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7KLV�WKHVLV�LV�VXEPLWWHG�LQ�SDUWLDO�IXOILOPHQW�RI�WKH�UHTXLUHPHQWV�IRU�WKH�/LQFROQ�8QLYHUVLW\�'HJUHH�RI�
'RFWRU�RI�3KLORVRSK\��7KH�UHJXODWLRQV�IRU�WKH�GHJUHH�DUH�VHW�RXW�LQ�WKH�/LQFROQ�8QLYHUVLW\�&DOHQGDU�DQG�
DUH�HODERUDWHG�LQ�D�SUDFWLFH�PDQXDO�NQRZQ�DV�+RXVH�5XOHV�IRU�WKH�6WXG\�RI�'RFWRU�RI�3KLORVRSK\�RU�
0DVWHUV�'HJUHHV�DW�/LQFROQ�8QLYHUVLW\���
�
6XSHUYLVRU¶V�'HFODUDWLRQ��
,�FRQILUP�WKDW��WR�WKH�EHVW�RI�P\�NQRZOHGJH���
� ��WKH�UHVHDUFK�ZDV�FDUULHG�RXW�DQG�WKH�GLVVHUWDWLRQ�ZDV�SUHSDUHG�XQGHU�P\�GLUHFW�VXSHUYLVLRQ���
� �� H[FHSW� ZKHUH� RWKHUZLVH� DSSURYHG� E\� WKH� $FDGHPLF� $GPLQLVWUDWLRQ� &RPPLWWHH� RI� /LQFROQ�

8QLYHUVLW\��WKH�UHVHDUFK�ZDV�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�WKH�GHJUHH�UHJXODWLRQV�DQG�KRXVH�UXOHV���
� ��WKH�GLVVHUWDWLRQ�WKHVLV��SOHDVH�FLUFOH�RQH�UHSUHVHQWV�WKH�RULJLQDO�UHVHDUFK�ZRUN�RI�WKH�FDQGLGDWH���
� ��WKH�FRQWULEXWLRQ�PDGH�WR�WKH�UHVHDUFK�E\�PH��E\�RWKHU�PHPEHUV�RI�WKH�VXSHUYLVRU\�WHDP��E\�RWKHU�

PHPEHUV�RI�VWDII�RI�WKH�8QLYHUVLW\�DQG�E\�RWKHUV�ZDV�FRQVLVWHQW�ZLWK�QRUPDO�VXSHUYLVRU\�SUDFWLFH���
� ��H[WHUQDO�FRQWULEXWLRQV�WR�WKH�UHVHDUFK��DV�GHILQHG�LQ�WKH�+RXVH�5XOHV��DUH�DFNQRZOHGJHG���'HOHWH�LI�
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�
&DQGLGDWH¶V�'HFODUDWLRQ��
,�FRQILUP�WKDW���
� ��WKLV�WKHVLV�UHSUHVHQWV�P\�RZQ�ZRUN���
� ��WKH�FRQWULEXWLRQ�RI�DQ\�VXSHUYLVRUV�DQG�RWKHUV�WR�WKH�UHVHDUFK�DQG�WR�WKH�WKHVLV�ZDV�FRQVLVWHQW�ZLWK�

QRUPDO�VXSHUYLVRU\�SUDFWLFH���
� ��H[WHUQDO�FRQWULEXWLRQV�WR�WKH�UHVHDUFK��DV�GHILQHG�LQ�WKH�+RXVH�5XOHV��DUH�DFNQRZOHGJHG��
&DQGLGDWH�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB'DWH��BBBBBBBBBBBBBBB��
�
3UH�3XEOLFDWLRQ�RI�3DUWV�RI�WKLV�7KHVLV��
3DUWV�RI�WKLV�WKHVLV�KDYH�EHHQ�VXEPLWWHG�DQG�RU�DFFHSWHG�IRU�SXEOLFDWLRQ�LQ�DGYDQFH�RI�VXEPLVVLRQ�RI�WKH�
WKHVLV�IRU�H[DPLQDWLRQ��7KH�IROORZLQJ�SDJH�SURYLGHV�LQIRUPDWLRQ�RQ��

� ��ZKLFK�VHFWLRQV�KDYH�EHHQ�VXEPLWWHG��ZKLFK�KDYH�EHHQ�DFFHSWHG�DQG�ZKLFK�KDYH�DSSHDUHG���
� ��ZKLFK�MRXUQDOV�WKH\�KDYH�EHHQ�VXEPLWWHG�WR���
� ��ZKR�DUH�WKH�FR�DXWKRUV���
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3UH�3XEOLFDWLRQ�RI�3DUWV�RI�WKLV�7KHVLV�
6HOHFWHG�GDWD�IURP�&KDSWHU���SXEOLVKHG�DV��
)LVKHU��3�� ��������'LSKDFLQRQH� WR[LFLW\�DQG�SHUVLVWHQFH�RI� UHVLGXHV� LQ�SLJV��.DUDUHKH�.LQR� �����

�������/DQGFDUH�5HVHDUFK��/LQFROQ��1HZ�=HDODQG��
)LVKHU��3����������'LSKDFLQRQH�LQ�SLJV��VXEOHWKDO�H[SRVXUH�DQG�UHVLGXDO�SHUVLVWHQFH�LQ�WLVVXHV��,Q�

5�0�� 7LPP�� -�0�� 2¶%ULHQ� �(GV��� 3URFHHGLQJV� RI� WKH� ��QG�9HUWHEUDWH� 3HVW� &RQIHUHQFH�
�SS������������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

)LVKHU�� 3�� �������� 3HUVLVWHQFH� RI� UHVLGXDO� GLSKDFLQRQH� FRQFHQWUDWLRQV� LQ� SLJ� WLVVXHV� IROORZLQJ�
VXEOHWKDO� H[SRVXUH��'2&�5HVHDUFK�DQG�'HYHORSPHQW� 6HULHV� ����� ���SS��'HSDUWPHQW� RI�
&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

6HOHFWHG�GDWD�IURP�&KDSWHU���SXEOLVKHG�DV��
)LVKHU��3���6SXUU��(��%���2JLOYLH��6��&���DQG�(DVRQ��&��7����������%DLW�FRQVXPSWLRQ�DQG�UHVLGXDO�

FRQFHQWUDWLRQV�RI�GLSKDFLQRQH�LQ�WKH�:HOOLQJWRQ�WUHH�ZHWD��+HPLGHLQD�FUDVVLGHQV��
�2UWKRSWHUD��$QRVWRVWRPDWLGDH���1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������������

�
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$EVWUDFW�RI�D�WKHVLV�VXEPLWWHG�LQ�SDUWLDO�IXOILOPHQW�
RI�WKH�UHTXLUHPHQWV�IRU�WKH�'HJUHH�RI�3K�'��

�
5HVLGXDO�&RQFHQWUDWLRQV�DQG�3HUVLVWHQFH�RI�WKH�$QWLFRDJXODQW�5RGHQWLFLGHV�

%URGLIDFRXP�DQG�'LSKDFLQRQH�LQ�IDXQD�
�

3�0��)LVKHU�

�
%URGLIDFRXP�LV�D�KLJKO\�HIIHFWLYH�DQWLFRDJXODQW�URGHQWLFLGH� WKDW�SUHVHQWV�D�VHFRQGDU\�KD]DUG� WR�
VRPH�QRQ�WDUJHW�ZLOGOLIH��7KH�KLJK�DFXWH�WR[LFLW\�RI�EURGLIDFRXP�WR�PDPPDOV�DQG�ELUGV��DQG�LWV�
SURORQJHG�SHUVLVWHQFH�LQ�OLYHU�SUHGLFDWHV�VHFRQGDU\�ULVN�WR�SUHGDWRUV�DQG�VFDYHQJHUV�RI�SRLVRQHG�
URGHQWV��+HQFH�WKHUH�LV�D�QHHG�WR�LPSURYH�DELOLW\�WR�PRQLWRU�DQG�SUHGLFW�KD]DUGV�RI�EURGLIDFRXP�
WR� QRQ�WDUJHWV�� DQG� RSWLPLVH� XVH� SDWWHUQV� DFFRUGLQJO\�� 8VH� RI� D� OHVV� SHUVLVWHQW� DQWLFRDJXODQW�
URGHQWLFLGH�� GLSKDFLQRQH�� LV� DQ� DOWHUQDWLYH� DSSURDFK� FXUUHQWO\� XQGHU� LQYHVWLJDWLRQ� LQ� 1HZ�
=HDODQG��7KLV�WKHVLV�GHVFULEHV�D�VHULHV�RI�ODERUDWRU\�DQG�SHQ�VWXGLHV�WKDW�DGGUHVV�LQIRUPDWLRQ�JDSV�
UHOHYDQW� WR� WKH�DVVHVVPHQW�RI�QRQ�WDUJHW�KD]DUGV� LQ�FRQWLQXHG�XVH�RI�EURGLIDFRXP��DQG�RI�XVLQJ�
GLSKDFLQRQH�DV�DQ�DOWHUQDWLYH���
�
1RQ�OHWKDO�WHFKQLTXHV�IRU�GHWHUPLQLQJ�VXEOHWKDO�EURGLIDFRXP�H[SRVXUH�LQ�ELUGV�ZDV�LQYHVWLJDWHG�
LQ�FKLFNHQV��(OHYDWLRQ�RI�SURWKURPELQ�WLPH�ZDV�D�OHVV�UHOLDEOH�LQGH[�WKDQ�UHVLGXDO�FRQFHQWUDWLRQV�
LQ�WLVVXHV��6DPSOHV�UHTXLULQJ�OHVV�LQYDVLYH�SURFHGXUHV��VXFK�DV�GULHG�EORRG�VSRWV�RU�IDHFHV��KDYH�
SRWHQWLDO�WR�GHWHFW�UHFHQW�VXEOHWKDO�EURGLIDFRXP�H[SRVXUH�DQG�UHILQHPHQW�RI�WKHVH�LQGLFHV�FRXOG�
EH�XVHIXO�LQ�SURDFWLYH�PRQLWRULQJ�RI�DYLDQ�ZLOGOLIH��5HVLGXDO�EURGLIDFRXP�LQ�HJJV�RI�VXEOHWKDOO\�
H[SRVHG�KHQV�UDLVHG�IXUWKHU�TXHVWLRQV�UHJDUGLQJ�ZLGHU�QRQ�WDUJHW�KD]DUG�DQG�DGYHUVH�HIIHFWV�RQ�
GHYHORSPHQW� RI� IHUWLOH� HJJV� RU� FKLFNV��$� ODERUDWRU\� WULDO�ZLWK� UDWV� IRXQG� D� SRVLWLYH� FRUUHODWLRQ�
EHWZHHQ�UHVLGXDO�EURGLIDFRXP�FRQFHQWUDWLRQV�LQ�OLYHU�DQG�WKH�DPRXQW�RI�EURGLIDFRXP�LQJHVWHG�DV�
EDLW�� $Q� HVWLPDWHG� ������� RI� LQJHVWHG� EURGLIDFRXP� ZDV� H[FUHWHG� LQ� UDW� IDHFHV� LQ� WKH� SHULRG�
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EHWZHHQ� LQJHVWLRQ� RI� D� OHWKDO� GRVH� DQG� GHDWK�� LQGLFDWLQJ� DQRWKHU� SRWHQWLDOO\� VLJQLILFDQW�
HQYLURQPHQWDO�SDWKZD\�IRU�EURGLIDFRXP�WUDQVIHU��

,Q�FRQVLGHULQJ�GLSKDFLQRQH�DV�D�OHVV�SHUVLVWHQW�DOWHUQDWLYH�URGHQWLFLGH�WR�EURGLIDFRXP��HYDOXDWLRQ�
RI� UHVLGXDO� FRQFHQWUDWLRQV� DQG� SHUVLVWHQFH� LQ� SLJ� WLVVXHV� ZDV� UHTXLUHG� WR� HVWLPDWH� VHFRQGDU\�
KD]DUG� WR� KXPDQ� FRQVXPHUV� DQG� DGHTXDWH�ZLWK�KROGLQJ� SHULRGV� IRU� KXQWLQJ� IHUDO� SLJV� LQ� DUHDV�
ZKHUH�GLSKDFLQRQH�ZDV�DSSOLHG��$�SHQ�WULDO�VKRZHG�WKDW�GRPHVWLF�SLJV�ZHUH�PRUH�VXVFHSWLEOH�WR�
GLSKDFLQRQH� WR[LFLW\�� DQG� WKXV�SULPDU\�SRLVRQLQJ� ULVN�� WKDQ�SUHYLRXVO\�HVWLPDWHG��+HSDWLF�KDOI�
OLIH� RI� GLSKDFLQRQH� LQ� SLJV� ZDV� DSSUR[LPDWHO\� ��� GD\V�� LQGLFDWLQJ� UHGXFHG� SHUVLVWHQFH� LQ�
FRPSDULVRQ�WR�EURGLIDFRXP�DQG�HQDEOLQJ�HVWLPDWHV�RI�ZLWK�KROGLQJ�SHULRGV�IRU�KXQWLQJ�IHUDO�SLJV�
IURP�DUHDV�ZKHUH�GLSKDFLQRQH�EDLWV�ZHUH�DSSOLHG��7R�LQYHVWLJDWH�SRWHQWLDO�KD]DUGV�RI�GLSKDFLQRQH�
XVH� WR� LQYHUWHEUDWHV�D� WULDO�XVLQJ� WUHH�ZHWD��D�QDWLYH�1HZ�=HDODQG�LQYHUWHEUDWH��ZDV�XQGHUWDNHQ��
:HWD�UHDGLO\�DWH�GLSKDFLQRQH�ZD[�EORFN�EDLWV�ZLWK�QR�PRUWDOLW\�RU�ZHLJKW�ORVV�HYLGHQW��LQGLFDWLQJ�
ORZ� VXVFHSWLELOLW\�� 5HVLGXDO� ZKROH�ERG\� GLSKDFLQRQH� FRQFHQWUDWLRQV� GLG� QRW� LQFUHDVH� ZLWK� WKH�
DPRXQW� RI� GLSKDFLQRQH�EDLW� HDWHQ��$� VLPSOH�� GHWHUPLQLVWLF� ULVN� DVVHVVPHQW� VXJJHVWHG� WKDW�� DV� D�
VLQJOH� VHFRQGDU\� H[SRVXUH�� WKH� PD[LPXP� GLSKDFLQRQH� FRQFHQWUDWLRQ� PHDVXUHG� LQ� ZHWD� ZRXOG�
SUHVHQW�D�ORZ�ULVN�WR�QRQ�WDUJHW�ELUGV���

*LYHQ� LQWHUQDWLRQDO� UHFRJQLWLRQ�RI� WKH�KLJK�VHFRQGDU\�KD]DUG�DQG�FRUUHVSRQGLQJ� UHVWULFWLRQV�RQ�
XVH� RI� EURGLIDFRXP�� FRQWLQXHG� DYDLODELOLW\� RI� EURGLIDFRXP� WR� QRQ�OLFHQVHG� XVHUV� DQG� VXVWDLQHG�
ILHOG�DSSOLFDWLRQV� IRU�SRVVXP�DQG� URGHQW�FRQWURO� LQ�1HZ�=HDODQG� LV�DQ�H[FHSWLRQDO�XVH�SDWWHUQ��
1HZ�GDWD�LQ�WKLV�WKHVLV�VXJJHVW�WKDW�EDLWLQJ�VWUDWHJLHV�WKDW�PLQLPLVH�WKH�DPRXQW�RI�EURGLIDFRXP�
DYDLODEOH� LQ� WKH� HQYLURQPHQW� DUH� LPSRUWDQW� DQG� UHJXODWRU\� UHYLHZ� RI� VRPH� 1HZ� =HDODQG�
EURGLIDFRXP� DSSOLFDWLRQV� VKRXOG� DGGUHVV� WKLV�� ,Q� SDUDOOHO�� GHYHORSPHQW� RI� GLSKDFLQRQH� DV� DQ�
DOWHUQDWLYH� WR� EURGLIDFRXP� VKRXOG� FRQWLQXH�� DV� QHZ� GDWD� KHUH� FRQILUPV� ORZHU� SHUVLVWHQFH� LQ�
PDPPDOLDQ� OLYHU� WKDQ� EURGLIDFRXP�� DQG� DOVR� LQGLFDWHV� ORZ� WR[LFLW\� WR� LQYHUWHEUDWHV�� +RZHYHU�
IXUWKHU� LQYHVWLJDWLRQ�RI�PXOWLSOH�H[SRVXUH�KD]DUG�DQG�SRWHQWLDO� VXEOHWKDO�HIIHFWV�RI�GLSKDFLQRQH�
RQ�QRQ�WDUJHW�PDPPDOV�DQG�ELUGV�LV�ZDUUDQWHG�EHIRUH�H[WHQVLYH�DQG�VXVWDLQHG�ILHOG�DSSOLFDWLRQV�
RI�GLSKDFLQRQH�DUH�XQGHUWDNHQ��

.H\ZRUGV��DQWLFRDJXODQW��EURGLIDFRXP��GLSKDFLQRQH��HOLPLQDWLRQ�KDOI�OLIH��LQYHUWHEUDWHV��OLYHU��
QRQ�WDUJHW�ZLOGOLIH��SLJV��UHVLGXHV��URGHQWV��URGHQWLFLGH��VHFRQGDU\�SRLVRQLQJ��VXEOHWKDO�HIIHFWV��
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/LVW�RI�)LJXUHV�� � � � � � � � � � ���������L[�
&KDSWHU����%URGLIDFRXP�DV�D�YHUWHEUDWH�SHVWLFLGH�DQG�WKH�QHHG�WR�PRQLWRU�QRQ�WDUJHW�
ZLOGOLIH�����������������������������������������������������������������������������������������������������������������������������������������������
���� &RQWH[W�RI�WKHVLV ����������������������������������������������������������������������������������������������������������������
���� 8VH�SDWWHUQV�RI�EURGLIDFRXP�IRU�YHUWHEUDWH�SHVW�FRQWURO ���������������������������������������������������

������&RPPHQVDO�URGHQW�FRQWURO�����������������������������������������������������������������������������������������������
�������&RQWUROOLQJ�ILHOG�SRSXODWLRQV�RI�YHUWHEUDWH�SHVWV �����������������������������������������������������������
�������5RGHQW�HUDGLFDWLRQV�IURP�RIIVKRUH�DQG�PDLQODQG�LVODQGV ����������������������������������������������

���� %URGLIDFRXP�LQ�WKH�HQYLURQPHQW�DQG�KD]DUG�WR�QRQ�WDUJHW�ZLOGOLIH����������������������������������
������3ULPDU\�DQG�VHFRQGDU\�H[SRVXUH�SDWKZD\V ��������������������������������������������������������������������
������/LYHU�FRQFHQWUDWLRQV�DV�DQ�LQGH[�RI�EURGLIDFRXP�H[SRVXUH ��������������������������������������������
������6XEOHWKDO�HIIHFWV�RI�EURGLIDFRXP�H[SRVXUH ����������������������������������������������������������������������

���� 7KHVLV�VWUXFWXUH �����������������������������������������������������������������������������������������������������������������
�
&KDSWHU����6XEOHWKDO�EURGLIDFRXP�H[SRVXUH�LQ�FKLFNHQV��HIIHFWV�RQ�FRDJXODWLRQ�WLPH�DQG�
UHVLGXDO�FRQFHQWUDWLRQV�LQ�WLVVXHV��HJJV�DQG�IDHFHV ����������������������������������������������������������������������
����,QWURGXFWLRQ�����������������������������������������������������������������������������������������������������������������������������
����0HWKRGV ����������������������������������������������������������������������������������������������������������������������������������

�������+RXVLQJ��GRVLQJ�DQG�WLVVXH�VDPSOLQJ�RI�FKLFNHQV����������������������������������������������������������
������7HVWLQJ�SODVPD�VDPSOHV�IRU�FRDJXODWLRQ�WLPH ����������������������������������������������������������������
�������$QDO\VHV�RI�EURGLIDFRXP�FRQFHQWUDWLRQ ������������������������������������������������������������������������
�������6WDWLVWLFDO�DQDO\VHV���������������������������������������������������������������������������������������������������������

����5HVXOWV�������������������������������������������������������������������������������������������������������������������������������������
������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�WLVVXHV ���������������������������������������������������������������������������
�������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�'%6�DQG�SODVPD�VDPSOHV ��������������������������������������������
�������&RDJXODWLRQ�WLPHV ����������������������������������������������������������������������������������������������������������

����'LVFXVVLRQ�������������������������������������������������������������������������������������������������������������������������������
�������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�WLVVXH�DIWHU�VXEOHWKDO�H[SRVXUH ������������������������������������
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������&RPSDULVRQ�RI�'%6�DQG�SODVPD�EURGLIDFRXP�FRQFHQWUDWLRQV��������������������������������������������
������(IIHFW�RI�VXEOHWKDO�EURGLIDFRXP�H[SRVXUH�RQ�FRDJXODWLRQ�WLPH �������������������������������������

����� &RQFOXVLRQ ������������������������������������������������������������������������������������������������������������������������
�
&KDSWHU����%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�OLYHU�DQG�IDHFHV�RI�SRLVRQHG�UDWV���������������������������
����,QWURGXFWLRQ�����������������������������������������������������������������������������������������������������������������������������
����0HWKRGV ����������������������������������������������������������������������������������������������������������������������������������

������� %URGLIDFRXP�EDLW�LQWDNH�DQG�OLYHU�UHVLGXH�FRQFHQWUDWLRQV�LQ�ODERUDWRU\�UDWV ���������
7ULDO����5DWV�RIIHUHG�DQ�HIIHFWLYH�OHWKDO�GRVH�RI�EURGLIDFRXP�EDLW �����������������������������������������������

7ULDO����5DWV�RIIHUHG�EURGLIDFRXP�EDLW�DG�OLELWXP�IRU����KRXUV ����������������������������������������������
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���� 2YHUYLHZ�RI�DQWLFRDJXODQW�WR[LFLW\��URGHQW�UHVLVWDQFH�DQG�SHUVLVWHQFH ����������������������������
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������8VH�SDWWHUQV�RI�GLSKDFLQRQH �������������������������������������������������������������������������������������������
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������7ULDO���&RDJXODWLRQ�WLPH�UHVSRQVHV�WR�GLSKDFLQRQH�H[SRVXUH ���������������������������������������
������7ULDO���3HUVLVWHQFH�RI�GLSKDFLQRQH�LQ�SLJ�WLVVXHV �����������������������������������������������������������

���� &RQFOXVLRQV�����������������������������������������������������������������������������������������������������������������������
�
&KDSWHU����%DLW�FRQVXPSWLRQ�DQG�UHVLGXDO�FRQFHQWUDWLRQV�RI�GLSKDFLQRQH�LQ�ZHWD�
�+HPLGHLQD�FUDVVLGHQV���������������������������������������������������������������������������������������������������������������������
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������5HPRYDO�RI�QRQ�WR[LF�FHUHDO�EDLW�E\�ZHWD�����������������������������������������������������������������������
������&RQVXPSWLRQ�RI�GLSKDFLQRQH�EDLW��SLORW�WULDO �����������������������������������������������������������������
������&RQVXPSWLRQ�RI�GLSKDFLQRQH�EDLW�DQG�UHVLGXHV�LQ�ZHWD �������������������������������������������������
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�
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/LVW�RI�7DEOHV�
7DEOH�����&RQFHQWUDWLRQV�RI�EURGLIDFRXP��µJ�J�ZHW�ZHLJKW��LQ�FKLFNHQ�WLVVXHV��OLYHU��PXVFOH��IDW��
HJJ��RYDU\��SODVPD��'%6�DQG�IDHFHV��DW�GD\V���������DQG����DIWHU�GRVLQJ�ZLWK�����EURGLIDFRXP���
7DEOH� ���� 'XSOLFDWH� FRDJXODWLRQ� WLPH� �VHFRQGV�� IURP� WKUHH� µSODVPD� FRQWURO¶� YHULILFDWLRQ� WHVWV�
XVLQJ�WKH�NLW��6LPSODVWLQ�([FHO�6��WKURPERSODVWLQ��DQG�WKH�µLQ�KRXVH¶�DYLDQ�WKURPERSODVWLQ��
7DEOH� ����'XSOLFDWH� FRDJXODWLRQ� WLPH� �VHFRQGV�� IURP�37� WHVWV� WDNHQ� ��� ��� �� DQG� ��� GD\V� DIWHU�
FKLFNHQV� ZHUH� DGPLQLVWHUHG� ���� PJ�NJ� EURGLIDFRXP� RU� D� FRQWURO� WUHDWPHQW�� XVLQJ� PDPPDOLDQ�
�6LPSODVWLQ��RU�DYLDQ�WKURPERSODVWLQ���
7DEOH�����$FXWH�RUDO� WR[LFLW\�RI�EURGLIDFRXP�WR�URGHQW�VSHFLHV�DV�LQGLFDWHG�E\�SXEOLVKHG�OHWKDO�
GRVH��/'����YDOXHV������FRQILGHQFH�LQWHUYDOV��ZKHUH�UHSRUWHG�DUH�VKRZQ�LQ�>�@��
7DEOH� ����� 'DWH� RI� GHYHORSPHQW� DQG� XVH� RI� ILUVW�� DQG� VHFRQG�JHQHUDWLRQ� DQWLFRDJXODQW�
URGHQWLFLGHV��DQG�WKHLU�JURXSLQJ�E\�FKHPLFDO�VWUXFWXUH��
7DEOH�����5HSUHVHQWDWLYH�DFXWH�RUDO�WR[LFLW\�YDOXHV��/'����IRU�GLIIHUHQW�ILUVW�JHQHUDWLRQ��)*$5��
DQG�VHFRQG�JHQHUDWLRQ��6*$5��DQWLFRDJXODQWV�LQ�QRQ�UHVLVWDQW�DGXOW�1RUZD\�UDWV��5��QRUYHJLFXV��
RI�ERWK�VH[HV��
7DEOH�����3HUVLVWHQFH�DQG�KDOI�OLIH�YDOXHV�UHSRUWHG�IRU�ILUVW��DQG�VHFRQG�JHQHUDWLRQ�DQWLFRDJXODQWV�
LQ�EORRG��SODVPD��DQG�OLYHU�IROORZLQJ�D�UDQJH�RI�H[SRVXUH�OHYHOV�DQG�URXWHV�RI�DGPLQLVWUDWLRQ��
7DEOH������2UDO�GLSKDFLQRQH�H[SRVXUHV�RI�SLJV�LQ�7ULDO����
7DEOH������0HDQ�37�DQG�$337�WLPHV�DQG�,15�YDOXHV�������FRQILGHQFH�LQWHUYDOV��LQ�SLJV�GRVHG�
ZLWK�HLWKHU������PJ�NJ������PJ�NJ������PJ�NJ�GD\V�×���GD\V�RU�����PJ�NJ�GD\�×���GD\V���
7DEOH������ �(OLPLQDWLRQ�KDOI�OLYHV�ZLWK�����FRQILGHQFH�LQWHUYDOV�IRU�GLSKDFLQRQH�LQ�SLJ�WLVVXHV��
IROORZLQJ�LQJHVWLRQ�RI�D�VLQJOH������PJ�NJ�GRVH��
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/LVW�RI�)LJXUHV�
)LJXUH� ���� � 3ULPDU\� H[SRVXUH� SDWKZD\V� WR� FHUHDO�EDVHG� EURGLIDFRXP� EDLWV� �VWDWLRQ� RU� DHULDO�
EURDGFDVW�DSSOLFDWLRQV����
�
)LJXUH�����6HFRQGDU\�H[SRVXUH�SDWKZD\V�IRU�EURGLIDFRXP���
�
)LJXUH������2XWOLQH�RI�WRSLF�DUHDV�DQG�VSHFLILF�UHVHDUFK�TXHVWLRQV�DGGUHVVHG�LQ�WKLV�WKHVLV��LQ�WKH�
FRQWH[W�RI�1HZ�=HDODQG�PDQDJHPHQW�RSWLRQV�IRU�WKH�XVH�RI�WKH�DQWLFRDJXODQWV�EURGLIDFRXP�DQG�
GLSKDFLQRQH�IRU�PDQDJHPHQW�RI�LQWURGXFHG�YHUWHEUDWH�SHVWV��
�
)LJXUH������&KLFNHQ�ERG\ZHLJKW�EHIRUH�DQG�DIWHU�GRVLQJ�ZLWK�����PJ�NJ�EURGLIDFRXP�RU�03*�
�FRQWURO���
)LJXUH������%URGLIDFRXP�FRQFHQWUDWLRQV��µJ�J��LQ�FKLFNHQ�OLYHU��SODVPD��PXVFOH�DQG�IDW�DW���������
DQG����GD\V�DIWHU�GRVLQJ�ZLWK�����PJ�NJ�EURGLIDFRXP���
)LJXUH������%URGLIDFRXP�FRQFHQWUDWLRQV��µJ�J��LQ�FKLFNHQ�RYDULHV�DQG�HJJV�DW���������DQG����GD\V�
DIWHU�GRVLQJ�ZLWK�����PJ�NJ�EURGLIDFRXP��
)LJXUH������0HDQ��±�VWDQGDUG�HUURU�RI�PHDQ��SURWKURPELQ�WLPHV��VHFRQGV��PHDVXUHG�LQ�FKLFNHQ�
SODVPD�VDPSOHV�XVLQJ�WKH�µ6LPSODVWLQ¶�PDPPDOLDQ�WKURPERSODVWLQ�UHDJHQW��DW�'D\V���������DQG����
DIWHU�FKLFNHQV�ZHUH�H[SRVHG�WR�VXEOHWKDO������PJ�NJ��EURGLIDFRXP���
)LJXUH� �����0HDQ� �±� VWDQGDUG� HUURU� RI� PHDQ�� SURWKURPELQ� WLPHV�PHDVXUHG� LQ� FKLFNHQ� SODVPD�
VDPSOHV�XVLQJ�WKH�µLQ�KRXVH¶�DYLDQ�WKURPERSODVWLQ�UHDJHQW��DW�'D\V���������DQG����DIWHU�FKLFNHQV�
ZHUH�H[SRVHG�WR�VXEOHWKDO������PJ�NJ��EURGLIDFRXP���
)LJXUH������0HDQ�DPRXQWV��J���VWDQGDUG�HUURU��RI�EURGLIDFRXP�EDLW�DQG�QRQ�WR[LF�IRRG�HDWHQ�E\�
UDWV�LQ�7ULDO����DQG�WKH�PRUWDOLW\�RI�WKHVH�UDWV�RYHU����GD\V��
)LJXUH� �����&RQFHQWUDWLRQV� RI� EURGLIDFRXP� LQ� ODERUDWRU\� UDW� OLYHU� DIWHU� WKUHH� GLIIHUHQW� EDLW� ����
SSP�EURGLIDFRXP��LQWDNH�VFHQDULRV��7ULDO���ZKHUH�UDWV�ZHUH�RIIHUHG�DQ�HIIHFWLYH� OHWKDO�GRVH��F��
�����PJ�NJ��RI�EURGLIDFRXP�EDLW�DQG�OLYHUV�VDPSOHG�DIWHU�SRLVRQLQJ�PRUWDOLW\��7ULDO���ZKHUH�UDWV�
IHG� DG� OLELWXP� RQ� EURGLIDFRXP� EDLW� IRU� RQH� QLJKW� DQG�ZHUH� HXWKDQDVHG� IRU� OLYHU� VDPSOLQJ� WKH�
IROORZLQJ�GD\�DQG�7ULDO���ZKHUH�UDWV�IHG�RQ�EURGLIDFRXP�EDLW�XQWLO�SRLVRQLQJ�PRUWDOLW\���
)LJXUH������$PRXQWV�RI�WR[LF��3HVWRII�5RGHQW�%ORFNV�����SSP�EURGLIDFRXP��DQG�QRQ�WR[LF��56��
SHOOHWV��EDLW�HDWHQ�E\�D�IHPDOH�1RUZD\�UDW��DQG�WKH�GDLO\�ZHLJKWV�RI�IDHFHV�FROOHFWHG�DQG�GULHG�DW�
��°&���
)LJXUH������$PRXQWV�RI�WR[LF��3HVWRII�5RGHQW�%ORFNV�����SSP�EURGLIDFRXP��DQG�QRQ�WR[LF��56��
SHOOHWV��EDLW�HDWHQ�E\�D�PDOH�1RUZD\�UDW��DQG�WKH�GDLO\�ZHLJKWV�RI�IDHFHV�FROOHFWHG�DQG�GULHG�DW�
��°&���
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)LJXUH������$PRXQWV�RI�WR[LF��3HVWRII�5RGHQW�%ORFNV�����SSP�EURGLIDFRXP��DQG�QRQ�WR[LF��56��
SHOOHWV�� EDLW� HDWHQ� E\� D� IHPDOH� VKLS� UDW�� DQG� WKH� GDLO\�ZHLJKWV� RI� IDHFHV� FROOHFWHG� DQG� GULHG� DW�
��°&���
)LJXUH������$PRXQWV�RI�WR[LF��3HVWRII�5RGHQW�%ORFNV�����SSP�EURGLIDFRXP��DQG�QRQ�WR[LF��56��
SHOOHWV��EDLW�HDWHQ�E\�D�PDOH�VKLS�UDW��DQG�WKH�GDLO\�ZHLJKWV�RI�IDHFHV�FROOHFWHG�DQG�GULHG�DW���°&���
�
)LJXUH������(VWLPDWHG�WRWDO�GDLO\�DPRXQWV�RI�EURGLIDFRXP��µJ��LQJHVWHG�LQ�EDLW�DQG�H[FUHWHG�LQ�
IDHFHV�E\�D�PDOH�1RUZD\�UDW�EHIRUH�SRLVRQLQJ�PRUWDOLW\���
�
)LJXUH������(VWLPDWHG� WRWDO�GDLO\�DPRXQWV�RI�EURGLIDFRXP��µJ�� LQJHVWHG� LQ�EDLW�DQG�H[FUHWHG� LQ�
IDHFHV�E\�D�IHPDOH�VKLS�UDW�EHIRUH�SRLVRQLQJ�PRUWDOLW\���
)LJXUH������(VWLPDWHG�WRWDO�GDLO\�DPRXQWV�RI�EURGLIDFRXP��µJ��LQJHVWHG�LQ�EDLW�DQG�H[FUHWHG�LQ�
IDHFHV�E\�D�PDOH�VKLS�UDW�EHIRUH�SRLVRQLQJ�PRUWDOLW\���
�
)LJXUH�����%RG\ZHLJKWV�RI�IHPDOH�DQG�PDOH�SLJV�GXULQJ�WKH�DFFOLPDWL]DWLRQ�DQG�7ULDO���SHULRG���
)LJXUH������0HDQ�SURWKURPELQ�WLPHV��DQG�XSSHU�����FRQILGHQFH�LQWHUYDOV��LQ�SLJV�GRVHG�ZLWK�
HLWKHU������PJ�NJ������PJ�NJ������PJ�NJ�GD\�IRU���GD\V��RU�����PJ�NJ�GD\�IRU���GD\V���
�
)LJXUH������0HDQ�FRQFHQWUDWLRQ�RI�GLSKDFLQRQH��µJ�J��LQ�OLYHU��PXVFOH��IDW��NLGQH\�DQG�OLYHU�DW�
GD\V������DQG����DIWHU�H[SRVXUH�RI�SLJV�WR������PJ�NJ�GLSKDFLQRQH���
�
)LJXUH������3HUFHQWDJH�RI� D�QRQ�WR[LF�56��FHUHDO�SHOOHW� EDLW� HDWHQ�RU� UHPRYHG�E\�ZHWD�RYHU���
GD\V��ZKLOH�QRUPDO�SODQW�IRRG�ZDV�DOVR�DYDLODEOH��
)LJXUH������3HUFHQWDJH�RI� D�QRQ�WR[LF�56��FHUHDO�SHOOHW� EDLW� HDWHQ�RU� UHPRYHG�E\�ZHWD�RYHU���
GD\V��ZKLOH�QRUPDO�SODQW�IRRG�ZDV�QRW�DYDLODEOH��
)LJXUH������&KDQJHV�LQ�WKH�ZHLJKWV�RI�'LWUDF��EORFN�EDLWV�DFFHVVLEOH�WR�WZR�IHPDOH�DQG�WZR�PDOH�
ZHWD��LQ�WKH�SUHVHQFH�RI�QDWXUDO�SODQW�IRRG��RYHU����GD\V��
)LJXUH������%RG\ZHLJKWV�RI�ZHWD�GXULQJ�DQ�DFFOLPDWLVDWLRQ�SHULRG�EHIRUH�EHLQJ�SUHVHQWHG�ZLWK�
GLSKDFLQRQH�EDLW�DQG�VDPSOHG�LQ�JURXSV�RI�IRXU�GXULQJ�WKH�WULDO�SHULRG��
�
)LJXUH�����'LSKDFLQRQH�FRQVXPSWLRQ�E\�ZHWD�LQFOXGLQJ�HVWLPDWHG�LQWDNH�RI�GLSKDFLQRQH�IURP�
FRQVXPSWLRQ�RI�'LWUDF��EORFN�EDLWV��DQ�GLSKDFLQRQH�UHVLGXHV�PHDVXUHG�LQ�WKH�ZKROH�ERG\�RI�HDFK�
ZHWD��
�
)LJXUH�����(QYLURQPHQWDO�SDWKZD\V�RI�EURGLIDFRXP�LQYHVWLJDWHG�LQ�WKLV�WKHVLV��
�
)LJXUH������(QYLURQPHQWDO�SDWKZD\V�RI�GLSKDFLQRQH�LQYHVWLJDWHG�LQ�WKLV�WKHVLV���
�
�
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&KDSWHU����%URGLIDFRXP�DV�D�YHUWHEUDWH�SHVWLFLGH�DQG�WKH�QHHG�WR�
PRQLWRU�QRQ�WDUJHW�ZLOGOLIH�
�
���� &RQWH[W�RI�WKHVLV��
$QWLFRDJXODQW� SRLVRQV� KDYH� DQ� RQJRLQJ� KLVWRU\� RI� ZRUOGZLGH� XVH� IRU� WKH� FRQWURO� RI� SHVW�
YHUWHEUDWHV��SDUWLFXODUO\� URGHQWV��%DODQFLQJ�EHQHILWV�RI� URGHQW�FRQWURO�DQG� WKH�SRWHQWLDO�FRVWV�RI�
DSSO\LQJ� DQWLFRDJXODQW� URGHQWLFLGHV� WR� WKH� HQYLURQPHQW� UHPDLQV� D� FKDOOHQJH�� 7KLV� FDQ� EH�
DGGUHVVHG�E\� ULVN� DVVHVVPHQWV��ZKLFK� UHTXLUH�GDWD� UHJDUGLQJ� WKH�PRYHPHQW� DQG�GHJUDGDWLRQ�RI�
DQWLFRDJXODQWV� LQ� GLIIHUHQW� HQYLURQPHQWDO� PHGLD�� DQG� WKHLU� HIIHFWV� RQ� QRQ�WDUJHW� RUJDQLVPV�
LQFOXGLQJ�KXPDQV��7KLV�WKHVLV�FRPSULVHV�D�VHULHV�RI�VWXGLHV�LQLWLDWHG�E\�WKH�FOLPDWH�RI�YHUWHEUDWH�
SHVW� PDQDJHPHQW� LQ� 1HZ� =HDODQG� �1=�� EXW� DOVR� KDYH� UHOHYDQFH� WR� LQWHUQDWLRQDO� XVHV� RI�
DQWLFRDJXODQW�URGHQWLFLGHV��,Q�1=��DSSOLFDWLRQ�RI�EURGLIDFRXP�IRU�FRQWURO�RI�LQWURGXFHG�YHUWHEUDWH�
SHVWV� KDV� EHHQ� VKRZQ� WR� FUHDWH� D� SHUVLVWHQW� VHFRQGDU\� KD]DUG� WR� VRPH� QRQ�WDUJHW� VSHFLHV�� )RU�
JRYHUQPHQW�DJHQFLHV��SULYDWH�ODQGKROGHUV�DQG�RWKHU�UHVRXUFH�PDQDJHUV�WKDW�UHWDLQ�EURGLIDFRXP�DV�
D� WRRO� IRU� HIIHFWLYH� SHVW� FRQWURO� WKHUH� LV� DQ� LQWHULP� QHHG� IRU� EHWWHU� XQGHUVWDQGLQJ� RI� KRZ� WR�
PLQLPLVH�WKH�QRQ�WDUJHW�ULVNV��5HSODFLQJ�EURGLIDFRXP�ZLWK�DQ�HTXDOO\�HIIHFWLYH�EXW�OHVV�SHUVLVWHQW�
DOWHUQDWLYH� DQWLFRDJXODQW� KDV� EHHQ� LGHQWLILHG� DV� D� SURJUHVVLYH� SULRULW\� IRU� 1=� YHUWHEUDWH� SHVW�
PDQDJHPHQW��)LJXUH�����RXWOLQHV� WKH� WKHVLV�VWUXFWXUH�DV�D�VHTXHQFH�RI� UHYLHZ��SRWHQWLDO�RSWLRQV�
IRU�DQWLFRDJXODQW�XVH�DQG�FRUUHVSRQGLQJ�UHVHDUFK�TXHVWLRQV� WKDW�ZHUH� LQYHVWLJDWHG� LQ� ODERUDWRU\�
VWXGLHV�� :KLOH� PDQ\� RWKHU� UHVHDUFK� TXHVWLRQV� DUH� DOVR� UHOHYDQW�� WKH� UDQJH� RI� VSHFLILF� VWXGLHV�
FRPSOHWHG�KHUH�ZHUH�LGHQWLILHG�DV�µGDWD�JDS¶�SULRULWLHV�IRU�D�FXUUHQW�PDQDJHPHQW�VLWXDWLRQ�LQ�1=��
ZKHUH� WKH� UHVXOWV� ZRXOG� EH� DSSOLHG� WR� RQ�JURXQG� DSSOLFDWLRQV� RI� DQWLFRDJXODQWV� DQG� SROLFLHV�
UHJDUGLQJ�WKHLU�XVH��,Q�VRPH�FDVHV�WKLV�ZDV�UHVHDUFK�GLUHFWHG�E\�PDQDJHPHQW�DJHQFLHV��H�J��1=�
'HSDUWPHQW�RI�&RQVHUYDWLRQ���/LWHUDWXUH� UHYLHZ�DQG�GLDORJXH�ZLWK�SHVW�PDQDJHUV� LGHQWLILHG� WKH�
LPSRUWDQFH�RI�DYLDQ�DQG�LQYHUWHEUDWH�VSHFLHV�LQ�WKH�1=�FRQWH[W�RI�QRQ�WDUJHW�QDWLYH�ZLOGOLIH��DQG�
DOVR�WKH�LVVXH�RI�SRWHQWLDO�FRQWDPLQDWLRQ�RI�IHUDO�SLJV�WKDW�DUH�KXQWHG�IRU�KXPDQ�FRQVXPSWLRQ���
�
���� 8VH�SDWWHUQV�RI�EURGLIDFRXP�IRU�YHUWHEUDWH�SHVW�FRQWURO�
,Q� FRPPRQ�ZLWK� D� UDQJH� RI� WR[LF� DQWLFRDJXODQW� FRPSRXQGV� XVHG� DV� URGHQWLFLGHV�� EURGLIDFRXP�
LQKLELWV� WKH� V\QWKHVLV� RI� YLWDPLQ�.�GHSHQGHQW� EORRG� FORWWLQJ� IDFWRUV� LQ� WKH� OLYHU� �H�J�� 7KLMVVHQ�
������ E\� ELQGLQJ� WR� WKH� DFWLYH� VLWH� RI� YLWDPLQ� .� HSR[LGH� UHGXFWDVH� �9.(5�� �*HEDXHU� �������
:KHQ� WKLV� LQKLELWLRQ� RFFXUV� RYHU� D� VXIILFLHQW� WLPH�� EORRG�ZLOO� IDLO� WR� FRDJXODWH� LQ� UHVSRQVH� WR�
LQMXU\�DQG�W\SLFDO�FOLQLFDO�VLJQV�RI�DQWLFRDJXODQW�WR[LFLW\�DUH�KDHPRUUKDJH�DQG�DQHPLD��ZLWK�GHDWK�
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WKURXJK�PDVVLYH�KDHPRUUKDJH�RFFXUULQJ�VHYHUDO�GD\V�DIWHU�D�OHWKDO�H[SRVXUH��3HOIUHQH��������7KLV�
GHOD\HG�RQVHW�RI�WR[LFLW\�LV�DQ�LPSRUWDQW�IDFWRU�LQ�WKH�HIIHFWLYHQHVV�RI�DQWLFRDJXODQW�URGHQWLFLGHV��
DV� URGHQWV� DUH� OHVV� OLNHO\� WR� DVVRFLDWH� LQJHVWLRQ� RI� EDLW� ZLWK� RQVHW� RI� LOOQHVV�� DQG� WKHQ� DYRLG�
LQJHVWLRQ� RI� D� OHWKDO� DPRXQW� �.DXNHLQHQ� 	� 5DPSDXG� ������� %URGLIDFRXP� LV� D� V\QWKHWLF�
FRPSRXQG�� GHYHORSHG� LQ� ����� DV� D� URGHQWLFLGH� �%ULWLVK� &URS� 3URWHFWLRQ� &RXQFLO� ������� $V� D�
VHFRQG�JHQHUDWLRQ�DQWLFRDJXODQW��VHH�&KDSWHU�������EURGLIDFRXP�KDV�KLJK�RUDO�WR[LFLW\�DQG�D�OHWKDO�
GRVH� LV� XVXDOO\� LQJHVWHG� E\� WDUJHW� URGHQWV� LQ� D� VLQJOH� IHHG� RI� EDLW�� PDNLQJ� LW� D� YHU\� HIIHFWLYH�
URGHQWLFLGH��.DXNHLQHQ�	�5DPSDXG��������:RUOGZLGH�WKH�HFRQRPLF��HQYLURQPHQWDO�DQG�KXPDQ�
KHDOWK�EHQHILWV�RI�XVLQJ�DQWLFRDJXODQW�URGHQWLFLGHV�LV�XQGRXEWHG��7KH�XVH�SDWWHUQV�RI�EURGLIDFRXP�
IRU�WKH�FRQWURO�RI�URGHQWV�DQG�RWKHU�YHUWHEUDWH�SHVWV�DUH�EULHIO\�UHYLHZHG�KHUH��

� ������&RPPHQVDO�URGHQW�FRQWURO�
%URGLIDFRXP�LV�XVHG�LQ�PDQ\�FRXQWULHV�WR�PDQDJH�FRPPHQVDO�URGHQWV�WKDW�VKDUH�KDELWDW�DQG�IRRG�
VRXUFHV� ZLWK� KXPDQV�� SDUWLFXODUO\� 1RUZD\� UDWV� �5DWWXV� QRUYHJLFXV��� VKLS� UDWV� �5�� UDWWXV�� DQG�
KRXVH�PLFH��0XV�PXVFXOXV���3URSULHWDU\�EDLW�IRUPXODWLRQV�FRQWDLQLQJ�EURGLIDFRXP�DUH�UHJLVWHUHG�
LQ�YDULRXV�FRXQWULHV� �.HJOH\�HW�DO���������ZLWK�DSSOLFDWLRQ�JHQHUDOO\� OLPLWHG� WR� µLQGRRU¶�XVH��DV�
GHILQHG� E\� SUR[LPLW\� WR� KXPDQ� KDELWDWLRQ� DQG� LQIUDVWUXFWXUH� H�J�� IDUPV�� VHZHUV�� IDFWRULHV� DQG�
ZDUHKRXVHV�� 7R�PLQLPLVH� H[SRVXUH� RI� KXPDQV� RU� QRQ�WDUJHW�ZLOGOLIH� WR� EDLW�� ODEHO� LQVWUXFWLRQV�
PD\�VSHFLI\�XVH�RQO\�LQVLGH�RU�ZLWKLQ�D�QRPLQDWHG�GLVWDQFH�RI�EXLOGLQJV��RU�XVH�RI�IL[HG�EDLWV�LQ�
WDPSHU�SURRI� EDLW� VWDWLRQV�� ,Q� VRPH� FRXQWULHV� EDLW� IRUPXODWLRQV� FRQWDLQLQJ� EURGLIDFRXP� DUH�
DYDLODEOH�WR�WKH�SXEOLF�µRYHU�WKH�FRXQWHU¶�IRU�KRXVHKROG�URGHQW�FRQWURO�ZKLOH�LQ�RWKHUV��VXFK�DV�WKH�
8QLWHG� .LQJGRP�� EURGLIDFRXP� XVH� LV� UHVWULFWHG� WR� LQGRRU� XVH� E\� OLFHQVHG� RU� SURIHVVLRQDO�
DSSOLFDWRUV� �4X\� HW� DO�� ������� 7KH� RQJRLQJ� GHYHORSPHQW� RI� UHVLVWDQFH� WR� VHFRQG�JHQHUDWLRQ�
DQWLFRDJXODQWV� LQ�%ULWLVK� UDW� SRSXODWLRQV� �6PLWK�������KDV� UHFHQWO\� UHTXLUHG� VSHFLDO� SHUPLVVLRQ�
IRU�WKH�RXWGRRU�XVH�RI�EURGLIDFRXP��DV�WKH�PRVW�WR[LF�RI�WKH�DQWLFRDJXODQWV��WR�HIIHFWLYHO\�FRQWURO�
LQWUDFWDEOH�1RUZD\�UDW�SRSXODWLRQV��0H\HU��������

� �������&RQWUROOLQJ�ILHOG�SRSXODWLRQV�RI�YHUWHEUDWH�SHVWV�
7KH�VFDOH�RI�ILHOG�DSSOLFDWLRQ�RI�YHUWHEUDWH�SHVWLFLGHV�LQ�1=�FRQWUDVWV�ZLWK�RWKHU�FRXQWULHV��H�J��
*UHHQ� ������� UHIOHFWLQJ� SROLF\� LPSHUDWLYHV� IRU� LPPHGLDWH� PLWLJDWLRQ� RI� VHYHUH� LPSDFWV� RI�
LQWURGXFHG� PDPPDOV� LQ� WKH� JHQHUDO� DEVHQFH� RI� �QRQ�WDUJHW�� WHUUHVWULDO� QDWLYH� PDPPDOV��
,QWURGXFHG� VSHFLHV� VXFK� DV� VKLS� UDWV�� 1RUZD\� UDWV�� KRXVH� PLFH� DQG� EUXVKWDLO� SRVVXPV�
�7ULFKRVXUXV� YXOSHFXOD�� SRVH� VHULRXV� WKUHDWV� WR� LQGLJHQRXV�1=� VSHFLHV� DQG� ELRGLYHUVLW\� YDOXHV�
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�$QRQ\PRXV� ������ DQG� SRVVXPV� WKUHDWHQ� DJULFXOWXUDO� SURGXFWLRQ� DV� YHFWRUV� RI� ERYLQH�
WXEHUFXORVLV��$QLPDO�+HDOWK�%RDUG�,QFRUSRUDWHG��������%URDGVFDOH�ILHOG�DSSOLFDWLRQ�RI�WR[LF�EDLWV�
ZLOO� SUREDEO\� UHPDLQ� DQ� LPSRUWDQW� FRPSRQHQW� RI� UHJLRQDO� 1=� YHUWHEUDWH� SHVW� PDQDJHPHQW�
VWUDWHJLHV�LQ�WKH�VKRUW�WR�PHGLXP�WHUP��XQWLO�PRUH�DFFHSWDEOH�DQG�HIIHFWLYH�FRQWURO�PHWKRGV��H�J��
IHUWLOLW\�FRQWURO��&RZDQ�������EHFRPH�RSHUDWLRQDOO\�DYDLODEOH���
�
,Q� SDUWLFXODU�� EURGLIDFRXP� XVH� LQ� 1=� GLIIHUV� IURP� PRVW� RWKHU� FRXQWULHV�� µ2YHU� WKH� FRXQWHU¶�
DQWLFRDJXODQW�EDLWV�IRU�FRPPHQVDO�URGHQW�FRQWURO�DUH�DYDLODEOH�EXW�EDLW�IRUPXODWLRQV���������RU�
������� EURGLIDFRXP� E\�ZHLJKW�� DUH� DOVR� UHJLVWHUHG� IRU� ILHOG� XVH� DJDLQVW� URGHQWV� DQG� EUXVKWDLO�
SRVVXPV�� (DUOLHU� ILHOG� XVHV� DJDLQVW� UDEELWV� �2U\FWRODJXV� FXQLFXOXV�� DQG� ZDOODELHV� �0DFURSXV�
UXIRJULVHXV�� KDYH� EHHQ� GLVFRQWLQXHG� �%HOO� ������� +RDUH� 	� +DUH� �����D�� SURYLGH� D� UHFHQW�
RYHUYLHZ� RI� EURGLIDFRXP� XVH� LQ� 1=�� EDLW� VWDWLRQ� GHSOR\PHQWV� RI� EURGLIDFRXP� FDQ� FRYHU�
FRQVLGHUDEOH�PDLQODQG�DUHDV��XS� WR���������KD��DQG�PD\�EH�VXVWDLQHG�IRU�D�QXPEHU�RI�\HDUV� LQ�
NH\�DUHDV��$�µFRQWUROOHG�VXEVWDQFHV¶�OLFHQFH�LV�QRW�UHTXLUHG�IRU�SXUFKDVH�DQG�ILHOG�DSSOLFDWLRQ�RI�
EURGLIDFRXP��1DWLRQDO�3RVVXP�&RQWURO�$JHQFLHV��������VR�RI�WKH�HVWLPDWHG���NJ�EURGLIDFRXP��DV�
DFWLYH� LQJUHGLHQW� LQ� EDLW�� VROG� DQQXDOO\�� DSSUR[LPDWHO\� ���� LV� XVHG� E\� SURIHVVLRQDO� SHVW�
FRQWUDFWRUV������E\�UHJLRQDO�FRXQFLOV�DQG����E\�SULYDWH�ODQGRZQHUV��+RDUH�	�+DUH�����D���7KH�
1=� JRYHUQPHQW¶V� 'HSDUWPHQW� RI� &RQVHUYDWLRQ� �'2&�� XVHV� WKH� UHPDLQLQJ� HVWLPDWHG� ���� RI�
EURGLIDFRXP�� EXW� UHVWULFW� VXVWDLQHG� EURGLIDFRXP�XVH� RYHU� SXEOLF� FRQVHUYDWLRQ� ODQG�� EHFDXVH� RI�
FRQFHUQV� IRU� VHFRQGDU\� HIIHFWV� RQ� QRQ�WDUJHW� ZLOGOLIH� �+RDUH� 	� +DUH� ����D�� �� FXUUHQW� '2&�
DSSOLFDWLRQV�RI�EURGLIDFRXP�DUH�PRVWO\�IRU�WKH�HUDGLFDWLRQ�RI�LQWURGXFHG�URGHQWV�IURP�LVODQGV��

� �������5RGHQW�HUDGLFDWLRQV�IURP�RIIVKRUH�DQG�PDLQODQG�LVODQGV�
2YHU�WKH�ODVW�WZR�GHFDGHV��EURDG�VFDOH�DHULDO�DSSOLFDWLRQ�RI�EURGLIDFRXP�EDLW�KDV�GHYHORSHG�DV�DQ�
LPSRUWDQW� FRQVHUYDWLRQ� WRRO�� LQVWUXPHQWDO� LQ� VXFFHVVIXO� HUDGLFDWLRQ�RI� LQYDVLYH� URGHQWV� IURP�DQ�
LQFUHDVLQJ�QXPEHU�RIIVKRUH�LVODQGV�DURXQG�1=��7RZQV�	�%URRPH�������DQG�HOVHZKHUH��+RZDOG�
HW� DO�� ������� $HULDO� DSSOLFDWLRQ� LV� DOVR� LQWHJUDO� WR� WKH� HVWDEOLVKPHQW� RI� ³PDLQODQG� LVODQG´�
VDQFWXDULHV�LQ�1=��WKURXJK�FRPSOHWH�DQG�UDSLG�UHPRYDO�RI�YHUWHEUDWH�SHVWV�IURP�DUHDV�SURWHFWHG�
E\�H[FOXVLRQ� IHQFLQJ� �H�J��0DXQJDWDXWDUL�(FRORJLFDO�7UXVW��������7KH� µVLQJOH�IHHG¶� HIILFDF\�RI�
EURGLIDFRXP�DJDLQVW� URGHQWV� LV� DQ� LPSRUWDQW� FULWHULRQ� LQ� LVODQG� HUDGLFDWLRQV� �� 3HVWRII�5RGHQW�
%DLW���5�����SSP�EURGLIDFRXP���D�FHUHDO�SHOOHW�IRUPXODWLRQ�� LV�UHJLVWHUHG�IRU� WKHVH�XVHV�LQ�1=��
ZLWK� ODEHO� LQVWUXFWLRQV� OLPLWLQJ�DHULDO�DQG�RU�KDQG�EURDGFDVW� WR�QRQ�VWRFNHG�RIIVKRUH� LVODQGV��RU�
ZLWKLQ� DUHDV� HQFORVHG� E\� DQ� HIIHFWLYH� SHVW�SURRI� IHQFH� �$QRQ\PRXV� ������� � ,Q� FRQWUDVW� WR�
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FRPPHQVDO�URGHQW�FRQWURO�DQG�VXVWDLQHG�ILHOG�FRQWURO�RSHUDWLRQV�XVLQJ�EURGLIDFRXP��HUDGLFDWLRQ�
RSHUDWLRQV�DUH�GHOLEHUDWHO\�HQJLQHHUHG�WR�EH�µRQH�RII¶�EDLW�DSSOLFDWLRQV��HQWDLOLQJ�FOHDUO\�GHILQHG�
TXDQWLWLHV�� UDWHV� DQG� WLPHIUDPHV� IRU� EDLW� DSSOLFDWLRQ��$V�RXWOLQHG� LQ�&KDSWHU� ����� WKH� WLPH�RYHU�
ZKLFK�EURGLIDFRXP�LV�DYDLODEOH�LQ�WKH�HQYLURQPHQW�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�ZKHQ�ZHLJKLQJ�
SRWHQWLDO�ULVNV�WR�QRQ�WDUJHW�ZLOGOLIH��
�
���� %URGLIDFRXP�LQ�WKH�HQYLURQPHQW�DQG�KD]DUG�WR�QRQ�WDUJHW�ZLOGOLIH�
7KH�FRPSDUDWLYH�SKDUPDFRNLQHWLFV�RI�DQWLFRDJXODQWV�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�&KDSWHU����,Q�
EULHI��DIWHU� LQJHVWLRQ�DQG�DEVRUSWLRQ�� WKH�SHUVLVWHQFH�RI�DQ�DQWLFRDJXODQW� LQ� WLVVXHV�LV� LQIOXHQFHG�
E\� WKH�GRVH� LQJHVWHG�DQG� UHODWLYH�DIILQLW\�RI� WKH�FRPSRXQG� IRU� VSHFLILF��KLJK�DIILQLW\�� VDWXUDEOH�
ELQGLQJ�VLWHV�IRU�DQWLFRDJXODQWV��3DUPDU�	�%DWWHQ��������5HVLGXDO�FRQFHQWUDWLRQV�RI�EURGLIDFRXP�
KDYH� EHHQ� VKRZQ� WR� SHUVLVW� IRU� SURORQJHG� SHULRGV� LQ� WKH� OLYHUV� RI� OLYH�PDPPDOV� �(DVRQ� HW� DO��
������ /DDV� HW� DO�� ������ )LVKHU� HW� DO�� ������� 2Q� WKLV� EDVLV�� OLYHU� WLVVXH� KDV� EHHQ� WKH� IRFXV� IRU�
GHWHFWLQJ�H[SRVXUH�WR�DQWLFRDJXODQWV��%DFKPDQ�	�6XOOLYDQ��������SUHGLFWHG�WKDW�VHUXP�DQG�OLYHU�
FRQFHQWUDWLRQV� RI� EURGLIDFRXP� ZRXOG� ELRDFFXPXODWH� LQ� UDWV� ZLWK� UHSHDWHG� GDLO\� H[SRVXUHV��
%LRDFFXPXODWLRQ� RI� IORFRXPDIHQ�� DQRWKHU� SHUVLVWHQW� VHFRQG�JHQHUDWLRQ� DQWLFRDJXODQW�� KDV� EHHQ�
GHPRQVWUDWHG� LQ� UDWV� �+XFNOH�HW�DO���������7KXV� LW� LV� FRQVLGHUHG� OLNHO\� WKDW�EURGLIDFRXP�ZRXOG�
ELRDFFXPXODWH� LQ� DQ� µHQYLURQPHQWDO� UHVHUYRLU¶� RI� PDPPDOLDQ�� DQG� SUREDEO\� DYLDQ�� OLYHU� ZLWK�
UHSHDWHG�H[SRVXUH���
�
$Q� HIIHFWLYH� YHUWHEUDWH� SHVWLFLGH� UHTXLUHV� KLJK� DFXWH� WR[LFLW\� WR� WKH� WDUJHW� VSHFLHV� EXW�
EURGLIDFRXP�LV�D�EURDG�VSHFWUXP�WR[LFDQW��SRVLQJ�DQ�XQZDQWHG�KD]DUG�IRU�QRQ�WDUJHW�PDPPDOV�
DQG� ELUGV� WKDW� LQJHVW� EDLW� �SULPDU\� H[SRVXUH�� RU� WLVVXHV� RI� DQLPDOV� SRLVRQHG� E\� EURGLIDFRXP�
�VHFRQGDU\� H[SRVXUH��� %URGLIDFRXP� SUHVHQWV� D� UHODWLYHO\� KLJK� ULVN� RI� VHFRQGDU\� SRLVRQLQJ� LQ�
FRPSDULVRQ� WR� RWKHU� URGHQWLFLGHV� �(ULFNVRQ� 	� 8UEDQ� ������� WKURXJK� D� UHODWLYHO\� SURORQJHG�
UHVLGXDO�SHUVLVWHQFH�HVSHFLDOO\�LQ�OLYHU��2YHU�WKH�ODVW�WZR�GHFDGHV��UHSRUWV�RI�VHFRQGDU\�SRLVRQLQJ�
DQG�WKH�SUHVHQFH�RI�UHVLGXDO�EURGLIDFRXP�LQ�WLVVXHV�RI�QRQ�WDUJHW�ZLOGOLIH��SDUWLFXODUO\�SUHGDWRU\�
RU�VFDYHQJLQJ�PDPPDOV�DQG�ELUGV�DSSHDU�WR�EH�LQFUHDVLQJ�±�WKHVH�DUH�EULHIO\�UHYLHZHG�KHUH��
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������3ULPDU\�DQG�VHFRQGDU\�H[SRVXUH�SDWKZD\V�
$EXQGDQW�OLWHUDWXUH�FRQFHUQLQJ�DFFLGHQWDO�SRLVRQLQJ�RI�GRPHVWLF�DQLPDOV�IROORZLQJ�DQWLFRDJXODQW�
DSSOLFDWLRQ� IRU� FRPPHQVDO� URGHQW� FRQWURO� �5REEHQ� ������ 3HWWHULQR� HW� DO�� ������ LOOXVWUDWHV� WKH�
SULPDU\�QRQ�WDUJHW�KD]DUG�RI�WR[LF�EDLW��$V�GLVFXVVHG��VHFWLRQ��������QRQ�WDUJHW�DFFHVV�WR�EDLW�FDQ�
EH�PLQLPLVHG�E\�SK\VLFDO�H[FOXVLRQ�RU�UHGXFLQJ�WKH�DWWUDFWLYHQHVV���SDODWDELOLW\�RI�EDLW��+RZHYHU�
LQ� RWKHU� LQVWDQFHV� H�J�� EURDGFDVW� DSSOLFDWLRQV�� LPSURSHU� EDLW� SODFHPHQW� RU� ZKHQ� URGHQWV� FDFKH�
EDLWV�� LW� EHFRPHV� PRUH� OLNHO\� WKDW� VRPH� QRQ�WDUJHW� VSHFLHV� �LQFOXGLQJ� LQYHUWHEUDWHV�� ZLOO�
HQFRXQWHU� EDLW� DQG� ILQG� LW� HGLEOH�� )LHOG� DSSOLFDWLRQV� RI� EURGLIDFRXP� LQ� 1=� KDYH� UHVXOWHG� LQ�
SULPDU\�SRLVRQLQJ�RI�D� UDQJH�RI�QRQ�WDUJHW�ELUG�VSHFLHV��DV�VXPPDUL]HG�E\�(DVRQ�HW�DO�� �������
DQG�LQ�)LJXUH������%HFDXVH�EURGLIDFRXP�LV�QRW�PRELOH�LQ�ZDWHU��DLU��VRLO�RU�SODQWV�LQ�WKH�FRQWH[W�RI�
EDLW� DSSOLFDWLRQV� �(DVRQ� DQG� :LFNVWURP� ������ SULPDU\� H[SRVXUH� WR� EDLW� LV� WKH� SUHGRPLQDQW�
SUHFXUVRU� WR� VHFRQGDU\� URXWHV� RI� HQYLURQPHQWDO� H[SRVXUH� YLD� WLVVXHV� RI� OLYLQJ� DQLPDOV� RU�
FDUFDVVHV���

�
)LJXUH� ���� � 3ULPDU\� H[SRVXUH� WR� FHUHDO�EDVHG� EURGLIDFRXP� EDLWV� �VWDWLRQ� RU� DHULDO� EURDGFDVW�
DSSOLFDWLRQV���6ROLG�OLQHV�LQGLFDWH�GRFXPHQWHG�LQVWDQFHV�RI�EDLW�XSWDNH��SUHVHQFH�RI�UHVLGXHV��ILHOG�
PRUWDOLW\� RU� SHQ�EDVHG� VWXGLHV� LQGLFDWLQJ� H[SRVXUH�� ZLWK� FRUUHVSRQGLQJ� QXPEHUHG� UHIHUHQFHV�
FLWHG�LQ�$SSHQGL[��D��'DVKHG�OLQHV�LQGLFDWH�D�VWURQJ�LQIHUHQFH�RI�SULPDU\�H[SRVXUH�GXH�WR�GLHWDU\�
KDELWV�DQG�RU�DQDO\VLV�RI�UHVLGXDO�EURGLIDFRXP�LQ�WKH�VSHFLHV��
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�
2UDO�H[SRVXUH�WR�EURGLIDFRXP�PD\�EH�OHWKDO�RU�VXEOHWKDO��GHSHQGLQJ�RQ�WKH�DPRXQW�LQJHVWHG�DQG�
WKH�VXVFHSWLELOLW\�RI�WKH�DQLPDO�WR�DQWLFRDJXODQW�WR[LFLW\��6WXGLHV�ZLWK�FDSWLYH�ELUGV�DQG�DQLPDOV�
LQ�DUWLILFLDO� IHHGLQJ�VLWXDWLRQV�KDYH�GHPRQVWUDWHG� WKH�SRWHQWLDO� IRU� VHFRQGDU\�PRUWDOLW\� WR�RFFXU�
HVSHFLDOO\�LQ�WKH�FDVH�RI�VHFRQG�JHQHUDWLRQ�DQWLFRDJXODQWV��H�J��-RHUPDQQ�������DQG�WKLV�KDV�EHHQ�
FRQILUPHG�E\�D�QXPEHU�RI� VWXGLHV�� ,Q�1=�� VWRDWV� �0XVWHOD�HUPLQHD��� IHUUHWV� �0XVWHOD� IXUR��DQG�
IHUDO�FDWV��)HOLV�FDWXV��ZHUH�NLOOHG�IROORZLQJ�EURGLIDFRXP�EDLW�DSSOLFDWLRQ��$OWHULR�������$OWHULR�
DQG�0ROOHU�������DOWKRXJK�LQ�WKHVH�FDVHV�WKH�µQRQ�WDUJHW¶�VSHFLHV�ZHUH�DOVR�FRQVLGHUHG�SHVWV��VR�
WKHLU�PRUWDOLW\�ZDV�UHJDUGHG�DV�D�GHVLUDEOH�VLGH�HIIHFW�RI�FRQWURO�RSHUDWLRQV�WDUJHWLQJ�UDEELWV�DQG�
SRVVXPV�� )LJXUH� ���� VXPPDULVHV� VRPH�RI� WKH� SDWKZD\V� RI� VHFRQGDU\� H[SRVXUH� WR� EURGLIDFRXP�
WKDW�KDYH�EHHQ�UHSRUWHG�IRU�1=�VSHFLHV���

��
)LJXUH� ���� 6HFRQGDU\� H[SRVXUH� SDWKZD\V� IRU� EURGLIDFRXP�� 6ROLG� OLQHV� LQGLFDWH� GRFXPHQWHG�
LQVWDQFHV� RI� SUH\LQJ� RQ� RU� VFDYHQJLQJ� DQLPDO� WLVVXHV� FRQWDLQLQJ� EURGLIDFRXP�� SUHVHQFH� RI�
UHVLGXHV��ILHOG�PRUWDOLW\�RU�SHQ�EDVHG�VWXGLHV�LQGLFDWLQJ�H[SRVXUH��ZLWK�FRUUHVSRQGLQJ�QXPEHUHG�
UHIHUHQFHV�FLWHG�LQ�$SSHQGL[��D���
�
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)URP�D�ZLGHU�LQWHUQDWLRQDO�SHUVSHFWLYH��QRQ�WDUJHW�ZLOGOLIH�PRUWDOLW\�LV�DOVR�LQGLFDWHG�E\�UHSRUWV�
RI�WR[LFRVLV�DQG�GHDWK�IROORZLQJ�NQRZQ�RU�VWURQJO\�LQIHUUHG�VHFRQGDU\�EURGLIDFRXP�H[SRVXUH��IRU�
H[DPSOH�LQ�RZOV��0HQGHQKDOO�DQG�3DQN��������PRUHSRUNV��1LQR[�QRYDVHHODQGLDH���6WHSKHQVRQ�HW�
DO���������UDYHQV��&RUYXV�FRUFRUD[���7D\ORU�HW�DO���������EREFDWV��/\Q[�UXIXV��DQG�PRXQWDLQ�OLRQV�
�3XPD� FRQFRORU�� �5LOH\� HW� DO�� ������� ,Q� WKH� 8QLWHG� .LQJGRP�� 8QLWHG� 6WDWHV� DQG� &DQDGD��
EURGLIDFRXP�XVH�LV�UHVWULFWHG�WR�FRPPHQVDO�URGHQW�FRQWURO��LQGRRU��DSSOLFDWLRQV�\HW�SUHGDWRU\�RU�
VFDYHQJLQJ� ZLOGOLIH� VSHFLHV� KDYH� EHHQ� H[SRVHG�� 7KLV� LV� SUHVXPDEO\� WKURXJK� WUDQVIHU� RI�
EURGLIDFRXP�LQ�OLYH�SUH\��6SXUU�HW�DO���������SURYLGH�UHFHQW�HYLGHQFH�RI�FRPPHQVDO�DSSOLFDWLRQV�
RI� DQWLFRDJXODQW� EDLW� DVVRFLDWHG� ZLWK� RFFXUUHQFH� RI� UHVLGXHV� LQ� QRQ�WDUJHW� ZLOGOLIH� LQ� WKH�
VXUURXQGLQJ� DUHDV�� 6LPLODUO\�%UDNHV� DQG�6PLWK� ������� GHPRQVWUDWH� WKDW� URXWLQH� FRPPHQVDO� UDW�
FRQWURO� XVLQJ� DQ� DQWLFRDJXODQW� �FRXPDWHWUDO\O�� UHGXFHG� ORFDO� SRSXODWLRQV� RI� QRQ�WDUJHW� VPDOO�
PDPPDOV�� GHPRQVWUDWLQJ� D� VLJQLILFDQW� URXWH� RI� VHFRQGDU\� DQWLFRDJXODQW� H[SRVXUH� IRU� SUHGDWRUV�
DQG� VFDYHQJHUV�� %RUVW� DQG� &RXQRWW� ������� GRFXPHQW� PRUWDOLW\� IURP� VHFRQGDU\� EURGLIDFRXP�
H[SRVXUH�LQ�FDSWLYH�ELUG�VSHFLHV��WZR�WXUNH\�YXOWXUH��&DWKDUWHV�DXUD��FKLFNV�WKDW�GLHG�RI�WR[LFRVLV�
DIWHU� EHLQJ� IHG� URGHQWLFLGH�NLOOHG� PLFH� E\� WKH� DGXOW� ELUGV�� SUHYLRXV� FDVH� UHSRUWV� RI� VPDOO�
FDUQLYRURXV�ELUGV� �'DFHOR�QRYDH�JXLQDH� DQG�7RFNXV�GHFNHQL��NLOOHG�DIWHU� HDWLQJ�SRLVRQHG�PLFH�
DQG�D�JUDQLYRURXV�ELUG��5ROOXOXV�URXOURXO��WKDW�GLHG��SUREDEO\�WKURXJK�FRQWDPLQDWLRQ�RI�LWV�IRRG�
E\�FRFNURDFKHV�WKDW�WUDQVSRUWHG�EURGLIDFRXP��0XUUD\�DQG�7VHQJ��������UHSRUW�RQ�GLDJQRVLV�DQG�
WUHDWPHQW� RI� VHFRQGDU\� EURGLIDFRXP� SRLVRQLQJ� LQ� D� UHG�WDLOHG� KDZN� �%XWHR� MDPDLFHQVLV���
'RZGLQJ� HW� DO�� ������� SURYLGHG� VWURQJ� ILHOG�EDVHG� HYLGHQFH� RI� LQYHUWHEUDWHV� DV� D� VRXUFH� RI�
VHFRQGDU\�H[SRVXUH��GRFXPHQWLQJ�PRUWDOLW\�DQG�EURGLIDFRXP�UHVLGXH� LQ�1HZ�=HDODQG�GRWWHUHOV�
�&KDUDGULXV� REVFXUXV� DTXLORQLXV�� WKDW� KDG� DSSDUHQWO\� IHG� RQ� LQYHUWHEUDWHV� FRQWDLQLQJ�
EURGLIDFRXP�DV�WKH�UHVXOW�RI�IHHGLQJ�RQ�WR[LF�EDLW���

� ������/LYHU�FRQFHQWUDWLRQV�DV�DQ�LQGH[�RI�EURGLIDFRXP�H[SRVXUH�
5HWHQWLRQ�RI�EURGLIDFRXP�LQ�OLYHU�SURYLGHV�DQ�REYLRXV�IRFXV�IRU�PRQLWRULQJ�ZLOGOLIH�H[SRVXUH�DQG�
D�JURZLQJ�OLWHUDWXUH�GRFXPHQWV�WKH�RFFXUUHQFH�RI�UHVLGXHV�RI�EURGLIDFRXP�LQ�D�UDQJH�RI�SUHGDWRU\�
DQG� VFDYHQJLQJ� VSHFLHV� ZRUOGZLGH�� $SSHQGL[� �E� SUHVHQWV� WKUHH� WDEOHV� VXPPDULVLQJ� OLYHU�
EURGLIDFRXP�FRQFHQWUDWLRQV�PHDVXUHG�LQ�QRQ�WDUJHW�ELUGV�DQG�DQLPDOV��JURXSHG�E\�VFHQDULR��
�
$�� NQRZQ�RU�LQIHUUHG�WR�KDYH�EHHQ�NLOOHG�E\�EURGLIDFRXP�SRLVRQLQJ��7DEOH�$��
%�� H[SRVXUH�LQIHUUHG�IURP�SUHVHQFH�RI� OLYHU�UHVLGXHV��EXW�FRXOG�QRW�EH�FRQILUPHG�DV� OHWKDO�RU�

VXEOHWKDO��7DEOH�%��
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&�� VXEOHWKDO�H[SRVXUH�WR�EURGLIDFRXP��7DEOH�&��
�
5HVLGXH�GDWD�LQ�7DEOH�$�ZHUH�IURP�VWXGLHV�LQYROYLQJ�GHOLEHUDWH�VHDUFKLQJ�IRU�FDUFDVVHV�LQ�DUHDV�
ZKHUH�EURGLIDFRXP�EDLW�KDG�EHHQ�UHFHQWO\�DSSOLHG��RU�IURP�KXPDQ�DQG�YHWHULQDU\�FOLQLFDO�FDVHV�
UHSRUWHG� DV� EURGLIDFRXP�SRLVRQLQJ�� 7KH� SUHVHQFH� RI� OLYHU� UHVLGXHV�� VRPHWLPHV� DVVRFLDWHG�ZLWK�
REVHUYDWLRQV� RI� KDHPRUUKDJH�� WKXV� SURYLGHG� VWURQJ� LQIHUHQWLDO� HYLGHQFH� RI� OHWKDO� H[SRVXUH�� ,Q�
JHQHUDO��WKH�UHVLGXH�FRQFHQWUDWLRQV�PHDVXUHG�LQ�WKLV�VFHQDULR�DUH�UHODWLYHO\�KLJK���
�
5HVLGXH�GDWD� LQ�7DEOH�%�DUH�IURP�DQLPDOV�RU�ELUGV�FROOHFWHG�DV�FDUFDVVHV� LQ�JHQHUDO�PRQLWRULQJ�
SURJUDPPHV�H�J��DV�URDGNLOOV�RU�IURP�ZLOGOLIH�UHKDELOLWDWLRQ�FHQWUHV��LQ�DOO�LQVWDQFHV�IURP�8QLWHG�
.LQJGRP� RU� WKH� 8QLWHG� 6WDWHV�� $OWKRXJK� EURGLIDFRXP� H[SRVXUH� ZDV� FRQILUPHG� E\� GHWHFWDEOH�
OLYHU� FRQFHQWUDWLRQV�� WKH� WLPLQJ� DQG� IUHTXHQF\� RI� WKH� H[SRVXUH� FRXOG� QRW� EH� UHWURVSHFWLYHO\�
GHWHUPLQHG�� 7KHUH� DUH� SURSRUWLRQDOO\� PRUH� ORZ� FRQFHQWUDWLRQV� RI� EURGLIDFRXP� DFURVV� WKLV�
VFHQDULR��UDLVLQJ�TXHVWLRQV�RI�ZKHWKHU�WKH�H[SRVXUH�ZDV�VXIILFLHQW�WR�KDYH�FDXVHG�RU�FRQWULEXWHG�
WR� PRUWDOLW\�� ,Q� VRPH� LQVWDQFHV�� WKH� SUHVHQFH� RI� OLYHU� UHVLGXHV� LQ� DVVRFLDWLRQ� ZLWK� SDWKRORJLF�
REVHUYDWLRQV�RI�KDHPKRUUDJH�SURPSWHG�GLDJQRVLV�RI�DQWLFRDJXODQW�SRLVRQLQJ�DV�WKH�FDXVH�RI�GHDWK�
�H�J��+RVHD�������6WRQH�HW�DO��������+RRSV��������
�
5HVLGXH�GDWD�LQ�7DEOH�&�DUH�IURP�OLYH�FDSWXUH��WKXV�H[SRVXUH�DVVXPHG�WR�EH�VXEOHWKDO��RI�DQLPDOV�
RU�ELUGV�WKDW�ZHUH�WKHQ�NLOOHG�WR�REWDLQ�OLYHU�WLVVXH��RIWHQ�IROORZLQJ�EURGLIDFRXP�EDLW�DSSOLFDWLRQV��
7KHVH�DUH�PRVWO\�IURP�1=�ILHOG�PRQLWRULQJ�EXW�DOVR�LQFOXGH�FDSWLYH�VWXGLHV�DQG�ILHOG�PRQLWRULQJ�
IURP�RWKHU�FRXQWULHV��7KH�UHVLGXH�FRQFHQWUDWLRQV�LQ�WKLV�VFHQDULR�VSDQ�WKRVH�UHSRUWHG�LQ�7DEOHV�$�
DQG�%�� KLJKOLJKWLQJ� XQFHUWDLQW\� DERXW� KRZ�GLDJQRVWLF� OLYHU� UHVLGXH� FRQFHQWUDWLRQV� DUH� RI� OHWKDO�
H[SRVXUH�WR�EURGLIDFRXP��.DXNHLQHQ�HW�DO���������SURSRVHG�D�WKUHVKROG�OLYHU�FRQFHQWUDWLRQ�RI�����
SSP� L�H�� FRQFHQWUDWLRQV�EHORZ� WKLV� LQ�FDUFDVVHV�DUH�QRW� H[SHFWHG� WR�KDYH�FDXVHG�DFXWH� WR[LFLW\��
+RZHYHU�� /LWWLQ� HW� DO�� ������� PHDVXUHG� OLYHU� FRQFHQWUDWLRQV� DV� ORZ� DV� ����� SSP� LQ� EUXVKWDLO�
SRVVXPV� WKDW� KDG� GLHG� RI� EURGLIDFRXP� SRLVRQLQJ�� )URP� VWXGLHV� RI� EURGLIDFRXP� H[SRVXUH� DQG�
UHVXOWLQJ�UHVLGXHV�LQ�YROHV��0LFURWXV�VSS����0\OO\PlNL�HW�DO���������HVWLPDWHG�WKDW�WKH�SUREDELOLW\�
RI�YROH�VXUYLYDO�VWDUWHG�WR�GHFUHDVH�FOHDUO\�LQ�DVVRFLDWLRQ�ZLWK�OLYHU�FRQFHQWUDWLRQV�RI������SSP���
�
:KLOH� PRUWDOLW\� LV� WKH� PRVW� XQZDQWHG� RXWFRPH� IRU� QRQ�WDUJHW� ZLOGOLIH�� XVH� RI� OLYHU� WLVVXH�
SUHGLVSRVHV�WR�JHQHUDOO\�UHWURVSHFWLYH�PRQLWRULQJ�±�ORRNLQJ�WR�FRQILUP�H[SRVXUH�DQG�LWV�SRVVLEOH�
FRQWULEXWLRQ� WR�PRUWDOLW\� DIWHU� WKH� IDFW�� 5HOLDQFH� RQ� OLYHU� WLVVXH� WR� GHWHUPLQH� H[SRVXUH� FUHDWHV�
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OLPLWDWLRQV�� �L�� LW� LV� JHQHUDOO\� QRW� DFFHSWDEOH� WR� NLOO� �SURWHFWHG�� QRQ�WDUJHW� ZLOGOLIH� VSHFLHV�
FRQVLGHUHG�DW�ULVN�RI�H[SRVXUH�LQ�RUGHU�WR�GHWHUPLQH�ZKHWKHU�WKLV�KDV�RFFXUUHG�VR�WKDW��LL��UHVLGXH�
GDWD� IRU� PDQ\� µDW� ULVN¶� VSHFLHV� WKDW� DUH� EDVHG� ODUJHO\� RQ� SRVW�PRUWHP� �FDUFDVV�� VDPSOHV� KDYH�
UHGXFHG�FHUWDLQW\�DURXQG�WKH�FRQWULEXWLRQ�RI�EURGLIDFRXP�H[SRVXUH�WR�PRUWDOLW\��

� ������6XEOHWKDO�HIIHFWV�RI�EURGLIDFRXP�H[SRVXUH�
7KH� WR[LFRORJLFDO� LPSOLFDWLRQV� RI� VXEOHWKDO� EURGLIDFRXP� H[SRVXUH� DUH� QRW� ZHOO� GHVFULEHG� �H�J��
.DXNHLQHQ� HW� DO�� ������ /HFKHYLQ� 	� 9LJLH� ������ DQG� DV� QRWHG� E\� +RZDOG� �������� SRWHQWLDO�
UHPDLQV�IRU�DGYHUVH�HIIHFWV�IROORZLQJ�UHSHDWHG�RU�VXVWDLQHG�VXEOHWKDO�H[SRVXUH��2WKHU�FRXPDULQ�
DQWLFRDJXODQW�FRPSRXQGV�VXFK�DV�ZDUIDULQ�KDYH�EHHQ�VKRZQ�WR�DIIHFW�ERQH�PDVV��H�J��3ULFH�������
EXW� WKLV� DVSHFW� KDV� QRW� EHHQ�ZHOO� VWXGLHG� LQ�ZLOGOLIH��.QRSSHU� HW� DO�� ������� XQGHUWRRN� D� VPDOO�
LQYHVWLJDWLRQ�RI�ERQH�GHQVLW\�DQG�EUHDNLQJ�VWUHQJWK�LQ�UDSWRUV�ZLWK�VXEOHWKDO�H[SRVXUH�WR�6*$5V�
LQFOXGLQJ�EURGLIDFRXP��DV�LQGLFDWHG�E\�WKH�SUHVHQFH�RI�UHVLGXDO�FRQFHQWUDWLRQV�LQ�OLYHU��&RXPDULQ�
DQWLFRDJXODQWV�PD\� DOVR� KDYH� WHUDWRJHQLF� HIIHFWV� �H�J�$VWHGW� �������7KH� OLWHUDWXUH� RQ� VXEOHWKDO�
HIIHFWV�RI�EURGLIDFRXP�VHHPV�WR�UHODWH�PRVWO\�WR�UHSURGXFWLYH�RU�WHUDWRJHQLF�HIIHFWV�LQ�PDPPDOV��
JHQHUDOO\� VXJJHVWLQJ� PDWHUQDO� WR[LFLW\� �KDHPRUUKDJH�� UHVXOWLQJ� LQ� DERUWLRQ�� UDWKHU� WKDQ� GLUHFW�
HIIHFWV�RQ�WKH�IHWXV���
�
%URGLIDFRXP�JLYHQ� E\� RUDO� JDYDJH� WR� IHPDOH� UDWV� DW� GDLO\� GRVHV� RI� ������� ����� RU� �����PJ�NJ�
GXULQJ�GD\V������RI�SUHJQDQF\�SURGXFHG�QR�DSSDUHQW�HIIHFWV�RQ�IHWXVHV�DW�WHUPLQDWLRQ��EXW�GDLO\�
GRVHV�DERYH������PJ�NJ�FDXVHG�DQ�DQWLFRDJXODQW�HIIHFW� LQ� WKH�PRWKHUV�DQG�D�KLJK� LQFLGHQFH�RI�
DERUWLRQ� �+RGJH� HW� DO�� ����� FLWHG� E\�:RUOG�+HDOWK�2UJDQLVDWLRQ� ������� )HPDOH� UDEELWV� GRVHG�
GDLO\�ZLWK�������PJ�NJ�EURGLIDFRXP�RYHU�GD\V������RI�SUHJQDQF\� VKRZHG�D�KLJK� LQFLGHQFH�RI�
KDHPRUUKDJH��DQG�UHVXOWDQW�PRUWDOLW\��,Q�VXUYLYLQJ�GDPV�WKDW�VKRZHG�VLJQV�RI�KDHPRUUKDJH�WKHUH�
ZHUH�QR�HIIHFWV�RQ�WKH�GHYHORSLQJ�IHWXVHV��+RGJH�HW�DO�������FLWHG�E\�:RUOG�+HDOWK�2UJDQLVDWLRQ�
�������7ZLJJ�DQG�.D\��������FLWH�XQSXEOLVKHG�GDWD�ZKHUH�EURGLIDFRXP�FDXVHG�D�����LQFUHDVH�LQ�
DERUWHG� RU� VWLOO�ERUQ� ODPEV� ZKHQ� DGPLQLVWHUHG� WR� SUHJQDQW� HZHV� �2YLV� DULHV�� �� ZHHNV� DIWHU�
PDWLQJ��DQG�����LQFUHDVH�LQ�ODPE�PRUWDOLW\�ZKHQ�SUHJQDQW�HZHV�ZHUH�DGPLQLVWHUHG�EURGLIDFRXP�
RQH�ZHHN�EHIRUH�JLYLQJ�ELUWK��$Q�RXWEUHDN�RI�DERUWLRQV�DQG�KDHPRUUKDJHV�LQ�VKHHS�DQG�JRDWV�LQ�
(J\SW� ZDV� DWWULEXWHG� WR� DFFLGHQWDO� H[SRVXUH� WR� EURGLIDFRXP� �)HLQVRG� �������:KLOH� +RUQIHOGW�
�������UHSRUWHG�VXFFHVVIXO� WUHDWPHQW�RI�EURGLIDFRXP�WR[LFRVLV� LQ�D�SUHJQDQW�GRJ��D�PRUH�UHFHQW�
UHSRUW� �0XQGD\� DQG� 7KRPSVRQ� ������ RI� LQ� XWHUR� EURGLIDFRXP� WR[LFLW\� LQ� GRJV� UHSRUWHG� WZR�
SXSSLHV�G\LQJ� VKRUWO\� DIWHU�ELUWK� VKRZLQJ�KDHPRUUKDJH� DQG�KDYLQJ� OLYHU�EURGLIDFRXP� UHVLGXHV��
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%HFDXVH� WKH� ELWFK� DSSHDUHG� XQDIIHFWHG�� LW�ZDV� VXJJHVWHG� WKDW� IHWXVHV�ZHUH�PRUH� VXVFHSWLEOH� WR�
EURGLIDFRXP� WR[LFLW\� WKDQ� DGXOWV�� :KLOH� QR� SXEOLFDWLRQV� DERXW� UHSURGXFWLYH� HIIHFWV� RI�
EURGLIDFRXP�LQ�ELUGV�ZHUH�IRXQG��6WHMVNDO�HW�DO� ������� IRXQG� WKDW�VSLGHU�EHHWOHV��3WLQXV� WHFWXV��
FRXOG�UHSURGXFH�DQG�GHYHORS�RQ�D�EURGLIDFRXP�EDLW�IRUPXODWLRQ�LQ�ILHOG�FRQGLWLRQV��EXW�WKHUH�ZDV�
D�KLJK�IUHTXHQF\�RI�WHUDWRORJLF�DGXOW�LQGLYLGXDOV�WKDW�ZDV�SRVVLEO\�GXH�WR�EURGLIDFRXP�H[SRVXUH�
RI�WKH�ODUYDO�VWDJH��
�
%HVLGHV�SRWHQWLDO�DGYHUVH�VXEOHWKDO�HIIHFWV�RQ�ZLOGOLIH��WKHUH�LV�DOVR�D�FRQFHUQ�IRU�KXPDQ�H[SRVXUH�
WKURXJK�FRQVXPSWLRQ�RI�PHDW�IURP�ZLOG�JDPH�DQLPDOV�WKDW�FDUU\�EURGLIDFRXP�UHVLGXHV��H�J��&OHDU�
�������*LYHQ�WKHVH�LQIRUPDWLRQ�JDSV��LW�LV�LPSRUWDQW�WR�FRQWLQXH�ILHOG�PRQLWRULQJ�DQG�UHVHDUFK�WR�
LGHQWLI\�ZKLFK��ZKHQ��KRZ�DQG�WR�ZKDW�H[WHQW�ZLOGOLIH�DUH�EHLQJ�H[SRVHG�WR�EURGLIDFRXP�LQ�WKHLU�
HQYLURQPHQW�DQG�ZKDW�WKH�RXWFRPHV�RI�WKLV�H[SRVXUH�PLJKW�EH��6XEOHWKDO�H[SRVXUH�RI�ZLOGOLIH�WR�
D�UDQJH�RI�DQWLFRDJXODQWV�PD\�EH�IDU�PRUH�ZLGHVSUHDG�LQ�WKH�HQYLURQPHQW�WKDQ�FXUUHQWO\�WKRXJKW��
EXW� WKLV� LV�QRW�SUDFWLFDEOH� WR� LQYHVWLJDWH�XVLQJ� OLYHU� WLVVXH��$�UHOLDEOH��QRQ�OHWKDO�DQG�PLQLPDOO\�
LQYDVLYH� VDPSOLQJ� SURFHGXUH� WR� GHWHUPLQH� H[SRVXUH� LQ� OLYH� DQLPDOV� ZRXOG� JUHDWO\� H[SDQG� WKH�
VFRSH�RI�PRQLWRULQJ��LQ�WHUPV�RI�WKH�VSHFLHV�DQG�QXPEHUV�RI�ZLOGOLIH�WKDW�FRXOG�EH�VXUYH\HG�IRU�
VXEOHWKDO�H[SRVXUH�WR�EURGLIDFRXP�DQG�RWKHU�DQWLFRDJXODQWV��,W�PD\�EH�WKDW�VLQJOH�RU� LQIUHTXHQW�
VXEOHWKDO�H[SRVXUHV�GR�QRW�VLJQLILFDQWO\�FRPSURPLVH�VXUYLYDO�RU�UHSURGXFWLYH�ILWQHVV�RI�ZLOGOLIH�
LQGLYLGXDOV�RU�SRSXODWLRQV��EXW�EHFDXVH� WKH�HIIHFWV�RI�FXPXODWLYH�RU� ORQJ�WHUP�H[SRVXUH�DUH�QRW�
ZHOO� GHVFULEHG�� WKH� DELOLW\� WR� FKDUDFWHUL]H� ILHOG� H[SRVXUH� SURILOHV�ZRXOG� EH� RI� JUHDW� YDOXH� LQ� D�
SURDFWLYH�DSSURDFK�WR�LGHQWLI\LQJ�DQG�PLQLPL]LQJ�ULVNV�WR�QRQ�WDUJHW�ZLOGOLIH��7KLV�LV�HVSHFLDOO\�
VR� JLYHQ� WKH� KLJK� WR[LFLW\� DQG� ELRDFFXPXODWLYH� SRWHQWLDO� RI� EURGLIDFRXP� ZKHUH� VXEOHWKDO�
H[SRVXUH�LV�OLNHO\�WR�EH�UHSHDWHG�RU�VXVWDLQHG��
�
���� 7KHVLV�VWUXFWXUH�
7KH� JHQHUDO�� RYHUDUFKLQJ� TXHVWLRQ� RI� ³KRZ� FDQ�ZH�PLQLPLVH� WKH� HQYLURQPHQWDO� ULVNV� RI� XVLQJ�
DQWLFRDJXODQW�URGHQWLFLGHV"´�ZDV�DGGUHVVHG�E\�VHULHV�RI�VWXGLHV��)LJXUH�����SURYLGHV�DQ�RXWOLQH�RI�
WKH� UDWLRQDOH� DQG� VWXGLHV� �HDFK� SUHVHQWHG� DV� D� VHSDUDWH� FKDSWHU�� XQGHUWDNHQ� DJDLQVW� VSHFLILF�
UHVHDUFK�TXHVWLRQV��&KDSWHUV�7ZR�DQG�7KUHH�FRQFHUQ�UHVLGXDO�FRQFHQWUDWLRQV�RI�EURGLIDFRXP�LQ�
WLVVXHV� IROORZLQJ�VXEOHWKDO�H[SRVXUH�RI�ELUGV� �FKLFNHQV��DQG� OHWKDO�H[SRVXUH�RI�PDPPDOV� �UDWV��
UHVSHFWLYHO\��&KDSWHU�)RXU�SURYLGHV�DQ�RYHUYLHZ�RI�WR[LFRORJLFDO�LQIRUPDWLRQ�DERXW�GLSKDFLQRQH�
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DQG� WKH� UDWLRQDOH� EHKLQG� LWV� VHOHFWLRQ� DV� DQ� DOWHUQDWLYH� WR� EURGLIDFRXP��&KDSWHUV� )LYH� DQG� 6L[�
GHVFULEH�VWXGLHV�RI�GLSKDFLQRQH�LQ�PDPPDOV��SLJV��DQG�LQYHUWHEUDWHV��ZHWD���
�

�
)LJXUH������2XWOLQH�RI�WRSLF�DUHDV�DQG�VSHFLILF�UHVHDUFK�TXHVWLRQV�DGGUHVVHG�LQ�WKLV�WKHVLV��LQ�WKH�
FRQWH[W�RI�1HZ�=HDODQG�PDQDJHPHQW�RSWLRQV�IRU�WKH�XVH�RI�WKH�DQWLFRDJXODQWV�EURGLIDFRXP�DQG�
GLSKDFLQRQH�IRU�PDQDJHPHQW�RI�LQWURGXFHG�YHUWHEUDWH�SHVWV��
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&KDSWHU����6XEOHWKDO�EURGLIDFRXP�H[SRVXUH�LQ�FKLFNHQV��HIIHFWV�RQ�
FRDJXODWLRQ�WLPH�DQG�UHVLGXDO�FRQFHQWUDWLRQV�LQ�WLVVXHV��HJJV�DQG�
IDHFHV�
�
����,QWURGXFWLRQ�
0RQLWRULQJ�LQGLFDWHV�WKDW�HQYLURQPHQWDO�H[SRVXUH�WR�WKH�DQWLFRDJXODQW�URGHQWLFLGH�EURGLIDFRXP��
DV� LQGLFDWHG� E\� UHVLGXDO� FRQFHQWUDWLRQV� LQ� OLYHU�� RFFXUV� LQ� D� UDQJH� RI� ELUG� VSHFLHV� �UHYLHZHG� LQ�
VHFWLRQ� �������� 0RUWDOLW\� RU� DGYHUVH� VXE�OHWKDO� HIIHFWV� UHVXOWLQJ� IURP� VHFRQGDU\� H[SRVXUH� WR�
URGHQWLFLGHV� PD\� EH� DQ� LPSRUWDQW� FRQVLGHUDWLRQ� LQ� WKH� FRQVHUYDWLRQ� RI� QRQ�WDUJHW� ELUGV��
SDUWLFXODUO\� SUHGDWRUV� DQG� VFDYHQJHUV� �%UDNHV� DQG� 6PLWK� ������� 6HFRQGDU\� H[SRVXUH� WR�
EURGLIDFRXP� PD\� RFFXU� ZKHQ� ELUGV� RI� SUH\� �H�J�� %DUQHWW� HW� DO�� ������ WDNH� URGHQWV� WKDW� KDYH�
LQJHVWHG�EDLW��RU�LQVHFWLYRURXV�ELUGV�HDW�FRQWDPLQDWHG�LQYHUWHEUDWHV��H�J��'RZGLQJ�HW�DO���������$V�
RXWOLQHG�LQ�VHFWLRQ������FXUUHQW�PRQLWRULQJ�IRU�EURGLIDFRXP�H[SRVXUH�UHOLHV�ODUJHO\�RQ�DQDO\VLV�RI�
OLYHU� WLVVXH� REWDLQHG� SRVW�PRUWHP�� 7KH� UHTXLUHPHQW� IRU� OHWKDO� VDPSOLQJ� WR� REWDLQ� OLYHU� OLPLWV�
SUDFWLFDEOH�PRQLWRULQJ�RI�SURWHFWHG�VSHFLHV�RU�ODUJH�VDPSOHV�RI�ZLOGOLIH��DQG�HVSHFLDOO\�GRHV�QRW�
DOORZ� LQYHVWLJDWLRQ� RI� KRZ� VXEOHWKDO� H[SRVXUH� WR� EURGLIDFRXP� PD\� DIIHFW� VXUYLYDO� DQG�
UHSURGXFWLRQ� LQ� WKH�ILHOG��+HQFH��GHYHORSPHQW�RI�D�QRQ�OHWKDO�DQG�PLQLPDOO\�LQYDVLYH�VDPSOLQJ�
SURFHGXUH� WR� GHWHUPLQH� DQWLFRDJXODQW� H[SRVXUH� LQ� OLYH� ELUGV� ZRXOG� LPSURYH� WKH� DELOLW\� WR�
FKDUDFWHULVH�VXEOHWKDO�H[SRVXUH�LQ�ILHOG�SRSXODWLRQV��7KLV�LV�HVSHFLDOO\�UHOHYDQW�WR�1=��EHFDXVH�RI�
LWV�UHODWLYHO\�H[WHQVLYH�ILHOG�XVH�RI�EURGLIDFRXP�IRU�YHUWHEUDWH�SHVW�FRQWURO��VHH�VHFWLRQ��������DQG�
WKH� SUHGRPLQDQFH� RI� ELUGV�� LQFOXGLQJ� PDQ\� HQGHPLF� VSHFLHV�� LQ� LWV� QDWLYH� ELRGLYHUVLW\� �H�J��
'XIIH\��������

%ORRG� VDPSOLQJ� KDV� EHHQ� XVHG� DV� DQ� LQGLFDWRU� RI� EURGLIDFRXP� H[SRVXUH��ZLWK� SODVPD� VDPSOHV�
DQDO\VHG�IRU�UHVLGXDO�FRQFHQWUDWLRQV��DQG�DOVR�IRU�LQFUHDVHG�FRDJXODWLRQ�WLPHV�WKDW�PD\�RFFXU�LQ�
UHVSRQVH�WR�H[SRVXUH��H�J��+RZDOG�HW�DO�������3RXOLQTXHQ�HW�DO���������3URWKURPELQ�WLPH��37��LV�
WKH�PRVW�FRPPRQO\�XVHG�WR�LQGLFDWH�DQ�DQWLFRDJXODQW�HIIHFW�DQG�LV�VHQVLWLYH�WR�)DFWRUV�,,��9,,�DQG�
;� �SDUW�RI� WKH�H[WULQVLF�FORWWLQJ�SDWKZD\�� �H�J��3ROOHU�	�+LUVFK��������+RZHYHU��DW� OHDVW���P/�
�LGHDOO\����P/��RI�EORRG�LV�UHTXLUHG�WR�GHULYH�VXIILFLHQW�SODVPD�IRU�WHVWLQJ��DQG�WKLV�PD\�OLPLW�WKH�
VL]H�RI�ELUGV�WKDW�FDQ�EH�PRQLWRUHG�DV�LW�LV�JHQHUDOO\�QRW�UHFRPPHQGHG�WR�UHPRYH�PRUH�WKDQ�����
RI�EORRG�YROXPH�LQ�D�VLQJOH�VDPSOH��'LHKO�HW�DO���������7KH�LQYDVLYH�QDWXUH�RI�EORRG�VDPSOLQJ�KDV�
DQ� DGGLWLRQDO� GUDZEDFN� LI� ELUGV� KDYH� EHHQ� H[SRVHG� WR� DQWLFRDJXODQW�� DV� WKH� VPDOO� LQMXU\� IURP�
VDPSOLQJ�PD\�SRVH�D�ULVN�RI�KDHPRUUKDJH�WR�ELUGV�WKDW�KDYH�HOHYDWHG�FRDJXODWLRQ�WLPHV��5HGXFLQJ�
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WKH� YROXPH� RI� EORRG� �SODVPD�� UHTXLUHG� IRU� YDOLG� DQDO\VLV� RI� EURGLIDFRXP� FRQFHQWUDWLRQ�ZRXOG�
H[WHQG�WKH�XWLOLW\�RI�WKLV�LQGLFDWRU�LQ�ILHOG�VWXGLHV��HVSHFLDOO\�IRU�VPDOO�RU�FRQVHUYDWLRQ�VWDWXV�ELUG�
VSHFLHV��ZKHUH�LQYDVLYH�PDQLSXODWLRQV�DUH�XQGHVLUDEOH��7UXGHDX�HW�DO���������GHVFULEH�DSSOLFDWLRQ�
RI�D�VPDOO�YROXPH�GULHG�EORRG�VSRW��'%6��VDPSOLQJ�IRU�PRQLWRULQJ�SHVWLFLGH�H[SRVXUH�LQ�ELUGV��
3UHOLPLQDU\�HVWDEOLVKPHQW�RI�DQ�DQDO\WLFDO�WHFKQLTXH�IRU�GHWHFWLQJ�EURGLIDFRXP�LQ�'%6�VDPSOHV�
�$�� 6KORVEHUJ�� .LPURQ� 9HWHULQDU\� ,QVWLWXWH�� SHUV�� FRPP��� LQGLFDWHG� D� SRWHQWLDO� DSSOLFDWLRQ� WR�
PRQLWRULQJ�VXEOHWKDO�H[SRVXUH�LQ�ELUGV��6DPSOHV�WKDW�GR�QRW�UHTXLUH�LQYDVLYH�SURFHGXUHV��VXFK�DV�
IDHFHV�RU�HJJV��ZHUH�DOVR�FRQVLGHUHG�DV�SRWHQWLDO�LQGLFDWRUV�RI�EURGLIDFRXP�H[SRVXUH��*UD\�HW�DO��
�������HVWLPDWHG�WKDW�SHOOHWV�UHJXUJLWDWHG�E\�EDUQ�RZOV��7\WR�DOED��FRQWDLQHG�DSSUR[LPDWHO\�����
RI�D�EURGLIDFRXP�GRVH�WKH�RZOV�LQJHVWHG�YLD�FRQWDPLQDWHG�PLFH�RYHU�ILIWHHQ�GD\V��&ROOHFWLRQ�DQG�
DQDO\VLV� RI� RZO� SHOOHWV� KDV� EHHQ� XVHG� WR� LQGH[� H[SRVXUH� RI� RZOV� WR� EURGLIDFRXP� DQG� RWKHU�
DQWLFRDJXODQWV��*UD\�HW�DO��������(DGVIRUWK�HW�DO���������DOWKRXJK�WKHUH�DSSHDUV�WR�KDYH�EHHQ�QR�
IXUWKHU�GHYHORSPHQW�RI�WKLV�SRWHQWLDOO\�XVHIXO�PRQLWRULQJ�WRRO�IRU�RWKHU�ELUG�VSHFLHV��

8VLQJ� GRPHVWLF� FKLFNHQV� �*DOOXV� JDOOXV�� DV� D� UHSUHVHQWDWLYH� DYLDQ� VSHFLHV�� DQ� LQYHVWLJDWLRQ� RI�
WLVVXH�UHVLGXHV�DQG�FRDJXODWLRQ�IROORZLQJ�VXEOHWKDO�EURGLIDFRXP�H[SRVXUH�ZDV�XQGHUWDNHQ��7KH�
REMHFWLYHV� RI� WKLV� VWXG\�ZHUH� �L�� WR�PHDVXUH� UHVLGXDO� EURGLIDFRXP�RYHU� WLPH� LQ� YDULRXV� WLVVXHV��
IDHFHV� DQG� HJJV�� �LL�� FRPSDUH� WKH� UHVLGXHV� PHDVXUHG� LQ� '%6� DQG� SODVPD� VDPSOHV� DQG� �LLL��
PHDVXUH�SODVPD�FRDJXODWLRQ�RYHU�WLPH��DIWHU�D�VLQJOH�VXEOHWKDO�H[SRVXUH��

�
����0HWKRGV�

� �������+RXVLQJ��GRVLQJ�DQG�WLVVXH�VDPSOLQJ�RI�FKLFNHQV�
$OO� SURFHGXUHV� FDUULHG� RXW� XVLQJ� FKLFNHQV� ZHUH� FRQGXFWHG� XQGHU� /DQGFDUH� 5HVHDUFK� $QLPDO�
(WKLFV�&RPPLWWHH� DSSURYDO� �1R�� ��������� ��'%6� VDPSOLQJ� WR� GHWHFW� DQWLFRDJXODQW� H[SRVXUH� LQ�
ELUGV���7ZHQW\�%URZQ�6KDYHU�VWUDLQ�KHQV��������ZHHNV�ROG��µSRLQW�RI�OD\¶��ZHUH�REWDLQHG�IURP�D�
FRPPHUFLDO�HJJ�SURGXFWLRQ�IDFLOLW\��(DFK�ELUG�ZDV�JLYHQ�D�QXPEHUHG�OHJ�EDQG��DQG�DFFOLPDWLVHG�
IRU�WKUHH�ZHHNV�WR�RXWGRRU�KRXVLQJ�DW�WKH�/DQGFDUH�5HVHDUFK�DQLPDO�IDFLOLW\��/LQFROQ��7KH\�ZHUH�
JURXS�KRXVHG�LQ�ODUJH�JUDVVHG�SHQV�ZLWK�VKHOWHUHG�URRVWV�ZLWK�IUHVK�ZDWHU�DQG�FRPPHUFLDO�IRRG�
�)HHGZRUOG�3UHPLXP�*ROG�3RXOWU\�SHOOHWV��IUHHO\�DYDLODEOH��$IWHU�ZHLJKLQJ�WKH\�ZHUH�UDQGRPO\�
DOORFDWHG� WR� HLWKHU� D� FRQWURO� �Q ��� RU� EURGLIDFRXP� WUHDWPHQW� �Q ����� $� GRVH� RI� ����� PJ�NJ�
EURGLIDFRXP�ZDV�VHOHFWHG� WR� UHSUHVHQW�D� ORZ�VXEOHWKDO�H[SRVXUH��EDVHG�RQ�NQRZQ�EURGLIDFRXP�
WR[LFLW\�LQ�FKLFNHQV�DQG�RWKHU�ELUGV��/XQG��������UHSRUWHG�WKDW�EURGLIDFRXP�NLOOHG�IRXU�OHJKRUQ�
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KHQV�LQ������GD\V�DIWHU�DQ�DYHUDJH�LQWDNH�RI������PJ�NJ��DQ�/'���HVWLPDWH�RI����������&,����������
PJ�NJ� LQ�TXDLO� �&DOOLSHSOD�FDOLIRUQLFD�� �*RGIUH\�������DQG�D� UHSRUW�E\�%DLOH\�HW� DO�� �������RI�
�����PRUWDOLW\�LQ�WHQ�FKLFNHQV�JDYDJH�GRVHG�ZLWK���PJ�NJ�EURGLIDFRXP��$�����PJ�NJ�H[SRVXUH�
ZDV� URXJKO\� HTXLYDOHQW� WR� D� ����� NJ� FKLFNHQ� LQJHVWLQJ� ������ J� RI� EDLW� FRQWDLQLQJ� �������
EURGLIDFRXP�� $� GRVLQJ� VROXWLRQ� RI� ���� PJ�P/� EURGLIDFRXP� LQ� PRQRSURS\OHQH� JO\FRO� �03*��
�/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�&HUW�1R��3�������$SSHQGL[�7ZR��ZDV�DGPLQLVWHUHG�E\�
VWRPDFK� WXEH� WR�KHQV� LQ� WKH�EURGLIDFRXP� WUHDWPHQW� DW������P/�VROXWLRQ�SHU�NJ�RI�ERG\ZHLJKW��
&RQWURO� KHQV� ZHUH� DGPLQLVWHUHG� ����� P/�NJ� RI� 03*� DORQH�� ZLWK� D� ���� P/� PD[LPXP� GRVH�
YROXPH�LQ�HLWKHU�WUHDWPHQW��$IWHU�GRVLQJ��WKH�KHQV�ZHUH�SODFHG�EDFN�LQ�JURXS�KRXVLQJ���

+HQV�ZHUH�VDPSOHG�LQ�JURXSV�RI����Q ��EURGLIDFRXP�GRVHG�DQG���FRQWURO�KHQ��RQ�GD\V���������DQG�
��� DIWHU� GRVLQJ��2QH� KHQ�ZDV�PLVWDNHQO\� GRVHG�ZLWK� FRQWURO� WUHDWPHQW�� VR� WKH�'D\� ��� VDPSOH�
LQFOXGHG�RQO\�WKUHH�EURGLIDFRXP�GRVHG�KHQV��'ULHG�EORRG�VSRW��'%6��VDPSOHV�ZHUH�WDNHQ�ILUVW��
ZKHUH�KHQV�ZHUH�UHVWUDLQHG�RQ�WKHLU�VLGH��ZLWK�WKH�OHJV�DQG�XSSHU�ZLQJ�KHOG�DQG�WKH�ORZHU�ZLQJ�
H[WHQGHG�RXWZDUGV�WR�H[SRVH�WKH�EUDFKLDO�YHLQ��7KH�IHDWKHUV�XQGHUQHDWK�WKH�ZLQJ�ZHUH�VZDEEHG�
ZLWK� GLVLQIHFWDQW� DQG� KHOG� WR� RQH� VLGH��ZKLOH� D� VHFRQG� SHUVRQ� GUHZ�EORRG� �PD[LPXP�����P/��
IURP� WKH� EUDFKLDO� YHLQ� ZLWK� D� ��� *� QHHGOH�� 6LQJOH� GURSV� RI� EORRG� ZHUH� LPPHGLDWHO\� SODFHG�
GLUHFWO\� IURP�WKH�V\ULQJH�RQWR� WKH� WKUHH�PDUNHG� µZHOOV¶�RQ�6FKOHLFKHU�	�6FKXHOO�1R������ ILOWHU�
SDSHU�FDUGV��7KH�'%6�FDUGV�ZHUH�GULHG�LQ�D�VOLGH�UDFN�DW�URRP�WHPSHUDWXUH�IRU�DSSUR[LPDWHO\���K�
WKHQ�SODFHG�LQ�]LSORFN�SODVWLF�EDJV��,PPHGLDWHO\�DIWHU�'%6�VDPSOLQJ��WKH�KHQV�ZHUH�HXWKDQDVHG�
E\�GHFDSLWDWLRQ�DQG�ZKROH�EORRG�VDPSOHV�ZHUH�FROOHFWHG�GLUHFWO\� IURP�WKH�EORRG� IORZ� LQWR� WZR�
����P/� WXEHV� �9DFXWDLQHU�%ORRG� &ROOHFWLRQ� 7XEHV�� ����� VRGLXP� FLWUDWH��� 6DPSOHV� RI� ZKROH�
OLYHU��EUHDVW�PXVFOH��DEGRPLQDO�IDW��HJJV�RYDULHV��NLGQH\V�DQG�FORDFDO�IDHFHV�ZHUH�GLVVHFWHG�RXW��
ZKROH�RUJDQV�ZHLJKHG�DQG�DOO�VDPSOHV�VWRUHG�DW����°&���

� ������7HVWLQJ�SODVPD�VDPSOHV�IRU�FRDJXODWLRQ�WLPH�
:LWKLQ� DQ� KRXU� RI� VDPSOLQJ�ZKROH� EORRG�ZDV� FHQWULIXJHG� DW� ����×J� IRU� ���PLQ� DW� ��&��ZLWK�
SODVPD�GLYLGHG�LQWR�WZR�(SSHQGRUI�WXEHV�DQG�IUR]HQ�DW�í���&�LI�FRDJXODWLRQ�WHVWLQJ�FRXOG�QRW�EH�
FDUULHG�RXW�WKDW�GD\��RU�VWRUHG�DW���&�LI�WHVWLQJ�ZDV�WR�EH�GRQH�ZLWKLQ���KRXUV��3ODVPD�GLOXWLRQV�
ZHUH�SUHSDUHG�ZLWK������VDOLQH�DQG�WHVWHG�LQ�GXSOLFDWH�XVLQJ�D�FRPPHUFLDOO\�DYDLODEOH�37�DVVD\�
NLW� �6LPSODVWLQ�� ([FHO�� DQG� DQ� DXWRPDWHG� FRDJXORPHWHU� �$PHOXQJ� .&�$PLFUR�� 6LJPD�
'LDJQRVWLFV��� 7KH� NLW� LQFOXGHG� FRQWURO� SODVPD� UHDJHQWV��ZKLFK�ZHUH� DOVR� WHVWHG� LQ� GXSOLFDWH� WR�
SURYLGH� LQWHUQDO�YDOLGDWLRQ�VWDQGDUGV��ZKHUH�VDPSOHV� WKDW�GLG�QRW�FORW�ZHUH�DOORFDWHG�D�YDOXH�RI�
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���� VHFRQGV�� 3URORQJHG� SURWKURPELQ� WLPHV� UHVXOW� IURP� XVLQJ�PDPPDOLDQ� WKURPERSODVWLQ� DV� D�
UHDJHQW� LQ�37�WHVWLQJ�RI�DYLDQ�EORRG��+RZDOG��������SRVVLEO\�GXH� WR�GLIIHUHQFHV� LQ�FRDJXODWLRQ�
IDFWRU�DFWLYLWLHV�EHWZHHQ�ELUGV�DQG�PDPPDOV��H�J��6WRSIRUWK�������RU�FODVV�VSHFLILFLW\�RI�SURWHLQ�
UHDFWLRQV�LQ�WKURPERSODVWLQ�IURP�PDPPDOLDQ�RU�DYLDQ�VRXUFHV��H�J��*ULPLQJHU�������.DVH�HW�DO��
�������7R�DFFRXQW�IRU�SRWHQWLDOO\�UHGXFHG�VHQVLWLYLW\�LQ�GHWHFWLQJ�FKDQJHV�LQ�FKLFNHQ�37�WKURXJK�
XVLQJ� WKH� UDEELW�GHULYHG� WKURPERSODVWLQ� UHDJHQW� VXSSOLHG� ZLWK� WKH� 6LPSODVWLQ� NLW�� DQ� DYLDQ�
WKURPERSODVWLQ�VROXWLRQ�ZDV�DOVR�SUHSDUHG��$V�GHVFULEHG�E\�%DLOH\�HW�DO���������DQG�IROORZLQJ�WKH�
PHWKRGV� RI� 'RHUU� HW� DO�� �������� WZHQW\� IUHVK� FKLFNHQ� EUDLQV� ZHUH� KRPRJHQLVHG�� VWUDLQHG��
GHK\GUDWHG�E\�DGGLWLRQ�RI�DFHWRQH�DQG�VWRUHG�LQ���J�DOLTXRWV�DW�����&��$Q�H[WUDFW�ZDV�PDGH�E\�
LQFXEDWLQJ�����PJ�RI�SRZGHUHG�EUDLQ�WLVVXH�ZLWK����P/�RI������VDOLQH��ZLWK�VWLUULQJ��IRU����PLQ�
DW� ���&�� 7KH� UHVXOWLQJ� VXVSHQVLRQ� ZDV� FHQWULIXJHG� IRU� ��� PLQ� DW� ���îJ� DQG� WKH� VXSHUQDWDQW�
GHFDQWHG� LQ� ���P/� �����0�&D&O��� 7KLV� µLQ� KRXVH¶� DYLDQ� WKURPERSODVWLQ�ZDV� XVHG� LQ� D� VHW� RI�
GXSOLFDWH�37�WHVWV�RQ�WKH�FKLFNHQ�SODVPD�VDPSOHV��ZKHUH�VDPSOHV�WKDW�GLG�QRW�FORW�XVLQJ�WKH�DYLDQ�
WKURPERSODVWLQ�ZHUH�DOORFDWHG�D�YDOXH�RI�����VHFRQGV��

� �������$QDO\VHV�RI�EURGLIDFRXP�FRQFHQWUDWLRQ�
$QDO\VLV� RI� WKH� YDULRXV� WLVVXHV� IRU� EURGLIDFRXP� FRQFHQWUDWLRQ�ZDV� FDUULHG� RXW� DW� WKH�/DQGFDUH�
5HVHDUFK� WR[LFRORJ\� ODERUDWRU\�� /LQFROQ� DV� EHORZ�� 3UHSDUDWLRQ� PHWKRGV� DQG� PHWKRG� OLPLW� RI�
GHWHFWLRQ��0/'��GLIIHUHG�IRU�HDFK�WLVVXH�W\SH��,Q�JHQHUDO��DQDO\VHV�XVHG�+3/&�ZLWK�IOXRUHVFHQFH�
GHWHFWLRQ�DQG�D�SRVW�FROXPQ�S+�VZLWFKLQJ�WHFKQLTXH�ZDV�XVHG�WR�H[SORLW�WKH�QDWXUDO�IOXRUHVFHQFH�
RI�EURGLIDFRXP��ZLWK�GLIHQDFRXP�DV�DQ�LQWHUQDO�VWDQGDUG���

�

'ULHG�EORRG�VSRW�VDPSOHV�
3UHSDUDWLRQ�DQG�DQDO\VLV�RI� WKHVH� VDPSOHV�ZHUH�EDVHG�RQ�D� FDOLEUDWLRQ� FDUULHG�RXW�E\�'U��$ODQ�
6KORVEHUJ� �.LPURQ�9HWHULQDU\� ,QVWLWXWH�� ,VUDHO�� DW� WKH�/DQGFDUH�5HVHDUFK� WR[LFRORJ\� ODERUDWRU\�
�XQSXEOLVKHG� GDWD��� $IWHU� GHIURVWLQJ� WKH� VDPSOH� FDUGV� DW� URRP� WHPSHUDWXUH�� RQH� RI� WKH� WKUHH�
µZHOOV¶�FRQWDLQLQJ�GULHG�EORRG�VSRWV�ZDV�FXW�IURP�HDFK�FDUG��IROGHG�DQG�SODFHG�LQ�D����P/�VFUHZ�
FDS� WXEH� WR� ZKLFK� �� P/� RI� ����0� WHWUD� EXW\O� DPPRQLXP� GLK\GURJHQ� SKRVSKDWH� �7%$3�� LQ�
PHWKDQRO�ZDV�DGGHG��DQG�WKH�EORRG�VSRW�H[WUDFWHG�E\�YRUWH[LQJ�DQG�VRQLFDWLQJ��7KH�H[WUDFW�ZDV�
WUDQVIHUUHG� WR�D�FOHDQ����P/�WHVW� WXEH�DQG�JHQWO\�HYDSRUDWHG�DW���°&�XQGHU�DLU��7KH�SDSHU�ZDV�
DOVR�GULHG�DW���°&�XQGHU�DLU��WKHQ�UH�H[WUDFWHG�ZLWK���P/�RI�����0�7%$3�LQ�PHWKDQRO��DQG�WKLV�
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VHFRQG�H[WUDFW�DGGHG�WR�WKH�ILUVW��7KH�VROYHQW�ZDV�DJDLQ�JHQWO\�HYDSRUDWHG�DW���°&�XQGHU�DLU��WKH�
VDPSOH�GLVVROYHG�LQ�D�PRELOH�SKDVH�RI�PHWKDQRO�ZDWHU�DFHWLF�DFLG��DQG�SDVVHG�WKURXJK�D�������P�
V\ULQJH� ILOWHU� IRU� +3/&� DQDO\VLV�� $OLTXRWV� ZHUH� FKURPDWRJUDSKHG� RQ� DQ� $OOWHFK� $OOWLPD� &���
FROXPQ� XVLQJ� PHWKDQRO�ZDWHU�DFHWLF� DFLG� DV� WKH� PRELOH� SKDVH�� 7KH� SRVW�FROXPQ� UHDJHQW� ZDV�
DPPRQLD�PHWKDQRO�ZDWHU� ������������ ZLWK� D� IORZ� UDWH� DGMXVWHG� XQWLO� WKH� HIIOXHQW� KDG� D� S+� RI�
DSSUR[LPDWHO\�������7KH�+3/&�ZDV�UXQ�DW�D� IORZ�UDWH�RI�����P/�PLQ�ZLWK�GHJDVVLQJ��ZLWK� WKH�
JUDGLHQW�SURJUDP��LQLWLDO����$�����%����PLQXWHV����$�����%�����PLQXWHV����$�����%�����
PLQXWHV� ���$�� ��� %�� ��� PLQXWHV� ���$�� ���%�� 7KH� IOXRUHVFHQFH� GHWHFWRU� ZDV� DW� ����QP�
H[FLWDWLRQ�DQG�����QP�HPLVVLRQ��6DPSOHV�VSLNHG�ZLWK������RU�����/�RI�EURGLIDFRXP�LQ�PHWKDQRO�
ZHUH� DOVR� DQDO\VHG�� 7KH�0/'� IRU� EURGLIDFRXP� LQ� GULHG� EORRG� VSRW� VDPSOHV�ZDV� �����PJ�P/�
�/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7������$SSHQGL[�7ZR���

3ODVPD�VDPSOHV�
$QDO\VLV�RI���P/�SODVPD�VDPSOHV�IRU�EURGLIDFRXP�ZDV�EDVHG�RQ�PHWKRGV�GHVFULEHG�E\�3ULPXV�HW�
DO���������DQG�-RQHV���������3ODVPD�VDPSOHV�VWRUHG�DW����°&�ZHUH�WKDZHG�LQ�D�KRW�ZDWHU�EDWK�DW�
��°&�DQG���P/�H[WUDFWHG�ZLWK�DFHWRQLWULOH�WR�UHPRYH�SURWHLQ��(WK\O�HWKHU�ZDV�DGGHG�WR�UHPRYH�
ZDWHU�DQG�WKH�VDPSOH�HYDSRUDWHG�RQ�D�YDFXXP�HYDSRUDWRU��7KH�UHVLGXH�WDNHQ�XS�LQ�PHWKDQRO�ZDV�
DQDO\VHG�E\�+3/&��ZLWK�0/'�������µJ�P/�DQG�XQFHUWDLQW\������/DQGFDUH�5HVHDUFK�WR[LFRORJ\�
ODERUDWRU\�UHSRUW�7������$SSHQGL[�7ZR����

/LYHU��PXVFOH��IDW��HJJ��RYDU\�DQG�IDHFHV�VDPSOHV�
6XEVDPSOHV�RI���J�RI�IDHFHV�ZHUH�SUHSDUHG�DQG�H[WUDFWHG�LQ�WKH�VDPH�ZD\�DV�WLVVXH�VDPSOHV��$�
VDPSOH� RI� WLVVXH� ZDV� FKRSSHG� DQG� D� �� J� VXEVDPSOH� PL[HG� ZLWK� DQK\GURXV� VRGLXP� VXOSKDWH��
IROORZHG� E\� ���P/� RI� WKH� H[WUDFWLRQ� VROYHQW� �FKORURIRUP�DFHWRQH�DPPRQLD��� 7KH�PL[WXUH�ZDV�
KRPRJHQLVHG�ZLWK�D�WLVVXH�GLVSHUVHU��VKDNHQ�DQG�FHQWULIXJHG��7KH�VXSHUQDWDQW�ZDV�GHFDQWHG�DQG�
WKH� H[WUDFWLRQ� UHSHDWHG� WZLFH� PRUH�� 7KH� FRPELQHG� H[WUDFWV� ZHUH� HYDSRUDWHG� DQG� WDNHQ� XS� LQ�
KH[DQH� �� FKORURIRUP� �� DFHWRQH� IRU� 63(� FOHDQ�XS� RQ� DQ� DPLQRSURS\O� FROXPQ�� 7KH� DQDO\WH�ZDV�
HOXWHG� IURP� WKH� FROXPQ� XVLQJ� ����0� 7%$3� LQ� PHWKDQRO�� ZKLFK� ZDV� HYDSRUDWHG� RII� DQG� WKH�
VDPSOH�WDNHQ�XS�LQ�D�PRELOH�SKDVH�RI�PHWKDQRO�ZDWHU�DFHWLF�DFLG�IRU�+3/&�DQDO\VLV��0/'V�DQG�
XQFHUWDLQWLHV� ��� ���� &�,��� ZHUH�� OLYHU� ������ �J�J��� ���� PXVFOH� DQG� IDW� ������ �J�J� �� ����
HJJ�RYDU\� ������ �J�J� �� ���� DQG� IDHFHV� ������ �J�J� � �� ���� �/DQGFDUH� 5HVHDUFK� WR[LFRORJ\�
ODERUDWRU\�UHSRUW�1RV��7������7������7�����DQG�7�����UHVSHFWLYHO\��$SSHQGL[�7ZR���
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� �������6WDWLVWLFDO�DQDO\VHV�
([SRQHQWLDO�GHFD\�PRGHOV�RI�WKH�IRUP�\ DH�E[��ZKHUH�\�LV�WKH�EURGLIDFRXP�UHVLGXH�DQG�[�LV�WLPH��
ZHUH�ILWWHG�WR�WKH�GD\���WR���UHVLGXH�GDWD��GD\����UHVXOWV�H[FOXGHG��IRU�OLYHU��SODVPD��PXVFOH��IDW�
DQG�RYDU\�WLVVXH��9DOXHV�IRU�WKH�EURGLIDFRXP�UHVLGXH�ZHUH�WUDQVIRUPHG�XVLQJ�QDWXUDO�ORJDULWKPV�
DQG�UHJUHVVHG�DJDLQVW�WLPH�XVLQJ�WKH�OLQHDU�UHJUHVVLRQ�SURFHGXUH�LQ�WKH�VWDWLVWLFDO�SDFNDJH�*HQ6WDW�
�*HQVWDW� &RPPLWWHH� ������� (OLPLQDWLRQ� KDOI�OLYHV� DQG� WKHLU� ���� FRQILGHQFH� LQWHUYDOV� ZHUH�
FDOFXODWHG�XVLQJ�WKH�IRUPXOD�Wò�� OQ����E��WGI6(���ZKHUH�E�LV�WKH�VORSH�RI�WKH�UHJUHVVLRQ��WGI�LV�WKH�
YDOXH�RI�6WXGHQWV�W�IURP�WDEOHV�IRU�WKH�UHOHYDQW�UHVLGXDO�GHJUHHV�RI�IUHHGRP�DQG�6(�LV�WKH�VWDQGDUG�
HUURU�RI�WKH�VORSH�����
�
����5HVXOWV�
+HQV�UHWDLQHG�QRUPDO�IRRG�LQWDNH��ZLWK�QR�VLJQLILFDQW�FKDQJHV�LQ�ERG\ZHLJKW�LQ�HLWKHU�FRQWURO�RU�
EURGLIDFRXP�JURXSV�RYHU�WKH����GD\V�DIWHU�GRVLQJ��)LJXUH�������7KHUH�ZHUH�QR�VLJQV�RI�SRLVRQLQJ�
H�J�� DQHPLD�� OHWKDUJ\�� EOHHGLQJ�� LQ� GDLO\� REVHUYDWLRQ� RI� WKH� KHQV� DQG� QR� HYLGHQFH� RI� LQWHUQDO�
KDHPRUUKDJH�GXULQJ�WLVVXH�VDPSOLQJ���
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)LJXUH������&KLFNHQ�ERG\ZHLJKW�EHIRUH�DQG�DIWHU�GRVLQJ�ZLWK�����PJ�NJ�EURGLIDFRXP�RU�03*�
�FRQWURO���
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� ������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�WLVVXHV�
5HVLGXDO� EURGLIDFRXP�FRQFHQWUDWLRQV� LQ� FKLFNHQ� OLYHU� UHPDLQHG� UHODWLYHO\� FRQVWDQW� RYHU� WKH� ���
GD\V�DIWHU�GRVLQJ��7DEOH�������ZLWK�PHDQ�YDOXHV��µJ�J�±�6(0��RI�������±�������DW�'D\����������±�
������ DW� 'D\� ��� ������±� ������ DW�'D\� �� DQG� ������±� ����� DW� 'D\� ���� 7KHVH�PHDQV�ZHUH� QRW�
VLJQLILFDQWO\�GLIIHUHQW�E\�$129$��)���� ������3 ������DQG�D�KDOI�OLIH�FDOFXODWLRQ�FRXOG�QRW�EH�
PDGH�EHFDXVH�WKHUH�ZDV�QR�GHFUHDVH�LQ�FRQFHQWUDWLRQV�RYHU� WKH����GD\�SHULRG��$W�VDPSOLQJ�WKH�
PHDQ�ERG\ZHLJKW�RI�WKH�KHQV�ZDV�������������NJ�DQG�PHDQ�ZHW�ZHLJKWV�RI�ZKROH�OLYHUV���������
�����J�� VR� WKDW� OLYHU� FRPSULVHG�RQ�DYHUDJH��������RI�ERG\ZHLJKW��$VVXPLQJ� WKDW�EURGLIDFRXP�
ZDV�GLVWULEXWHG�HYHQO\�WKURXJKRXW�OLYHU�WLVVXH��FKLFNHQV�UHWDLQHG�D�PHDQ�WRWDO�RI���������������J�
�UDQJH� �����±����J�� EURGLIDFRXP� LQ� OLYHU��ZKLFK� UHSUHVHQWHG� RQ� DYHUDJH� �����±� ������RI� WKH�
EURGLIDFRXP�GRVH�DGPLQLVWHUHG���

/LYHU�FRQFHQWUDWLRQV�ZHUH�FRQVLVWHQWO\�PXFK�KLJKHU��DSSUR[LPDWHO\�RQH�RUGHU�RI�PDJQLWXGH��WKDQ�
FRQFHQWUDWLRQV�LQ�PXVFOH�DQG�IDW��7DEOH������)LJ�������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�PXVFOH�DQG�
IDW� ZHUH� KLJKHVW� RQ� GD\� RQH�� ERWK� ZLWK� PHDQ� FRQFHQWUDWLRQV� RI� ������ µJ�J�� ,Q� PXVFOH��
FRQFHQWUDWLRQV�GHFOLQHG�WR�PHDQV�RI�������µJ�J�RQ�GD\�IRXU�DQG�������µJ�J�RQ�GD\V�VHYHQ�DQG�
IRXUWHHQ��,Q�IDW��FRQFHQWUDWLRQV�GHFOLQHG�WR�PHDQV�RI�������µJ�J�RQ�GD\�IRXU�DQG�������µJ�J�RQ�
GD\V� VHYHQ� DQG� IRXUWHHQ� �7DEOH� ����� )LJ� ������ $OWKRXJK� SODVPD� FRQFHQWUDWLRQV� RQ� GD\� RQH�
DSSURDFKHG� WKRVH� PHDVXUHG� LQ� OLYHU� �)LJ� ������ SODVPD� FRQFHQWUDWLRQV� GHFOLQHG� WR� EHORZ�0'/�
DIWHU� GD\� IRXU� �VHH� VHFWLRQ� ��������+DOI� OLIH� HVWLPDWHV�ZLWK� ���� FRQILGHQFH� LQWHUYDOV�ZHUH�� ����
������������GD\V�IRU�PXVFOH�������������������GD\V�IRU�IDW��������������QRW�GHILQHG��GD\V�IRU�RYDU\�
DQG������������������GD\V�IRU�SODVPD��
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'D\V�DIWHU�GRVLQJ
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3ODVPD /LYHU

0XVFOH )DW

�
)LJXUH������%URGLIDFRXP�FRQFHQWUDWLRQV��µJ�J��LQ�FKLFNHQ�OLYHU��SODVPD��PXVFOH�DQG�IDW�DW���������
DQG����GD\V�DIWHU�GRVLQJ�ZLWK�����PJ�NJ�EURGLIDFRXP���
�

%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�RYDULHV�ZHUH�KLJKHVW�RQ�GD\�RQH��PHDQ�������µJ�J��DQG�GHFOLQHG�
�GD\�IRXU�PHDQ�������µJ�J��GD\�VHYHQ�PHDQ�������µJ�J��WR�MXVW�DERYH�GHWHFWDEOH�FRQFHQWUDWLRQ�E\�
GD\�IRXUWHHQ��Q ��WUHDWHG�KHQ���)LJ������7DEOH�������%URGLIDFRXP�ZDV�GHWHFWHG�DW�UHODWLYHO\�ORZ�
FRQFHQWUDWLRQ� LQ� PRVW� HJJ� VDPSOHV� IURP� DOO� GD\V�� ZLWK� WKH� KLJKHVW� FRQFHQWUDWLRQ� LQ� D� VDPSOH�
PHDVXUHG�RQ�GD\�IRXUWHHQ��������µJ�J���)LJ������7DEOH�������%URGLIDFRXP�ZDV�GHWHFWHG�LQ�IDHFHV�
RQ�GD\�RQH��PHDQ������µJ�J��DQG�GD\�IRXU��PHDQ������µJ�J��EXW�KDG�GHFOLQHG�WR�EHORZ�GHWHFWDEOH�
FRQFHQWUDWLRQV�E\�GD\�VHYHQ��7DEOH�������
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7DEOH�����&RQFHQWUDWLRQV�RI�EURGLIDFRXP��µJ�J�ZHW�ZHLJKW��LQ�FKLFNHQ�WLVVXHV��OLYHU��PXVFOH��IDW��HJJ��RYDU\��SODVPD��'%6�DQG�IDHFHV��
DW�GD\V���������DQG����DIWHU�GRVLQJ�ZLWK�����EURGLIDFRXP��0HWKRG�GHWHFWLRQ�OLPLW�VKRZQ�DV�>0'/@�IRU�HDFK�WLVVXH�W\SH��6RPH�KHQV�KDG�
QR�HJJ�IRUPLQJ�DW�WKH�WLPH�RI�VDPSOLQJ��µQV¶�LQGLFDWHV�QR�VDPSOH��DQG�RYDU\�VDPSOHV�IURP�WZR�KHQV�RQ�GD\����ZHUH�QRW�WDNHQ�GXH�WR�D�
WHFKQLFDO�RYHUVLJKW��/DERUDWRU\�UHSRUWV�IRU�WKHVH�DQDO\VHV�DUH�VKRZQ�LQ�$SSHQGL[����
� � %URGLIDFRXP�FRQFHQWUDWLRQ��PJ�J��
'D\�� &KLFNHQ�,'� /LYHU�
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RYDULHV HJJ

�
)LJXUH������%URGLIDFRXP�FRQFHQWUDWLRQV��µJ�J��LQ�FKLFNHQ�RYDULHV�DQG�HJJV�DW���������DQG����GD\V�
DIWHU�GRVLQJ�ZLWK�����PJ�NJ�EURGLIDFRXP��
�
� �������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�'%6�DQG�SODVPD�VDPSOHV�

6SLNHG�'%6�VDPSOHV�KDG�DQ��������UHFRYHU\�DQG�PHWKRG�XQFHUWDLQW\������&,��ZDV������DQG�
VSLNH�UHFRYHU\�LQ�SODVPD�UDQJHG�IURP����WR������ZLWK�PHWKRG�XQFHUWDLQW\������&RQFHQWUDWLRQV�
ZHUH�EHORZ�WKH�0'/�IRU�SODVPD�DQG�'%6�VDPSOHV�IURP�FRQWURO�KHQV��'D\���KHQV�KDG�D�PHDQ�
EURGLIDFRXP�FRQFHQWUDWLRQ�LQ�'%6�RI��������J�P/����6(��������DQG�LQ�SODVPD��������J�P/�����
6(���������3ODVPD�FRQFHQWUDWLRQV�KDG�IDOOHQ�EHORZ�0'/�E\�'D\����DQG�LQ�'%6�ZHUH�QRPLQDOO\�
EHORZ�0'/�IURP�'D\���RQZDUGV��7DEOH�������+RZHYHU��WKH�DQDO\]LQJ�ODERUDWRU\�QRWHG�WKDW�'D\�
��'%6�VDPSOHV�KDG�GHWHFWDEOH�FRQFHQWUDWLRQV�RI�EURGLIDFRXP�ZKLFK�UDQJHG�IURP�������WR�������
µJ�J�� DQG� ZKLOH� EHORZ� WKH� FDOFXODWHG�0'/� �/DQGFDUH� 5HVHDUFK� 7R[LFRORJ\� ODERUDWRU\� UHSRUW�
7������ $SSHQGL[� 7ZR�� WKHVH� UHVXOWV� ZHUH� UHSHDWDEOH� LQ� GXSOLFDWH�� 7KH� 6SHDUPDQ� 5DQN�
&RUUHODWLRQ�&RHIILFLHQW�EHWZHHQ�FRQFHQWUDWLRQV�LQ�'%6�DQG�FRUUHVSRQGLQJ�SODVPD�VDPSOHV�IURP�
'D\V���DQG���ZDV������

�
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� �������&RDJXODWLRQ�WLPHV�
7KH�µSODVPD�FRQWURO¶�UHDJHQWV�VXSSOLHG�LQ�WKH�NLW�IRU�LQWHUQDO�FRQWURO�DQG�YHULILFDWLRQ�RI�WKH�WHVW�
ZHUH��9HULI\����QRUPDO��FRDJXODWLRQ�WLPH�F�������VHFRQGV���9HULI\����IDFWRUV�,,��9,,��,;�DQG�;�
UHPRYHG��DQG�9HULI\����IDFWRUV�,,��9,,��,;�DQG�;�UHPRYHG���ZLWK�WKH�ODWWHU�WZR�UHSUHVHQWLQJ�
µDEQRUPDO¶�FRDJXODWLRQ�WLPHV�RI�F����DQG����VHFRQGV�UHVSHFWLYHO\��7DEOH�����VKRZV�WKDW�WKH�DYLDQ�
WKURPERSODVWLQ�UHDJHQW�FRQVLVWHQWO\�SURGXFHG�KLJKHU�37�YDOXHV�WKDQ�WKH�NLW�WKURPERSODVWLQ�
UHDJHQW����WR���WLPHV�ORQJHU���EXW�GXSOLFDWH�UHVXOWV�ZHUH�FRQVLVWHQW�IRU�HDFK���
�
7DEOH� ���� 'XSOLFDWH� FRDJXODWLRQ� WLPH� �VHFRQGV�� IURP� WKUHH� µSODVPD� FRQWURO¶� YHULILFDWLRQ� WHVWV�
XVLQJ�WKH�NLW��6LPSODVWLQ�([FHO�6��WKURPERSODVWLQ��DQG�WKH�µLQ�KRXVH¶�DYLDQ�WKURPERSODVWLQ��

� &RDJXODWLRQ�WLPH��V��
� 6LPSODVWLQ�([FHO�6�� $YLDQ�WKURPERSODVWLQ�
9HULI\����QRUPDO�� ��������� �������������
9HULI\����DEQRUPDO�� ����������� �����������
9HULI\����DEQRUPDO�� ����������� �������������
�
&RQWURO�37�YDOXHV�ZHUH�YDULDEOH��ZLWK�WKH�'D\���DQG����VDPSOHV�IDLOLQJ�WR�FRDJXODWH�ZLWK�HLWKHU�
WKURPERSODVWLQ�UHDJHQW��7KH�ZKROH�EORRG�VDPSOHV�IRU�ERWK�ZHUH�QRWHG�WR�KDYH�SDUWLDOO\�
FRDJXODWHG�LQ�WKH�WXEH�EHIRUH�EHLQJ�VSXQ�GRZQ�IRU�SODVPD��SHUKDSV�GXH�WR�D�GHOD\�LQ�PL[LQJ�WKH�
EORRG�DGHTXDWHO\�ZLWK�FLWUDWH�UHDJHQW�GXULQJ�VDPSOLQJ��VHH�VHFWLRQ�������IRU�GLVFXVVLRQ���7KH�
ODUJH�UHVLGXDO�YDOXHV�SUHVHQWHG�E\�WKHVH�WZR�FRQWURO�UHVXOWV��IDLOXUH�WR�FORW���PHDQW�LW�ZDV�QRW�
SRVVLEOH�WR�HVWDEOLVK�FRQILGHQW�EDVHOLQH�µFRQWURO¶�37�YDOXHV��VR�WKDW�VWDWLVWLFDO�LQWHUSUHWDWLRQ�H�J��
XVLQJ�JHQHUDO�OLQHDU�PRGHOOLQJ�SURFHGXUHV��ZDV�QRW�SRVVLEOH��'HVSLWH�WKLV�VKRUWFRPLQJ��WKHUH�ZDV�
D�SRVVLEOH�UHVSRQVH�LQ�FKLFNHQ�37�WLPH�WR�VXEOHWKDO�EURGLIDFRXP�H[SRVXUH��)LJ������ZLWK�HOHYDWHG�
37�LQ�FKLFNHQV�RQ�'D\V���DQG����7KUHH�RI�WKH�IRXU�SODVPD�VDPSOHV�IURP�FKLFNHQV�DW�'D\���IDLOHG�
WR�FRDJXODWH�ZLWK�WKH�QRPLQDOO\�µOHVV�DFWLYH¶�PDPPDOLDQ�WKURPERSODVWLQ��EXW�GLG�FRDJXODWH�ZLWK�
DQ�LQFUHDVHG�37�ZLWK�WKH�DYLDQ�WKURPERSODVWLQ��7DEOH�������'D\���VDPSOHV�VKRZHG�D�PHDQ�
UHGXFWLRQ�LQ�37�ZLWK�ERWK�UHDJHQWV��DQG�'D\����37�ZHUH�VLPLODU�WR�WKRVH�LQ�WKH�WZR�FRQWURO�
VDPSOHV�WKDW�KDG�PHDVXUDEOH�WLPHV��)LJ�������$�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�DYLDQ�WKURPERSODVWLQ�
GDWD�ZDV�SUHVHQW�XVLQJ�D�.UXVNDO�:DOOLV�QRQ�SDUDPHWULF�DQDO\VLV�RI�YDULDQFH�E\�UDQNV��+ ������
*HQVWDW��������DQG�SRVW�KRF�PXOWLSOH�FRPSDULVRQ�WHVWV��=DU�������LGHQWLILHG�D�VLJQLILFDQW�
GLIIHUHQFH�EHWZHHQ�37�YDOXHV�RQ�'D\���DQG�'D\�����4 �������
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7DEOH�����'XSOLFDWH�FRDJXODWLRQ�WLPH��VHFRQGV��IURP�37�WHVWV�WDNHQ���������DQG����GD\V�DIWHU�
FKLFNHQV�ZHUH�DGPLQLVWHUHG�����PJ�NJ�EURGLIDFRXP�RU�D�FRQWURO�WUHDWPHQW��XVLQJ�PDPPDOLDQ�
�6LPSODVWLQ��RU�DYLDQ�WKURPERSODVWLQ������LQGLFDWHV�WKDW�WKH�VDPSOH�FRXOG�QRW�EH�WHVWHG�EHFDXVH�LW�
KDG�DOUHDG\�FRDJXODWHG�LQ�WKH�WXEH��
�
� � &RDJXODWLRQ�WLPH��V��
� &KLFNHQ�,'� 6LPSODVWLQ�([FHO�6��

�
$YLDQ�WKURPERSODVWLQ�
�
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D�VDPSOH�WRR�FRDJXODWHG�WR�EH�WHVWHG�
E�FRDJXODWLRQ�YLVLEOH�LQ�WXEH�EXW�DYDLODEOH�SODVPD�VDPSOH�WHVWHG�
�
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'D\V�DIWHU�VXEOHWKDO�H[SRVXUH�WR�EURGLIDFRXP

3U
RWK

URP
ELQ

�WLP
H��

V�

0HDQ�37�6LPSODVWLQ
&RQWURO�VDPSOH

�
)LJXUH������0HDQ� �±� VWDQGDUG�HUURU�RI�PHDQ��SURWKURPELQ� WLPHV� �VHFRQGV��PHDVXUHG� LQ�FKLFNHQ�SODVPD�
VDPSOHV�XVLQJ�WKH�µ6LPSODVWLQ¶�PDPPDOLDQ�WKURPERSODVWLQ�UHDJHQW��DW�'D\V���������DQG����DIWHU�VXEOHWKDO�
�����PJ�NJ�� EURGLIDFRXP�� � LQGLFDWHV�ZKHUH� WKH� FRQWURO� VDPSOH� IRU� WKDW� GD\� GLG� QRW� FRDJXODWH� L�H�� ����
VHFRQGV��
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'D\V�DIWHU�VXEOHWKDO�H[SRVXUH�WR�EURGLIDFRXP

3U
RWK

URP
ELQ

�WLP
H��

V�

0HDQ�37�$YLDQ�7KURPERSODVWLQ
&RQWURO�VDPSOH

�
)LJXUH� �����0HDQ� �±� VWDQGDUG� HUURU� RI�PHDQ�� SURWKURPELQ� WLPHV�PHDVXUHG� LQ� FKLFNHQ� SODVPD� VDPSOHV�
XVLQJ� WKH� µLQ� KRXVH¶� DYLDQ� WKURPERSODVWLQ� UHDJHQW�� DW� 'D\V� ��� ��� �� DQG� ��� DIWHU� VXEOHWKDO� �����PJ�NJ��
EURGLIDFRXP�� � LQGLFDWHV� ZKHUH� WKH� FRQWURO� VDPSOH� IRU� WKDW� GD\� GLG� QRW� FRDJXODWH� L�H�� ���� VHFRQGV��������������������������������������������������
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����'LVFXVVLRQ�

� �������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�WLVVXH�DIWHU�VXEOHWKDO�H[SRVXUH�
%URGLIDFRXP� FRQFHQWUDWLRQV� LQ� FKLFNHQ� OLYHUV� VKRZHG� OLWWOH� YDULDWLRQ� RYHU� WKH� ��� GD\V� DIWHU�
GRVLQJ� �PHDQ� ������ UDQJH� �����������J�J���%LSKDVLF� �UDSLG�LQLWLDO�� VORZHU�WHUPLQDO�� HOLPLQDWLRQ�
UDWHV�RI�DQWLFRDJXODQWV�KDYH�EHHQ� UHSRUWHG� LQ� UDWV� �H�J��3DUPDU�HW�DO�������� �� WKLV�HLWKHU�GLG�QRW�
RFFXU�LQ�FKLFNHQV�DW�WKLV�H[SRVXUH��RU�WKH�UDSLG�LQLWLDO�SKDVH�RFFXUUHG�LQ�WKH����KRXUV�EHIRUH�WKH�
VDPSOLQJ�RQ�GD\����:KLOH�QR�KHSDWLF�KDOI�OLIH�YDOXHV�IRU�EURGLIDFRXP�LQ�DYLDQ�VSHFLHV�ZHUH�IRXQG�
LQ�WKH�OLWHUDWXUH��WKH�UHVXOWV�KHUH�DUH�FRQVLVWHQW�ZLWK�SURORQJHG�KHSDWLF�SHUVLVWHQFH�RI�EURGLIDFRXP�
LQ�PDPPDOLDQ�VSHFLHV��VHH�VXPPDU\�LQ�&KDSWHU�������DQG�WKH�HVWLPDWH�E\�+XFNOH�HW�DO���������RI�
!����GD\�KHSDWLF�KDOI�OLIH�RI�WKH�VHFRQG�JHQHUDWLRQ�DQWLFRDJXODQW�IORFRXPDIHQ�LQ�-DSDQHVH�TXDLO���

7KH�KLJKHVW�FRQFHQWUDWLRQV�LQ�PXVFOH��IDW�DQG�RYDULHV�DOO�RFFXUUHG�RQ�GD\���ZLWK�PHDQV�RI����������
DQG������µJ�J�UHVSHFWLYHO\��7DEOH�������,Q�PXVFOH�DQG�IDW��WKLV�ZDV�DSSUR[LPDWHO\�WHQ�WLPHV�OHVV�
WKDQ� WKH� FRQFHQWUDWLRQ� LQ� FRUUHVSRQGLQJ� OLYHU� VDPSOHV�� &RQFHQWUDWLRQV� LQ� WKHVH� WKUHH� WLVVXHV�
VKRZHG�D�GHFOLQH�IURP�GD\����)LJV������DQG������EXW�ZHUH�VWLOO�GHWHFWDEOH�DW�GD\�����*LYHQ�WKDW�
SODVPD�FRQFHQWUDWLRQV�GHFOLQHG�PRUH�UDSLGO\�DIWHU�GD\����DQG�KDG�GHFOLQHG�WR�EHORZ�������µJ�J�
E\�GD\����WKH�SUHVHQFH�RI�GHWHFWDEOH�EURGLIDFRXP�LQ�PXVFOH��IDW�DQG�RYDULHV�DW�GD\���VXJJHVWV�WKDW�
EURGLIDFRXP� ZDV� ERXQG� WR� VRPH� H[WHQW� LQ� WKHVH� WLVVXHV�� ,Q� WHUPV� RI� SRWHQWLDO� IRU� VHFRQGDU\�
H[SRVXUH��FKLFNHQ�OLYHU�LV�WKH�PRVW�KD]DUGRXV�WLVVXH�E\�YLUWXH�RI�UHWDLQLQJ�UHODWLYHO\�KLJK�UHVLGXDO�
FRQFHQWUDWLRQV�RI�EURGLIDFRXP�LQ�DQ�DSSDUHQWO\�KHDOWK\�ELUG��:KLOH� UHVLGXHV� LQ�FKLFNHQ�PXVFOH�
DQG�IDW�KDG�ORZHU�FRQFHQWUDWLRQV�DQG�ZHUH�OHVV�SHUVLVWHQW��E\�PDVV�WKHVH�DUH�WKH�WLVVXHV�DUH�DOVR�
OLNHO\�WR�FRQVWLWXWH�VHFRQGDU\�H[SRVXUH�WR�SUHGDWRUV��LQFOXGLQJ�KXPDQ�FRQVXPHUV��7KLV�DOVR�UDLVHV�
TXHVWLRQV� DERXW� WKH�KD]DUG�SRVHG� WR�ZLOGOLIH� WKDW�PLJKW� HDW� JXW� FRQWHQWV� RI� ELUGV� FRQWDPLQDWHG�
ZLWK�EURGLIDFRXP��:KLOH�UHVLGXH�FRQFHQWUDWLRQV�ZHUH�QRW�PHDVXUHG�LQ�WKH�JXW�RI�FKLFNHQV�LQ�WKLV�
VWXG\��DV�WKH�JDYDJH�DGPLQLVWUDWLRQ�XVHG�ZDV�QRW�FRQVLGHUHG�UHSUHVHQWDWLYH�RI�YROXQWDU\�LQJHVWLRQ�
RI�EURGLIDFRXP�LQ�IRRG���WKLV�PD\�DOVR�EH�DQ�LPSRUWDQW�WUDQVIHU�SDWKZD\�IRU�EURGLIDFRXP�LQ�VRPH�
ILHOG�VLWXDWLRQV�LI�SUHGDWRUV�WDNH�ELUGV��RU�URGHQWV��WKDW�KDYH�UHFHQWO\�IHG�RQ�EURGLIDFRXP�EDLW��

7KH� SRVVLELOLW\� RI� EURGLIDFRXP� FRQWDPLQDWLRQ� RI� HJJV� ZDV� SUHYLRXVO\� DFNQRZOHGJHG� E\�
5REHUWVRQ� HW� DO�� ������� LQ� D� ILHOG� PRQLWRULQJ� VWXG\�� KRZHYHU� WKH\� IRXQG� QR� GHWHFWDEOH�
EURGLIDFRXP�LQ�QLQH�NLZL��$SWHU\[�PDQWHOOL��HJJV�FROOHFWHG�RYHU����PRQWKV�DIWHU�DGXOWV�ZHUH�ILUVW�
SRWHQWLDOO\�H[SRVHG��7KH�GDWD�SUHVHQWHG�KHUH�FRQILUPV�WUDQVIHU�RI�EURGLIDFRXP�WR�HJJV�FDQ�RFFXU�
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IROORZLQJ�VXEOHWKDO�H[SRVXUH��7KH�SDWWHUQ�RI�UHVLGXHV�LQ�RYDU\�DQG�HJJV��)LJ������VXJJHVWV�WKDW�LI�
EURGLIDFRXP�LV�SUHVHQW�LQ�RYDU\�WLVVXH�LW�LV�SDUWO\�WUDQVIHUUHG�WR�DQ\�HJJ�EHLQJ�IRUPHG�DW�WKH�WLPH��
DQG� WKH� PDWXUH� HJJ� WDNHV� ZLWK� LW� WKH� UHVLGXH� EXUGHQ� DFTXLUHG� GXULQJ� IRUPDWLRQ��:KHWKHU� WKH�
SUHVHQFH�RI�UHVLGXDO�EURGLIDFRXP�ZRXOG�DGYHUVHO\�DIIHFW�WKH�GHYHORSPHQW�RI�IHUWLOLVHG�HJJV�RU�WKH�
YLDELOLW\� RI� KDWFKHG� FKLFNV� LV� XQNQRZQ�� EXW� VXFK� LQYHVWLJDWLRQV� DUH� LPSRUWDQW� �� SHUKDSV� HYHQ�
XUJHQW��JLYHQ�WKH�UHODWLYH�ODFN�RI�LQIRUPDWLRQ�DERXW�UHSURGXFWLYH�HIIHFWV�RI�EURGLIDFRXP�LQ�ELUGV�
DQG�WKH�SRVVLELOLW\�RI�H[WHQVLYH�EXW�XQPHDVXUHG�VXEOHWKDO�EURGLIDFRXP�H[SRVXUH�LQ�DYLDQ�ZLOGOLIH��
/XQG��������DGGUHVVHG�WKH�TXHVWLRQ�RI�FRQVXPHU�ULVN�IURP�HJJV�LQ�D�VWXG\�ZKHUH�IRXU�OD\LQJ�KHQV�
ZHUH�IHG�RQ�EURGLIDFRXP�EDLW��DQG�HJJV�IURP�WKHVH�ELUGV�ZHUH�IHG�WR�D�VLQJOH�ODERUDWRU\�UDW�RYHU�D�
SHULRG�RI����GD\V��7KH� IRXU�KHQV�GLHG�ZLWKLQ������GD\V� DIWHU� DQ� DYHUDJH� LQWDNH�RI������PJ�NJ�
EURGLIDFRXP��DQG�WKH�UDW�VKRZHG�QR�VLJQV�RI�SRLVRQLQJ�DIWHU�HDWLQJ�����J�RI�HJJ���WKLV�UHVXOW�OHG�
/XQG��������WR�VWDWH�³��HJJV�ODLG�GXULQJ�DQ�DQWLFRDJXODQW�IHHGLQJ�SHULRG�FRQWDLQ�QR�WR[LF�UHVLGXHV�
UHSUHVHQWLQJ�D�ULVN�WR�WKH�FRQVXPHU´��1RWZLWKVWDQGLQJ�WKLV�FRQFOXVLRQ��WKH�FRQFHQWUDWLRQV��������
�������J�J��RI�EURGLIDFRXP�GHWHFWHG�LQ�HJJV�KHUH�ZRXOG�EH�RI�FRQFHUQ�IURP�D�KXPDQ�FRQVXPHU�
SHUVSHFWLYH��IRU�H[DPSOH��LQ�1=�WKH�PD[LPXP�UHVLGXH�OLPLW��05/��IRU�EURGLIDFRXP�LV��������J�J�
�1=�)RRG�6DIHW\�$XWKRULW\�������� ,I�EURGLIDFRXP� LV�XVHG� IRU� URGHQW�FRQWURO� DW� HJJ�SURGXFWLRQ�
IDFLOLWLHV��HYHQ�FDJHG�KHQV�FRXOG�SRWHQWLDOO\�EH�H[SRVHG�WR�IUDJPHQWV�RI�EDLW�PRYHG�IURP�VWDWLRQV�
E\�URGHQWV��RU�WR�UHVLGXDO�EURGLIDFRXP�LQ�URGHQW�IDHFHV��VHH�&KDSWHU���������6XUYH\�LQIRUPDWLRQ�
DERXW� WKH� H[WHQW� RI� EURGLIDFRXP�XVH� LQ� HJJ� SURGXFWLRQ� IDFLOLWLHV�ZRXOG� EH� XVHIXO� WR� VFRSH� WKH�
SUREDELOLW\� RI� VXEOHWKDO� H[SRVXUH� LQ� KHQV� SURGXFLQJ� HJJV� IRU� KXPDQ� FRQVXPSWLRQ�� DQG� WKH�
FRUUHVSRQGLQJ�SRWHQWLDO� IRU� FRQWDPLQDWLRQ�RI� HJJV��:KHWKHU�EURGLIDFRXP�FRQFHQWUDWLRQV�ZRXOG�
GHFOLQH� LQ� LQIHUWLOH�HJJV�DIWHU� WKH\�ZHUH� ODLG�DOVR�UHPDLQV� WR�EH� LQYHVWLJDWHG�EXW�ZRXOG� LQGLFDWH�
ZKHWKHU� D� µZLWKKROGLQJ� SHULRG¶� IRU� FRQVXPSWLRQ� RI� SRWHQWLDOO\� FRQWDPLQDWHG� HJJV� ZDV�
DSSURSULDWH���

7KH�SUHVHQFH�RI�G\H�FRORULQJ�LQ�ELUG�IDHFHV�FDQ�SURYLGH�VWURQJ�HYLGHQFH�RI�SULPDU\�H[SRVXUH�WR�
EURGLIDFRXP� EDLWV� H�J�� UDYHQV� RQ� /DQJDUD� ,VODQG� �+RZDOG� ������� HVSHFLDOO\� LI� DVVRFLDWHG�ZLWK�
UHODWLYHO\� KLJK� UHVLGXDO� FRQFHQWUDWLRQV� LQ� RWKHU� WLVVXHV�� 7KH� VKRUW�OLYHG� �IRXU� GD\V� RU� OHVV� DIWHU�
H[SRVXUH�� SUHVHQFH� RI� UHVLGXDO� EURGLIDFRXP� LQ� IDHFHV� IRXQG� LQ� WKLV� VWXG\� FRXOG� IDFLOLWDWH� WKH�
GHYHORSPHQW� RI� D� QRQ�LQYDVLYH�PHDQV� RI�PRQLWRULQJ� UHFHQW� H[SRVXUH� LQ� ILHOG� FRQGLWLRQV�� 7KLV�
DSSURDFK�� XVLQJ� DQDO\VLV� RI� UHJXUJLWDWHG� RZO� SHOOHWV� KDV� SUHYLRXVO\� EHHQ� LQYHVWLJDWHG� DV� D�
PRQLWRULQJ�WRRO�IRU�RZOV�LQ�WKH�8.��*UD\��������$OWKRXJK�ILHOG�PRQLWRULQJ�RI�IDHFHV�IRU�UHVLGXDO�
EURGLIDFRXP�ZRXOG� SUREDEO\� UHTXLUH� FROOHFWLRQ� RI� IUHVK� PDWHULDO� DQG� HQWDLO� XQFHUWDLQW\� LQ� WKH�
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LGHQWLILFDWLRQ�RI�WKH�LQGLYLGXDO�RU�HYHQ�VSHFLHV�RI�ELUG�WKDW�SURGXFHG�WKH�IDHFDO�PDWHULDO��LW�FRXOG�
EH�HVSHFLDOO\�XVHIXO�IRU�VFRSLQJ�DYLDQ�SRSXODWLRQV�FRQVLGHUHG�DW�KLJK�ULVN�RI�H[SRVXUH�H�J��UDSWRUV�
LQ�WKH�FORVH�YLFLQLW\�RI�URGHQW�EDLWLQJ�RSHUDWLRQV���

7KH� PRVW� OLNHO\� H[SODQDWLRQ� IRU� WKH� SUHVHQFH� RI� YHU\� ORZ� �MXVW� DERYH� 0'/�� EURGLIDFRXP�
FRQFHQWUDWLRQV� LQ� VRPH�� EXW� QRW� DOO� WLVVXH� VDPSOHV� IURP� WZR� FRQWURO� KHQV� �7DEOH� ����� ZDV�
FRQWDPLQDWLRQ� GXULQJ� GLVVHFWLRQ� IRU� WLVVXH� VDPSOLQJ� HLWKHU� IURP� JORYHV� RU� LQVWUXPHQWV�� )UHVK�
VFDOSHO�EODGHV�DQG�GHWHUJHQW�ZDVKHG�LQVWUXPHQWV�ZHUH�XVHG�RQ�HDFK�VDPSOLQJ�GD\��EXW�WKHVH�ZHUH�
RQO\� ULQVHG� LQ�ZDWHU�EHWZHHQ� VDPSOLQJ� WKH� ILYH�ELUGV�RQ�HDFK�GD\�DQG� WKLV�PD\�QRW�KDYH�EHHQ�
DGHTXDWH�WR�UHPRYH�DOO�WUDFHV�RI�EURGLIDFRXP�FRQWDPLQDWHG�WLVVXH��(DFK�WLVVXH�W\SH�ZDV�DQDO\VHG�
LQ�VHSDUDWH�ODERUDWRU\�UXQV��VR�WKDW�FRQWDPLQDWLRQ�GXULQJ�DQDO\VHV�ZDV�FRQVLGHUHG�XQOLNHO\�VLQFH�
IRXU� WLVVXHV� �PXVFOH�� IDW�� RYDU\� DQG� HJJV�� IURP� WKH� FRQWURO� KHQ� RQ� GD\� IRXU� DOO� FRQWDLQHG� ORZ�
FRQFHQWUDWLRQV��,W�LV�DOVR�SRVVLEOH�WKDW�WKLV�KHQ�PD\�KDYH�LQJHVWHG�IDHFHV�FRQWDLQLQJ�EURGLIDFRXP�
DIWHU� WKH� KHQV� ZHUH� UHWXUQHG� WR� JURXS�KRXVLQJ� DIWHU� GRVLQJ�� EXW� LI� WKLV� ZDV� WKH� FDVH� WKH� OLYHU�
VDPSOH� ZRXOG� DOVR� EH� H[SHFWHG� WR� KDYH� ORZ� FRQFHQWUDWLRQV� RI� EURGLIDFRXP�� ,Q� WKH� FRQWH[W� RI�
FRPSDULQJ�WLVVXH�FRQFHQWUDWLRQV��LI�FRQWDPLQDWLRQ�RFFXUUHG�GXULQJ�WLVVXH�VDPSOLQJ�RQ�HDFK�GD\�LW�
ZRXOG�KDYH�FRQWULEXWHG�RQO\�D�YHU\�VPDOO� LQFUHDVH� WR�RYHUDOO� WLVVXH�FRQFHQWUDWLRQV���VR� WKDW� WKH�
GDWD� IURP� EURGLIDFRXP�GRVHG� KHQV� VWLOO� UHSUHVHQW� DFFXUDWH� HVWLPDWHV� RI� WKH� EURGLIDFRXP�
FRQFHQWUDWLRQV� WKDW�ZHUH�SUHVHQW��7KH�GHVLJQ� OLPLWDWLRQV�RI�XVLQJ�RQO\�RQH�FRQWURO�KHQ�RQ�HDFK�
VDPSOH�GD\�DUH�GLVFXVVHG�IXUWKHU�LQ�VHFWLRQ�������EHORZ��
�

������&RPSDULVRQ�RI�'%6�DQG�SODVPD�EURGLIDFRXP�FRQFHQWUDWLRQV�
7KH� UHDVRQDEO\� FORVH� FRUUHODWLRQ� EHWZHHQ� EURGLIDFRXP� FRQFHQWUDWLRQV� PHDVXUHG� LQ� '%6� DQG�
SODVPD�VDPSOHV�IURP�KHQV�DW�'D\���LQGLFDWHV�WKDW�'%6�SURYLGHG�DQ�DFFXUDWH�LQGH[�RI�FLUFXODWLQJ�
EURGLIDFRXP�FRQFHQWUDWLRQV�ZLWKLQ�WKLV�WLPHIUDPH��3ODVPD�EURGLIDFRXP�FRQFHQWUDWLRQV�KDG�IDOOHQ�
EHORZ�0/'�E\�GD\����EXW�LQ�'%6�ZHUH�EHORZ�0/'�IURP�'D\���RQZDUGV��7DEOH�������$OWKRXJK�
WKH�SODVPD�DQDO\VLV�ZDV� WKH�PRUH�VHQVLWLYH�� LW� LV�SUREDEOH� WKDW�EURGLIDFRXP�ZDV�DOVR�SUHVHQW� LQ�
'%6� VDPSOHV� DW� 'D\� ��� DV� SHU� WKH� ORZ� EXW� UHSHDWDEOH� PHDVXUHPHQWV� QRWHG� E\� WKH� UHSRUWLQJ�
ODERUDWRU\��&RXPDULQ�DQWLFRDJXODQWV�ELQG� WR�SODVPD�DOEXPLQ�SURWHLQV� �6XWFOLIIH�HW�DO���������VR�
GLOXWLRQ� E\� QRQ�ELQGLQJ� IUDFWLRQV� VXFK� DV� HU\WKURF\WHV� PD\� KDYH� DFFRXQWHG� IRU� WKH� JHQHUDOO\�
ORZHU� EURGLIDFRXP� FRQFHQWUDWLRQV� PHDVXUHG� LQ� '%6� �ZKROH� EORRG�� LQ� FRPSDULVRQ� WR� SODVPD�
VDPSOHV� �7DEOH� ������ VXJJHVWLQJ� WKDW� D� FRUUHFWLRQ� IDFWRU� DFFRXQWLQJ� IRU� HU\WKURF\WH� SDFNHG� FHOO�
YROXPH�FRXOG�EH�DSSOLHG�WR�'%6�GDWD���
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�
$W����KRXUV�DIWHU�GRVLQJ��FKLFNHQ�SODVPD�FRQFHQWUDWLRQV�LQ�WKLV�WULDO�ZHUH�DSSUR[LPDWHO\�WHQ�WLPHV�
KLJKHU� WKDQ� WKRVH� UHSRUWHG� E\�+RZDOG� ������� LQ� -DSDQHVH� TXDLO� �&RWXUQL[� MDSRQLFD�� IROORZLQJ�
VXEOHWKDO�H[SRVXUH�WR�EURGLIDFRXP��,Q�KLV�VWXG\�JURXSV�RI�VL[�TXDLO�ZHUH�GRVHG�ZLWK����������RU�
�����PJ�NJ�EURGLIDFRXP�DQG�SODVPD�FRQFHQWUDWLRQV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�WKH�
WKUHH� GRVH� JURXSV� ��� KRXUV� ODWHU� ZLWK� D� PHDQ� RI� ������PJ�/�� ,Q� TXDLO� SODVPD� FRQFHQWUDWLRQV�
GHFOLQHG� WR�D�PHDQ�RI�������PJ�/�DW� ILYH�GD\V�DQG�WKHQ� WR�������PJ�/�E\�WHQ�GD\V��VKRZLQJ�D�
FRQVLVWHQW� UDWH� RI� GHFOLQH�ZLWK� WKH� FRQFHQWUDWLRQV� IRXQG� KHUH� LQ� FKLFNHQV� DW� IRXU� GD\V� �������
������PJ�/��DQG� WHQ�GD\V� �EHORZ�0'/��������PJ�/��DIWHU�GRVLQJ��7KLV�SUHVHQFH�RI�GHWHFWDEOH�
FRQFHQWUDWLRQ�RI�EURGLIDFRXP�LQ�DYLDQ�SODVPD�IRU�DSSUR[LPDWHO\������GD\V�LQGLFDWHV�D�UHODWLYHO\�
UDSLG� HOLPLQDWLRQ� RI� FLUFXODWLQJ� �SODVPD�ERXQG�� EURGLIDFRXP�� SUREDEO\� GXH� WR� VHTXHVWUDWLRQ� RI�
EURGLIDFRXP�LQ�KHSDWLF�ELQGLQJ�VLWHV��YL]��FRQVLVWHQW�FRQFHQWUDWLRQV�LQ�OLYHU�KHUH���,W�LV�OLNHO\�WKDW�
WKH� GXUDWLRQ� IRU� ZKLFK� UHVLGXHV� DUH� GHWHFWDEOH� LQ� SODVPD�RU� '%6�ZLOO� DOVR� YDU\� ZLWK� WKH�
PDJQLWXGH�RI�WKH�VXEOHWKDO�EURGLIDFRXP�H[SRVXUH��ZLWK�KLJKHU�H[SRVXUHV�SUREDEO\�WDNLQJ�ORQJHU�
WR� HOLPLQDWH�� 5HVXOWV� KHUH� VXSSRUW� WKH� FRQFOXVLRQ� RI� +RZDOG� �������� WKDW� GHWHFWLRQ� RI�
EURGLIDFRXP�LQ�SODVPD�LV�D�PRUH�UHOLDEOH�LQGH[�RI�EURGLIDFRXP�H[SRVXUH�LQ�ELUGV�WKDQ�FKDQJHV�LQ�
FRDJXODWLRQ� WLPH�� ,Q� DGGLWLRQ�� DV� DQ� LQGH[�RI� UHFHQW�EURGLIDFRXP�H[SRVXUH�'%6� VDPSOLQJ�PD\�
DOVR�SURYLGH�DQ�DOWHUQDWLYH�PHWKRG�WKDW� LV� OHVV� LQYDVLYH�DQG�UHTXLUHV� OHVV� ODERXU�WR�SUHSDUH� WKDQ�
SODVPD�VDPSOHV���
�
7KH� ILHOG�XWLOLW\�RI� HLWKHU�SODVPD�RU�'%6� IRU�PRQLWRULQJ�EURGLIDFRP�H[SRVXUH� LQ�ELUGV�ZLOO�EH�
OLPLWHG� E\� WKH� SHULRG� GXULQJ� ZKLFK� EURGLIDFRXP� LV� DW� PHDVXUDEOH� FRQFHQWUDWLRQV� LQ� EORRG�
�SODVPD��� )URP� WKH� UHVXOWV� KHUH�� WKLV� µZLQGRZ� RI� GHWHFWDELOLW\¶� LV� HVWLPDWHG� DV� OHVV� WKDQ� VHYHQ�
GD\V� IRU� SODVPD� DQG� OHVV� WKDQ� IRXU� GD\V� IRU�'%6� VDPSOHV�� ,PSURYHPHQWV� LQ� WKH� VHQVLWLYLW\� RI�
DQDO\VLV�RI�'%6�VDPSOHV�H�J��WKURXJK�/&�06�WHFKQLTXHV�PD\�H[WHQG�WKH�µZLQGRZ¶�RI�D�VDPSOLQJ�
PHWKRG�WKDW�RIIHUV�D�QXPEHU�RI�DGYDQWDJHV�RYHU�SODVPD�RU�OLYHU�VDPSOLQJ��7KH�UHVXOWV�LQ�WKLV�WULDO��
ZKHUH�UHSHDWDEOH�EXW�EHORZ�0'/��FRQFHQWUDWLRQV�ZHUH�GHWHFWHG�LQ�'D\���'%6�VDPSOHV��VXJJHVWV�
WKDW�IXUWKHU�LPSURYHPHQWV�LQ�WKH�VHQVLWLYLW\�RI�WKLV�DQDO\VLV�DUH�IHDVLEOH���$�IXUWKHU�UHGXFWLRQ�LQ�
LQYDVLYHQHVV� RI� PRQLWRULQJ� IRU� DQWLFRDJXODQW� H[SRVXUH� PD\� EH� SRVVLEOH� ZLWK� VDOLYD� VDPSOHV��
6DNDL�HW�DO���������IRXQG�ZDUIDULQ�ZDV�H[FUHWHG�LQ�WKH�VDOLYD�RI�UDEELWV�DIWHU�RUDO�DGPLQVWUDWLRQ��
WKH�VDOLYDU\�FRQFHQWUDWLRQ�FRUUHVSRQGHG�ZLWK�WKDW�LQ�SODVPD�DQG�ZDV�FRUUHODWHG�ZLWK�WKH�HIIHFW�RI�
ZDUIDULQ� RQ�SURWKURPELQ� FRPSOH[� DFWLYLW\�� ,W�ZRXOG�EH�XVHIXO� WR� LQYHVWLJDWH�ZKHWKHU� FRXPDULQ�
DQWLFRDJXODQWV�DUH�DOVR�H[FUHWHG�LQ�WKH�VDOLYD�RI�ELUGV�LQ�GHWHFWDEOH�FRQFHQWUDWLRQV��FRPSDUDEOH�WR�
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WKRVH�SUHVHQW�LQ�SODVPD�DQG�'%6��$SSOLFDWLRQ�RI�D�ORZ�YROXPH�VDOLYD�VDPSOLQJ�PHWKRG��VLPLODU�
WR� WKDW�XVHG�IRU�'%6�LQ� WKLV� WULDO��ZRXOG�IXUWKHU� UHGXFH� WKH�VDPSOH� LQYDVLYHQHVV� IRU�PRQLWRULQJ�
H[SRVXUH�RI�ZLOG�ELUGV�DQG�PDPPDOV�WR�DQWLFRDJXODQWV��HYHQ�LI�WKLV�UHWDLQV�WKH�OLPLWDWLRQ�RI�RQO\�
EHLQJ�DEOH�WR�GHWHFW�H[SRVXUH�ZLWKLQ�WKH�ODVW�IHZ�GD\V��

� ������(IIHFW�RI�VXEOHWKDO�EURGLIDFRXP�H[SRVXUH�RQ�FRDJXODWLRQ�WLPH�
7KH� FRQVLVWHQWO\� KLJKHU� 37� VHHQ�ZLWK� WKH� DYLDQ� WKURPERSODVWLQ� LQ� WKH� YHULILFDWLRQ� WHVWV� �XVLQJ�
FRQWURO� VDPSOHV� RI�PDPPDOLDQ�GHULYHG� SODVPD� VXSSOLHG�ZLWK� WKH� NLW�� FRQWUDVW�ZLWK� WKH� UHYHUVH�
VLWXDWLRQ� LQ� WKH� WHVWLQJ� RI� WKH� FKLFNHQ� SODVPD� VDPSOHV��ZKHUH� XVH� RI� WKH� DYLDQ� WKURPERSODVWLQ�
SURGXFHG�FRQVLVWHQWO\�ORZHU�37��7KLV�LV�FRQVLVWHQW�ZLWK�SUHYLRXV�ILQGLQJV�WKDW�WKH�VKRUWHVW�37�IRU�
D�JLYHQ� VSHFLHV� LV�REWDLQHG�ZKHQ�KRPRORJRXV� �EUDLQ�GHULYHG�� WKURPERSODVWLQ� LV�XVHG� �6SXUOLQJ�
�������%LJODQG�	�7ULDQWDSK\OORSRXORV� �������QRWHG�JUHDWO\� LQFUHDVHG�FORWWLQJ� WLPHV�RI�FKLFNHQ�
SODVPD� ZLWK� ERYLQH� WKURPELQ� DQG� ZLWK� UDEELW� WKURPERSODVWLQ�� WDNHQ� DV� HYLGHQFH� RI� VSHFLHV�
VSHFLILFLW\�IRU�WKURPERSODVWLQ��3DUWLFXODUO\�ZLWK�WKH�GDWD�IURP�WKH�DYLDQ�WKURPERSODVWLQ��WKHUH�ZDV�
DQ�DSSDUHQW�HOHYDWLRQ�LQ�WKH�PHDQ�37�DW�'D\���DQG�D�UHWXUQ�WR�µEDVHOLQH¶�WLPHV�DW�'D\���DQG�����
+RZHYHU��WKH�XVH�RI�D�VLQJOH�FRQWURO�KHQ�IRU�HDFK�VDPSOLQJ�GD\�ZDV�D�SRRU�H[SHULPHQWDO�GHVLJQ��
ZKLFK�ZDV�VHOHFWHG�RQ�WKH�EDVLV�RI�EXGJHWDU\�OLPLWDWLRQV�LQ�WKH�QXPEHU�RI�WLVVXHV�VDPSOHV�WR�EH�
DQDO\VHG�IRU�EURGLIDFRXP��)DLOXUH�RI�WKH�'D\V���DQG���FRQWURO�VDPSOHV�WR�FRDJXODWH��7DEOH������
PHDQW�WKDW�EDVHOLQH�37�YDOXHV�FRXOG�QRW�EH�FRQILUPHG�IRU�FRPSDULVRQ�WR�HOHYDWHG�YDOXHV��DQG�WKDW�
WKH�IDLOXUH�RI�VDPSOHV�IURP�WUHDWHG�KHQV�WR�FRDJXODWH�ZLWK�WKH�PDPPDOLDQ�WKURPERSODVWLQ�FRXOG�
QRW�FRQILGHQWO\�EH�DWWULEXWHG�WR�WKH�EURGLIDFRXP�H[SRVXUH�DQG�PD\�KDYH�EHHQ�D�VDPSOLQJ�DUWHIDFW��
7KH�XVH�RI�GHFDSLWDWLRQ�WR�REWDLQ�EORRG�VDPSOHV��DQG�GHOD\V�LQ�PL[LQJ�WKH�EORRG�DGHTXDWHO\�ZLWK�
FLWUDWH�UHDJHQW�GXULQJ�VDPSOLQJ�SUREDEO\�FRQWULEXWHG�WR�WKH�SDUWLDO�FRDJXODWLRQ�REVHUYHG�LQ�VRPH�
ZKROH� EORRG� VDPSOHV� EHIRUH� H[WUDFWLRQ� RI� SODVPD� �7DEOH� ������0LOHWLFK� ����� �FLWHG� LQ�+RZDOG�
������IRXQG�WKDW�EORRG�FROOHFWHG�IURP�GHFDSLWDWLRQ�VKRZHG�D�VLJQLILFDQWO\�VKRUWHU�37�WKDQ�EORRG�
FROOHFWHG� IURP�WKH� MXJXODU�YHLQ�DQG� UHOHDVH�RI� WLVVXH� WKURPERSODVWLQ� �H�J��6WRSIRUWK�������XSRQ�
GHFDSLWDWLRQ�PD\�KDYH�FRQWDPLQDWHG�WKH�EORRG�VDPSOHV�DQG�SURPSWHG�FRDJXODWLRQ��)XWXUH�VWXGLHV�
RI� WKLV� QDWXUH� VKRXOG� DYRLG� GHFDSLWDWLRQ� DV� D� PHWKRG� RI� ZKROH� EORRG� FROOHFWLRQ� WR� DYRLG� WKLV�
SRVVLELOLW\���
�
+RZHYHU�� WKH�PHDQ�DYLDQ� WKURPERSODVWLQ�37� LQ�FRQWURO�KHQV� IURP�'D\V���DQG��� ������DQG�����
VHFRQGV�UHVSHFWLYHO\��PD\�KDYH�EHHQ�YDOLG�PHDVXUHPHQWV��7KH\�ZHUH�ORZHU�WKDQ�WKH����VHFRQGV�
UHSRUWHG�LQ�FKLFNHQV�E\�%DLOH\�HW�DO����������DQG�WKH������VHFRQGV�UHSRUWHG�E\�)URVW�HW�DO����������
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EXW�PRUH�FRQVLVWHQW�ZLWK�RWKHU�YDOXHV��PHDQ�����VHFRQGV�DQG�UDQJH����������VHFRQGV��'RHUU�HW�DO��
������� ��������� VHFRQGV� �6WRSIRUWK� ������ DQG�PHDQ� ������ VHFRQGV� �7LPPV� ������� 7KH� XVH� RI�
QRQ�KRPRORJRXV� �PDPPDOLDQ�� WKURPERSODVWLQ� LQ� WKLV� WULDO� SURGXFHG� KLJKHU�PHDQ�37�YDOXHV� LQ�
WKH� FRQWURO� KHQV� RQ� 'D\V� �� DQG� �� ������ DQG� ����� VHFRQGV� UHVSHFWLYHO\��� FRQVLVWHQW� ZLWK� WKH�
REVHUYDWLRQ�RI�.DVH� ������� WKDW� SODVPD� WHQG� WR� EH� FORWWHG� LQ� WKH� VKRUWHVW� WLPH�E\� KRPRORJRXV�
WKURPERSODVWLQ���
�
,Q�D�SHQ�VWXG\�6DYDULH�HW�DO���������XVHG�WKH�37�µ4XLFN¶�WHVW�ZLWK�FKLFN�HPEU\R�WKURPERSODVWLQ�WR�
PHDVXUH� WKH� UHVSRQVH�RI�JROGHQ�HDJOHV� �$TXLOD�FKU\VDHWRV�� WR�VHFRQGDU\�GLSKDFLQRQH�H[SRVXUH��
(DJOHV�FRQVXPHG�DQ�DYHUDJH�RI�HLWKHU������PJ�NJ�GLSKDFLQRQH�RYHU�ILYH�GD\V��IRXU�ELUGV��RU�����
PJ�NJ�RYHU����GD\V��WKUHH�ELUGV��DQG�VKRZHG�VXEVWDQWLDO� LQFUHDVHV�LQ�37�DW�ILYH�GD\V�DIWHU�ILUVW�
IHHGLQJ�RQ�PHDW� FRQWDLQLQJ�GLSKDFLQRQH��6RPH�HDJOHV� DOVR� VKRZHG�KDHPRUUKDJH� IURP�H[LVWLQJ�
ZRXQGV�DQG�JHQHUDO�ZHDNQHVV��EXW�UHFRYHUHG�QRUPDO�37�E\����GD\V��:KLOH�WKHVH�UHVXOWV�VXJJHVW�
WKDW� 37� FRXOG� EH� XVHIXO� WR� LQGLFDWH� DQWLFRDJXODQW� H[SRVXUH�� WKH\�ZHUH� REWDLQHG� LQ� D� FRQWUROOHG�
WULDO� ZKHUH� WKH� GHJUHH� DQG� WLPLQJ� RI� DQWLFRDJXODQW� H[SRVXUH� ZDV� NQRZQ�� ,Q� ILHOG� PRQLWRULQJ�
IROORZLQJ�D�EURGLIDFRXP�EDLWLQJ�RSHUDWLRQ�IRU�URGHQW�HUDGLFDWLRQ�RQ�/DQJDUD�,VODQG��+RZDOG�HW�
DO���������XVHG�D�ILEULQRJHQ�FRXQWHU�ZLWK�PDPPDOLDQ�UHDJHQWV�WR�HYDOXDWH�37�WLPHV�RI�EDOG�HDJOHV�
�+DOLDHHWXV� OHXFRFHSKDOXV��� DORQJVLGH� DQDO\VLV� RI� SODVPD� IRU� UHVLGXDO� FRQFHQWUDWLRQV� RI�
EURGLIDFRXP��:KLOH�WKHUH�ZDV�QR�HYLGHQFH�RI�DQWLFRDJXODWLRQ�LQ�WKH�37�UHVXOWV��VRPH�HDJOHV�KDG�
GHWHFWDEOH�EURGLIDFRXP�LQ�SODVPD��$V�GLVFXVVHG�E\�+RZDOG���������D�GHPRQVWUDEOH�DVVRFLDWLRQ�
EHWZHHQ� WLVVXH� UHVLGXH�DQG�DQ� LQFUHDVH� LQ�FRDJXODWLRQ� WLPH�ZRXOG�SURYLGH� WKH�PRVW�FRPSHOOLQJ�
HYLGHQFH� RI� DQ� DGYHUVH� HIIHFW� RQ� ELUGV� WKDW� FRXOG� LQFUHDVH� WKH� ULVN� RI� KDHPRUUKDJH�� :KLOH�
EURGLIDFRXP�UHVLGXHV�ZHUH�SUHVHQW�LQ�DOO�VDPSOHV�IURP�KHQV�RQ�'D\���RI�WKLV�WULDO��WKHVH�FRXOG�QRW�
EH�GHILQLWLYHO\�OLQNHG�ZLWK�DQ�LQFUHDVH�LQ�37��1RWZLWKVWDQGLQJ�WKH�HTXLYRFDO�UHVXOWV�RI�WKLV�WULDO��LW�
LV�VXJJHVWHG�WKDW�PHDVXUHPHQW�RI�D�FRDJXODWLRQ�HIIHFW�DV�DQ�LQGH[�RI�H[SRVXUH�WR�EURGLIDFRXP�RU�
RWKHU�DQWLFRDJXODQWV�LQ�ELUGV��HVSHFLDOO\�WKRVH�VRXUFHG�WKURXJK�µZLOGOLIH�LQFLGHQW�PRQLWRULQJ¶��H�J��
6WRQH�HW�DO�������3RXOLTXHQ�HW�DO���������KDV�OLPLWDWLRQV�GXH�WR��
L�� WKH�VKRUW�OLYHG�QDWXUH�RI�D�FRDJXODWLRQ�UHVSRQVH�WR�VXEOHWKDO�H[SRVXUH��
LL�� XQFHUWDLQW\� DURXQG� WKH� GHJUHH� RI� FRDJXODWLRQ� FRPSURPLVH� WKDW� ZLOO� UHVXOW� LQ� OHWKDO�

KDHPRUUKDJH��JLYHQ�HQYLURQPHQWDO�YDULDEOHV�VXFK�DV�DFWLYLW\�DQG�LQMXU\�
LLL�� LQYDVLYH� VDPSOLQJ�DQG� WHFKQLFDO� VNLOO� UHTXLUHG� WR�REWDLQ�YDOLG�EORRG� VDPSOHV�RI� VXLWDEOH�

YROXPH�
LY�� GLIIHUHQFHV�LQ�FRDJXODWLRQ�WHVW�V\VWHPV�XVHG��
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�
����� &RQFOXVLRQ�
0HDVXULQJ� UHVLGXHV� LQ� DYLDQ� WLVVXHV�� SDUWLFXODUO\� OLYHU�� LV� D�PRUH� UHOLDEOH� LQGLFDWRU� RI� SUHYLRXV�
EURGLIDFRXP�H[SRVXUH� WKDQ�FKDQJHV�LQ�FRDJXODWLRQ� WLPH��7KLV�SUHVHQWV�DQ�RQJRLQJ�GLOHPPD�IRU�
PRQLWRULQJ� RI� ZLOG� ELUGV� EHFDXVH� WLVVXH� DQDO\VLV� LV� FXUUHQWO\� SUDFWLFDEOH� DV� D� SRVW�PRUWHP��
UHWURVSHFWLYH� FOXH� DV� WR� KRZ� EURGLIDFRXP� H[SRVXUH�PD\� KDYH� FRQWULEXWHG� WR�PRUWDOLW\��:KLOH�
VDPSOHV�VXFK�DV�SODVPD��'%6��IDHFHV�DQG�SRVVLEO\�VDOLYD��KDYH�WKH�OLPLWDWLRQ�RI�EHLQJ�RQO\�DEOH�
WR�GHWHFW�UHFHQW��ZLWKLQ�����GD\V��H[SRVXUH�WR�EURGLIDFRXP��UHILQHPHQW�RI�VDPSOLQJ�SURWRFROV�DQG�
GHWHFWLRQ� VHQVLWLYLW\� ZRXOG� SURYLGH� DQ� DOWHUQDWLYH� DSSURDFK� WR� LQFLGHQW�EDVHG�� SRVW�PRUWHP�
PRQLWRULQJ�RI�DYLDQ�SRSXODWLRQV�ZKHUH�FRQFHUQ�H[LVWV�DERXW�EURGLIDFRXP�H[SRVXUH���
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&KDSWHU����%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�OLYHU�DQG�IDHFHV�RI�
SRLVRQHG�UDWV�
�
����,QWURGXFWLRQ�
7KH�GHOD\HG�RQVHW�RI�EURGLIDFRXP�WR[LFLW\� LV�D�SUDFWLFDO�DGYDQWDJH�IRU�HIIHFWLYH�YHUWHEUDWH�SHVW�
FRQWURO�� DV� LW�PLQLPLVHV� WKH� OLNHOLKRRG�RI�EDLW� VK\QHVV�GHYHORSLQJ� �H�J��.DXNHLQHQ�	�5DPSDXG�
������� 7\SLFDO� SURJUHVVLRQ� RI� WKH� RXWZDUG� VLJQV� RI� DQWLFRDJXODQW� SRLVRQLQJ� LQ� UDWV� LQFOXGHV�
LQFUHDVLQJ�SDOORU�DQG�ZHDNQHVV�UHIOHFWLQJ�EORRG�ORVV��3HOIUHQH��������$�ORVV�RI�DSSHWLWH�VHHPV�WR�
EH� FKDUDFWHULVWLF� RI� EURGLIDFRXP� SRLVRQLQJ� LQ� PDPPDOV� DW� OHDVW�� LQ� EUXVKWDLO� SRVVXPV�
�7ULFKRVXUXV� YXOSHFXOD��� WKH�PHDQ� WLPH� WR� UHGXFHG� IHHG� LQWDNH�ZDV� ��� GD\V� DQG�PHDQ� WLPH� WR�
GHDWK�ZDV������GD\V�DQG�LQ�1RUZD\�UDWV��5DWWXV�QRUYHJLFXV��WKH�PHDQ�WLPH�WR�UHGXFHG�IHHG�LQWDNH�
ZDV���GD\V�DQG�PHDQ�WLPH�WR�GHDWK�ZDV�����GD\V��/LWWLQ�HW�DO���������,Q�D�UDGLR�WUDFNLQJ�VWXG\�RI�
IRXU�ZLOG� VKLS� UDWV� �5��UDWWXV��EHIRUH�DQG�DIWHU�EURGLIDFRXP�SRLVRQLQJ��+RRNHU�	�,QQHV� �������
UHSRUWHG�WLPHV�RI�GHDWK�RI���WR���GD\V��ZLWK�QR�DSSDUHQW�UHVWULFWLRQ�RI�UDW�PRYHPHQWV�GXULQJ�WKH�
QLJKWV� EHIRUH� GHDWK�� %URGLIDFRXP� LV� RQH� RI� WKH� PRVW� DFXWHO\� WR[LF� RI� WKH� DQWLFRDJXODQWV� ZLWK�
FRQVLVWHQWO\�KLJK�RUDO�WR[LFLW\�WR�URGHQW�VSHFLHV��7DEOH�������VXFK�WKDW�WKH\�RQO\�QHHG�WR�LQJHVW�D�
UHODWLYHO\� VPDOO� DPRXQW�RI�EDLW� �W\SLFDOO\� FRQWDLQLQJ����RU����SSP�EURGLIDFRXP�� WR� UHFHLYH� DQ�
HIIHFWLYH�OHWKDO�GRVH��$SSUR[LPDWLQJ�ERG\ZHLJKWV�RI����J�IRU�KRXVH�PLFH��0XV�PXVFXOXV�������J�
IRU�VKLS�UDWV�DQG�����J�IRU�1RUZD\�UDWV�DQG�DVVXPLQJ�D� WR[LFLW\�RI������PJ�NJ��KLJKHVW�/'��� ��
ORZHVW�WR[LFLW\�VKRZQ�LQ�7DEOH������WKHVH�WKUHH�VSHFLHV�ZRXOG�KDYH�WR�HDW�DSSUR[LPDWHO\������DQG�
���J�RI����SSP�EURGLIDFRXP�EDLW�UHVSHFWLYHO\�IRU�DQ�/'���GRVH��2Q�WKLV�EDVLV��OHWKDO�TXDQWLWLHV�RI�
EURGLIDFRXP�DUH�OLNHO\�WR�EH�FRQVXPHG�LQ�D�VLQJOH�IHHG�RI�SDODWDEOH�EDLW��D�GHVLUDEOH�FKDUDFWHULVWLF�
LQ�DQ�HIIHFWLYH�URGHQWLFLGH��H�J��+DGOHU�	�%XFNOH��������

,Q� RSHUDWLRQDO� SHVW� FRQWURO� XVLQJ� EURGLIDFRXP�� UHDG\� DYDLODELOLW\� RI� SDODWDEOH� EDLW� WR� WKH� WDUJHW�
VSHFLHV�LV�LPSRUWDQW�WR�PD[LPLVH�HIILFDF\��+RZHYHU�URGHQWV�PD\�FRQWLQXH�WR�FRQVXPH�EDLW�DIWHU�
WKH\� KDYH� LQJHVWHG� D� OHWKDO� GRVH�� RYHU� WKH� SHULRG� RI� GD\V� XQWLO� DSSHWLWH� ORVV� RFFXUV� DQG� RWKHU�
EHKDYLRXUDO� VLJQV� RI� SRLVRQLQJ� EHFRPH� HYLGHQW�� )URP� D� FRVW� SHUVSHFWLYH�� VXFK� µRYHUGRVLQJ¶� LV�
XQZDQWHG� EHFDXVH�PRUH� EDLW� WKDQ� QHFHVVDU\� WR� NLOO� HDFK� URGHQW� LV� XVHG�� ,W� LV� DOVR� XQGHVLUDEOH�
EHFDXVH� LW� HIIHFWLYHO\� WUDQVIHUV� EURGLIDFRXP� IURP� D� UHODWLYHO\� FRQWUROOHG�� FRQFHQWUDWHG� SULPDU\�
QRQ�WDUJHW� KD]DUG� �LQ� EDLW�� WR� D� PRUH� GLIIXVH� EXW� PRELOH� VHFRQGDU\� QRQ�WDUJHW� KD]DUG� LQ� WKH�
HQYLURQPHQW��LQ�WKH�WLVVXHV�RI�URGHQWV���:KLOH�µSXOVHG¶�EDLWLQJ�VWUDWHJLHV�KDYH�EHHQ�SURSRVHG�WR�
PLQLPLVH�WKH�RFFXUUHQFH�RI�XQQHFHVVDULO\�KLJK�UHVLGXDO�FRQFHQWUDWLRQV�RI�EURGLIDFRXP�LQ�URGHQW�
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OLYHU� DQG� JXW� �+DGOHU�	�%XFNOH� ������0HUVRQ�HW� DO�� ������.DXNHLQHQ��������.DXNHLQHQ�HW� DO��
������� VXJJHVW� WKDW� PHDVXULQJ� WKH� OLYHU� FRQFHQWUDWLRQ� RI� EURGLIDFRXP� FDQQRW� GHWHUPLQH� WKH�
PDJQLWXGH�RI� LQLWLDO�H[SRVXUH��EHFDXVH� OLYHU�ELQGLQJ�VLWHV�KDYH�D�VDWXUDEOH�FDSDFLW\��SDVW�ZKLFK�
DQWLFRDJXODWLRQ�HIIHFWV�RFFXU��$�ODERUDWRU\�VWXG\�E\�)LVKHU�HW�DO���������VLPXODWHG�WKUHH�GLIIHUHQW�
VFHQDULRV� RI� DQWLFRDJXODQW� EDLW� LQWDNH� E\� 1RUZD\� UDWV� DQG� PHDVXUHG� UHVXOWLQJ� UHVLGXDO�
FRQFHQWUDWLRQV�LQ�UDW�OLYHU��WR�XQGHUSLQ�DQ�DVVHVVPHQW�RI�VHFRQGDU\�KD]DUG�WR�QRQ�WDUJHW�VSHFLHV��
'DWD� IURP� WKH� EURGLIDFRXP� WUHDWPHQWV� LQ� WKLV� VWXG\� ZHUH� UHDQDO\VHG� WR� LQYHVWLJDWH� WKH�
UHODWLRQVKLS�EHWZHHQ�EURGLIDFRXP�H[SRVXUH�DQG�OLYHU�FRQFHQWUDWLRQV�LQ�UDWV��

7DEOH�����$FXWH�RUDO�WR[LFLW\�RI�EURGLIDFRXP�WR�URGHQW�VSHFLHV�DV�LQGLFDWHG�E\�SXEOLVKHG�OHWKDO�
GRVH��/'����YDOXHV������FRQILGHQFH�LQWHUYDOV��ZKHUH�UHSRUWHG�DUH�VKRZQ�LQ�>�@���

6SHFLHV� %URGLIDFRXP�
/'����PJ�NJ��

5HIHUHQFH�

1RUZD\�UDW��5DWWXV�QRUYHJLFXV�� � �
ODERUDWRU\�VWUDLQ�
ODERUDWRU\�VWUDLQ�
ODERUDWRU\�VWUDLQ��PDOH��
ODERUDWRU\�VWUDLQ��IHPDOH��
ZLOG�FDXJKW�

�����
�����
�����>���������@�
�����>���������@�
�����

*RGIUH\��������
+DGOHU�	�%XFNOH��������
8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������
8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������
%RRWK�	�:LFNVWURP��������

6KLS�UDW��5��UDWWXV�� � �
ZLOG�FDXJKW�
ZLOG�FDXJKW�
ZLOG�FDXJKW��PDOH��
ZLOG�FDXJKW��IHPDOH��

�����
�����
����>��������@�
����>��������@�

%RRWK�	�:LFNVWURP��������
0DUWKXU�	�3UDNDVK��������
6ULGKDUD�	�.ULVKQDPXUWK\��������
6ULGKDUD�	�.ULVKQDPXUWK\��������

3RO\QHVLDQ�UDW��5��H[XODQV�� � �
ZLOG�FDXJKW� ����� %RRWK�	�:LFNVWURP��������
+RXVH�PRXVH��0XV�PXVFXOXV�� � �
ODERUDWRU\�VWUDLQ�
ZLOG�FDXJKW��

�����
�����

*RGIUH\��������
2¶&RQQRU�	�%RRWK��������

�

$�SRWHQWLDO� HQYLURQPHQWDO� WUDQVIHU� SDWKZD\�RI� EURGLIDFRXP� WKDW� KDV� UHFHLYHG� OLWWOH� DWWHQWLRQ� LV�
H[FUHWLRQ� LQ� IDHFHV� �� /DYRLH� ������� HVWLPDWHG� WKDW� YROHV� �0LFURWXV� VSS��� HLWKHU� H[FUHWHG� RU�
PHWDEROLVHG� ���� RI� LQJHVWHG� EURGLIDFRXP� DQG� /DDV� ������� UHSRUWHG� WKDW� VKHHS� �2YLV� DULHV��
H[FUHWHG�DQ�HVWLPDWHG�WKLUG�RI�D�����PJ�NJ�EURGLIDFRXP�GRVH�LQ�IDHFHV�RYHU���GD\V��,I�UDWV�H[FUHWH�
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D� VLJQLILFDQW� SURSRUWLRQ�RI� EURGLIDFRXP�DV�XQFKDQJHG� FRPSRXQG�EHWZHHQ� LQJHVWLRQ�RI� D� OHWKDO�
GRVH� DQG� GHDWK�� EURGLIDFRXP� ZLOO� EHFRPH� PRUH� ZLGHO\� VSUHDG� LQ� WKH� HQYLURQPHQW� HVSHFLDOO\�
ZKLOH�UDWV�FRQWLQXH�WR�IHHG�RQ�EDLW���

7ZR� ODERUDWRU\� VWXGLHV� ZHUH� XQGHUWDNHQ�� WKH� ILUVW� KDYLQJ� WKH� REMHFWLYH� RI� FRPSDULQJ� OLYHU�
FRQFHQWUDWLRQV� RI� EURGLIDFRXP� LQ� ODERUDWRU\� 1RUZD\� UDWV� DIWHU� GLIIHUHQW� EDLW� LQWDNHV� DQG� WKH�
VHFRQG�ZLWK�WKH�REMHFWLYH�RI�HVWLPDWLQJ�WKH�SURSRUWLRQ�RI�DQ�RUDO�EURGLIDFRXP�H[SRVXUH�H[FUHWHG�
LQ� IDHFHV� E\� ZLOG�FDXJKW� VKLS� DQG� 1RUZD\� UDWV�� GXULQJ� LQJHVWLRQ� RI� EDLW� XS� WR� GHDWK� WKURXJK�
SRLVRQLQJ��

����0HWKRGV�

� �������%URGLIDFRXP�EDLW�LQWDNH�DQG�OLYHU�UHVLGXH�FRQFHQWUDWLRQV�LQ�ODERUDWRU\�UDWV�
$OO� SURFHGXUHV� ZHUH� FRQGXFWHG� XQGHU� /DQGFDUH� 5HVHDUFK� $QLPDO� (WKLFV� &RPPLWWHH� DSSURYDO�
�1R�� ����������� <RXQJ� DGXOW� IHPDOH� UDWV� �5DWWXV� QRUYHJLFXV� :LVWDU�� ZHUH� KRXVHG� VLQJO\� LQ� D�
FRQWUROOHG�WHPSHUDWXUH� HQYLURQPHQW� ����&� �� ��&�� ZLWK� D� ��� KRXU� OLJKW�GDUN� F\FOH� DQG�
DFFOLPDWLVHG� ZLWK� IUHH� DFFHVV� WR� ZDWHU� DQG� FHUHDO� IHHG� SHOOHWV� �:HVWRQ� $QLPDO� 1XWULWLRQ��
5DQJLRUD�� IRU� ��� GD\V�� 7KH\� ZHUH� ZHLJKHG� DW� WKH� EHJLQQLQJ� RI� WULDOV� ���� �VHH� EHORZ��� DW�
HXWKDQDVLD�RU�GHDWK��DQG�GDLO\�LI�DQWLFRDJXODQW�WR[LFRVLV�ZDV�HYLGHQW��7R�DFFRXQW�IRU�DQ\�FKDQJHV�
LQ�EDLW�ZHLJKW�GXH�WR�HQYLURQPHQWDO�FRQGLWLRQV��LQ�HDFK�WULDO�µHQYLURQPHQWDO�FRQWURO¶�EDLWV�ZHUH�
ZHLJKHG�LQWR�FRQWDLQHUV��Q� ����DQG�SODFHG�LQ�WKH�URRP�KRXVLQJ�WKH�UDWV��7KHVH�ZHUH�UHZHLJKHG�
HDFK� PRUQLQJ�� DQG� DQ\� FKDQJH� LQ� ZHLJKW� DYHUDJHG� DQG� XVHG� DV� D� FRUUHFWLRQ� IDFWRU� IRU� GDLO\�
HVWLPDWHV� RI� EDLW� FRQVXPSWLRQ� E\� WKH� UDWV�� 7ULDOV� ��� �� DQG� �� XVHG� ³3HVWRII� URGHQW� EDLW� ��5´�
�$QLPDO� &RQWURO� 3URGXFWV�� 1=��� D� FHUHDO� SHOOHW� IRUPXODWLRQ� QRPLQDOO\� FRQWDLQLQJ� ��� SSP�
EURGLIDFRXP��7R�FRQILUP�WKH�EURGLIDFRXP�FRQFHQWUDWLRQ�LQ�EDLW��VDPSOHV�RI�EDLW�ZHUH�DQDO\VHG�E\�
WKH�/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\��DV�GHVFULEHG�E\�)LVKHU�HW�DO����������%URGLIDFRXP�
GRVHV� LQJHVWHG� E\� UDWV�ZHUH� FDOFXODWHG� DFFRUGLQJ� WR� LQGLYLGXDO¶V� ERG\ZHLJKW� DQG� WKH� DQDO\VHG�
FRQFHQWUDWLRQ�RI�EURGLIDFRXP��

/LYHU�VDPSOHV�ZHUH�DQDO\VHG�IRU�EURGLIDFRXP�FRQFHQWUDWLRQ�E\�WKH�/DQGFDUH�5HVHDUFK�WR[LFRORJ\�
ODERUDWRU\��1=��XVLQJ�D�PHWKRG�EDVHG�RQ�WKDW�GHVFULEHG�E\�+XQWHU���������7LVVXH�VDPSOHV�ZHUH�
FKRSSHG� DQG� PL[HG� ZLWK� DQK\GURXV� VRGLXP� VXOSKDWH� DQG� WKH� H[WUDFWLRQ� VROYHQW�
�FKORURIRUP�DFHWRQH��� 7KH� PL[WXUH� ZDV� KRPRJHQLVHG� ZLWK� D� WLVVXH� GLVSHUVHU�� VKDNHQ� DQG�
FHQWULIXJHG��7KH�VXSHUQDWDQW�ZDV�GHFDQWHG�DQG�WKH�H[WUDFWLRQ�UHSHDWHG�WZLFH�PRUH��7KH�FRPELQHG�
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H[WUDFWV� ZHUH� HYDSRUDWHG� DQG� WDNHQ� XS� LQ� KH[DQH�FKORURIRUP�DFHWRQH� IRU� DSSOLFDWLRQ� WR� D� JHO�
SHUPHDWLRQ�FROXPQ�IRU�FOHDQ�XS��7KH�HOXHQW�IURP�WKH�FROXPQ�ZDV�DJDLQ�HYDSRUDWHG�DQG�WDNHQ�XS�
LQ� PRELOH� SKDVH� IRU� +3/&� GHWHUPLQDWLRQ�� ZKLFK� HPSOR\HG� SRVW�FROXPQ� S+� VZLWFKLQJ� DQG�
IOXRUHVFHQFH�GHWHFWLRQ��7KH�PHWKRG�GHWHFWLRQ�OLPLW��0'/��ZDV������µJ�J��

7ULDO����5DWV�RIIHUHG�DQ�HIIHFWLYH�OHWKDO�GRVH�RI�EURGLIDFRXP�EDLW��
3URFHGXUHV�LQYROYLQJ�UDWV�LQ�WKLV�VWXG\�ZHUH�DSSURYHG�E\�WKH�/DQGFDUH�5HVHDUFK�$QLPDO�(WKLFV�
&RPPLWWHH��������������7R[LF�EDLW�ZDV�RIIHUHG�WR�WZHOYH�UDWV�DQG�DV�D�FRQWURO�WUHDWPHQW�WKUHH�UDWV�
ZHUH�RIIHUHG�VLPLODU�DPRXQWV�RI�QRQ�WR[LF�IHHG�SHOOHWV��$SSUR[LPDWLQJ�DQ�HIIHFWLYH�OHWKDO�GRVH�DV�
WZLFH�WKH�/'���HVWLPDWH�RI������PJ�NJ�IRU�EURGLIDFRXP�LQ�1RUZD\�UDWV��*RGIUH\��������WKH�WDUJHW�
PLQLPXP�EURGLIDFRXP�LQWDNH�SHU�UDW�RYHU�WKUHH�GD\V�ZDV������PJ�NJ��5DWV�ZHUH�ZHLJKHG�RQ�WKH�
ILUVW�GD\�RI�WKH�WULDO��EHIRUH�QRUPDO�IRRG�ZDV�UHPRYHG�DQG�D�ZHLJKHG�DPRXQW�RI�EDLW�HTXLYDOHQW�WR�
DQ�/'��� IRU� HDFK� UDW�ZDV�SODFHG� LQ� WKH�FDJH� IHHGHU��7KH� IROORZLQJ�PRUQLQJ� �DSSUR[LPDWHO\����
KRXUV�ODWHU��UHPDLQLQJ�EDLW�ZDV�FROOHFWHG�DQG�ZHLJKHG��DQG�UHSODFHG�ZLWK�IUHVK�EDLW�HTXLYDOHQW�WR�
WKH�DPRXQW�UHTXLUHG�WR�LQJHVW�DQ�/'����7KLV�ZDV�UHSHDWHG�IRU�DQRWKHU�QLJKW��WRWDO�WKUHH�QLJKWV�RI�
EDLW�RIIHUHG���5DWV�ZHUH�ZHLJKHG�DQG�UHWXUQHG�WR�D�QRUPDO�GLHW�ZKHQ�WKH\�KDG�LQJHVWHG�WKH�WDUJHW�
LQWDNH�RU�DIWHU�WKUHH�QLJKWV�RI�EHLQJ�SUHVHQWHG�ZLWK�EDLW��6LJQV�RI�DQWLFRDJXODQW�SRLVRQLQJ��ZHLJKW�
DQG�PRUWDOLW\�ZHUH�UHFRUGHG�GDLO\��5DWV� WKDW� ORVW�JUHDWHU� WKDQ�����RI� WKHLU�ERG\ZHLJKW�RU�ZHUH�
GHHPHG� WR� EH� VXIIHULQJ� GXULQJ� WKLV� WLPH�ZHUH� HXWKDQDVHG� E\� FHUYLFDO� GLVORFDWLRQ�ZKLOVW� XQGHU�
FDUERQ�GLR[LGH���R[\JHQ�DQDHVWKHVLD��7KH�WKUHH�FRQWURO�UDWV�ZHUH�HXWKDQDVHG�ZLWKLQ����KRXUV�RI�
DOO� UDWV�RIIHUHG� WR[LF�EDLW�G\LQJ��6DPSOHV�RI� OLYHU�DQG�PXVFOH�ZHUH� WDNHQ�SRVW�PRUWHP�IURP�DOO�
UDWV�IRU�UHVLGXH�DQDO\VLV��

7ULDO����5DWV�RIIHUHG�EURGLIDFRXP�EDLW�DG�OLELWXP�IRU����KRXUV�
$V�IRU�7ULDO���� WR[LF�EDLW�ZDV�RIIHUHG� WR� WZHOYH� UDWV�DQG� WKUHH�FRQWURO� UDWV�ZHUH�RIIHUHG�VLPLODU�
DPRXQWV� RI� QRQ�WR[LF� IHHG� SHOOHWV�� 5DWV� ZHUH� ZHLJKHG� EHIRUH� QRUPDO� IRRG� ZDV� UHPRYHG� DQG�
DSSUR[LPDWHO\����J�RI�EDLW�ZDV�RIIHUHG�LQ�WKH�PRUQLQJ��7KLV�DPRXQW�ZDV�H[SHFWHG�WR�EH�LQ�H[FHVV�
RI� WKH� DPRXQW� WKH\�ZRXOG� FRQVXPH� RYHU� ��� KRXUV�� DIWHU�ZKLFK� XQHDWHQ�EDLW�ZDV� UHPRYHG� DQG�
ZHLJKHG�� 5DWV� ZHUH� UHWXUQHG� WR� QRUPDO� GLHW� DQG� HXWKDQDVHG� DV� GHVFULEHG� DERYH� DIWHU�
DSSUR[LPDWHO\����KRXUV��6DPSOHV�RI�OLYHU�ZHUH�WDNHQ�SRVW�PRUWHP�IRU�UHVLGXH�DQDO\VLV��
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7ULDO����5DWV�RIIHUHG�EURGLIDFRXP�EDLW�DQG�QRQ�WR[LF�IRRG�DG�OLELWXP�XQWLO�GHDWK�

$V� IRU�7ULDOV���DQG���� WR[LF�EDLW�ZDV�RIIHUHG� WR� WZHOYH� UDWV�DQG� WKUHH�FRQWURO� UDWV�ZHUH�RIIHUHG�
VLPLODU�DPRXQWV�RI�QRQ�WR[LF�IHHG�SHOOHWV��(DFK�PRUQLQJ�UDWV�ZHUH�RIIHUHG����J�RI�WR[LF�EDLW�DQG�D�
µPDLQWHQDQFH�GLHW¶�TXDQWLW\�����J�RU�DSSUR[LPDWHO\���J� IRRG�SHU�����J�RI�ERG\ZHLJKW��RI�QRQ�
WR[LF� IHHG��8QHDWHQ�EDLW�ZDV�UHPRYHG�DQG�ZHLJKHG�DIWHU�DSSUR[LPDWHO\����KRXUV��DQG� UHSODFHG�
ZLWK�IUHVK�EDLWV�RI�WKH�VDPH�DPRXQW�LQ�DOWHUQDWH�SRVLWLRQV�LQ�WKH�IHHGHU�HDFK�WLPH��7KLV�FKRLFH�ZDV�
RIIHUHG�XQWLO�WKH�UDWV�GLHG��RU�IRU�WZHOYH�GD\V�DIWHU�ZKLFK�WLPH�WKH�UDWV�ZHUH�WR�EH�HXWKDQDVHG��7KH�
WKUHH�FRQWURO�UDWV�ZHUH�HXWKDQDVHG�ZLWKLQ����KRXUV�RI�DOO�UDWV�RIIHUHG�WR[LF�EDLW�G\LQJ��6DPSOHV�RI�
OLYHU� ZHUH� WDNHQ� IURP� DOO� UDWV� SRVW�PRUWHP� IRU� UHVLGXH� DQDO\VLV�� 5DWV� ZHUH� ZHLJKHG� DW� WKH�
EHJLQQLQJ�DQG�HQG�RI�WKH�WULDO�EXW�QRW�GDLO\��DV�KDQGOLQJ�RI�SRLVRQHG�UDWV�PD\�KDYH�LQFUHDVHG�WKH�
OLNHOLKRRG�RI�KDHPRUUKDJH�DQG�GHFUHDVHG�WKH�WLPH�WR�GHDWK��

� �������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�IDHFHV�RI�UDWV�IHHGLQJ�RQ�EDLW�
$�VPDOO�ODERUDWRU\�VWXG\�ZDV�RSSRUWXQLVWLFDOO\�XQGHUWDNHQ�GXULQJ�DQ�LQYHVWLJDWLRQ�GHVFULEHG�E\�
0RUULVV� HW� DO�� ������� RI� WKH� HIIHFW� RI� ZHDWKHULQJ� RQ� EDLW� DFFHSWDQFH� E\� ZLOG�FDXJKW� VKLS� DQG�
1RUZD\�UDWV��,Q�EULHI��WKHVH�URGHQWV�ZHUH�SUHVHQWHG�ZLWK�D�FKRLFH�RI�µ3HVWRII��URGHQW�EORFNV¶�����
SSP�EURGLIDFRXP��$QLPDO�&RQWURO�3URGXFWV��1=��DQG�QRQ�WR[LF�FLQQDPRQ�OXUHG�56��SHOOHW�EDLW�
�$QLPDO�&RQWURO�3URGXFWV��1=��WR�GHWHUPLQH�UHODWLYH�DFFHSWDQFH�RYHU�ILYH�GD\V��'XULQJ�WKDW�WULDO��
DQ�RSSRUWXQLW\�WR�LQYHVWLJDWH�EURGLIDFRXP�FRQFHQWUDWLRQV�LQ�IDHFHV�GXULQJ�EDLW�FRQVXPSWLRQ�ZDV�
WDNHQ�� 7ZR� VKLS� UDWV� DQG� WZR� 1RUZD\� UDWV� �RQH� PDOH� DQG� RQH� IHPDOH� RI� HDFK� VSHFLHV�� ZHUH�
UDQGRPO\� VHOHFWHG� IRU� FROOHFWLRQ� RI� IDHFHV� RQH� GD\� EHIRUH� �EDVHOLQH�� DQG� WKURXJKRXW� WKH� EDLW�
DFFHSWDQFH� WULDO� XQWLO� WKH� UDW� GLHG�RI�SRLVRQLQJ��(DFK�PRUQLQJ�� DOO� IDHFDO�SHOOHWV�ZHUH�FROOHFWHG�
IURP� WKH� FDJHV� RI� WKHVH� UDWV� DQG� WRWDO� ZHW� ZHLJKW� WDNHQ�� &DUH� ZDV� WDNHQ� QRW� WR� LQFOXGH� DQ\�
IUDJPHQWV�RI�WKH�JUHHQ�FRORXUHG�WR[LF�EDLW�GXULQJ�FROOHFWLRQ���ZKLOH�RQO\�FRPSOHWH�IDHFDO�SHOOHWV�
ZHUH� FROOHFWHG� VRPH� RI� WKHVH� KDG� JUHHQ� FRORXUDWLRQ� LQ� WKHP�� SUHVXPDEO\� DV� WKH� UHVXOW� RI� EDLW�
LQJHVWLRQ�� 7KH� VDPSOHV�ZHUH� GULHG� DW� ��°&� RYHUQLJKW� DQG� UHZHLJKHG� WR� GHWHUPLQH� GU\�ZHLJKW��
'ULHG�VDPSOHV�RI�IDHFHV�ZHUH�DQDO\VHG�IRU�EURGLIDFRXP�FRQFHQWUDWLRQ�XVLQJ�/DQGFDUH�5HVHDUFK�
7R[LFRORJ\�/DERUDWRU\�0HWKRG�����$VVD\�RI�%URGLIDFRXP�%DLWV�DQG�&RQFHQWUDWHV�E\�+3/&��D�
PHWKRG�EDVHG�RQ�WKDW�RI�+XQWHU��������DQG�,&,�PHWKRG�3360���������6DPSOHV�ZHUH�H[WUDFWHG�LQ�
��P/�LQVWHDG�RI���P/�DQG�ZKLOH�QR�0'/�ZDV�GHWHUPLQHG��PHWKRG�XQFHUWDLQW\������&�,���ZDV�
�����UHSRUW�7�����LQ�$SSHQGL[�����

�
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������ 6WDWLVWLFDO�DQDO\VHV�
$OO�PHDQ� UHVLGXH� FRQFHQWUDWLRQV� DUH� UHSRUWHG�ZLWK� WKH� VWDQGDUG� HUURU� RI� WKDW�PHDQ� LQ� EUDFNHWV��
'DWD� IURP�7ULDOV���� �� DQG���ZHUH�SRROHG� IRU� UHJUHVVLRQ� DQDO\VLV�RI�EURGLIDFRXP�GRVH� LQJHVWHG�
DJDLQVW�OLYHU�UHVLGXHV��XVLQJ�WKH�OLQHDU�PRGHOOLQJ�SURFHGXUH�LQ�5��YHUVLRQ���������3RROLQJ�RI�WKLV�
GDWD� ZDV� MXVWLILHG� DV� WKH� WKUHH� WULDOV� XVHG� WKH� VDPH� VWUDLQ� DQG� VH[� RI� ODERUDWRU\� UDWV�� ZHUH�
FRQGXFWHG� LQ� WKH� VDPH� KRXVLQJ� �� H[SHULPHQWDO� FRQGLWLRQV� DQG� XVHG� WKH� VDPH� EURGLIDFRXP�EDLW�
W\SH��

����5HVXOWV�

� �������%URGLIDFRXP�EDLW�LQWDNH�DQG�OLYHU�UHVLGXH�FRQFHQWUDWLRQV�LQ�ODERUDWRU\�UDWV�
%URGLIDFRXP� FRQFHQWUDWLRQV� PHDVXUHG� LQ� µ3HVWRII� URGHQW� EDLW� ��5¶� FHUHDO� SHOOHWV� ZHUH� �����
µJ�J�IRU�7ULDO����/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7������$SSHQGL[����DQG������
µJ�J� IRU�7ULDOV� �� DQG� �� �/DQGFDUH�5HVHDUFK� WR[LFRORJ\� ODERUDWRU\� UHSRUW�7������$SSHQGL[� ����
7KHVH�FRQFHQWUDWLRQV�ZHUH�XVHG�LQ�FDOFXODWLRQV�RI�EURGLIDFRXP�H[SRVXUH��1RQH�RI�WKH�FRQWURO�UDWV�
LQ�7ULDOV���WR���VKRZHG�DQ\�VLJQV�RI�SRLVRQLQJ��DQG�WKHUH�ZDV�QR�GHWHFWDEOH�EURGLIDFRXP�LQ�WKHLU�
OLYHU�VDPSOHV���

,Q�7ULDO����UDWV�RIIHUHG�DQ�HIIHFWLYH� OHWKDO�GRVH�RI�EURGLIDFRXP�EDLW��DOO� WZHOYH�RI� WKH�UDWV�GLHG��
LQJHVWLQJ�D�PHDQ� WRWDO�RI�������������PJ�NJ�EURGLIDFRXP�RYHU� WKH� IRXU�GD\V��7KH\�DOO� VKRZHG�
VRPH�VLJQV�W\SLFDO�RI�DQWLFRDJXODQW�SRLVRQLQJ��H�J��DQHPLF�DQG�XQJURRPHG�DSSHDUDQFH��KXQFKHG�
SRVWXUH��UHGXFHG�IRRG�LQWDNH��YLVLEOH�EOHHGLQJ�IURP�QRVH��7LPHV�WR�GHDWK�UDQJHG�IURP����WR�����
KRXUV�� ZLWK� D� PHDQ� RI� ������ �� ������ KRXUV� �DSSUR[LPDWHO\� ����� GD\V��� /LYHU� EURGLIDFRXP�
FRQFHQWUDWLRQV� UDQJHG� IURP� ����� WR� ����� µJ�J� ZLWK� D� PHDQ� RI� ����� �� ����� µJ�J� �/DQGFDUH�
5HVHDUFK� WR[LFRORJ\� ODERUDWRU\� UHSRUW� 7������ $SSHQGL[� 7KUHH�� DQG� PXVFOH� FRQFHQWUDWLRQV�
UDQJHG�IURP������WR������µJ�J�ZLWK�D�PHDQ�RI�������������µJ�J��/DQGFDUH�5HVHDUFK�WR[LFRORJ\�
ODERUDWRU\�UHSRUW�7������$SSHQGL[������,Q�7ULDO����UDWV�RIIHUHG�WR[LF�EDLW�DG�OLELWXP�IRU����KRXUV��
WKH� WKUHH� FRQWURO� UDWV� FRQVXPHG� D�PHDQ� RI� ������ J� RI� QRQ�WR[LF� IRRG�� 2QH� RI� WKH� WZHOYH� UDWV�
RIIHUHG�WR[LF�EDLW�FRQVXPHG�RQO\������J��EXW�WKH�RWKHU�HOHYHQ�FRQVXPHG�EHWZHHQ�������DQG�������
J�WR[LF�EDLW�IRU�DQ�RYHUDOO�PHDQ�RI��������������J�EDLW��HTXLYDOHQW�WR�D�PHDQ�EURGLIDFRXP�GRVH�RI�
������������PJ�NJ���/LYHU�UHVLGXHV�UDQJHG�IURP������µJ�J��LQ�WKH�UDW�WKDW�DWH�RQO\�D�VPDOO�DPRXQW�
RI� EDLW�� WR� ����� µJ�J�� IRU� D� PHDQ� FRQFHQWUDWLRQ� RI� ����� �� ����� µJ�J� �/DQGFDUH� 5HVHDUFK�
WR[LFRORJ\�ODERUDWRU\�UHSRUW�7������$SSHQGL[�����
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,Q�7ULDO� ���PHDQ�GDLO\� LQWDNH� RI� QRQ�WR[LF� IHHG� E\� WKH� WKUHH� FRQWURO� UDWV� UDQJHG� IURP������� WR�
������J�SHU�GD\��,Q�WKH�ILUVW�ILYH�GD\V��PHDQ�GDLO\�LQWDNH�RI�WR[LF�EDLW�E\�WKH�WZHOYH�UDWV�UDQJHG�
EHWZHHQ�������DQG�������J�EXW�GHFUHDVHG�VKDUSO\�IURP�GD\� ILYH�RQZDUGV�DV�VLJQV�RI�SRLVRQLQJ�
DQG�PRUWDOLW\�RFFXUUHG��)LJ�������5DWV�FRQVLVWHQWO\�DWH�PRUH�WR[LF�EDLW� WKDQ�QRQ�WR[LF�IRRG��)LJ�
������LQGLFDWLQJ�KLJK�SDODWDELOLW\�RI�3HVWRII���5�SHOOHWV��5DWV�FRQVXPHG�DQ�HVWLPDWHG�ILYH�WLPHV�
/'���GRVH�RQ�WKH�ILUVW�GD\��DQG�DWH�D�WRWDO�PHDQ�RI�������±������J�EDLW�EHIRUH�GHDWK��HTXLYDOHQW�WR�
D�PHDQ������±������PJ�NJ�LQWDNH�RI�EURGLIDFRXP��$OO�WZHOYH�UDWV�GLHG�ZLWK�WLPHV�WR�GHDWK�UDQJLQJ�
IURP�VL[�WR�WKLUWHHQ�GD\V��)LJ�������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�OLYHU�UDQJHG�IURP������WR�������
µJ�J��ZLWK�D�PHDQ�RI�������������µJ�J��/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7������
$SSHQGL[�����
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�
)LJXUH������0HDQ�DPRXQWV��J���VWDQGDUG�HUURU��RI�EURGLIDFRXP�EDLW�DQG�QRQ�WR[LF�IRRG�HDWHQ�E\�
UDWV�LQ�7ULDO����DQG�WKH�PRUWDOLW\�RI�WKHVH�UDWV�RYHU����GD\V��7KH�HVWLPDWHV�RI�PHDQ�GDLO\�DPRXQWV�
HDWHQ�ZHUH�FDOFXODWHG�IRU�HDFK�UDW�RQ�HDFK�GD\��VR�WKH�PHDQV�VKRZQ�DFFRXQW�IRU�WKH�GHFUHDVH�LQ�
WKH�QXPEHUV�RI�UDWV�DOLYH�DV�WKH�WULDO�SURJUHVVHG��
7KH� FRPELQHG� OLYHU� UHVLGXH� UHVXOWV� DUH� VXPPDULVHG� LQ� )LJ� ����� 7KHUH�ZDV� D� KLJKO\� VLJQLILFDQW�
HIIHFW� RI� EURGLIDFRXP� LQJHVWHG� �GRVH�� RQ� OLYHU� UHVLGXH� FRQFHQWUDWLRQ� �VORSH �������� 6'(�
VORSH ��������W�� ������S���������UHJDUGOHVV�RI�ZKHWKHU�WKH�UDW�KDG�GLHG�RI�EURGLIDFRXP�SRLVRQLQJ�
�7ULDOV���DQG����RU�KDG�EHHQ�HXWKDQDVHG�IRU�VDPSOLQJ��7ULDO������
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HIIHFWLYH�OHWKDO�GRVH

7ULDO��

7ULDO��

7ULDO��

7ULDO���
RXWOLHU

�
)LJXUH� �����&RQFHQWUDWLRQV� RI� EURGLIDFRXP� LQ� ODERUDWRU\� UDW� OLYHU� DIWHU� WKUHH� GLIIHUHQW� EDLW� ����
SSP�EURGLIDFRXP��LQWDNH�VFHQDULRV��7ULDO���ZKHUH�UDWV�ZHUH�RIIHUHG�DQ�HIIHFWLYH� OHWKDO�GRVH��F��
�����PJ�NJ��RI�EURGLIDFRXP�EDLW�DQG�OLYHUV�VDPSOHG�DIWHU�SRLVRQLQJ�PRUWDOLW\��7ULDO���ZKHUH�UDWV�
IHG� DG� OLELWXP� RQ� EURGLIDFRXP� EDLW� IRU� RQH� QLJKW� DQG�ZHUH� HXWKDQDVHG� IRU� OLYHU� VDPSOLQJ� WKH�
IROORZLQJ�GD\�DQG�7ULDO���ZKHUH�UDWV�IHG�RQ�EURGLIDFRXP�EDLW�XQWLO�SRLVRQLQJ�PRUWDOLW\���
�

� �������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�IDHFHV�RI�UDWV�IHHGLQJ�RQ�EDLW�

6RPH� IDHFDO� SHOOHWV�ZHUH� REVHUYHG� WR� KDYH� YDULDEOH� VKDGHV�RI� JUHHQ� FRORXUDWLRQ� LQVWHDG� RI� WKH�
XVXDO�EURZQ��LQGLFDWLQJ��DW�OHDVW��SRRU�GLJHVWLRQ�RI�WKH�G\H�FRQWDLQHG�LQ�WKH�EURGLIDFRXP�EDLW��7KH�
IHPDOH�1RUZD\�UDW�VXUYLYHG��SUHIHUULQJ�WKH�QRQ�WR[LF�EDLW�DQG�HDWLQJ�RQO\�DQ�HVWLPDWHG�����J�RI�
WR[LF�EDLW�RYHU�WHQ�GD\V��)LJ�������7KH�PDOH�1RUZD\�UDW�GLHG�RQ�GD\�ILYH��LQJHVWLQJ�DQ�HVWLPDWHG�
WRWDO�RI�����J�WR[LF�EDLW��HTXLYDOHQW�WRWDO�������µJ�EURGLIDFRXP��DSSUR[LPDWLQJ������PJ�NJ�GRVH��
�)LJ� ������ 7KH� IHPDOH� VKLS� UDW� GLHG� RQ� GD\� WHQ�� LQJHVWLQJ� DQ� HVWLPDWHG� WRWDO� RI� �� J� WR[LF� EDLW�
�HTXLYDOHQW�WRWDO�������µJ�EURGLIDFRXP��DSSUR[LPDWLQJ������PJ�NJ�GRVH���)LJ�������7KH�PDOH�VKLS�
UDW� GLHG� RQ� GD\� HLJKW�� LQJHVWLQJ� DQ� HVWLPDWHG� WRWDO� RI� ��� J� WR[LF� EDLW� �HTXLYDOHQW� WRWDO� ����µJ�
EURGLIDFRXP��DSSUR[LPDWLQJ������PJ�NJ�GRVH���)LJ�������
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�
)LJXUH������$PRXQWV�RI�WR[LF��3HVWRII�5RGHQW�%ORFNV�����SSP�EURGLIDFRXP��DQG�QRQ�WR[LF��56��
SHOOHWV��EDLW�HDWHQ�E\�D�IHPDOH�1RUZD\�UDW��DQG�WKH�GDLO\�ZHLJKWV�RI�IDHFHV�FROOHFWHG�DQG�GULHG�DW�
��°&��7KLV�UDW�GLG�QRW�LQJHVW�D�WR[LF�GRVH�RI�EURGLIDFRXP�EDLW�RYHU�HOHYHQ�GD\V��
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�
)LJXUH������$PRXQWV�RI�WR[LF��3HVWRII�5RGHQW�%ORFNV�����SSP�EURGLIDFRXP��DQG�QRQ�WR[LF��56��
SHOOHWV��EDLW�HDWHQ�E\�D�PDOH�1RUZD\�UDW��DQG�WKH�GDLO\�ZHLJKWV�RI�IDHFHV�FROOHFWHG�DQG�GULHG�DW�
��°&��7KLV�UDW�GLHG�RQ�GD\���DIWHU�LQJHVWLQJ�DQ�HVWLPDWHG�WRWDO�RI������PJ�NJ�EURGLIDFRXP��
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SHOOHWV�� EDLW� HDWHQ� E\� D� IHPDOH� VKLS� UDW�� DQG� WKH� GDLO\�ZHLJKWV� RI� IDHFHV� FROOHFWHG� DQG� GULHG� DW�
��°&��7KLV�UDW�GLHG�RQ�GD\����DIWHU�LQJHVWLQJ�DQ�HVWLPDWHG�WRWDO�RI������PJ�NJ�EURGLIDFRXP��
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�
)LJXUH������$PRXQWV�RI�WR[LF��3HVWRII�5RGHQW�%ORFNV�����SSP�EURGLIDFRXP��DQG�QRQ�WR[LF��56��
SHOOHWV��EDLW�HDWHQ�E\�D�PDOH�VKLS�UDW��DQG�WKH�GDLO\�ZHLJKWV�RI�IDHFHV�FROOHFWHG�DQG�GULHG�DW���°&��
7KLV�UDW�GLHG�RQ�GD\���DIWHU�LQJHVWLQJ�DQ�HVWLPDWHG�WRWDO�RI������PJ�NJ�EURGLIDFRXP��
�
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%URGLIDFRXP�ZDV�QRW�GHWHFWHG�LQ�DQ\�IDHFHV�FROOHFWHG�IURP�WKH�IHPDOH�1RUZD\�UDW�WKDW�GLG�QRW�HDW�
D�OHWKDO�DPRXQW��8VLQJ�WKH�GU\�ZHLJKW�RI�IDHFHV�DQG�WKH�PHDVXUHG�EURGLIDFRXP�FRQFHQWUDWLRQ�LQ�
HDFK�GDLO\�VDPSOH�RI�IDHFHV��LW�ZDV�HVWLPDWHG�WKDW�WKH�PDOH�1RUZD\�UDW�H[FUHWHG�D�WRWDO�������µJ�
EURGLIDFRXP��F������RI�WKH�WRWDO��������µJ�EURGLIDFRXP�LQJHVWHG���)LJ�������WKH�IHPDOH�VKLS�UDW�
H[FUHWHG�D�WRWDO�������µJ��F��������RI�WKH�WRWDO�������µJ�EURGLIDFRXP�LQJHVWHG���)LJ������DQG�WKH�
PDOH�VKLS�UDW�H[FUHWHG�D�WRWDO�������µJ��F��������RI�WKH�WRWDO�������µJ�EURGLIDFRXP�LQJHVWHG���)LJ�
������ 7KH� FRQFHQWUDWLRQV� RI� EURGLIDFRXP� PHDVXUHG� LQ� GDLO\� FROOHFWLRQV� RI� GULHG� IDHFDO� SHOOHWV�
UDQJHG� IURP� ����� µJ�J� �IHPDOH� VKLS� UDW�� WR� ����� µJ�J� �PDOH� 1RUZD\� UDW��� ZLWK� DQ� DYHUDJH�
FRQFHQWUDWLRQ��DOO�UDWV�DQG�DOO�GD\V�ZKHUH�EURGLIDFRXP�ZDV�GHWHFWDEOH�LQ�IDHFHV��RI��������������
µJ�J���
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�
)LJXUH������(VWLPDWHG�WRWDO�GDLO\�DPRXQWV�RI�EURGLIDFRXP��µJ��LQJHVWHG�LQ�EDLW�DQG�H[FUHWHG�LQ�
IDHFHV�E\�D�PDOH�1RUZD\�UDW�EHIRUH�SRLVRQLQJ�PRUWDOLW\��&RQFHQWUDWLRQ�RI�EURGLIDFRXP�PHDVXUHG�
LQ� GULHG� IDHFHV� �µJ�J�� VKRZQ� DV� ��•��� ZLWK� VFDOH� UHODWLYH� RQ� WKH� ULJKW� KDQG� \� D[LV� UHODWLYH� WR�
EURGLIDFRXP�FRQFHQWUDWLRQ�LQ�EDLW��
�
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)LJXUH������(VWLPDWHG�WRWDO�GDLO\�DPRXQWV�RI�EURGLIDFRXP��µJ��LQJHVWHG�LQ�EDLW�DQG�H[FUHWHG�LQ�
IDHFHV�E\�D�IHPDOH�VKLS�UDW�EHIRUH�SRLVRQLQJ�PRUWDOLW\��&RQFHQWUDWLRQ�RI�EURGLIDFRXP�PHDVXUHG�
LQ� GULHG� IDHFHV� �µJ�J�� VKRZQ� DV� ��•��� ZLWK� VFDOH� UHODWLYH� RQ� WKH� ULJKW� KDQG� \� D[LV� UHODWLYH� WR�
EURGLIDFRXP�FRQFHQWUDWLRQ�LQ�EDLW��
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�
)LJXUH������(VWLPDWHG�WRWDO�GDLO\�DPRXQWV�RI�EURGLIDFRXP��µJ��LQJHVWHG�LQ�EDLW�DQG�H[FUHWHG�LQ�
IDHFHV�E\�D�PDOH�VKLS�UDW�EHIRUH�SRLVRQLQJ�PRUWDOLW\��&RQFHQWUDWLRQ�RI�EURGLIDFRXP�PHDVXUHG�LQ�
GULHG� IDHFHV� �µJ�J�� VKRZQ� DV� ��•��� ZLWK� VFDOH� UHODWLYH� RQ� WKH� ULJKW� KDQG� \� D[LV� UHODWLYH� WR�
EURGLIDFRXP�FRQFHQWUDWLRQ�LQ�EDLW��
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� �������%URGLIDFRXP�EDLW�LQWDNH�DQG�OLYHU�UHVLGXH�FRQFHQWUDWLRQV�LQ�ODERUDWRU\�UDWV�
7KH�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�DPRXQW�RI�EURGLIDFRXP�LQJHVWHG�DQG�UHVXOWLQJ�FRQFHQWUDWLRQV�
LQ�UDW�OLYHU�KDV�LPSOLFDWLRQV�IRU�EDLWLQJ�SUDFWLFHV�DQG�PLQLPL]DWLRQ�RI�VHFRQGDU\�KD]DUG��0RULQ�HW�
DO���������GHVFULEHG�D�VLPLODU�FRUUHODWLRQ�EHWZHHQ�WKH�TXDQWLW\�RI�EURPDGLRORQH�FRQVXPHG�LQ�EDLW�
E\� FR\SX� �0\RFDVWRU� FR\SXV�� DQG� WKH� DPRXQWV� RI� EURPDGLRORQH� TXDQWLILHG� LQ� OLYHU�� 7KH� OLYHU�
FRQFHQWUDWLRQV�RI�EURGLIDFRXP�PHDVXUHG�LQ�7ULDOV���WR���DUH�LQ�WKH�JHQHUDO�UDQJH�UHSRUWHG�LQ�RWKHU�
VWXGLHV�ZLWK�ODERUDWRU\�UDWV��%DFKPDQQ�DQG�6XOOLYDQ��������UHSRUWHG�OLYHU�FRQFHQWUDWLRQV�RI�����
����µJ�J� LQ�PDOH� ODERUDWRU\� UDWV� GRVHG�ZLWK� ����PJ�NJ� EURGLIDFRXP� DQG� HXWKDQDVHG� ��� KRXUV�
ODWHU�� /RZHU� FRQFHQWUDWLRQV� ZHUH� PHDVXUHG� E\� 0RVWHUG� 	� 7KLMVVHQ� ������� IROORZLQJ�
DGPLQLVWUDWLRQ�RI�����PJ�NJ�EURGLIDFRXP�WR�ODERUDWRU\�UDWV�DQG�HXWKDQDVLD�RI�JURXSV�DW�LQWHUYDOV�
IURP�GD\��� WR����DIWHUZDUGV��ZLWK�PHDQ�EURGLIDFRXP�OLYHU�FRQFHQWUDWLRQV�RI������ WR������µJ�J��
5D\�HW�DO���������IHG�UDWV����SSP�EURGLIDFRXP�EDLW��DQG�WKUHH�RI�WKHVH�GLHG�ZLWKLQ���GD\V��DIWHU�
LQJHVWLQJ�HVWLPDWHG�GRVHV�RI�����������DQG�������ZLWK�FRUUHVSRQGLQJ�OLYHU�FRQFHQWUDWLRQV�RI������
�����DQG�����µJ�J��,I�WKH�H[SRVXUH�DQG�OLYHU�UHVLGXH�YDOXHV�IURP�WKHVH�WKUHH�RWKHU�UDW�VWXGLHV�ZHUH�
LPSRVHG�RQ�)LJ������WKH\�ZRXOG�IDOO�ZLWKLQ�WKH�FRQILGHQFH�LQWHUYDOV�HVWLPDWHG�IRU�WKH�VORSH�RI�WKH�
UHJUHVVLRQ��

7KH�KLJKHVW�EURGLIDFRXP�FRQFHQWUDWLRQ�PHDVXUHG�LQ�UDW�OLYHU�KHUH�����XJ�J�LQ�7ULDO����DSSURDFKHG�
WKH� ��� SSP� XVHG� LQ� EDLW� IRUPXODWLRQV�� DPRQJ� WKH� KLJKHVW� UHVLGXDO� FRQFHQWUDWLRQV� SUHYLRXVO\�
UHSRUWHG� IRU� UDW� OLYHU��+RZDOG�HW� DO�� ������� UHSRUWHG� OLYHU� EURGLIDFRXP�FRQFHQWUDWLRQV� RI� �����
�����µJ�J��ZHW�ZHLJKW��LQ�1RUZD\�UDWV�UHFRYHUHG�GHDG�DIWHU�DQ�HUDGLFDWLRQ�EDLWLQJ�RSHUDWLRQ�RQ�
/DQJDUD� ,VODQG�� 7ULDOV� �� DQG� ��� ZKHUH� UDWV� GLHG� RI� SRLVRQLQJ�� VLPXODWH� EHVW� DQG� ZRUVW� FDVH�
�UHVSHFWLYHO\��IRU�VHFRQGDU\�KD]DUG�WR�VFDYHQJHUV�RI�UDW�FDUFDVVHV�RU�SUHGDWRUV�RI�PRULEXQG�UDWV��
7DNLQJ�WKH�DYHUDJH�OLYHU�FRQFHQWUDWLRQ�IURP�7ULDO���������µJ�J���D�WKHRUHWLFDO�QRQ�WDUJHW�DQLPDO�
ZHLJKLQJ�����J�DQG�ZLWK�WKH�VDPH�VXVFHSWLELOLW\�DV�UDWV�WR�EURGLIDFRXP��/'��������PJ�NJ��ZRXOG�
KDYH� WR� LQJHVW�F������J�RI� UDW� OLYHU� WR�EH�DW�����ULVN�RI�PRUWDOLW\�±�EXW�XVLQJ� WKH�DYHUDJH� OLYHU�
FRQFHQWUDWLRQ�IURP�7ULDO����������µJ�J��WKH�VDPH�WKHRUHWLFDO�QRQ�WDUJHW�DQLPDO�ZRXOG�RQO\�QHHG�
WR�LQJHVW�F������J�RI�UDW�OLYHU�WR�EH�DW�ULVN��$YHUDJH�OLYHU�ZHLJKW�LQ�DGXOW�ODERUDWRU\��1RUZD\��UDWV�
KDV�EHHQ�HVWLPDWHG�DW������J��DSSUR[LPDWHO\������RI� WKH� WRWDO�ERG\ZHLJKW� �/DQGFDUH�5HVHDUFK��
XQSXEO�� GDWD��� $� UDW� OLYHU� RI� WKLV� ZHLJKW� DQG� FRQWDLQLQJ� WKH� µZRUVW� FDVH¶� ��� µJ�J� UHVLGXDO�
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EURGLIDFRXP�ZRXOG�SUREDEO\�FRQVWLWXWH�D� OHWKDO�H[SRVXUH�IRU�D�VXVFHSWLEOH�QRQ�WDUJHW�DQLPDO�RI�
DSSUR[LPDWHO\� ���� J� ERG\ZHLJKW��2YHUDOO� WKHVH� UHVXOWV� LQGLFDWH� WKDW� VHFRQGDU\� KD]DUG� WR� QRQ�
WDUJHW� ZLOGOLIH� �UHSUHVHQWHG� E\� WKH� UHVLGXDO� FRQFHQWUDWLRQ� RI� EURGLIDFRXP� LQ� UDW� OLYHU�� FDQ� EH�
PLQLPLVHG�E\� OLPLWLQJ�EURGLIDFRXP�EDLW�XSWDNH�E\� WKH� WDUJHW�VSHFLHV� WR�DQ�HIIHFWLYH� OHWKDO�GRVH�
RQO\��'XERFN��������SURYLGHV�D�FRPSUHKHQVLYH�UDWLRQDOH�IRU�XVLQJ�EURGLIDFRXP�LQ�SXOVHG�EDLWLQJ�
IRU�URGHQW�FRQWURO�LQ�XUEDQ�DQG�DJULFXOWXUDO�VLWXDWLRQV��ODUJHO\�MXVWLILHG�LQ�WHUPV�RI�LPSURYHG�FRVW�
HIILFDF\�RYHU�µVDWXUDWLRQ�EDLWLQJ¶�WHFKQLTXHV�XVHG�ZLWK�RWKHU�URGHQWLFLGHV��+RZHYHU�KH�DOVR�VWDWHV�
³WKH�SXOVHG�EDLWLQJ�WHFKQLTXH�LV�GHVLJQHG�WR�HQVXUH�WKDW�LQGLYLGXDO�URGHQWV�LQJHVW�OLWWOH�PRUH�EDLW�
WKDQ� LV� DEVROXWHO\� QHFHVVDU\� IRU� D� OHWKDO� GRVH�� 7KH� RSSRUWXQLW\� IRU� KHDY\� WR[LFDQW� ORDGLQJ� RI�
WLVVXHV�DW�GHDWK�VKRXOG�WKHUHIRUH�EH�UHGXFHG�FRPSDUHG�WR�DQLPDOV�ZKLFK�FRQVXPH�IDU�PRUH�WKDQ�D�
OHWKDO�GRVH�EHIRUH�GHDWK���´��7KLV�REVHUYDWLRQ�LV�ZHOO�ERUQH�RXW�E\�WKH�SRVLWLYH�UHODWLRQVKLS�VKRZQ�
KHUH�EHWZHHQ�EURGLIDFRXP�LQJHVWHG�DQG�UHVLGXDO�FRQFHQWUDWLRQ�LQ�UDW�OLYHU���

*URZLQJ� HYLGHQFH� RI� VHFRQGDU\� ULVN� �H�J�� (ULFNVRQ� 	� 8UEDQ� ������ KDV� FXUWDLOHG� VRPH�
DSSOLFDWLRQV�RI�EURGLIDFRXP��EXW�RWKHU�XVH�SDWWHUQV�FRQWLQXH� �DV� UHYLHZHG� LQ�&KDSWHU��������� ,Q�
SDUWLFXODU�� µRYHU� WKH� FRXQWHU¶� DYDLODELOLW\� WR� WKH� SXEOLF� DQG� RQJRLQJ� EDLW� VWDWLRQ� �ILHOG��
DSSOLFDWLRQV�RI�EURGLIDFRXP�LQ�1=�DUH�XQOLNHO\� WR�PLQLPLVH�EDLW� LQWDNH�E\� WKH� WDUJHW�VSHFLHV� WR�
HIIHFWLYH�OHWKDO�GRVHV��FUHDWLQJ�DQ�LQFUHDVHG�UHVLGXH�EXUGHQ�LQ�SRLVRQHG�DQLPDOV�DQG�VXEVHTXHQW�
VHFRQGDU\� KD]DUG� WR� QRQ�WDUJHW� ZLOGOLIH�� 'HYHORSPHQW� RI� EURDGVFDOH� EDLWLQJ� WHFKQLTXHV� IRU�
HUDGLFDWLRQ�RI�URGHQWV�KDV�VHHQ�EURGLIDFRXP�EHFRPH�DQ�LPSRUWDQW�FRQVHUYDWLRQ�WRRO��H�J��%XFNOH�
DQG�)HQQ�������ZLWK�PDQ\�SRWHQWLDO�LVODQG�DSSOLFDWLRQV��H�J��+RZDOG�HW�DO���������:KLOH�'XERFN�
�������PD\�QRW�KDYH�DQWLFLSDWHG�WKDW�LVODQG�HUDGLFDWLRQV�ZRXOG�EH�DGGHG�WR�WKH�WUDGLWLRQDO�IRFXV�
RI�URGHQW�EDLWLQJ�RQ�SURWHFWLQJ�KXPDQ�KHDOWK�DQG�SURGXFWLRQ�YDOXHV��KH�GHVFULEHV�D�VFHQDULR�IRU�
WKH�XVH�RI�SXOVHG�EDLWLQJ�DJDLQVW�SRSXODWLRQV�ZKHUH�DOO�URGHQWV�FDQ�IHHG�RQ�WKH�ILUVW�DQG�RQO\�EDLW�
DSSOLFDWLRQ�� VWDWLQJ� ³��VXFK� D� VLWXDWLRQ� RFFXUV� ZKHUH� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� QXPEHU� DQG�
WR[LFLW\� RI� EDLW� SRLQWV� DQG� QXPEHU�� VXVFHSWLELOLW\� WR� WKH� WR[LFDQW�� DQG� EHKDYLRXU� RI� LQGLYLGXDO�
URGHQWV� LV� VXFK� WKDW�QR� LQGLYLGXDO� DQLPDO� LV� SUHYHQWHG�E\� VRFLDO� LQWHUDFWLRQ�RU� DQ\�RWKHU� IDFWRU�
IURP�LQJHVWLQJ�D�OHWKDO�GRVH�RI�WKH�ILUVW�EDLW�DSSOLFDWLRQ��&RQVHTXHQWO\�DOO�URGHQWV�LQJHVW�D�OHWKDO�
GRVH�DQG��RQ�WKH�DYHUDJH��DOO�DUH�GHDG�DERXW���ZHHN�DIWHU�SODFLQJ�WKH�EDLW��7KLV�VLWXDWLRQ�GRHV�QRW�
RQO\�RFFXU�ZKHQ� WKH� URGHQW�SRSXODWLRQ� LV�RI�D� ORZ�GHQVLW\�� LW�PD\�DOVR�RFFXU�ZKHUH� WKH� URGHQW�
SRSXODWLRQ�GHQVLW\�LV�YHU\�KLJK�EXW�WKH�GHQVLW\�RI�WKH�EDLW�DQG�LWV�GLVWULEXWLRQ�LV�DUUDQJHG�VR�WKDW�
DOO� LQGLYLGXDOV� KDYH� WKH� RSSRUWXQLW\� IRU� OHWKDO� LQJHVWLRQ� RI� URGHQWLFLGH� ZLWKLQ� WKH� VDPH� VKRUW�
WLPH´��3HUKDSV�QRW�FRLQFLGHQWDOO\��'XERFN¶V�VWDWHPHQW�SURYLGHV�D�QHDW�VXPPDU\�RI�WKH�UDWLRQDOH�
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XQGHUSLQQLQJ�DHULDO�DSSOLFDWLRQV�RI�EURGLIDFRXP�EDLWV�RQ�LVODQGV��ZKHUH�DOO�WDUJHW�URGHQWV�PXVW�EH�
SXW� DW� ULVN� WR� DFKLHYH� HUDGLFDWLRQ� �H�J�� %RPIRUG� DQG� 2¶%ULHQ� ������� 7KXV�� FXUUHQW� µRQH� RII¶�
DSSOLFDWLRQV� RI� EURGLIDFRXP� IRU� LVODQG� HUDGLFDWLRQV� RI� URGHQWV� XWLOLVH� WKH� SULQFLSOHV� RI� SXOVHG�
EDLWLQJ� DQG� DUH� OLNHO\� WR� PLQLPLVH� WKH� DPRXQW� RI� EURGLIDFRXP� HQWHULQJ� WKH� HQYLURQPHQWDO�
UHVHUYRLU�FRPSULVHG�E\�SRLVRQHG�URGHQWV��7KLV� LV�DQ� LPSRUWDQW�FRQWUDVW� WR�VXVWDLQHG�RU�UHSHDWHG�
DSSOLFDWLRQV�� ZKLFK� QHHGV� WR� EH� FRQVLGHUHG� LQ� ULVN� DVVHVVPHQWV� RU� DQ\� UHJXODWRU\� UHYLHZ� RI�
EURGLIDFRXP��

$OWKRXJK�RWKHU� WLVVXHV� DUH� OLNHO\� WR� FRQWDLQ� ORZHU� UHVLGXDO� FRQFHQWUDWLRQV� RI� EURGLIDFRXP� WKDQ�
OLYHU�� WKH� IRFXV� RQ� OLYHU� LQ� WKLV� VWXG\� LV� D� OLPLWDWLRQ� LQ� IXOO� HYDOXDWLRQ� RI� QRQ�WDUJHW� ULVN��
0HDVXUHPHQW�RI�ZKROH�ERG\�UHVLGXH�EXUGHQV�SURYLGH�D�PRUH�UHDOLVWLF�EDVLV�IRU�ULVN�DVVHVVPHQW�DV�
SUHGDWRUV� DQG� VFDYHQJHUV� ZLOO� FRQVXPH� RWKHU� WLVVXHV�� DQG� VRPHWLPHV� ZKROH� FDUFDVVHV� RI�
FRQWDPLQDWHG� UDWV�� ,Q� SDUWLFXODU�� JXW� FRQWHQWV� FRPSULVLQJ� SDUWLDOO\� GLJHVWHG� EDLW� PD\� KDYH�
UHODWLYHO\�KLJK�EURGLIDFRXP�FRQFHQWUDWLRQV�DQG�SUHVHQW�D�KD]DUG�WR�SUHGDWRUV�WKDW�HDW�ZKROH�UDWV��
7KH�SUHVHQFH�RI�EURGLIDFRXP�LQ�WKH�IDHFHV�RI�UDWV�WKDW�KDG�EHHQ�IHHGLQJ�RQ�EDLW�VXJJHVWV�WKDW�JXW�
FRQWHQWV�DW�DOO�VWDJHV�RI�GLJHVWLRQ��QRW�MXVW�VWRPDFK�FRQWHQWV��DUH�D�SRWHQWLDO�QRQ�WDUJHW�KD]DUG��

� �������%URGLIDFRXP�FRQFHQWUDWLRQV�LQ�IDHFHV�RI�UDWV�IHHGLQJ�RQ�EDLW�
)LHOG� REVHUYDWLRQV� RI� URGHQW� IDHFHV� FRORXUHG� WR� GLIIHUHQW� H[WHQWV� E\� WKH� JUHHQ� RU� EOXH� G\HV�
FRPPRQO\� XVHG� LQ� DQWLFRDJXODQW� EDLW� IRUPXODWLRQV� KDYH� IUHTXHQWO\� EHHQ� PDGH� E\� WKH� DXWKRU��
6LPLODU�REVHUYDWLRQV�LQ�RWKHU�VSHFLHV�VXFK�DV�FRPPRQ�JHFNRHV��+RSORGDFW\OXV�PDFXODWHV���+RDUH�
	� +DUH� ����E�� DQG� UDYHQV� �&RUYXV� FRUD[�� �+RZDOG� ������ KDYH� VXSSRUWHG� LQIHUHQFHV� RI� EDLW�
LQJHVWLRQ�� ,Q� UDWV�� FRORXUDWLRQ� RI� IDHFHV� SUREDEO\� DOVR� LQGLFDWHV� WKH� SUHVHQFH� RI� UHVLGXDO�
�XQGLJHVWHG�� SRLVRQ� �� WKH� UHVXOWV� KHUH� FRQILUP� WKDW� DQ� HVWLPDWHG� ��������� RI� LQJHVWHG�
EURGLIDFRXP� LV� H[FUHWHG� XQFKDQJHG� LQ� UDW� IDHFHV� WKURXJKRXW� WKH� SHULRG�EHWZHHQ� LQJHVWLRQ� RI� D�
OHWKDO�GRVH�DQG�GHDWK��7KXV�LQ�ILHOG�EDLWLQJ�VLWXDWLRQV�UHVLGXDO�EURGLIDFRXP�LV�QRW�MXVW�FRQWDLQHG�
LQ�UDW�WLVVXHV��EXW�VRPH�LV�DOVR�GLVWULEXWHG�LQ�WKH�HQYLURQPHQW�WKURXJK�UDW�IDHFHV��7KH�LPSOLFDWLRQV�
RI�WKLV�IRU�LQYHUWHEUDWHV�WKDW�IHHG�RQ�IDHFHV��RU�IRU�VRLO�FRQWDPLQDWLRQ�ZLWK�EURGLIDFRXP�DUH�QRW�
NQRZQ�EXW�FRXOG�EH� LQYHVWLJDWHG�E\�VWXGLHV�RI� WKH�UDWH�RI�GHJUDGDWLRQ�RI� IDHFDO�EURGLIDFRXP�LQ�
GLIIHUHQW�HQYLURQPHQWDO�FRQGLWLRQV��&RQWDPLQDWLRQ�RI�VWRFN�IHHG�RU�KXPDQ�IRRG�E\�URGHQW�IDHFHV�
LV� RI� JHQHUDO� FRQFHUQ� IURP� WKH� SHUVSHFWLYH� RI� ]RRQRWLF� GLVHDVH� WUDQVPLVVLRQ�� KRZHYHU� WKH�
SRVVLELOLW\� RI� EURGLIDFRXP� FRQWDPLQDWLRQ� WKURXJK� WKLV� SDWKZD\� FRXOG� EH� HVSHFLDOO\� LPSRUWDQW�
ZKHUH� LQWHQVLYH� IDUPV� KDYH� ODUJH� IHHG� VWRFNSLOHV� DQG� DVVRFLDWHG� SRSXODWLRQV� RI� UDWV� VXEMHFW� WR�
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FRQWURO� WKURXJK� VXVWDLQHG� EURGLIDFRXP� EDLWLQJ�� :KLOH� WKH� SRWHQWLDO� IRU� IDHFDO� EURGLIDFRXP� WR�
SRVH� D� VHFRQGDU\� KD]DUG� UHPDLQV� XQFOHDU�� LW� ZRXOG� EH� GHVLUDEOH� WR� PLQLPLVH� WKH� DPRXQW� RI�
EURGLIDFRXP� HQWHULQJ� WKH� HQYLURQPHQW� WKURXJK� WKLV� SDWKZD\�� $V� IRU� WLVVXH� UHVLGXHV�� EDLWLQJ�
VWUDWHJLHV� WKDW� PLQLPLVH� EURGLIDFRXP� LQWDNH� E\� WDUJHW� SHVW� VSHFLHV� WR� DQ� HIIHFWLYH� OHWKDO� GRVH�
ZRXOG�DGGUHVV�WKLV��

����&RQFOXVLRQV�
7KH�VHFRQGDU\�KD]DUG�SUHVHQWHG�WR�QRQ�WDUJHW�SUHGDWRUV�RU�VFDYHQJHUV�E\�FRQWDPLQDWHG�UDW�OLYHU�LV�
OLNHO\�WR�EH�GLUHFWO\�UHODWHG�WR�WKH�DPRXQW�RI�EURGLIDFRXP�LQJHVWHG�E\�UDWV��%DLWLQJ�VWUDWHJLHV�WKDW�
PDLQWDLQ� KLJK� HIILFDF\� RI� EURGLIDFRXP� DJDLQVW� URGHQWV� DQG� RWKHU� YHUWHEUDWH� SHVW� VSHFLHV�� DOVR�
QHHG�WR�ILQG�VRPH�EDODQFH�LQ�PLQLPLVLQJ�WKH�DPRXQW�RI�EURGLIDFRXP�DYDLODEOH�LQ�WKH�HQYLURQPHQW�
WKURXJK� URGHQW� WLVVXHV��JXW� FRQWHQWV�RU� IDHFHV��:KLOH� µRQH�RII¶� DSSOLFDWLRQV�RI�EURGLIDFRXP� IRU�
LVODQG� HUDGLFDWLRQ� RI� URGHQWV� DUH� PRUH� OLNHO\� WR� PHHW� WKLV� FULWHULRQ� VLPSO\� WKURXJK� GLVFUHWH�
GHOLYHU\� RI� D� GHILQHG� TXDQWLW\� RI� EDLW�� RWKHU� FXUUHQW� XVH� SDWWHUQV� GR� QRW�� ,Q� SDUWLFXODU�� RQJRLQJ�
ILHOG�DSSOLFDWLRQV� IRU�SRVVXP�DQG�UDW�FRQWURO� LQ�1=�DUH�XQOLNHO\� WR�PLQLPLVH�EDLW� LQWDNH�E\� WKH�
WDUJHW�VSHFLHV�WR�HIIHFWLYH�OHWKDO�GRVHV��FUHDWLQJ�DQ�LQFUHDVHG�UHVLGXH�EXUGHQ�LQ�SRLVRQHG�DQLPDOV�
DQG�LQFUHDVHG�VHFRQGDU\�KD]DUG�WR�QRQ�WDUJHW�ZLOGOLIH���
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&KDSWHU����'LSKDFLQRQH�DV�DQ�DOWHUQDWLYH�WR�EURGLIDFRXP�±�D�UHYLHZ�
�
���� 2YHUYLHZ�RI�DQWLFRDJXODQW�WR[LFLW\��URGHQW�UHVLVWDQFH�DQG�SHUVLVWHQFH�
6LQFH�WKH�����V��DQWLFRDJXODQW�FRPSRXQGV�KDYH�EHHQ�XVHG�ZRUOGZLGH�DV�SRLVRQV�IRU�WKH�FRQWURO�
RI� FRPPHQVDO� URGHQWV�� SDUWLFXODUO\� UDWV� �5DWWXV� VSS��� DQG� KRXVH� PLFH� �0XV� PXVFXOXV��� 7KHLU�
FRPPRQ�PRGH�RI�WR[LFLW\��ODUJHO\�GXH�WR�LQKLELWLRQ�RI�QRUPDO�V\QWKHVLV�RI�YLWDPLQ�.�GHSHQGHQW�
EORRG�FORWWLQJ�IDFWRUV�LQ�WKH�OLYHU��KDV�EHHQ�ZHOO�GHVFULEHG�E\�RWKHU�DXWKRUV��H�J��7KLMVVHQ�������
3DUPDU�	�%DWWHQ�������6XWFOLIIH�HW�DO��������DQG�ZLOO�QRW�EH�UHSHDWHG�KHUH�H[FHSW�WR�QRWH�UHFHQW�
LGHQWLILFDWLRQ� RI� WKH�PROHFXODU� ELQGLQJ� WDUJHW� RI� K\GUR[\FRXPDULQ� DQWLFRDJXODQWV� DW� WKH� VLWH� RI�
YLWDPLQ�.�HSR[LGH�UHGXFWDVH��*HEDXHU��������$QWLFRDJXODQWV�FDQ�EH�FODVVLILHG�DV�LQGDQGLRQHV�RU�
FRXPDULQV� E\� FKHPLFDO� VWUXFWXUH�� DQG� DOVR� DV� ILUVW�JHQHUDWLRQ� �)*$5�� RU� VHFRQG�JHQHUDWLRQ�
�6*$5��DFFRUGLQJ�WR�ZKHQ�WKH\�ZHUH�ILUVW�DYDLODEOH�DV�URGHQWLFLGHV��7DEOH��������

7DEOH� ����� 'DWH� RI� GHYHORSPHQW� DQG� XVH� RI� ILUVW�� DQG� VHFRQG�JHQHUDWLRQ� DQWLFRDJXODQW�
URGHQWLFLGHV��DQG�WKHLU�JURXSLQJ�E\�FKHPLFDO�VWUXFWXUH��%ULWLVK�&URS�3URWHFWLRQ�&RXQFLO��������

�������3LQGRQH�
�������'LSKDFLQRQH�
F�������&KORURSKDFLQRQH�
�

�
,QGDQGLRQH�

� �

�
�
)LUVW�
JHQHUDWLRQ�

������:DUIDULQ�
������&RXPDWHWUDO\O�

� �
�
6HFRQG��
JHQHUDWLRQ�

������'LIHWKLDORQH��
������%URGLIDFRXP�
������%URPDGLRORQH�
������)ORFRXPDIHQ�
������'LIHQDFRXP�

�
�
�
&RXPDULQ�
�
�

�

�

'HYHORSPHQW�RI�SK\VLRORJLFDO�UHVLVWDQFH�LQ�UDW�SRSXODWLRQV�VXEMHFWHG�WR�LQWHQVLYH�XVH�RI�)*$5V�
�H�J��-DFNVRQ�HW�DO��������0DF1LFROO�������VDZ�VXFFHVVLRQ�E\�WKH�PRUH�SRWHQW�6*$5V�WKDW�ZHUH�
HIIHFWLYH� DJDLQVW� UHVLVWDQW� URGHQWV� �H�J�� .DXNHLQHQ� 	� 5DPSDXG� ������� 5HVLVWDQFH� WR� VRPH�
6*$5V�� LQFOXGLQJ� GLIHQDFRXP�DQG� EURPDGLRORQH�� KDV� VLQFH� EHHQ� GRFXPHQWHG� �H�J��4X\�������
0LVHQKHLPHU� HW� DO�� ������ DOWKRXJK� WKH� FRQWULEXWLRQ� RI� UHVLVWDQFH� WR� WKH� UHGXFHG� RSHUDWLRQDO�
HIILFDF\�RI�6*$5V�KDV�EHHQ�TXHVWLRQHG��&RZDQ�HW�DO���������7KH�JHQHWLF�EDVLV�RI�DQWLFRDJXODQW�
UHVLVWDQFH�KDV�EHHQ�FKDUDFWHUL]HG�WRZDUGV�'1$�EDVHG�PRQLWRULQJ�RI�URGHQW�SRSXODWLRQV��3HO]�HW�
DO�� ������DQG� WKLV� DGDSWLYH� UHVSRQVH�RI� URGHQW�SHVWV� UHPDLQV�D� FKDOOHQJH� IRU� WKHLU�PDQDJHPHQW�
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SDUWLFXODUO\�LQ�(XURSH��WKH�8QLWHG�.LQJGRP�DQG�WKH�8QLWHG�6WDWHV��WDEOH�LQ�3HO]�HW�DO���������1R�
SXEOLVKHG�UHSRUWV�RI�EURGLIDFRXP�RU�IORFRXPDIHQ�UHVLVWDQFH� LQ�URGHQWV�ZHUH�IRXQG�LQ� OLWHUDWXUH��
WKXV� WKHVH� WZR� FRPSRXQGV� DSSHDU� FXUUHQWO\� WKH� PRVW� µXQLYHUVDOO\¶� HIIHFWLYH� DQWLFRDJXODQW�
URGHQWLFLGHV��:KLOH�D�PRUH�FRPSUHKHQVLYH�UHYLHZ�RI�DQWLFRDJXODQW�UHVLVWDQFH�LV�EH\RQG�WKH�VFRSH�
RI� WKLV� WKHVLV��D� ODFN�RI� IRUPDO�DVVHVVPHQWV�RI� WKH�UHVLVWDQFH�VWDWXV�RI�1=�URGHQW�SRSXODWLRQV� LV�
QRWHG��

,Q� JHQHUDO�� )*$5V� DUH� PRVW� WR[LF� ZKHQ� LQJHVWHG� DV� PXOWLSOH�� FRQVHFXWLYH� GRVHV� ZKHUHDV� WKH�
6*$5V��SDUWLFXODUO\�EURGLIDFRXP��DUH�FRQVLGHUHG� µVLQJOH� IHHG¶�SRLVRQV�EHFDXVH�RI� WKHLU�JUHDWHU�
DFXWH�WR[LFLW\��7KH�RSHUDWLRQDO�DGYDQWDJHV�RI�VLQJOH�IHHG�HIILFDF\�DUH�RXWOLQHG�LQ�&KDSWHU����7KH�
JHQHUDOO\� ORZHU� WR[LFLW\� RI� WKH� ILUVW�JHQHUDWLRQ� DQWLFRDJXODQWV� LV� DWWULEXWHG� WR� D� ORZHU� ELQGLQJ�
DIILQLW\�WR�VLWHV�LQ�WKH�OLYHU��3DUPDU�HW�DO��������+XFNOH�HW�DO���������KRZHYHU�WKHUH�FDQ�DOVR�EH�
FRQVLGHUDEOH�LQWHU�VH[�DQG�LQWHU�VWUDLQ�GLIIHUHQFHV�LQ�WR[LFLW\�RI�WKH�VDPH�DQWLFRDJXODQW�WR�URGHQWV�
�H�J��$VKWRQ�HW�DO���������7KH�OHWKDO�GRVH��/'����LV�WKH�DPRXQW�RI�SHVWLFLGH�UHTXLUHG�WR�NLOO�����RI�
D� SRSXODWLRQ� RI� DQLPDOV�� H[SUHVVHG� DV� PLOOLJUDP� RI� URGHQWLFLGH� SHU� NLORJUDP� RI� DQLPDO�
ERG\ZHLJKW� �PJ�NJ��� 7DEOH� ���� VKRZV� UHSUHVHQWDWLYH� DFXWH� RUDO� WR[LFLW\� YDOXHV� �/'���� IRU�
DQWLFRDJXODQWV�LQ�QRQ�UHVLVWDQW�1RUZD\�UDWV��5��QRUYHJLFXV���7KH�SHUVLVWHQFH�DQG�KDOI�OLIH�YDOXHV�
UHSRUWHG�IRU�YDULRXV�DQWLFRDJXODQWV�LQ�EORRG��SODVPD��DQG�OLYHU�DUH�VXPPDULVHG�LQ�7DEOH������

7DEOH�����5HSUHVHQWDWLYH�DFXWH�RUDO�WR[LFLW\�YDOXHV��/'����IRU�GLIIHUHQW�ILUVW�JHQHUDWLRQ��)*$5��
DQG�VHFRQG�JHQHUDWLRQ��6*$5��DQWLFRDJXODQWV�LQ�QRQ�UHVLVWDQW�DGXOW�1RUZD\�UDWV��5��QRUYHJLFXV��
RI�ERWK�VH[HV��

$QWLFRDJXODQW� 2UDO�/'����PJ�NJ��RU�
�PJ�NJ�SHU�GD\��LQ�5DWWXV�
QRUYHJLFXV�

5HIHUHQFH�
�

3LQGRQH��)*$5�� ��� 'XERFN�	�.DXNHLQHQ��������
'LSKDFLQRQH��)*$5�� ��

������PDOHV��
������IHPDOHV��
�����IRU���GD\V�

&RUUHOO�HW�DO���������
.XVDQR��������
.XVDQR��������
$VKWRQ�HW�DO���������

&KORURSKDFLQRQH��)*$5�� ���
�����
�����IRU���GD\V�

(ULFNVRQ�	�8UEDQ��������
-DFNVRQ�	�$VKWRQ��������
-DFNVRQ�	�$VKWRQ��������

:DUIDULQ��)*$5�� �����PDOHV��
����IHPDOHV��
�������

+DJDQ�	�5DGRPVNL��������
+DJDQ�	�5DGRPVNL��������
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(ULFNVRQ�	�8UEDQ��������
&RXPDWHWUDO\O��)*$5�� �����

����IRU���GD\V�
'XERFN�	�.DXNHLQHQ��������
%ULWLVK�&URS�3URWHFWLRQ�&RXQFLO�
�������

'LIHWKLDORQH��6*$5�� ����� -DFNVRQ�	�$VKWRQ������
'LIHQDFRXP��6*$5�� �����PDOHV��

�����IHPDOHV��
%XOO��������
%XOO��������

%URGLIDFRXP��6*$5�� ������PDOHV��
������IHPDOHV��

8QLWHG�6WDWHV�(3$��������
8QLWHG�6WDWHV�(3$��������

%URPDGLRORQH��6*$5�� �����±������
�����

(ULFNVRQ�	�8UEDQ��������
*UDQG��������

)ORFRXPDIHQ��6*$5�� ����� +XFNOH�HW�DO���������
�

7KH� WHQGHQF\� IRU� DQWLFRDJXODQWV� WR� SHUVLVW� LQ� PDPPDOLDQ� �UDW�� OLYHU� LV� LQIOXHQFHG� E\� WKH�
PDJQLWXGH�RI�WKH�GRVH�LQJHVWHG�DQG�WKH�UHODWLYH�DIILQLW\�RI�WKH�FRPSRXQG�IRU�VDWXUDEOH�UHFHSWRUV�
LQ�WKH�OLYHU��ZKLFK�GHWHUPLQHV�WKH�KHSDWLF�HOLPLQDWLRQ�KDOI�OLIH��Wò��DQG�WKH�SURSRUWLRQ�RI�WKH�GRVH�
UHWDLQHG��3DUPDU�HW�DO���������+HSDWLF�HOLPLQDWLRQ�RI�6*$5�FRXPDULQV�LV�GHVFULEHG�DV�ELSKDVLF��
ZLWK�D�UDSLG�LQLWLDO�SKDVH�DQG�PRUH�SURORQJHG�WHUPLQDO�SKDVH��H�J��6PLWK�HW�DO���������7KH�JHQHUDO�
WUHQG�LQ�WKH�FRXPDULQ�FRPSRXQGV�LV�IRU�KHSDWLF�SHUVLVWHQFH�WR�LQFUHDVH�ZLWK�WR[LFLW\��7DEOHV�����
DQG������VR�WKDW�6*$5V�DUH�UHFRJQLVHG�DV�SHUVLVWHQW�IRU�SURORQJHG�SHULRGV�LQ�OLYHU��H�J��(ULFNVRQ�
	�8UEDQ� �������%DFKPDQ�	�6XOOLYDQ� ������� VXJJHVWHG� WKDW� VHUXP�DQG� OLYHU� FRQFHQWUDWLRQV� RI�
EURGLIDFRXP�ZHUH� OLNHO\� WR�DFFXPXODWH�ZLWK� UHSHDWHG�GDLO\�H[SRVXUHV��EDVHG�RQ� VLPXODWLRQV�RI�
WKH�GDWD�WKH\�REWDLQHG�IROORZLQJ�D�VLQJOH�����PJ�NJ�GRVH�WR�ODERUDWRU\�UDWV��%LRDFFXPXODWLRQ�RI�
IORFRXPDIHQ�� DQRWKHU� VHFRQG�JHQHUDWLRQ� DQWLFRDJXODQW� ZLWK� UHODWLYHO\� KLJK� KHSDWLF� SHUVLVWHQFH��
KDV� EHHQ� GHPRQVWUDWHG� LQ� UDWV� IROORZLQJ� XS� WR� ��� ZHHNO\� UDGLR�ODEHOOHG� GRVHV� RI� ���� PJ�NJ�
�+XFNOH�HW�DO���������7KH�SHUVLVWHQFH�RI�WKH�6*$5�FRXPDULQV�LV�EHWWHU�GHVFULEHG�WKDQ�WKDW�RI�WKH�
)*$5V�� SDUWLFXODUO\� WKH� LQGDQGLRQHV�� IRU� ZKLFK� WKHUH� LV� UHODWLYHO\� OLPLWHG� GDWD� RQ� KHSDWLF�
SHUVLVWHQFH� �7DEOH� ������ $� UHFHQW� VWXG\� E\� )LVKHU� HW� DO�� ������� �7DEOH� ����� VXJJHVWV� WKDW� WKH�
JHQHUDO�WUHQG�VHHQ�ZLWK�WKH�FRXPDULQV��RI�LQFUHDVLQJ�KHSDWLF�SHUVLVWHQFH�ZLWK�LQFUHDVLQJ�WR[LFLW\��
PD\�QRW�DOVR�DSSO\�WR�LQGDQGLRQHV���

�

�
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7DEOH� ���� � 3HUVLVWHQFH� DQG� KDOI�OLIH� YDOXHV� UHSRUWHG� IRU� ILUVW�� DQG� VHFRQG�JHQHUDWLRQ� DQWLFRDJXODQWV� LQ� EORRG� �SODVPD�� DQG� OLYHU�
IROORZLQJ�D�UDQJH�RI�H[SRVXUH�OHYHOV�DQG�URXWHV�RI�DGPLQLVWUDWLRQ��Á�/LYHU�UHWHQWLRQ�LV�H[SUHVVHG�DV�WKH�WLPH�SHULRG�IRU�ZKLFK�UHVLGXHV�
DUH� UHSRUWHG� WR� SHUVLVW� LQ� WKH� OLYHU� XQOHVV� WKH� YDOXH� LV� SUHFHGHG� E\� Wò�� 3ODVPD� LV� Wò� XQOHVV� RWKHUZLVH� VSHFLILHG�� � 1RW� YLHZHG��
XQSXEOLVKHG�UHSRUW�FLWHG�E\�(ULFNVRQ�	�8UEDQ�������
�
� 6SHFLHV� %ORRG�Wò����KRXUV�� /LYHU�UHWHQWLRQ�Á��GD\V�� 5HIHUHQFH�
�
)LUVW�JHQHUDWLRQ�
DQWLFRDJXODQWV�

� � � �

:DUIDULQ� UDW��0�)�� ������� � 3\UROD������
� UDW� � Wò������ 7KLMVVHQ������
� UDW� � Wò������ )LVKHU�HW�DO�������
� UDEELW� �� � %UHFNHQULGJH�HW�DO�������
� SRVVXP� ��� � (DVRQ�HW�DO�������
� KXPDQ� ������ � .HOO\�	�2¶0DOOH\������
� KXPDQ� ����±����� � 2¶5HLOO\�HW�DO������
&RXPDWHWUDO\O� UDW� �� Wò���� 3DUPDU�HW�DO�������
3LQGRQH� UDW� � Wò����� )LVKHU�HW�DO�������
� GRJ� ���� � )LW]HN������
� VKHHS� � ����� 1HOVRQ�	�+LFNOLQJ������
'LSKDFLQRQH� UDW� � Wò��� )LVKHU�HW�DO�������
� FRZ� � !��� %XOODUG�HW�DO�������
� KXPDQ� ���±���� � :RUOG�+HDOWK�2UJDQLVDWLRQ������
&KORURSKDFLQRQH� UDW� ���� � %HOOHYLOOH������
� KXPDQ� ���±���� � %XUXFRD�HW�DO�������
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�
� 6SHFLHV� %ORRG�Wò����KRXUV�� /LYHU�UHWHQWLRQ�Á��GD\V�� 5HIHUHQFH�
6HFRQG�JHQHUDWLRQ�
DQWLFRDJXODQWV�

� � � �

'LIHWKLDORQH� UDW� ����� Wò����� /HFKHYLQ�	�3RFKH������
� UDW� � ò����� %HOOHYLOOH������
� � � ò���� %HOOHYLOOH������
� GRJ� ����±����� � 5REEHQ�HW�DO�������
'LIHQDFRXP� UDW� � Wò����� %UDWW������
� UDW� � Wò����� 3DUPDU�HW�DO�������
� UDEELW� ��� � %UHFNHQULGJH�HW�DO�������
%URPDGLRORQH� UDW� ��±��� � .DPLO������
� UDW� ��±��� Wò����� 3DUPDU�HW�DO�������
� UDW� � Wò����� +DZNLQV�HW�DO�������
� VKHHS� � ���� 1HOVRQ�	�+LFNOLQJ������
)ORFRXPDIHQ� UDW� � Wò����� +XFNOH�HW�DO�������
� VKHHS� � !���� 1HOVRQ�	�+LFNOLQJ������
� TXDLO� � Wò�!���� +XFNOH�HW�DO�������
� GRJ� � !���� 9HHQVWUD�HW�DO�������
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�
� 6SHFLHV� %ORRG�Wò����KRXUV�� /LYHU�UHWHQWLRQ�

Á�GD\V��
5HIHUHQFH�

6HFRQG�JHQHUDWLRQ�
DQWLFRDJXODQWV�

� � � �

%URGLIDFRXP� UDW� � Wò����� %DWWHQ�	�%UDWW������
� UDW� � Wò������WHUPLQDO�� %DWWHQ�	�%UDWW������
� UDW� � Wò����� +DZNLQV�HW�DO�������
� UDW� � Wò��������� %UDWW�	�+XGVRQ������
� UDW� � Wò����� %HOOHYLOOH������
� UDW� ���� !��� %DFKPDQQ�	�6XOOLYDQ������
� UDW� � Wò����� 3DUPDU�HW�DO�������
� UDW� � Wò������� )LVKHU�HW�DO�������
� UDEELW� ������WHUPLQDO�� � %UHFNHQULGJH�HW�DO�������
� GRJ� ���� � :RRG\�HW�DO�������
� GRJ� ����±������ � 5REEHQ�HW�DO�������
� GRJ� �����LQLWLDO��

�����WHUPLQDO��
� 0XUSK\�HW�DO�������

� SRVVXP� ���±���� !���� (DVRQ�HW�DO�������
� VKHHS� � !���� /DDV�HW�DO�������
� KRUVH� ����� � %RHUPDQV�HW�DO�������
� KXPDQ� ��±��� � :HLW]HO�HW�DO�������
� KXPDQ� ���� � %UHFNHQULGJH�HW�DO�������
� KXPDQ� ������ � +ROOLQJHU�	�3DVWRRU������
� KXPDQ� ������WHUPLQDO�� � 6WDQWRQ�HW�DO���������
� KXPDQ� �������WHUPLQDO�� � /HZLV�<RXQJHU�	�+RURZLW]��������
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����'LSKDFLQRQH�DV�DQ�DOWHUQDWLYH�WR�EURGLIDFRXP�
,Q� VHOHFWLQJ� DSSURSULDWH� SRLVRQV� IRU� YHUWHEUDWH� SHVW� FRQWURO��PDQDJHUV� QHHG� WR� EDODQFH� EHQHILWV�
DQG�FRVW� HIILFDF\�DJDLQVW�XQZDQWHG�HIIHFWV�� VXFK�DV�PRUWDOLW\�RU� VXEOHWKDO� HIIHFWV�RQ�QRQ�WDUJHW�
ZLOGOLIH��,QFUHDVLQJ�HYLGHQFH�RI�VHFRQGDU\�HIIHFWV�DQG�FRQWDPLQDWLRQ�RI�ZLOGOLIH�E\�EURGLIDFRXP�
�RXWOLQHG� LQ� &KDSWHU� ��� KDV� LQ� VRPH� FDVHV� SURPSWHG� UH�HYDOXDWLRQ� RI� WKH� XVH� SDWWHUQV� RI� WKLV�
KLJKO\� HIIHFWLYH� URGHQWLFLGH�� )RU� H[DPSOH�� WKH� 1=� 'HSDUWPHQW� RI� &RQVHUYDWLRQ� LPSOHPHQWHG�
UHVWULFWLRQV�RQ�WKH�XVH�RI�EURGLIDFRXP�IRU�FRQVHUYDWLRQ�SXUSRVHV�RQ�WKH�1=�PDLQODQG�EHFDXVH�RI�
GRFXPHQWHG� OHYHOV� RI� GLUHFW� DQG� LQGLUHFW� SRLVRQLQJ� RI� QRQWDUJHW� VSHFLHV� �'HSDUWPHQW� RI�
&RQVHUYDWLRQ��������5HVWULFWLRQV�RI�WKH�XVH�RI�EURGLIDFRXP�IRU�FRPPHQVDO�URGHQW�FRQWURO�LQ�WKH�
8QLWHG� .LQJGRP� DQG� (XURSH� DUH� LQ� UHFRJQLWLRQ� RI� LWV� SRWHQWLDO� IRU� XQZDQWHG� LPSDFWV� RQ�
ELRGLYHUVLW\� �H�J��%DNHU�HW�DO�� �������7KH� UHODWLYHO\�KLJK� ULVN�RI� VHFRQGDU\�SRLVRQLQJ�SRVHG�E\�
EURGLIDFRXP� WR� QRQ�WDUJHW�ZLOGOLIH� LV�PHGLDWHG� E\� WKH� SHUVLVWHQFH� RI� EURGLIDFRXP� LQ� OLYHU� DQG�
FDUFDVVHV��DQG�DFFRUGLQJO\�DWWHQWLRQ�KDV�WXUQHG�WR�LGHQWLI\LQJ�OHVV�SHUVLVWHQW�EXW�HTXDOO\�HIIHFWLYH�
DOWHUQDWLYH�URGHQWLFLGHV��:KLOH�DOO�RI�WKH�DQWLFRDJXODQWV�KDYH�WKH�DGYDQWDJHV�RI�GHOD\HG�RQVHW�RI�
SRLVRQLQJ��DQG�WKH�DYDLODELOLW\�RI�DQ�HIIHFWLYH�WUHDWPHQW�IRU�DFFLGHQWDO�SRLVRQLQJ��RQ�FXUUHQW�GDWD��
GLSKDFLQRQH�RIIHUV�DQ�RSWLPDO�FRPELQDWLRQ�RI�ORZHU�KHSDWLF�SHUVLVWHQFH��7DEOH������EXW�UHODWLYHO\�
KLJK�WR[LFLW\�WR�URGHQWV��7DEOH�������

� ������'LSKDFLQRQH�PHWDEROLVP��HOLPLQDWLRQ�DQG�SHUVLVWHQFH�
<X�HW�DO���������UHSRUWHG�WKDW�GLSKDFLQRQH�ZDV�QRW�H[WHQVLYHO\�PHWDEROLVHG�E\�UDWV�IROORZLQJ�RUDO�
DGPLQLVWUDWLRQ�RI�&���ODEHOOHG�GLSKDFLQRQH�DW�����RU�����PJ�NJ��ZLWK�PRUH�WKDQ�����RI�WKH�GRVH�
H[FUHWHG�LQ�IDHFHV�DQG�����LQ�XULQH�RYHU�HLJKW�GD\V��ZLWK�D�VLPLODU�HOLPLQDWLRQ�SDWWHUQ�REVHUYHG�
LQ�PLFH��&RQWLQXHG�HOLPLQDWLRQ�LQ�IDHFHV�RYHU�IRXU�WR�HLJKW�GD\V�LQGLFDWHG�WKDW�ELOLDU\�H[FUHWLRQ�
UDWKHU�WKDQ�LQFRPSOHWH�DEVRUSWLRQ�ZDV�WKH�PDMRU�URXWH�RI�HOLPLQDWLRQ�LQ�ERWK�URGHQW�VSHFLHV��$W�
HLJKW�GD\V�DIWHU�GRVLQJ� UDW� WLVVXHV� UHWDLQHG�F�����RI� UDGLRFDUERQ��ZLWK�KLJKHVW�FRQFHQWUDWLRQ� LQ�
WKH� OLYHU�� ³VLJQLILFDQW´� UHVLGXHV� LQ� NLGQH\� DQG� OXQJ� DQG� ORZHU� UHVLGXHV� LQ� EUDLQ�� IDW�� EORRG� DQG�
PXVFOH� �<X� HW� DO�� ������� $QRWKHU� VWXG\� XVLQJ� UDGLR�ODEHOOHG� GLSKDFLQRQH� LQ� PLFH� �&DKLOO� 	�
&URZGHU� ������ UHSRUWHG� VLPLODU� UHVXOWV�� ZLWK� UDGLRDFWLYLW\� UHDFKLQJ� KLJKHVW� OHYHOV� LQ� OLYHU� DQG�
OXQJV�� ZLWK�PD[LPXP� OLYHU� FRQFHQWUDWLRQV� DW� �������� KRXUV� DIWHU� DGPLQLVWUDWLRQ�� ,Q� FRQWUDVW� WR�
ILQGLQJV� LQ� URGHQWV��%XOODUG�HW� DO�� ������� UHSRUWHG� WKDW� FRZV� �%RV� WDXUXV�� GRVHG�ZLWK� ��PJ�NJ�
GLSKDFLQRQH�E\�LQWUDUXPLQDO�LQMHFWLRQ�KDG�DOPRVW�FRQVWDQW�OLYHU�UHVLGXHV�RI�XS�WR������PJ�J�IURP�
���WR����GD\V�DIWHU�GRVLQJ��+RZHYHU��UDWV�IHG�IRU����GD\V�RQ�WKH�OLYHUV�RI� WKH�FDWWOH�GRVHG�ZLWK�
GLSKDFLQRQH�VKRZHG�QR�VLJQV�RI�WR[LFLW\�GXULQJ�WKH�WHVW�SHULRG�RU�IRU����GD\�DIWHUZDUGV��DQG�OLYHU�
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VDPSOHV�WDNHQ�IURP�WKH�UDWV�DW�WKH�HQG�RI�WKDW�SHULRG�FRQWDLQHG�QR�GHWHFWDEOH�GLSKDFLQRQH�UHVLGXHV�
�%XOODUG�HW�DO���������LQGLFDWLQJ�UHODWLYHO\�UDSLG�FOHDUDQFH��2Q�WKH�EDVLV�RI�WKLV�VPDOO�QXPEHU�RI�
VWXGLHV��VLJQLILFDQW�LQWHU�VSHFLHV�GLIIHUHQFHV�LQ�GLSKDFLQRQH�HOLPLQDWLRQ�ZHUH�D�SRVVLELOLW\��

� ������8VH�SDWWHUQV�RI�GLSKDFLQRQH�
'LSKDFLQRQH�KDV�EHHQ�XVHG�LQ�KXPDQ�WUHDWPHQW��H�J��µ'LSD[LQ¶��.DW]�HW�DO��������IRU�SUHYHQWLRQ�
RI�WKURPERVLV��6\VWHPLF�WUHDWPHQW�RI�OLYHVWRFN�ZLWK�VXEOHWKDO�GRVHV�RI�GLSKDFLQRQH�FDQ�FDXVH�
VHFRQGDU\�SRLVRQLQJ�LQ�YDPSLUH�EDWV��'HVPRGXV�URWXQGXV��WKDW�UHSHDWHGO\�IHHG�RQ�WKH�OLYHVWRFN��
ZKLFK�KDV�EHHQ�XWLOLVHG�IRU�FRQWURO�RI�YDPSLUH�EDWV��H�J��7KRPSVRQ�HW�DO��������6DOG�)HUQDQGHV�	�
)ORUHV�&UHVSR��������'LSKDFLQRQH�KDV�EHHQ�XVHG�LQ�D�UDQJH�RI�FRXQWULHV�IRU�FRPPHQVDO�URGHQW�
FRQWURO�VLQFH�WKH�����V��3HOIUHQH��������DQG�IRU�ILHOG�FRQWURO�RI�DJULFXOWXUDO�SHVWV�VXFK�DV�
&DOLIRUQLDQ�JURXQG�VTXLUUHOV��6SHUPRSKLOXV�EHHFKH\L��LQ�WKH�8QLWHG�6WDWHV��6DOPRQ�HW�DO����������
,Q�1=��GLSKDFLQRQH�LV�FXUUHQWO\�XQGHU�FRQVLGHUDWLRQ�E\�WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ�DV�WKH�
EHVW�SRWHQWLDO�DOWHUQDWLYH�WR�UHSODFH��QRZ�UHVWULFWHG��EURGLIDFRXP�XVH�IRU�FRQWURO�RI�ILHOG�
SRSXODWLRQV�RI�URGHQWV�IRU�FRQVHUYDWLRQ�EHQHILWV��$QLPDO�&RQWURO�3URGXFWV��������5HVXOWV�RI�ILHOG�
HIILFDF\�WULDOV�RI�GLIIHUHQW��������GLSKDFLQRQH�EDLW�IRUPXODWLRQV�DJDLQVW�UDWV�LQ�PDLQODQG�VLWHV�
�*LOOLHV�HW�DO��������KDYH�LQGLFDWHG�WKDW�UHJLVWUDWLRQ�RI�GLSKDFLQRQH�VKRXOG�SURFHHG�IRU�WKLV�
DSSOLFDWLRQ��,W�LV�XQFHUWDLQ�ZKHWKHU�GLSKDFLQRQH�ZRXOG�DOVR�EH�HIIHFWLYH�IRU�SRVVXP�FRQWURO��
5DPPHOO�	�)OHPLQJ��������UHSRUWHG�WKDW�SRVVXPV�VXUYLYHG�VLQJOH�RUDO�H[SRVXUHV�RI�����PJ�NJ�
GLSKDFLQRQH��DOWKRXJK�PXOWLSOH�GRVH�WR[LFLW\�RI�GLSKDFLQRQH�LQ�SRVVXPV�UHPDLQV�WR�EH�HVWLPDWHG��
$VVXPLQJ�WKDW�GLSKDFLQRQH�ZRXOG�QRW�KDYH�WKH�VLQJOH�GRVH�HIILFDF\�RI�EURGLIDFRXP�DJDLQVW�ERWK�
URGHQWV�DQG�SRVVXPV��IXWXUH�HIIHFWLYH�FRQWURO�RI�PXOWLSOH�YHUWHEUDWH�SHVW�VSHFLHV�LQ�1=�LV�OLNHO\�WR�
UHO\�RQ�D�FRPELQDWLRQ�RI�FRQWURO�PHWKRGV��VHH�&KDSWHU���IRU�IXUWKHU�GLVFXVVLRQ����
�

:KLOH� EURGLIDFRXP� KDV� DQ� HVWDEOLVKHG� µWUDFN� UHFRUG¶� LQ� VXFFHVVIXO� HUDGLFDWLRQ� RI� LQWURGXFHG�
URGHQWV� IURP� LVODQGV� �&KDSWHU� ������� FRQFHUQV� RYHU� VHFRQGDU\� ULVN� WR� QRQ�WDUJHW� SUHGDWRU\� RU�
VFDYHQJLQJ� ZLOGOLIH�� HVSHFLDOO\� LVODQG� VSHFLHV� RI� KLJK� FRQVHUYDWLRQ� YDOXH�� KDYH� OHG� WR�
FRQVLGHUDWLRQ� RI� GLSKDFLQRQH� DV� DQ� DOWHUQDWLYH�� 5HFHQW� VXFFHVVIXO� XVH� RI� GLSKDFLQRQH� LQ�
HUDGLFDWLRQ�RI�VKLS�UDWV��5��UDWWXV��RQ�RQH�RI�WKH�6DQ�-RUJH�,VODQGV��0H[LFR��'RQODQ�HW�DO��������
DQG�RQ�%XFN�,VODQG��9LUJLQ�,VODQGV��:LWPHU�HW�DO��������UHSUHVHQWV�WKH�EHJLQQLQJ�RI�D�VXFFHVVIXO�
µWUDFN� UHFRUG¶� IRU� GLSKDFLQRQH� LQ� WKLV� FRQWH[W�� 5HJLVWUDWLRQ� LV� EHLQJ� VRXJKW� IRU� D� �������
GLSKDFLQRQH�EDLW�IRUPXODWLRQ�WR�EH�DSSOLHG�E\�DHULDO�EURDGFDVW�IRU�WKH�FRQWURO�RI�URGHQWV�LQ�QDWLYH�
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+DZDLLDQ� HFRV\VWHPV�� ZLWK� WKH� VHOHFWLRQ� RI� GLSKDFLQRQH� RYHU� RWKHU� URGHQWLFLGHV� EDVHG� RQ�
GHPRQVWUDWHG� HIIHFWLYHQHVV� DJDLQVW� UDWV� LQ� +DZDLL�� IDYRXUDEOH� HQYLURQPHQWDO� WUDFN� UHFRUG� DQG�
SUHYLRXV� XVH� DV� D� KXPDQ� SKDUPDFHXWLFDO� �(LVHPDQQ� 	� 6ZLIW� ������� $� SURSRVHG� URGHQW�
HUDGLFDWLRQ�RQ�0RNDSX�,VODQG��+DZDLL��ZLOO�XVH�GLSKDFLQRQH�EHFDXVH�RI�WKH�ORZHU�QRQ�WDUJHW�ULVN�
H[SHFWHG�LQ�FRPSDULVRQ�WR�EURGLIDFRXP��'XQOHY\�	�/HH���������

:LWK�UHJLVWUDWLRQV�RI�GLSKDFLQRQH�IRUPXODWLRQV�IRU�EURDGVFDOH�ILHOG�DSSOLFDWLRQV�RQJRLQJ�LQ�ERWK�
1=�DQG�WKH�8QLWHG�6WDWHV��H[LVWLQJ�UHJXODWRU\�WR[LFLW\�DQG�HQYLURQPHQWDO�GDWD�KDV�EHHQ�FROODWHG�
WRZDUGV� KD]DUG� DVVHVVPHQW� �(LVHPDQQ� 	� 6ZLIW� ������� ,QIRUPDWLRQ� JDSV� H[LVW� DURXQG� VSHFLHV�
GLIIHUHQFHV� LQ� WR[LFLW\� DQG� WKH� HQYLURQPHQWDO� WUDQVIHU� RI� GLSKDFLQRQH�YL]�� VHFRQGDU\� RU� WHUWLDU\�
KD]DUG� WR�QRQ�WDUJHW�VSHFLHV�� LQFOXGLQJ�LQYHUWHEUDWHV�DQG�KXPDQV��:KLOH�PRQLWRULQJ�GXULQJ�DQG�
DIWHU�ILHOG�DSSOLFDWLRQV�RI�GLSKDFLQRQH�EDLWV�ZLOO�EH�LPSRUWDQW�WR�YDOLGDWH�WKH�SUHGLFWLRQV�PDGH�E\�
SULRU� ULVN� DQG� KD]DUG� DVVHVVPHQWV�� ODERUDWRU\� VWXGLHV� FDQ� VHOHFWLYHO\� DGGUHVV� LQIRUPDWLRQ� JDSV�
ZLWK� GDWD� WKDW� FDQ� EH� IHG� LQWR� WKH� KD]DUG� DVVHVVPHQW� SURFHVV�� ,Q� WKH� 1=� FRQWH[W�� VSHFLILF�
LQIRUPDWLRQ� JDSV� LQFOXGHG� WKH� HIIHFWV� RI� GLSKDFLQRQH� H[SRVXUH� RQ� LQYHUWHEUDWHV� L�H�� GRHV�
GLSKDFLQRQH�SRVH�D� ULVN�RI�SULPDU\�SRLVRQLQJ� WR�QDWLYH� VSHFLHV� VXFK�DV�ZHWD"�'R� LQYHUWHEUDWHV�
WKDW� HDW� EDLW� UHWDLQ� UHVLGXDO� GLSKDFLQRQH� FRQFHQWUDWLRQV� WKDW� FRXOG� SRVH� D� VHFRQGDU\� ULVN� WR�
LQVHFWLYRUHV"� $FFRUGLQJO\� &KDSWHU� �� GHVFULEHV� D� ODERUDWRU\� VWXG\� RI� ZHWD� WKDW� LQYHVWLJDWHG�
ZKHWKHU�WKHVH�QDWLYH�1=�LQYHUWHEUDWHV�ZRXOG�LQJHVW�GLSKDFLQRQH�EDLW��DQG�GHVFULEHG�VXEVHTXHQW�
HIIHFWV�DQG�UHVLGXDO�FRQFHQWUDWLRQV�RI�GLSKDFLQRQH�LQ�WKH�ERGLHV�RI�WKH�ZHWD��$QRWKHU�LQIRUPDWLRQ�
JDS� UHOHYDQW� WR�1=�HFRV\VWHPV�DQG� UHVRXUFH�XVH�FRQFHUQHG� WKH� WR[LFLW\�RI�GLSKDFLQRQH� WR�SLJV�
DQG�FKDUDFWHULVWDLRQ�RI� WKH�UHVLGXDO�SHUVLVWHQFH�RI�GLSKDFLQRQH�LQ�SLJV��ZLWK�UHVSHFW� WR�SRWHQWLDO�
KD]DUG� WR� KXPDQV� KXQWLQJ� DQG� FRQVXPLQJ� IHUDO� SLJV�� &KDSWHU� �� GHVFULEHV� D� SHQ� VWXG\� ZLWK�
GRPHVWLF�SLJV�GHVLJQHG�WR�DGGUHVV�WKHVH�TXHVWLRQV��
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&KDSWHU����3HUVLVWHQFH�RI�GLSKDFLQRQH�LQ�SLJ�WLVVXHV�
�
���� ,QWURGXFWLRQ�
$V� DQ� LQWURGXFHG� VSHFLHV� WR� 1=�� IHUDO� SLJV� �6XV� VFURID�� FDQ� KDYH� ORFDOL]HG� SHVW� VWDWXV� EXW�
QDWLRQDOO\� DUH� DOVR� D� VLJQLILFDQW� UHVRXUFH� IRU� UHFUHDWLRQDO� KXQWHUV� �0F,OUR\� �������6LPLODUO\�� LQ�
+DZDLL�SLJV�DUH�DQ� LQWURGXFHG�VSHFLHV� WKDW�DOVR�KDYH�VWDWXV�DV�D�JDPH�DQLPDO��:RRG�	�%DUUHWW�
������ KXQWHG� IRU� KXPDQ� FRQVXPSWLRQ�� ,Q� 1=�� IHUDO� SLJV� PD\� EH� H[SRVHG� WR� DQWLFRDJXODQWV�
WKURXJK�WR[LF�EDLWV�ODLG�IRU�SRVVXP�RU�URGHQW�FRQWURO��SULPDU\�H[SRVXUH��RU�ZKHQ�WKH\�VFDYHQJH�
FDUFDVVHV� RI� SRLVRQHG� DQLPDOV� �VHFRQGDU\� H[SRVXUH�� H�J�� 0RUULVV� HW� DO�� ������� FUHDWLQJ� WKH�
SRWHQWLDO�IRU�DGGLWLRQDO�H[SRVXUH�RI�KXPDQV�FRQVXPLQJ�PHDW�IURP�IHUDO�SLJV��(QJHPDQQ�	�3DQN�
�������7KH�1=�)RRG�6DIHW\�$XWKRULW\� �1=)6$�� VSHFLILHV� JXLGHOLQHV�GHVLJQHG� WR�PLQLPLVH� WKH�
ULVN�RI�PHDW�FRQWDPLQDWHG�ZLWK�YHUWHEUDWH�WR[LF�DJHQWV��LQFOXGLQJ�DQWLFRDJXODQWV��HQWHULQJ�KXPDQ�
IRRG��7KHVH�LQFOXGH�FHUWLILFDWLRQ�RI�VXSSOLHUV�RI�ZLOG�JDPH�PHDW�DQG�JXLGHOLQHV�IRU�UHFUHDWLRQDO�
KXQWHUV� RI� IHUDO� SLJV� �1=)6$� �������:KHUH� JDPH� LV� WR� EH� WDNHQ� IURP� DUHDV�ZKHUH� YHUWHEUDWH�
SHVWLFLGHV� KDYH� EHHQ� XVHG�� WKH� 1=)6$� FXUUHQWO\� DGYLVHV� ZLWKKROGLQJ� SHULRGV� RI� �� \HDUV� IRU�
EURGLIDFRXP�DQG�RWKHU�VHFRQG�JHQHUDWLRQ�DQWLFRDJXODQWV��DQG���PRQWKV�IRU�SLQGRQH��ZDUIDULQ�DQG�
RWKHU� ILUVW�JHQHUDWLRQ� DQWLFRDJXODQWV�� 5HVLGXH� WHVWLQJ� RI� JDPH� PHDW� IRU� EURGLIDFRXP��
EURPDGLRORQH�RU�IORFRXPDIHQ�LV�UHTXLUHG��DJDLQVW�D�PD[LPXP�UHVLGXH�OHYHO��05/��RI�������SSP�
IRU�EURGLIDFRXP��&OHDU��������DOWKRXJK�WKHUH�LV�FXUUHQWO\�QR�05/�VSHFLILHG�IRU�GLSKDFLQRQH���

7R[LFLW\�HVWLPDWHV��/'���YDOXHV��RI�EURGLIDFRXP�WR�SLJV�UDQJH�IURP�����PJ�NJ��*RGIUH\��������
����PJ�NJ�ZLWK�����FRQILGHQFH�LQWHUYDOV�RI����������PJ�NJ��2¶%ULHQ�	�/XNLQV�������DQG������
PJ�NJ� �(ULFNVRQ� 	� 8UEDQ� ������� 7KXV�� D� ��� NJ� SLJ� FRQVXPLQJ� DSSUR[LPDWHO\� ���� J� RI� EDLW�
FRQWDLQLQJ� ��� SSP� EURGLIDFRXP� ZRXOG� SUREDEO\� UHFHLYH� D� OHWKDO� GRVH�� D� IHDVLEOH� VFHQDULR�
HVSHFLDOO\�ZKHUH�SLJV�DFFHVV�EDLW�VWDWLRQV��)LYH�IHUDO�SLJV�ILWWHG�ZLWK�PRUWDOLW\�WUDQVPLWWHUV�GLHG�
ZLWKLQ� ��� GD\V� RI� DHULDO� DSSOLFDWLRQ� RI� EURGLIDFRXP�EDLWV� LQ� WKH�0DXQJDWDXWDUL� IHQFHG� UHVHUYH�
�1=�� GXULQJ� 6HSWHPEHU� ����� DQG� KDG� EURGLIDFRXP� OLYHU� FRQFHQWUDWLRQV� ����������� µJ�J��
VXJJHVWLYH�RI� SRLVRQLQJ��(DVRQ�HW� DO�� ������� UHSRUWHG�EURGLIDFRXP�FRQFHQWUDWLRQV�RI� ����������
µJ�J�LQ�OLYHU�DQG�����������µJ�J�LQ�PXVFOH�RI�FDSWLYH�SLJV�DW�ILYH�GD\V�DIWHU�LQJHVWLQJ����������J�
RI�EDLW��$�VXUYH\�RI�IHUDO�SLJV� WDNHQ�IURP�DUHDV�ZLWK�D�KLVWRU\�RI�EURGLIDFRXP�XVH�VKRZHG�WKDW�
������ ������ KDG� GHWHFWDEOH� OLYHU� UHVLGXHV�� UDQJLQJ� IURP� ���������µJ�J� �(DVRQ� HW� DO�� ������� ,Q�
JHQHUDO�� GHWHFWDEOH� PXVFOH� UHVLGXHV� ���������� µJ�J�� LQ� WKHVH� SLJV� ZHUH� DVVRFLDWHG� ZLWK� OLYHU�
UHVLGXHV�JUHDWHU�WKDQ�����µJ�J��7KH�RFFXUUHQFH�RI�EURGLIDFRXP�UHVLGXHV�LQ�IHUDO�SLJV�LQ�1=��H�J��
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%RRWK�HW�DO��������DQG�VXEVHTXHQW�SRWHQWLDO�IRU�KXPDQ�H[SRVXUH�LV�RQH�UHDVRQ�WKDW�GLSKDFLQRQH�LV�
EHLQJ�LQYHVWLJDWHG�DV�DQ�HIIHFWLYH�EXW�OHVV�SHUVLVWHQW�DOWHUQDWLYH�WR�EURGLIDFRXP��VHH�&KDSWHU��������

:LWK�UHJLVWUDWLRQ�RI�GLSKDFLQRQH�EDLW�IRUPXODWLRQV�IRU�EURDG�VFDOH�ILHOG�FRQWURO�RI�URGHQWV�LQ�1=�
�*LOOLHV�HW�DO��������DQG�+DZDLL��(LVHPDQQ�	�6ZLIW��������SRWHQWLDO�KXPDQ�H[SRVXUH�WR�UHVLGXDO�
GLSKDFLQRQH�WKURXJK�FRQVXPSWLRQ�RI�µZLOG�SRUN¶�UHTXLUHG�DVVHVVPHQW��:KLOH�GLSKDFLQRQH�LV�OHVV�
SHUVLVWHQW� WKDQ� EURGLIDFRXP� LQ� ODERUDWRU\� UDW� OLYHU� �)LVKHU� HW� DO�� ������� LW� ZDV� LPSRUWDQW� WR�
HVWDEOLVK�ZKHWKHU�WKLV�ZDV�DOVR�WKH�FDVH�LQ�SLJV��7KH�DFXWH�RUDO�WR[LFLW\�RI�GLSKDFLQRQH�LQ�SLJV�KDV�
EHHQ�UHSRUWHG�DV�/'��!����PJ�NJ��+D]HOWRQ�/DERUDWRULHV������FLWHG�E\�3LWW�HW�DO��������DOWKRXJK�
WKLV�HVWLPDWH�ZDV�EDVHG�RQ�WZR�SLJV�WKDW�VXUYLYHG�GRVHV�RI����RU�����PJ�NJ��,W�VXJJHVWV�WKDW�SLJV�
DUH� OHVV�VXVFHSWLEOH� WR�GLSKDFLQRQH� WKDQ�RWKHU�PDPPDOV��0RXQW�	�)HOGPDQ�������� UHSRUWHG�DQ�
/'��� RI��� ������PJ�NJ� LQ�GRJV�� DQG� -DFNVRQ�	�$VKWRQ� ������� UHSRUWHG������ �������PJ�NJ� LQ�D�
ODERUDWRU\�VWUDLQ�RI�1RUZD\�UDW���,Q�JHQHUDO��WKH�RUDO�WR[LFLW\�RI�ILUVW�JHQHUDWLRQ�DQWLFRDJXODQWV�WR�
PDPPDOV� LV� LQFUHDVHG�ZKHQ� WKHVH� FRPSRXQGV� DUH� LQJHVWHG� LQ�PXOWLSOH�� FRQVHFXWLYH� GRVHV� �VHH�
7DEOH������� ,Q�D�UHFHQW�VWXG\�LQ� WKH�8QLWHG�6WDWHV��)OHWFKHU��������SLJV�IHG�ZLWK�GLSKDFLQRQH�DW�
������PJ�NJ�GD\�IRU���GD\V��DOO�VXUYLYHG�ZLWKRXW�DQ\�REYLRXV�VLJQV�RI�SRLVRQLQJ��+RZHYHU��SLJV�
IHG�ZLWK�������PJ�NJ�GD\�IRU���GD\V�VKRZHG�VRPH�VLJQV�RI�SRLVRQLQJ�DQG�VKRZHG�KDHPRUUKDJH�
SDWKRORJ\�RQ�QHFURSV\����GD\V� ODWHU�� ,Q�DQ�HDUOLHU� VWXG\� �.HLWK�HW�DO�� �������SLJV�ZHUH�RIIHUHG�
GLSKDFLQRQH� LQ� IRRG�DW�GRVHV�RI�����PJ�SLJ�GD\� IRU���GD\V� DQG�����PJ�SLJ�GD\� IRU���GD\V�� EXW�
VLQFH�QR�ERG\ZHLJKWV�ZHUH�JLYHQ�IRU�WKH�SLJV��WKH�GRVHV��PJ�NJ��WKH\�UHFHLYHG�DUH�XQNQRZQ��3LJV�
VKRZHG� QR� VLJQV� RI� SRLVRQLQJ� DQG� KDG� QRUPDO� FRDJXODWLRQ� WLPHV� �� DQG� ��� GD\V� DIWHU� GRVLQJ��
*LYHQ�WKDW�D�GLSKDFLQRQH�GRVH�RI�������PJ�NJ�GD\�SURGXFHG�REYLRXV�VLJQV�RI�SRLVRQLQJ�IROORZHG�
E\� UHFRYHU\� �)OHWFKHU� ������� WKH�PXOWLSOH�GRVH� /'��� IRU� SLJV� LV� OLNHO\� WR� EH� KLJKHU��+RZHYHU��
HYHQ�WKH�VLQJOH�DFXWH�WR[LFLW\�HVWLPDWH�RI�!����PJ�NJ�LV�YHU\�JHQHUDO�DQG�GRHV�QRW�DOORZ�D�SUHFLVH�
HVWLPDWLRQ� RI�ZKDW�PLJKW� FRQVWLWXWH� OHWKDO� DQG� VXEOHWKDO� LQWDNHV� RI� GLSKDFLQRQH� LQ� SLJV�� ,W�ZDV�
LPSRUWDQW� WR� UHILQH� HVWLPDWHV� RI� RUDO� WR[LFLW\� LQ� SLJV� EHIRUH� VHOHFWLQJ� DQ� H[SRVXUH� OHYHO� IRU� WKH�
UHVLGXH�SHUVLVWHQFH�VWXG\��

$Q�LQLWLDO�SHQ�WULDO�ZLWK�GRPHVWLF�SLJV��VLPXODWLQJ�VLQJOH�DQG�PXOWLSOH�RUDO�GLSKDFLQRQH�H[SRVXUHV�
WKDW�FRXOG�HYHQWXDWH�LI��IHUDO��SLJV�DFFHVVHG�EDLW�VWDWLRQV�LQ�WKH�ILHOG��ZDV�XQGHUWDNHQ�WR�HYDOXDWH�
ZKHWKHU�VXFK�H[SRVXUHV�FDXVHG�WR[LF�HIIHFWV��&RDJXODWLRQ�WLPH�RI�SODVPD�VDPSOHV�ZHUH�XVHG�WR�
LQGLFDWH� WR[LFLW\�� SURWKURPELQ� WLPH� �37�� LV� ZLGHO\� XVHG� WR� PRQLWRU� WKH� H[WULQVLF� FRDJXODWLRQ�
SDWKZD\��FORWWLQJ�IDFWRUV�,,��9,,�DQG�;���ZKLOH�WKH�DFWLYDWHG�SDUWLDO�WKURPERSODVWLQ�WLPH��$377��
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WHVW�FDQ�GHWHFW�DEQRUPDOLWLHV�LQ�WKH�LQWULQVLF�FRDJXODWLRQ�SDWKZD\��FORWWLQJ�IDFWRUV�,,��9��9,,��,;��
;��;,�DQG�;,,���3URORQJHG�FRDJXODWLRQ�WLPHV�LQ�HLWKHU�RU�ERWK�WHVW�ZRXOG�LQGLFDWH�D�WR[LF�HIIHFW��
5HVXOWV�RI� WKLV� ILUVW� WULDO�ZHUH�XVHG� WR�JDXJH�VXEOHWKDO�RUDO�GLSKDFLQRQH�H[SRVXUHV� IRU�D� VHFRQG�
WULDO� VLPXODWLQJ� D�ZRUVW�FDVH� VFHQDULR� IRU� FRQFHQWUDWLRQV� RI� UHVLGXDO� GLSKDFLQRQH� LQ� SLJ� WLVVXHV�
�OLYHU��PXVFOH��IDW�DQG�NLGQH\��DQG�PHDVXUHPHQW�RI�WKHLU�GHFOLQH�RYHU�WLPH��6RPH�GDWD�IURP�WKHVH�
WULDOV�KDV�EHHQ�SXEOLVKHG�LQ�)LVKHU���������

�
���� 0HWKRGV�

�������3LJ�KRXVLQJ�DQG�KXVEDQGU\�
$OO�SURFHGXUHV�ZHUH�DSSURYHG�E\�WKH�/DQGFDUH�5HVHDUFK�$QLPDO�(WKLFV�&RPPLWWHH��3URMHFW�1R��
�����������'RPHVWLF�ZHDQHU�SLJV��F���ZHHNV�ROG��HTXDO�VH[�UDWLR��LGHQWLILHG�E\�QXPEHUHG�HDUWDJV�
ZHUH� KRXVHG� LQ� JURXSV� RI� ���� 7KHLU� ��×���P� SHQ� ZDV� FRQWDLQHG� LQ� D� ODUJH� VKHG�� ZLWK� ZRRG�
VKDYLQJV�RYHU�D�FRQFUHWH�IORRU�DQG�D�URRIHG�VOHHSLQJ�DUHD�FRQVWUXFWHG�RI�KD\�EDOHV�DQG�ILOOHG�ZLWK�
VWUDZ��7ZHOYH� LQGLYLGXDO� IHHGLQJ�ED\V� IRUPHG�RQH�ZDOO� RI� WKH�SHQ��:DWHU�ZDV� IUHHO\� DYDLODEOH�
WKURXJK�DQ�DXWRPDWLF�GULQNHU�DQG�SLJV�ZHUH�IHG�WZLFH�GDLO\�RQ�FRPPHUFLDO�SHOOHW�IHHG��:HVWRQ�
$QLPDO�1XWULWLRQ��5DQJLRUD�� WR�DSSUR[LPDWH�D�GDLO\� LQWDNH�RI����ERG\ZHLJKW��7KH� IHHG�SHOOHWV�
FRQWDLQHG�9LWDPLQ�.��DW�D�PD[LPXP�����J�SHU�WRQQH��ZKLFK�ZDV�QRW�H[SHFWHG�WR�FRPSURPLVH�WKH�
HIIHFW�RI�GLSKDFLQRQH�RQ�SLJV��DV�9LWDPLQ�.�� LV� WKH�DQWLGRWDO� IRUP�IRU�DQWLFRDJXODQW�SRLVRQLQJ��
)RU� WZR� ZHHNV� SLJV� ZHUH� DFFOLPDWLVHG� WR� HQWHULQJ� D� IHHGLQJ� ED\� DQG� EHLQJ� VKXW� LQ� ZKLOH�
FRQVXPLQJ� WKHLU� UDWLRQ�� $� GRXJK� PDGH� RI� IORXU� DQG� VXJDU� ZDV� D� SDODWDEOH� IRRG� ODWHU� XVHG� WR�
GHOLYHU�WKH�GLSKDFLQRQH�H[SRVXUHV��DQG�D�F����J�SRUWLRQ�RI�WKLV�ZDV�DOVR�RIIHUHG�WR�SLJV�DORQJVLGH�
WKH�PRUQLQJ�UDWLRQ�DV�SDUW�RI�WKH�DFFOLPDWLVDWLRQ��3LJV�ZHUH�ZHLJKHG�DW�OHDVW�HYHU\�WZR�ZHHNV�WR�
PRQLWRU�JURZWK�DQG�JHQHUDO�KHDOWK��

�������7ULDO����&RDJXODWLRQ�WLPH�UHVSRQVHV�WR�GLSKDFLQRQH�H[SRVXUH�
3LJV�ZHUH�UDQGRPO\�DOORFDWHG�WR�WUHDWPHQW�JURXSV��7DEOH������LQWHQGHG�WR�VLPXODWH�SRWHQWLDO�ILHOG�
H[SRVXUHV�WR�EDLW��7KHVH�H[SRVXUHV�LQ�IRRG�ZHUH�LQWHQGHG�WR�VLPXODWH�SRWHQWLDO�KLJK�H[SRVXUHV�RI�
IHUDO�SLJV�WR�GLSKDFLQRQH�EDLWV�LQ�WKH�ILHOG��DVVXPLQJ�WKDW�D�EDLW�VWDWLRQ�KHOG�XS���NJ�RI����SSP�
GLSKDFLQRQH� EDLW�� WKXV� D� ���NJ� SLJ� HDWLQJ� WKLV�ZRXOG� LQJHVW� ����PJ�NJ� GLSKDFLQRQH�� ,QGLYLGXDO�
GLSKDFLQRQH�GRVHV��DFFRUGLQJ�WR�ERG\ZHLJKW��ZHUH�SUHSDUHG�E\�XQLIRUPO\�PL[LQJ�WKH�DSSURSULDWH�
DPRXQW� RI� GLSKDFLQRQH� SRZGHU� �VXSSOLHG� $QLPDO� &RQWURO� 3URGXFWV�� DVVD\HG� DV� ������ E\� WKH�
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/DQGFDUH�5HVHDUFK� WR[LFRORJ\� ODERUDWRU\�� LQWR�F���� J� RI� WKH� SDODWDEOH� VXJDU� GRXJK�� ,QGLYLGXDO�
µGRXJK� EDOO¶� GRVHV�ZHUH� RIIHUHG� EHIRUH�PRUQLQJ� IHHGV� RQ� DSSURSULDWH� GD\�V�� DQG� FRQVXPSWLRQ�
QRWHG�� 3LJV� ZHUH� WKHQ� UHWXUQHG� WR� QRUPDO� GLHW� DQG� REVHUYHG� DW� OHDVW� WZLFH� GDLO\� IRU� VLJQV� RI�
SRLVRQLQJ�VXFK�DV�KDHPRUUKDJH��DQHPLD�RU�LQDSSHWDQFH��RYHU�WKH�IROORZLQJ�WKUHH�ZHHNV��$W�WZR�
ZHHNV�DIWHU�ODVW�H[SRVXUH��VXUYLYLQJ�SLJV�ZHUH�HXWKDQDVHG�E\�FDSWLYH�EROW�JXQ�DQG�OLYHU�VDPSOHV�
ZHUH�WDNHQ�DQG�DQDO\VHG�IRU�GLSKDFLQRQH�FRQFHQWUDWLRQV�DV�GHVFULEHG�LQ�VHFWLRQ��������
�
7DEOH������2UDO�GLSKDFLQRQH�H[SRVXUHV�RI�SLJV�LQ�7ULDO�����
1R��SLJV�
�VH[��

'LSKDFLQRQH�GRVH�
�PJ�NJ��RU�
�PJ�NJ�GD\��

([SRVXUH�VFHQDULR��SHU�VLQJOH����NJ�SLJ��

����)���0�� �����PJ�NJ��VLQJOH�� ,QJHVWV�FRQWHQWV�RI�ILYH�EDLW�VWDWLRQV�ZLWKLQ���GD\�
����)���0�� ����PJ�NJ��VLQJOH�� ,QJHVWV�FRQWHQWV�RI�RQH�EDLW�VWDWLRQ�LQ���GD\�
����)���0�� ����PJ�NJ�G����GD\V�� ,QJHVWV�FRQWHQWV�RI�RQH�EDLW�VWDWLRQ�SHU�GD\�IRU���GD\V�
����)���0�� ����PJ�NJ�G����GD\V�� ,QJHVWV�F������J�RI�EDLW�SHU�GD\�IRU���GD\V�

�

%DVHOLQH�EORRG�VDPSOHV�ZHUH�WDNHQ�RQH�ZHHN�EHIRUH�GLSKDFLQRQH�H[SRVXUH�DQG�WKHQ�DW�GD\V������
DQG����DIWHU�ILUVW�H[SRVXUH��7KH�SLJV�ZHUH�UHVWUDLQHG�ZKLOH�O\LQJ�RQ�WKHLU�EDFNV�DQG�EORRG�GUDZQ�
IURP� WKH� DQWHULRU� YHQD� FDYD� XVLQJ� D� ��*×�� ����� QHHGOH� LQWR� D� ���P/� V\ULQJH�� 6DPSOHV� ZHUH�
LPPHGLDWHO\� GLYLGHG� EHWZHHQ� WZR� ����P/� WXEHV� �9DFXWDLQHU�� %ORRG� &ROOHFWLRQ� 7XEHV�� �1&��
����� VRGLXP� FLWUDWH�� %HFWRQ� 'LFNLQVRQ��� VWRUHG� RQ� LFH� DQG� FHQWULIXJHG� ZLWKLQ� �� K� WR� REWDLQ�
SODVPD�� :KROH� EORRG� ZDV� FHQWULIXJHG� DW� ����J� IRU� ��� PLQ� DW� ��&�� 3ODVPD� IURP� HDFK� EORRG�
VDPSOH�ZDV�GLYLGHG�LQWR�WZR�(SSHQGRUI�WXEHV��ZLWK�RQH�µVSOLW¶�UHWDLQHG�DW�í���&��7KH�RWKHU�ZDV�
DOVR�NHSW�DW�í���&�LI�WHVWLQJ�IRU�FRDJXODWLRQ�WLPH�FRXOG�QRW�EH�FDUULHG�RXW�WKDW�GD\��RU�DW�í��&�LI�
WHVWLQJ� ZDV� WR� EH� GRQH� ZLWKLQ� �� K�� 3ODVPD� IURP� WKH� GD\� �� DQG� �� VDPSOHV� ZHUH� WHVWHG� IRU�
FRDJXODWLRQ� WLPH�ZLWKLQ���K� WR�DVFHUWDLQ�ZKHWKHU� WR[LFLW\�FRXOG�EH�RFFXUULQJ�DQG� WKH�SLJV�ZHUH�
REVHUYHG�DW�OHDVW�WZLFH�GDLO\�IRU�VLJQV�RI�SRLVRQLQJ�GXULQJ�WKLV�WLPH��$�OLFHQVHG�EROW�JXQ�RSHUDWRU�
ZDV�RQ�KDQG�WR�SHUIRUP�HXWKDQDVLD�LQ�WKH�HYHQW�RI�HYLGHQW�WR[LFRVLV��:KHUH�WKDZLQJ�ZDV�UHTXLUHG�
EHIRUH�WHVWLQJ��VDPSOHV�ZHUH�SODFHG�LQ�D�KRW�ZDWHU�EDWK�DW���°&��3ODVPD�VDPSOHV�ZHUH�WHVWHG�LQ�
GXSOLFDWH� XVLQJ� 37� DQG� $377� WHVWLQJ� NLWV� �UHVSHFWLYHO\� 6LPSODVWLQ�� ([FHO� 6� DQG� 3ODWHOLQ�� ��
%LR0qULHX[� ,QF��� 86$�� DQG� DQ� DXWRPDWHG� FRDJXORPHWHU� �$PHOXQJ� .&�$PLFUR�� 6LJPD�
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'LDJQRVWLFV���7KH�FRQWURO�SODVPD�UHDJHQWV�VXSSOLHG�ZLWK�HDFK�NLW�ZHUH�WHVWHG�WR�SURYLGH�LQWHUQDO�
YDOLGDWLRQ� VWDQGDUGV� IRU� WKH�SLJ�SODVPD� VDPSOHV��7KH�37� WLPHV�ZHUH� FRQYHUWHG� WR� ,QWHUQDWLRQDO�
1RUPDOLVHG�5DWLR��,15��YDOXHV��ZKLFK�SURYLGH�D�XQLIRUP�VFDOH�IRU�FRPSDULQJ�37�GDWD�REWDLQHG�
XVLQJ�GLIIHUHQW�WKURPERSODVWLQ�UHDJHQWV�LQ�GLIIHUHQW�WHVWV��,15�YDOXHV�ZHUH�FDOFXODWHG�DV�WKH�UDWLR�
RI�WKH�PHDQ�37�YDOXH�REWDLQHG�IURP�GXSOLFDWH�WHVWLQJ�RI�WKH�SODVPD�IURP�D�GLSKDFLQRQH�WUHDWHG�
SLJ�WR�WKH�PHDQ�EDVHOLQH�37��WKHQ�UDLVHG�WR�WKH�SRZHU�RI�WKH�,QWHUQDWLRQDO�6HQVLWLYLW\�,QGH[��,6,��
ILJXUH�ZKLFK�ZDV������IRU�WKH�6LPSODVWLQ��([FHO�6�NLW���

�

�������7ULDO����3HUVLVWHQFH�RI�GLSKDFLQRQH�LQ�SLJ�WLVVXHV��
%DVHG�RQ�WKH�UHVXOWV�RI�7ULDO����ZKHUH�DOO�H[SRVXUHV�WHVWHG�FDXVHG�VLPLODU�WHPSRUDU\�HOHYDWLRQV�LQ�
FRDJXODWLRQ�WLPHV��D�VLQJOH������PJ�NJ�GLSKDFLQRQH�H[SRVXUH�ZDV�VHOHFWHG�WR�UHSUHVHQW�D�µKLJK¶�
VXEOHWKDO� GRVH� LQ� 7ULDO� ��� 7ZHOYH� ZHDQHU� SLJV� ��� PDOH�� �� IHPDOH�� ZHUH� JURXS�KRXVHG� DQG�
DFFOLPDWLVHG�DV�SUHYLRXVO\�GHVFULEHG��DQG�WKHQ�DGPLQLVWHUHG������PJ�NJ�GLSKDFLQRQH�LQ�D�GRXJK�
EDOO�� UHSUHVHQWLQJ� D� KLJK� VXEOHWKDO� H[SRVXUH� �EDVHG� RQ� FRDJXODWLRQ�WLPH� UHVSRQVHV� IURP� WKH�
SUHYLRXV�WULDO���3LJV�ZHUH�UDQGRPO\�DOORFDWHG�WR�WKUHH�JURXSV��HDFK�Q� ����IRU�WLVVXH�VDPSOLQJ�RQ�
GD\������RU����DIWHU�H[SRVXUH��7LVVXH�VDPSOLQJ�ZDV�FDUULHG�RXW�LPPHGLDWHO\�DIWHU�HXWKDQDVLD�E\�
FDSWLYH�EROW�JXQ��3LJV�ZHUH�EOHG�E\�VHYHULQJ�WKH�FDURWLG�DUWHU\�DQG�MXJXODU�YHLQ�DQG�ZKROH�EORRG�
VDPSOHV��DW�OHDVW����P/��ZHUH�FROOHFWHG�IURP�WKLV�IORZ�LQWR�FLWUDWH�WXEHV��/LYHU�DQG�NLGQH\V�ZHUH�
UHPRYHG�IURP�WKH�FDUFDVVHV�DQG�ZHLJKHG��6DPSOHV��DSSUR[LPDWHO\����J��RI�OLYHU��NLGQH\��PXVFOH�
�IURP� WKH� UHDU� KDXQFK�� DQG� DEGRPLQDO� IDW�ZHUH� VWRUHG� DW� í���&�XQWLO� DQDO\VLV� IRU� GLSKDFLQRQH�
FRQFHQWUDWLRQ��%ORRG� VDPSOHV�ZHUH�FHQWULIXJHG�DV�EHIRUH�DQG�GLYLGHG� LQWR� WZR�SODVPD�VDPSOHV�
WKDW�ZHUH�VWRUHG�DW�í���&�XQWLO�DQDO\VLV�IRU�GLSKDFLQRQH�FRQFHQWUDWLRQ��

&RQFHQWUDWLRQV�RI�GLSKDFLQRQH�LQ�WLVVXHV�DQG�SODVPD�ZHUH�GHWHUPLQHG�E\�WKH�/DQGFDUH�5HVHDUFK�
WR[LFRORJ\�ODERUDWRU\��/LQFROQ��$�VDPSOH�RI�WLVVXH����J�RU���P/�SODVPD��ZDV�ZHLJKHG�LQWR�D�JODVV�
WXEH�� &KORURSKDFLQRQH� ����� �/�� DV� DQ� LQWHUQDO� VWDQGDUG� DQG� DQK\GURXV� VRGLXP� VXOSKDWH� ��� J��
ZHUH�DGGHG��IROORZHG�E\�FKORURIRUP�DFHWRQH�IRUPLF�DFLG������������P/���DQG�WKH�FRQWHQWV�RI�WKH�
WXEH�VKDNHQ�DQG�FHQWULIXJHG��7KH�VXSHUQDWDQW�ZDV�GHFDQWHG�DQG�WKH�H[WUDFWLRQ�SURFHVV�UHSHDWHG�
WZLFH� PRUH�� 7KH� FRPELQHG� H[WUDFWV� ZHUH� HYDSRUDWHG� DQG� WDNHQ� XS� LQ� KH[DQH�FKORURIRUP� IRU�
FOHDQ�XS� RQ� D� FDUERJUDSK�63(� FROXPQ�� IROORZHG� E\� DQ� DPLQRSURS\O� FROXPQ��7KH� DQDO\WH�ZDV�
HOXWHG�IURP�WKH�DPLQRSURS\O�FROXPQ�ZLWK�PRELOH�SKDVH�$��ZKLFK�ZDV�WKHQ�HYDSRUDWHG�WR�GU\QHVV�
DQG�WDNHQ�XS�LQ�PRELOH�SKDVH�IRU�TXDQWLILFDWLRQ�E\�+3/&�DQDO\VLV��XVLQJ�D�&����� P�FROXPQ�DQG�
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89� GHWHFWRU� VHW� DW� ���� QP�� $� PHWKRG� GHWHFWLRQ� OLPLW� �0'/�� RI� ����� J�J� DQG� DQDO\VLV�
XQFHUWDLQW\� ����� FRQILGHQFH� LQWHUYDO�� RI� ����� ZDV� HVWLPDWHG� DFFRUGLQJ� WR� 7/0���� �,$1=�
UHJLVWHUHG�WR[LFRORJ\�ODERUDWRU\��/LQFROQ����

�

�������6WDWLVWLFDO�DQDO\VHV�
&RDJXODWLRQ� WLPH� GDWD� ZHUH� DQDO\VHG� XVLQJ� SURFHGXUH� /0(� LQ� WKH� VWDWLVWLFDO� SDFNDJH� 5� �5�
'HYHORSPHQW� &RUH� 7HDP� ������� /LQHDU� PL[HG� PRGHOV� ZHUH� ILWWHG� WR� WHVW� IRU� VLJQLILFDQW�
GLIIHUHQFHV� LQ� WKH� UHVSRQVH� YDULDEOHV� �37�� 37�,15�� $377�� ZLWK� UHVSHFW� WR� GLSKDFLQRQH� GRVH�
JURXS�������PJ�NJ������PJ�NJ������PJ�NJ�GD\×��RU�����PJ�NJ�GD\×���DQG�GD\�DIWHU�GRVLQJ���������
��RU���EDVHOLQH���3LJV�ZHUH� WUHDWHG�DV� UDQGRP�HIIHFWV��ZKLOH� IL[HG� HIIHFWV�ZHUH�GRVH�JURXS�DQG�
GD\V�DIWHU�GRVLQJ��$Q�DXWRFRUUHODWLRQ�IXQFWLRQ�ZDV�ILWWHG�WR�WKH�GDWD��DV�UHSHDWHG�EORRG�VDPSOHV�
ZHUH�WDNHQ�IURP�WKH�VDPH�SLJV��EXW�ZDV�QRW�QHHGHG�LQ�WKH�PRGHO�DQG�ZDV�VXEVHTXHQWO\�UHPRYHG��
'DWD� IURP� WKH� SLJ� HXWKDQDVHG� RQ� GD\� �� DIWHU� H[SRVXUH� �VHH� 5HVXOWV�� ZHUH� RPLWWHG� IURP� WKH�
DQDO\VLV�EHFDXVH�LWV�GHDWK�GLG�QRW�IDOO�RQ�DQ�DOORFDWHG�µGD\�DIWHU�GRVLQJ¶��6WDWLVWLFDO�DQDO\VHV�RI�WKH�
WLVVXH� UHVLGXH� GDWD�ZHUH� FDUULHG� RXW� XVLQJ�*HQ6WDW� �*HQVWDW�&RPPLWWHH� �������$Q� H[SRQHQWLDO�
GHFD\� PRGHO� ZDV� XVHG� WR� GHULYH� HTXDWLRQV� DQG� HVWLPDWH� KDOI�OLIH� ILJXUHV� IRU� UHVLGXDO�
FRQFHQWUDWLRQV�RI�GLSKDFLQRQH�LQ�OLYHU��PXVFOH��NLGQH\�DQG�IDW�IURP�SLJV�WKDW�KDG�UHFHLYHG�D������
PJ�NJ�GRVH��7R�HQVXUH�FRQVHUYDWLYH�HVWLPDWHV�RI�WKH�SHUVLVWHQFH�RI�GLSKDFLQRQH��WLVVXH�VDPSOHV�LQ�
ZKLFK�WKH�PHDVXUHG�FRQFHQWUDWLRQ�ZDV�EHORZ�WKH�0'/�ZHUH�LQFOXGHG�LQ�WKH�GDWD�DV�KDYLQJ������
�J�J�UHVLGXDO�GLSKDFLQRQH��

�

����5HVXOWV�

������7ULDO����&RDJXODWLRQ�WLPH�UHVSRQVHV�WR�GLSKDFLQRQH�H[SRVXUH�
)URP� DQ� DYHUDJH� RI� ����� NJ� DW� ILUVW� ZHLJKLQJ� GXULQJ� DFFOLPDWLVDWLRQ�� WKH� SLJV� JDLQHG� ZHLJKW�
VWHDGLO\�GXULQJ�WKH�DFFOLPDWLVDWLRQ�DQG�WULDO�SHULRG��)LJ���������
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���$XJ��� ���$XJ��� ���$XJ��� ���$XJ��� ��6HS��� ���6HS��� ���6HS���

SLJ
�Z
HLJ

KW�
�NJ

�
%HJLQ�WULDO

�
)LJXUH�����%RG\ZHLJKWV�RI�IHPDOH���z���DQG�PDOH���{���SLJV�GXULQJ�WKH�DFFOLPDWL]DWLRQ�DQG�7ULDO�
��SHULRG���
�

8VH�RI�DQ�DFFXVWRPHG�SDODWDEOH�IRRG�WR�IDFLOLWDWH�DFFXUDWH�RUDO�H[SRVXUH�RI�SLJV�WR�GLSKDFLQRQH�
ZDV�JHQHUDOO\�VXFFHVVIXO��ZLWK�DOO�H[FHSW�RQH�HDWLQJ�WKH�HQWLUH�GRVH�ZLWKLQ����PLQXWHV��2QH�SLJ�
ZDV�PRUH�UHOXFWDQW�WKDQ�RWKHUV�WR�FRQVXPH�GRXJK�WKURXJKRXW�WKH�DFFOLPDWLRQ�SHULRG��DQG�WKLV�ZDV�
SDUWO\�RYHUFRPH�E\�PL[LQJ�WKH�XQHDWHQ�SRUWLRQV�ZLWK�D�VPDOO�DPRXQW�RI�QRUPDO�SHOOHW�IHHG��ZKLFK�
UHVXOWHG�LQ�DW�OHDVW�����RI�WKH�LQWHQGHG�GRVH������PJ�NJ�GD\�×���GD\V��EHLQJ�FRQVXPHG�ZLWKLQ�DQ�
KRXU� RQ� HDFK� GD\� RI� GRVLQJ�� 7ZR� SLJV� LQ� WKH� ����PJ�NJ�GD\�×� �� GD\V� JURXS�ZHUH� HXWKDQDVHG�
GXULQJ�WKH�WULDO�EHFDXVH�RI�LQFUHDVLQJO\�VHYHUH�ODPHQHVV��(OHYDWHG�37��������DQG��������VHFRQGV��
DQG�$377�������DQG��������VHFRQGV��ZHUH�PHDVXUHG�LQ�EORRG�VDPSOHV�WDNHQ�LPPHGLDWHO\�SRVW�
PRUWHP�IURP�WKH�WZR�HXWKDQDVHG�SLJV��ZLWK�,15�YDOXHV�RI�DSSUR[LPDWHO\���DQG����UHVSHFWLYHO\��
/LYHU� GLSKDFLQRQH� FRQFHQWUDWLRQV� ZHUH� ���� J�J� DQG� ����� J�J�� UHVSHFWLYHO\�� 7KH� ILUVW� SLJ�
HXWKDQDVHG��D�IHPDOH��ZDV�VOLJKWO\�ODPH�LQ�WKH�ULJKW�IURQW�OHJ�RQ�WKH�GD\�DIWHU�GRVLQJ�FRPPHQFHG��
DQG�ODPHQHVV�EHFDPH�PRUH�SURQRXQFHG�ZLWK�VZHOOLQJ�RI�WKH�NQHH�MRLQW�YLVLEOH�RQ�WKH�IROORZLQJ�
GD\�� $OWKRXJK� WKH� SLJ� UHPDLQHG� DOHUW�� LW� VKRZHG� D� GLVWLQFW� UHOXFWDQFH� WR�PRYH�� SURPSWLQJ� WKH�
GHFLVLRQ� WR�HXWKDQDVH�RQ�GD\����1HFURSV\� UHYHDOHG�KDHPRUUKDJH� VSUHDGLQJ� IURP� WKH�NQHH� MRLQW�
XSZDUGV� DORQJ� WKH� RXWHU� VLGH� RI� WKH� IHPXU�� IRUPLQJ� DQ� H[WHQVLYH� KDHPDWRPD� DORQJ� WKH� ERQH��
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ZKLFK�SUHVHQWHG�DV�YLVLEOH�VZHOOLQJ��7KH�VHFRQG�SLJ��D�PDOH��EHFDPH�VOLJKWO\�ODPH�LQ�WKH�OHIW�KLQG�
OHJ�IRXU�GD\V�DIWHU�GRVLQJ�FRPPHQFHG��DQG�ZDV�HXWKDQDVHG�RQ�GD\���GXH�WR�VOLJKW�EOHHGLQJ�IURP�
DURXQG� WKH� HDUWDJ�� UHODWLYHO\� PRUH� WLPH� VSHQW� O\LQJ� GRZQ� WKDQ� WKH� RWKHU� SLJV�� DQG� LQFUHDVLQJ�
VHYHULW\� RI� ODPHQHVV� DFFRPSDQLHG� E\� HYLGHQFH� RI� SDLQ� DQG�RU� GLVWUHVV�� L�H�� VTXHDOLQJ� ZKHQ�
DWWHPSWLQJ� WR� ZDON� WR� IRRG�� &RDJXODWLRQ� WLPHV� ZHUH� VLJQLILFDQWO\� HOHYDWHG� RQ� GD\� �� �37� �����
VHFRQGV��,15�������$377��������VHFRQGV��DQG�HYHQ�PRUH�VR�RQ�GD\����37��������VHFRQGV��,15�
�������$377��������VHFRQGV��MXVW�EHIRUH�HXWKDQDVLD��1HFURSV\�VKRZHG�PRVW�VZHOOLQJ�DW�WKH�WRS�
RI�WKH�ULJKW�KLQG�OHJ��ZLWK�IOXLG�SUHVHQW�DURXQG�WKH�KRFN�MRLQW�DQG�D�GDUN�KDHPDWRPD�PDVV�ZKHUH�
VZHOOLQJ�ZDV�JUHDWHVW��PRVWO\�LQ�PXVFOH�DW�WKH�UHDU�RI�WKH�OHJ���

0HDQ� EDVHOLQH� FRDJXODWLRQ� WLPHV� DUH� VKRZQ� LQ� 7DEOH� ���� �IXOO� GDWD� $SSHQGL[� ���� &RDJXODWLRQ�
WLPHV� IRU� WKH� HXWKDQDVHG�SLJV�ZHUH� H[FOXGHG� IURP� WKH� DQDO\VLV��1HLWKHU� WKH� LQWHUDFWLRQ�QRU� WKH�
HIIHFW�RI�GRVH�JURXS�ZDV�VLJQLILFDQW� LQ�DQ\�RI� WKH�DQDO\VHV��DOO�3�!������ZLWK�QR�HYLGHQFH�RI�D�
GRVH�UHODWHG� UHVSRQVH��� VR� WKHVH� ZHUH� QRW� LQFOXGHG� LQ� VXEVHTXHQW� PRGHOV�� )RU� DOO� FRDJXODWLRQ�
SDUDPHWHUV��YDOXHV�RQ�GD\���ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKRVH�RQ�GD\V������DQG�����7DEOH�
�����37�)� �������GI� ��������3����������,15�)� �������GI� ��������3����������$337�)� ��������GI�
 � ��� ����3��� �������� )LJXUH� ���� VKRZV� WKH�PHDQ� 37� WLPHV�PHDVXUHG� LQ� HDFK� WUHDWPHQW� JURXS��
ZKLFK�UHIOHFWV�WKH�RYHUDOO�WUHQGV�LQ�$337�DQG�,15�YDOXHV�GXULQJ�WKH�WULDO��

�

7DEOH������0HDQ�37�DQG�$337�WLPHV�DQG�,15�YDOXHV�������FRQILGHQFH�LQWHUYDOV��LQ�SLJV�GRVHG�
ZLWK�HLWKHU������PJ�NJ������PJ�NJ������PJ�NJ�GD\V�×���GD\V�RU�����PJ�NJ�GD\�×���GD\V��,QFOXGHV�
GDWD�IURP�WKH�RQH�SLJ�HXWKDQDVHG�DW�GD\���GXH�WR�ODPHQHVV��EXW�H[FOXGHV�GDWD�IURP�D�VHFRQG�SLJ�
HXWKDQDVHG�RQ�GD\����

� %DVHOLQH��'D\�±��� 'D\��� 'D\��� 'D\����
37��V�� �������±������� �������±������� �������±������� �������±�������
,15� ������±������� ������±������� ������±������� ������±�������
$377��V�� �������±������� �������±������� �������±������� �������±�������
�
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����PJ�NJ�GLSKDFLQRQH�[���GD\V
�����PJ�NJ�GLSKDFLQRQH��VLQJOH�GRVH�
����PJ�NJ�GLSKDFLQRQH��VLQJOH�GRVH�
����PJ�NJ�GLSKDFLQRQH�[���GD\V

'D\�� 'D\�� 'D\���

�
)LJXUH������0HDQ�SURWKURPELQ� WLPHV� �DQG�XSSHU�����FRQILGHQFH� LQWHUYDOV�� LQ�SLJV�GRVHG�ZLWK�
HLWKHU������PJ�NJ������PJ�NJ������PJ�NJ�GD\�IRU���GD\V��RU�����PJ�NJ�GD\�IRU���GD\V��9DOXHV�RQ�
GD\� ��ZHUH� VLJQLILFDQWO\� GLIIHUHQW� IURP� WKRVH� RQ� GD\V� ��� �� DQG� ��� �)� � ������ GI�  � ��� ����3���
���������
�

1HFURSV\� RI� WKH� WHQ� SLJV� HXWKDQDVHG� DW� FRPSOHWLRQ� RI� 7ULDO� �� GLG� QRW� UHYHDO� DQ\� JURVV�
KDHPRUUKDJH�LQ�RUJDQV�RU�OLPEV��,Q�WZR�SLJV��KRZHYHU��KHDOLQJ�VXEFXWDQHRXV�KDHPRUUKDJHV�ZHUH�
SUHVHQW�RQ� WKH� LQQHU� UHDU� OHJV��ZKLFK�ZHUH� WKRXJKW� WR�KDYH�RFFXUUHG�GXULQJ�HDUOLHU� UHVWUDLQW� IRU�
EORRG� VDPSOLQJ�� SRVVLEO\� EHFDXVH� RI� DQ� HIIHFW� RI� GLSKDFLQRQH� H[SRVXUH� RQ� FRDJXODWLRQ�� ,Q� RQH�
SLJ�� WKH�SHULFDUGLDO�VDF�KDG�D�OLWWOH�IOXLG�SUHVHQW�DQG�VRPH�SXV�ZDV�SUHVHQW�DW�D�SRLQW� LQVLGH� WKH�
KHDUW��SUREDEO\�GXH�WR�D�UHFHQW�LQIHFWLRQ�FDXVHG�E\�RQH�RI�WKH�EORRG�VDPSOLQJ�SURFHGXUHV��7KHUH�
ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�FRQFHQWUDWLRQV�RI�GLSKDFLQRQH�LQ�OLYHU�EHWZHHQ�WKH�GRVH�JURXSV�
�)� �������GI� ���� ���3� �������� DQG� WKH�PHDQ� UHVLGXDO� FRQFHQWUDWLRQ�ZDV������ J�J� �/DQGFDUH�
5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7������$SSHQGL[�)RXU���1R�GLSKDFLQRQH�ZDV�GHWHFWHG�LQ�
PXVFOH� VDPSOHV� IURP� WKHVH� SLJV� �/DQGFDUH� 5HVHDUFK� WR[LFRORJ\� ODERUDWRU\� UHSRUW� 7������
$SSHQGL[�)RXU���
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� ������7ULDO���3HUVLVWHQFH�RI�GLSKDFLQRQH�LQ�SLJ�WLVVXHV�
0HWKRG� UHFRYHU\� RQ� LQWHUQDO� VWDQGDUGV� ZDV� ����� IRU� OLYHU� �/DQGFDUH� 5HVHDUFK� WR[LFRORJ\�
ODERUDWRU\�UHSRUW�7������$SSHQGL[�)RXU��������IRU�IDW�DQG�����IRU�PXVFOH��/DQGFDUH�5HVHDUFK�
WR[LFRORJ\�ODERUDWRU\�UHSRUW�7������$SSHQGL[�)RXU���+LJKHVW�GLSKDFLQRQH�FRQFHQWUDWLRQV�ZHUH�LQ�
OLYHU��ZLWK�D�PHDQ�RI������µJ�J�DW�GD\���������µJ�J�DW�GD\���DQG������µJ�J�DW�GD\�����)LJ�������$W�
'D\� ��� OLYHU� FRQFHQWUDWLRQV� RI� GLSKDFLQRQH� ZHUH� RQ� DYHUDJH� ���� WLPHV� KLJKHU� WKDQ� WKRVH� LQ�
PXVFOH������WLPHV�KLJKHU�WKDQ�LQ�IDW������WLPHV�KLJKHU�WKDQ�LQ�SODVPD�DQG�����WLPHV�KLJKHU�WKDQ�LQ�
NLGQH\��%\�GD\����GLSKDFLQRQH�FRQFHQWUDWLRQV�LQ�PXVFOH��IDW��NLGQH\�DQG�SODVPD�ZHUH�EHORZ�����
µJ�J��)LJ������ZLWK�SODVPD�VDPSOHV�JHQHUDOO\�EHORZ�WKH�0'/�RI������µJ�J�E\�GD\�����7DEOH�����
VXPPDUL]HV�WKH�HOLPLQDWLRQ�KDOI�OLIH��W�ò��HVWLPDWHV�PDGH�IURP�WKHVH�GDWD�IRU�GLSKDFLQRQH�LQ�SLJ�
OLYHU��IDW��PXVFOH��NLGQH\��DQG�SODVPD���
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�
)LJXUH������0HDQ�FRQFHQWUDWLRQ�RI�GLSKDFLQRQH��µJ�J�� LQ� OLYHU��PXVFOH�� IDW��NLGQH\�DQG� OLYHU�DW�
GD\V������DQG����DIWHU�H[SRVXUH�RI�SLJV�WR������PJ�NJ�GLSKDFLQRQH��0HWKRG�OLPLW�RI�GHWHFWLRQ�ZDV�
�����µJ�J�IRU�DOO�VDPSOH�W\SHV��



� ���

)URP�ZKROH�RUJDQ�ZHLJKWV�DW�VDPSOLQJ��OLYHU�FRPSULVHG�D�PHDQ�RI�������RI�WRWDO�SLJ�ERG\ZHLJKW�
DQG� NLGQH\V� ������RI� WRWDO� ERG\ZHLJKW��8VLQJ� WKH� KLJKHVW� �GD\� ��� GLSKDFLQRQH� FRQFHQWUDWLRQV�
PHDVXUHG�DQG�WKH�FRUUHVSRQGLQJ�RUJDQ�ZHLJKWV�RI�WKH�IRXU�SLJV�VDPSOHG�RQ�GD\����WKH�HVWLPDWHG�
EXUGHQ�RI�GLSKDFLQRQH�LQ�OLYHU�ZDV������PJ�DQG�LQ�NLGQH\������PJ��FRPSULVLQJ�������DQG�������
RI�WKH�WRWDO�GLSKDFLQRQH�H[SRVXUH�UHVSHFWLYHO\���

7DEOH������ �(OLPLQDWLRQ�KDOI�OLYHV�ZLWK�����FRQILGHQFH�LQWHUYDOV�IRU�GLSKDFLQRQH�LQ�SLJ�WLVVXHV��
IROORZLQJ�LQJHVWLRQ�RI�D�VLQJOH������PJ�NJ�GRVH��

7LVVXH� +DOI�OLIH�HVWLPDWH�GD\V�� ����FRQILGHQFH�LQWHUYDOV�
/LYHU� ������RYHUDOO��

������LQLWLDO�SKDVH��GD\���WR����
�������WHUPLQDO�SKDVH��GD\���WR�����

�������������
�������������
�������QRW�GHILQHG�

0XVFOH� ����� �����������
)DW� ����� �����������
.LGQH\� ����� ����������
3ODVPD� ����� ����������
�
�
���� 'LVFXVVLRQ�

� ������7ULDO���&RDJXODWLRQ�WLPH�UHVSRQVHV�WR�GLSKDFLQRQH�H[SRVXUH�
0HDQ� EDVHOLQH� 37� DQG� $377� YDOXHV� ������� DQG� ������ V�� PHDVXUHG� KHUH� ZHUH� VLPLODU� WR�
SUHYLRXVO\�UHSRUWHG�YDOXHV�IRU�SLJV��H�J��+DKQ�HW�DO��������0F*ODVVRQ�HW�DO��������'UHVFKHU�HW�DO��
�������DOWKRXJK�ORZHU�QRUPDO�$377�YDOXHV�KDYH�DOVR�EHHQ�UHSRUWHG��+DKQ�HW�DO��������0XQVWHU�
HW�DO���������7KH�VLJQLILFDQW�HOHYDWLRQV�RI�ERWK�37�DQG�$377�DW�GD\���LQGLFDWHG�DQ�DQWLFRDJXODQW�
HIIHFW�RI�DOO�GLSKDFLQRQH�H[SRVXUHV�LQ�WKLV�WULDO��,Q�KXPDQ�PHGLFLQH��WKH�ULVN�RI�EOHHGLQJ�LQFUHDVHV�
GUDPDWLFDOO\� ZKHQ� WKH� ,15� H[FHHGV� �������� �+DQVOLN� 	� 3ULQVHDX� ������� $VVXPLQJ� WKH� VDPH�
DSSOLHV� WR� SLJV�� WKH� GLSKDFLQRQH� GRVHV� LQJHVWHG� E\� SLJV� LQ� WKLV� VWXG\� DOO� LQFUHDVHG� WKH� ULVN� RI�
KDHPRUUKDJH�DW�GD\����ZLWK�D�UHWXUQ�WR�EDVHOLQH�YDOXHV�LQ�PRVW�FDVHV�E\�GD\����:KLOH�.HLWK�HW�DO��
�������IRXQG�WKDW�RUDO�GLSKDFLQRQH�GRVHV�WR�FDSWLYH�ZLOG�SLJV�RI�XS�WR�����PJ�SLJ�GD\�IRU���GD\V�
ZHUH�IROORZHG�E\�QRUPDO�FRDJXODWLRQ�WLPHV�DW���DQG����GD\V�DIWHUZDUGV��ZLWK�QR�VLJQV�RI�WR[LFLW\��
RWKHU�VWXGLHV�RI�DQWLFRDJXODQWV� LQ�SLJV�KDYH�GRFXPHQWHG�VLPLODU�HIIHFWV�RQ�FRDJXODWLRQ�WLPHV� WR�
WKRVH�GHVFULEHG�KHUH��)OHWFKHU� ������� IHG� IRXU�SLJV�GLSKDFLQRQH�DW�������PJ�NJ�GD\� IRU���GD\V�
DQG� WKH\� VKRZHG� VRPH� VLJQV� RI� SRLVRQLQJ�� IROORZHG� E\� UHFRYHU\� DW� �� GD\V� DIWHU� GRVLQJ�� ZLWK�
KHPRUUKDJH�UHODWHG�SDWKRORJ\�ZKHQ�WKH\�ZHUH�HXWKDQDVHG����GD\V�ODWHU��0F*ODVVRQ�HW�DO���������
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GRVHG�SLJV�GDLO\� IRU����GD\V�ZLWK��±��PJ�RI� FRXPDGLQ� �HTXLYDOHQW� WR�F������±�����PJ�NJ�G�RI�
ZDUIDULQ��DQG�PHDVXUHG�37�DQG�$377�YDOXHV�DW������DQG����G��XVLQJ�WZR�GLIIHUHQW�WHVW�V\VWHPV��
3LJV�UHVSRQGHG�WR�WKH�FRXPDGLQ�GRVHV�ZLWK�LQFUHDVHG�$377�WLPHV�DW���G�������V��DQG����G�������
V��DQG� ,15�YDOXHV�DERYH���DW����G������DQG������GHSHQGLQJ�RQ� WKH� WHVW�V\VWHP�XVHG���DOWKRXJK�
0F*ODVVRQ�HW�DO���������GLG�QRW�GRFXPHQW�DQ\�YLVLEOH�VLJQV�RI�DQWLFRDJXODWLRQ���
�
3LJV� LQ� WKLV� WULDO� DSSHDUHG�PRUH� VXVFHSWLEOH� WR� GLSKDFLQRQH� WKDQ� LQGLFDWHG� E\�+D]HOWRQ� �������
FLWHG� LQ� 3LWW� HW� DO�� ������ DQG� )OHWFKHU� �������� VXJJHVWLQJ� WKDW� QRQ�WDUJHW� KD]DUG� WR� IHUDO� SLJV�
GXULQJ� ILHOG�GLSKDFLQRQH�EDLWLQJ� LV�KLJKHU� WKDQ�SUHYLRXVO\� WKRXJKW�� ,I� IHUDO� SLJV�KDYH� VXIILFLHQW�
DFFHVV�WR�EDLW�WKH\�ZLOO�EH�SRLVRQHG��DV�HYLGHQFHG�E\�WKH�PRUWDOLW\�RI�WKLUWHHQ�IHUDO�SLJV�IROORZLQJ�
DQ�H[SHULPHQWDO�ILHOG�DSSOLFDWLRQ�RI�GLSKDFLQRQH�EDLW�LQ�+DZDLL��������3LWW�HW�DO��������7XPPRQV�
�������7KH�WZR�SLJV�WKDW�GHYHORSHG�VHYHUH�OHJ�MRLQW�KHPRUUKDJH�LQ�7ULDO���KDG�LQJHVWHG�VPDOOHU�
DQG� OHVV� SURORQJHG� GRVHV� RI� GLSKDFLQRQH� WKDQ� WKRVH� GHVFULEHG� E\� )OHWFKHU� �������� 3LJV� LQ� WKH�
ODWWHU�VWXG\�ZHUH�NHSW�LQGLYLGXDOO\�LQ��¶�×��¶�SHQV�DQG�WKXV�ZHUH�SUREDEO\�UHODWLYHO\�UHVWULFWHG�LQ�
WKHLU�PRYHPHQW� FRPSDUHG� WR� WKH� JURXS�KRXVHG� SLJV� LQ�7ULDO� ���ZKLFK� GLVSOD\HG� IUHTXHQW� SOD\��
PRXQWLQJ� DQG� UXQQLQJ�EHKDYLRXU��0RYHPHQWV� VXFK� DV� WKHVH�PD\� FUHDWH�PLQRU� MRLQW� LQMXULHV� RU�
VWUDLQV�WKDW�FDQ�EHFRPH�VWDUWLQJ�SRLQWV�IRU�KDHPRUUKDJH�ZKHQ�FRDJXODWLRQ�LV�FRPSURPLVHG��7KHVH�
UHVXOWV� HPSKDVLVH� WKH� XQSUHGLFWDEOH� LQFLGHQFH� RI� KDHPRUUKDJH� GXULQJ� DQWLFRDJXODQW� WR[LFRVLV��
ZKHUH� YDULDEOHV� VXFK� DV� PRYHPHQW� DQG� LQMXU\� SUREDEO\� LQIOXHQFH� WKH� RFFXUUHQFH� RI� VHYHUH�
KDHPRUUKDJH��/DPHQHVV�DSSHDUV�WR�EH�D�W\SLFDO�HDUO\�VLJQ�RI�DQWLFRDJXODQW�WR[LFRVLV�LQ�SLJV��2I�
HLJKW�SLJV� IHG�ZLWK�FRXPDWHWUDO\O��'REVRQ� �������QRWHG� ODPHQHVV� LQ�RQH� DW� ��GD\V� DQG� LQ� IRXU�
RWKHUV�E\���GD\V��DOVR�QRWLQJ�WKDW�SLJV�RIWHQ�VKRZHG�³GLIILFXOW\�LQ�ULVLQJ´�EHIRUH�GHDWK�LQ���GD\V��
0HDQ�WLPH�WR�GHDWK�LQ�SLJV�SRLVRQHG�ZLWK�ZDUIDULQ�UDQJHG�IURP�����WR������GD\V�ZLWK�QHFURSV\�RI�
��� SLJV� ILQGLQJ� KDHPRUUKDJH� LQ� IRUH�� DQG� KLQG� OLPEV� RI� ����±������ �+RQH� 	� .OHED� �������
2¶%ULHQ� 	� /XNLQV� ������� DOVR� UHSRUWHG� ODPHQHVV�� GHSUHVVLRQ� DQG� OHWKDUJ\� DV� ILUVW� VLJQV� RI�
SRLVRQLQJ� DSSUR[LPDWHO\���G� DIWHU� SLJV� KDG� LQJHVWHG� D� OHWKDO� GRVH�RI�ZDUIDULQ� RU� EURGLIDFRXP��
ZLWK� DIIHFWHG�SLJV� UHOXFWDQW� WR�PRYH� DQG� VSHQGLQJ� UHODWLYHO\�PRUH� WLPH� O\LQJ�GRZQ��%UDNHV�	�
6PLWK� ������� QRWHG� OLPE� MRLQW� KDHPRUUKDJH� DV� D� OLNHO\� H[SODQDWLRQ� IRU� VWDJJHULQJ� JDLW� DQG�
GHFUHDVHG�PRELOLW\�RI�SRLVRQHG�URGHQWV��$OWKRXJK�DQLPDO�ZHOIDUH�LV�QRW�WKH�IRFXV�RI�WKLV�WKHVLV��
WKH�EHKDYLRXUV�LQ�WKH�WZR�KDHPRUUKDJH�DIIHFWHG�SLJV�LQ�7ULDO���VXJJHVWHG�WKDW�WKH�ODPHQHVV�ZDV�
SDLQIXO��:KLOH�KDHPRUUKDJHV�DUH�SUREDEO\�QRW�LQKHUHQWO\�SDLQIXO�LI�WKH\�RFFXU�LQ�D�UHODWLYHO\�RSHQ�
ERG\�FDYLW\�� WKH\�PD\�OHDG� WR�SDLQ�LI� WKH\�FDXVH� WLVVXH�VZHOOLQJ�RU�SUHVVXUH�ZLWKLQ�DQ�HQFORVHG�
DUHD� VXFK� DV� D� MRLQW� FDYLW\� �0DF/DLQ� 	� :HLQVWHLQ� ������� ,Q� SDUWLFXODU�� LQWUD�DUWLFXODU�
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KDHPRUUKDJH� KDV� EHHQ� QRWHG� DV� SDLQIXO� LQ� KXPDQV�� SUREDEO\� RZLQJ� WR� VWLPXODWLRQ� RI� LQWUD�
DUWLFXODU� QRFLFHSWRUV� WKURXJK� SUHVVXUH� H[HUWHG� E\� DFFXPXODWLQJ� EORRG� �0DF/DLQ� 	�:HLQVWHLQ�
������� *LYHQ� WKH� IUHTXHQF\� ZLWK� ZKLFK� ODPHQHVV� LV� UHSRUWHG� WR� RFFXU� LQ� SLJV� SRLVRQHG� ZLWK�
DQWLFRDJXODQWV��VRPH�ZHOIDUH�FRPSURPLVH�RI�IHUDO�SLJV�SRLVRQHG�ZLWK�GLSKDFLQRQH�VHHPV�FHUWDLQ��
HVSHFLDOO\�LI�WLPHV�WR�GHDWK�DUH�LQ�WKH�RUGHU�RI�GD\V�LQ�ILHOG�VLWXDWLRQV��

�

� ������7ULDO���3HUVLVWHQFH�RI�GLSKDFLQRQH�LQ�SLJ�WLVVXHV�
7KH�KHSDWLF�KDOI�OLIH�HVWLPDWH�LQ�SLJV�FRQWUDVW�ZLWK�WKH�ILQGLQJV�RI�%XOODUG�HW�DO���������LQ�FDWWOH�
�7DEOH� ������ :KLOH� QR� FRPSDUDEOH� KDOI�OLIH� HVWLPDWHV� IRU� RWKHU� DQWLFRDJXODQWV� LQ� SLJV� DUH�
DYDLODEOH�� WKH� UHVXOWV� KHUH� DUH� FRQVLVWHQW�ZLWK� WKH� ILQGLQJV�RI�)LVKHU�HW� DO�� ������� LQ� ODERUDWRU\�
UDWV��LQGLFDWLQJ�WKDW�GLSKDFLQRQH�SHUVLVWHQFH�LQ�PDPPDOLDQ�OLYHU�LV�UHODWLYHO\�VKRUW�LQ�FRPSDULVRQ�
WR�VHFRQG�JHQHUDWLRQ�DQWLFRDJXODQWV���

,Q�IHUDO�SLJV�H[SRVHG�WR�D�WULDO�DSSOLFDWLRQ�RI�GLSKDFLQRQH�EDLW�LQ�+DZDLL��WKH�KLJKHVW�GLSKDFLQRQH�
FRQFHQWUDWLRQV�GHWHFWHG�LQ�OLYHU�DQG�PXVFOH�ZHUH������DQG�������J�J�UHVSHFWLYHO\�DQG�ZHUH�ERWK�
SUHVHQW�LQ�RQH�SLJ��3LWW�HW�DO���������7KH�KLJKHVW�UHVLGXDO�GLSKDFLQRQH�FRQFHQWUDWLRQ�LQ�SLJ�OLYHU�
UHSRUWHG�E\�.HLWK�HW�DO���������ZDV�������J�J��7KXV�7ULDO���SURGXFHG�VRPH�RI�WKH�KLJKHVW�UHVLGXDO�
FRQFHQWUDWLRQV�RI�GLSKDFLQRQH�LQ�SLJ�OLYHU�DQG�PXVFOH�������DQG�������J�J�UHVSHFWLYHO\��UHSRUWHG�
WR�GDWH��RFFXUULQJ�LQ�WKH�VDPH�SLJ�DW�RQH�GD\�DIWHU�GRVLQJ�ZLWK������PJ�NJ�� �8VLQJ�WKH�KDOI�OLIH�
HVWLPDWHV�IRU�GLSKDFLQRQH�LQ�PXVFOH�DQG�IDW��LW�ZRXOG�WDNH����DQG������GD\V�UHVSHFWLYHO\�IRU�WKH�
KLJKHVW� UHVLGXH�PHDVXUHG� LQ� WKHVH� WLVVXHV� ������ DQG� ����� �J�J�� WR� GHFOLQH� WR� EHORZ� GHWHFWDEOH�
FRQFHQWUDWLRQV��8VLQJ� WKH� WHUPLQDO� KDOI�OLIH� HVWLPDWH� RI� ������ GD\V� IRU� GLSKDFLQRQH� LQ� OLYHU�� LW�
ZRXOG� WDNH�����GD\V� IRU� WKH�KLJKHVW� UHVLGXH�PHDVXUHG� LQ� OLYHU� ������XJ�J�� WR� GHFOLQH� WR� EHORZ�
GHWHFWDEOH�FRQFHQWUDWLRQV���������XJ�J���7KLV�LV�D�FRQVHUYDWLYH�PHDVXUH�WKDW�GRHV�QRW�WDNH�DFFRXQW�
RI�WKH�RYHUDOO�HOLPLQDWLRQ�UDWH�IURP�WKH�OLYHU��LQFOXGLQJ�WKH�PRUH�UDSLG�LQLWLDO�SKDVH��7R�GHILQH�D�
ZLWK�KROGLQJ�SHULRG�IRU�IHUDO�SLJV�KXQWHG�IRU�KXPDQ�FRQVXPSWLRQ�LQ�DUHDV�ZKHUH�GLSKDFLQRQH�KDV�
EHHQ�DSSOLHG��DOORZDQFH�VKRXOG�EH�PDGH�IRU�WKH�SRVVLELOLW\�RI�KLJKHU�UHVLGXH�FRQFHQWUDWLRQV�WKDQ�
WKRVH�PHDVXUHG�KHUH�� ,QFRUSRUDWLQJ�D�YHU\�FRQVHUYDWLYH� µVDIHW\� IDFWRU¶��E\�DGGLQJ�KDOI�DJDLQ� WR�
WKH�HVWLPDWHG�QXPEHU�RI�GD\V�IRU�OLYHU�UHVLGXHV�WR�EHFRPH�XQGHWHFWDEOH��D�ZLWK�KROGLQJ�SHULRG�RI�
���� GD\V� LV� VXJJHVWHG�� 7KLV� LV� ORQJHU� WKDQ� WKH� �� PRQWKV� FXUUHQWO\� UHFRPPHQGHG� IRU� ILUVW�
JHQHUDWLRQ�DQWLFRDJXODQWV�E\�1=)6$��
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���� &RQFOXVLRQV�
3ULPDU\�SRLVRQLQJ�ULVNV�WR�IHUDO�SLJV�UHVXOWLQJ�IURP�VLQJOH�DQG�PXOWLSOH�H[SRVXUHV�WR�GLSKDFLQRQH�
EDLWV�LQ�WKH�ILHOG�UHPDLQ�WR�EH�HYDOXDWHG��+RZHYHU�IHUDO�SLJV�DUH�FDSDEOH�RI�FRQVXPLQJ�VXIILFLHQW�
GLSKDFLQRQH� EDLW� WR� FDXVH� PRUWDOLW\� LI� DFFHVV� LV� DOORZHG�� 'LSKDFLQRQH� LV� OHVV� SHUVLVWHQW� WKDQ�
EURGLIDFRXP�LQ�SLJ�WLVVXHV��WKXV�SUHVHQWV�D�ORZHU�GXUDWLRQ�RI�KD]DUG�WR�FRQVXPHUV�RI�SLJV��+XPDQ�
WR[LFLW\�GDWD�IRU�GLSKDFLQRQH�DUH�VFDUFH��EXW�DVVXPLQJ�DQ�/'���YDOXH�RI������PJ�NJ�DV�UHSRUWHG�
IRU� ODERUDWRU\� UDWV� �-DFNVRQ�	�$VKWRQ�������� DQG�XVLQJ� WKH�KLJKHVW� UHVLGXH�FRQFHQWUDWLRQ� IURP�
7ULDO����D����NJ�KXPDQ�ZRXOG�QHHG�WR�HDW�DQ�HVWLPDWHG������NJ�RI�FRQWDPLQDWHG�OLYHU�RU�����NJ�RI�
FRQWDPLQDWHG�PXVFOH�WR�LQJHVW�D�OHWKDO�GRVH��:KLOH�WKHVH�VFHQDULRV�DUH�XQOLNHO\��WKH�SRWHQWLDO�IRU�
UHSHDWHG�� VPDOOHU� H[SRVXUHV� WR� GLSKDFLQRQH� LQ� PHDW� DQG� VXEOHWKDO� HIIHFWV� RQ� FRDJXODWLRQ�� DV�
GLVFXVVHG�E\�(DVRQ�HW�DO�� �������IRU�EURGLIDFRXP��UHPDLQ� WR�EH�FRQVLGHUHG��,W� LV�VXJJHVWHG�WKDW�
FXUUHQWO\�DYDLODEOH�DQDO\WLFDO�PHWKRG�OLPLWV�RI�GHWHFWLRQ�IRU�GLSKDFLQRQH�LQ�WLVVXH�DUH�UHILQHG�DQG�
YDOLGDWHG� LQ� RUGHU� WR� UHYLHZ� D� SUDFWLFDEOH� PD[LPXP� UHVLGXH� OHYHO�� $V� ZHOO� DV� FRQILUPLQJ� WKH�
YDOLGLW\�RI�WKH�ZLWKKROGLQJ�SHULRG�UHFRPPHQGHG�IRU�GLSKDFLQRQH�DERYH��UHVLGXH�VXUYH\V�RI�IHUDO�
SLJV� IURP� DUHDV� ZKHUH� GLSKDFLQRQH� KDV� EHHQ� DSSOLHG� IRU� URGHQW� FRQWURO� ZRXOG� DOVR� KHOS� WR�
GHWHUPLQH�WKH�IUHTXHQF\�DQG�H[WHQW�WR�ZKLFK�DQ�05/�PLJKW�EH�H[FHHGHG��
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&KDSWHU����%DLW�FRQVXPSWLRQ�DQG�UHVLGXDO�FRQFHQWUDWLRQV�RI�
GLSKDFLQRQH�LQ�ZHWD��+HPLGHLQD�FUDVVLGHQV���
�
���� ,QWURGXFWLRQ�
$V�RXWOLQHG�LQ�&KDSWHU����DSSOLFDWLRQ�RI�EURGLIDFRXP�EDLWV�WR�FRQWURO�LQWURGXFHG�SHVWV�LQ�1=��H�J��
,QQHV�HW�DO��������KDV�UHVXOWHG�LQ�SULPDU\�DQG�VHFRQGDU\�H[SRVXUH�RI�QRQ�WDUJHW�ELUGV��H�J��(DVRQ�
DQG�6SXUU�������DQG�PDPPDOV� �H�J��6SXUU�HW�DO�������� WR�EURGLIDFRXP��([SRVXUH�RI�QRQ�WDUJHW�
LQYHUWHEUDWHV�KDV�DOVR�EHHQ�VWXGLHG���D�UDQJH�RI�WHUUHVWULDO�LQVHFW�VSHFLHV�IHHG�RQ�FHUHDO�EDLWV�XVHG�
IRU�YHUWHEUDWH�SHVW�FRQWURO��H�J��2JLOYLH�HW�DO��������6SXUU�	�'UHZ�������&UDGGRFN�������KHQFH�
XQGHUJR� SULPDU\� H[SRVXUH� WR� WKH� DFWLYH� LQJUHGLHQW� RI� WKH� EDLW�� 6HFRQGDU\� H[SRVXUH� RI�
LQYHUWHEUDWHV� FDQ� DOVR� RFFXU�� DV� GHPRQVWUDWHG� E\� +RZDOG� ������� ZKR� PHDVXUHG� EURGLIDFRXP�
UHVLGXHV� LQ� FDUULRQ�IHHGLQJ� LQYHUWHEUDWHV� FROOHFWHG� IURP� WKH� FDUFDVVHV� RI� SRLVRQHG� UDWV��
,QYHVWLJDWLRQ� RI� GLSKDFLQRQH� DV� DQ� HIIHFWLYH� EXW� OHVV� SHUVLVWHQW� DOWHUQDWLYH� WR� EURGLIDFRXP�
�VXPPDULVHG� LQ�&KDSWHU������ UDLVHV�TXHVWLRQV�DERXW�SRVVLEOH�HIIHFWV�RQ� LQYHUWHEUDWHV��HVSHFLDOO\�
QDWLYH�1=�VSHFLHV��,W�KDV�EHHQ�VXJJHVWHG�WKDW�DQWLFRDJXODQWV�ODFN�LQVHFWLFLGDO�SURSHUWLHV�EHFDXVH�
LQVHFWV�GR�QRW�KDYH�WKH�VDPH�EORRG�FORWWLQJ�V\VWHPV�DV�YHUWHEUDWHV��6KLUHU��������DQG�D�QXPEHU�RI�
ODERUDWRU\� DQG� ILHOG� VWXGLHV� VXJJHVW� WKLV� LV� WKH� FDVH� IRU� EURGLIDFRXP� DW� OHDVW�� &DSWLYH� VWXGLHV�
�VXPPDULVHG�LQ�%RRWK�HW�DO��������LQGLFDWH�ORZ�WR[LFLW\�RI�EURGLIDFRXP�WR�ODUJH�KHDGHG�WUHH�ZHWD�
�+HPLGHLQD� FUDVVLGHQV�� DQG� $VFHQVLRQ� ,VODQG� ODQG� FUDEV� �*HFDUFLQXV� ODJRVWRPD��� &UDGGRFN�
�������IRXQG�WKDW�FDSWLYH�ORFXVWV��/RFXVWD�PLJUDWRULD��IHG�UHDGLO\�RQ�FHUHDO�EDVHG�EURGLIDFRXP�
EDLWV�ZLWK�QR�VLJQLILFDQW�LQFUHDVH�LQ�PRUWDOLW\��,Q�FDSWLYH�FDYH�ZHWD��3OHLRSOHFWURQ�VLPSOH[��DQG�
JURXQG�ZHWD� �+HPLDQGUXV� VS��� ZHLJKW� ORVV� DQG�PRUWDOLW\�ZDV� QRW� VLJQLILFDQWO\� KLJKHU� LQ�ZHWD�
H[SRVHG�WR�EURGLIDFRXP�EDLW�RYHU����GD\V��%RZLH�	�5RVV��������

1R� VLPLODU� VWXGLHV� RU� SXEOLVKHG� DFXWH� WR[LFLW\� GDWD� ZDV� IRXQG� IRU� GLSKDFLQRQH� LQ� WHUUHVWULDO�
DUWKURSRGV�� 1R� PRUWDOLW\� ZDV� REVHUYHG� LQ� FDSWLYH� +DZDLLDQ� VQDLOV� �2[\FKLOXV� VSS��� DQG� VOXJV�
�/LPD[�PD[LPXV�DQG�'HURFHUDV�ODHYH��IHG��������GLSKDFLQRQH�EDLW�RYHU�VHYHQ�GD\V��-RKQVWRQ�HW�
DO�� ������ LQGLFDWLQJ� WKDW� DFXWH� WR[LFLW\� WR� WKHVH� VSHFLHV� ZDV� ORZ�� +RZHYHU�� WKHUH� DUH� HDUOLHU�
UHSRUWV� RI� FRPSRXQGV� VWUXFWXUDOO\� UHODWHG� WR� GLSKDFLQRQH� ����GLSKHQ\ODFHW\O������LQGDQGLRQH��
KDYLQJ� WR[LF� HIIHFWV� RQ� LQYHUWHEUDWHV�� )RU� H[DPSOH�� LVRPHULF� YDOHU\O�����LQGDQGLRQHV� H[KLELWHG�
VWURQJ� LQVHFWLFLGDO� SURSHUWLHV� DJDLQVW� KRXVHIOLHV� �0XVFD� GRPHVWLFD�� �.LOJRUH� HW� DO�� ������� ��
SLYDO\O�����LQGDQGLRQH� �SLYDO\O�� VKRZHG� WR[LF� HIIHFWV� DJDLQVW� ERG\� OLFH� �3HGLFXOXV� KXPDQXV�
FRUSRULV�� �(GG\�	�%XVKODQG� ������� DQG� ������� SLYDO\O� FHUHDO� EDLWV� DSSOLHG� LQ� ILHOG� WULDOV� IRU�
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URGHQW� FRQWURO� DOVR� KDG� LQVHFWLFLGDO� SURSHUWLHV� �&UDEWUHH� 	� 5RELQVRQ� ������� 'LSKDFLQRQH� LV�
FRQVLGHUHG� ³PRGHUDWHO\� WR[LF´� WR� WKH� IUHVKZDWHU� LQYHUWHEUDWH�'DSKQLD�PDJQD� �86�(3$��������
7KXV� LW� ZDV� LPSRUWDQW� WR� DVVHVV� WKH� WR[LFLW\� RI� GLSKDFLQRQH� LQ� D� UHSUHVHQWDWLYH� WHUUHVWULDO�
LQYHUWHEUDWH�WR�FRQILUP�ZKHWKHU�GLSKDFLQRQH�ZRXOG�SUHVHQW�ORZ�KD]DUG�WR�1=�LQYHUWHEUDWHV�WKDW�
IHHG�RQ�EDLW���

)LHOG�PRQLWRULQJ�IROORZLQJ�EURGLIDFRXP�EDLWLQJ�LQ�1=�KDV�GHWHFWHG�UHVLGXHV�LQ�VRPH�LQYHUWHEUDWH�
VSHFLHV��SDUWLFXODUO\� WKRVH� WKDW�HDW�EDLWV� �VXPPDULVHG�E\�%RRWK�HW�DO���������7KXV� LQYHUWHEUDWHV�
FDQ� DOVR� WUDQVIHU� DQWLFRDJXODQW� UHVLGXHV� LQ� WKH� HQYLURQPHQW�� SUHVHQWLQJ� D� VHFRQGDU\� KD]DUG� WR�
LQVHFWLYRUHV� �DV� RXWOLQHG� LQ� &KDSWHU� �������� *RGIUH\� ������� UHSRUWV� WKDW� VHYHUDO� ELUGV� LQ� D� ]RR�
DYLDU\�GLHG��DSSDUHQWO\�DV� WKH�UHVXOW�RI�HDWLQJ�DQWV�DQG�FRFNURDFKHV�WKDW�KDG�HDWHQ�EURGLIDFRXP�
EDLWV�� 0RUH� UHFHQWO\�� VDQGKRSSHUV� �7DORUFKHVWLD� VSS��� WKDW� IHG� RQ� EURGLIDFRXP� EDLW� ZHUH�
LGHQWLILHG�DV�WKH�OLNHO\�VRXUFH�RI�OHWKDO�VHFRQGDU\�H[SRVXUH�LQ�1HZ�=HDODQG�GRWWHUHOV��&KDUDGULXV�
REVFXUXV�DTXLORQLXV��IROORZLQJ�D�EDLWLQJ�RSHUDWLRQ�DW�7DZKDUDQXL��1=��'RZGLQJ�HW�DO���������,Q�
JHQHUDO��ILHOG�EDVHG�DVVHVVPHQWV�RI�VHFRQGDU\�ULVN�WR�QRQ�WDUJHW�LQVHFWLYRUHV�DUH�VFDUFH�SUREDEO\�
EHFDXVH� RI� WKH� UHODWLYH� VFDOH� DQG� FRPSOH[LW\� RI� WKH� VWXGLHV� UHTXLUHG�� 0RVW� RI� WKH� UHOHYDQW�
LQIRUPDWLRQ�SHUWDLQV�WR�EURGLIDFRXP�UHVLGXHV�±�WKH�RQO\�µILHOG�PRQLWRULQJ¶�GDWD�IRU�GLSKDFLQRQH�
LQ� LQYHUWHEUDWHV� VRXUFHG� ZDV� E\� -RKQVWRQ� HW� DO�� �������� ZKHUH� UHVLGXH� FRQFHQWUDWLRQV� ZHUH�
PHDVXUHG�LQ�+DZDLLDQ�VQDLOV�DQG�VOXJV�FROOHFWHG�ZLWKLQ���P�RI�GLSKDFLQRQH�EDLWV�GXULQJ�D�EDLWLQJ�
RSHUDWLRQ�� 7KHVH� DXWKRUV� WKHQ� XQGHUWRRN� D� SUREDELOLVWLF� VHFRQGDU\� ULVN� DVVHVVPHQW� IRU�
GLSKDFLQRQH� EDVHG� RQ� UHVLGXH� FRQFHQWUDWLRQV� PHDVXUHG� LQ� JDVWURSRGV�� 7R� REWDLQ� VLPLODU� GDWD�
DSSOLFDEOH�WR�VHFRQGDU\�ULVN�DVVHVVPHQW�LQ�WKH�FRQWH[W�RI�QRQ�WDUJHW�1=�LQVHFWLYRUHV��D�ODERUDWRU\�
WULDO�ZDV�XQGHUWDNHQ� WR�GHWHUPLQH�ZKHWKHU� WKH�:HOOLQJWRQ� WUHH�ZHWD� �+HPLGHLQD� FUDVVLGHQV��� D�
UHJLRQDOO\�FRPPRQ��ODUJH�QDWLYH�1=�RUWKRSWHUDQ�ZRXOG�IHHG�RQ�GLSKDFLQRQH�EDLW��ZKHWKHU�VXFK�
H[SRVXUH�ZDV�DVVRFLDWHG�ZLWK�WR[LFLW\�RU�PRUWDOLW\�DQG�WR�PHDVXUH�WKH�FRQFHQWUDWLRQV�RI�UHVLGXDO�
GLSKDFLQRQH�LQ�ZHWD�WKDW�IHG�RQ�EDLWV���

�

���� 0HWKRGV�
������&DSWXUH�DQG�KRXVLQJ�RI�ZHWD�

7UHH� ZHWD� ZHUH� FDSWXUHG� LQ� 'HFHPEHU� ����� IURP� SRGRFDUS±EURDGOHDI� FRDVWDO� IRUHVW� QHDU�
+DULKDUL�� 6RXWK� ,VODQG�� 1=� ��������(�� �������1��� $GXOW� DQG� ODWH�LQVWDU� MXYHQLOH� ZHWD� ZHUH�
LGHQWLILHG� E\� VL]H� DQG� DSSHDUDQFH�� HDFK� SODFHG� LQ� D� YHQWLODWHG� SODVWLF� FRQWDLQHU�ZLWK� OHDI� OLWWHU�
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IURP�WKH�SRLQW�RI�FDSWXUH�DQG�WUDQVSRUWHG�WR�D�ODERUDWRU\�DW�/DQGFDUH�5HVHDUFK��/LQFROQ��+RXVLQJ�
DQG� KXVEDQGU\� SURFHGXUHV� ZHUH� GHULYHG� IURP� WKRVH� GHVFULEHG� E\� %DUUHWW� �������� :HWD� ZHUH�
KRXVHG� LQGLYLGXDOO\� LQ� F\OLQGULFDO� SODVWLF� FRQWDLQHUV� �����PP� GLDPHWHU� î� ����PP� KLJK�� ZLWK�
FORVH�ILWWLQJ�OLGV�DQG�WKUHH���FP�GLDPHWHU�YHQWLODWLRQ�KROHV�FRYHUHG�ZLWK�ILQH�PHWDO�PHVK�LQ�WKH�
VLGHV��7KH�EDVH�RI�HDFK�µXQLW¶�ZDV�FRYHUHG�ZLWK�D���FP�OD\HU�RI�VDQG�DQG�OHDI�OLWWHU��+ROORZ�IOD[�
IORZHU�VWDONV������PP�ORQJ���VSOLW�LQ�KDOI�DQG�WKHQ�KHOG�WRJHWKHU�ZLWK�UXEEHU�EDQGV�ZHUH�SODFHG�LQ�
HDFK�FRQWDLQHU�DV�GD\WLPH�VKHOWHU��7KH�KRXVLQJ�XQLWV�ZHUH�NHSW�XQGHU�QDWXUDO�SKRWRSHULRG�RQ�D�
EHQFKWRS�RXW� RI� GLUHFW� VXQOLJKW��ZLWK� DPELHQW� URRP� WHPSHUDWXUH� UDQJLQJ� IURP���� WR� ��°&�� DQG�
KXPLGLW\�RI���±�����7ZR�SODVWLF�WXEHV������FP�ORQJ������FP�GLDPHWHU��WDSHG�WR�WKH�LQQHU�VLGHV�RI�
HDFK�XQLW�ZHUH�ILOOHG�ZLWK�ZDWHU�VR�WKDW�WKH\�FRXOG�KROG�VSULJV�RI�QDWLYH�1=�SODQWV�WKDW�ZHWD�IHHG�
RQ��ILYH�ILQJHU��3VHXGRSDQD[�DUERUHXV���PDKRH��0HOLF\WXV�UDPLIORUXV���DQG�EURDGOHDI��*ULVHOLQLD�
OLWWRUDOLV��ZHUH�XVHG��(YLGHQFH�RI� IHHGLQJ�ZDV�QRWHG�GXULQJ� WKH� WZLFH�ZHHNO\�FKHFNV�DQG�SODQW�
IRRG� UHSODFHG� IUHVK� DW� OHDVW�ZHHNO\�� RU�PRUH� IUHTXHQWO\� LI� VXEVWDQWLDOO\� HDWHQ� RU�ZLOWLQJ��:HWD�
ZHUH� ZHLJKHG� HYHU\� �±��� GD\V�� DOWKRXJK� DQ\� WKDW� ZHUH� PRXOWLQJ� ZHUH� QRW� KDQGOHG�� :KHQ�
KXPLGLW\�LQ�WKH�URRP�IHOO�EHORZ�����DV�LQGLFDWHG�E\�D�GLJLWDO�PHWHU��RU�LI�WKH�OHDI�OLWWHU�DSSHDUHG�
GU\�� WKH� LQVLGHV� RI� WKH� XQLWV�ZHUH�PLVWHG� WKRURXJKO\�ZLWK� WDS�ZDWHU�� DQG� WKH� SODQW� WXEHV�ZHUH�
WRSSHG�XS��'XULQJ� WULDOV�� IDHFDO�SHOOHWV�ZHUH�RQO\� UHPRYHG� IURP� WKH�KRXVLQJ�XQLWV� LI� WKH\�ZHUH�
YLVLEO\�PRXOG\�EXW�ZHUH�FOHDQHG�FRPSOHWHO\�RXW�RI�WKH�KRXVLQJ�XQLWV�EHWZHHQ�WULDOV��'XULQJ�WKUHH�
ZHHNV¶�DFFOLPDWLVDWLRQ�WR�WKHVH�FRQGLWLRQV��ZHWD�ZHUH�FKHFNHG�WZLFH�ZHHNO\�DQG�FRQILUPHG�WR�EH�
DOLYH�E\�UHPRYLQJ�WKHP�IURP�WKH�VKHOWHU��

�

� ������5HPRYDO�RI�QRQ�WR[LF�FHUHDO�EDLW�E\�ZHWD�
$�SUHOLPLQDU\�WULDO�ZDV�XQGHUWDNHQ�WR�GHWHUPLQH�ZKHWKHU�EDLW�XSWDNH�E\�ZHWD�ZDV�DIIHFWHG�E\�WKH�
SUHVHQFH�RI�QDWXUDO�SODQW�IRRG��7ZHQW\�WZR�DGXOW�ZHWD�ZHUH�ZHLJKHG�DQG�DOORFDWHG�E\�GHVFHQGLQJ�
ERG\ZHLJKW� WR� WZR�WUHDWPHQW�JURXSV��HDFK�Q� ������2QH�JURXS�ZDV�SUHVHQWHG�ZLWK�D�QRQ�WR[LF��
FLQQDPRQ�OXUHG�� µ56�¶� FHUHDO� SHOOHW� EDLW� �$QLPDO� &RQWURO� 3URGXFWV� /WG���:DQJDQXL�� 1=��ZLWK�
QRUPDO� SODQW� IRRG�SUHVHQW�� DQG� WKH�RWKHU� JURXS�ZDV�SUHVHQWHG�ZLWK� WKH� VDPH�EDLW� W\SH�ZLWKRXW�
QRUPDO�SODQW�IRRG�SUHVHQW��3HOOHW�EDLWV�ZHUH�SODFHG�RQ�D�JODVV�SHWUL�GLVK�LQ�HDFK�KRXVLQJ�XQLW���DV�
µHQYLURQPHQWDO� FRQWUROV¶�� D� SHOOHW� EDLW� ZDV� SODFHG� LQ� HDFK� RI� IRXU� KRXVLQJ� XQLWV� WKDW� GLG� QRW�
FRQWDLQ�ZHWD�±�WZR�ZLWK�SODQW�IRRG�LQ�SODFH��DQG�WZR�ZLWKRXW��7KHVH�SHOOHWV�ZHUH�ZHLJKHG�GDLO\�
DQG� UHSODFHG�� 3HOOHWV� LQ�ZHWD� FRQWDLQHUV�ZHUH� OHIW� LQ� VLWX� EXW� YLVXDOO\� DVVHVVHG� IRU� HYLGHQFH� RI�
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FRQVXPSWLRQ� E\� ZHWD�� 9LVXDO� HVWLPDWHV� ZHUH� EDVHG� RQ� LQWHUYDOV� RI� HLWKHU�� OHVV� WKDQ� ��� HDWHQ�
�UHFRUGHG� DV� ������� EHWZHHQ� �� DQG� ���� HDWHQ� �UHFRUGHG� DV� ������ EHWZHHQ� ��� DQG� ���� HDWHQ�
�UHFRUGHG�DV�������EHWZHHQ����DQG�����HDWHQ��UHFRUGHG�DV������DQG�VR�RQ��'DLO\�HVWLPDWHV�RI�
WKH� SHUFHQWDJH� RI� RULJLQDO� SHOOHW� UHPDLQLQJ� LQWDFW� DQG� JHQHUDO� REVHUYDWLRQV�ZHUH� UHFRUGHG� H�J��
VZHOOLQJ�� SUHVHQFH�RI�PRXOG�� µVFUDSH¶�PDUNV� LQ� EDLW�� SUHVHQFH�RI� EDLW� IUDJPHQWV��2Q� WKH� IRXUWK�
GD\��ZHWD�ZHUH�ZHLJKHG�DJDLQ�DQG�WKH�GLVKHV�DQG�UHPDLQLQJ�EDLW�LQFOXGLQJ�DQ\�VL]DEOH�IUDJPHQWV�
ZHUH� UHPRYHG� IURP� DOO� KRXVLQJ� XQLWV�� (DFK� JODVV� GLVK� DQG� UHPDLQLQJ� EDLW� DQG� IUDJPHQWV�ZHUH�
ZHLJKHG�WRJHWKHU��WKHQ�WKH�GLVKHV�HPSWLHG��GU\�ZLSHG�FOHDQ�DQG�ZHLJKHG�DORQH��,Q�VRPH�FDVHV�LW�
ZDV�LPSRVVLEOH�WR�UHPRYH�VPDOO�TXDQWLWLHV�RI�VDQG�IURP�EDLW�IUDJPHQWV�LQ�WKH�GLVK�RU�WR�FROOHFW�DOO�
EDLW�IUDJPHQWV�PRYHG�IURP�WKH�GLVK�E\�ZHWD��VR�WKHVH�ZHUH�D�SRWHQWLDO�VRXUFH�RI�HUURU�LQ�ZHLJKHG�
HVWLPDWHV� RI� EDLW� HDWHQ�� 7KH� GDLO\� ZHLJKWV� RI� WKH� µZLWK� SODQW� IRRG¶� DQG� µZLWKRXW� SODQW� IRRG¶�
HQYLURQPHQWDO� FRQWURO� SHOOHWV� ZHUH� FDOFXODWHG� DV� SHUFHQWDJH� FKDQJH� IURP� RULJLQDO� ZHLJKW�� DQG�
DYHUDJHG�IRU�HDFK�WUHDWPHQW��7KHVH�ILJXUHV�ZHUH�XVHG�WR�FRUUHFW�WKH�FDOFXODWLRQ�RI�WKH�ZHLJKW�RI�
EDLW�UHPRYHG�E\�ZHWD�LQ�WKH�UHVSHFWLYH�WUHDWPHQW�JURXSV��7KH�WRWDO�FRUUHFWHG�DPRXQW�RI�EDLW�HDWHQ�
RU�UHPRYHG�E\�HDFK�ZHWD�ZDV�H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKDW�ZHWD¶V�VWDUWLQJ�ERG\ZHLJKW��

�

������&RQVXPSWLRQ�RI�GLSKDFLQRQH�EDLW��SLORW�WULDO�
,Q�D�SUHOLPLQDU\�DVVHVVPHQW�RI�ZKHWKHU�ZHWD�ZRXOG�IHHG�RQ�GLSKDFLQRQH�EDLW�DQG� LI� WKLV�ZRXOG�
FDXVH�PRUWDOLW\�� IRXU� ODWH�LQVWDU�ZHWD� ��� IHPDOHV�� ��PDOHV��ZHUH� SUHVHQWHG�ZLWK� D�'LWUDF��EDLW�
�3HVW�0DQDJHPHQW�6HUYLFHV��3DUDSDUDXPX��1=��SODFHG�RQ�D�JODVV�GLVK� LQ� WKH�KRXVLQJ�XQLW�ZLWK�
QRUPDO� SODQW� IRRG� SUHVHQW�� 7KH� EDLWV�ZHUH�ZD[HG� FHUHDO� EORFNV�ZHLJKLQJ� F�� ��� J�� G\HG� D� SDOH�
JUHHQ�FRORXU��QRPLQDOO\�FRQWDLQLQJ��������GLSKDFLQRQH��$�VDPSOH�RI�WKH�IUHVK�EDLW�ZDV�DQDO\VHG�
IRU�GLSKDFLQRQH�FRQFHQWUDWLRQ�E\�WKH�/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\��/LQFROQ��XVLQJ�DQ�
+3/&�PHWKRG�EDVHG�RQ�WKDW�RI�+XQWHU���������:HWD�DQG�EDLWV�ZHUH�ZHLJKHG�DW� WKH�VWDUW�RI� WKH�
WULDO�DQG�WKHQ�UHJXODUO\�RYHU�WKH�IROORZLQJ�IRUW\�GD\V��ZLWK�UHJXODU�REVHUYDWLRQV�RI�WKH�DSSHDUDQFH�
RI�WKH�EDLW�DQG�KHDOWK�RI�WKH�ZHWD���

� ������&RQVXPSWLRQ�RI�GLSKDFLQRQH�EDLW�DQG�UHVLGXHV�LQ�ZHWD�
7ZHQW\�VHYHQ�DGXOW�RU�ODWH�LQVWDU�ZHWD�����IHPDOH����PDOH��ZHUH�SUHVHQWHG�ZLWK�D�'LWUDF��EDLW�DV�
LQ� WKH�SLORW� WULDO��:HWD�DQG�EDLWV�ZHUH�ZHLJKHG�EHIRUH�EDLWV�ZHUH�SODFHG�DQG�IRU� WKH� ILUVW�ZHHN��
EDLWV� ZHUH� REVHUYHG� GDLO\� IRU� IUHVK� IHHGLQJ� PDUNV�� SUHVHQFH� RI� FUXPEV� RQ� WKH� EDLW� GLVK� DQG�
SUHVHQFH�RI�PRXOG��$IWHU� WKLV�� WR�PLQLPLVH�GLVWXUEDQFH�RI�ZHWD�DQG�SRVVLEOH�HIIHFWV�RQ� IHHGLQJ�
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EHKDYLRXU��ZHHNO\�FKHFNV�RI�EDLW�FRQGLWLRQ�DQG�WKH�ZHWD�ZHUH�PDGH�GXULQJ�URXWLQH�UHSODFHPHQW�
RI� SODQW� IRRG��$IWHU� SODFHPHQW� RI� EDLW�� D� VDPSOH� RI� IRXU�ZHWD� �LQLWLDOO\� ��PDOH�� �� IHPDOH��ZDV�
UDQGRPO\� VHOHFWHG�RQ�GD\V���� ��� ��� ���� ���� DQG�����7KH�ZHWD�ZHUH�ZHLJKHG��SODFHG� LQ� ODEHOOHG�
VSHFLPHQ�FRQWDLQHUV�DQG�OHIW�RYHUQLJKW�LQ�D�±��°&�IUHH]HU�WR�NLOO�WKHP�SULRU�WR�DQDO\VLV��$Q\�IUDVV�
WKDW� KDG�EHHQ� H[FUHWHG�ZKLOH� WKH\�ZHUH� LQ� WKH� IUHH]HU�ZHUH� LQFOXGHG�ZLWK� WKH�ZHWD� VDPSOH� IRU�
DQDO\VLV� DV� GHVFULEHG� EHORZ�� 5HPDLQLQJ� EDLWV� DQG� IUDJPHQWV� IRU� HDFK� VDPSOH� JURXS� ZHUH�
FROOHFWHG�DQG�ZHLJKHG�DV�GHVFULEHG�LQ��������7ZR�HQYLURQPHQWDO�FRQWURO�KRXVLQJ�XQLWV��ZLWK�EDLW�
EXW�QR�ZHWD��ZHUH�HVWDEOLVKHG�DQG�WKH�EDLWV�LQ�WKHVH�ZHUH�REVHUYHG�DQG�ZHLJKHG�DW�HDFK�VDPSOLQJ�
LQWHUYDO���

$QDO\VHV� RI� GLSKDFLQRQH� FRQFHQWUDWLRQV� LQ� ZHWD� ZHUH� FDUULHG� RXW� E\� WKH� /DQGFDUH� 5HVHDUFK�
WR[LFRORJ\�ODERUDWRU\��XVLQJ�D�+3/&�PHWKRG�ZKHUH�WKH�PHWKRG�OLPLW�RI�GHWHFWLRQ��0'/��ZDV�����
�J�J�� :KROH�� IUR]HQ� ZHWD� ZHUH� GLVVHFWHG� DQG� PL[HG� ZLWK� DQK\GURXV� VRGLXP� VXOSKDWH� DQG�
VXEVHTXHQWO\� H[WUDFWHG� ZLWK� VROYHQW� �FKORURIRUP�DFHWRQH�IRUPLF� DFLG��� 7KH� PL[WXUH� ZDV�
KRPRJHQLVHG�ZLWK�D�WLVVXH�GLVSHUVHU��VKDNHQ�DQG�FHQWULIXJHG��7KH�VXSHUQDWDQW�ZDV�GHFDQWHG�DQG�
WKH� H[WUDFWLRQ� UHSHDWHG� WZLFH� PRUH�� 7KH� FRPELQHG� H[WUDFWV� ZHUH� HYDSRUDWHG� DQG� WDNHQ� XS� LQ�
KH[DQH���FKORURIRUP���DFHWRQH�IRU�DSSOLFDWLRQ�WR�D�VROLG�SKDVH�H[WUDFWLRQ�FROXPQ�IRU�FOHDQ�XS��7KH�
HOXHQW� IURP� WKH� FROXPQ� ZDV� DJDLQ� HYDSRUDWHG� DQG� WDNHQ� XS� LQ� PRELOH� SKDVH� IRU� +3/&�
GHWHUPLQDWLRQ��ZKLFK�HPSOR\HG� LRQ�SDLUHG�FKURPDWRJUDSK\�DQG�89�GHWHFWLRQ�DW�����QP��(DFK�
EDWFK�RI�VDPSOHV�DQDO\VHG�LQFOXGHG�D�VSLNHG�VDPSOH��ZKHUH�����/�RI�����J�P/�GLSKDFLQRQH�ZDV�
DGGHG�WR�D�VXLWDEOH�µEODQN¶�PDWUL[�LQ�RUGHU�WR�GHWHUPLQH�UHFRYHU\��

�

� ������6WDWLVWLFDO�DQDO\VHV�
$OO�HVWLPDWHV�RI�EDLW�FRQVXPSWLRQ�UHPRYDO�LQ�WKH�WULDOV��HLWKHU�YLVXDO�HVWLPDWHV�RI�EDLW�UHPRYHG�RU�
ZHLJKHG�HVWLPDWHV�IURP�UHPDLQLQJ�EDLW��ZHUH�DQDO\VHG�E\�ZHLJKWHG�UHJUHVVLRQ�XVLQJ�JHQHUDOLVHG�
OLQHDU�PRGHOV�LQ�*HQ6WDW��*HQVWDW�&RPPLWWHH��������ZLWK�ZHLJKLQJ�EHLQJ�WKH�UHFLSURFDOV�RI�WKH�
YDULDQFH� RI� WKH� GDLO\� PHDVXUHPHQWV�� ,Q� WKH� GLSKDFLQRQH� WULDO� �GHVFULEHG� LQ� ������ DERYH�� EDLW�
FRQVXPSWLRQ� E\� ZHWD� ZDV� HVWLPDWHG� E\� FRUUHFWLQJ� WKH� VWDUW� ZHLJKW� RI� WKH� EDLW� XVLQJ� WKH�
FRUUHVSRQGLQJ�PHDQ�FKDQJH�LQ�WKH�HQYLURQPHQWDO�FRQWURO�EDLWV�DW�HDFK�VDPSOLQJ�LQWHUYDO��DQG�WKHQ�
VXEWUDFWLQJ�WKH�ZHLJKW�RI�WKH�EDLW�DW�VDPSOLQJ��)URP�WKLV�ILJXUH��GLSKDFLQRQH�LQWDNH�E\�ZHWD�ZDV�
HVWLPDWHG�DW�HDFK�VDPSOLQJ�LQWHUYDO�XVLQJ�WKH�DQDO\VHG�FRQFHQWUDWLRQ�RI�GLSKDFLQRQH�LQ�VDPSOHV�
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RI� EDLW�� DGMXVWHG� DFFRUGLQJ� WR� WKH�ZHLJKW� RI� WKH� LQGLYLGXDO�ZHWD� DW� VDPSOLQJ� �L�H�� LQWDNH� DV� �J�
GLSKDFLQRQH���J�RI�ZHWD�ERG\ZHLJKW���

�

����5HVXOWV�
7KUHH�RI�WKH����ZHWD�EURXJKW�LQWR�WKH�ODERUDWRU\�GLHG�ZLWKLQ�WKH�ILUVW�ZHHN��2QH�DGXOW�IHPDOH�ZDV�
LQMXUHG��SUREDEO\�GXULQJ�FDSWXUH�DQG�WKH�RWKHU�WZR��DQ�DGXOW�PDOH�DQG�D�ODWH�LQVWDU�IHPDOH�VWDUWHG�
PRXOWLQJ�VRRQ�DIWHU�EHLQJ�SODFHG�LQ�KRXVLQJ�XQLWV�DQG�ZHUH�IRXQG�GHDG�WZR�DQG�WKUHH�GD\V�ODWHU��
$W� WKH�HQG�RI� WKH� ILUVW�ZHHN� LQ� WKH�KRXVLQJ�XQLWV��PHDQ�ZHLJKW�RI����DGXOW� IHPDOHV� ���6(��ZDV�
������������J�DQG�RI���DGXOW�PDOHV�ZDV�������������J��2YHUDOO�� WKH�ZHWD�PDLQWDLQHG�RU�JDLQHG�
ZHLJKW� GXULQJ� WKH� IROORZLQJ�PRQWK��ZLWK� WKH�PHDQ�ZHLJKW� RI� WKH� VDPH���� DGXOW� IHPDOHV� EHLQJ�
������������J��DQG���DGXOW�PDOHV�������������J��DIWHU�RQH�PRQWK¶V�DFFOLPDWLVDWLRQ��

������5HPRYDO�RI�QRQ�WR[LF�FHUHDO�EDLW�E\�ZHWD�

7KHUH�ZDV�QR�YDULDWLRQ�LQ�GD\���SHUFHQWDJH�HVWLPDWH�RI�EDLW�UHPRYDO��DQG�WKHVH�GDWD�ZHUH�GURSSHG�
IURP�DQDO\VLV���

7UHDWPHQW��ZLWK�SODQW�IRRG
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)LJXUH������3HUFHQWDJH�RI� D�QRQ�WR[LF�56��FHUHDO�SHOOHW� EDLW� HDWHQ�RU� UHPRYHG�E\�ZHWD�RYHU���
GD\V��ZKLOH�QRUPDO�SODQW�IRRG�ZDV�DOVR�DYDLODEOH��
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7UHDWPHQW��ZLWKRXW�SODQW�IRRG
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)LJXUH������3HUFHQWDJH�RI� D�QRQ�WR[LF�56��FHUHDO�SHOOHW� EDLW� HDWHQ�RU� UHPRYHG�E\�ZHWD�RYHU���
GD\V��ZKLOH�QRUPDO�SODQW�IRRG�ZDV�QRW�DYDLODEOH��
�
7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�RI�VORSHV�EHWZHHQ�µZLWK�SODQW�IRRG¶�DQG�µZLWKRXW�SODQW�IRRG¶�
WUHDWPHQWV��GLIIHUHQFH�LQ�VORSHV� �������6(GLII� �������W��� �������3� �������DQG�RYHUDOO�UHPRYDO�RI�
WKH� QRQ�WR[LF� SHOOHWV� RYHU� �� GD\V� �DVVHVVHG� E\� YLVXDO� HVWLPDWHV�� DSSHDUHG� VLPLODU� IRU� ERWK�
WUHDWPHQWV��)LJV�����DQG�������0RVW�ZHWD�QLEEOHG�WKH�SHOOHWV��EXW�GLG�QRW�HDW�RU�UHPRYH�PRUH�WKDQ�
���RQ�WKH�ILUVW�GD\��:HWD�LQ�ERWK�WUHDWPHQWV�KDG�HDWHQ�RU�DW�OHDVW�IUDJPHQWHG��±����RI�WKH�SHOOHW�
E\�WKH�VHFRQG�DQG�WKLUG�GD\V��6RPH�ZHWD�GLG�QRW�HDW�PRUH�WKDQ�����RI�SHOOHW�WKURXJKRXW�WKH�WULDO��
ZKHUHDV� RWKHUV� KDG� HDWHQ� RU� IUDJPHQWHG� DQ� HVWLPDWHG� ��±���� E\� WKH� IRXUWK� GD\��:HWD� LQ� WKH�
µZLWK�SODQW�IRRG¶�WUHDWPHQW�FRQVXPHG�D�PHDQ�������������J�RI�SHOOHW�RYHU�WKH���GD\V��UHSUHVHQWLQJ�
������ �UDQJH� ���±������� RI� WKHLU� VWDUWLQJ� ERG\� ZHLJKWV�� :HWD� LQ� WKH� µZLWKRXW� SODQW� IRRG¶�
WUHDWPHQW�FRQVXPHG�D�PHDQ�������������J�RI�SHOOHW�RYHU� WKH���GD\V�� UHSUHVHQWLQJ��������UDQJH�
���±�������RI� VWDUWLQJ�ERG\�ZHLJKWV��$PRXQWV�RI�SHOOHW� HDWHQ�UHPRYHG� LQ�HDFK� WUHDWPHQW�ZHUH�
QRW�VLJQLILFDQWO\�GLIIHUHQW��W��� �������3� ��������:HWD�LQ�ERWK�WUHDWPHQWV�JDLQHG�ZHLJKW�RYHU�WKH���
GD\� WULDO�� EXW� WKH� DPRXQW�RI�ZHLJKW�JDLQ� DV� D�SURSRUWLRQ�RI� LQLWLDO�ZHLJKW�ZDV�QRW� VLJQLILFDQWO\�
GLIIHUHQW� EHWZHHQ� JURXSV� �W���  � ������ 3�  � ������� 7KH� IRXU� µHQYLURQPHQWDO� FRQWURO¶� SHOOHWV� DOO�
JDLQHG�ZHLJKW�RYHU�WKH���GD\V�RI� WKH�WULDO��SUHVXPDEO\�WKURXJK�DEVRUSWLRQ�RI�PRLVWXUH��DQG�KDG�
ORVW�VRPH�RI�WKHLU�VKDSH�EXW�UHPDLQHG�LQWDFW��7KH�PHDQ�JDLQ�IURP�WKH�VWDUWLQJ�ZHLJKW�RI�WKH�WZR�
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SHOOHWV�ZLWK�SODQW�IRRG�SUHVHQW�ZDV��������RI�RULJLQDO�ZHLJKW��DQG�WKDW�RI�WKH�WZR�SHOOHWV�ZLWKRXW�
SODQW�IRRG�ZDV���������

�

������&RQVXPSWLRQ�RI�GLSKDFLQRQH�EDLW��SLORW�WULDO�
$OO�IRXU�ZHWD�DSSHDUHG�KHDOWK\�WKURXJKRXW�WKH�WULDO�DQG�UHVSRQGHG�QRUPDOO\�WR�GLVWXUEDQFH��7KUHH�
JDLQHG�ZHLJKW����������RI�VWDUWLQJ�ZHLJKW��RYHU�WKH����GD\V�WKDW�WKH\�KDG�DFFHVV�WR�'LWUDF��EDLW��
EXW� RQH� IHPDOH� ORVW� DSSUR[LPDWHO\� ���� RI� VWDUWLQJ� ERG\ZHLJKW� RYHU� WKLV� WLPH�� $OO� ZHWD� KDG�
QLEEOHG� WKH� 'LWUDF�� EDLW� E\� WKH� IRXUWK� GD\�� %DLW� FRQVXPSWLRQ�� RU� DW� OHDVW� UHPRYDO�� FRQWLQXHG�
VWHDGLO\�XQWLO�DERXW�'D\���±����DIWHU�ZKLFK� LW�DSSHDUHG� WR� OHYHO�RII� �)LJ��������0RXOG�ZDV� ILUVW�
REVHUYHG�RQ�WKH�EDLWV�DIWHU�DSSUR[LPDWHO\���PRQWK�DQG�FRYHUHG�WKH�EDLW�VXUIDFH�PRUH�H[WHQVLYHO\�
DIWHU� WKLV�� 2QH� RI� WKH� ZHWD� FRQWLQXHG� WR� HDW� WKH� PRXOG\� EDLW� DOWKRXJK� WKH� RWKHU� WKUHH� GLG� QRW�
DSSHDU�WR�KDYH�IHG�RQ�EDLW�RQFH�WKH�PRXOG�ZDV�SUHVHQW��7KH�EDLW�EORFNV�ORVW�D�PHDQ�RI�����������J�
RYHU�WKH�WULDO��/DERUDWRU\�DQDO\VLV�VKRZHG�WKDW�WKH�'LWUDF�EORFNV�FRQWDLQHG�������J�J�GLSKDFLQRQH�
�/DQGFDUH�5HVHDUFK� WR[LFRORJ\� ODERUDWRU\�5HSRUW� 7������$SSHQGL[� )LYH��� VOLJKWO\� KLJKHU� WKDQ�
WKH�QRPLQDO��������E\�ZHLJKW��7KH�DQDO\VHG�FRQFHQWUDWLRQ�RI�GLSKDFLQRQH� LQ�EDLW�ZDV�XVHG� WR�
HVWLPDWH�D�PHDQ�LQWDNH�RI�����������������J�GLSKDFLQRQH�HDWHQ�RU�DW�OHDVW�UHPRYHG�E\�HDFK�ZHWD�
RYHU�WKH�IRXU�GD\V��ZLWKRXW�DFFRXQWLQJ�IRU�FKDQJHV�LQ�EDLW�ZHLJKW�GXH�WR�HQYLURQPHQWDO�PRLVWXUH���

�
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�
)LJXUH������&KDQJHV�LQ�WKH�ZHLJKWV�RI�'LWUDF��EORFN�EDLWV�DFFHVVLEOH�WR�WZR�IHPDOH�� ��DQG�WZR�
PDOH�� ��ZHWD��LQ�WKH�SUHVHQFH�RI�QDWXUDO�SODQW�IRRG��RYHU����GD\V��
�

������&RQVXPSWLRQ�RI�GLSKDFLQRQH�EDLW�DQG�UHVLGXHV�LQ�ZHWD�
7KH�HQYLURQPHQWDO�FRQWURO�EDLWV�VKRZHG�D�PHDQ�LQFUHDVH�RI�������E\�WKH�HQG�RI�WKH�WULDO��%\�GD\�
��� DOO� ZHWD� OHIW� HYLGHQFH� RI� FRQVXPSWLRQ� RU� UHPRYDO� RI� WKH� GLSKDFLQRQH� EDLW� EORFNV�� )UDVV�
SURGXFHG� E\� ZHWD� IHHGLQJ� RQ� EDLW� ZDV� OLJKW�FRORXUHG� DQG� RIWHQ� KDG� D� VWULSHG� DSSHDUDQFH�� LQ�
FRPSDULVRQ� WR� WKH� XQLIRUP� GDUN� EURZQ� RI� IUDVV� IURP� ZHWD� IHHGLQJ� RQ� QRUPDO� SODQW� IRRG��
([SRVXUH�WR�GLSKDFLQRQH�EDLWV�GLG�QRW�DSSHDU�WR�DGYHUVHO\�DIIHFW�ZHWD�ERG\ZHLJKW��ZHLJKW�JDLQ�
ZDV�JUHDWHU�GXULQJ�WKLV�WULDO�WKDQ�GXULQJ�DFFOLPDWLVDWLRQ�WR�WKH�KRXVLQJ�XQLWV��)LJ�������GLIIHUHQFH�
LQ� VORSHV�  � ��������� 6(GLII�  � ��������� W����  � ������3�  � ������� DOWKRXJK� UHODWLYH� JURZWK� UDWHV�
�J�J�GD\�� VKRZHG� OHVV� GLIIHUHQFH� EHWZHHQ� WKH� DFFOLPDWLVDWLRQ� DQG� WULDO� SKDVHV� �GLIIHUHQFH� LQ�
VORSHV� ������������6(GLII� ������������W��� ������3� ���������
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$FFOLPDWLVDWLRQ�SHULRG 7ULDO�SHULRG

�
)LJXUH������%RG\ZHLJKWV�RI�ZHWD�GXULQJ�DQ�DFFOLPDWLVDWLRQ�SHULRG�EHIRUH�EHLQJ�SUHVHQWHG�ZLWK�
GLSKDFLQRQH�EDLW�DQG�VDPSOHG�LQ�JURXSV�RI�IRXU�GXULQJ�WKH�WULDO�SHULRG��
�

6SLNHG�VDPSOHV�DQDO\VHG�DORQJVLGH�WKH�ZKROH�ZHWD�\LHOGHG�HVWLPDWHV�RI��������DQG�����UHFRYHU\�
RI�GLSKDFLQRQH��7KH�PHWKRG�GHWHFWLRQ�OLPLW�IRU�GLSKDFLQRQH�LQ�LQYHUWHEUDWH�WLVVXH�ZDV������J�J��
ZLWK�DQ�XQFHUWDLQW\������F�L���RI��������7KH�DPRXQW�RI�EDLW�FRQVXPHG�RU�UHPRYHG�RYHU�WLPH�E\�
ZHWD�LQFUHDVHG��ZHLJKWHG�UHJUHVVLRQ�VORSH� ��������VH� ��������W��� �������3� ���������)LJ�������
ZKLOH�WKHUH�ZDV�D�VPDOO��EXW�VLJQLILFDQW�GHFUHDVH�LQ�WKH�DPRXQW�RI�UHVLGXDO�GLSKDFLQRQH�PHDVXUHG�
LQ�WKH�ZHWD�RYHU�WLPH��ZHLJKWHG�UHJUHVVLRQ�VORSH� �í��������6(� ���������W��� �������3� ���������
7KH�PHDQ����V�H�P���FRQFHQWUDWLRQV�RI�GLSKDFLQRQH�LQ�ZHWD�VKRZHG�D�VOLJKW� LQFUHDVH�IURP�ZHWD�
VDPSOHG�RQ�GD\�����������������J�J��WR�WKRVH�VDPSOHG�RQ�GD\�����������������J�J���EXW�WKHUHDIWHU�
GHFOLQHG�JUDGXDOO\�WR�UHDFK��������������J�J�E\�GD\�����)LJ��������&XPXODWLYH�EDLW�LQWDNH�L�H�WKH�
DPRXQW� RI� EDLW� UHPRYHG� RU� HDWHQ� E\� HDFK� VDPSOH� JURXS� RI�ZHWD� E\� WKH� GD\� RI� VDPSOLQJ��ZDV�
H[SUHVVHG�DV��J�GLSKDFLQRQH���J�ZHWD�ERG\ZHLJKW��)LJ������WR�IDFLOLWDWH�D�FRPSDULVRQ�EHWZHHQ�WKH�
TXDQWLW\�RI�GLSKDFLQRQH�LQJHVWHG�E\�ZHWD�DQG�WKH�UHVLGXDO�FRQFHQWUDWLRQV�VXEVHTXHQWO\�PHDVXUHG�
LQ�WKHLU�ERGLHV��
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)LJXUH�����'LSKDFLQRQH�FRQVXPSWLRQ�E\�ZHWD���J�GLSKDFLQRQH�J�ZHWD�ZHLJKW��PHDQ���6(���� ��
HVWLPDWHG� FXPXODWLYH� LQWDNH�RI� GLSKDFLQRQH� IURP�FRQVXPSWLRQ�RI�'LWUDF��EORFN�EDLWV�� DQG� � ��
GLSKDFLQRQH�UHVLGXHV�PHDVXUHG�LQ�WKH�ZKROH�ERG\�RI�HDFK�ZHWD��
�

8VLQJ� WKH� ERG\ZHLJKW� RI� HDFK� ZHWD� DW� VDPSOLQJ� WR� HVWLPDWH� WKH� WRWDO� DPRXQW� RI� UHVLGXDO�
GLSKDFLQRQH�FRQWDLQHG� LQ� D�ZHWD�JDYH�PHDQ� ��� V�H�P��� ILJXUHV�RI���������������J�GLSKDFLQRQH�
�GD\�������������������J��GD\������������������J��GD\�������������������J��GD\����� �/DQGFDUH�
5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7������$SSHQGL[�)LYH����������������J��GD\�����DQG������
��������J��GD\�����/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7������$SSHQGL[�)LYH���7KH�
PRVW� UHVLGXDO� GLSKDFLQRQH� FDOFXODWHG� WR� EH� SUHVHQW� LQ� D� VLQJOH�ZHWD�ZDV� �������J�� LQ� D� ����� J�
IHPDOH�VDPSOHG�RQ�GD\����

7KUHH�PDOH�ZHWD�GLHG�GXULQJ�WKH�WULDO�SHULRG�±�WZR�ZHUH�IRXQG�GHDG�RQ�GD\���RI�VDPSOLQJ��ZLWK�
WKH�RWKHU�XQUHVSRQVLYH�RQ�GD\���DQG�GHDG�RQ�GD\����:HLJKWV�RI�WKH�GHDG�ZHWD�ZHUH�QHDUO\�KDOI�
WKRVH� UHFRUGHG� DW� WKH� EHJLQQLQJ� RI� WKH� WULDO��$OO� WKUHH�ZHWD� KDG� FRQVXPHG�EDLW� GXULQJ� WKH� WULDO�
SHULRG�� HTXLYDOHQW� WR� ������ ����� DQG� ����� µJ� GLSKDFLQRQH� �J� ERG\ZHLJKW�� 5HVSHFWLYH� UHVLGXDO�
GLSKDFLQRQH�FRQFHQWUDWLRQV�LQ�WKHVH�ZHWD�ZHUH����������DQG������J�J��7KHVH�ZHWD�ZHUH�H[FOXGHG�
IURP�WKH�RYHUDOO�VWDWLVWLFDO�DQDO\VHV�DV�WKH�FDXVH�RI�WKHLU�GHDWK�ZDV�QRW�FHUWDLQ��7KH�DPRXQWV�RI�
EDLW� WKHVH�ZHWD�KDG�FRQVXPHG�RU� UHPRYHG�EHIRUH� WKH\�GLHG�ZHUH�VLPLODU� WR� WKRVH�HVWLPDWHG� IRU�
RWKHU�ZHWD�ZHUH�DSSDUHQWO\�KHDOWK\� WKURXJKRXW� WKH� WULDO��$OWKRXJK� WKH� UHVLGXDO�FRQFHQWUDWLRQ� LQ�
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RQH�RI� WKH�GHDG�ZHWD�ZDV�VOLJKWO\�KLJKHU� ������J�J�� WKDQ� WKH�QH[W�KLJKHVW� UHVLGXDO�GLSKDFLQRQH�
FRQFHQWUDWLRQ� PHDVXUHG� LQ� WKH� WULDO� ����� �J�J� LQ� D� IHPDOH� VDPSOHG� RQ� 'D\� ���� WKH� UHVLGXDO�
FRQFHQWUDWLRQV�RI� WKH�RWKHU� WZR�GHDG�ZHWD�ZHUH�ZHOO�ZLWKLQ� WKH� UDQJH�PHDVXUHG� LQ� µVXUYLYLQJ¶�
ZHWD�� :KROH�ERG\� UHVLGXH� ORDGV� ZHUH� QRW� FDOFXODWHG� IRU� WKH� WKUHH� GHDG� ZHWD� EHFDXVH� RI� WKH�
VLJQLILFDQW� ZHLJKW� ORVV� WKH\� XQGHUZHQW� RYHU� D� UHODWLYHO\� VKRUW� SHULRG� RI� WLPH� DQG� XQFHUWDLQW\�
DERXW�WKH�DFWXDO�GDWH�RI�GHDWK�IRU�WZR�RI�WKHP���

�

���� 'LVFXVVLRQ�
$�ZLGH�UDQJH�RI�1=�LQYHUWHEUDWH�VSHFLHV��LQFOXGLQJ�ZHWD��KDYH�EHHQ�UHSRUWHG�WR�HDW�FHUHDO�EDVHG�
EDLWV� LQ� ILHOG�FRQGLWLRQV��6KHUOH\�HW�DO��������/OR\G�	�0F4XHHQ�������6SXUU�	�%HUEHQ��������
5HFHQW�ILHOGZRUN�LQ�WKH�1RUWK�,VODQG�VKRZHG�WKDW�ZHWD�DQG�FRFNURDFKHV�ZHUH�DWWUDFWHG�WR�FHUHDO�
EDVHG� EURGLIDFRXP� EDLW� LQ� EDLW� VWDWLRQV�� DQG� VSHQW� FRQVLGHUDEOH� WLPH� LQ� FRQWDFW� ZLWK� WKH� EDLWV�
�&UDGGRFN� ������� 7KH� UHVXOWV� VKRZQ� KHUH� FRQILUP� WKDW� FHUHDO�EDVHG� EDLW� IRUPXODWLRQV� XVHG� IRU�
ILHOG� FRQWURO� RI� YHUWHEUDWH� SHVWV� UHSUHVHQW� D� SDODWDEOH� IRRG� VRXUFH� WR� RSSRUWXQLVWLFDOO\� IRUDJLQJ�
ZHWD��6RPH�FDSWLYH�ZHWD�LQ�WKLV�VWXG\�DWH��RU�DW�OHDVW�UHPRYHG��XS�WR�����RI�DQ�56��SHOOHW�ZLWKLQ�
�� GD\V� ±� LQ� ILHOG� FRQGLWLRQV�� VXEVWDQWLDO� IHHGLQJ� RQ� EDLWV� E\�ZHWD� DQG� RWKHU� LQYHUWHEUDWHV�PD\�
FRQWULEXWH�WR�D�GHFUHDVH�LQ�WKH�DYDLODELOLW\�RU�DFFHSWDELOLW\�RI�EDLWV�WR�WDUJHW�SHVW�DQLPDOV���

,W�ZDV�DVVXPHG�WKDW�PRUWDOLW\�LQ�WKH�WKUHH�ZHWD��RXW�RI�WKH�����ZDV�GXH�WR�FDXVHV�RWKHU�WKDQ�WR[LF�
HIIHFWV�RI�GLSKDFLQRQH��SRVVLEO\�EHFDXVH�WKH�KRXVLQJ�XQLWV�GLG�QRW�SURYLGH�VXLWDEOH�FRQGLWLRQV�IRU�
PRXOWLQJ��1R�DGYHUVH�HIIHFWV�LQ�WZHQW\�IRXU�ZHWD�IROORZLQJ�FRQVXPSWLRQ�RI�'LWUDF��ZD[�EORFN�
EDLWV� IRU� XS� WR� ��� GD\V� ZHUH� REVHUYHG�� VXJJHVWLQJ� D� ORZ� RUDO� WR[LFLW\� RI� GLSKDFLQRQH� LQ� WKLV�
VSHFLHV��$OWKRXJK� DFXWH� WR[LFLW\� RU�PRUWDOLW\� DSSHDUV� XQOLNHO\� LQ�ZHWD� IHHGLQJ� RQ� GLSKDFLQRQH�
EDLW�� WKH� DEVRUSWLRQ�� GLVWULEXWLRQ�� PHWDEROLVP� DQG� H[FUHWLRQ� RI� DQWLFRDJXODQW� URGHQWLFLGHV� LQ�
LQYHUWHEUDWHV� UHPDLQ� SRRUO\� GHVFULEHG�� 7KH� YLWDPLQ�.�GHSHQGHQW� FDUER[\ODWLRQ� UHDFWLRQV� WKDW�
SURGXFH� EORRG� FRDJXODWLRQ� IDFWRUV� LQ� PDPPDOLDQ� OLYHU�� ZKLFK� DUH� DIIHFWHG� E\� DQWLFRDJXODQW�
WR[LFLW\�� DUH� SUREDEO\� QRW� SUHVHQW� LQ� LQYHUWHEUDWHV�� +RZHYHU�� YLWDPLQ�.�GHSHQGHQW� PHWDEROLF�
SURFHVVHV�DOVR�RFFXU�LQ�RWKHU�WLVVXHV��9HUPHHU�HW�DO��������DQG�FDUER[\ODVH�HQ]\PH�V\VWHPV�DUH�
JHQHUDOO\� GLVWULEXWHG� LQ� LQYHUWHEUDWH� V\VWHPV� �:DONHU� HW� DO�� ������� :KLOH� WKH� HIIHFWV� RI�
DQWLFRDJXODQW�FRPSRXQGV�RQ�WKHVH�DVSHFWV�RI�LQYHUWHEUDWH�PHWDEROLVP�UHPDLQ�XQNQRZQ��FDXWLRQ�
VKRXOG� EH� XVHG� LQ� H[WUDSRODWLQJ� D� JHQHUDO� ODFN� RI� DFXWH� HIIHFWV� RI� DQWLFRDJXODQWV� LQ� DUWKURSRG�
VSHFLHV� WR� QLO� HIIHFW� LQ� RWKHU� LQYHUWHEUDWHV�� RU� WR� QLO� HIIHFW� RQ� WKH� ORQJ�WHUP� VXUYLYDO� ILWQHVV� RI�
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DUWKURSRGV�H[SRVHG�WR�EDLWV��6WHMVNDO�HW�DO���������VXJJHVWHG�WKDW�EURGLIDFRXP�FDXVHG�DQRPDOLHV��
SDUWLFXODUO\�GXSOLFDWLRQ�RI�RYLSRVLWRUV�DQG�SRVVLEO\�DOVR�REVHUYHG�GHIRUPDWLRQV�RI� WKH�HO\WUD�� LQ�
DGXOW�3WLQXV�WHFWXV��VSLGHU�EHHWOHV��WKDW�IHG�RQ�EURGLIDFRXP�EDLW�ODUYDH��7KHUH�LV�OLPLWHG�HYLGHQFH�
IRU� PRUWDOLW\� LQ� PROOXVFV� �H�J�� *HUODFK� 	� )ORUHQV� ������ 3ULPXV� HW� DO�� ������ DQG� HDUWKZRUPV�
�%RRWK�HW�DO��������IROORZLQJ�UHODWLYHO\�KLJK�HQYLURQPHQWDO�H[SRVXUHV�WR�EURGLIDFRXP��

)LJ����� VKRZV� WKDW� WKH� UDWH�RI�EDLW� UHPRYDO�DQG�FRQVXPSWLRQ�ZDV�KLJKHU� LQ� WKH�JURXSV�RI�ZHWD�
VDPSOHG�IURP�GD\���WKURXJK�WR�GD\����DQG�WKHQ�WKH�UDWH�DSSHDUHG�UHGXFHG�LQ�WKH�JURXSV�RI�ZHWD�
VDPSOHG�ODWHU�WKURXJK�WR�GD\�����7KLV�PD\�EH�LQGLFDWLYH�RI�D�QRYHOW\�HIIHFW�ZKHUH�FRQVXPSWLRQ�RI�
D�QHZ��SDODWDEOH�IRRG�LV�KLJKHU�ZKHQ�ILUVW�HQFRXQWHUHG�EXW�WKHQ�UHGXFHV�DV�WKH�IRRG�LV�UHFRJQLVHG�
DV� IDPLOLDU� DQG� UHDGLO\� DYDLODEOH�� :HWD� LQ� WKH� GD\� �� VDPSOH� JURXS� FRQVXPHG� RU� UHPRYHG�
GLSKDFLQRQH�EDLW�LQ�TXDQWLWLHV�HVWLPDWHG�IURP����WR�����RI�WKHLU�ERG\ZHLJKW�ZLWKLQ����KRXUV��VR�
RYHU� WKLV�SHULRG� LW�ZDV� OLNHO\� WKDW� WKH�JXW�EHFDPH� ILOOHG�ZLWK�EDLW�PDWHULDO� LQ�YDULRXV� VWDJHV�RI�
GLJHVWLRQ��$OWKRXJK�WKH�H[WHQW� WR�ZKLFK�ZHWD�DEVRUE�DQG�PHWDEROLVH�GLSKDFLQRQH�LV�QRW�NQRZQ��
PRVW�RI�WKH�UHVLGXDO�GLSKDFLQRQH�GHWHFWHG�LQ�WKHP�ZDV�SUREDEO\�LQ�WKH�JXW�FRQWHQWV��:HWD�GLG�QRW�
DSSHDU� WR� DFFXPXODWH� GLSKDFLQRQH�� L�H�� ZKROH�ERG\� FRQFHQWUDWLRQV� GLG� QRW� LQFUHDVH� ZLWK� WKH�
DPRXQW� RI� GLSKDFLQRQH� HDWHQ� ZKLFK� FRXOG� LQGLFDWH� D� µVDWXUDWLRQ¶� ERG\� EXUGHQ�� ZKHUH� EDLW�
PDWHULDO�UHWDLQHG�LQ�WKH�JXW�UHSUHVHQWHG�WKH�PDMRULW\�RI�UHVLGXH�DQG�DQ\�GLSKDFLQRQH�DEVRUEHG�ZDV�
PHWDEROLVHG�DQG�RU�H[FUHWHG�UHODWLYHO\�TXLFNO\��)UDVV�IURP�ZHWD�WKDW�ZHUH�HDWLQJ�GLSKDFLQRQH�EDLW�
XQGHUZHQW� D� VXEVWDQWLDO� FKDQJH� LQ� FRORXU� DQG�� E\� LQIHUHQFH�� FRPSRVLWLRQ�� ,I� ZHWD� H[FUHWH� EDLW�
PDWHULDO� UHODWLYHO\� UDSLGO\� DQG� ZLWKRXW� H[WHQVLYH� PHWDEROLVP�� WKH\� FRXOG� GLVWULEXWH� UHVLGXDO�
GLSKDFLQRQH� LQ� WKH� OHDI� OLWWHU� DQG� VRLO� VXUIDFH� YLD� IUDVV�� 0HDVXULQJ� WKH� UHODWLYH� SURSRUWLRQ� RI�
LQJHVWHG� GLSKDFLQRQH� H[FUHWHG� LQ� ZHWD� IUDVV� ZRXOG� LQGLFDWH� KRZ� VLJQLILFDQW� WKLV� SDWKZD\� RI�
HQYLURQPHQWDO�WUDQVIHU�PLJKW�EH��

3HUVLVWHQFH� RI� UHVLGXHV� LQ� LQYHUWHEUDWHV� LV� DOVR� D� GHWHUPLQDQW� RI� WKH� OLNHOLKRRG� RI� VHFRQGDU\�
H[SRVXUH�� /LPLWHG� GDWD� LV� DYDLODEOH� UHJDUGLQJ� DQWLFRDJXODQWV� LQ� LQYHUWHEUDWHV� EXW� JHQHUDOO\�
LQGLFDWHV� ORZHU�SHUVLVWHQFH� WKDQ� LQ�PDPPDOV��)ROORZLQJ� VXEOHWKDO�GRVHV�� EURGLIDFRXP� UHVLGXHV�
ZHUH�QRW�GHWHFWDEOH�DIWHU���GD\V� LQ�FDSWLYH�ZHWD� �%RRWK�HW�DO��������DQG�DIWHU���PRQWK� LQ� ODQG�
FUDEV��3DLQ�HW�DO���������&DSWLYH�ORFXVWV�DSSHDUHG�WR�H[FUHWH�EURGLIDFRXP�UDSLGO\��LQGLFDWLQJ�WKDW�
ORQJ�WHUP�ELRDFFXPXODWLRQ�ZDV�XQOLNHO\� �&UDGGRFN��������+RZHYHU��D� UHFHQW� ILHOG�EDVHG�VWXG\�
VKRZHG� WKDW� EURGLIDFRXP� UHVLGXHV� LQ� YDULRXV� LQYHUWHEUDWH� VSHFLHV� WRRN� PRUH� WKDQ� �� ZHHNV� WR�
UHWXUQ� WR� EDFNJURXQG� OHYHOV�ZLWK� WUDFH� FRQFHQWUDWLRQV� RI� EURGLIDFRXP� VWLOO� GHWHFWDEOH� XS� WR� ���
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ZHHNV� DIWHU� WKH�EDLW� KDG�EHHQ� UHPRYHG� �&UDGGRFN��������%URGLIDFRXP� UHVLGXHV�ZHUH� IRXQG� LQ�
ERWK� WKH� JXW� DQG� IRRW� WLVVXH� RI� FRPPRQ� JDUGHQ� VQDLOV� �+HOL[� DVSHUD�� ��� GD\V� DIWHU� WKH\�ZHUH�
H[SRVHG� WR� VRLO� FRQWDLQLQJ� JURXQG� EDLW� DW� ��PJ� EURGLIDFRXP� �� NJ� RI� VRLO� �%RRWK� HW� DO�� �������
6LPLODUO\� LQ� FDSWLYH� VQDLOV� DQG� VOXJV� IHG� RQ� GLSKDFLQRQH� EDLW� RYHU� VHYHQ� GD\V�� -RKQVWRQ� HW� DO��
������� IRXQG� WKDW� UHVLGXH� FRQFHQWUDWLRQV�GLG�QRW�GHFOLQH�RYHU� WKH� VHYHQ�GD\V� DIWHU� H[SRVXUH� WR�
EDLWV� HQGHG�� VXJJHVWLQJ� WKDW� GRVHV� DFTXLUHG� RYHU� D� QXPEHU� RI� GD\V� ZHUH� H[FUHWHG� ³UHODWLYHO\�
VORZO\´��:KLOH� GLSKDFLQRQH� FRQFHQWUDWLRQV� LQ� ZHWD� KDG� D� VLPLODU� UDQJH� WR� WKRVH�PHDVXUHG� E\�
-RKQVWRQ�HW�DO�� �������LQ�VOXJV�DQG�VQDLOV�������������µJ�J���IXWXUH�FRQVLGHUDWLRQ�RI�GLIIHUHQFHV�
EHWZHHQ� WKH� JDVWURSRGV� DQG� DUWKURSRGV� �UDWKHU� WKDQ� VLPSO\� µLQYHUWHEUDWHV¶�� VHHPV� DSSURSULDWH��
7KH�VWXG\�UHSRUWHG�KHUH�GLG�QRW�VHW�RXW�WR�DVVHVV�SHUVLVWHQFH�RI�UHVLGXDO�GLSKDFLQRQH�LQ�ZHWD�DIWHU�
H[SRVXUH� WR� EDLW� FHDVHG�� +RZHYHU�� JLYHQ� WKH� µJXW� VDWXUDWLRQ¶� PHFKDQLVP� SURSRVHG� IRU� ZKROH�
ERG\� FRQFHQWUDWLRQV� LQ� ZHWD� LW� LV� FRQVLGHUHG� OLNHO\� WKDW� WKH\� ZRXOG� H[FUHWH� WKH� PDMRULW\� RI�
UHVLGXDO� GLSKDFLQRQH� LQ� IUDVV� ZLWKLQ� D� SHULRG� RI� GD\V�� UDWKHU� WKDQ� UHWDLQ� UHVLGXDO� GLSKDFLQRQH�
ERXQG� WR�FHUWDLQ� WLVVXHV�� ,QYHVWLJDWLRQ�RI� WKH�JXW�SDVVDJH� WLPH�RI�EDLW�PDWHULDO� LQ�ZHWD��DQG� WKH�
UHWHQWLRQ�WLPH�RI�UHVLGXDO�GLSKDFLQRQH�LQ�WKHLU�WLVVXHV�DQG�IUDVV��DV�VHSDUDWH�VDPSOHV��ZRXOG�KHOS�
WR�IXUWKHU�TXDQWLI\�WKH�WLPHIUDPH�RYHU�ZKLFK�FRQWDPLQDWHG�ZHWD�PLJKW�SRVH�D�VHFRQGDU\�KD]DUG�
WR�LQVHFWLYRUHV��'HILQLWLYH�PHDVXUHV�RI�DQWLFRDJXODQW�SHUVLVWHQFH�H�J��H[SRQHQWLDO�GHFD\�FXUYHV��LQ�
JXW� DQG� RWKHU� WLVVXHV� RI� JDVWURSRGV� DQG� DUWKURSRGV� FRXOG� VSHFLILFDOO\� WHVW� WKLV� DVVHUWLRQ� DQG�
LQYHVWLJDWH�GLIIHUHQFHV�EHWZHHQ�LQYHUWHEUDWHV�DV�UHVHUYRLUV�DQG�YHFWRUV�RI�DQWLFRDJXODQW�UHVLGXHV�
LQ�WKH�HQYLURQPHQW��

)RU�HVWLPDWLQJ�RYHUDOO�VHFRQGDU\�QRQ�WDUJHW�ULVNV��WKH�GLVWULEXWLRQ�RI�UHVLGXHV�LQ�ZHWD�WLVVXHV�LV�RI�
OHVV�LPSRUWDQFH�WR�FKDUDFWHULVH�DV�SUHGDWRUV�RU�VFDYHQJHUV�DUH�OLNHO\�WR�HDW�WKH�ZKROH�LQVHFW��RU�DW�
OHDVW� WKH� DEGRPHQ�� %LUGV� DSSHDU� WR� EH� OHVV� VXVFHSWLEOH� WKDQ� PDPPDOV� WR� VLQJOH� GRVHV� RI�
GLSKDFLQRQH�� WKH� ORZHVW�/'��� YDOXH� �L�H�� WKH� VLQJOH�RUDO� GRVH�RI�GLSKDFLQRQH�H[SHFWHG� WR� FDXVH�
GHDWK� LQ�����RI�D�SRSXODWLRQ��UHSRUWHG�IRU�D�ELUG�VSHFLHV� LV�!�����PJ�NJ� LQ�QRUWKHUQ�EREZKLWH�
TXDLO� �&ROLQXV� YLUJLQLDQXV��� DQG� WKH� ORZHVW� VLQJOH�H[SRVXUH� /&��� �L�H�� WKH� FRQFHQWUDWLRQ� RI�
GLSKDFLQRQH�LQ�IRRG�WKDW�FDQ�EH�H[SHFWHG�WR�FDXVH�WKH�GHDWK�RI�����RI�D�SRSXODWLRQ��LV�����µJ�J�
�����FRQILGHQFH�LQWHUYDO����±�������µJ�J��IRU�PDOODUGV��$QDV�SODW\UK\QFKRV���86�(3$���������
7KH� KLJKHVW�ZHWD� UHVLGXH� FRQFHQWUDWLRQ� GHWHFWHG� LQ� WKLV� WULDO� �����µJ�J��ZDV� DSSUR[LPDWHO\� VL[�
WLPHV�OHVV�WR[LF�WKDQ�WKH�GLSKDFLQRQH�FRQFHQWUDWLRQ�LQ�WKH�'LWUDF��EDLW�EORFNV��DQG����WLPHV�OHVV�
WKDQ�WKH�ORZHU�����FRQILGHQFH�LQWHUYDO�IRU�WKH�PDOODUG�GLHWDU\�WR[LFLW\�YDOXH��/&�����2Q�SDSHU��
VXFK�FRQFHQWUDWLRQV�RI�GLSKDFLQRQH�LQ�ZHWD�UHSUHVHQW�D�YHU\�ORZ�VHFRQGDU\�KD]DUG�WR�ELUGV�±�D����
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J�ELUG�ZRXOG�QHHG� WR�FRQVXPH�RYHU����NJ�RI�FRQWDPLQDWHG�ZHWD� LQ�D�VLQJOH� IHHG� WR� LQJHVW�����
PJ�NJ� GLSKDFLQRQH� �DV� D� FRQVHUYDWLYH� /'��� HVWLPDWH� IRU� ELUGV��� :KLOH� DFXWH� VHFRQGDU\�
GLSKDFLQRQH� WR[LFLW\� LQ� ELUGV� WKDW� IHHG� RQ� ZHWD� VHHPV� KLJKO\� XQOLNHO\� RQ� WKH� EDVLV� RI� WKLV�
VLPSOLVWLF�µULVN�RI�PRUWDOLW\¶�FDOFXODWLRQ��WKH�WR[LFLW\�RI�GLSKDFLQRQH�LQ�PXOWLSOH�UDWKHU�WKDQ�VLQJOH�
LQWDNHV�� DQG� WKH� SRVVLELOLW\� RI� DGYHUVH� VXEOHWKDO� HIIHFWV� RQ� ELUGV� UHTXLUHV� FRQVLGHUDWLRQ��$V� IRU�
RWKHU� ILUVW�JHQHUDWLRQ� DQWLFRDJXODQWV�� WKH� WR[LFLW\� RI� GLSKDFLQRQH� WR� PDPPDOV� LV� HQKDQFHG� E\�
PXOWLSOH�� FRQVHFXWLYH�RUDO� GRVHV� LQ� FRPSDULVRQ� WR� VLQJOH� RUDO� GRVHV� �VHH�&KDSWHU� ������ DQG� WKLV�
FRXOG�DOVR�EH�WKH�FDVH�IRU�ELUGV��7KHVH�DVSHFWV�RI�WKH�VHFRQGDU\�ULVN�DVVHVVPHQW�IRU�GLSKDFLQRQH�
UHPDLQ�XQTXDQWLILHG��DQG�LQYHVWLJDWLRQ�LQ�WHUPV�RI� OHWKDO�RU�VXEOHWKDO�RXWFRPHV�LQ�ELUGV�IHHGLQJ�
UHJXODUO\�RQ�GLSKDFLQRQH�EDLW�RU�FRQWDPLQDWHG�LQYHUWHEUDWHV�LV�ZDUUDQWHG��

�
���� &RQFOXVLRQ�
:HWD� IRXQG�'LWUDF�ZD[� EORFN� EDLWV� SDODWDEOH� LQ� WKH� SUHVHQFH� RI� QDWXUDO� SODQW� IRRG�� VKRZLQJ�
VWHDG\�FRQVXPSWLRQ�RI�EDLW�RYHU�WLPH��1R�PRUWDOLW\�RU�ZHLJKW�ORVV�ZDV�DWWULEXWDEOH�WR�WKH�LQWDNH�
RI�'LWUDF�EDLW�LQGLFDWLQJ�YHU\�ORZ�WR[LFLW\�RI�WKLV�DQWLFRDJXODQW�WR�WKLV�VSHFLHV��$OO�ZHWD�WKDW�DWH�
EDLW�KDG�GHWHFWDEOH�GLSKDFLQRQH�LQ�WKHLU�ERGLHV��EXW�GLG�QRW�DFFXPXODWH�GLSKDFLQRQH��L�H��ZKROH�
ERG\�FRQFHQWUDWLRQV�GLG�QRW�LQFUHDVH�ZLWK�WKH�DPRXQW�RI�GLSKDFLQRQH�EDLW�HDWHQ�RYHU�WLPH��7KLV�
ZDV�SRVVLEO\�EHFDXVH�WKH�PDMRULW\�RI�WKH�UHVLGXHV�ZHUH�SUHVHQW�LQ�WKH�JXW�FRQWHQWV�DQG�H[FUHWHG�LQ�
IUDVV�� $� VLPSOH� GHWHUPLQLVWLF� ULVN� DVVHVVPHQW� VXJJHVWV� WKDW� ZHWD� FRQWDLQLQJ� WKH� UHVLGXDO�
GLSKDFLQRQH� FRQFHQWUDWLRQV�PHDVXUHG� KHUH� ZRXOG� SUHVHQW� D� ORZ�� VLQJOH�H[SRVXUH� ULVN� RI� DFXWH�
WR[LFLW\� QRQ�WDUJHW� ELUGV� WKDW� DWH� WKHP�� +RZHYHU�� PXOWLSOH� VHFRQGDU\� H[SRVXUHV� DQG� WKH�
SRVVLELOLW\�RI�VXEOHWKDO�HIIHFWV�LQ�QRQ�WDUJHW�ZLOGOLIH�IHHGLQJ�RQ�FRQWDPLQDWHG�LQYHUWHEUDWHV�DZDLW�
IXUWKHU�LQYHVWLJDWLRQ��'HILQLWLYH�PHDVXUHV�RI�DQWLFRDJXODQW�SHUVLVWHQFH�LQ�JXW�DQG�RWKHU�WLVVXHV�RI�
JDVWURSRGV�DQG�DUWKURSRGV�ZRXOG�EH�XVHIXO�WR�LQYHVWLJDWH�GLIIHUHQFHV�EHWZHHQ�LQYHUWHEUDWH�FODVVHV�
DV�UHVHUYRLUV�DQG�YHFWRUV�RI�DQWLFRDJXODQW�UHVLGXHV�LQ�WKH�HQYLURQPHQW��
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&KDSWHU����6XPPDU\�DQG�LPSOLFDWLRQV�
�
���� &RQWLQXHG�XVH�RI�EURGLIDFRXP�DV�D�URGHQWLFLGH�
7KH� UHODWLYHO\�KLJK�SRWHQWLDO�RI�EURGLIDFRXP� WR�FDXVH� VHFRQGDU\�PRUWDOLW\� LV�HVWDEOLVKHG��ZKLOH�
WKH�XQNQRZQ�ORQJ�WHUP�HIIHFWV�RI�VXEOHWKDO�H[SRVXUH�RQ�ZLOGOLIH�PD\�UHSUHVHQW�D�VLJQLILFDQW�DQG�
DV� \HW� XQUHFRJQL]HG� FRVW�� 6XEVHTXHQWO\� D� SURDFWLYH� DSSURDFK� WR� GHILQLQJ� XVH� SDWWHUQV� RI�
EURGLIDFRXP�WKDW�RSWLPLVH�ERWK�EHQHILW� �URGHQW�FRQWURO��DQG�DFFHSWDEOH�FRVW� �DGYHUVH�HIIHFWV�RQ�
QRQ�WDUJHW� ZLOGOLIH�� LV� ZDUUDQWHG�� &KDSWHUV� �� DQG� �� GHVFULEH� QHZ� LQIRUPDWLRQ� UHOHYDQW� WR�
PRQLWRULQJ�DQG�DVVHVVLQJ�SDWKZD\V�RI�HQYLURQPHQWDO�WUDQVIHU�RI�EURGLIDFRXP��VXPPDUL]HG�LQ�)LJ�
�����7KLV�FDQ�FRQWULEXWH�WR�IXWXUH�DVVHVVPHQW�RI�HQYLURQPHQWDO�FRQWDPLQDWLRQ�DQG�QRQ�WDUJHW�ULVNV�
DVVRFLDWHG�ZLWK�GLIIHUHQW�XVHV�RI�EURGLIDFRXP�DV�D�URGHQWLFLGH��
�

�
)LJXUH� ���� (QYLURQPHQWDO� SDWKZD\V� RI� EURGLIDFRXP� LQYHVWLJDWHG� LQ� WKLV� WKHVLV�� %ODFN� OLQHV�
UHSUHVHQW�SULPDU\�H[SRVXUH�SDWKZD\V��VXEOHWKDO�H[SRVXUH�LQ�ELUGV��&KDSWHU���DQG�OHWKDO�H[SRVXUH�
LQ�1RUZD\� UDWV��&KDSWHU� ��� DQG� WLVVXHV� LQ�ZKLFK� UHVLGXDO� EURGLIDFRXP�ZDV�PHDVXUHG� LQ� WULDOV��
5HODWLYH�KD]DUG�RI�UHVLGXDO�FRQFHQWUDWLRQ�PDJQLWXGH�LV�QRW�LQGLFDWHG��*UH\�GDVKHG�OLQHV�LQGLFDWH�
SRWHQWLDO�SDWKZD\V�RI�VHFRQGDU\�H[SRVXUH�WR�EURGLIDFRXP��
�
$V� D� OLWWOH�LQYHVWLJDWHG� HQYLURQPHQWDO� SDWKZD\� RI� EURGLIDFRXP�� WKH� RFFXUUHQFH� RI� UHVLGXDO�
FRQFHQWUDWLRQV� LQ� HJJV� IROORZLQJ� VXEOHWKDO� H[SRVXUH� RI� KHQV� UDLVHV� TXHVWLRQV� DURXQG� SRWHQWLDO�
DGYHUVH� HIIHFWV� RQ� WKH� GHYHORSPHQW� RI� IHUWLOLVHG� HJJV� DQG� FKLFNV�� ,QYHVWLJDWLRQ� RI� WKLV� VHHPV�
HVSHFLDOO\�ZDUUDQWHG�ZLWK�UHVSHFW�WR�ELUGV�SUHGLVSRVHG�WR�EURGLIDFRXP�H[SRVXUH�WKURXJK�GLHW�H�J��

%URGLIDFRXP�EDLW�

HJJV�

IDHFHV�

6XEOHWKDO�QRQ�
WDUJHW�H[SRVXUH�
�&KDSWHU����

/HWKDO�WDUJHW�
H[SRVXUH�
�&KDSWHU����

IDHFHV�

3UHGDWRUV�RI�
OLYH�ELUGV�RU�
URGHQWV�

6FDYHQJHUV�RI�
GHDG�URGHQWV�

PXVFOH��OLYHU��IDW�

OLYHU�
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UDSWRUV��ZKHUH�EUHHGLQJ�VXFFHVV�LV�LPSRUWDQW�IRU�VSHFLHV�FRQVHUYDWLRQ��7KH�SDWKZD\V�LQ�)LJXUH�����
GR� QRW� VKRZ� D� UHODWLRQVKLS� EHWZHHQ� WKH� DPRXQW� RI� EURGLIDFRXP� LQJHVWHG� E\� UDWV� DQG� WKH�
PDJQLWXGH�RI�VHFRQGDU\�KD]DUG�SUHVHQWHG�E\�UDW�OLYHU��RU�WKH�SRWHQWLDO�IRU�JXW�FRQWHQWV�RI�URGHQWV�
WR�UHSUHVHQW�D�VLJQLILFDQW�VHFRQGDU\�KD]DUG��EXW�WKHVH�DUH�DOO�LPSRUWDQW�IDFWRUV�ZKHQ�FRQVLGHULQJ�
EDLWLQJ� SUDFWLFHV� WKDW� PLQLPLVH� VHFRQGDU\� KD]DUGV� ZKLOH� PDLQWDLQLQJ� HIILFDF\� DJDLQVW� WDUJHW�
URGHQW�SHVWV��%DLWLQJ�SUDFWLFHV�WKDW�XWLOL]H�SXOVHG�DYDLODELOLW\�RI�WR[LF�EDLW�WR�URGHQWV��RU�SUHVHQW�D�
UDWLR�RI�QRQ�WR[LF�WR�WR[LF�EDLW��H�J��RQH�LQ�WHQ�EDLWV�FRQWDLQV�D�OHWKDO�GRVH��WR�URGHQWV�DUH�SRVVLEOH�
WHFKQLTXHV�WR�LQYHVWLJDWH�LQ�WKLV�FRQWH[W��

���� 'LSKDFLQRQH�DV�DQ�DOWHUQDWLYH�WR�EURGLIDFRXP�
7KH�WZR�HQYLURQPHQWDO�SDWKZD\V�RI�GLSKDFLQRQH�LQYHVWLJDWHG�DUH�VKRZQ�LQ�)LJ������8VH�RI�
GLSKDFLQRQH�DV�DQ�DOWHUQDWLYH�ILHOG�URGHQWLFLGH�WR�EURGLIDFRXP�LV�OLNHO\�WR�SRVH�OHVV�VHFRQGDU\�
KD]DUG�WR�KXPDQV�FRQVXPLQJ�PHDW�IURP�IHUDO�SLJV��5HVLGXDO�FRQFHQWUDWLRQV�RI�GLSKDFLQRQH�ZRXOG�
EH�HOLPLQDWHG�IURP�SLJ�OLYHU�DQG�SUREDEO\�RWKHU�WLVVXHV�PRUH�TXLFNO\�WKDQ�ZRXOG�EURGLIDFRXP��
DQG�GLSKDFLQRQH�LV�DOVR�OHVV�WR[LF�WKDQ�EURGLIDFRXP�VR�WKDW�UHODWLYHO\�PRUH�FRQWDPLQDWHG�WLVVXH�
ZRXOG�QHHG�WR�EH�FRQVXPHG�WR�UHVXOW�LQ�KDUPIXO�HIIHFWV��3ULPDU\�SRLVRQLQJ�LQ�IHUDO�SLJV�WKDW�
DFFHVV�GLSKDFLQRQH�EDLW�VWDWLRQV�DSSHDUV�KLJKHU�WKDQ�SUHYLRXVO\�HVWLPDWHG��ZLWK�SRWHQWLDOO\�OHWKDO�
KDHPRUUKDJHV�REVHUYHG�LQ�SLJV�DW�RUDO�H[SRVXUHV�RI�F������PJ�NJ�GD\�IRU�XS�WR���GD\V���
�
:HWD�ZLOO�UHDGLO\�IHHG�RQ�FHUHDO�EDVHG�EDLW�IRUPXODWLRQV��EXW�DV�IRU�EURGLIDFRXP��GLSKDFLQRQH�
VHHPV�WR�KDYH�DFXWH�ORZ�WR[LFLW\�WR�LQVHFWV��8VH�RI�GLSKDFLQRQH�LQVWHDG�RI�EURGLIDFRXP�LV�OLNHO\�
WR�UHGXFH�WKH�VHFRQGDU\�KD]DUG�WR�PDPPDOLDQ�RU�DYLDQ�SUHGDWRUV�RI�LQVHFWV�EHFDXVH�RI�WKH�ORZHU�
DFXWH�WR[LFLW\�RI�GLSKDFLQRQH��+RZHYHU��WKH�LQFUHDVHG�WR[LFLW\�RI�GLSKDFLQRQH�LQ�PXOWLSOH��
FRQVHFXWLYH�H[SRVXUH�QHHGV�IXUWKHU�FRQVLGHUDWLRQ�LQ�HVWLPDWLQJ�VHFRQGDU\�KD]DUG�LQ�ILHOG�
VLWXDWLRQV��
�
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�
)LJXUH������(QYLURQPHQWDO�SDWKZD\V�RI�GLSKDFLQRQH�LQYHVWLJDWHG�LQ�WKLV�WKHVLV��%ODFN�OLQHV�
UHSUHVHQW�SULPDU\�H[SRVXUH�SDWKZD\V��VXEOHWKDO�H[SRVXUH�LQ�SLJV��&KDSWHU���DQG�LQ�ZHWD��&KDSWHU�
���DQG�WLVVXHV�LQ�ZKLFK�UHVLGXDO�EURGLIDFRXP�ZDV�PHDVXUHG�LQ�WULDOV��*UH\�GDVKHG�OLQHV�LQGLFDWH�
SRWHQWLDO�SDWKZD\V�RI�VHFRQGDU\�H[SRVXUH�WR�GLSKDFLQRQH��
�
&RQWLQXHG�GHYHORSPHQW�RI�GLSKDFLQRQH�DV�D�ILHOG�XVH�URGHQWLFLGH�LV�ZDUUDQWHG��ZLWK�H[LVWLQJ�GDWD�
DQG�QHZ�GDWD�KHUH�FRQILUPLQJ�ORZHU�SHUVLVWHQFH�LQ�PDPPDOLDQ�OLYHU�WKDQ�EURGLIDFRXP��DQG�DOVR�
LQGLFDWLQJ�ORZ�WR[LFLW\�WR�LQYHUWHEUDWHV��7KH�WR[LFLW\�SURILOH�RI�GLSKDFLQRQH�WR�PDPPDOV�DQG�ELUGV�
±�KDYLQJ�ORZHU�VLQJOH�H[SRVXUH�RUDO�WR[LFLW\�WKDQ�EURGLIDFRXP�EXW�DOVR�HQKDQFHG�WR[LFLW\�LQ�
PXOWLSOH�FRQVHFXWLYH�H[SRVXUHV�±�ZLOO�KRZHYHU�EH�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�HQJLQHHULQJ�EDLW�
IRUPXODWLRQV�DQG�EDLW�DSSOLFDWLRQ�VWUDWHJLHV�WKDW�SURYLGH�HIIHFWLYH�UHGXFWLRQ�RI�URGHQW�SRSXODWLRQV��
HVSHFLDOO\�LQ�WKH�FRQWH[W�RI�HUDGLFDWLRQ�RI�URGHQWV�IURP�LVODQGV��:KLOH�GLSKDFLQRQH�DSSHDUV�WR�
SUHVHQW�D�ORZ�ULVN�RI�VHFRQGDU\�SRLVRQLQJ�WR�ELUGV��WKHRUHWLFDO�DVVHVVPHQWV�WR�GDWH�KDYH�JHQHUDOO\�
EHHQ�EDVHG�RQ�VLQJOH�H[SRVXUHV�DQG�GR�QRW�WDNH�WDNH�IXOO�DFFRXQW�RI�WKH�SRWHQWLDO�IRU�LQFUHDVHG�
ULVN�ZKHUH�QRQ�WDUJHW�ELUGV�RU�PDPPDOV�PLJKW�FRQWLQXDOO\�IHHG�RQ�SUH\�FRQWDLQLQJ�UHVLGXDO�
GLSKDFLQRQH��7KLV�DVSHFW�VKRXOG�EH�IXUWKHU�LQYHVWLJDWHG�DW�OHDVW�LQ�FDSWLYH�WULDOV�ZLWK�
UHSUHVHQWDWLYH�ELUG�DQG�PDPPDO�VSHFLHV�EHIRUH�H[WHQVLYH�DQG�VXVWDLQHG�ILHOG�DSSOLFDWLRQV�RI�
GLSKDFLQRQH�DUH�XQGHUWDNHQ��

'LSKDFLQRQH�EDLW�

6XEOHWKDO�H[SRVXUH�
�&KDSWHU����

6XEOHWKDO�H[SRVXUH�
�&KDSWHU����

+XPDQV�

PXVFOH��W��� ������G��
IDW��W��� ������G��
OLYHU��W��� �������G��

3UHGDWRUV�
RI�ZHWD�
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�����,PSOLFDWLRQV�IRU�SHVW�PDQDJHUV���KRZ�FDQ�ZH�PLQLPL]H�WKH�HQYLURQPHQWDO�
ULVNV�RI�XVLQJ�DQWLFRDJXODQWV"��
%URGLIDFRXP�DQG�GLSKDFLQRQH�FDQ�RFFXS\�WKH�VDPH�HQYLURQPHQWDO�UHVHUYRLUV��LQ�WKH�OLYHU�DQG�
RWKHU�WLVVXHV�RI�PDPPDOV�DQG�ELUGV�DQG�LQ�WKH�JXW�DQG�SRVVLEO\�RWKHU�WLVVXHV�RI�LQYHUWHEUDWHV��
+HQFH��UHVLGXDO�FRQFHQWUDWLRQV�DUH�OLNHO\�WR�IROORZ�WKH�VDPH�SDWKZD\V�RI�VHFRQGDU\�WUDQVIHU�
ZLWKLQ�WKH�HQYLURQPHQW�WR�QRQ�WDUJHW�SUHGDWRUV�DQG�VFDYHQJHUV��+RZHYHU�WKH�UHGXFHG�SHUVLVWHQFH�
RI�GLSKDFLQRQH�LQ�OLYHU�DQG�RWKHU�WLVVXHV��PHDQV�WKDW�WKH�GXUDWLRQ��ORQJHYLW\��RI�WKH�VHFRQGDU\�
KD]DUG�LQ�WKLV�UHVHUYRLU�LV�IDU�UHGXFHG�LQ�FRPSDULVRQ�WR�EURGLIDFRXP��:KHUH�D�SHUVLVWHQW�
VHFRQGDU\�KD]DUG�LQ�PDPPDOLDQ�RU�ELUG�OLYHU�LV�XQDFFHSWDEOH��WKH�ILQGLQJV�UHSRUWHG�KHUH�VKRXOG�
HQFRXUDJH�WKH�XVH�RI�GLSKDFLQRQH�DV�DQ�DOWHUQDWLYH�WR�EURGLIDFRXP�IRU�URGHQW�FRQWURO�±�IRU�
H[DPSOH�LQ�DUHDV�ZKHUH�WKHUH�LV�FRQFHUQ�IRU�FRQWDPLQDWLRQ�RI�IHUDO�SLJV�WKDW�DUH�KXQWHG�DQG�HDWHQ�
E\�KXPDQV��7KLV�WKHVLV�KDV�IRFXVHG�RQ�PHDVXULQJ�DQG�DVVHVVLQJ�HQYLURQPHQWDO�FRVW�DVSHFWV�RI�
XVLQJ�DQWLFRDJXODQWV�IRU�SHVW�FRQWURO��SDUWLFXODUO\�LQ�WKH�FRQWH[W�RI�ILHOG�EDLWLQJ�RSHUDWLRQV�DLPHG�
DW�SURWHFWLQJ�FRQVHUYDWLRQ�YDOXHV�IURP�URGHQW�SHVWV��,W�LV�DFNQRZOHGJHG�WKHUH�DUH�PDQ\�RWKHU�
SUDFWLFDO�FRQVLGHUDWLRQV�IDFLQJ�SHVW�PDQDJHUV�ZKR�QHHG�WR�ZRUN�ZLWKLQ�EXGJHWDU\�DQG�ORJLVWLFDO�
FRQWUDLQWV�WR�DFKLHYH�PD[LPXP�HIILFDF\�DJDLQVW�WKH�WDUJHWHG�SHVW�ZKLOVW�PLQLPLVLQJ�XQZDQWHG�
HIIHFWV�RQ�QRQ�WDUJHW�ZLOGOLIH�DQG�WKH�ZLGHU�HQYLURQPHQW��7KXV�D�UDQJH�RI�IDFWRUV�ZLOO�LQIOXHQFH�
WKH�RXWFRPH�RI�GHFLVLRQV�DERXW�ZKLFK�DQWLFRDJXODQWV�WR�DSSO\�DQG�ZKHQ��ZKHUH�DQG�KRZ�EHVW�WR�
DSSO\�WKHP��
�
7KH�HIILFDF\�RI�EURGLIDFRXP�DJDLQVW�URGHQWV��DQG�EUXVKWDLO�SRVVXPV�LQ�1=��LV�ZHOO�HVWDEOLVKHG�
DQG�EDFNHG�E\�D�ILUP�WUDFN�UHFRUG�RI�RSHUDWLRQDO�XVH��&XUUHQWO\��GLSKDFLQRQH�LV�RQO\�HVWDEOLVKHG�
DV�D�URGHQWLFLGH��DQG�H[LVWLQJ�IRUPXODWLRQV�DUH�XQOLNHO\�WR�EH�DV�HIIHFWLYH�DJDLQVW�SRVVXPV�DV�
EURGLIDFRXP��7KLV�PD\�FKDQJH�ZLWK�QHZ�IRUPXODWLRQ�GHYHORSPHQWV�LQ�WKH�IXWXUH��EXW�FXUUHQWO\�
GLSKDFLQRQH�LV�QRW�DQ�DSSURSULDWH�DOWHUQDWLYH�WR[LQ�IRU�SRVVXP�FRQWURO��)RU�1=�URGHQW�SHVW�
PDQDJHUV�FRQVLGHULQJ�UHSODFLQJ�EURGLIDFRXP�ZLWK�GLSKDFLQRQH��WKHUH�PD\�EH�XQFHUWDLQW\�DERXW�
ZKHWKHU�VXLWDEO\�KLJK�PRUWDOLW\�DQG�UHGXFWLRQ�RI�URGHQW�LPSDFWV�ZLOO�EH�DFKLHYHG��7KLV�FDQ�EH�
DGGUHVVHG�LQ�D�WULDO�DQG�HUURU�DSSURDFK�WR�GLSKDFLQRQH�DSSOLFDWLRQV�EXW�WKLV�PD\�QRW�EH�DFFHSWDEOH�
LQ�DOO�LQVWDQFHV��IRU�H[DPSOH��ZKHUH�VXFFHVVIXO�UHGXFWLRQ�RI�URGHQW�SRSXODWLRQV�LV�FULWLFDO�WR�DVVXUH�
WKH�SURWHFWLRQ�RI�FULWLFDOO\�HQGDQJHUHG�SRSXODWLRQV�RI�IDXQD�RU�IORUD��,Q�SDUWLFXODU��EURGLIDFRXP�
KDV�SOD\HG�D�NH\�UROH�LQ�HUDGLFDWLRQV�RI�URGHQWV�IURP�RIIVKRUH�LVODQGV��DV�DQ�HIIHFWLYH�µELJ�JXQ¶�
ZLWK�FRQFRPLWDQW�KLJK�SRWHQWLDO�IRU�QRQ�WDUJHW�LPSDFWV���WKHVH�DUH�UHFRJQLVHG�DQG�RIWHQ�
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FRQVLGHUHG�MXVWLILHG�DJDLQVW�WKH�FRQVHUYDWLRQ�JDLQV�RI�UHPRYLQJ�URGHQWV�FRPSOHWHO\�IURP�DQ�
LVODQG��:KHUH�µRQH�RII¶�DSSOLFDWLRQV�RI�EURGLIDFRXP�DUH�VXFFHVVIXO�LQ�DFKLHYLQJ�URGHQW�
HUDGLFDWLRQ�IURP�DQ�LVODQG��DQG�VXEVHTXHQW�URGHQW�IUHH�VWDWXV�LV�PDLQWDLQHG��WKLV�UHPRYHV�WKH�
QHHG�IRU�IXUWKHU�DSSOLFDWLRQ�RI�URGHQWLFLGH�WR�WKH�HQYLURQPHQW�±�WKLV�LV�DQ�LPSRUWDQW�GLVWLQFWLRQ�
EHWZHHQ�LVODQG�HUDGLFDWLRQV�DQG�VXVWDLQHG�ILHOG�DSSOLFDWLRQV�RI�EURGLIDFRXP�IRU�PDLQWHQDQFH�
URGHQW�FRQWURO���
�
7KH�VXVWDLQHG�ILHOG�DSSOLFDWLRQV�RI�EURGLIDFRXP�LQ�EDLW�VWDWLRQV�IRU�SRVVXP�DQG�URGHQW�FRQWURO�LQ�
1=�UHPDLQ�H[FHSWLRQDO�LQ�FRQWUDVW�WR�WKH�UHVWULFWLRQV�RQ�LWV�XVH�LQ�RWKHU�FRXQWULHV��&RQWLQXDWLRQ�RI�
WKLV�XVH�SDWWHUQ�E\�VRPH�UHJLRQDO�PDQDJHPHQW�DJHQFLHV�DQG�SULYDWH�ODQG�PDQDJHUV�LQ�1=�VHHPV�
ODUJHO\�GULYHQ�E\�IDYRXUDEOH�FRVW�HIILFDF\�LQ�FRPSDULVRQ�WR�RWKHU�FRQWURO�WRROV��GXH�WR�WKH�KLJK�
HIILFDF\�RI�EURGLIDFRXP��DYDLODELOLW\�RI�EDLWV�WR�QRQ�OLFHQVHG�XVHUV�DQG�WKH�UHODWLYHO\�ORZ�FRVW�RI�
EDLWV�DQG�ODERXU�UHTXLUHG�WR�PDLQWDLQ�EDLW�VWDWLRQV��'HVSLWH�HDUOLHU�UHVHDUFK�DQG�PRQLWRULQJ�LQ�1=�
WKDW�LGHQWLILHG�WKH�SRWHQWLDO�IRU�HQYLURQPHQWDO�WUDQVIHU�RI�EURGLIDFRXP�UHVLGXHV�DQG�QRQ�WDUJHW�
PRUWDOLW\��DQG�JURZLQJ�LQWHUQDWLRQDO�HYLGHQFH�WKDW�HYHQ�PRUH�UHVWULFWHG�XVHV�RI�DQWLFRDJXODQWV�FDQ�
UHVXOW�LQ�UHVLGXH�EXUGHQV�LQ�ZLOGOLIH��WKHUH�KDV�EHHQ�QR�RQJRLQJ�HYDOXDWLRQ�RU�PRQLWRULQJ�RI�WKH�
ORQJHU�WHUP�HQYLURQPHQWDO�LPSDFWV�RI�RQJRLQJ�1=�ILHOG�DSSOLFDWLRQV�RI�EURGLIDFRXP��,W�VHHPV�D�
PDMRU�RYHUVLJKW�WKDW�WKH�SRWHQWLDO�HQYLURQPHQWDO�FRVWV�RI�WKLV�XVH�DUH�QRW�EHLQJ�FRQVLGHUHG�LQ�
RSWLPLVLQJ�WKH�EDODQFH�RI�EHQHILWV�DQG�FRVWV�RI�SHVW�FRQWURO�WRZDUGV�VXVWDLQDEOH�SUDFWLFHV��
$FFRUGLQJO\�LW�VHHPV�WLPHO\�WKDW�VXFK�VXVWDLQHG�ILHOG�XVH�RI�EURGLIDFRXP�LQ�1=�LV�IRUPDOO\�
UHYLHZHG�IURP�D�UHJXODWRU\�ULVN�DVVHVVPHQW�DQG�D�SURGXFW�VWHZDUGVKLS�SHUVSHFWLYH��
�
:KHUH�LQFUHDVHG�DQG�VXVWDLQHG�ILHOG�XVH�RI�GLSKDFLQRQH�IRU�URGHQW�FRQWURO�LV�EHLQJ�XQGHUWDNHQ�LQ�
1=��PDQDJHUV�VKRXOG�UHFRJQL]H�WKH�SRWHQWLDO�IRU�WKH�GHYHORSPHQW�RI�SK\VLRORJLFDO�UHVLVWDQFH�
WUDLWV�LQ�URGHQW�SRSXODWLRQV��7R�GDWH��WKHUH�DSSHDUV�WR�KDYH�EHHQ�QR�IRUPDO�DVVHVVPHQW�RI�WKH�
µUHVLVWDQFH�VWDWXV¶�RI�1=�URGHQWV�DQG�WKLV�ZRXOG�EH�XVHIXO�LQIRUPDWLRQ�DW�OHDVW�DV�D�EDVHOLQH�
DJDLQVW�ZKLFK�WR�FRPSDUH�LQ�IXWXUH��8VH�RI�GLSKDFLQRQH�DV�D�UHSODFHPHQW�IRU�EURGLIDFRXP�DOVR�
VKRXOG�EH�DFFRPSDQLHG�E\�PRQLWRULQJ�RI�HQYLURQPHQWDO�UHVLGXHV�WR�YDOLGDWH�WKH�QRQ�WDUJHW�ULVN�
SUHGLFWLRQV�WKDW�DUH�FXUUHQWO\�EDVHG�RQ�ODERUDWRU\�GDWD��7KH�ORZHU�WR[LFLW\�RI�GLSKDFLQRQH��
HVSHFLDOO\�WR�ELUGV��LQGLFDWHV�DQ�RYHUDOO�ORZHU�VHFRQGDU\�KD]DUG�WR�QRQ�WDUJHW�ZLOGOLIH�WKDQ�
HTXLYDOHQW��ZHLJKW�IRU�ZHLJKW��UHVLGXDO�FRQFHQWUDWLRQV�RI�EURGLIDFRXP�LQ�WLVVXH��,W�LV�LPSRUWDQW�WR�
QRWH�WKDW�WKHUH�LV�UHODWLYHO\�PXFK�PRUH�WR[LFRORJLFDO�GDWD�DYDLODEOH�IRU�EURGLIDFRXP�WKDQ�
GLSKDFLQRQH�±�LQ�SDUWLFXODU�WKHUH�DUH�YHU\�IHZ�ILHOG�EDVHG�GDWD�SHUWDLQLQJ�WR�GLSKDFLQRQH�UHVLGXHV��
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2Q�WKLV�EDVLV��QHDUO\�DOO�GDWD�XQGHUSLQQLQJ�FXUUHQW�ULVN�DVVHVVPHQWV�IRU�GLSKDFLQRQH��H�J��
(LVHPDQQ�	�6ZLIW�������DUH�IURP�ODERUDWRU\�EDVHG�VWXGLHV��UDWKHU�WKDQ�PRQLWRULQJ�RI�ILHOG�
DSSOLFDWLRQV��$V�ILHOG�DSSOLFDWLRQV�RI�GLSKDFLQRQH�LQFUHDVH��LW�LV�FULWLFDO�WKDW�ULVN�SUHGLFWLRQV�PDGH�
RQ�WKH�EDVLV�RI�ODERUDWRU\�GDWD�DUH�YDOLGDWHG�E\�UHVLGXH�WHVWLQJ�IURP�ILHOG�VDPSOHV�RI�PDPPDOV��
ELUGV�DQG�LQYHUWHEUDWHV��7KLV�DSSURDFK�LV�FXUUHQWO\�EHLQJ�WDNHQ�LQ�+DZDL¶L�ZKHUH�UHFHQW�
DSSOLFDWLRQV�RI�GLSKDFLQRQH�EDLWV�RQ�WKH�VPDOO�LVOHWV�RI�0RNDSX�DQG�/HKXD�LQ�DUH�EHLQJ�IROORZHG�
E\�PRQLWRULQJ�IRU�ERWK�URGHQW�NLOO��HIILFDF\��DQG�HQYLURQPHQWDO�UHVLGXHV�RI�GLSKDFLQRQH��3HWHU�
'XQOHY\��SHUV��FRPP����7R�GDWH��1=�ILHOG�DSSOLFDWLRQV�RI�GLSKDFLQRQH�DSSHDU�QRW�WR�KDYH�EHHQ�DV�
IRUPDOO\�PRQLWRUHG�IRU�UHVLGXHV��SDUWO\�EHFDXVH�RI�WKH�FRVW�RI�GRLQJ�VR�EXW�SHUKDSV�DOVR�EHFDXVH�
RI�WKH�DVVXPSWLRQ�WKDW�WKH�ULVN�SUHGLFWLRQV�IURP�ODERUDWRU\�GDWD�FDQ�EH�H[WUDSRODWHG�WR�ILHOG�
FRQGLWLRQV��3HVW�PDQDJHUV�VKRXOG�EH�PLQGIXO�WKDW�WKH�H[WHQW�RI�EURGLIDFRXP�FRQWDPLQDWLRQ�LQ�1=�
ZLOGOLIH�RQO\�EHFDPH�HYLGHQW�DIWHU�IRUPDO�UHVHDUFK�EDVHG�RQ�ILHOG�PRQLWRULQJ�ZDV�XQGHUWDNHQ��
DQG�H[WHQG�D�SUHFDXWLRQDU\�ILHOG�PRQLWRULQJ�DSSURDFK�WR�HQVXUH�WKDW�WKH�ILHOG�XVH�RI�GLSKDFLQRQH�
DV�DQ�DOWHUQDWLYH�GRHV�QRW�KDYH�XQIRUHVHHQ��XQZDQWHG�FRQVHTXHQFHV�IRU�QDWLYH�ZLOGOLIH��$V�LI�WR�
HPSKDVLVH�WKLV�SRLQW��ZLWKLQ�WKH�PRQWK�RI�ILQDOLVLQJ�WKLV�WKHVLV�GLSKDFLQRQH�ZDV�LPSOLFDWHG�LQ��EXW�
QRW�FRQILUPHG�DV�WKH�FDXVH�RI��PRUWDOLW\�LQ�HQGDQJHUHG�1HZ�=HDODQG�EDWV��+DUSHU���������
�
:KLOH�WKH�SHUVLVWHQFH�RI�DQWLFRDJXODQW�UHVLGXHV�LQ�LQYHUWHEUDWH�ERGLHV�LV�SUREDEO\�VKRUWHU�WKDQ�
WKDW�LQ�PDPPDOV�DQG�ELUGV��HQYLURQPHQWDO�WUDQVIHU�WKURXJK�LQYHUWHEUDWHV�GHVHUYHV�IXUWKHU�
DWWHQWLRQ��7KH�SHUVLVWHQFH�RI�GLSKDFLQRQH�DQG�EURGLIDFRXP�LQ�LQYHUWHEUDWH�ERGLHV�PD\�EH�TXLWH�
VLPLODU�LI�QHLWKHU�LV�ERXQG�WR�VSHFLILF�LQYHUWHEUDWH�WLVVXH�LQ�WKH�ZD\�WKH\�ELQG�WR�PDPPDOLDQ�OLYHU�
DQG�WKH�PDMRULW\�RI�WKH�UHVLGXDO�FRQFHQWUDWLRQ�UHVLGHV�LQ�LQYHUWHEUDWH�JXW�FRQWHQWV��,I�WKLV�ZDV�WKH�
FDVH��VHFRQGDU\�KD]DUG�WR�LQVHFWLYRUHV�ZRXOG�EH�KLJKHVW�LQ�LQYHUWHEUDWHV�WKDW�KDG�YHU\�UHFHQWO\�
IHG�RQ�DQWLFRDJXODQW�EDLW�±�DQ�LPSRUWDQW�QH[W�VWHS�ZRXOG�EH�WR�GHVFULEH�WKH�HOLPLQDWLRQ�UDWH�RI�
DQWLFRDJXODQWV�IURP�LQYHUWHEUDWHV�LQ�WKLV�VFHQDULR��3UHYHQWLRQ�RI�LQYHUWHEUDWHV�IURP�IHHGLQJ�RQ�
DQWLFRDJXODQW�EDLWV�H�J��E\�LQFRUSRUDWLQJ�D�UHSHOOHQW�LQWR�WKH�IRUPXODWLRQ��LV�DQRWKHU�DUHD�IRU�
LQYHVWLJDWLRQ�WRZDUGV�PLQLPLVDWLRQ�RI�HQYLURQPHQWDO�ULVN��
�
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$FNQRZOHGJHPHQWV�
7KLV�WKHVLV�ZDV�FRPSOHWHG�SDUW�WLPH�GXULQJ�IXOO�WLPH�HPSOR\PHQW�LQ�SHVW�PDQDJHPHQW�UHVHDUFK�DW�
/DQGFDUH�5HVHDUFK��$V�ZRUNHU�DQG�VWXGHQW�LQ�WKLV�UHVHDUFK�HQYLURQPHQW��P\�DSSUHFLDWLRQ�RI�1=¶V�
XQLTXH�ODQGVFDSHV��ELRWD�DQG�HFRORJLHV�KDV�JURZQ�DORQJVLGH�DQ�XQGHUVWDQGLQJ�RI�WKH�WKUHDWV�SRVHG�
WR�WKHP�E\�LQWURGXFHG�VSHFLHV��&RPELQLQJ�WKLV�ZLWK�D�IDVFLQDWLRQ�IRU�DOO�WKLQJV�WR[LF�VWLOO�VHHPV�
LURQLF�WR�WKH�QDLYH�XQGHUJUDG�ZKR�RSWHG�IRU�]RRORJ\�WKURXJK�D�ORYH�RI�DQLPDOV��8VLQJ�SRLVRQV�WR�
NLOO�DQLPDOV�GHVLJQDWHG�µSHVW¶��ZKLOH�DYRLGLQJ�KDUP�WR�HYHU\WKLQJ�HOVH��PDNHV�IRU�D�ORQJ�ZLVK�OLVW�
WRZDUGV�LPSURYHPHQW����

0\�IRUHPRVW�DFNQRZOHGJHPHQW�LV�RI� WKH�RSSRUWXQLW\��UHVRXUFHV�DQG�VXSSRUW� WR�FRPELQH�D�JUHDW�
MRE�DQG�VWXG\���PDQ\�SHRSOH�DW�/DQGFDUH�5HVHDUFK�FRQWULEXWHG�SDWLHQW�VFLHQFH�DGYLFH��VSHFLDOLVHG�
WHFKQLFDO� H[SHUWLVH�� KXPRXU� DQG� IULHQGVKLS�� 7KDQNV� WR� &KHU\O� 2¶&RQQRU� �IRU� WHDFKLQJ� PH� WKH�
URSHV�� \RX� DUH� PLVVHG� DV� IULHQG� DQG� ERVV��� *UDQW� 0RUULVV� �FULWWHU� H[SHUW�� VNXOOV� DQG� IHOORZ�
µNLOOHU¶���/\QQ� DQG�3KLO�%RRWK� �WR[LFRORJ\� H[SHULHQFH� DQG�PRWRUELNH� WKHUDS\���/HV�%URZQ� DQG�
.DW� 7URXJKW� �ODE� VNLOOV� SOXV� VRPH� RI� WKH� IXQQLHVW�PRVW� EL]DUUH� WHD�URRP� FRQYHUVDWLRQV� HYHU���
.DWK\�2¶+DOORUDQ��PRUH�WR[LFRORJ\�DQG�DQ�$XVVLH�WRR���$QGUHD�$LUH\��WHFKQLFDQ�H[WUDRUGLQDLUH��
DQG�*HRII�:ULJKW��'DYH�0RUJDQ��(ULF�6SXUU��%UXFH�:DUEXUWRQ�DQG�3KLO�&RZDQ��IURP�DFURVV�WKH�
GLWFK� ,� UHDG� WKHLU� SXEOLFDWLRQV� ZLWK� DGPLUDWLRQ�� QHYHU� DQWLFLSDWLQJ� WKDW� RQH� GD\� ,� ZRXOG� EH�
ZRUNLQJ�DORQJVLGH�WKHP���

:LWKRXW�P\� EHVWHVW� IULHQG�.LP�:LOVRQ�� ILQLVKLQJ� ILG�ZRXOG� KDYH� EHHQ� MXVW� WKDW�PXFK� KDUGHU��
+DYLQJ�VRPHRQH�ZKR�SRLQWV�DQG�ODXJKV�DW�WKH�VDPH�WKLQJV��DQG�WR�VKDUH�GHPRQV�ZLWK�GD\�WR�GD\�
ZDV�PRUH�RI�D�EOHVVLQJ�WKDQ�,�FDQ�H[SUHVV�ZHOO�KHUH��7KDQNV��VLO�/87�UDEELW�SXQFK��$OVR�WKDW�
RWKHU�RQH��'DYH�7KRPSVRQ��DQG�1LFN�WKH�1<0��7UDQV�7DVPDQ�HQFRXUDJHPHQW�IURP�IDPLO\�DQG�
IULHQGV�ZDV� JUDWHIXOO\� UHFHLYHG� DW� UHJXODU� LQWHUYDOV�� /RQJ�WLPH� WUXH� IULHQGV�0LFN�'DQDKHU�� DQG�
-RDQQH�&DOGHU�NHSW�UHPLQGLQJ�PH�WKDW�KRPH�ZDV�VWLOO�WKHUH��

7KLV�XQGHUSLQQLQJ�FRQFHSWV�RI� WKHVLV� URVH� IURP�FRQVLGHUDEOH�SUHFHGLQJ� UHVHDUFK� OHG�E\�&KDUOLH�
(DVRQ��DV�HPLQHQW�YHUWHEUDWH�SHVWLFLGH� WR[LFRORJLVW�� LQVSLUHU�� VXSHUYLVRU�DQG�/DQGFDUH�5HVHDUFK�
FROOHDJXH��$W�/LQFROQ�8QLYHUVLW\��6KDXQ�2JLOYLH�DQG�$GULDQ�3DWHUVRQ�SURYLGHG�WLPHO\�DQG�DOO�WRR�
VHQVLEOH�DGYLFH�MXVW�ZKHQ�WKLQJV�VWDUWHG�WR�ZDQGHU��7KH�ODERUDWRU\�VWXGLHV�UHOLHG�RQ�WKH�LQSXW�RI�
PDQ\�EHVLGHV�WKH�/DQGFDUH�5HVHDUFK�FROOHDJXHV�DOUHDG\�PHQWLRQHG��EXW�SDUWLFXODUO\�WKRVH�DW�WKH�
DQLPDO� IDFLOLW\� DW� /LQFROQ�� -XOLH� 7XUQHU�� .DUHQ�:DVKERXUQH�� 6XVLH� 6FRELH��0LNH�:HKQHU� DQG�
5\DQ�0RIIDW�DQG�WKRVH�LQ�WKH�WR[LFRORJ\�ODERUDWRU\��&UDLJ�5DGIRUG��/HH�$QQ�0DQQLQJ�DQG�9LFNL�
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%XQW�� *X\� )RUUHVWHU� SURYLGHG� VWDXQFK� VWDWLVWLFDO� DGYLFH� WKURXJKRXW�� GHVSLWH� VRPH� SDLQIXO�
UHVLGXDOV�� 3URYLVLRQ� RI� GDWD� RQ� D� YDOLGDWHG� '%6� DQDO\VLV� PHWKRG� E\� 'U�� $ODQ� 6KORVEHUJ� LV�
DFNQRZOHGJHG���

)XQGLQJ� VXSSRUW�ZDV�SURYLGHG�E\�)RXQGDWLRQ� IRU�6FLHQFH��5HVHDUFK�DQG�7HFKQRORJ\� �&RQWUDFW�
1R��&��;������ FKLFNHQ� DQG�ZHWD� VWXGLHV��� WKH�1=�'HSDUWPHQW� RI�&RQVHUYDWLRQ� �,QYHVWLJDWLRQ�
1R��������UDW�OLYHU�VWXG\��,QYHVWLJDWLRQ������SLJ�GLSKDFLQRQH�VWXG\��DQG�FDSDELOLW\�IXQGLQJ�IURP�
/DQGFDUH� 5HVHDUFK� VXSSRUWHG� DGGLWLRQDO� DQDO\VHV� RI� VDPSOHV� IRU� DQWLFRDJXODQW� FRQFHQWUDWLRQV�
IURP�DOO�RI�WKH�VWXGLHV��
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5HIHUHQFHV�
$OWHULR��1����������6HFRQGDU\�SRLVRQLQJ�RI�VWRDWV��0XVWHOD�HUPLQHD���IHUDO�IHUUHWV��0XVWHOD�IXUR���

DQG�IHUDO�KRXVH�FDWV��)HOLV�FDWXV��E\�WKH�DQWLFRDJXODQW�SRLVRQ��EURGLIDFRXP��1HZ�=HDODQG�
-RXUQDO�RI�=RRORJ\��������������

$OWHULR��1���0ROOHU��+����������6HFRQGDU\�SRLVRQLQJ�RI�VWRDWV��0XVWHOD�HUPLQHD��LQ�D�6RXWK�,VODQG�
SRGRFDUS�IRUHVW��1HZ�=HDODQG��LPSOLFDWLRQV�IRU�FRQVHUYDWLRQ��:LOGOLIH�5HVHDUFK���������
�����

$QLPDO� &RQWURO� 3URGXFWV� /WG�� �������� '2&� LQGLFDWHV� PRYH� WR� GLSKDFLQRQH�� ,QGXVWU\� 8SGDWH�
:LQWHU�������$QLPDO�&RQWURO�3URGXFWV��:DQJDQXL��1HZ�=HDODQG��

$QLPDO� +HDOWK� %RDUG� ,QFRUSRUDWHG�� �������� %RYLQH� 7XEHUFXORVLV� 1DWLRQDO� 3HVW� 0DQDJHPHQW�
6WUDWHJ\� ����������� DQ� DPHQGPHQW� SURSRVDO� SUHSDUHG� E\� WKH� $QLPDO� +HDOWK� %RDUG�
,QFRUSRUDWHG�� 5HWULHYHG� ����������� IURP�
KWWS���ZZZ�DKE�RUJ�Q]�DKE�VWUDWHJLHV�QPSVBDPHQGPHQW�KWPO�

$QRQ����������7KH�1HZ�=HDODQG�%LRGLYHUVLW\�6WUDWHJ\��'HSDUWPHQW�RI�&RQVHUYDWLRQ��0LQLVWU\�IRU�
WKH� (QYLURQPHQW�� :HOOLQJWRQ�� 1HZ� =HDODQG�� 5HWULHYHG� ����������� IURP�
KWWS���ZZZ�ELRGLYHUVLW\�JRYW�Q]�SGIV�SLFWXUH�Q]EV�ZKROH�SGI�

$QRQ�� ��������&RGH�RI�SUDFWLFH��DHULDO�DQG�KDQG�EURDGFDVW�DSSOLFDWLRQ�RI�3HVWRII��5RGHQW�%DLW�
��5� IRU� WKH� LQWHQGHG� HUDGLFDWLRQ� RI� URGHQWV� IURP� VSHFLILHG� DUHDV� RI� 1HZ� =HDODQG��
5HWULHYHG� ����������� IURP�
KWWS���ZZZ�SHVWRII�FR�Q]�SGI�&RGH���RI���3UDFWLFH�����5�SGI�

$VKWRQ�� $�'��� -DFNVRQ�� :�%��� 3HWHUV�� +�� �������� &RPSDUDWLYH� HYDOXDWLRQ� RI� /'��� YDOXHV� IRU�
YDULRXV� DQWLFRDJXODQW� URGHQWLFLGHV�� ,Q� &�*�-�� 5LFKDUGV� 	� 7�<�� .X� �(GV��� &RQWURO� RI�
PDPPDO�SHVWV��SS�����±������/RQGRQ��7D\ORU�DQG�)UDQFLV��

$VWHGW�� %�� �������� $QWHQDWDO� GUXJV� DIIHFWLQJ� YLWDPLQ� .� VWDWXV� RI� WKH� IHWXV� DQG� WKH� QHZERUQ��
6HPLQDUV�LQ�7KURPERVLV�DQG�+HPRVWDVLV��������������

%DFKPDQQ�� .�$��� 6XOOLYDQ�� 7�-�� �������� 'LVSRVLWLRQDO� DQG� SKDUPDFRG\QDPLF� FKDUDFWHULVWLFV� RI�
EURGLIDFRXP�LQ�ZDUIDULQ�VHQVLWLYH�UDWV��3KDUPDFRORJ\��������±�����

%DLOH\�� &��� )LVKHU�� 3��� (DVRQ�� &�� �������� $VVHVVLQJ� DQWLFRDJXODQW� UHVLVWDQFH� LQ� UDWV� DQG�
FRDJXODWLRQ�HIIHFWV�LQ�ELUGV�XVLQJ�VPDOO�YROXPH�EORRG�VDPSOHV��6FLHQFH�IRU�&RQVHUYDWLRQ�
�����'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

%DNHU��+���%HVW��-���:D\��/����������'HWHUPLQLQJ�ZKLFK�FKHPLFDOV�PD\�KDYH�VLJQLILFDQW�LPSDFWV�
RQ� ELRGLYHUVLW\�� DQ� RXWOLQH� IUDPHZRUN�� 5HWULHYHG� RQ� ��������� IURP�
KWWS���ZZZ�MQFF�JRY�XN�SGI�FRPP��'���SGI�

%DUQHWW��(��$���)OHWFKHU��0��5���+XQWHU��.���6KDUS��(��$����������3HVWLFLGH�SRLVRQLQJ�RI�DQLPDOV�
������,QYHVWLJDWLRQV�RI�VXVSHFWHG�LQFLGHQWV�LQ�WKH�8QLWHG�.LQJGRP�����S��'HSDUWPHQW�IRU�
(QYLURQPHQW��)RRG�DQG�5XUDO�$IIDLUV��8QLWHG�.LQJGRP��
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%DUUHWW��3����������.HHSLQJ�ZHWDV�LQ�FDSWLYLW\��:HOOLQJWRQ�=RRORJLFDO�*DUGHQV��:HOOLQJWRQ��1HZ�
=HDODQG���

%HOO�� -��� :LOOLDPV�� -�� 0��� *RGIUH\�� 0�� (�� 5��� 5DPPHOO�� &�� *�� �������� %URGLIDFRXP� LQ� UDEELW�
FRQWURO�� ,Q� 3URFHHGLQJV� RI� WKH� 9HUWHEUDWH� 3HVW� &RQWURO� &RQIHUHQFH�� 'XEER�� $XVWUDOLD��
�SS�������

%LJODQG�� &�� +��� 7ULDQWDSK\OORSRXORV�� '�� &�� �������� &KLFNHQ� SURWKURPELQ�� WKURPELQ�� DQG�
ILEULQRJHQ��$PHULFDQ�-RXUQDO�RI�3K\VLRORJ\�����������������

%RHUPDQV�� +�� -��� -RKQVWRQH�� ,��� %ODFN�� :�� '��� 0XUSK\�� 0�� �������� &OLQLFDO� VLJQV�� ODERUDWRU\�
FKDQJHV�DQG�WR[LFRNLQHWLFV�RI�EURGLIDFRXP�LQ�WKH�KRUVH��&DQDGLDQ�-RXUQDO�RI�9HWHULQDU\�
5HVHDUFK������������

%RPIRUG��0��� 2¶%ULHQ�� 3� �������� (UDGLFDWLRQ� RU� FRQWURO� IRU� YHUWHEUDWH� SHVWV"�:LOGOLIH� 6RFLHW\�
%XOOHWLQ�����������������

%RRWK��/��+���:LFNVWURP��0��/����������&RPSDUDWLYH�SDODWDELOLW\�RI�URGHQW�EDLWV�WR�WKUHH�VSHFLHV�
RI� UDW� DQG� WKH� KRXVH� PRXVH�� /DQGFDUH� 5HVHDUFK� &RQWUDFW� 5HSRUW� /&���������� �� S��
/DQGFDUH�5HVHDUFK��/LQFROQ��1HZ�=HDODQG��

%RRWK�� /�+��� (DVRQ�� &�7��� 6SXUU�� (�%�� �������� /LWHUDWXUH� UHYLHZ� RI� WKH� DFXWH� WR[LFLW\� DQG�
SHUVLVWHQFH� RI� EURGLIDFRXP� WR� LQYHUWHEUDWHV� DQG� VWXGLHV� RI� UHVLGXH� ULVNV� WR�ZLOGOLIH� DQG�
SHRSOH�� 6FLHQFH� IRU� &RQVHUYDWLRQ� ����� 'HSDUWPHQW� RI� &RQVHUYDWLRQ�� :HOOLQJWRQ�� 1HZ�
=HDODQG��

%RRWK�� /�+��� )LVKHU�� 3��� +HSSOHWKZDLWH�� 9��� (DVRQ�� &�7�� �������� 7R[LFLW\� DQG� UHVLGXHV� RI�
EURGLIDFRXP�LQ�VQDLOV�DQG�HDUWKZRUPV��'2&�6FLHQFH�,QWHUQDO�6HULHV������'HSDUWPHQW�RI�
&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

%RUVW�� *�� +��� &RXQRWWH�� *�� +�� �������� 6KRUWIDOOV� XVLQJ� VHFRQG�JHQHUDWLRQ� DQWLFRDJXODQW�
URGHQWLFLGHV��-RXUQDO�RI�=RR�DQG�:LOGOLIH�0HGLFLQH���������

%RZLH�� 0��� 5RVV�� -�� �������� ,GHQWLILFDWLRQ� RI� ZHWD� �2UWKRSWHUD�� $QRVWRPDWLGDH� DQG�
5KDSKLGRSKRULGDH�� IRUDJLQJ� RQ� EURGLIDFRXP� FHUHDO� EDLW� DQG� WKH� ULVN� RI� VHFRQGDU\�
SRLVRQLQJ� IRU� ELUG� VSHFLHV� RQ� 4XDLO� ,VODQG�� 1HZ� =HDODQG�� 1HZ� =HDODQG� -RXUQDO� RI�
(FRORJ\��������������

%UDNHV��&��5���6PLWK��5��+����������([SRVXUH�RI�QRQ�WDUJHW�VPDOO�PDPPDOV�WR�URGHQWLFLGHV��VKRUW�
WHUP� HIIHFWV�� UHFRYHU\� DQG� LPSOLFDWLRQV� IRU� VHFRQGDU\� SRLVRQLQJ�� -RXUQDO� RI� $SSOLHG�
(FRORJ\��������������

%UDWW�� +�� �������� 'LIHQDFRXP�� HOLPLQDWLRQ� IURP� WLVVXHV� RI� UDWV� IROORZLQJ� DGPLQLVWUDWLRQ� RI� D�
VLQJOH�RUDO�GRVH��,PSHULDO�&KHPLFDO�,QGXVWULHV��&HQWUDO�7R[LFRORJ\�/DERUDWRU\�5HSRUW�1R��
&7/�3�������0DFFOHVILHOG��6XUUH\��8QLWHG�.LQJGRP��

%UHFNHQULGJH��$�0���&KROHUWRQ��6���+DUW��-�$�'���3DUN��%�.���6FRWW��$�.����������$�VWXG\�RI�WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�SKDUPDFRNLQHWLFV�DQG�SKDUPDFRG\QDPLFV�RI���K\GUR[\FRXPDULQ�
DQWLFRDJXODQWV��ZDUIDULQ�� GLIHQDFRXP�� DQG� EURGLIDFRXP� LQ� WKH� UDEELW��%ULWLVK� -RXUQDO� RI�
3KDUPDFRORJ\�������±����
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%ULWLVK� &URS� 3URWHFWLRQ� &RXQFLO� �������7KH� 3HVWLFLGH� 0DQXDO� ���WK� HG��� (G�� &�'�6�� 7RPOLQ��
%ULWLVK�&URS�3URWHFWLRQ�&RXQFLO��8QLWHG�.LQJGRP���

%XFNOH��$��3���)HQQ��0��*��3����������5RGHQW�FRQWURO�LQ�WKH�FRQVHUYDWLRQ�RI�HQGDQJHUHG�VSHFLHV��
,Q� � -�(�� %RUUHFFR�� -�� (��	�5�(��0DUVK� �(GV���� 3URFHHGLQJV� RI� WKH� ��WK�9HUWHEUDWH� 3HVW�
&RQIHUHQFH��SS����������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

%XOO�� -�2�� �������� /DERUDWRU\� DQG� ILHOG� LQYHVWLJDWLRQV� ZLWK� GLIHQDFRXP�� D� SURPLVLQJ� QHZ�
URGHQWLFLGH��,Q�&�&��6LHEH��(G��3URFHHGLQJV�RI�WKH�6HYHQWK�9HUWHEUDWH�3HVW�&RQIHUHQFH��S��
�����&DOLIRUQLD��8QLWHG�6WDWHV��

%XOODUG�� 5�:��� 7KRPSVRQ�� 5�'��� +ROJYLQ�� *�� �������� 'LSKHQDGLRQH� �GLSKDFLQRQH�� UHVLGXH� LQ�
WLVVXH�RI�FDWWOH��-RXUQDO�RI�$JULFXOWXUH�DQG�)RRG�&KHPLVWU\��������±�����

%XUXFRD��&���0XUD��3���5REHUW��5���%LRQRW��&���%RXTXHW��6���3LULRX��$����������&KORURSKDFLQRQH�
LQWR[LFDWLRQ�� D� ELRORJLFDO� DQG� WR[LFRORJLFDO� VWXG\�� -RXUQDO� RI� 7R[LFRORJ\� DQG� &OLQLFDO�
7R[LFRORJ\������������

&DKLOO��:�� 3��� &URZGHU�� /�� $�� �������� 7LVVXH� GLVWULEXWLRQ� DQG� H[FUHWLRQ� RI� GLSKDFLQRQH� LQ� WKH�
PRXVH��3HVWLFLGH�%LRFKHPLVWU\�DQG�3K\VLRORJ\��������������

&OHDU�� 0�� �������� 5HSRUWV� IURP� 1HZ� =HDODQG� )RRG� 6DIHW\� $XWKRULW\� ±� UHG� PHDW� UHVLGXH� DQG�
VSHFLHV�YHULILFDWLRQ�PRQLWRULQJ��6XUYHLOODQFH����������±����

&ROERXUQH�� 5�0��� 5REHUWVRQ�� +�$�� �������� � 6XFFHVVIXO� WUDQVORFDWLRQV� RI� OLWWOH� VSRWWHG� NLZL�
�$SWHU\[�RZHQLL��EHWZHHQ�RIIVKRUH�LVODQGV�RI�1HZ�=HDODQG��1RWRUQLV��������±�����

&RUUHOO��-��7���&ROHPDQ��/��/���/RQJ��6���:LOO\��5��)����������'LSKHQ\ODFHW\O�����LQGDQGLRQH�DV�D�
SRWHQW�K\SRSURWKURPELQHPLF�DJHQW��3URFHHGLQJV�RI�WKH�6RFLHW\�IRU�([SHULPHQWDO�%LRORJ\�
DQG�0HGLFLQH��������������

&RZDQ��'��3���'XQVIRUG��*���*LOO��(���-RQHV��$���.HULQV��*���0DF1LFROO��$���4X\��5����������7KH�
LPSDFW�RI�UHVLVWDQFH�RQ�WKH�XVH�RI�VHFRQG�JHQHUDWLRQ�DQWLFRDJXODQWV�DJDLQVW�UDWV�RQ�IDUPV�
LQ�6RXWKHUQ�(QJODQG��3HVWLFLGH�6FLHQFH������������

&RZDQ�� 3�� ��������%LRORJLFDO� FRQWURO� RI� SRVVXPV�� SURVSHFWV� IRU� WKH� IXWXUH�� ,Q�7��/��0RQWDJXH�
�(G���7KH�%UXVKWDLO�3RVVXP��%LRORJ\��LPSDFW�DQG�PDQDJHPHQW�RI�DQ�LQWURGXFHG�PDUVXSLDO�
�SS������������0DQDDNL�:KHQXD�3UHVV��/LQFROQ��1HZ�=HDODQG��

&UDEWUHH��'�*���5RELQVRQ��:�+�� ��������3LYDO\O�� WKH�QHZ� LQVHFWLFLGDO� URGHQWLFLGH��3HVW�&RQWURO�
�����������

&UDGGRFN��3����������$VSHFWV�RI�WKH�HFRORJ\�RI�IRUHVW�LQYHUWHEUDWHV�DQG�WKH�XVH�RI�EURGLIDFRXP��
8QSXEOLVKHG�3K�'��WKHVLV��8QLYHUVLW\�RI�$XFNODQG��$XFNODQG��1HZ�=HDODQG��

'DYLGVRQ��6�5���$UPVWURQJ��'�3����������(VWLPDWLQJ�LPSDFWV�RI�SRLVRQ�RSHUDWLRQV�RQ�QRQ�WDUJHW�
VSHFLHV� XVLQJ� PDUN±UHFDSWXUH� DQDO\VLV� DQG� VLPXODWLRQ� PRGHOLQJ�� DQ� H[DPSOH� ZLWK�
VDGGOHEDFNV��%LRORJLFDO�&RQVHUYDWLRQ���������±������
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'HSDUWPHQW� RI� &RQVHUYDWLRQ� �������� 1HZ� GLUHFWLRQ� IRU� '2&¶V� XVH� RI� %URGLIDFRXP� �7DORQ��
3HVWRII��� 'HSDUWPHQW� RI� &RQVHUYDWLRQ� )DFW� 6KHHW�� -DQXDU\� ������ :HOOLQJWRQ�� 1HZ�
=HDODQG��

'LHKO��.�+���+XOO��5��0RUWRQ�'���3ILVWHU��5���5DEHPDPSLDQLQD��<���6PLWK��'���9LGDO��-�0���YDQ�GH�
9RUVWHQERVFK��.����������$�JRRG�SUDFWLFH�JXLGH� WR�WKH�DGPLQLVWUDWLRQ�RI�VXEVWDQFHV�DQG�
UHPRYDO�RI�EORRG�� LQFOXGLQJ�URXWHV�DQG�YROXPHV��-RXUQDO�RI�$SSOLHG�7R[LFRORJ\�������±
����

'REVRQ�� .�� -�� �������� &RXPDWHWUDO\O� SRLVRQLQJ� LQ� SLJV� DQG� HIIHFWLYHQHVV� RI� 9LWDPLQ� .���
$XVWUDOLDQ�9HWHULQDU\�-RXUQDO�������������

'RHUU�� -�$��� :\DWW�� 5�'��� +DPLOWRQ�� 3�%�� �������� ,QYHVWLJDWLRQ� DQG� VWDQGDUGLVDWLRQ� RI�
SURWKURPELQ�WLPHV�LQ�FKLFNHQV��3RXOWU\�6FLHQFH��������������

'RQODQ�� &�� -��� +RZDOG�� *�� 5��� 7HUVK\�� %�� 5��� &UROO�� '�� $�� �������� (YDOXDWLQJ� DOWHUQDWLYH�
URGHQWLFLGHV� IRU� LVODQG� FRQVHUYDWLRQ�� URRI� UDW� HUDGLFDWLRQ� IURP� WKH� 6DQ� -RUJH� ,VODQGV��
0H[LFR��%LRORJLFDO�&RQVHUYDWLRQ�������������

'RZGLQJ��-�(���0XUSK\��(�&���9HLWFK��&�5����������%URGLIDFRXP�UHVLGXHV�LQ�WDUJHW�DQG�QRQ�WDUJHW�
VSHFLHV� IROORZLQJ� DQ� DHULDO� SRLVRQLQJ� RSHUDWLRQ� RQ�0RWXLKH� ,VODQG��+DXUDNL�*XOI��1HZ�
=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������±������

'RZGLQJ��-��(���/RYHJURYH��7��*���5LWFKLH��-���.DVW��6��1���DQG�3XFNHWW��0����������0RUWDOLW\�RI�
QRUWKHUQ� 1HZ� =HDODQG� GRWWHUHOV� �&KDUDGULXV� REVFXUXV� DTXLORQLXV�� IROORZLQJ� DQ� DHULDO�
SRLVRQLQJ�RSHUDWLRQ��1RWRUQLV��������������

'UHVFKHU��:��� :HLJHUW�� .�� 3��� %�QJHU�� 0�� +�� ,QJHUVOHY�� -��� %�QJHU�� &��� +DQVHQ�� (�6�� ��������
)HPRUDO�KHDG�EORRG�IORZ�UHGXFWLRQ�DQG�K\SHUFRDJXODELOLW\�XQGHU����K�PHJDGRVH�VWHURLG�
WUHDWPHQW�LQ�SLJV��-RXUQDO�RI�2UWKRSDHGLF�5HVHDUFK���������������

'XERFN��$�&���.DXNHLQHQ��'�(�� �������� %URGLIDFRXP� �7DORQ� URGHQWLFLGH��� D� QRYHO� FRQFHSW�� ,Q�
:�(��+RZDUG��5�(��0DUVK��(GV���3URFHHGLQJV�RI� WKH�(LJKWK�9HUWHEUDWH�3HVW�&RQIHUHQFH�
�S�����������&DOLIRUQLD��8QLWHG�6WDWHV��

'XERFN�� $�� &�� �������� 3XOVHG� EDLWLQJ� �� D� QHZ� WHFKQLTXH� IRU� KLJK� SRWHQF\� VORZ� DFWLQJ�
URGHQWLFLGHV��,Q�5�(��0DUVK��(G���3URFHHGLQJV�RI�WKH���WK�9HUWHEUDWH�3HVW�&RQIHUHQFH��SS��
����������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

'XIIH\�� (�� �������� ,QWURGXFHG� SHVW� VSHFLHV� DQG� ELRGLYHUVLW\� FRQVHUYDWLRQ� LQ� 1HZ� =HDODQG��
%LRORJLFDO�&RQVHUYDWLRQ��������

'XQOHY\�� 3��� /HH�� -�� �������� )LQDO� (QYLURQPHQWDO� $VVHVVPHQW� (UDGLFDWLRQ� RI� 3RO\QHVLDQ� 5DWV�
�5DWWXV� H[XODQV�� IURP�0RNDSX� ,VODQG��+DZDL
L�� 8�6�)LVK� DQG�:LOGOLIH� 6HUYLFH��+DZDL
L�
'HSDUWPHQW� RI� /DQG� DQG� 1DWXUDO� 5HVRXUFHV�� 5HWULHYHG� ��������� IURP�
KWWS���ZZZ�IZV�JRY�SDFLILFLVODQGV�)LQDO($0RNDSX5DW(UDGLFDWLRQ�SGI�

'X�9DOO��0��'���0XUSK\��0���5D\��$��&���5HDJRU��-��&����������&DVH�VWXGLHV�RQ�VHFRQG�JHQHUDWLRQ�
DQWLFRDJXODQW�URGHQWLFLGH�WR[LFLWLHV�LQ�QRQWDUJHW�VSHFLHV��-RXUQDO�RI�9HWHULQDU\�'LDJQRVWLF�
,QYHVWLJDWLRQ�����������
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(DGVIRUWK�� &�� 9��� *UD\�� $��� +DUULVRQ�� (�� *�� ��������0RQLWRULQJ� WKH� H[SRVXUH� RI� EDUQ� RZOV� WR�
VHFRQG�JHQHUDWLRQ�URGHQWLFLGHV�LQ�VRXWKHUQ�(LUH��3HVWLFLGH�6FLHQFH��������������

(DVRQ�� &�� 7��� :ULJKW�� *�� 5��� 0HLNOH�� /��� (OGHU�� 3�� �������� 7KH� SHUVLVWHQFH� DQG� VHFRQGDU\�
SRLVRQLQJ�ULVNV�RI�VRGLXP�PRQRIOXRURDFHWDWH���������EURGLIDFRXP��DQG�FKROHFDOFLIHURO�LQ�
SRVVXPV�� ,Q� 5�0�� 7LPP�� $�&�� &UDEE� �(GV��� 3URFHHGLQJV� RI� WKH� ��WK� 9HUWHEUDWH� 3HVW�
&RQIHUHQFH��SS����������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

(DVRQ��&�7���6SXUU��(�%��������5HYLHZ�RI�WKH�WR[LFLW\�DQG�LPSDFWV�RI�EURGLIDFRXP�RQ�QRQ�WDUJHW�
ZLOGOLIH�LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������������

(DVRQ��&�7���:ULJKW��*�5�*���*RRQHUDWQH��5�� ��������3KDUPDFRNLQHWLFV�RI�DQWLS\ULQH��ZDUIDULQ��
DQG�SDUDFHWDPRO�LQ�EUXVKWDLO�SRVVXP��-RXUQDO�RI�$SSOLHG�7R[LFRORJ\��������±�����

(DVRQ�� &��� :ULJKW�� *��� %DWFKHOHU�� '�� �������� $QWLFRDJXODQW� HIIHFWV� DQG� SHUVLVWHQFH� RI�
EURGLIDFRXP� LQ�SRVVXPV� �7ULFKRVXUXV� YXOSHFXOD���1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�
5HVHDUFK��������������

(DVRQ��&���0XUSK\��(����������5HFRJQLVLQJ�DQG�UHGXFLQJ�VHFRQGDU\�DQG�WHUWLDU\�SRLVRQLQJ�ULVNV�
DVVRFLDWHG� ZLWK� EURGLIDFRXP�� ,Q� -�� -�� -RKQVWRQ� �(G��� 3HVWLFLGHV� DQG� :LOGOLIH�� $&6�
6\PSRVLXP�6HULHV��SS������������$PHULFDQ�&KHPLFDO�6RFLHW\��:DVKLQJWRQ�'&��

(DVRQ�� &��� :LFNVWURP�� 0�� �������� 9HUWHEUDWH� 3HVWLFLGH� 7R[LFRORJ\� 0DQXDO� �3RLVRQV���
'HSDUWPHQW� RI� &RQVHUYDWLRQ� 7HFKQLFDO� 6HULHV� ���� 'HSDUWPHQW� RI� &RQVHUYDWLRQ��
:HOOLQJWRQ��1HZ�=HDODQG��

(DVRQ��&�7���:ULJKW��*�5���0LOQH��/�0���0RUULVV��*�$�� ��������/DERUDWRU\� DQG� ILHOG� VWXGLHV�RI�
EURGLIDFRXP� UHVLGXHV� LQ� UHODWLRQ� WR� ULVN�RI� H[SRVXUH� WR�ZLOGOLIH� DQG�SHRSOH��6FLHQFH� IRU�
&RQVHUYDWLRQ����%���������'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

(DVRQ�� &�7��� 0XUSK\�� (�&��� :ULJKW�� *�5�*��� 6SXUU�� (�%�� �������� $VVHVVPHQW� RI� ULVNV� RI�
EURGLIDFRXP�WR�QRQ�WDUJHW�ELUGV�DQG�PDPPDOV�LQ�1HZ�=HDODQG��(FRWR[LFRORJ\�������±�����

(GG\��*�:���%XVKODQG��5�&����������&RPSRXQGV�PRUH�WR[LF�WKDQ�''7�WR�ERG\�OLFH��-RXUQDO�RI�
(FRQRPLF�(QWRPRORJ\��������������

(LVHPDQQ�� -�� (��� 6ZLIW�� &�� (�� �������� (FRORJLFDO�� FRPSDQLRQ� DQLPDO� DQG� KXPDQ� KHDOWK�
DVVHVVPHQWV� IRU� EURDGFDVW� DSSOLFDWLRQ� RI� ������� GLSKDFLQRQH� URGHQWLFLGH� LQ� QDWLYH�
+DZDLLDQ� HFRV\VWHPV�� ,Q� 5�0�� 7LPP�� -�0�� 2¶%ULHQ� �(GV��� 3URFHHGLQJV� RI� WKH� ��QG�
9HUWHEUDWH�3HVW�&RQIHUHQFH��SS������������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

(PSVRQ��5��$���0LVNHOO\��&��0�� ��������7KH� ULVNV�� FRVWV� DQG�EHQHILWV�RI�XVLQJ�EURGLIDFRXP� WR�
HUDGLFDWH� UDWV� IURP� .DSLWL� ,VODQG�� 1HZ� =HDODQG��1HZ� =HDODQG� -RXUQDO� RI� (FRORJ\� ����
���±������

(QJHPDQQ��5��0���3DQN��/��)����������3RWHQWLDO�VHFRQGDU\�WR[LFLW\�IURP�DQWLFRDJXODQW�SHVWLFLGHV�
FRQWDPLQDWLQJ�KXPDQ�IRRG�VRXUFHV��1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH���������������

(ULFNVRQ�� :��� 8UEDQ�� '�� �������� 3RWHQWLDO� ULVNV� RI� QLQH� URGHQWLFLGHV� WR� ELUGV� DQG� QRQWDUJHW�
PDPPDOV�� D� FRPSDUDWLYH� DSSURDFK�� :DVKLQJWRQ� '&� ������� 86$�� 8QLWHG� 6WDWHV�
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(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��2IILFH�RI�3UHYHQWLRQ��3HVWLFLGHV�DQG�7R[LF�6XEVWDQFHV��
5HWULHYHG� ��������� IURP�
KWWS���ZZZ�IOXRULGHDOHUW�RUJ�SHVWLFLGHV�EURPHWKDOLQ�MXO\������ORQJ�SGI�

)HLQVRG��)��0���$OODP�� ,���5DJDL��$���6DDK��$�� -�� ��������5RGHQWLFLGH�LQGXFHG� VLJQV� VLPXODWLQJ�
5LIW�9DOOH\�IHYHU�LQ�VKHHS�DQG�JRDWV�LQ�(J\SW��9HWHULQDU\�5HFRUG���������������

)LVKHU�� 3�� �����D��� 3HUVLVWHQFH� RI� UHVLGXDO� GLSKDFLQRQH� FRQFHQWUDWLRQV� LQ� SLJ� WLVVXHV� IROORZLQJ�
VXEOHWKDO� H[SRVXUH�� '2&� 5HVHDUFK� DQG� 'HYHORSPHQW� 6HULHV� ����� 'HSDUWPHQW� RI�
&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

)LVKHU��3�������E���'LSKDFLQRQH�LQ�SLJV��VXEOHWKDO�H[SRVXUH�DQG�UHVLGXDO�SHUVLVWHQFH�LQ�WLVVXHV��,Q�
5�0�� 7LPP�� -�0�� 2¶%ULHQ� �(GV��� 3URFHHGLQJV� RI� WKH� ��QG�9HUWHEUDWH� 3HVW� &RQIHUHQFH�
�SS������������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

)LVKHU�� 3��� 2
&RQQRU�� &��� :ULJKW�� *��� (DVRQ�� &�� �������� 3HUVLVWHQFH� RI� IRXU� DQWLFRDJXODQW�
URGHQWLFLGHV�LQ�WKH�OLYHU�RI�ODERUDWRU\�UDWV��'2&�6FLHQFH�,QWHUQDO�6HULHV������'HSDUWPHQW�
RI�&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

)LVKHU�� 3��� 2
&RQQRU�� &��� :ULJKW�� *��� (DVRQ�� &�� �������� $QWLFRDJXODQW� UHVLGXHV� LQ� UDWV� DQG�
VHFRQGDU\�QRQ�WDUJHW�ULVN��'2&�6FLHQFH�,QWHUQDO�6HULHV������'HSDUWPHQW�RI�&RQVHUYDWLRQ��
:HOOLQJWRQ��1HZ�=HDODQG��

)LW]HN��$����������3KDUPDFRNLQHWLFV�RI���SLYDO\OLQGDQ�����GLRQH�LQ�GRJV��$FWD�3KDUPDFRORJLFD�HW�
7R[LFRORJ\������������

)OHWFKHU��'��:�� �������� 6HYHQ�GD\� UDQJH�ILQGLQJ� RUDO� WR[LFLW\� VWXG\� RI� 5DPLN�*UHHQ� ��������
GLSKDFLQRQH��LQ�GRPHVWLF�VZLQH��6XV�VFURID���8QSXEOLVKHG�*HQHVLV�0LGZHVW�/DERUDWRULHV�
5HSRUW��������������1HLOOVYLOOH��:,��8QLWHG�6WDWHV��

)URVW�� &�/��� 1DXGH�� 5�-��� 2HORIVHQ�� :��� -DFREVRQ�� %�� �������� &RPSDUDWLYH� EORRG� FRDJXODWLRQ�
VWXGLHV�LQ�WKH�RVWULFK��,PPXQRSKDUPDFRORJ\������������

*HEDXHU��0����������6\QWKHVLV�DQG�VWUXFWXUH�DFWLYLW\�UHODWLRQVKLSV�RI�QRYHO�ZDUIDULQ�GHULYDWLYHV��
%LRRUJDQLF�DQG�0HGLFLQDO�&KHPLVWU\����������������

*HQ6WDW� &RPPLWWHH� �������� *HQ6WDW� 5HOHDVH� ����� 5HIHUHQFH� 0DQXDO�� 3DUWV����� 961�
,QWHUQDWLRQDO��2[IRUG��

*HUODFK�� -���)ORUHQV��9�� ��������&RQVLGHULQJ�PROOXVFV� LQ� URGHQW�HUDGLFDWLRQ�SURMHFWV��7HQWDFOH� ��
7KH�1HZVOHWWHU�RI�WKH�,8&1�66&�0ROOXVF�6SHFLDOLVW�*URXS����������

*LOOLHV��&��$���3LHUFH��5��-����������6HFRQGDU\�SRLVRQLQJ�RI�PDPPDOLDQ�SUHGDWRUV�GXULQJ�SRVVXP�
DQG� URGHQW� FRQWURO� RSHUDWLRQV� DW� 7URXQVRQ� .DXUL� 3DUN�� 1RUWKODQG�� 1HZ� =HDODQG��1HZ�
=HDODQG�-RXUQDO�RI�(FRORJ\��������������

*LOOLHV�� &��� 6W\FKH�� $��� %UDGILHOG�� 3��� &KDOPHUV�� .��� /HDFK��0���0XUSK\�� (���:DUG�6PLWK�� 7���
:DUQH��5����������'LSKDFLQRQH�EDLW�IRU�JURXQG�FRQWURO�RI�UDWV�RQ�PDLQODQG�FRQVHUYDWLRQ�
ODQG�� 6FLHQFH� IRU� &RQVHUYDWLRQ� ����� 'HSDUWPHQW� RI� &RQVHUYDWLRQ�� :HOOLQJWRQ�� 1HZ�
=HDODQG��



�����

*RGIUH\�� 0�(�5�� �������� 1RQ�WDUJHW� DQG� VHFRQGDU\� SRLVRQLQJ� KD]DUGV� RI� 
VHFRQG� JHQHUDWLRQ
�
DQWLFRDJXODQWV��$FWD�=RRORJLFD�)HQQLFD���������������

*UDQG��0����������'RQQHHV�H[SHULPHQWDOHV�VXU�XQ�QRYHDX�UDWLFLGH�DQWLFRDJXODQW��OD�EURPDGLRORQH�
>([SHULPHQWDO� UHVXOWV� RI� D� QHZ� DQWLFRDJXODQW� URGHQWLFLGH� ±� EURPDGLRORQH@�� 3K\WLDWUH�
3K\WRSKDUPDFLH������������

*UD\��$���(DGVIRUWK��&��9���'XWWRQ��$��-���9DXJKDQ��-��$����������7R[LFLW\�RI�VHFRQG�JHQHUDWLRQ�
URGHQWLFLGHV�WR�EDUQ�RZOV��,Q�3URFHHGLQJV�%ULJKWRQ�&URS�3URWHFWLRQ�&RQIHUHQFH��3HVWV�DQG�
'LVHDVHV�� 1RYHPEHU� ������ �SS�� ��������� %ULWLVK� &URS� 3URWHFWLRQ� &RXQFLO�� )DUQKDP��
8QLWHG�.LQJGRP��

*UD\�� $��� (DGVIRUWK�� &�� 9��� 'XWWRQ�� $�� -��� 9DXJKDQ�� -�� $�� �������� 1RQ�LQYDVLYH� PHWKRG� IRU�
PRQLWRULQJ� WKH� H[SRVXUH� RI� EDUQ� RZOV� WR� VHFRQG�JHQHUDWLRQ� URGHQWLFLGHV�� 3HVWLFLGH�
6FLHQFH��������������

*UHHQ��:����������7KH�XVH�RI������IRU�SHVW�FRQWURO���D�GLVFXVVLRQ�GRFXPHQW�����S��$QLPDO�+HDOWK�
%RDUG�DQG�WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

*ULPLQJHU�� 3�� �������� +HPRVWDWLV�� ,Q� 3�'�� 6WXUNLH� �(G��� $YLDQ� SK\VLRORJ\� �SS�� ����������
6SULQJHU�9HUODJ��1HZ�<RUN��

+DGOHU��0��5���%XFNOH��$��3����������)RUW\�ILYH�\HDUV�RI�DQWLFRDJXODQW�URGHQWLFLGHV�±�SDVW��SUHVHQW�
DQG� IXWXUH� WUHQGV�� ,Q� -�(�� %RUUHFFR� 	� 5�(�� 0DUVK� �(GV��� 3URFHHGLQJV� RI� WKH� ��WK�
9HUWHEUDWH�3HVW�&RQIHUHQFH��SS������������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

+DJDQ�� (�� &��� 5DGRPVNL�� -�� /�� �������� 7KH� WR[LFLW\� RI� ���DFHWRQ\OEHQ]\O����K\GUR[\FRXPDULQ�
�ZDUIDULQ��WR�ODERUDWRU\�DQLPDOV��-RXUQDO�RI�WKH�$PHULFDQ�3KDUPDFHXWLFDO�$VVRFLDWLRQ�����
���������

+DKQ��1���3RSRY�&HQLF��6���'RUHU��$�� ��������%DVLF�YDOXHV�RI�EORRG�FRDJXODWLRQ�SDUDPHWHUV� LQ�
SLJV� �6XV�VFURID�GRPHVWLFXV���%HUOLQHU�XQG�0XQFKHQHU�7LHUDU]WOLFKH�:RFKHQVFKULIW������
�������

+DQVOLN�� 7��� 3ULQVHDX�� -�� �������� 7KH� XVH� RI� YLWDPLQ�.� LQ� SDWLHQWV� RQ� DQWLFRDJXODQW� WKHUDS\�� D�
SUDFWLFDO�JXLGH��$PHULFDQ�-RXUQDO�RI�&DUGLRYDVFXODU�'UXJV�����������

+DUSHU��5�� ��������(QGDQJHUHG�EDWV�GLH� IURP�DFFLGHQWDO� SRLVRQLQJ��:DLNDWR�7LPHV�� ��� -DQXDU\�
������ KWWS���ZZZ�VWXII�FR�Q]�$$0%��DDPV] ���[��B08/7,/,1.��������D�����KWPO�� DFFHVVHG�
����������

+HJGDO��3��/���&ROYLQ��%��$����������3RWHQWLDO�KD]DUG�WR�HDVWHUQ�VFUHHFK�RZOV�DQG�RWKHU�UDSWRUV�RI�
EURGLIDFRXP� EDLWV� XVHG� IRU� YROH� FRQWURO� LQ� RUFKDUGV�� (QYLURQPHQWDO� 7R[LFRORJ\� DQG�
&KHPLVWU\�������������

+HOPXWK��5��$���0F&ORVNH\��'��:���'RHGHQV��'��-���+DZOH\��'��$����������)DWDO�LQJHVWLRQ�RI�D�
EURGLIDFRXP�FRQWDLQLQJ�URGHQWLFLGH��/DERUDWRU\�0HGLFLQH�-DQXDU\��������������

+RDUH�� -��0���+DUH��.��0�� �����D���7KH� LPSDFW�RI�EURGLIDFRXP�RQ�QRQ�WDUJHW�ZLOGOLIH��JDSV� LQ�
NQRZOHGJH��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������������



�����

+RDUH��-��0��+DUH��.��0�������E���+RSORGDFW\OXV�PDFXODWXV��FRPPRQ�JHFNR��WR[LQ�FRQVXPSWLRQ��
+HUSHWRORJLFDO�5HYLHZ������������

+ROOLQJHU�� %�� 5��� 3DVWRRU�� 7�� 3�� �������� &DVH� PDQDJHPHQW� DQG� SODVPD� KDOI�OLIH� LQ� D� FDVH� RI�
EURGLIDFRXP�SRLVRQLQJ��$UFKLYHV�RI�,QWHUQDO�0HGLFLQH�����������������

+RQH��-���.OHED��5����������7KH�WR[LFLW\�DQG�DFFHSWDELOLW\�RI�ZDUIDULQ�DQG������SRLVRQ�WR�SHQQHG�
IHUDO�SLJV��$XVWUDOLDQ�:LOGOLIH�5HVHDUFK��������������

+RRNHU��6��� ,QQHV�� -�� ��������5DQJLQJ�EHKDYLRXU�RI� IRUHVW�GZHOOLQJ�VKLS� UDWV��5DWWXV�UDWWXV�� DQG�
HIIHFWV�RI�SRLVRQLQJ�ZLWK�EURGLIDFRXP��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������������

+RUQIHOGW�� &�� 6�� �������� 6XFFHVVIXO� WUHDWPHQW� RI� EURGLIDFRXP� SRLVRQLQJ� LQ� D� SUHJQDQW� ELWFK��
-RXUQDO�RI�WKH�$PHULFDQ�9HWHULQDU\�0HGLFDO�$VVRFLDWLRQ�����������������

+RVHD��5��&����������([SRVXUH�RI�QRQ�WDUJHW�ZLOGOLIH�WR�DQWLFRDJXODQW�URGHQWLFLGHV�LQ�&DOLIRUQLD��
,Q�7�3��6DOPRQ�	�$�&��&UDEE��(GV���3URFHHGLQJV�RI�WKH���WK�9HUWHEUDWH�3HVW�&RQIHUHQFH�
�SS������������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

+RZDOG�� *�� 5�� �������� 7KH� ULVN� RI� QRQ�WDUJHW� VSHFLHV� SRLVRQLQJ� IURP� EURGLIDFRXP� XVHG� WR�
HUDGLFDWH� UDWV� IURP� /DQJDUD� ,VODQG�� %ULWLVK� &ROXPELD�� 8QSXEOLVKHG� 0DVWHUV� WKHVLV��
'HSDUWPHQW�RI�$QLPDO�6FLHQFH��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD��

+RZDOG��*���'RQODQ��&�� -���*DOYDQ�� -�� 3���5XVVHOO�� -��&��� 3DUNHV�� -��� 6DPDQLHJR��$���:DQJ��<���
9HLWFK�� '���*HQRYHVL�� 3��� 3DVFDO��0��� 6DXQGHUV�� $��� 7HUVK\�� %�� �������� ,QYDVLYH� URGHQW�
HUDGLFDWLRQ�RQ�LVODQGV��&RQVHUYDWLRQ�%LRORJ\����������������

+RZDOG��*��5���0LQHDX��3���(OOLRWW��-��(���&KHQJ��.��0����������%URGLIDFRXP�SRLVRQLQJ�RI�DYLDQ�
VFDYHQJHUV�GXULQJ�UDW�FRQWURO�RQ�D�VHDELUG�FRORQ\��(FRWR[LFRORJ\�������������

+XFNOH�� .�� 5��� +XWVRQ�� '�� +���:DUEXUWRQ�� 3�� $�� �������� (OLPLQDWLRQ� DQG� DFFXPXODWLRQ� RI� WKH�
URGHQWLFLGH� IORFRXPDIHQ� LQ� UDWV� IROORZLQJ� UHSHDWHG� RUDO� DGPLQLVWUDWLRQ��;HQRELRWLFD� ����
�����������

+XFNOH�� .�� 5��� :DUEXUWRQ�� 3�� $�� )RUEHV�� 6��� /RJDQ�� &�� -�� �������� 6WXGLHV� RQ� WKH� IDWH� RI�
IORFRXPDIHQ�LQ�WKH�-DSDQHVH�TXDLO��&RWXUQL[�FRWXUQL[�MDSRQLFD���;HQRELRWLFD������������

+XQWHU��.�� ��������'HWHUPLQDWLRQ�RI�FRXPDULQ�DQWLFRDJXODQW� UHVLGXHV� LQ�DQLPDO� WLVVXH�E\�KLJK�
SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\�� ,�� )OXRUHVFHQFH� GHWHFWLRQ� XVLQJ� SRVW�FROXPQ�
WHFKQLTXHV��-RXUQDO�RI�&KURPDWRJUDSK\���������������

+XQWHU�� .�� �������� 5HYHUVH� SKDVH� LRQ�SDLU� OLTXLG� FKURPDWRJUDSKLF� GHWHUPLQDWLRQ� RI�
FKORURSKDFLQRQH�UHVLGXHV�LQ�DQLPDO�WLVVXHV��-RXUQDO�RI�&KURPDWRJUDSK\���������������

,&,� 3ODQW� 3URWHFWLRQ�'LYLVLRQ� �������� 7KH� GHWHUPLQDWLRQ� RI� EURGLIDFRXP� LQ� EDLWV�� FRQFHQWUDWHV�
DQG� WHFKQLFDO� PDWHULDO� E\� KLJK� SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\�� 8QSXEOLVKHG� ,&,�
0HWKRG�3360������<DOGLQJ��.HQW��8QLWHG�.LQJGRP��

,QQHV��-���:DUEXUWRQ��%���:LOOLDPV��'���6SHHG��+���%UDGILHOG��3����������/DUJH�VFDOH�SRLVRQLQJ�RI�
VKLS� UDWV� �5DWWXV� UDWWXV�� LQ� LQGLJHQRXV� IRUHVWV� RI� WKH� 1RUWK� ,VODQG�� 1HZ� =HDODQG��1HZ�
=HDODQG�-RXUQDO�RI�(FRORJ\�����������



�����

-DFNVRQ��:��%���$VKWRQ��$��'����������$�UHYLHZ�RI�DYDLODEOH�DQWLFRDJXODQWV�DQG�WKHLU�XVH�LQ�WKH�
8QLWHG�6WDWHV��,Q�-�(��%RUUHFFR�	�5�(��0DUVK��(GV����3URFHHGLQJV�RI�WKH���WK�9HUWHEUDWH�
3HVW�&RQIHUHQFH��SS������������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

-DFNVRQ��:�� %��� $VKWRQ�� $�� '��� 'HOYHQWKDO�� .�� �������� 2YHUYLHZ� RI� DQWLFRDJXODQW� URGHQWLFLGH�
XVDJH�DQG�UHVLVWDQFH��,Q�-��:��6XWWLH��(G���&XUUHQW�$GYDQFHV�LQ�9LWDPLQ�.�5HVHDUFK��SS��
����������(OVHYLHU�6FLHQFH�3XEOLVKHUV��1HZ�<RUN��

-RHUPDQQ�� *�� �������� $� UHYLHZ� RI� VHFRQGDU\�SRLVRQLQJ� VWXGLHV� ZLWK� URGHQWLFLGHV�� %XOOHWLQ�
2UJDQLVDWLRQ�(XURSpQQH�HW�0pGLWHUUDQpHQQH�SRXU�OD�3URWHFWLRQ�GHV�3ODQWHV��������������
�����

-RKQVWRQ�� -�� -��� 3LWW��:�� &��� 6XJLKDUD�� 5�� 7��� (LVHPDQQ�� -�� '��� 3ULPXV�� 7��0��� +ROPHV��0�� -���
&URFNHU��-���+DUW��$����������3UREDELOLVWLF�ULVN�DVVHVVPHQW�IRU�VQDLOV��VOXJV�DQG�HQGDQJHUHG�
KRQH\FUHHSHUV� LQ� GLSKDFLQRQH� URGHQWLFLGH� EDLWHG� DUHDV� RQ�+DZDLL��86$��(QYLURQPHQWDO�
7R[LFRORJ\�DQG�&KHPLVWU\����������������

-RQHV�� $�� �������� +3/&� GHWHUPLQDWLRQ� RI� DQWLFRDJXODQW� URGHQWLFLGH� UHVLGXHV� LQ� DQLPDO� OLYHUV��
%XOOHWLQ�RI�(QYLURQPHQWDO�&RQWDPLQDWLRQ�DQG�7R[LFRORJ\������±����

.DPLO��1����������.LQHWLFV�RI�EURPRGLDORQH��DQWLFRDJXODQW�URGHQWLFLGH��LQ�WKH�1RUZD\�UDW��5DWWXV�
QRUYHJLFXV���3KDUPDFRORJLFDO�5HVHDUFK�&RPPXQLFDWLRQV������������±�����

.DVH��)����������7KH�HIIHFW�RI�KRPR��DQG�KHWHURORJRXV�WKURPERSODVWLQV�RQ�SODVPDV�RI�PDQ��VHYHQ�
PDPPDOLDQ�DQG�WZR�DYLDQ�VSHFLHV��D�FRPSDUDWLYH�VWXG\��&RPSDUDWLYH�%LRFKHPLVWU\�DQG�
3K\VLRORJ\���$����±����

.DVH��)���%XWFKHUV��-���6SXUOLQJ��1�:����������&RPSDULVRQ�RI�WKH�UDWH�OLPLWLQJ�LQIOXHQFH�RI�IDFWRU�
9,,� RQ� PDPPDOLDQ� SODVPD� FRDJXODWLRQ� IROORZLQJ� H[WULQVLF� DFWLYDWLRQ� E\� DYLDQ� DQG�
PDPPDOLDQ�WLVVXH�WKURPERSODVWLQV��&RPSDUDWLYH�%LRFKHPLVWU\�DQG�3K\VLRORJ\���$������
�����

.DW]��5���'LFFL��+���5RHVFKPDQQ��:���7RULOOR��/�� ��������&OLQLFDO�H[SHULHQFH�ZLWK�'LSD[LQ�DQG�
ZLWK�WKH�FRPELQHG�XVH�RI�SURWKURPELQHPLF�DJHQWV��&LUFXODWLRQ��������������

.DXNHLQHQ��'��(�� ��������$� UHYLHZ�RI� VHFRQGDU\� SRLVRQLQJ� KD]DUG� WR�ZLOGOLIH� IURP� WKH� XVH� RI�
DQWLFRDJXODQW�URGHQWLFLGHV��3HVW�0DQDJHPHQW�����������

.DXNHLQHQ��'�(���6SUDJLQV��&�:���+REVRQ��-�)����������5LVN�EHQHILW�FRQVLGHUDWLRQV�LQ�HYDOXDWLQJ�
FRPPHQVDO� DQWLFRDJXODQW� LPSDFWV� WR� ZLOGOLIH�� ,Q� 7�3�� 6DOPRQ� 	� $�&�� &UDEE� �(GV���
3URFHHGLQJV� RI� WKH� ��WK� 9HUWHEUDWH� 3HVW� &RQIHUHQFH� �SS�� ���������� 8QLYHUVLW\� RI�
&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

.DXNHLQHQ�� '�� (��� 5DPSDXG�� 0�� �������� $� UHYLHZ� RI� EURGLIDFRXP� HIILFDF\� LQ� WKH� 8�6�� DQG�
ZRUOGZLGH�� ,Q� 7�3�� 6DOPRQ� �(G��� 3URFHHGLQJV� RI� WKH� ��WK� 9HUWHEUDWH� 3HVW� &RQIHUHQFH�
�SS��������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

.HJOH\��6���+LOO��%��2UPH��6����������3$1�3HVWLFLGH�'DWDEDVH��3HVWLFLGH�$FWLRQ�1HWZRUN��1RUWK�
$PHULFD�� 5HWULHYHG� RQ� ��������� IURP�
KWWS���ZZZ�SHVWLFLGHLQIR�RUJ�'HWDLOB&KHP5HJ�MVS"5HFB,G 3&������



�����

.HLWK�� -�� 2��� '�� 1�� +LUDWD�� '�� /�� (VS\�� 6�� *UHLQHU�� '�� *ULIILQ�� �������� )LHOG� HYDOXDWLRQ� RI�
���������GLSKDFLQRQH�EDLW�IRU�PRQJRRVH�FRQWURO�LQ�+DZDLL��8QSXEOLVKHG�UHSRUW��'HQYHU�
:LOGOLIH�5HVHDUFK�&HQWHU��&RORUDGR��8QLWHG�6WDWHV��

.HOO\�� -�� *��� 2
0DOOH\�� .�� �������� &OLQLFDO� SKDUPDFRNLQHWLFV� RI� RUDO� DQWLFRDJXODQWV�� &OLQLFDO�
3KDUPDFRNLQHWLFV����������

.LOJRUH�� /�%��� )RUG�� -�+��� :ROIH�� :�&�� �������� ,QVHFWLFLGDO� SURSHUWLHV� RI� ����LQGDQGLRQHV��
,QGXVWULDO�DQG�(QJLQHHULQJ�&KHPLVWU\��������������

.QRSSHU��/�'���0LQHDX��3���:DONHU��/�$���6KRUH��5�)���������%RQH�GHQVLW\�DQG�EUHDNLQJ�VWUHQJWK�
LQ� 8.� UDSWRUV� H[SRVHG� WR� VHFRQG� JHQHUDWLRQ� DQWLFRDJXODQW� URGHQWLFLGHV�� %XOOHWLQ� RI�
(QYLURQPHQWDO�&RQWDPLQDWLRQ�DQG�7R[LFRORJ\��������������

.XVDQR��7����������7KH�WR[LFLW\�RI�GLSKDFLQRQH�WR�ODERUDWRU\�UDWV�DQG�PLFH��-DSDQHVH�-RXUQDO�RI�
6DQLWDU\�=RRORJ\�������������

/DDV�� )�� <��� )RUVV�� '�� $��� *RGIUH\��0�� (�� 5�� �������� 5HWHQWLRQ� RI� EURGLIDFRXP� LQ� VKHHS� DQG�
H[FUHWLRQ�LQ�IDHFHV��1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK��������������

/DYRLH�� *�.�� �������� $� VWXG\� RI� WKH� WR[LFLW\� RI� WKH� DQWLFRDJXODQW� EURGLIDFRXP� WR� $PHULFDQ�
NHVWUHOV� �)DOFR� VSDUYHULXV��� ,Q� 3URFHHGLQJV� �UG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3ODQW�
3URWHFWLRQ� LQ� WKH� 7URSLFV�� 9RO�� ,9�� 0DUFK� ������� ������ *HQWLQJ� +LJKODQGV�� 3DKDQJ��
0DOD\VLD��SS���������

/HFKHYLQ�� -�� &��� 9LJLH��$�� ��������:KLFK� XVHIXO� WR[LFRORJLFDO� LQIRUPDWLRQ� FDQ� EH� GUDZQ� IURP�
VWXGLHV� RQ� WKH� KHSDWLF� IL[DWLRQ� RI� DQWLFRDJXODQW� URGHQWLFLGHV"� ,Q� -�(�� %RUUHFFR� 	� 5�(��
0DUVK� �(GV��� 3URFHHGLQJV� RI� WKH� ��WK� 9HUWHEUDWH� 3HVW� &RQIHUHQFH� �SS�� ����������
8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

/HFKHYLQ�� -�&��� 3RFKH�� 5�0�� �������� $FWLYLW\� RI� /0����� �'LIHWKLDORQH��� D� QHZ� DQWLFRDJXODQW�
URGHQWLFLGH��LQ�FRPPHQVDO�URGHQWV��,Q�$�&��&UDEE�	�5�(��0DUVK��(GV���3URFHHGLQJV�RI�WKH�
��WK� 9HUWHEUDWH� 3HVW� &RQIHUHQFH� �SS�� ��±����� 8QLYHUVLW\� RI� &DOLIRUQLD�� 'DYLV�� 8QLWHG�
6WDWHV��

/HZLV�<RXQJHU��&���+RURZLW]��=����������(OLPLQDWLRQ�RI�EURGLIDFRXP��-RXUQDO�RI�7R[LFRORJ\�DQG�
&OLQLFDO�7R[LFRORJ\��������������

/LWWLQ��.��(���2
&RQQRU��&��(���*UHJRU\��1��*���0HOORU��'�� -���(DVRQ��&��7�� ��������%HKDYLRXU��
FRDJXORSDWK\�DQG�SDWKRORJ\�RI�EUXVKWDLO�SRVVXPV��7ULFKRVXUXV�YXOSHFXOD��SRLVRQHG�ZLWK�
EURGLIDFRXP��:LOGOLIH�5HVHDUFK��������������

/LWWLQ��.��(���2
&RQQRU��&���(DVRQ��&�� ��������&RPSDUDWLYH�HIIHFWV�RI�EURGLIDFRXP�RQ� UDWV� DQG�
SRVVXPV��,Q�6��=\GHQERV��(G���3URFHHGLQJV�1HZ�=HDODQG�3ODQW�3URWHFWLRQ�&RQIHUHQFH����
�SS������������

/OR\G��%�'���0F4XHHQ��6�0����������$Q�DVVHVVPHQW�RI�WKH�SUREDELOLW\�RI�VHFRQGDU\�SRLVRQLQJ�RI�
IRUHVW� LQVHFWLYRUHV� IROORZLQJ� DQ� DHULDO� ����� SRVVXP� FRQWURO� RSHUDWLRQ�� 1HZ� =HDODQG�
-RXUQDO�RI�(FRORJ\������������



�����

/XQG��0����������+HQV��HJJV�DQG�DQWLFRDJXODQWV��,QWHUQDWLRQDO�3HVW�&RQWURO��������������
0DFQLFROO��$��'����������$QWLFRDJXODQW�URGHQWLFLGHV��� WROHUDQFH�DQG�UHVLVWDQFH��3K\WRSDUDVLWLFD�

�������������
0DWKXU��5��3���3UDNDVK��,����������(YDOXDWLRQ�RI�EURGLIDFRXP�DJDLQVW�7��LQGLFD��0��KXUULDQDH�DQG�

5��UDWWXV��-RXUQDO�RI�+\JLHQH��/RQGRQ���������������
0DXQJDWDXWDUL�(FRORJLFDO�7UXVW���������:RUNVKRS�RQ�3HVW�&RQWURO�0HWKRGV��������$SULO�������

3XNHDWXD�1HZ�=HDODQG��&KDLU�-RKQ�6LPPRQV��(QYLURQPHQW�:DLNDWR��FROODWHG�E\�-RDQQD�
0F4XHHQ�� 8QLYHUVLW\� RI� :DLNDWR�� 5HWULHYHG� RQ� ����������� IURP�
KWWS���ZZZ�PDXQJDWUXVW�RUJ�SGIV�3HVW&RQWURO:RUNVKRS$SU���SGI�

0F)DGGHQ�� ,���*UHHQH�� 7�� ��������8VLQJ� EURGLIDFRXP� WR� HUDGLFDWH� NLRUH� �5DWWXV� H[XODQV�� IURP�
%XUJHVV�,VODQG�DQG�WKH�.QLJKWV�*URXS�RI� WKH�0RNRKLQDX�,VODQGV��6FLHQFH�DQG�5HVHDUFK�
6HULHV�����'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

0F*ODVVRQ�� '�� /��� %ULFNH\�� '�� $��� 'RH�� 5�� +�� �������� 2UDO� DQWLFRDJXODQW� WKHUDS\� DQG�
LQWHUQDWLRQDO�QRUPDOL]HG�UDWLRV�LQ�VZLQH��/DERUDWRU\�$QLPDO�6FLHQFH��������������

0F,OUR\��-��&����������)HUDO�SLJ��$GYDQFHV�LQ�1HZ�=HDODQG�PDPPDORJ\������������-RXUQDO�RI�
WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG�����������������

0F/DLQ��5��)���:HLQVWHLQ��-��1����������2UWKRSDHGLF�VXUJHU\��,Q�3��'��:DOO�	�5��0HO]DFN��(GV���
7H[WERRN�RI�3DLQ��SS��������������&KXUFKLOO�/LYLQJVWRQH��/RQGRQ��

0HHQNHQ��'���:ULJKW��.���&RXFKPDQ��$����������%URGLIDFRXP�UHVLGXHV�LQ�SRVVXPV��7ULFKRVXUXV�
YXOSHFXOD�� DIWHU� EDLWLQJ�ZLWK�EURGLIDFRXP�FHUHDO� EDLW��1HZ�=HDODQG� -RXUQDO� RI�(FRORJ\�
�������������

0HQGHQKDOO�� 9�� 0��� 3DQN�� /�� )�� �������� 6HFRQGDU\� SRLVRQLQJ� RI� RZOV� E\� DQWLFRDJXODQW�
URGHQWLFLGHV��:LOGOLIH�6RFLHW\�%XOOHWLQ�������������

0HUVRQ��0��+���%\HUV��5��(����������5HVLGXHV�RI�WKH�URGHQWLFLGH�EURGLIDFRXP�LQ�YROHV�DQG�UDSWRUV�
DIWHU�RUFKDUG�WUHDWPHQW��-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW��������������

0H\HU��$����������3UREOHPV�DULVLQJ�IURP�1RUZD\�UDW�UHVLVWDQFH�WR�EURPDGLRORQH�DQG�GLIHQDFRXP�
LQ�DQ�XUEDQ�VLWXDWLRQ�DQG�WKHLU�VROXWLRQ�>DEVWUDFW@��,Q�6FLHQWLILF�3URJUDPPH�DQG�%RRN�RI�
$EVWUDFWV�RI� WKH��WK�(XURSHDQ�9HUWHEUDWH�3HVW�&RQIHUHQFH� �S�������6FKRRO�RI�%LRORJLFDO�
6FLHQFHV��8QLYHUVLW\�RI�5HDGLQJ��8QLWHG�.LQJGRP��

0LOHWLFK�� -�3�� ��������3URWKURPELQ� WLPH�� ,Q�(��%HXWOHU��0�$��/LFKWPDQ��%�6��&ROOHU��7�-��.LSSV�
�(GV��� :LOOLDPV� +HPDWRORJ\�� �WK� (GLWLRQ� �SS�� /���/����� 0F*UDZ�+LOO� ,QF�� +HDOWK�
3URIHVVLRQV�'LYLVLRQ��

0LQHDX��3���0DUWLQ��3��$���:LOVRQ��/��.���'XIIH��-���6WHGHOLQ��-��5���3XVFKQHU��%����������([WHQVLYH�
H[SRVXUH�RI�&DQDGLDQ�ELUGV� RI� SUH\� WR� WKH� VHFRQG�JHQHUDWLRQ� DQWLFRDJXODQW� URGHQWLFLGHV�
EURGLIDFRXP� DQG� EURPDGLRORQH� >DEVWUDFW@�� ,Q� 3URFHHGLQJV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO�
:LOGOLIH�0DQDJHPHQW�&RQJUHVV��S��������&KULVWFKXUFK��1HZ�=HDODQG��



�����

0LVHQKHLPHU��7��0���/XQG��0���%DNHU��(��0���6XWWLH��-��:����������%LRFKHPLFDO�EDVLV�RI�ZDUIDULQ�
DQG�EURPDGLRORQH�UHVLVWDQFH�LQ�WKH�KRXVH�PRXVH��0XV�PXVFXOXV�GRPHVWLFXV��%LRFKHPLFDO�
3KDUPDFRORJ\��������������

0RUJDQ�� '�5��� :ULJKW�� *�5�� �������� (QYLURQPHQWDO� HIIHFWV� RI� URGHQW� 7DORQ� EDLWLQJ�� 3DUW� ,��
0RQLWRULQJ� IRU� WR[LF� UHVLGXHV�� 6FLHQFH� IRU� &RQVHUYDWLRQ� ��� �SS�� ������� 'HSDUWPHQW� RI�
&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

0RUJDQ��'�5���:ULJKW��*�5���2JLOYLH��6�&���3LHUFH��5���7KRPVRQ��3�� ��������$VVHVVPHQW�RI� WKH�
HQYLURQPHQWDO� LPSDFW� RI� EURGLIDFRXP� GXULQJ� URGHQW� HUDGLFDWLRQ� RSHUDWLRQV� LQ� 1HZ�
=HDODQG�� ,Q� 5�0�� 7LPP� 	� $�&�� &UDEE� �(GV��� 3URFHHGLQJV� ��WK� 9HUWHEUDWH� 3HVW�
&RQIHUHQFH��SS�����±������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLG��8QLWHG�6WDWHV��

0RULQ��0�)���0HUOHW��1���1DXOOHDX��*���'RUH��*����������3ULPDU\�WR[LFLW\�RI�EURPDGLRORQH�RQ�WKH�
FR\SX��%XOOHWLQ�RI�(QYLURQPHQWDO�&RQWDPLQDWLRQ�DQG�7R[LFRORJ\��������������

0RUULVV�� *��� 1XJHQW�� *��� )LVKHU�� 3�� �������� ([SRVXUH� RI� IHUDO� SLJV� WR� EURGLIDFRXP� IROORZLQJ�
EDLWLQJ�IRU�URGHQW�FRQWURO��'2&�6FLHQFH�,QWHUQDO�6HULHV������'HSDUWPHQW�RI�&RQVHUYDWLRQ��
:HOOLQJWRQ��1HZ�=HDODQG��

0RUULVV��*��$���2
&RQQRU��&���$LUH\��$��7���)LVKHU��3����������)DFWRUV�LQIOXHQFLQJ�SDODWDELOLW\�DQG�
HIILFDF\�RI�WR[LF�EDLWV�LQ�VKLS�UDWV��1RUZD\�UDWV�DQG�KRXVH�PLFH��6FLHQFH�IRU�&RQVHUYDWLRQ�
�����'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

0RVWHUG��-�-���7KLMVVHQ��+�+�:����������7KH�ORQJ�WHUP�HIIHFWV�RI�WKH�URGHQWLFLGH��EURGLIDFRXP��RQ�
EORRG� FRDJXODWLRQ� DQG�9LWDPLQ�.�PHWDEROLVP� LQ� UDWV��%ULWLVK� -RXUQDO� RI�3KDUPDFRORJ\�
��������������

0RXQW��0��(���)HOGPDQ��%�)����������0HFKDQLVP�RI�GLSKDFLQRQH�URGHQWLFLGH�WR[LFRVLV�LQ�WKH�GRJ�
DQG�LWV�WKHUDSHXWLF�LPSOLFDWLRQV��$PHULFDQ�-RXUQDO�RI�9HWHULQDU\�5HVHDUFK��������������
������

0XQGD\�� -�� 6��� 7KRPSVRQ�� /�� -�� �������� %URGLIDFRXP� WR[LFRVLV� LQ� WZR� QHRQDWDO� SXSSLHV��
9HWHULQDU\�3DWKRORJ\��������������

0XQVWHU�� $�� 0��� 2OVHQ�� $�.��� %ODGEMHUJ�� (�.�� �������� 8VHIXOQHVV� RI� KXPDQ� FRDJXODWLRQ� DQG�
ILEULQRO\VLV�DVVD\V�LQ�GRPHVWLF�SLJV��&RPSDUDWLYH�0HGLFLQH������������

0XUSK\��(��&���&ODSSHUWRQ��%��.���%UDGILHOG��3��0��)���6SHHG��+��-����������%URGLIDFRXP�UHVLGXHV�
LQ�WDUJHW�DQG�QRQ�WDUJHW�DQLPDOV�IROORZLQJ�ODUJH�VFDOH�SRLVRQ�RSHUDWLRQV�LQ�1HZ�=HDODQG�
SRGRFDUS�KDUGZRRG�IRUHVWV��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������������

0XUSK\��0�-���5D\��$�&���:RRG\��%���5HDJRU�� -�&�� �������� 6HUXP�EURGLIDFRXP�FRQFHQWUDWLRQV�
DQG� FRDJXORSDWKLF� HIIHFWV� LQ� DQWLFRDJXODQW� SRLVRQHG� GRJV� WUHDWHG�ZLWK� YLWDPLQ�.���7KH�
7R[LFRORJLVW��������

0XUUD\��0���7VHQJ��)�� ��������'LDJQRVLV� DQG� WUHDWPHQW� RI� VHFRQGDU\� DQWLFRDJXODQW� URGHQWLFLGH�
WR[LFRVLV� LQ� D� UHG�WDLOHG� KDZN� �%XWHR� MDPDLFHQVLV��� -RXUQDO� RI� $YLDQ� 0HGLFLQH� DQG�
6XUJHU\���������������



�����

0\OO\PlNL��$���3LKODYD�� -���7XXUL��+�� ��������3UHGLFWLQJ� WKH�H[SRVXUH�DQG� ULVN� WR�SUHGDWRUV�DQG�
VFDYHQJHUV� DVVRFLDWHG� ZLWK� XVLQJ� VLQJOH�GRVH� VHFRQG�JHQHUDWLRQ� DQWLFRDJXODQWV� DJDLQVW�
ILHOG� URGHQWV�� ,Q� '�3�� &RZDQ� 	� &�-�� )HDUH� �(GV��� $GYDQFHV� LQ� 9HUWHEUDWH� 3HVW�
0DQDJHPHQW��SS������������)LODQGHU�9HUODJ��)�UWK��

1DWLRQDO�3RVVXP�&RQWURO�$JHQFLHV� ��������9HUWHEUDWH� WR[LF�DJHQWV��PLQLPXP�UHTXLUHPHQWV� IRU�
WKH� VDIH�XVH� DQG�KDQGOLQJ�RI�YHUWHEUDWH� WR[LF� DJHQWV��13&$��:HOOLQJWRQ��1HZ�=HDODQG��
5HWULHYHG� RQ� ��������� IURP�
KWWS���ZZZ�QSFD�RUJ�Q]�LPDJHV�HBSXEOLFDWLRQV�WR[LQ���XVH���JXLGHOLQHV�SGI�

1HOVRQ��3��&���+LFNOLQJ��*��-����������3LQGRQH�IRU�UDEELW�FRQWURO��HIILFDF\��UHVLGXHV�DQG�FRVW��,Q�
:�6�+DOYHUVRQ�	�$�&��&UDEE��(GV���3URFHHGLQJV�RI�WKH���WK�9HUWHEUDWH�3HVW�&RQIHUHQFH�
�SS������������8QLYHUVLW\�RI�'DYLV��&DOLIRUQLD��8QLWHG�6WDWHV��

1HZWRQ�� ,��� 6KRUH��5�)���:\OOLH�� ,���%LUNV�� -�'�6�� �������� (PSLULFDO� HYLGHQFH� RI� VLGH�HIIHFWV� RI�
URGHQWLFLGHV�RQ�VRPH�SUHGDWRU\�ELUGV�DQG�PDPPDOV��,Q�'�3��&RZDQ�	�&�-��)HDUH��(GV���
$GYDQFHV�LQ�9HUWHEUDWH�3HVW�0DQDJHPHQW����SS�����±������)LODQGHU�9HUODJ��)�UWK��

1HZ�=HDODQG�)RRG�6DIHW\�$XWKRULW\� ��������$GPLQLVWUDWLYH�PDQXDO�� VXSSOLHU� UHTXLUHPHQWV� IRU�
KXQWLQJ� ZLOG� DQG� JDPH� HVWDWH� DQLPDOV�� 5HWULHYHG� ��������� IURP�
KWWS���ZZZ�Q]IVD�JRYW�Q]�DQLPDOSURGXFWV�SXEOLFDWLRQV�PDQXDOVJXLGHV�KXQWLQJ�ZLOG�
JDPH�HVWDWH�DPHQGPHQWV�DPGW���ZLOG�PDPPDOV�PDQXDO�SGI�

1HZ� =HDODQG� )RRG� 6DIHW\� $XWKRULW\� �������� 1HZ� =HDODQG� �0D[LPXP� 5HVLGXH� /LPLWV� RI�
$JULFXOWXUDO� &RPSRXQGV�� )RRG� 6WDQGDUGV� ������ 5HWULHYHG� RQ� ��������� IURP�
KWWS���ZZZ�Q]IVD�JRYW�Q]�SROLF\�ODZ�OHJLVODWLRQ�IRRG�VWDQGDUGV�Q]�PUO�IV������
FRQVROLGDWLRQ�SGI�

2
%ULHQ��3�+���/XNLQV��%�� ��������&RPSDUDWLYH�GRVH�UHVSRQVH� UHODWLRQVKLSV�DQG�DFFHSWDELOLW\�RI�
ZDUIDULQ�� EURGLIDFRXP� DQG� SKRVSKRUXV� WR� IHUDO� SLJV�� $XVWUDOLDQ� :LOGOLIH� 5HVHDUFK� ����
���������

2
&RQQRU�� &��� %RRWK�� /�� �������� 3DODWDELOLW\� RI� URGHQW� EDLWV� WR� ZLOG� KRXVH� PLFH�� 6FLHQFH� IRU�
&RQVHUYDWLRQ������'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

2JLOYLH��6�&���3LHUFH��5�-���:ULJKW��*�5���%RRWK��/�+���(DVRQ��&��7����������%URGLIDFRXP�UHVLGXH�
DQDO\VLV�LQ�ZDWHU��VRLO��LQYHUWHEUDWHV�DQG�ELUGV�DIWHU�UDW�HUDGLFDWLRQ�RQ�/DG\�$OLFH�,VODQG���
1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������±������

2
5HLOO\�� 5�� $��� $JJHOHU�� 3�� 0��� /HRQJ�� /�� 6�� �������� 6WXGLHV� RQ� WKH� FRXPDULQ� DQWLFRDJXODQW�
GUXJV��7KH�SKDUPDFRG\QDPLFV�RI�ZDUIDULQ� LQ�PDQ��-RXUQDO�RI�&OLQLFDO�,QYHVWLJDWLRQ�����
�����������

3DLQ��'�-���%URRNH��0���)LQQLH��-���-DFNVRQ��$����������(IIHFWV�RI�EURGLIDFRXP�RQ�WKH�ODQG�FUDE�RQ�
$VFHQVLRQ�,VODQG��-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW���������������

3DOPHU�� 5�� %���$ODNLMD�� 3��� GH�%DFD�� -�� (���1ROWH��.��%�� �������� )DWDO� EURGLIDFRXP� URGHQWLFLGH�
SRLVRQLQJ��DXWRSV\�DQG�WR[LFRORJLF�ILQGLQJV��-RXUQDO�RI�)RUHQVLF�6FLHQFH��������������



�����

3DUPDU��*��%DWWHQ��3��/���������'HWHFWLRQ�RI�DQ�DQWLFRDJXODQW�ELQGLQJ�VLWH�LQ�UDW�OLYHU�PLFURVRPHV�
DQG�LWV�UHOHYDQFH�WR�WKH�DQWLFRDJXODQW�HIIHFW�>DEVWUDFW@��+XPDQ�7R[LFRORJ\����������

3DUPDU��*��+���%UDWW��+���0RRUH��5���%DWWHQ��3��/����������(YLGHQFH�IRU�D�FRPPRQ�ELQGLQJ�VLWH�LQ�
YLYR�IRU�WKH�UHWHQWLRQ�RI�DQWLFRDJXODQWV�LQ�UDW�OLYHU�>DEVWUDFW@��+XPDQ�7R[LFRORJ\��������
�����

3HOIUHQH�� $�� )�� �������� 5RGHQWLFLGHV�� ,Q� 5�� .ULHJHU� �(G��� +DQGERRN� RI� 3HVWLFLGH� 7R[LFRORJ\�
9ROXPH����SS��������������$FDGHPLF�3UHVV��/RQGRQ��

3HO]��+�� -���5RVW�� 6���+XHQHUEHUJ��0���)UHJLQ��$���+HLEHUJ��$��&���%DHUW��.���0DFQLFROO��$��'���
3UHVFRWW��&��9���:DONHU��$��6���2OGHQEXUJ��-��0XHOOHU��&��5����������7KH�JHQHWLF�EDVLV�RI�
UHVLVWDQFH�WR�DQWLFRDJXODQWV�LQ�URGHQWV��*HQHWLFV��������������������

3HWWHULQR�� &��� 3DROR�� %��� 7ULVWR�� *�� �������� &OLQLFDO� DQG� SDWKRORJLFDO� IHDWXUHV� RI� DQWLFRDJXODQW�
URGHQWLFLGH�LQWR[LFDWLRQV�LQ�GRJV��9HWHULQDU\�DQG�+XPDQ�7R[LFRORJ\������������

3LWW��:��&���-��'��(LVHPDQQ��&��(��6ZLIW��5��6XJLKDUD��%��'HQJOHU�*HUPDLQ��/��'ULVFROO����������
'LSKDFLQRQH�UHVLGXHV�LQ�IUHH�UDQJLQJ�ZLOG�SLJV�IROORZLQJ�DHULDO�EURDGFDVW�RI�D�URGHQWLFLGH�
EDLW�LQ�D�+DZDLLDQ�IRUHVW��8QSXEOLVKHG�UHSRUW��1DWLRQDO�:LOGOLIH�5HVHDUFK�&HQWHU�5HSRUW�
4$�������)RUW�&ROOLQV��&RORUDGR��8QLWHG�6WDWHV��

3ROOHU��/��+LUVK��-����������/DERUDWRU\�PRQLWRULQJ�RI�DQWLFRDJXODQWV��,Q�/��3ROOHU��/��	�-��+LUVK�
�(GV��2UDO�DQWLFRDJXODQWV��SS����������+RGGHU�+HDGOLQH�*URXS��1HZ�<RUN��

3RXOLTXHQ�� +��� 7KRULQ�� &��� /DPEHUW�� 2��� %DXGU\�� 6��� /
+RVWLV�� 0�� �������� $QWLFRDJXODQW�
URGHQWLFLGHV�� H[SRVXUH� DQG� HIIHFW� RQ� VHFRQGDU\� KDHPRVWDVLV� RI� UDSWRUV�� -RXUQDO� RI�
9HWHULQDU\�3KDUPDFRORJ\�DQG�7KHUDSHXWLFV����������

3ULFH��3��$����������5ROH�RI�YLWDPLQ�.�GHSHQGHQW�SURWHLQV�LQ�ERQH�PHWDEROLVP��$QQXDO�5HYLHZ�RI�
1XWULWLRQ�������������

3ULPXV��7�0���(LVHPDQQ��-�'���0DWVFKNH��*�+���5DPH\��&����������&KORURSKDFLQRQH�UHVLGXHV�LQ�
UDQJHODQG�URGHQWV��DQ�DVVHVVPHQW�RI�WKH�SRWHQWLDO�ULVN�RI�VHFRQGDU\�WR[LFLW\�WR�VFDYHQJHUV��
,Q�-��-��-RKQVWRQ��(G���3HVWLFLGHV�DQG�ZLOGOLIH��SS������������$PHULFDQ�&KHPLFDO�6RFLHW\�
6\PSRVLXP�6HULHV������$PHULFDQ�&KHPLFDO�6RFLHW\��:DVKLQJWRQ��'�&���8QLWHG�6WDWHV��

3ULPXV��7���:ULJKW��*���)LVKHU��3�� ��������$FFLGHQWDO� GLVFKDUJH�RI� EURGLIDFRXP�EDLWV� LQ� D� WLGDO�
PDULQH� HQYLURQPHQW�� D� FDVH� VWXG\�� %XOOHWLQ� RI� (QYLURQPHQWDO� &RQWDPLQDWLRQ� DQG�
7R[LFRORJ\��������������

3\UROD�� .�� �������� 6H[� GLIIHUHQFHV� LQ� WKH� FORWWLQJ� IDFWRU� UHVSRQVH� WR� ZDUIDULQ� DQG� RI� ZDUIDULQ�
PHWDEROLVP� LQ� WKH� UDW��$QQDOHV�0HGLFLQDO�([SHULPHQWDOLV�HW�%LRORJLDH�)HQQLFDH��������
����

4X\��5���0DFQLFROO��$��'���&RZDQ��'��3�� ��������&RQWURO�RI� UDWV� UHVLVWDQW� WR�VHFRQG�JHQHUDWLRQ�
DQWLFRDJXODWLRQ�URGHQWLFLGHV��,Q�5�2��%DNHU�	�$�&�&UDEE��(GV���3URFHHGLQJV�RI�WKH���WK�
9HUWHEUDWH�3HVW�&RQIHUHQFH��SS������������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��



�����

5DPPHOO�� &�� *��� )OHPLQJ�� 3�� $�� �������� &RPSRXQG� ������ SURSHUWLHV� DQG� XVHV� RI� VRGLXP�
PRQRIOXRURDFHWDWH�LQ�1HZ�=HDODQG��$QLPDO�+HDOWK�'LYLVLRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�
)LVKHULHV��:HOOLQJWRQ��1HZ�=HDODQG������S��

5DPPHOO��&�*���+RRJHQERRP�� -�-�/���&RWWHU��0���:LOOLDPV�� -�0���%HOO�� -�� ��������%URGLIDFRXP�
UHVLGXHV� LQ� WDUJHW� DQG� QRQ�WDUJHW� DQLPDOV� IROORZLQJ� UDEELW� SRLVRQLQJ� WULDOV�� -RXUQDO� RI�
([SHULPHQWDO�$JULFXOWXUH��������±������

5D\��$��&���0XUSK\��0���'X9DOO��0��'���5HDJRU��-��&����������'HWHUPLQDWLRQ�RI�EURGLIDFRXP�DQG�
EURPDGLRORQH� UHVLGXHV� LQ� URGHQW� DQG� FDQLQH� OLYHU�� $PHULFDQ� -RXUQDO� RI� 9HWHULQDU\�
5HVHDUFK��������������

5LOH\��6��3��'���%URPOH\��&���3RSSHQJD��5��+���8]DO��)��$���:KLWHG��/���6DXYDMRW��5��0����������
$QWLFRDJXODQW�([SRVXUH�DQG�1RWRHGULF�0DQJH�LQ�%REFDWV�DQG�0RXQWDLQ�/LRQV�LQ�8UEDQ�
6RXWKHUQ�&DOLIRUQLD��7KH�-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW����������������

5REEHQ�� -�+��� .XMSHUV�� (�$���0RXW�� +�&�� �������� 3ODVPD� VXSHUZDUIDULQ� OHYHOV� DQG� YLWDPLQ�.��
WUHDWPHQW�LQ�GRJV�ZLWK�DQWLFRDJXODQW�URGHQWLFLGH�SRLVRQLQJ��9HWHULQDU\�4XDUWHUO\�������±
����

5REHUWVRQ��+�$��� &ROERXUQH�� 5�0���*UDKDP�� 3�-���0LOOHU�� 3�-��� 3LHUFH�� 5�-�� �������� 6XUYLYDO� RI�
EURZQ� NLZL� �$SWHU\[� PDQWHOOLL�� H[SRVHG� WR� EURGLIDFRXP� SRLVRQ� LQ� 1RUWKODQG�� 1HZ�
=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������±�����

5REHUWVRQ�� +�$��� &ROERXUQH�� 5�0�� �������� 6XUYLYDO� RI� OLWWOH� VSRWWHG� NLZL� H[SRVHG� WR� WKH�
URGHQWLFLGH�EURGLIDFRXP���-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW�������±����

5RXWK��&��5���7ULSOHWW��'��$���0XUSK\��0��-���)HOLFH��/��-���6DGRZVNL��-��$���%RYLOO��(��*����������
6XSHUZDUIDULQ�LQJHVWLRQ�DQG�GHWHFWLRQ��$PHULFDQ�-RXUQDO�RI�+DHPDWRORJ\������������

5�'HYHORSPHQW�&RUH�7HDP���������5��$�ODQJXDJH�DQG�HQYLURQPHQW�IRU�VWDWLVWLFDO�FRPSXWLQJ��5�
)RXQGDWLRQ� IRU�6WDWLVWLFDO�&RPSXWLQJ��9LHQQD��$XVWULD�� ,6%1����������������5HWULHYHG�
���������IURP�KWWS���ZZZ�5�SURMHFW�RUJ��

6DNDL�.���1LVKLXUD�$���)XMLKDUD<���.XWVDQD�7���1LVKLQR�7����������6DOLYDU\�H[FUHWLRQ�RI�ZDUIDULQ�
LQ�UDEELWV��UHODWLRQVKLS�EHWZHHQ�SKDUPDFRORJLFDO�HIIHFW�DQG�VDOLYDU\�SKDUPDFRNLQHWLFV�RI�
ZDUIDULQ�LQ�UDEELWV��-RXUQDO�RI�3KDUPDFRELR�'\QDPLFV�������������

6DOG�)HUQDQGH]�� 6��� )ORUHV�&UHVSR�� 5�� �������� &RQWURO� RI� WKH� FRPPRQ� YDPSLUH� �'HVPRGXV�
URWXQGXV�� ZLWK� GLSKHQDGLRQH� DSSOLHG� WR� FDWWOH� E\� WKH� LQWUDPXVFXODU� URXWH�� 9HWLQDULD�
0H[LFR��������������

6DOPRQ��7��3���:KLVVRQ��'��$���%HUHQWVHQ��$��5���*RUHQ]HO��:��3����������&RPSDULVRQ�RI��������
DQG� ������ GLSKDFLQRQH� DQG� FKORURSKDFLQRQH� EDLWV� IRU� FRQWUROOLQJ� &DOLIRUQLD� JURXQG�
VTXLUUHOV��6SHUPRSKLOXV�EHHFKH\L���:LOGOLIH�6RFLHW\�%XOOHWLQ������������

6DYDULH�� 3�� -��� +D\HV�� '�� -��� 0F%ULGH�� 5�� 7��� 5REHUWV�� -�� '�� �������� (IILFDF\� DQG� VDIHW\� RI�
GLSKDFLQRQH� DV� D� SUHGDFLGH�� ,Q� (�(�� .HQDJD� �(G��� $YLDQ� DQG� PDPPDOLDQ� ZLOGOLIH�
WR[LFRORJ\��$PHULFDQ�6RFLHW\� IRU�7HVWLQJ�DQG�0DWHULDOV�7HFKQLFDO�3XEOLFDWLRQ�1R�������
�������



�����

6KHUOH\��*���:DNHOLQ��0���0F&DUWQH\��-����������)RUHVW�LQYHUWHEUDWHV�IRXQG�RQ�EDLWV�XVHG�LQ�SHVW�
PDPPDO�FRQWURO�DQG�WKH�LPSDFW�RI�VRGLXP�PRQRIOXRURDFHWDWH��������RQ�WKHLU�QXPEHUV�DW�
2KDNXQH��1RUWK�,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������������

6KLUHU��0����������,Q�SRLVRQ
V�GHIHQFH��7HUUD�1RYD���������
6KRUH��5��)���%LUNV��-��'��6���)UHHVWRQH��3����������([SRVXUH�RI�QRQ�WDUJHW�YHUWHEUDWHV�WR�VHFRQG�

JHQHUDWLRQ�URGHQWLFLGHV�LQ�%ULWDLQ��ZLWK�VSHFLDO�UHIHUHQFH�WR�WKH�SROHFDW�0XVWHOD�SXWRULXV���
1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������������

6KRUH��5��)���:HLQEHUJ��&���%XUQ��$��-����������5LVNV�WR�SUHGDWRU\�YHUWHEUDWHV�IURP�DQWLFRDJXODQW�
URGHQWLFLGHV� LQ� WKH� 8.� >DEVWUDFW@�� ,Q� 3URFHHGLQJV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO� :LOGOLIH�
0DQDJHPHQW�&RQJUHVV��S��������&KULVWFKXUFK��1HZ�=HDODQG��

6PLWK�� 5�� �������� (YROXWLRQ� DQG� HFRORJ\� RI� WKH� %ULWLVK� VXSHU� UDW� >DEVWUDFW@�� ,Q� 6FLHQWLILF�
3URJUDPPH� DQG�%RRN�RI�$EVWUDFWV� RI� WKH� �WK�(XURSHDQ�9HUWHEUDWH�3HVW�&RQIHUHQFH� �S��
�����6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLW\�RI�5HDGLQJ��8QLWHG�.LQJGRP���

6PLWK��5��+���&R[��3��5���5DPSDXG��0����������5RGHQWLFLGH�HFRWR[LFRORJ\��V\VWHPV�DQDO\VLV�DQG�
VLPXODWLRQ�� ,Q�/�5��'DYLV�	�5�(��0DUVK� �(GV���3URFHHGLQJV�RI� WKH���WK�9HUWHEUDWH�3HVW�
&RQIHUHQFH��SS����������8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

6SXUOLQJ��1��:�� ��������&RPSDUDWLYH� SKV\LRORJ\� RI� EORRG� FORWWLQJ��&RPSDUDWLYH�%LRFKHPLVWU\�
DQG�3K\VLRORJ\���$�����������

6SXUU�� (�%��� %HUEHQ�� 3�+�� �������� $VVHVVPHQW� RI� QRQ�WDUJHW� LPSDFW� RI� �����SRLVRQLQJ� IRU�
YHUWHEUDWH� SHVW� FRQWURO� RQ� ZHWD� �2UWKRSWHUD�� $QRVWRVWRPDWLGDH� DQG� 5KDSKLGRSKRULGDH��
DQG�RWKHU�LQYHUWHEUDWHV�LQ�DUWLILFLDO�UHIXJHV��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\������������

6SXUU��(�%���'UHZ��.�:����������,QYHUWHEUDWHV�IHHGLQJ�RQ�EDLWV�XVHG�IRU�YHUWHEUDWH�SHVW�FRQWURO�LQ�
1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������������

6SXUU��(�%���0DLWODQG��0�-���7D\ORU��*�(���:ULJKW��*�5�*���5DGIRUG��&�'���%URZQ��/�(�� ��������
5HVLGXHV� RI� EURGLIDFRXP� DQG� RWKHU� DQWLFRDJXODQW� SHVWLFLGHV� LQ� WDUJHW� DQG� QRQ�WDUJHW�
VSHFLHV��1HOVRQ�/DNHV�1DWLRQDO�3DUN��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\�����
���������

6ULGKDUD��6���.ULVKQDPXUWK\��7��5����������3RWHQWLDWLRQ�RI�DQWLFRDJXODQW�WR[LFLW\�WR�5DWWXV�UDWWXV�
E\� WZR� QRQ�VWHURLG� DQWL�LQIODPPDWRU\� GUXJV�� ,Q� -�(�� %RUUHFFR� 	� 5�(�� 0DUVK� �(GV���
3URFHHGLQJV� RI� WKH� ��WK� 9HUWHEUDWH� 3HVW� &RQIHUHQFH� �SS�� ���������� 8QLYHUVLW\� RI�
&DOLIRUQLD��'DYLV��8QLWHG�6WDWHV��

6WDQWRQ�� 7��� 6RZUD\�� 3��� 0F:DWHUV�� '�� �������� 3URORQJHG� DQWLFRDJXODWLRQ� ZLWK� ORQJ�DFWLQJ�
FRXPDULQ�GHULYDWLYHV��D�FDVH�UHSRUW�RI�D�EURGLIDFRXP�SRLVRQLQJ�ZLWK�SKDUPDFRNLQHWLF�GDWD�
>DEVWUDFW�����@��%ORRG��������D��

6WHMVNDO�� 9��� .XFHURYD�� =��� =XVND�� -�� �������� 5RGHQW� EDLW� FRQWDLQLQJ� EURGLIDFRXP� DV� D�
GHYHORSPHQWDO�PHGLXP�IRU�D�SRSXODWLRQ�RI�3WLQXV� WHFWXV� �&ROHRSWHUD��3WLQLGDH��\LHOGLQJ�
WHUDWRORJLFDO�LQGLYLGXDOV��2FKUDQD�5RVWOLQ������������
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6WHSKHQVRQ�� %�0��� 0LQRW�� (�2��� $UPVWURQJ�� '�3�� �������� )DWH� RI� PRUHSRUNV� �1LQR[�
QRYDHVHHODQGLDH��GXULQJ�D�SHVW�FRQWURO�RSHUDWLRQ�RQ�0RNRLD�,VODQG��/DNH�5RWRUXD��1RUWK�
,VODQG��1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������±�����

6WRQH��:��%���2NRQLHZVNL��-��&���6WHGHOLQ��-��5����������3RLVRQLQJ�RI�ZLOGOLIH�ZLWK�DQWLFRDJXODQW�
URGHQWLFLGHV�LQ�1HZ�<RUN��-RXUQDO�RI�:LOGOLIH�'LVHDVHV��������������

6WRQH��:��%���2NRQLHZVNL��-��&����������$QWLFRDJXODQW�URGHQWLFLGHV�DQG�UDSWRUV��5HFHQW�ILQGLQJV�
IURP�1HZ�<RUN�� �����������%XOOHWLQ� RI� (QYLURQPHQWDO� &RQWDPLQDWLRQ� DQG� 7R[LFRORJ\�
�����������

6WRSIRUWK�� $�� �������� $� VWXG\� RI� FRDJXODWLRQ� PHFKDQLVPV� LQ� GRPHVWLF� FKLFNHQV�� -RXUQDO� RI�
&RPSDUDWLYH�3DWKRORJ\��������������

6XWFOLIIH�� )�� $��� 0DFQLFROO�� $�� '��� *LEVRQ�� *�� *�� �������� $VSHFWV� RI� DQWLFRDJXODQW� DFWLRQ�� $�
UHYLHZ� RI� WKH� SKDUPDFRORJ\�� PHWDEROLVP�� DQG� WR[LFRORJ\� RI� ZDUIDULQ� DQG� FRQJHQHUV��
5HYLHZ�RI�'UXJ�0HWDEROLVP�DQG�'UXJ�,QWHUDFWLRQ�������������

7D\ORU�� '�3�� �������� 7KH� LGHQWLILFDWLRQ� DQG� GHWHFWLRQ� RI� WKH� UDWV� LQ� 1HZ� =HDODQG� DQG� WKH�
HUDGLFDWLRQ� RI� VKLS� UDWV� RQ� 7DZKLWLQXL� ,VODQG�� 8QSXEOLVKHG� GLVVHUWDWLRQ� IRU� 'LSORPD� LQ�
3DUNV�DQG�5HFUHDWLRQ��/LQFROQ�&ROOHJH��&DQWHUEXU\��1HZ�=HDODQG���

7D\ORU��5��+���.DLVHU��*��:���'UHYHU��0��&����������(UDGLFDWLRQ�RI�1RUZD\�UDWV�IRU�UHFRYHU\�RI�
VHDELUG�KDELWDW�RQ�/DQJDUD�,VODQG��%ULWLVK�&RORPELD��5HVWRUDWLRQ�(FRORJ\�������������

7D\ORU�� 5�+��� 7KRPDV�� %�:�� �������� 5DWV� HUDGLFDWHG� IURP� UXJJHG� %UHDNVHD� ,VODQG� ����� KD���
)LRUGODQG��1HZ�=HDODQG��%LRORJLFDO�&RQVHUYDWLRQ��������±������

7KLMVVHQ�� +�� +�� :�� �������� :DUIDULQ�EDVHG� URGHQWLFLGHV�� PRGH� RI� DFWLRQ� DQG� PHFKDQLVP� RI�
UHVLVWDQFH��3HVWLFLGH�6FLHQFH������������

7KRPSVRQ��5��'���0LWFKHOO��*��&���%XUQV��5��-����������9DPSLUH�EDW�FRQWURO�E\�V\VWHPLF�WUHDWPHQW�
RI�OLYHVWRFN�ZLWK�DQ�DQWLFRDJXODQW��6FLHQFH���������������

7LPPV�� /�� �������� 7KH� HVWLPDWLRQ� RI� SURWKURPELQ� WLPH� RI� FKLFNHQ� DQG� WXUNH\� SODVPD� XVLQJ� D�
SKHQRO�VDOLQH�WKURPERSODVWLQ�RU�5XVVHO�YLSHU�YHQRP��%ULWLVK�9HWHULQDU\�-RXUQDO����������
�����

7RUU��1����������(UDGLFDWLRQ�RI�UDEELWV�DQG�PLFH�IURP�VXEDQWDUFWLF�(QGHUE\�DQG�5RVH�,VODQGV���,Q�
&�5�� 9HLWFK�� &�5�� 	� 0�1�� &ORXW� �(GV��� 7XUQLQJ� WKH� WLGH�� WKH� HUDGLFDWLRQ� RI� LQYDVLYH�
VSHFLHV� �SS�� ���±������ ,8&1� 66&� ,QYDVLYH� 6SHFLHV� 6SHFLDOLVW� *URXS�� ,8&1�� *ODQG��
6ZLW]HUODQG�DQG�&DPEULGJH��8QLWHG�.LQJGRP��

7RZQV��'���0F)DGGHQ��,�*���/RYHJURYH��7�*����������2IIVKRUH�,VODQGV�FR�RSHUDWLYH�FRQVHUYDWLRQ�
SURMHFW� ZLWK� ,&,� &URS� FDUH� 'LYLVLRQ�� 3KDVH� RQH� �6WDQOH\� ,VODQG��� '2&� 6FLHQFH� DQG�
5HVHDUFK�,QWHUQDO�5HSRUW������'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ��1HZ�=HDODQG��

7RZQV��'���0F)DGGHQ�� ,���7KRPVRQ��3���5REHUWVRQ��+���&ROERXUQH��5�� ��������2IIVKRUH� LVODQGV�
FR�RSHUDWLYH�FRQVHUYDWLRQ�SURMHFW�ZLWK�,&,�&URS�&DUH�'LYLVLRQ��3KDVH�WZR�5HG�0HUFXU\�



�����

,VODQG��� 6FLHQFH� DQG� 5HVHDUFK� ,QWHUQDO� 5HSRUW� ����� 'HSDUWPHQW� RI� &RQVHUYDWLRQ��
:HOOLQJWRQ��1HZ�=HDODQG��

7RZQV��'��5���%URRPH��.�*����������)URP�VPDOO�0DULD�WR�PDVVLYH�&DPSEHOO��IRUW\�\HDUV�RI�UDW�
HUDGLFDWLRQV�IURP�1HZ�=HDODQG�LVODQGV��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������������

7UXGHDX��6���0LQHDX��3���6DQV�&DUWLHU��*���)LW]JHUDOG��*���:LOVRQ��/���:KHOHU��&���.QRSSHU��/�'��
��������8VLQJ�GULHG�EORRG�VSRWV�VWRUHG�RQ�ILOWHU�SDSHU�WR�PHDVXUH�FKROLQHVWHUDVH�DFWLYLW\�LQ�
ZLOG�DYLDQ�VSHFLHV��%LRPDUNHUV�����������������

7XPPRQV��3����������3LJ�GHDWKV�TXHQFK�KRSHV�WR�HPSOR\�KHOLFRSWHUV�WR�VSUHDG�UDW�EDLWV�LQ�IRUHVWV��
(QYLURQPHQW�+DZDLL���������������

7ZLJJ��/��(���.D\��%��-����������7KH�HIIHFW�RI�VXE�OHWKDO�GRVHV�RI�EURPDGLRORQH�RQ�WKH�EUHHGLQJ�
SHUIRUPDQFH�RI�KRXVH�PLFH��0XV�GRPHVWLFXV���&RPSDUDWLYH�%LRFKHPLVWU\�DQG�3K\VLRORJ\�
3DUW�&��3KDUPDFRORJ\��7R[LFRORJ\�DQG�(QGRFULQRORJ\�������������

8QLWHG� 6WDWHV� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\� �������� 5HUHJLVWUDWLRQ� (OLJLELOLW\� 'HFLVLRQ�
�5('��5RGHQWLFLGH�&OXVWHU��(3$����5���������8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�
$JHQF\��3UHYHQWLRQ��3HVWLFLGHV�DQG�7R[LF�6XEVWDQFHV������:���8QLWHG�6WDWHV��

9HHQVWUD�� *�(��� 2ZHQ��'�(��� +XFNOH�� .�5�� ��������0HWDEROLF� DQG� WR[LFRORJLFDO� VWXGLHV� RQ� WKH�
DQWLFRDJXODQW�URGHQWLFLGH�IORFRXPDIHQ��$UFKLYHV�RI�7R[LFRORJ\����6XSSO�������±�����

9HLWFK��&�5�� �����D���(UDGLFDWLRQ�RI�3DFLILF� UDWV� �5DWWXV� H[XODQV�� IURP�7LULWLUL�0DWDQJL� ,VODQG��
+DXUDNL�*XOI��1HZ�=HDODQG��,Q�&�5��9HLWFK��&�5��	�0�1��&ORXW��(GV���7XUQLQJ�WKH�WLGH��
WKH�HUDGLFDWLRQ�RI�LQYDVLYH�VSHFLHV��SS������������,8&1�66&�,QYDVLYH�6SHFLHV�6SHFLDOLVW�
*URXS��,8&1��*ODQG��6ZLW]HUODQG�DQG�&DPEULGJH��8QLWHG�.LQJGRP��

9HLWFK��&�5�� �����E��� �(UDGLFDWLRQ�RI�1RUZD\� UDWV� �5DWWXV�QRUYHJLFXV�� DQG�KRXVH�PRXVH� �0XV�
PXVFXOXV��IURP�0RWXLKH�,VODQG��1HZ�=HDODQG���,Q�&�5��9HLWFK��&�5��	�0�1��&ORXW��(GV���
7XUQLQJ�WKH� WLGH�� WKH�HUDGLFDWLRQ�RI� LQYDVLYH�VSHFLHV��SS������������ ,8&1�66&�,QYDVLYH�
6SHFLHV�6SHFLDOLVW�*URXS��,8&1��*ODQG��6ZLW]HUODQG�DQG�&DPEULGJH��8QLWHG�.LQJGRP��

9HUPHHU��&���.QDSHQ��0�+���-LH��.�6���*UREEHH��'�(����������3K\VLRORJLFDO�LPSRUWDQFH�RI�H[WUD�
KHSDWLF�YLWDPLQ�.�GHSHQGHQW�FDUER[\ODWLRQ�UHDFWLRQV��$QQDOV�RI�WKH�1HZ�<RUN�$FDGHP\�RI�
6FLHQFH�������������

:DONHU�� .��� (OOLRWW�� *�� �������� (IIHFW� RI� WKH� SRLVRQ� EURGLIDFRXP� RQ� QRQ�WDUJHW� ELUGV� RQ� WKH�
&KHWZRGH�,VODQGV��(FRORJLFDO�0DQDJHPHQW������±�����

:DONHU��&�6���6KHWW\��5�3���&ODUN��.���.D]XNR��6�*���/HWVRX�$���2OLYHUD��%�0���%DQG\RSDGK\D\��
3�.����������2Q�D�SRWHQWLDO�JOREDO�UROH�IRU�YLWDPLQ�.�GHSHQGHQW�FDUER[\ODWLRQ�LQ�DQLPDO�
V\VWHPV� ±� HYLGHQFH� IRU� D�JOXWDP\O� FDUER[\ODVH� LQ� GURVRSKLOD�� -RXUQDO� RI� %LRORJLFDO�
&KHPLVWU\�����������������

:HLW]HO�� -�1���6DGRZVNL�� -�$���)XULH��%�&���0RURRVH��5���.LP��+���0RXQW��0�(���0XUSK\��0�-���
)XULH�� %�� �������� � 6XUUHSWLWLRXV� LQJHVWLRQ� RI� D� ORQJ�DFWLQJ� YLWDPLQ� .�
DQWDJRQLVW�URGHQWLFLGH��EURGLIDFRXP��&OLQLFDO�DQG�PHWDEROLF�VWXGLHV�RI�WKUHH�FDVHV��%ORRG�
��������±������
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:LOOLDPV��-�0���%HOO��-���5RVV��:�'���%URDG��7�0����������5DEELW��2U\FWRODJXV�FXQLFXOXV��FRQWURO�
ZLWK�D�VLQJOH�DSSOLFDWLRQ�RI����SSP�EURGLIDFRXP�FHUHDO�EDLWV�� �1HZ�=HDODQG�-RXUQDO�RI�
(FRORJ\�������±������

:LWPHU��*��:���%R\G��)���+LOOLV�6WDUU��=�� ��������7KH�VXFFHVVIXO�HUDGLFDWLRQ�RI� LQWURGXFHG� URRI�
UDWV� �5DWWXV� UDWWXV�� IURP� %XFN� ,VODQG� XVLQJ� GLSKDFLQRQH�� IROORZHG� E\� DQ� LUUXSWLRQ� RI�
KRXVH�PLFH��0XV�PXVFXOXV���:LOGOLIH�5HVHDUFK��������������

:RRG��*�� (��� %DUUHWW�� 5�� +�� �������� 6WDWXV� RI�ZLOG� SLJV� LQ� WKH�8QLWHG� 6WDWHV��:LOGOLIH� 6RFLHW\�
%XOOHWLQ�������������

:RRG\��%�-���0XUSK\��0�-���5D\��$�&���*UHHQ��5�$����������&RDJXORSDWKLF�HIIHFWV�DQG�WKHUDS\�RI�
EURGLIDFRXP�WR[LFRVLV�LQ�GRJV��-RXUQDO�RI�9HWHULQDU\�,QWHUQDO�0HGLFLQH������±����

:RUOG�+HDOWK�2UJDQLVDWLRQ� ��������$QWLFRDJXODQW� URGHQWLFLGHV��(QYLURQPHQWDO�+HDOWK� &ULWHULD�
�����:RUOG�+HDOWK�2UJDQLVDWLRQ��*HQHYD��

<X��&��&���$WDOODK��<��+���:KLWDFUH��'��0���������0HWDEROLVP�DQG�GLVSRVLWLRQ�RI�GLSKDFLQRQH�LQ�
UDWV�DQG�PLFH��'UXJ�0HWDEROLVP�DQG�'LVSRVLWLRQ��������������

=DU��-�+����������%LRVWDWLVWLFDO�DQDO\VLV��3UHQWLFH�+DOO��1HZ�<RUN��S�������
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$SSHQGL[��D��1XPEHUHG�UHIHUHQFHV�VKRZQ�LQ�)LJXUHV�����	�����
��� $OWHULR��1��������6HFRQGDU\�SRLVRQLQJ�RI�VWRDWV��0XVWHOD�HUPLQHD���IHUDO�IHUUHWV��0XVWHOD�

IXUR��� DQG� IHUDO�KRXVH�FDWV� �)HOLV�FDWXV��E\� WKH�DQWLFRDJXODQW�SRLVRQ��EURGLIDFRXP��1HZ�
=HDODQG�-RXUQDO�RI�=RRORJ\��������������

��� $OWHULR�� 1��� %URZQ�� .���0ROOHU�� +�� ������ 6HFRQGDU\� SRLVRQLQJ� RI� PXVWHOLGV� LQ� D� 1HZ�
=HDODQG�1RWKRIDJXV�IRUHVW��-RXUQDO�RI�=RRORJ\�����������������VDPH�GDWDVHW�LQ��%URZQ��
.��3���$OWHULR��1���0ROOHU��+��������6HFRQGDU\�SRLVRQLQJ�RI�VWRDWV��0XVWHOD�HUPLQHD��DW�
ORZ�PRXVH� �0XV�PXVFXOXV�� DEXQGDQFH� DQG� D�1HZ�=HDODQG�1RWKRIDJXV� IRUHVW��:LOGOLIH�
5HVHDUFK�����������������

��� %RZLH�� 0��� 5RVV�� -�� ������ ,GHQWLILFDWLRQ� RI� ZHWD� �2UWKRSWHUD�� $QRVWRPDWLGDH� DQG�
5KDSKLGRSKRULGDH�� IRUDJLQJ� RQ� EURGLIDFRXP� FHUHDO� EDLW� DQG� WKH� ULVN� RI� VHFRQGDU\�
SRLVRQLQJ� IRU� ELUG� VSHFLHV� RQ� 4XDLO� ,VODQG�� 1HZ� =HDODQG�� 1HZ� =HDODQG� -RXUQDO� RI�
(FRORJ\�����������������

��� &UDGGRFN�� 3�� ������ $VSHFWV� RI� WKH� HFRORJ\� RI� IRUHVW� LQYHUWHEUDWHV� DQG� WKH� XVH� RI�
EURGLIDFRXP��3K'�WKHVLV��8QLYHUVLW\�RI�$XFNODQG��1HZ�=HDODQG��

��� 'RQODQ��&��-���+RZDOG��*��5���7HUVK\��%��5���	�&UROO��'��$��������(YDOXDWLQJ�DOWHUQDWLYH�
URGHQWLFLGHV� IRU� LVODQG� FRQVHUYDWLRQ�� URRI� UDW� HUDGLFDWLRQ� IURP� WKH� 6DQ� -RUJH� ,VODQGV��
0H[LFR��%LRORJLFDO�&RQVHUYDWLRQ����������������

��� 'RZGLQJ��-��(���0XUSK\��(��&���9HLWFK��&��5��������%URGLIDFRXP�UHVLGXHV� LQ� WDUJHW�DQG�
QRQ�WDUJHW� VSHFLHV� IROORZLQJ� DQ� DHULDO� SRLVRQLQJ� RSHUDWLRQ� RQ�0RWXLKH� LVODQG�� +DXUDNL�
*XOI��1=��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�����������������

��� (DVRQ��&��7���6SXUU��(��%��������5HYLHZ�RI� WKH� WR[LFLW\�DQG� LPSDFWV�RI�EURGLIDFRXP�RQ�
QRQ�WDUJHW�ZLOGOLIH�LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������������

��� (DVRQ�� &��� :ULJKW�� *��� %DWFKHOHU�� '�� ������ $QWLFRDJXODQW� HIIHFWV� DQG� SHUVLVWHQFH� RI�
EURGLIDFRXP� LQ�SRVVXPV� �7ULFKRVXUXV� YXOSHFXOD���1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�
5HVHDUFK��������������

��� (DVRQ��&���0LOQH��/���3RWWV��0���0RUULVV��*���:ULJKW��*���6XWKHUODQG��2��������6HFRQGDU\�
DQG� WHUWLDU\� SRLVRQLQJ� ULVNV� DVVRFLDWHG� ZLWK� EURGLIDFRXP�� 1HZ� =HDODQG� -RXUQDO� RI�
(FRORJ\�����������������

���� (PSVRQ��5��$���0LVNHOO\��&��0��������7KH�ULVNV��FRVWV�DQG�EHQHILWV�RI�XVLQJ�EURGLIDFRXP�
WR� HUDGLFDWH� UDWV� IURP� .DSLWL� ,VODQG�� 1HZ� =HDODQG�� 1HZ� =HDODQG� -RXUQDO� RI� (FRORJ\�
����������������

���� *LOOLHV��&��$���3LHUFH��5�� -�� ������ 6HFRQGDU\�SRLVRQLQJ�RI�PDPPDOLDQ� SUHGDWRUV� GXULQJ�
SRVVXP�DQG�URGHQW�FRQWURO�RSHUDWLRQV�DW�7URXQVRQ�.DXUL�3DUN��1RUWKODQG��1HZ�=HDODQG��
1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�����������������

���� +RDUH�� -�� 0��� +DUH�� .�� 0�� ������ +RSORGDFW\OXV� PDFXODWXV� �FRPPRQ� JHFNR�� WR[LQ�
FRQVXPSWLRQ��+HUSHWRORJLFDO�5HYLHZ���������������
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���� +RDUH��-�0���+DUH��.�0��������7KH�LPSDFW�RI�EURGLIDFRXP�RQ�QRQ�WDUJHW�ZLOGOLIH��JDSV�LQ�
NQRZOHGJH��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\������������������

���� +RZDOG��*��5���0LQHDX��3���(OOLRWW��-��(���&KHQJ��.��0��������%URGLIDFRXP�SRLVRQLQJ�RI�
DYLDQ�VFDYHQJHUV�GXULQJ�UDW�FRQWURO�RQ�D�VHDELUG�FRORQ\��(FRWR[LFRORJ\�������������

���� ,QQHV�� -��� :DUEXUWRQ�� %��� :LOOLDPV�� '��� 6SHHG�� +��� %UDGILHOG�� 3�� ������ /DUJH�VFDOH�
SRLVRQLQJ� RI� VKLS� UDWV� �5DWWXV� UDWWXV�� LQ� LQGLJHQRXV� IRUHVWV� RI� WKH� 1RUWK� ,VODQG�� 1HZ�
=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������������

���� 0HHQNHQ�� '��� :ULJKW�� .��� &RXFKPDQ�� $�� ������ %URGLIDFRXP� UHVLGXHV� LQ� SRVVXPV�
�7ULFKRVXUXV�YXOSHFXOD��DIWHU�EDLWLQJ�ZLWK�EURGLIDFRXP�FHUHDO�EDLW��1HZ�=HDODQG�-RXUQDO�
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$SSHQGL[��E��7DEOHV�$��%�	�&�VXPPDUL]LQJ�EURGLIDFRXP�FRQFHQWUDWLRQV�PHDVXUHG�LQ�OLYHU�RI�
QRQ�WDUJHW�ZLOGOLIH�
3UHYLRXV�UHYLHZV�E\�(DVRQ�	�0XUSK\��������DQG�(DVRQ�HW�DO���������������RI�EURGLIDFRXP�UHVLGXHV�PHDVXUHG�LQ�ELUG�DQG�PDPPDO�LQ�
DVVRFLDWLRQ�ZLWK�1HZ�=HDODQG�EURGLIDFRXP�RSHUDWLRQV�IRU�WKH�ILHOG�FRQWURO�RI�SRVVXPV�RU�UDWV�DUH�DFNQRZOHGJHG��7R�DYRLG�GXSOLFDWLRQ��
GDWD�IURP�WKHVH�UHYLHZ�SDSHUV�DUH�QRW�VKRZQ�LQ�WKH�WDEOHV�EHORZ��DOWKRXJK�GDWD�IURP�VRPH�LQGLYLGXDO�VWXGLHV�DOVR�UHIHUHQFHG�E\�(DVRQ�
	�0XUSK\� ������� DQG� (DVRQ� HW� DO�� ������� DUH� LQFOXGHG�� 6LPLODUO\�� VWXGLHV� LQFOXGHG� LQ� WKH� UHYLHZ� E\� +RDUH� 	� +DUH� �����D�� DUH�
LQFOXGHG�LQ�WDEOH�EHORZ�EHFDXVH�WKH�ODWWHU�DXWKRUV�QRWHG�WKH�SUHVHQFH�RI�GHWHFWDEOH�EURGLIDFRXP�UHVLGXHV��EXW�QRW�WKH�FRQFHQWUDWLRQ��$OO�
UHIHUHQFHV�FLWHG�LQ�WKH�WDEOHV�DUH�OLVWHG�LQ�IXOO�LQ�WKH�µ5HIHUHQFHV¶�VHFWLRQ�RI�WKLV�WKHVLV���
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E\�EURGLIDFRXP�SRLVRQLQJ��1RWH�DQDO\WLFDO�PHWKRGV�DQG�OLPLWV�RI�GHWHFWLRQ�GLIIHUHG�EHWZHHQ�VWXGLHV��
6SHFLHV��Q�� %URGLIDFRXP�
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EURGLIDFRXP��

0XQGD\�	�7KRPSVRQ��������
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�/HSXV�FDSHQVLV��

����� )RXQG������GD\V�DIWHU�EDLWLQJ�RSHUDWLRQ��1=� 5DPPHOO�HW�DO���������
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+XPDQ��Q ��� ������ 'LHG�DIWHU�GHOLEHUDWH�LQJHVWLRQ�RI�EURGLIDFRXP�EDLW� 5RXWK�HW�DO���������
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����������� )RXQG������GD\V�DIWHU�EDLWLQJ�RSHUDWLRQ��1=� 5DPPHOO�HW�DO���������
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�QRW�VSHFLILHG��
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%URGLIDFRXP�FRQFHQWUDWLRQV�GHWHFWHG�LQ�IDHFHV�VDPSOHV��0'/��������J�J�
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�1R��7�����

�

��



�����

%URGLIDFRXP�FRQFHQWUDWLRQV�GHWHFWHG�LQ�PXVFOH��IDW��RYDU\�DQG�HJJ�VDPSOHV�0'/�������
�J�J��/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�1R��7�����
�

�

�



�����

$SSHQGL[����/DERUDWRU\�UHSRUWV�IRU�UDW�EURGLIDFRXP�OLYHU��
PXVFOH�DQG�IDHFHV�
&RQFHQWUDWLRQ�RI�EURGLIDFRXP�LQ�3HVWRII���5�URGHQW�EDLW�XVHG�LQ�7ULDO����/DQGFDUH�
5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

��
�



�����

&RQFHQWUDWLRQ�RI�EURGLIDFRXP�LQ�UDW�OLYHU��7ULDO����/DQGFDUH�5HVHDUFK�WR[LFRORJ\�
ODERUDWRU\�UHSRUW�7�����

��
�



�����

&RQFHQWUDWLRQ�RI�EURGLIDFRXP�LQ�UDW�PXVFOH��7ULDO���
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

�



�����

&RQFHQWUDWLRQ�RI�EURGLIDFRXP�LQ�3HVWRII���5�URGHQW�EDLW�XVHG�LQ�7ULDOV���	���
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

�



�����

&RQFHQWUDWLRQ�RI�EURGLIDFRXP�LQ�UDW�OLYHU��7ULDO���
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

�



�����

&RQFHQWUDWLRQ�RI�EURGLIDFRXP�LQ�UDW�OLYHU��7ULDO���
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

�



�����

&RQFHQWUDWLRQ�RI�EURGLIDFRXP�LQ�UDW�IDHFHV��/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�
UHSRUW�7�����

�



�����

��
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$SSHQGL[����5DZ�GDWD�DQG�ODERUDWRU\�UHSRUWV�IRU�GLSKDFLQRQH�LQ�SLJ�WLVVXHV�
�
5DZ�FRDJXODWLRQ�WLPH�GDWD�IURP�SLJ�SODVPD�VDPSOHV�LQ�7ULDO�����������XQGLOXWHG�SODVPD�������PJ�NJ�[���GD\V�WUHDWPHQW�JURXS�

'RVH�JURXS�
�PJ�NJ�� 3LJ�,'� 6H[�

6DPSOH�GD\�SRVW�
GRVLQJ�

'DWH�
VDPSOHG� 'DWH�WHVWHG� 5HSOLFDWH� 37��V�� $377��V��

����PJ�NJ�G���� ��� )� ���EDVHOLQH�� ����������� ����������� �� ����� �����
����PJ�NJ�G���� ��� )� ���EDVHOLQH�� ����������� ����������� �� ����� �����
����PJ�NJ�G���� ��� )� �� ���������� ���������� �� ��� �����
����PJ�NJ�G���� ��� )� �� ���������� ���������� �� ��� �����
����PJ�NJ�G���� ��� )� �� ���������� � �� ����� �����
����PJ�NJ�G���� ��� )� �� ���������� � �� ����� �����
����PJ�NJ�G���� ��� )� ��� ����������� � �� ����� �����
����PJ�NJ�G���� ��� )� ��� ����������� � �� ����� �����
����PJ�NJ�G���� ��� )� ���EDVHOLQH�� ����������� ����������� �� ����� �����
����PJ�NJ�G���� ��� )� ���EDVHOLQH�� ����������� ����������� �� �����

LQVXIILFLHQW�
VDPSOH�

����PJ�NJ�G���� ��� )� �� ���������� ���������� �� ��� ������
����PJ�NJ�G���� ��� )� �� ���������� ���������� �� ����� ������
����PJ�NJ�G���� ��� )� �� ���������� � �� ����� �����
����PJ�NJ�G���� ��� )� �� ���������� � �� ����� �����
����PJ�NJ�G���� ��� )� ��� ����������� � �� ����� �����
����PJ�NJ�G���� ��� )� ��� ����������� � �� ����� �����
����PJ�NJ�G���� ��� 0� ���EDVHOLQH�� ����������� ����������� �� ����� �����
����PJ�NJ�G���� ��� 0� ���EDVHOLQH�� ����������� ����������� �� �����

LQVXIILFLHQW�
VDPSOH�

����PJ�NJ�G���� ��� 0� �� ���������� ���������� �� ����� ������
����PJ�NJ�G���� ��� 0� �� ���������� ���������� �� ��� �����
����PJ�NJ�G���� ��� 0� �� ���������� � �� ����� �����
����PJ�NJ�G���� ��� 0� �� ���������� � �� ����� ���



�����

����PJ�NJ�G���� ��� 0� ��� ����������� � �� ����� �����
����PJ�NJ�G���� ��� 0� ��� ����������� � �� ����� �����
�
E��5DZ�FRDJXODWLRQ�WLPH�GDWD�IURP�SLJ�SODVPD�VDPSOHV�LQ�7ULDO�����������XQGLOXWHG�SODVPD�������PJ�NJ�[���GD\V�WUHDWPHQW�JURXS�

'RVH�JURXS�
�PJ�NJ�� 3LJ�,'� 6H[�

6DPSOH�GD\�SRVW�
GRVLQJ�

'DWH�
VDPSOHG� 'DWH�WHVWHG� 5HSOLFDWH� 37��V�� $377��V��

���PJ�NJ�G�[�� ��� 0� ���EDVHOLQH�� ����������� ����������� �� ����� �����
���PJ�NJ�G�[�� ��� 0� ���EDVHOLQH�� ����������� ����������� �� � �
���PJ�NJ�G�[�� ��� 0� �� ���������� ���������� �� ����� ������
���PJ�NJ�G�[�� ��� 0� �� ���������� ���������� �� ����� ������
���PJ�NJ�G�[�� ��� 0� �� ���������� ���������� �� ������ ������
���PJ�NJ�G�[�� ��� 0� �� ���������� ���������� �� ������ ������
���PJ�NJ�G�[�� ��� 0� ���EDVHOLQH�� ����������� ����������� �� ����� QD�
���PJ�NJ�G�[�� ��� 0� ���EDVHOLQH�� ����������� ����������� �� ����� �
���PJ�NJ�G�[�� ��� 0� �� ���������� ���������� �� ����� �����
���PJ�NJ�G�[�� ��� 0� �� ���������� ���������� �� � ������
���PJ�NJ�G�[�� ��� 0� �� ���������� � �� ����� �����
���PJ�NJ�G�[�� ��� 0� �� ���������� � �� ����� �����
���PJ�NJ�G�[�� ��� 0� ��� ����������� � �� ����� �����
���PJ�NJ�G�[�� ��� 0� ��� ����������� � �� ����� �����
���PJ�NJ�G�[�� ��� )� ���EDVHOLQH�� ����������� ����������� �� ����� ���
���PJ�NJ�G�[�� ��� )� ���EDVHOLQH�� ����������� ����������� �� ����� �
���PJ�NJ�G�[�� ��� )� �� ���������� ���������� �� ����� ���
���PJ�NJ�G�[�� ��� )� �� ���������� ���������� �� ����� �����

�
F��5DZ�FRDJXODWLRQ�WLPH�GDWD�IURP�SLJ�SODVPD�VDPSOHV�LQ�7ULDO�����������XQGLOXWHG�SODVPD��������PJ�NJ�WUHDWPHQW�JURXS�

'RVH�JURXS�
�PJ�NJ�� 3LJ�,'� 6H[�

6DPSOH�GD\�SRVW�
GRVLQJ�

'DWH�
VDPSOHG� 'DWH�WHVWHG� 5HSOLFDWH� 37��V�� $377��V��

����� ��� )� ���EDVHOLQH�� ����������� ����������� �� ����� �����
����� ��� )� ���EDVHOLQH�� ����������� ����������� �� ����� �����



�����

����� ��� )� �� ���������� ���������� �� ����� �����
����� ��� )� �� ���������� ���������� �� ����� �����
����� ��� )� �� ���������� � �� ����� ���
����� ��� )� �� ���������� � �� ����� �����
����� ��� )� ��� ����������� � �� ��� �����
����� ��� )� ��� ����������� � �� ����� ���
����� ��� )� ���EDVHOLQH�� ����������� ����������� �� QD� QD�
����� ��� )� ���EDVHOLQH�� ����������� ����������� �� QD� QD�
����� ��� )� �� ���������� ���������� �� ����� �����
����� ��� )� �� ���������� ���������� �� ����� ������
����� ��� )� �� ���������� � �� ����� �����
����� ��� )� �� ���������� � �� ����� �����
����� ��� )� ��� ����������� � �� �� �����
����� ��� )� ��� ����������� � �� ����� �����
����� ��� 0� ���EDVHOLQH�� ����������� ����������� �� ����� �����
����� ��� 0� ���EDVHOLQH�� ����������� ����������� �� QD� �����
����� ��� 0� �� ���������� ���������� �� ��� ������
����� ��� 0� �� ���������� ���������� �� ����� ������
����� ��� 0� �� ���������� � �� ����� �����
����� ��� 0� �� ���������� � �� ��� �����
����� ��� 0� ��� ����������� � �� ����� �����
����� ��� 0� ��� ����������� � �� ����� ���

�
5DZ�FRDJXODWLRQ�WLPH�GDWD�IURP�SLJ�SODVPD�VDPSOHV�LQ�7ULDO�����������XQGLOXWHG�SODVPD�������PJ�NJ�WUHDWPHQW�JURXS�

'RVH�JURXS�
�PJ�NJ�� 3LJ�,'� 6H[�

6DPSOH�GD\�SRVW�
GRVLQJ�

'DWH�
VDPSOHG� 'DWH�WHVWHG� 5HSOLFDWH� 37��V�� $377��V��

����PJ�NJ�VLQJOH� ��� 0� ���EDVHOLQH�� ����������� ����������� �� ����� �����
����PJ�NJ�VLQJOH� ��� 0� ���EDVHOLQH�� ����������� ����������� �� � �
����PJ�NJ�VLQJOH� ��� 0� �� ���������� ���������� �� ����� �����



�����

����PJ�NJ�VLQJOH� ��� 0� �� ���������� ���������� �� ����� �����
����PJ�NJ�VLQJOH� ��� 0� �� ���������� � �� ����� �����
����PJ�NJ�VLQJOH� ��� 0� �� ���������� � �� ����� �����
����PJ�NJ�VLQJOH� ��� 0� ��� ����������� � �� ����� �����
����PJ�NJ�VLQJOH� ��� 0� ��� ����������� � �� ����� �����
����PJ�NJ�VLQJOH� ��� )� ���EDVHOLQH�� ����������� ����������� �� ����� �����
����PJ�NJ�VLQJOH� ��� )� ���EDVHOLQH�� ����������� ����������� �� ����� �����
����PJ�NJ�VLQJOH� ��� )� �� ���������� ���������� �� ����� ������
����PJ�NJ�VLQJOH� ��� )� �� ���������� ���������� �� ����� ������
����PJ�NJ�VLQJOH� ��� )� �� ���������� � �� ����� ���
����PJ�NJ�VLQJOH� ��� )� �� ���������� � �� ����� �����
����PJ�NJ�VLQJOH� ��� )� ��� ����������� � �� ����� �����
����PJ�NJ�VLQJOH� ��� )� ��� ����������� � �� ����� �����
����PJ�NJ�VLQJOH� ��� 0� ���EDVHOLQH�� ����������� ����������� ��
����PJ�NJ�VLQJOH� ��� 0� ���EDVHOLQH�� ����������� ����������� ��
����PJ�NJ�VLQJOH� ��� 0� �� ���������� ���������� �� ��� �����
����PJ�NJ�VLQJOH� ��� 0� �� ���������� ���������� �� ����� �����
����PJ�NJ�VLQJOH� ��� 0� �� ���������� � �� ����� �����
����PJ�NJ�VLQJOH� ��� 0� �� ���������� � �� ����� �����
����PJ�NJ�VLQJOH� ��� 0� ��� ����������� � �� �� �����
����PJ�NJ�VLQJOH� ��� 0� ��� ����������� � �� ����� �����
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&RQFHQWUDWLRQ�RI�GLSKDFLQRQH�LQ�SLJ�OLYHU��WULDO���
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

��

�



�����

&RQFHQWUDWLRQ�RI�GLSKDFLQRQH�LQ�SLJ�PXVFOH��WULDO���
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

��



�����

&RQFHQWUDWLRQ�RI�GLSKDFLQRQH�LQ�SLJ�OLYHU��WULDO���
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

��

�
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&RQFHQWUDWLRQ�RI�GLSKDFLQRQH�LQ�SLJ�SODVPD��WULDOV���DQG���
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����	�7�����

��
�



�����

��



�����

&RQFHQWUDWLRQ�RI�GLSKDFLQRQH�LQ�SLJ�NLGQH\��WULDO���
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����	�7�����

��



�����

��
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&RQFHQWUDWLRQ�RI�GLSKDFLQRQH�LQ�SLJ�PXVFOH�	�IDW��WULDO���
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

��



�����

7DEOH��'LSKDFLQRQH�UHVLGXHV�GHWHFWHG�RYHU�WLPH�LQ�SLJ��6XV�VFURID��OLYHU��PXVFOH��IDW��NLGQH\�DQG�SODVPD�
IROORZLQJ�D�VLQJOH�RUDO�H[SRVXUH�RI������PJ�NJ��6DPSOHV�WDNHQ�DW�µGD\���¶�DUH�IURP�WKH�WKUHH�SLJV�GRVHG�ZLWK�
�����PJ�NJ�GLSKDFLQRQH�LQ�7ULDO����)� �IHPDOH��0� �PDOH���
� � 'LSKDFLQRQH�FRQFHQWUDWLRQ�LQ�WLVVXH���J�J��
3LJ�,'�
�VH[�

'D\�SRVW�
GRVLQJ�� /LYHU�� 0XVFOH�� )DW��

�
.LGQH\�

�
3ODVPD�

����)� �� ����� ����� ����� ���� ����
����0� �� ����� ����� ����� ���� ����
����)� �� ����� ����� ����� ���� ����
����0� �� ����� ����� ���� ���� ����
����0� �� ����� ���� ������ ����� ������
����)� �� ����� ������ ������ ����� �����
����0� �� ����� ����� ������ ����� �����
����)� �� ����� ����� ������ ����� �����
����)� ��� ����� ���� ��0'/D� ����� �����
����0� ��� ����� ������ ��0'/D� ����� �����
����)� ��� ����� ����� ������ ����� �����
����0� ��� ����� ���� ������ ����� �����
���)� ��� ����� ��0'/E� �� �� ��
���0� ��� ����� ��0'/E� �� �� ��
���)� ��� ���� ��0'/E� �� �� ��

D�0HWKRG�'HWHFWLRQ�/LPLW�IRU�GLSKDFLQRQH�LQ�IDW� �������J�J��
E�0HWKRG�'HWHFWLRQ�/LPLW�IRU�GLSKDFLQRQH�LQ�PXVFOH� �������J�J��



�����

$SSHQGL[����/DERUDWRU\�UHSRUWV�IRU�ZHWD�GLSKDFLQRQH�WULDOV�
&RQFHQWUDWLRQ�RI�GLSKDFLQRQH�LQ�'LWUDF�URGHQW�EORFN�
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

��



�����

&RQFHQWUDWLRQ�RI�GLSKDFLQRQH�LQ�ZKROH�ERGLHV�RI�ZHWD��'D\V�������������DQG�FRQWUROV�
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

��

�

�
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&RQFHQWUDWLRQ�RI�GLSKDFLQRQH�LQ�ZKROH�ERGLHV�RI�ZHWD��UHPDLQLQJ�VDPSOHV�
/DQGFDUH�5HVHDUFK�WR[LFRORJ\�ODERUDWRU\�UHSRUW�7�����

�


