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6XEFKURQLF�7R[LFLW\�RI�)LFXV�GHOWRLGHD�-DFN��/HDYHV�RQ�WKH�
+LVWRORJ\�RI�9HQWULFXOXV�DQG�,QWHVWLQXP�7HQXH�0DOH�0LFH�

5HWQR�$U\DQL��D���5XG\�$JXQJ�1XJURKR���+HWW\�0DQXUXQJ���1XU�$LQXQ�2NWDYLD�
3XVSDULQL���:LGKD�3UDKDVWLND���5XGLDQWR�5XGLDQWR��

�$QLPDO�DQDWRP\�DQG�0LFURWHFKQLTXH�/DERUDWRU\��'HSDUWPHQW�RI�%LRORJ\��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�
6FLHQFHV��0XODZDUPDQ�8QLYHUVLW\��-O��%DURQJ�7RQJNRN�1R����*Q�.HOXD��6DPDULQGD��(DVW�.DOLPDQWDQ��������

,QGRQHVLD�
�$QLPDO�SK\VLRORJ\��'HYHORSPHQW��DQG�0ROHFXODU�/DERUDWRU\��'HSDUWPHQW�RI�%LRORJ\��)DFXOW\�RI�0DWKHPDWLFV�DQG�
1DWXUDO�6FLHQFHV��0XODZDUPDQ�8QLYHUVLW\��-O��%DURQJ�7RQJNRN�1R����*Q�.HOXD��6DPDULQGD��(DVW�.DOLPDQWDQ�

�������,QGRQHVLD�
�3ODQW�3K\VLRORJ\�DQG�'HYHORSPHQW�/DERUDWRU\��'HSDUWPHQW�RI�%LRORJ\��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�
6FLHQFHV��0XODZDUPDQ�8QLYHUVLW\��-O��%DURQJ�7RQJNRN�1R����*Q�.HOXD��6DPDULQGD��(DVW�.DOLPDQWDQ��������

,QGRQHVLD�
�

D��&RUUHVSRQGLQJ�DXWKRU��UHWQRBDU#\DKRR�FR�LG�

$EVWUDFW��/HDYHV�RI�)LFXV�GHOWRLGHD� -DFN��FRQWDLQV� IODYRQRLGV��VWHURLGV��DONDORLGV�� WULWHUSHQRLGV��VDSRQLQV�� WDQQLQV��DQG�
SKHQROLFV� ZKLFK� EHQHILFLDO� DV� WUDGLWLRQDO� PHGLFLQHV�� +RZHYHU�� OHYHO� RI� VDIHW\� IRU� LWV� XVH� LV� XQNQRZQ�� 3UHVHQW� VWXG\�
SXUSRVHG� WR� HYDOXDWH� WKH� VXEFKURQLF� WR[LFLW\� RI� HWKDQROLF� H[WUDFW� RI�)LFXV� GHOWRLGHD� -DFN� �)'((�� RQ� WKH� KLVWRORJ\� RI�
YHQWULFXOXV� DQG� LQWHVWLQXP� WHQXH� RI� PDOH� PLFH� �0XV� PXVFXOXV��� ,Q� WRWDO� ��� PLFH� ZHUH� UDQGRPO\� GLYLGHG� LQWR� ILYH�
WUHDWPHQW�JURXSV�DQG�WUHDWHG�ZLWK�OHDYHV�RI�)'((�DW�GRVHV�RI�������������������DQG������PJ�NJ�ERG\�ZHLJKW��%:��IRU����
GD\V�� $W� WKH� HQG� RI� WKH� VWXG\�� WKH� PLFH� ZHUH� GLVVHFWHG�� YHQWULFXOXV� DQG� LQWHVWLQDO� WHQXH� RUJDQV� ZHUH� WDNHQ� RXW� DQG�
ZHLJKHG��7KH�RUJDQV�RI�WKH�YHQWULFXOXV�DQG�LQWHVWLQDO�WHQXH�ZHUH�SUHSDUHG�IRU�KLVWRORJLFDO�SUHSDUDWLRQV��7KH�WKLFNQHVV�RI�
WKH�YHQWULFXOXV�ZDOO�DQG�WKH�KHLJKW�RI�WKH�LQWHVWLQDO�YLOOL�ZHUH�PHDVXUHG�KLVWRORJLFDOO\��7KH�UHVXOWV�VKRZHG�WKDW�WKHUH�ZDV�
QR�VLJQLILFDQWO\�FKDQJHG�RQ�WKH�KLVWRORJLFDO�VWUXFWXUH�RI�WKH�YHQWULFXOXV�DQG�LQWHVWLQDO�WHQXH�RI�PLFH�WUHDWHG�ZLWK�����DQG�
����PJ�NJ�%:�RI�)'((�OHDYHV��0HDQZKLOH��DW�GRVHV�RI�����DQG������PJ�NJ�%:��WKHUH�ZDV�D�VOLJKWO\�FKDQJH�RQ�WKH�
KLVWRORJLFDO�RI�YHQWULFXOXV�ZKLFK�ZDV�LQGLFDWHG�E\�WKH�WKLFNQHVV�RI�WKH�YHQWULFXOXV�ZDOO�DQG�WKH�KHLJKW�RI�LQWHVWLQDO�YLOOL��
7KH�)'((� OHDYHV�DERYH�����PJ�NJ�%:�DIIHFWHG� WKH� WKLFNQHVV�RI� WKH�YHQWULFXOXV�ZDOO�DQG� WKH�KHLJKW�RI� WKH� LQWHVWLQDO�
WHQXH�YLOOL�RI�PDOH�PLFH��

,1752'8&7,21�

,QGRQHVLD�KDV�D�KLJK�GLYHUVLW\�RI�IORUD��RQH�RI�ZKLFK�LV�PHGLFLQDO�SODQWV��QDPHO\�)LFXV�GHOWRLGHD�-DFN��7KH�)LFXV�
GHOWRLGHD�LV�D�FOLPELQJ�KHUE��OHDYHV�DUUDQJHG�]LJ]DJ�RQ�VOHQGHU�EUDQFKHV��VWDON�������FP�ORQJ��EULJKW�\HOORZLVK�JUHHQ�
RU�\HOORZLVK�EURZQ�ZLWK�VSRWV��URXQGHG�VWUDQGV�RI�EUHHFK�HJJV�WR�KRRN��DQG�JORVV\�OHDI�VXUIDFH�>����@��$FFRUGLQJ�WR�
1XJURKR� HW� DO�� >�@� )LFXV� GHOWRLGHD� OHDYHV� HWKDQRO� H[WUDFW� �)'((�� FRQWDLQV� DONDORLGV�� SKHQROLFV�� IODYRQRLGV��
FRXPDULQ�� DQG� VWHURLGV� DQG� WRWDO� TXDQWLWDWLYH� OHYHOV� RI�SKHQROLFV� DQG� IODYRQRLGV� DUH��������������J�*$�PJ�DQG�
�������������J�&(�PJ��)XUWKHU��0DQXUXQJ�HW�DO��GDQ�0DNDODODJ�>����@�KDYH�DOVR�UHSRUWHG�WKDW�WKH�PHWKDQRO�H[WUDFW�
RI�)LFXV�GHOWRLGHD��SURGXFHG�E\�FXOWLYDWLRQ�DQG�ZLOG�SODQWV�KDV�KLJK�IODYRQRLG�FRQWHQW�DQG�VKRZV�KLJK�DQWLR[LGDQW�
DFWLYLW\� �,&��� ��������J�P/���VR� LW�KDV� WKH�SRWHQWLDO� WR�EH�XVHG�DV�PHGLFLQDO�SODQWV��3UHYLRXV�UHVHDUFK�PHQWLRQHG�
WKDW�WKH�H[WUDFW�RI�)LFXV�GHOWRLGHD�ZKLFK�DEXQGDQFHV�ZLWK�VWHURO�FRPSRXQGV�DOVR�VKRZV�DQ�DQWL�FDQFHU�RU�DQWL�WXPRU�
SURSHUWLHV�>����@������

%HVLGHV� WKHLU� SRWHQWLDO� EHQHILWV�� WKH� )'((� OHDYHV� PLJKW� EH� KDYLQJ� VRPH� QHJDWLYH� HIIHFWV� EHFDXVH� LW� FRQWDLQV�
FKHPLFDO� FRPSRXQGV� QDPHO\� ILFLQ�� IXURNXPDULQ�� ILFXFLQ� DQG� SVRUDOHQ� WKDW� FDXVH� WR[LF� HIIHFWV�� >����@�� 7KHVH�
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FKHPLFDO�FRPSRXQGV�DUH�JHQHUDOO\� IRXQG� LQ�PHPEHUV�RI� WKH�JHQXV�)LFXV��'LDUUKHD��YRPLWLQJ��DQG� LUULWDWLRQ�RI� WKH�
GLJHVWLYH�WUDFW�DUH�WKH�FRPPRQ�WR[LF�V\PSWRP�ZKHQ�WKLV�SODQW� LV�LQJHVWHG��HVSHFLDOO\�LI�XVHG�H[FHVVLYHO\��)XUWKHU��
WKH�GLJHVWLYH�WUDFW�VXFK�DV�YHQWULFXOXV�DQG�LQWHVWLXP�WHQXH�FDQ�EH�GHWHULRUDWHG�E\�WKLV�SODQW�>��@��

7KRXJK�VRPH�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�WKH�HIIHFW�RI�WKH�)LFXV�GHOWRLGHD�H[WUDFW��VWXG\�RQ�WKH�VXE�FKURQLF�
WR[LFLW\�WHVW�RI�WKH�)'((�OHDYHV�RQ�WKH�YHQWULFXOXV�DQG�LQWHVWLXP�WHQXH�RUJDQV�RI�PDOH�PLFH�KDV�QRW�EHHQ�FDUULHG�RXW��
7KXV�� WKH�SXUSRVH�RI� FXUUHQW� UHVHDUFK�ZDV� WR�GHWHUPLQH�ZKHWKHU� WKH�)'((� OHDYHV� FDQ� FDXVH� VXE�FKURQLF� WR[LFLW\�
HIIHFWV�RQ�WKH�YHQWULFXOXV�DQG�LQWHVWLQDO�RUJDQV�RI�PDOH�PLFH��0XV�PXVFXOXV���

0$7(5,$/6�$1'�0(7+2'6�

([WUDFW�3UHSDUDWLRQ�

7KH�)LFXV�GHOWRLGHD� OHDYHV�ZHUH�FOHDQHG��GULHG��DQG�EOHQGHG� WR�REWDLQ� OHDYHV�SRZGHU��7KH� OHDYHV�SRZGHU�ZDV�
H[WUDFWHG�XVLQJ�����HWKDQRO�VROYHQW�IRU�WZR�GD\V�LQ�DQ�(UOHQPH\HU�IODVN��7KH�HUOHQPH\HU�IODVN�ZDV�SODFHG�LQ�RUELWDO�
VKDNHU�IRU����KRXUV��$IWHU�VKDNLQJ��WKH�(UOHQPH\HU�IODVN�ZDV�OHIW�IRU����KRXUV�IROORZHG�E\�ILOWHULQJ�DQG�HYDSRUDWLQJ�
XVLQJ�D�URWDU\�HYDSRUDWRU�XQWLO�D�FUXGH�H[WUDFW�ZDV�REWDLQHG��7KH�FUXGH�H[WUDFW�ZDV�ZHLJKHG�DFFRUGLQJ�WR�WKH�GRVDJH�
UHTXLUHPHQW�DQG�PL[HG�ZLWK������&0&�VROXWLRQ�

$QLPDO�7HVW�

,Q�WRWDO����PLFH�ZHUH�XVHG�DQG�UDQGRPO\�GLYLGHG�LQWR�ILYH�JURXSV�RI�ILYH�UHSOLFDWLRQV��7KH�WUHDWPHQWV�RI�)'((�
OHDYHV� LQ������&0&�ZHUH� FDUULHG� RXW�RUDOO\� HYHU\�GD\�ZLWK� GRVHV�� QDPHO\� FRQWURO� ����� ���������� ����� DQG������
PJ�NJ�%:�IRU����GD\V��'XULQJ�WKH�WUHDWPHQW��HDFK�PRXVH�ZDV�ZHLJKHG�RQFH�D�ZHHN��2Q�WKH�GD\�����WKH�PLFH�ZHUH�
GLVORFDWHG� DQG� VDFULILFHG� 9HQWULFXOXV� DQG� LQWHVWLQHV� RI� PLFH� ZHUH� WDNHQ� RXW� DQG� ZHLJKHG�� $IWHU� ZHLJKLQJ�� WKH�
YHQWULFXOXV�DQG�LQWHVWLQDO�RUJDQV�RI�WKH�PLFH�ZHUH�SUHSDUHG�IRU�KLVWRORJLFDO�VOLGHV�XVLQJ�WKH�SDUDIILQ�PHWKRG�DQG�WKH�
+HPDWR[\OLQ�(RVLQ�VWDLQLQJ�

'DWD�$QDO\VLV�

7KH�KLVWRORJLFDO�GDWD�RI�WKH�YHQWULFXOXV�DQG�LQWHVWLXP�WHQXH�RI�PLFH�ZHUH�DQDO\]HG�GHVFULSWLYHO\��9LOOL�KHLJKW�DQG�
YHQWULFXOXV�ZDOO�WKLFNQHVV�ZHUH�PHDVXUHG�XVLQJ�WKH�VRIWZDUH�)LML�,PDJH-����H�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��86$�DQG�
DQDO\]HG�XVLQJ�RQH�ZD\�$QDO\VLV�RI�9DULDQFH��$129$���IROORZHG�E\�'XQFDQ�0XOWLSOH�5DQJH�7HVW��'057��LI�DQ\�
VLJQLILFDQW�GLIIHUHQFH�IRXQG�DW�S�������

5(68/76�$1'�',6&866,21�

7KH�ZHLJKW�DQG�WKH�KHLJKW�RI�WKH�YHQWULFXODU�DQG�LQWHVWLQDO�RUJDQV�LQ�WKH�VXEFKURQLF�WR[LFLW\�ZHUH�VKRZQ�LQ�7DEOH�
���,W�FDQ�EH�VHHQ�WKDW�WKH�HWKDQRO�H[WUDFW�GLG�QRW�DIIHFW�WKH�ZHLJKW�RI�WKH�YHQWULFXODU�DQG�LQWHVWLQDO�WHQXH�RI�PLFH�

�
7$%/(����7KH�KHLJKW�RI�YLOOL�DQG� WKLFNQHVV�RI�YHQWULFXOXV�ZDOO� LQ�PDOH�PLFH��0XV�PXVFXOXV�� WUHDWHG�ZLWK�HWKDQROLF�H[WUDFW�RI�
)LFXV�GHOWRLGHD�OHDYHV��
3DUDPHWHUV� VXEFKURQLF�WR[LFLW\��PJ�NJ�%:��

&RQWURO� ���� ���� ���� �����
9HQWULFXOXV��J�� ���������D� ���������D� ���������D� ���������D� ���������D�
9HQWULFXOXV����� ���������D� ���������D� ���������D� ���������D� ���������D�
7KLFNQHVV�RI�WKH�
YHQWULFXOXV�ZDOO���P��

���������D� ���������E� ���������EF� ���������F� ���������F�

,QWHVWLQXP�WHQXH��J�� ���������D� ���������D� ���������D� ���������D� ���������D�
,QWHVWLQXP�WHQXH����� ���������D� ���������D� ���������D� ���������D� ���������D�
KHLJKW�RI�WKH�LQWHVWLQDO�
WHQXH�YLOOL���P��

���������D�
�

���������DE� ���������E�
�

���������F�
�

���������F�
�

0HDQ���6(�IROORZHG�E\�GLIIHUHQW�VXSHUVFULSW�OHWWHUV��D��E��F��RQ�WKH�VDPH�URZ�LQGLFDWHG�VLJQLILFDQW�GLIIHUHQFH��S���������
�
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%DVHG�RQ� WKH�KLVWRORJ\�REVHUYDWLRQ�� WKH� LQWHVWLXP� WHQXH�RI�PLFH� LQ� WKH�FRQWURO� VKRZHG� WKDW� WKH�YLOOL�ZHUH� VWLOO�
LQWDFW��DQG�WKHLU�VWUXFWXUH�ZDV�UHJXODU�DQG�QRUPDO��7KHUH�ZDV�DOVR�QR�GDPDJH�RQ�WKH�VXUIDFH�HSLWKHOLDO�FHOOV�RI� WKH�
YLOOL��)LJXUH���&��DQG�&����0HDQZKLOH������PJ�NJ�%:��)LJ����3�D�DQG�3�E��DQG�����PJ�NJ�%:��)LJ����3�D�DQG�
3�E��WUHDWPHQW�UHVXOWHG�QR�VLJQLILFDQWO\�GLIIHUHQW�RQ�WKH�KLVWRORJLFDO�VWUXFWXUH�DQG�WKH�YLOOL�VKDSH�FRPSDUH�WR�FRQWURO�
JURXS��7KLV� ILQGLQJ�FRQILUPHG� WKDW� WKH�)'((�OHDYHV�XS� WR�D�GRVH�RI�����PJ�NJ�%:�ZDV�QRW� WR[LF��)XUWKHU��PLFH�
WUHDWHG�ZLWK� )'((� OHDYHV� DW� ����PJ�NJ�%:� �)LJ�� ��� 3�D� DQG� 3�E�� DQG� �����PJ�NJ�%:� �)LJ�� ��� 3�D� DQG� 3�E��
H[KLELWHG�PLQRU�GDPDJH�RQ�WKH�FHOO� OD\HU�RI� WKH�LQWHVWLQDO��7KH�HSLWKHOLXP�RI�WKH�YLOOL�DQG�WKH�ODPLQD�SURSULD�FHOOV�
ZHUH�QRW�QHDWO\�DUUDQJHG�LQ�WKH�PLGGOH�RI�WKH�YLOOL��DQG�WKH�PXFRXV�PXVFOHV�ZHUH�GHWDFKHG�IURP�WKH�LQWHVWLQDO�YLOOL��
3UHVHQW� UHVXOWV� UHYHDOHG� WKDW�)'((� OHDYHV� H[WUDFW�DW�GRVH�����DQG������PJ�NJ�%:�DIIHFWHG� WKH� LQWHVWLQDO�YLOOL�RI�
PLFH��

,Q�WKH�FRQWURO�JURXS��)LJ�����&��DQG�&���WKH�YHQWULFXOXV�HSLWKHOLXP�OD\HU�VKRZHG�LQWDFW�DQG�QRUPDO��0HDQZKLOH��
WUHDWPHQW� RI� ����PJ�NJ� %:� �)LJ�� ��� 3�D� DQG� 3�E�� DQG� ����PJ�NJ� %:� �)LJ�� ��� 3�D� DQG� 3�E�� RI� )'((� OHDYHV�
UHYHDOHG�QR�GLIIHUHQW�ZLWK�WKH�FRQWURO�JURXS�EXW��WKH�YHQWULFXOXV�OLQLQJ�ZDV�VWLOO�YLVLEOH��7KLV�ILQGLQJ�H[KLELWHG�WKDW�
PLFH� WUHDWHG�ZLWK�)'((� OHDYHV� XS� WR� D�GRVH�RI� ����PJ�NJ�%:�GLG�QRW� FDXVH�KLVWRORJLFDO� FKDQJHV��)XUWKHUPRUH��
PLFH� WUHDWHG� DW� GRVHV�RI�����PJ�NJ�%:��)LJ�� ���3�D� DQG� 3�E�� DQG� �����PJ�NJ�%:� �)LJ�� ��� 3�D� DQG�3�E��ZLWK�
)'((�OHDYHV�UHVXOWHG�D�PLOG�GDPDJH�ZKLFK�ZDV�VHHQ�DV�GHVTXDPDWLRQ�RI�WKH�HSLWKHOLXP�DQG�HURVLRQ�RI�WKH�PXFRVDO�
OD\HU�RI�LQWHVWLQDO�RUJDQ��
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),*85(����,QWHVWLQXP�WHQXH�KLVWRORJ\�RI�0XV�PXVFXOXV�WUHDWHG�ZLWK�YDULRXV�GRVHV�RI�HWKDQROLF�H[WUDFW�OHDYHV�RI�)LFXV�GHOWRLGHD��
&��DQG�&�� �&RQWURO��0LFH�WUHDWHG�ZLWK�YDULRXV�GRVHV�RI�HWKDQROLF�H[WUDFW�OHDYHV�RI�)LFXV�GHOWRLGHD��3�D�DQG�3�E� �����PJ�NJ�
%:��3�D�DQG�3�E� � ����PJ�NJ�%:��3�D�DQG�3�E� � ����PJ�NJ�%:��3�D�DQG�3�E� � �����PJ�NJ�%:��3DUDIILQ�PHWKRG�DQG�
+HPDWR[\OLQ�	�(RVLQ� VWDLQLQJ� DUH�XVHG��(DFK�JURXS�KDV�PDJQLILFDWLRQ��[��� �&���3�D�� 3�D��3�D�DQG�3�D��� DQG�PDJQLILFDWLRQ�
��[����&���3�E��3�E��3�E��DQG�3�E���1RWH�����/XPHQ�����7XQLFD�0XFRVD�����7XQLFD�6XEPXFRVD�����7XQLFD�0XVFXODULV�����7XQLFD�
6HURVD�����7KH�KHLJKW�RI�9LOOXV��
�
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�
�
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),*85(����9HQWULFXOXV�KLVWRORJ\�RI�0XV�PXVFXOXV�WUHDWHG�ZLWK�YDULRXV�GRVHV�RI�HWKDQROLF�H[WUDFW�OHDYHV�RI�)LFXV�GHOWRLGHD��&��
DQG�&�� �&RQWURO��0LFH�WUHDWHG�ZLWK�YDULRXV�GRVHV�RI�HWKDQROLF�H[WUDFW�OHDYHV�RI�)LFXV�GHOWRLGHD��3�D�DQG�3�E� �����PJ�NJ�%:��
3�D� DQG� 3�E�  � ���� PJ�NJ� %:�� 3�D� DQG� 3�E�  � ���� PJ�NJ� %:�� 3�D� DQG� 3�E�  � ����� PJ�NJ� %:�� 3DUDIILQ� PHWKRG� DQG�
+HPDWR[\OLQ�	�(RVLQ� VWDLQLQJ� DUH�XVHG��(DFK�JURXS�KDV�PDJQLILFDWLRQ��[��� �&���3�D�� 3�D��3�D�DQG�3�D��� DQG�PDJQLILFDWLRQ�
��[��� �&��� 3�E�� 3�E�� 3�E�� DQG� 3�E��� 1RWH� ��� /XPHQ�� ��� 7XQLFD� 0XFRVD�� ��� 7XQLFD� 0XVFXODULV�� ��� 7XQLFD� 6HURVD�� ��� 7KH�
WKLFNQHVV�RI�YHQWULFXOXV�ZDOO�

�
3UHVHQW� VWXG\�DOVR� IRXQG� WKDW� WKHUH�ZHUH�QR� WR[LF� V\PSWRPV�RU�GHDWK� LQ� VXEFKURQLF� WR[LFLW\� IRU����GD\V� LQ�DOO�

WUHDWPHQW�JURXSV�RI�PLFH��7R[LF�V\PSWRPV�VXFK�DV�SK\VLFDO�FRQGLWLRQ�RI�KDLU�DQG�VNLQ��H\HV��EHKDYLRU�SDWWHUQV�RI�
PLFH��DQG�OHWKDUJ\�ZHUH�QRW�IRXQG�LQ�HLWKHU�FRQWURO�RU� WUHDWPHQWV�JURXS��7KHVH�UHVXOWV�DUH�LQ�DFFRUGDQFH�ZLWK�SDVW�
UHVHDUFK�RI�)DUVL�HW�DO�>��@�UHYHDOHG�WKDW�)��GHOWRLGHD�PHWKDQROLF�OHDYHV�H[WUDFW�XS�WR�D�GRVH�RI������PJ�NJ�%:�IRU�
���GD\V�VKRZHG�QR�VLJQLILFDQW�FKDQJHV�LQ�WKH�EHKDYLRU�RI�PLFH�VXFK�DV�DSDWK\�DQG�K\SHUDFWLYLW\��,O\DQLH�HW�DO��>��@�
DOVR� IRXQG� WKDW� QR� VLJQV� RI� WR[LFLW\� DQG� PRUWDOLW\� LQ� GLDEHWLF� UDWV� ZKLFK� WUHDWHG� ZLWK� PHWKDQROLF� H[WUDFW� RI� )��
GHOWRLGHD�XS�WR�D�GRVH�RI������PJ�NJ�%:�IRU����GD\V��1R�VLJQV�RI�WR[LFLW\�DQG�PRUWDOLW\�ZDV�DOVR�IRXQG�LQ�GLDEHWLF�
UDWV�WUHDWHG�ZLWK�HWKDQRO�H[WUDFW�RI�)��GHOWRLGHD�XS�WR�D�GRVH�RI������PJ�NJ�%:�IRU����GD\V�>�@��

&XUUHQW�UHVXOWV�DOVR�UHYHDOHG�WKDW�WKH�)'((�OHDYHV�GLG�QRW�DIIHFW�RQ�WKH�ZHLJKW�RI�WKH�YHQWULFXODU�DQG�LQWHVWLQDO�
WHQXH� RI�PLFH�� 7KLV� ILQGLQJ� LV� VLPLODU� WR� SUHYLRXV� VWXG\� VWDWHG� WKDW� WUHDWPHQW� RI�PHWKDQRO� H[WUDFW� RI�)�� GHOWRLGHD�
-DFN�� OHDYHV� DW� D� GRVH� RI� ����� ������ �����PJ�NJ�%:� LQ� VXEFKURQLF� WR[LFLW\�ZDV� QRW� DIIHFW� RQ� WKH� RUJDQ�ZHLJKW�
�KHDUW��NLGQH\��OLYHU��O\PSK��OXQJ��FRPSDUHG�WR�WKH�FRQWURO�JURXS��,Q�DGGLWLRQ��6DUDJLK�>��@�VWDWHG�WKDW�WKH�KLJKHU�WKH�
YLOOL�UDWLR��WKH�KLJKHU�WKH�GLJHVWLRQ�UDWH�DQG�QXWULHQW�DEVRUSWLRQ�ZKLOH��/DXGDGLR�HW�DO��>��@�DOVR�PHQWLRQHG��WKDW�WKH�
KLJKHU� WKH� YLOOL�� WKH� JUHDWHU� WKH� QXWULHQW� DEVRUSWLRQ� DUHD�� 7KH� GHFUHDVH� LQ� WKH� VXUIDFH� DUHD� RI� WKH� YLOOL� OLPLWV� WKH�
DEVRUSWLRQ� RI� IRRG� MXLFHV� >��@�7KH� GDPDJHG� RI� YLOOL� DOVR� LQWHUIHUHV�ZLWK� WKH� SURFHVV� RI� DEVRUSWLRQ� RI� IRRG� LQ� WKH�
LQWHVWLXP�WHQXH�>��@��,Q�DGGLWLRQ��)DUVL�HW�DO��>��@�VWDWHG�WKDW�JLYLQJ�PHWKDQRO�H[WUDFW�RI�)��GHOWRLGHD�OHDYHV�FDXVHG�
PLOG�LQIODPPDWLRQ�RQ�WKH�OXQJ�KLVWRORJ\���7KH�FKDQJHV�LQ�WKH�VWUXFWXUH�RI�WKH�YHQWULFXOXV�ZDOO�WKLFNQHVV�FDXVHG�E\�D�
KLJK�GRVH�RI�HWKDQROLF�H[WUDFW�RI�)��GHOWRLGHD�OHDYHV�DIIHFWHG�WKH�WKLFNQHVV�RI�WKH�YHQWULFXOXV�ZDOO��7KLV�LV�GXH�WR�WKH�
IDFW�WKDW�)��GHOWRLGHD�OHDYHV�FRQWDLQ�FKHPLFDO�FRPSRXQGV�VXFK�DV�IODYRQRLGV��DONDORLGV��VDSRQLQV��WDQQLQV�WKDW�PLJKW�
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EH�KDYLQJ�D�WR[LF�HIIHFW�ZKHQ�XVHG�ZLWK�KLJK�GRVHV��:DJQHU� >��@� UHYHDOHG� WKDW�DONDORLGV�DQG�IODYRQRLGV�DUH� WR[LF�
EHFDXVH� LW� FDQ� DFW� DV� UHVSLUDWRU\� WR[LQV� DQG� HYHQ� DONDORLGV� FDQ� FDXVH� YHQWULFXOXV�SRLVRQLQJ��ZKLOH�� WDQQLQV�PLJKW�
EORFN� WKH� GLJHVWLRQ�SURFHVV� DQG� FDXVH�ZDWHU� DEVRUSWLRQ� GLVRUGHUV� LQ� RUJDQLVPV��0RUHRYHU�� VDSRQLQV� FDQ� UHVXOW� LQ�
GHFUHDVLQJ�WKH�DFWLYLW\�RI�GLJHVWLYH�HQ]\PHV�DQG�IRRG�DEVRUSWLRQ��LQKLELWLQJ�GHYHORSPHQW�DQG�LQWHUIHUH�WR�JURZWK����

7KH�SUHVHQFH�GHVTXDPDWLRQ�RI�HSLWKHOLDO�FHOOV�RQ�VHYHUDO�ZDOOV�RI�WKH�YHQWULFXOXV�PXFRVD��SRVVLEO\�WKH�VLGH�HIIHFW�
RI�)��GHOWRLGHD� OHDYHV�HWKDQRO�H[WUDFW� WUHDWPHQW��$FFRUGLQJ�WR�-DKUD�HW�DO�� >��@��GHVTXDPDWLRQ�RI�HSLWKHOLDO�FHOOV� LV�
FKDUDFWHUL]HG�E\�H[IROLDWLRQ�RU�SHHOLQJ�RI�VXUIDFH�HSLWKHOLDO�FHOOV��7KLV�LV�D�UHVSRQVH�WR�WKH�YHQWULFXOXV�PXFRVD�GXH�WR�
D�GHFUHDVH� LQ�PXFXV� VHFUHWLRQ� �F\WRSURWHFWLYH�� DQG� WKH�SURFHVV�RI�GHVTXDPDWLRQ� RI� HSLWKHOLDO� FHOOV� WKDW� FDQ� FDXVH�
HURVLRQ�RI�PXFRVDO�FHOOV��&HOO�GHVTXDPDWLRQ�RFFXUV�GXH�WR�WKH�GHFUHDVLQJ�LQ�YHQWULFXOXV�F\WRSURWHFWLYH�OHYHOV�ZKLFK�
FDQ�EH�FDXVHG�E\�R[LGDWLYH�VWUHVV��WULJJHUHG�E\�5HDFWLYH�2[\JHQ�6SHFLHV��526��VXEVWDQFHV�VXFK�DV�DOFRKRO��DFLGLF�
IRRGV�RU�GULQNV��VWUHVV� IDFWRUV��DQG�GUXJV��)LFXV�GHOWRLGHD�-DFN�� LWVHOI� LV�DQ�KHUEDO�SODQW� WKDW�FDQ�EH�XVHG�DV�D� UDZ�
PDWHULDO� IRU�PHGLFLQDO�KHUEV��+HUEDO�SODQWV� FRQWDLQ� FKHPLFDOV� WKDW� FDQ� FDXVH� VLGH� HIIHFWV� VXFK�DV� WR[LFLW\� DW� KLJK�
GRVHV��QDPHO\�PXFRVD�LUULWDWLRQ�>������@�

&21&/86,21�

(WKDQROLF�H[WUDFW�RI�)��GHOWRLGHD�-DFN��OHDYHV�DERYH�����PJ�NJ�%:�DIIHFWHG�WKH�WKLFNQHVV�RI�WKH�YHQWULFXOXV�ZDOO�
DQG� WKH� KHLJKW� RI� WKH� LQWHVWLQDO� WHQXH� YLOOL� RI� PDOH� PLFH�� 3UHVHQW� ILQGLQJ� DOVR� FRQFOXGHV� WKDW� WKH� WUHDWPHQW� RI�
HWKDQROLF� H[WUDFW� RQ�PLFH� VKRZV�QR� WR[LF� V\PSWRPV� RU� GHDWK� LQ� VXEFKURQLF� WR[LFLW\� IRU� ��� GD\V� LQ� DOO� WUHDWPHQW�
JURXSV�RI�PLFH��

$&.12:/('*0(176�

$OO� UHVHDUFKHUV� DFNQRZOHGJH� WR� 'LUHNWRUDW� -HQGHUDO� .HPHQWHULDQ� SHQGLGLNDQ� WLQJJL�� 5LVHW� GDQ� 7HNQRORJL�
3HQGLGLNDQ� 7LQJJL� �5LVWHNGLNWL��� 5HSXEOLF� ,QGRQHVLD� IRU� WKH� IXQG�� FRQWUDFW� QXPEHU� ����81�������./������� 7KH�
UHVHDUFKHU�DOVR�ZDQWV� WR�WKDQNIXO� WR�)DNXOWDV�0,3$��0XODZDUPDQ�8QLYHUVLW\��6DPDULQGD��(DVW�%RUQHR��,QGRQHVLD��
IRU�DQ\�NLQG�RI�VXSSRUW��
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