK\�� 0�(��� (O�$VKUDP�� $�0�0���
$EGHO +DPLG�� )�0�� DQG� *DGDOOD��
+�$�� ������� ,PPXQRPRGXODWRU\�
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HIIHFW� RI� GLHWDU\� 6DFFKDURP\FHV�
FHUHYLVLDH�� E�JOXFDQ� DQG� ODPLQDUDQ� LQ�
PHUFXULF� FKORULGH� WUHDWHG� 1LOH� WLODSLD�
�2UHRFKURPLV� QLORWLFXV�� DQG�
H[SHULPHQWDOO\� LQIHFWHG� ZLWK�
$HURPRQDV� K\GURSKLOD�� )LVK� DQG�
6KHOOILVK�,PPXQRORJ\��������������

+DQLQJWRQ��3�&���7DP��-���.DW]HQEDFN��
%�$��� +LWFKHQ�� 6�-��� %DUUHGD�� '�5��
DQG� %HORVHYLF�� 0�� �������
'HYHORSPHQW� RI� PDFURSKDJHV� RI�
F\SULQLG� ILVK�� 'HYHORSPHQW� RI
&RPSDUDWLYH ,PPXQRORJ\� ������
�������

.DFKLJDQ� 6�� ������� 6WDWLVLFDO� $QDO\VLV��
$� FRQFHSWXDO� LQWURGXFWLRQ�� 5DGLXV�
3UHVV����� �����

.RGDPD�� +�� DQG� 'HQVR�� 2�)� �������
$QWLWXPRU� HIIHFW� RI� KXPLF� DFLG RQ�
PXULQH� WUDQVSODQWDEOH� /�����
OHXNHPLD�� -RXUQDO� RI 9HWHULQDU\
0HGLFLQH 6FLHQFH� ��������±��������

.RGDPD�� +�� 'HQVR�� 2�)� DQG�
1DNDJDZD�� 7�� ������� 3URWHFWLRQ�
DJDLQVW� DW\SLFDO� $HURPRQDV�
VDOPRQLFLGD LQIHFWLRQ� LQ� FDUS�
�&\SULQXV� FDUSLR /��� E\� RUDO�
DGPLQLVWUDWLRQ� RI� KXPLF� DFLG�� -RXUQDO�
RI 9HWHULQDU\ 0HGLFLQH 6FLHQFH� ����
���±����

.RGDPD��+�� 'HQVR��2� )�� DQG� ,VKLGD��
6�� ������� 3URWHFWLYH� HIIHFW� RI� KXPLF�
DFLG DJDLQVW� 7U\SDQRVRPD� EUXFHL
LQIHFWLRQ� LQ� PLFH�� -RXUQDO� RI�
9HWHULQDU\� 0HGLFLQH� 6FLHQFH� ����
����±�����

/DLUG�� /�� DQG� 1HHGKDP�� 7� �������
6DOPRQ�DQG�7URXW�)DUPLQJ��WK (GLWLRQ��
+DUZRRG�3UHVV��1HZ�<RUN�

0DULQVN\� -�$�� 5HGG\�� 0�0��
(SKUDLP� -� DQG� 0DWKXWKX�� $�6��
������� &RPSXWDWLRQDO�VFKHPH�IRU�WKH�

SUHGLFWLRQ� RI� PHWDO� LRQ� ELQGLQJ� E\� D�
VRLO� IXOYLF� DFLG�� $QDO\WLFD &KLPLFD
$FWD���������������

0F*UDZ� +� ������� 0DQXDO� RI�
0LFURELDO� 0HWKRGV�� 1HZ� \RUN��
&KDSWHU��� ��������

0HLQHOW� 7���5RVH� $��DQG 3LHWURFN� 0��
������� (IIHFWV�RI�FDOFLXP�FRQWHQW�DQG�
KXPLF� VXEVWDQFHV� RQ� WKH� WR[LFLW\� RI�
DFULIODYLQH�WR�MXYHQLOH�]HEUDILVK�'DQLR�
UHULR�� -RXUQDO� RI $TXDWLF $QLPDO
+HDOWK� ��� ������

0HLQHOW�� 7�� 6FKUHFNHQEDFK�� .���
3LHWURFN�� 0�� +HLGULFK�� 6�� DQG�
6WHLQEHUJ�� &� (�� :�� ������� +XPLF�
VXEVWDQFHV�� 'LVVROYHG� KXPLF
VXEVWDQFHV� �+6�� LQ� DTXDFXOWXUH� DQG�
RUQDPHQWDO� ILVK� EUHHGLQJ�
(QYLURPHQWDO 6FLHQFH� DQG 3ROOXWLRQ
5HVHDUFK�������±���

0HQ]HO��5���6W�U]HQEDXP��6���.XODV��-��
%DUHQZDOGW��$��DQG�6WHLQEHUJ��&��(��
:�� ������� +XPLF� PDWHULDO� LQGXFHV�
EHKDYLRUDO� DQG� JOREDO� WUDQVFULSWLRQDO�
UHVSRQVHV� LQ� WKH� QHPDWRGH�
&DHQRUKDEGLWLV� HOHJDQV��
(QYLURQPHQWDO 6FLHQFH� DQG
7HFKQRORJ\� ��������±�����

1DNDJZD� -�� ,ZDVDNL� 7�� .RGDPD� +��
������� 3URWHFWLRQ� DJDLQVW�
)ODYREDFWHULXP� SV\FKURSKLOXP
LQIHFWLRQ� �FROG� ZDWHU� GLVHDVH�� LQ� $\X�
ILVK� �3OHFRJORVVXV� DOWLYHOLV�� E\� RUDO�
DGPLQLVWUDWLRQ� RI� KXPLF� DFLG�� -RXUQDO�
RI� 9HWHULQDU\� 0HGLFDO� 6FLHQFH��
���������������

5DD�� -�� ������� 7KH� XVH� RI�
LPPXQRVWLPXODWRU\� VXEVWDQFHV� LQ� ILVK�
DQG� VKHOOILVK� IDUPLQJ�� 5HYLHZV� LQ�
)LVKHULHV�6FLHQFH� �� ���±����

6DDU�� 5�$�� DQG� :HEHU�� -�+�� �������
)XOYLF� DFLG�� 0RGLILHU� RI� PHWDO�LRQ�
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FKHPLVWU\� (QYLURQPHQWDO�6FLHQFH�DQG�
7HFKQRORJ\��������������

6DKX�� 6��� � 'DV�� %�.��� 0LVKUD�� %�� .���
3UDGKDQ��-��DQG�6DUDQJL��1����������
(IIHFW� RI� $OOLXP� VDWLYXP RQ� WKH�
LPPXQLW\�DQG�VXUYLYDO�RI�/DEHR�URKLWD�
LQIHFWHG� ZLWK� $HURPRQDV� K\GURSKLOD��
-RXUQDO $SSOLHG ,FKWK\RORJ\� ��� ��±
���

6DQNDUDQ�� .�� DQG� *XUQDQL�� 6�� �������
2Q� WKH� YDULDWLRQ� LQ� WKH� FDWDO\WLF�
DFWLYLW\�RI�WKH�O\VR]\PH�LQ�ILVK��,QGLDQ�
-RXUQDO� RI� %LRFKHPLVWU\ DQG�
%LRSK\VLFV� �� ��������

6FKHSHWNLQ�� ,� $�� .KOHEQLNRY�� $�� ,���
$K�� 6��<���:RR�� 6�� %��� -HRQJ��&�6��

.OXEDFKXN��2�� 1�� DQG�.ZRQ�� %�� 6��
������� &KDUDFWHUL]DWLRQ� DQG�
ELRORJLFDO� DFWLYLWLHV� RI� KXPLF�
VXEVWDQFHV� IURP� PXPLHV�� -RXUQDO� RI
$JULFXOWXUH� DQG )RRG� &KHPLVWU\� ����
����±�����

6WRVNRSK��0��������� )LVK�0HGLFLQH��33�
���� ��� DQG� ���� :�%�� 6DXQGHUV�
&RPSDQ\�

9DQ�5HQVEXUJ��&�(�-�� 0DOILHOG��6 &�.��
DQG� 'HNNHU�� -�� ������� 7RSLFDO�
DSSOLFDWLRQ� RI� R[LIXOYLF� DFLG�
VXSSUHVVHV� WKH� FRHWDQHRXV� LPPXQH�
UHVSRQVH� LQ� PLFH�� 'UXJ�
'HYHORSPHQWDO 5HVHDUFK� ������±���

7DEOH������(IIHFW�RI�KXPLF�DFLG�IHG�WR�FRPPRQ�FDUS�IRU����GD\V��RQ�ERG\�ZHLJKW��VSHFLILF�JURZWK�
UDWH��6*5� FRQGLWLRQ�IDFWRU��&)� DQG�VXUYLYDO�UDWH��

0HDQV�KDYLQJ�WKH�VDPH�VXSHUVFULSW�OHWWHUV�LQ�WKH�VDPH�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�3 ������

7DEOH�������3URWHFWLYH�HIIHFW�RI�KXPLF�DFLG�IHG�WR�FRPPRQ�FDUS�IRU����GD\V��DJDLQVW�QLWULF�R[LGH�
FKDOOHQJH�IRU�ILYH VXFFHVVLYH GD\V���JSV��������

6XEJURXS )LVK�1R� +XPLF�DFLG� 1LWULF�R[LGH 0RUWDOLW\�QR���DQG�UDWH

� �� ���
�����PJ�O

���������

� �� ���� ���������

� �� ��� ������
� �� ��� ��������

6XUYLYDO�
UDWH��

&)OHQJWK��FP��6*5%RG\�:HLJKW�
�J�

+XPLF�
DFLG�

)LVK�
1R��

6XEJURXSV

�����
���� &

�����
���� % ���������& ���������� & �����������

��
���� %

�����
���� $ �����

���� %

�����
����� % �����������

�����
���� $

�����
���� % ���������$��������� $ �����������

�������� $ ���������� % �����
���� $

�����
����� $ �����������



(IIHFWV�RI�+XPLF�$FLG�DV�)HHG�$GGLWLYH�LQ�,PSURYHPHQW�RI�1RQVSHFLILF�,PPXQH�5HVSRQVH�DQG�'LVHDVH�
5HVLVWDQFH�LQ�&RPPRQ�&DUS��&\SULQXV�FDUSLR�

��

7DEOH������O\VR]\PH�DFWLYLW\�LQ�KXPLF�DFLG�IHG�LQ�FRPPRQ�FDUS IRU����GD\V��JSV������

6XEJURXS ��WK�GD\ ��WK GD\ ��WK GD\
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0HDQV�KDYLQJ�WKH�VDPH�VXSHUVFULSW�OHWWHUV�LQ�WKH�VDPH�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�3��������

7DEOH� ����� �0RUWDOLW\� UDWH� RI� FRPPRQ� FDUS� IHG� RQ�GLHW� VXSSOHPHQWHG�ZLWK�KXPLF� DFLG� IRU� ���
GD\V�DQG�,�3�FKDOOHQJHG�ZLWK����î����PO�YLUXOHQW�$��K\GURSKLOD��JSV�������

6XEJURXSV )LVK�1R� +XPLF�$FLG�� 0RUWDOLW\�1R��DQG�5DWH
� �� ��� ���������
� �� ��� ���������
� �� ��� ��������
� �� ��� ��������

7DEOH������)LUVW�$JJOXWLQDWLRQ�7HVW�DPRQJ�EORRG�FROOHFWLRQ�WLWHUV�DJDLQVW�$��K\GURSKLOD �JSV�������
:HOO�1R� � � � � � � �
6HUXP ���� ���� ���� ���� ����� ����� �����
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7DEOH������6HFRQG�EORRG�FROOHFWLRQ�WLWHUV�DJDLQVW�$��K\GURSKLOD �JSV�������
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