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26+$� �����D��� +DUEHU� HW� DO �������� ,8)� �������� 173� ������� DQG� RWKHU� VRXUFHV� DV
UHIHUHQFHG��$�ILQDO�OLWHUDWXUH�VHDUFK�ZDV�SHUIRUPHG�LQ�-DQXDU\������
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(8�FODVVLILFDWLRQ� 1R�KDUPRQLVHG�FODVVLILFDWLRQ

���2FFXUUHQFH�XVH DQG�RFFXSDWLRQDO�H[SRVXUH

�����2FFXUUHQFH�DQG�XVH

'LDFHW\O� LV� IRXQG� LQ� ED\� OHDYHV� DQG� RWKHU� SODQW� RLOV�� EHHU�� EXWWHU�� FRIIHH�� YLQHJDU DQG�
RWKHU�IRRG�SURGXFWV DQG�LV DOVR�D�PHWDEROLWH�RI�DFHWDOGHK\GH LQ�PDPPDOV��7KH�VXEVWDQFH�
LV�V\QWKHVLVHG� LQGXVWULDOO\�DQG�XVHG�DV�DQ�DUWLILFLDO� IODYRXULQJ� LQ�D�ZLGH�UDQJH�RI� IUR]HQ�
DQG� VQDFN� IRRGV� �LQFOXGLQJ� PLFURZDYH� SRSFRUQ� DQG� SRWDWR�FRUQ� FKLSV��� FRQIHFWLRQHU\��
EDNHG�JRRGV��GDLU\�SURGXFWV�LQFOXGLQJ�SURFHVVHG�FKHHVH��VRXU�FUHDP�DQG�FRWWDJH�FKHHVH��
FRPPHUFLDO� EDNLQJ� PL[HV�� LFLQJV�� VDODG� GUHVVLQJV�� VDXFHV�� PDULQDGHV� DQG� RWKHU�
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SURFHVVHG� IRRGV� DQG� EHYHUDJHV� �,8)� ����� 173� ������� 'LDFHW\O� LPSDUWV� DQ� DUWLILFLDO�
EXWWHU�RU�FUHDP\�IODYRXU�WR�WKHVH�SURGXFWV�

([SRVXUH�LV�ZLGHVSUHDG�LQ�IRRG�PDQXIDFWXULQJ�LQGXVWULHV LQ�ZKLFK�ZRUNHUV�KDQGOH�GLDFHW\O�
LQ�WKH�OLTXLG�IRUP�DQG�DUH�SRWHQWLDOO\�H[SRVHG�WR�GLDFHW\O�DV�YDSRXUV��IXPHV RU�DGVRUEHG�
RQ�SDUWLFOHV��LQ�WKH�PDQXIDFWXULQJ�SURFHVV RU�DW�YDULRXV�VWDJHV�RI�SURGXFWLRQ �173�������
,8) �������+LJK�H[SRVXUHV�ZLWK� FRQVHTXHQW�DGYHUVH�KHDOWK�HIIHFWV� LQ� H[SRVHG�ZRUNHUV�
KDYH� EHHQ� UHSRUWHG� GXULQJ� WKH�PDQXIDFWXUH� RI�PLFURZDYH� EXWWHU�IODYRXUHG� SRSFRUQ�� D�
SURFHVV�WKDW�XVHV�KLJK�FRQFHQWUDWLRQV�RI�GLDFHW\O�UHODWLYH�WR�RWKHU�LGHQWLILHG�XVHV��

&LJDUHWWH� VPRNH� FRQWDLQV� ���±���� �J� GLDFHW\O� SHU� FLJDUHWWH� �)XMLRND� DQG 6KLEDPRWR�
�������'LDFHW\O�KDV�DOVR�EHHQ�IRXQG�LQ�30��� SDUWLFOHV�HPLWWHG�IURP�PRWRU�YHKLFOHV��5DR�
HW�DO ������

���� 2FFXSDWLRQDO�H[SRVXUH

,Q�0LVVRXUL��ZRUNHUV�LQ�D�PLFURZDYH�SRSFRUQ�SURGXFWLRQ�SODQW�ZHUH�HYDOXDWHG�E\�1,26+
�.UHLVV� HW� DO ������� 1LQH�ZRUNHUV� IRUPHUO\� HPSOR\HG� LQ� WKH� SODQW� KDG� GHYHORSHG� IL[HG�
DLUZD\V� REVWUXFWLYH� OXQJ� GLVHDVH� �3ODQW� $�� $SSHQGL[ ���� ,QYHVWLJDWLRQV� LQWR� UHVSLUDWRU\�
H[SRVXUHV� DW� WKLV� SODQW� FDUULHG� RXW� LQ� ����� VKRZHG� WKDW� ZRUNHUV� LQ� WKH� PLFURZDYH�
SURGXFWLRQ�DUHDV�ZHUH�H[SRVHG�WR�SDUWLFXODWHV��ODUJHO\�VDOW�DQG�RLO�JUHDVH�DHURVROV��DQG�D�
UDQJH�RI�RUJDQLF�YDSRXUV�IURP�IODYRXULQJV��.XOOPDQ�HW�DO �������$W�TXDOLWDWLYH�VDPSOLQJ�
IRU�YRODWLOH�RUJDQLF�FRPSRXQGV� �92&V�� LQ� WKH�DLU� RYHU�����GLIIHUHQW� FRPSRXQGV� LQ� WKH�
PLFURZDYH�DUHD ZHUH�GHWHFWHG��7KH�SUHGRPLQDQW�FRPSRXQGV�LGHQWLILHG�LQ�WKH�PLFURZDYH�
PL[LQJ� URRP� LQFOXGHG� WKH� NHWRQHV� GLDFHW\O�� PHWK\O� HWK\O� NHWRQH�� DFHWRLQ� DQG ��
QRQDQRQH��DQG�DFHWLF�DFLG��'LDFHW\O��WKH�SUHGRPLQDQW�NHWRQH�LQ�WKH�SODQW� ZDV�SUHVHQW�LQ�
FRQFHQWUDWLRQV�UDQJLQJ�IURP�EHORZ�GHWHFWDEOH�OLPLWV�WR����SSP��ZLWK�D�PHDQ�RI�����SSP�
�VWDQGDUG�GHYLDWLRQ��6'� �����SSP���7KH�DYHUDJH�NHWRQH�FRQFHQWUDWLRQV�ZHUH�KLJKHVW�LQ�
WKH� PLFURZDYH� PL[LQJ� URRP� ZKHUH� WKH� ��� DUHD� VDPSOHV� KDG� D� PHDQ� GLDFHW\O�
FRQFHQWUDWLRQ�RI������SSP��6'������SSP��DQG�D�PHDQ�DFHWRLQ�FRQFHQWUDWLRQ�RI�����SSP�
�6'�����SSP���.XOOPDQ�HW�DO ������

%HVLGHV� GLDFHW\O�� RWKHU� GLNHWRQHV� �H�J�� ����SHQWDQHGLRQH�� ����KH[DQHGLRQH� DQG� ����
KHSWDQHGLRQH��DUH�DOVR�XVHG�LQ�EXWWHU�IODYRXULQJ�PL[WXUHV��'D\�HW�DO ������

)XUWKHU� LQYHVWLJDWLRQV� E\� 1,26+� VKRZHG� WKDW� UHVSLUDWRU\� V\PSWRPV DQG� DLUZD\V�
REVWUXFWLRQ�ZHUH�PRUH� IUHTXHQW� LQ�RLO�DQG�IODYRXULQJV�PL[HUV�ZLWK�ORQJHU�ZRUN KLVWRULHV�
DQG�LQ�SDFNDJLQJ��DUHD�ZRUNHUV�QHDU�QRQ�LVRODWHG�WDQNV�RI�RLO�DQG IODYRXULQJV��.DQZDO�HW�
DO �������(YHQ�VKRUW�WHUP�SHDN�IODYRXULQJ�H[SRVXUHV�ZHUH�UHSRUWHG�WR SUHVHQW�D ULVN�RI�
OXQJ�GDPDJH��DQG�DYHUDJH���KRXU GLDFHW\O�H[SRVXUHV�DV�ORZ�DV����� SSP ZHUH�PHDVXUHG�
LQ�D�ZRUN�DUHD�ZKHUH�EURQFKLROLWLV�REOLWHUDQV �IRU�D�GHVFULSWLRQ�RI�WKH GLVHDVH��VHH�6HFWLRQ
������ RFFXUUHG�LQ�ZRUNHUV�PL[LQJ�EXWWHU�IODYRXULQJV�ZLWK KHDWHG�RLO��.DQZDO�HW�DO ������
.UHLVV �������,Q�WKLV�FDVH��SHDN�H[SRVXUHV H[FHHGHG����SSP��.DQZDO�HW�DO �������'XULQJ�
IODYRXU�PDQXIDFWXUH��WKH�FRPSRXQGLQJ�RI�SRZGHU�DQG�OLTXLG�SURGXFWV�FDXVHG�WKH�KLJKHVW�
H[SRVXUH�OHYHOV��0DUW\Q\�HW�DO ������

,Q�SRSFRUQ�SODQWV��H[SRVXUH�LQ�WKH�PL[LQJ�URRP�LV�FKDUDFWHULVHG�E\�KLJK�H[SRVXUHV�DQG�
KLJK�SHDN�OHYHOV�GXH�WR�WKH�EDWFK�PL[LQJ�RSHUDWLRQV�RI�WKH�IODYRXULQJ�LQJUHGLHQWV��ZKLFK�
FRPSULVH� VR\EHDQ� RLO�� VDOW�� EXWWHU� IODYRXULQJV� DQG� FRORXULQJ� DJHQWV�� 7KH� PL[LQJ�
RSHUDWLRQV� ZLWK� IODYRXULQJV� DUH� WKH� SULPDU\� SRLQW� VRXUFH� IRU� WKH� UHOHDVH� RI� YRODWLOH�
RUJDQLF�JDVHV�DQG�YDSRXUV�LQWR�SODQW�DLU��,Q�WKH�SDFNLQJ�OLQH��SRSFRUQ�DQG�IODYRXULQJV�DUH�
DXWRPDWLFDOO\�DGGHG� WR� WKH�SRSFRUQ�EDJV��DQG�DIWHUZDUGV� WKH�EDJV�DUH�VHDOHG�� ODEHOOHG�
DQG�DXWRPDWLFDOO\�HQFORVHG�LQ�SODVWLF�ZUDS��.XOOPDQ�HW�DO �������

� ³3DFNLQJ´�RU�³SDFNDJLQJ´�DUH�V\QRQ\PRXVO\�XVHG�LQ�WKH�SXEOLFDWLRQV��
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7R� HYDOXDWH� WKH� WR[LFRORJLFDO� HIIHFWV�� RQH� WKHUHIRUH� KDV WR� FRQVLGHU� GLIIHUHQW� SRVVLEOH
PHWULFV IRU�H[SRVXUH��DYHUDJH��SHDN�DQG�FXPXODWLYH��3HDN�H[SRVXUHV�DUH�FRPPRQ�LQ�WKH�
PL[LQJ�URRP��ZKHUHDV�H[SRVXUHV LQ�WKH�SDFNLQJ�OLQH DUH�PXFK�PRUH�XQLIRUP�

,PSOHPHQWDWLRQ�RI�UHFRPPHQGHG�H[SRVXUH�FRQWUROV�LQ�UHFHQW�\HDUV�KDV�UHVXOWHG�LQ�ORZHU
H[SRVXUH� OHYHOV� �+DUEHU�HW� DO ������� %HWZHHQ������ DQG������� H[SRVXUH� FRQWUROV�ZHUH�
LQVWLWXWHG�LQ�WKH�0LVVRXUL�SODQW��,Q�WKH�PL[LQJ�URRP��DYHUDJH�GLDFHW\O� FRQFHQWUDWLRQV�IHOO�
IURP� DERXW� ��� SSP� LQ� ����� WR� ����� SSP� LQ� ������ LQ� SDFNDJLQJ�� WKH DYHUDJH�
FRQFHQWUDWLRQ� ZDV� UHGXFHG� IURP� ����� WR� ������ SSP� �1,26+ ������ IRU� GHWDLOV� VHH�
.DQZDO HW�DO ������$QRWKHU�UHSRUW�LQGLFDWHG�UHGXFWLRQ�LQ�SHDN�H[SRVXUHV�GXULQJ�PL[LQJ��
IURP�����WR����� PJ�P� �3HQGHUJUDVV ������

���� 0HWKRGV�RI�H[SRVXUH�PRQLWRULQJ�DQG�DQDO\VLV

'LIIHUHQW�PHWKRGV� KDYH� EHHQ� GHYHORSHG� RYHU� WLPH� IRU�PHDVXULQJ� DFHWRLQ� DQG� GLDFHW\O�
FRQFHQWUDWLRQV LQ�ZRUNSODFH�DLU�

1,26+�0HWKRG������ZDV�ILUVW XVHG�IRU�GHWHUPLQDWLRQ�RI�DLUERUQH�GLDFHW\O�FRQFHQWUDWLRQV�
LQ�VHYHUDO�NH\�VWXGLHV�FRQGXFWHG�E\�WKLV�LQVWLWXWH��.DQZDO�HW�DO ����� .UHLVV HW�DO ������
/RFNH\� HW� DO ������� 'LDFHW\O� ZDV� FROOHFWHG� RQ� FDUERQ� PROHFXODU� VLHYH� VRUEHQW� WXEHV��
IROORZHG� E\� H[WUDFWLRQ� ZLWK� DFHWRQH�PHWKDQRO� ������� DQG� DQDO\VLV� E\ JDV�
FKURPDWRJUDSK\� ZLWK� D� IODPH� LRQLVDWLRQ� GHWHFWRU� �*&�),'� �&R[�*DQVHU� HW� DO ������
3HQGHUJUDVV��������WKH�OLPLW�RI�GHWHFWLRQ �/2'� PD\�EH�DV�ORZ�DV�����SSE����� �J�P����
/DWHU��LW�ZDV�GLVFRYHUHG�WKDW�WKLV�PHWKRG�PD\�XQGHUHVWLPDWH�WKH�GLDFHW\O FRQFHQWUDWLRQV
�$VKOH\� HW� DO ������ GHSHQGLQJ� RQ� WKH� GLDFHW\O� FRQFHQWUDWLRQ�� DLU� KXPLGLW\�� VDPSOLQJ
VWRUDJH� GXUDWLRQ� DQG� WR� D� PLQRU� H[WHQW� RQ� WKH� VDPSOLQJ� IORZ� UDWH�� )RU� H[DPSOH�� WKH�
ODERUDWRU\�UHFRYHU\�DW�����SSP�GLDFHW\O�YDULHG�IURP�OHVV�WKDQ����WR���� ���GHSHQGLQJ�RQ�
DLU� KXPLGLW\�� +LJK� GLDFHW\O� FRQFHQWUDWLRQV� VKRZHG� KLJKHVW� UHFRYHULHV� DQG� ZHUH� OHVV�
LQIOXHQFHG� E\� DLU� KXPLGLW\�� %DVHG� RQ� ODERUDWRU\� VWXGLHV�� D� PDWKHPDWLFDO� FRUUHFWLRQ�
SURFHGXUH ZDV GHYHORSHG�� 7KH SURFHGXUH� GRHV�� KRZHYHU�� QRW� DFFRXQW� IRU� D� SRWHQWLDO�
LQIOXHQFH�RI�RWKHU�DLUERUQH�FKHPLFDOV�RQ�UHFRYHU\��&R[�*DQVHU�HW�DO �������QHLWKHU�FDQ�
WKH FRUUHFWLRQ� PHWKRG UHOLDEO\� FRUUHFW� FRQFHQWUDWLRQV� EHORZ� WKH� GHWHFWLRQ� OLPLW� �IRU�
IXUWKHU�GLVFXVVLRQ��VHH�7DEOH�%�LQ�$SSHQGL[ ����)XUWKHUPRUH��WKH�1,26+�PHWKRG�GRHV�QRW�
FDSWXUH�SDUWLFXODWH RU�SDUWLFXODWH�ERXQG�GLDFHW\O��:KLWH�HW�DO ������

26+$� WKHQ� GHYHORSHG� WKH� 39����� PHWKRG� WR� LPSURYH� VWRUDJH� VWDELOLW\� SHUIRUPDQFHV��
ZKLFK�ZDV VXEVHTXHQWO\� UHSODFHG�E\� WKH� IXOO\�YDOLGDWHG�26+$�PHWKRGV������DQG�����
�26+$�����D�E�� 0HWKRG������LV�VWUHDPOLQHG�IRU�PRQLWRULQJ�ORZ�SSP�OHYHOV��DQG�PHWKRG�
�����LV�RSWLPLVHG�IRU�SSE�OHYHOV��,Q�ERWK�PHWKRGV��WZR�����PJ�VLOLFD�JHO�VRUEHQW�WXEHV�
DUH� XVHG� LQ� VHULHV� ZLWK� D� UHFRPPHQGHG� VDPSOLQJ� WLPH� RI� �� KRXUV� ��� O�� DQG� HWK\O�
DOFRKRO�ZDWHU��������IRU�VDPSOH�H[WUDFWLRQ��,Q�PHWKRG�������*&�),' LV�XVHG��WKH�/2' LV�
�������SSP��������PJ�P�� IRU�DFHWRLQ�DQG��������SSP��������PJ�P���IRU�GLDFHW\O��,Q�
PHWKRG� ������ DFHWRLQ� DQG� GLDFHW\O� DUH� GHULYDWLVHG� XVLQJ� 2�SHQWDIOXRUREHQ]\O�
K\GUR[\ODPLQH� K\GURFKORULGH� �3)%+$�� DQG� DQDO\VHG� E\� JDV� FKURPDWRJUDSK\� XVLQJ� DQ�
HOHFWURQ�FDSWXUH�GHWHFWRU��*&�(&'���WKH�/2'�LV������ SSE��������J�P���IRU�DFHWRLQ�DQG�
������SSE��������J�P���IRU GLDFHW\O�

0RUH� UHFHQWO\�� WKH�8.�+HDOWK�	�6DIHW\� /DERUDWRU\�KDV�GHYHORSHG�D� VLPSOH�DQG� UHOLDEOH�
PHWKRG� IRU�PHDVXUHPHQW�RI�RFFXSDWLRQDO�H[SRVXUH� WR�GLDFHW\O� LQ� WKH�SUHVHQFH�RI�RWKHU�
RUJDQLF�FRPSRXQGV��'LDFHW\O�DQG�WKH�RWKHU�YRODWLOH�RUJDQLF�FRPSRXQGV�DUH�FROOHFWHG�RQ�
&KURPRVRUE²���� �&������ VRUEHQW� WXEHV DQG� DQDO\VHG� E\� WKHUPDO� GHVRUSWLRQ� DQG� JDV�
FKURPDWRJUDSK\�PDVV� VSHFWURPHWU\� �*&�06��� $ VDPSOLQJ� WLPH� RI� �� KRXUV� DOORZV�
GHWHFWLRQ�RI�OHVV�WKDQ�����SSE��3HQJHOO\��������
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'XH�WR�LWV OLPLWDWLRQV��WKH�1,26+�0HWKRG������VKRXOG�QRW�EH�XVHG�WR�PHDVXUH�DLUERUQH�
GLDFHW\O� LQ� IXWXUH� VWXGLHV� �&R[�*DQVHU� HW� DO ������� 7KH� HYDOXDWLRQ E\� 6&2(/ RI� WKH
1,26+� PHWKRG ZDV H[FOXVLYHO\� WR� REWDLQ� H[SRVXUH�UHVSRQVH� UHODWLRQVKLSV� IURP�
HSLGHPLRORJLFDO� VWXGLHV ZKHUH� WKH� 1,26+� PHWKRG� KDG EHHQ� XVHG� IRU� H[SRVXUH�
DVVHVVPHQW��

6&2(/�GLG�DQ�DWWHPSW�WR�REWDLQ�LQIRUPDWLRQ�RQ�WKH�RUGHU�RI�PDJQLWXGH�RI�WKH�ELDV�RI�WKH�
1,26+�0HWKRG�������5HVXOWV�ZLWK�ELDVHG��1,26+��DQG�XQELDVHG��26+$��PHWKRGV�ZHUH�
DYDLODEOH� IURP� VLPXOWDQHRXVO\� FRQGXFWHG� ILHOG� VWXGLHV� LQ� WZR� IDFLOLWLHV� WKDW� PL[HG� DQG�
IRUPXODWHG� IRRG� IODYRXULQJV��$VKOH\�HW�DO �������7KH�XQELDVHG�PHWKRGV��26+$�PHWKRG�
39����� DQG� PRGLILHG� 26+$� PHWKRG� 39���� �$VKOH\� HW� DO ����� 26+$� ����E�� KDG��
KRZHYHU�� KLJKHU� GHWHFWLRQ� UDWHV� WKDQ� WKH� 1,26+� PHWKRG�� WKH� ODWWHU� PHWKRG VKRZLQJ
PDQ\�UHVXOWV�EHORZ�WKH�GHWHFWLRQ�OLPLW�ZKHUH�WKH�XQELDVHG�PHWKRGV�GHWHFWHG�GLDFHW\O�LQ�
WKH�DLU��$SSHQGL[ ����7KXV��IURP�WKLV�ILHOG�VWXG\��LW�ZDV�QRW�SRVVLEOH�WR�HVWDEOLVK�D�IL[HG
FRUUHFWLRQ�IDFWRU�IRU�DGMXVWPHQW�RI�UHVXOWV�REWDLQHG�ZLWK�WKH�1,26+�PHWKRG��+RZHYHU��LW�
ZDV�SRVVLEOH�WR�REWDLQ�DQ�LGHD DERXW�WKH�PDJQLWXGH�RI�WKH�ELDV�RI�WKH�1,26+�PHWKRG E\�
FRPSDULQJ�UHVXOWV�RQ�DLUERUQH�GLDFHW\O�OHYHOV�WKDW�ZHUH�GHWHFWDEOH�E\�ERWK�PHWKRGV� 7KLV�
DSSURDFK� DSSOLHV� RQO\� WR� KLJK� FRQFHQWUDWLRQ� OHYHOV ZKHUH� OHDVW� ELDV LV� H[SHFWHG� �&R[�
*DQVHU�HW�DO �������7KH�FRPSDULVRQ�VXJJHVWV�WKDW�D�VLQJOH�UHVXOW�REWDLQHG�E\�PHDQV�RI�
WKH� 1,26+� PHWKRG� PD\� XQGHUHVWLPDWH� WKH� WUXH� FRQFHQWUDWLRQ� E\� D� IDFWRU� RI� �±��
�$SSHQGL[ ����7KH�PHDQ�ELDV�ZDV�DURXQG�D�IDFWRU�RI��±���

,W� LV� QRWHG� WKDW� LQ� WKH� KLJK�FRQFHQWUDWLRQ� UDQJH� FRUUHFWLRQ� E\ D IDFWRU� RI� ��PD\� ERWK�
XQGHU� DQG�RYHUHVWLPDWH�WKH�ELDV�RI�UHVXOWV�REWDLQHG�ZLWK�WKH�1,26+�PHWKRG��GHSHQGLQJ�
RQ�WKH�PDQ\�SDUDPHWHUV�GLVFXVVHG�DERYH��7KH�FRUUHFWLRQ�IDFWRU�UHSRUWHG E\�:KLWH�HW�DO
������� ZDV� DSSUR[LPDWHO\� ��� ZKLFK� LV� UHDVRQDEO\� FORVH� WR� WKH� IDFWRU� RI� �� GHULYHG� E\�
6&2(/�

$W�ORZ�FRQFHQWUDWLRQV��WKH�ELDV PD\�EH�PRUH�SURQRXQFHG�DQG�HVSHFLDOO\�LPSRUWDQW�ZKHQ
D�FRQVLGHUDEOH�QXPEHU�RI�VDPSOHV�KDYH�FRQFHQWUDWLRQV�EHORZ�WKH�/2'�� ,Q� WKH VWXG\�RI�
/RFNH\�HW�DO ���������� ��RI�WKH�VDPSOHV�ZHUH�EHORZ�WKH�/2'��DQG�WKHVH�FRQFHQWUDWLRQV�
ZHUH� VHW� WR� /2'��� LQ� WKH� VWDWLVWLFDO� DQDO\VHV� �:KLWH ������� 7KH� VDPH� SURFHGXUH� ZDV�
DGRSWHG�E\�.DQZDO�HW�DO �������DQG�E\�1,26+�������� LQ� WKH�HYDOXDWLRQ�RI� WKH�GDWD�RI�
.UHLVV�HW�DO ������ ZKHUH�DERXW��� ��RI�WKH�VDPSOHV��1,26+ ������KDG�GLDFHW\O�OHYHOV�
EHORZ� WKH� /2'�� 7KH� $VKOH\� HW� DO ������� ILHOG� VWXG\� SURYLGHV VRPH� LQVLJKW� LQWR WKH�
SRWHQWLDO� ELDV� LQWURGXFHG� E\� UHSODFLQJ� D� FRQFHQWUDWLRQ� EHORZ WKH /2'� E\� /2'��� 7KH�
DXWKRUV� VWDWHG� WKDW� ³��LW� ZDV� GHHPHG LQDSSURSULDWH� WR� DGMXVW� E\� GLYLGLQJ� E\� � RU� WKH�
VTXDUH� URRW� RI� �²´� ,Q� 7DEOH� % �$SSHQGL[� ��� LW� DSSHDUV� WKDW� WKH� DYHUDJH�
XQGHUHVWLPDWLRQ�LV�E\�D�IDFWRU�RI����IRU�FRQFHQWUDWLRQV�EHORZ�WKH�/2' ZLWK�D�UDQJH�IURP�
����WR�����

���+HDOWK�VLJQLILFDQFH
'LDFHW\O�PD\�UHDFW�ZLWK�WKH�JXDQLGLQH�JURXS�RI�DUJLQLQH��IRUPLQJ�RSHQ�FKDLQ�DQG�F\FOLVHG�
DGGXFWV ZKLFK�PD\�FDXVH�VSHFLILF�DXWR�DQWLERG\�UHVSRQVHV��0DWKHZV�HW�DO �������$OVR��
GLDFHW\O�PD\�UHDFW�ZLWK�F\VWHLQH�IRUPLQJ�F\FOLF�GHULYDWLYHV��WKLD]ROH��WKLD]ROLQH��R[D]ROH�
DQG�S\UD]LQH�� �0DUFKDQG�HW�DO �������'LDFHW\O� FDQ�FDXVH�SURWHLQ�FURVV�OLQNLQJ� �.RYDFLF�
DQG�&RRNV\�������DQG�'1$�DGGXFWV��VHH 6HFWLRQ ������'LDFHW\O�KDV�DQ�HOHFWURQ�DIILQLW\�
WKDW� LV� FRPSDUDEOH� WR� TXLQRQHV� DQG� GLQLWURSKHQRO�� 7KH� WZR� DGMDFHQW� FDUERQ\O� JURXSV�
IDYRXU�GHORFDOLVDWLRQ�RI�WKH�HOHFWURQ�RI�WKH�UDGLFDO�DQLRQ��7KXV��GLDFHW\O�KDV�EHHQ�XVHG�WR�
VWDELOLVH� HOHFWURQV� LQ� ELRORJLFDO� V\VWHPV� DQG� IRU� H[DPSOH�� HQKDQFHG� WKH� UHVSRQVH� RI�
EDFWHULDO�VSRUHV�WR�;�UD\V��,Q�JHQHUDO��UHDFWLYH�FDUERQ\O�VSHFLHV�PD\�FDXVH�IRUPDWLRQ�RI�
UHDFWLYH�R[\JHQ�VSHFLHV��.RYDFLF�DQG�&RRNV\��������
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�����7R[LFRNLQHWLFV

�������+XPDQ�GDWD

1R�LQIRUPDWLRQ�RQ�H[SHULPHQWDO�WR[LFRNLQHWLFV�RI�GLDFHW\O�LQ�KXPDQV�ZDV DYDLODEOH�LQ�WKH�
RSHQ�OLWHUDWXUH��%DVHG�RQ�WKH�VWUXFWXUH�DQG�UHSRUWHG�SK\VLFRFKHPLFDO�FKDUDFWHULVWLFV��WKH�
VXEVWDQFH�FDQ�EH�SUHGLFWHG�WR�EH�UHDGLO\�DEVRUEHG��ZLGHO\�GLVWULEXWHG��PHWDEROLVHG�DQG�
H[FUHWHG��7KH�SULPDU\�URXWH�RI�H[SRVXUH�LV�SUHGLFWHG�WR�EH�LQKDODWLRQ��IROORZLQJ�H[SRVXUH�
WR�GLDFHW\O�YDSRXU��

$� FRQVLGHUDEOH� DPRXQW� RI� GLDFHW\O� PD\� EH� DEVRUEHG� WKURXJK� WKH� VNLQ�� EDVHG� RQ� WKH�
SUHGLFWHG�DEVRUSWLRQ�REWDLQHG�IURP WKH�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�6NLQ�
3HUPHDWLRQ� &DOFXODWRU �&'&� ������ 7KH� FDOFXODWRU� DOORZV� WKUHH� GLIIHUHQW� HVWLPDWHV�� DOO
EDVHG� RQ� WKH�PROHFXODU� ZHLJKW� ������ WKH� ORJ� RI� WKH� RFWDQRO�ZDWHU� SDUWLWLRQ� FRHIILFLHQW�
��������DQG�WKH�GLDFHW\O�FRQFHQWUDWLRQ�LQ�ZDWHU��ZKLFK�LV�FRQVLGHUHG WR�EH ����PJ�PO�DV�
WKLV� LV� WKH� GHQVLW\� RI� SXUH� GLDFHW\O�� 7KH� WKUHH� HVWLPDWHV� UDQJHG� IURP� ������ WR� ������
PJ�KRXU�FP���FRUUHVSRQGLQJ�WR���±����PJ�KRXU�IRU�D�� ����FP� VXUIDFH�DUHD�H[SRVXUH�

������ $QLPDO�GDWD

$�FRPSXWDWLRQDO�IOXLG�G\QDPLFV�SK\VLRORJLFDOO\�EDVHG�SKDUPDFRNLQHWLF�PRGHO�ZDV�XVHG�WR�
FRPSDUH� GLDFHW\O� DEVRUSWLRQ� DQG� WLVVXH� FRQFHQWUDWLRQV� LQ� WKH� UDW� DQG� WKH� KXPDQ�
UHVSLUDWRU\� WUDFWV�� ,Q� UDWV�� H[WHQVLYH� HQ]\PDWLF� PHWDEROLVP� RFFXUUHG� LQ� WKH� PXFRVDO�
WLVVXH� WKURXJKRXW� WKH� HQWLUH� DLUZD\V�� WKHVH� UHDFWLRQV� FRXOG� EH� GHVFULEHG� E\� WZR�
0LFKDHOLV�0HQWHQ SDWKZD\V�� 2QH� KDG� D� KLJK� DIILQLW\� �.P�� ��� �0�� DQG� D� ORZ� FDSDFLW\��
ZKHUHDV� WKH� RWKHU� KDG� D� ORZ� DIILQLW\� �.P�� � ���� �0�� DQG� D� KLJK� FDSDFLW\�� $W �� SSP�
DLUERUQH�H[SRVXUH��WLVVXH�FRQFHQWUDWLRQ�������0���WKH�ORZ�DIILQLW\�SDWKZD\�ZRXOG�QRW�EH�
DQWLFLSDWHG�WR�EH�TXDQWLWDWLYHO\ LPSRUWDQW��&OHDUDQFH�IURP�WKH�PXFRVD�ZDV GRPLQDWHG�E\�
HQ]\PDWLF�PHWDEROLVP� DQG� UHDFWLRQ�ZLWK� DUJLQLQH� SOD\HG� D� QHJOLJLEOH UROH� GXH� WR� VORZ�
UHDFWLRQ��ZKLFK�GRHV�QRW� UXOH�RXW�D�VORZ�DFFXPXODWLRQ�RI� DUJLQLQH DGGXFWV� ,Q� UDWV�� WKH�
LQLWLDO� ZKROH� ERG\� XSWDNH� ZDV� �� � DW� �� SSP� DQG� �� � DW� ��� SSP�� L�H�� WKH� GLDFHW\O�
XSWDNH� HIILFLHQF\�ZDV� KLJKHU� DW� WKH� ORZHU� H[SRVXUH� OHYHOV� DV WKH� LQ� VLWX PHWDEROLVP� LV�
LPSRUWDQW� LQ� FRQWUROOLQJ� WKH� RYHUDOO� XSWDNH�� %HFDXVH� RI� VDWXUDWLRQ� RI� WKH� PHWDEROLF�
SDWKZD\V��LQFUHDVHG�GLVWDO�SHQHWUDWLRQ�RFFXUUHG�DW�KLJK�FRQFHQWUDWLRQV��,W�ZDV�FDOFXODWHG�
WKDW� LQ� UDWV��DW���SSP�� OHVV� WKDQ�� ��RI� LQVSLUHG GLDFHW\O�SHQHWUDWHV� WKURXJK�WKH�VPDOO�
EURQFKL�DQG�HQWHUV�WKH�EURQFKLROHV��,Q�KXPDQV��QRVH�EUHDWKLQJ�DW�UHVW�ZDV�HVWLPDWHG�WR�
UHVXOW� LQ� � �� SHQHWUDWLRQ� WKURXJK� WKH� VPDOO� EURQFKL� WR� WKH� EURQFKLROHV�� ZKLFK� VOLJKWO\�
LQFUHDVHG� DW PRXWK�EUHDWKLQJ DW� UHVW� $W�PRXWK�EUHDWKLQJ� GXULQJ� OLJKW� H[HUFLVH�� LW�ZDV�
SUHGLFWHG� WKDW� �� �� SHQHWUDWHG� WKURXJK� WKH� VPDOO� EURQFKL� WR� WKH� EURQFKLROHV�� 7KH�
EURQFKLRODU� WLVVXH� GLDFHW\O� FRQFHQWUDWLRQ� DW� �� SSP� ZDV� HVWLPDWHG� WR� EH� HYHQ� PRUH�
LQFUHDVHG�LQ�KXPDQV�DV�FRPSDUHG�WR WKH�HVWLPDWHG�FRQFHQWUDWLRQ�LQ�UDWV���������0�� 7KH�
WLVVXH�FRQFHQWUDWLRQ�ZDV�HVWLPDWHG�WR�EH���IROG�KLJKHU�WKDQ�LQ�WKH�UDW�LQ�QRVH�EUHDWKLQJ�
KXPDQV� DW� UHVW�� ��IROG� KLJKHU� LQ�PRXWK�EUHDWKLQJ� KXPDQV� DW� UHVW�� DQG� ��� WR� ���IROG�
KLJKHU�DW�PRXWK�EUHDWKLQJ�ZLWK�OLJKW�H[HUFLVH��*ORHGH�HW�DO �������2YHUDOO��WKLV�VXJJHVWV�
DQ� DVVHVVPHQW� IDFWRU� RI� ��� IRU� H[WUDSRODWLQJ� DWPRVSKHULF� GRVHV� FDXVLQJ� EURQFKLRODU�
GDPDJH�LQ UDWV�WR�KXPDQV�

7KH�LQWHUDFWLRQ�EHWZHHQ�GLDFHW\O������SSP��DQG�EXW\ULF�DFLG�����SSP��ZDV�VWXGLHG�LQ�WKH�
LVRODWHG� XSSHU UHVSLUDWRU\� WUDFW� RI� DQHVWKHWLVHG� UDWV� ZKHUH� GLDFHW\O� LV� PHWDEROLVHG� E\�
GLDFHW\O� UHGXFWDVH� RI� ZKLFK� EXW\ULF� DFLG� LV� D� SRWHQW� LQKLELWRU�� )RU� GLDFHW\O� DORQH�� WKH�
XSWDNH�ZDV��� �� ZKHUHDV�LQ�WKH�SUHVHQFH�RI�EXW\ULF�DFLG�LW�ZDV�VWDWLVWLFDOO\�VLJQLILFDQWO\�
UHGXFHG� WR� �� ��� 7KH� EXW\ULF� DFLG� XSWDNH� �!� �� ��� ZDV� PRGHOOHG� WR� LQKLELW� GLDFHW\O�
UHGXFWDVH� E\� ��±�� ��� 7KXV�� LQKLELWLRQ� RI� WKH� XSSHU� DLUZD\ PHWDEROLVP�PD\� LQFUHDVH�
SHQHWUDWLRQ�RI�GLDFHW\O� WR�WKH�ORZHU�DLUZD\V�ZKHUH�LWV�WR[LFLW\�FDQ EH�H[SUHVVHG��0RUULV�
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DQG�+XEEV �������,W�LV�QRWHG�WKDW�WKH�EXW\ULF�DFLG�FRQFHQWUDWLRQ�LQ�WKLV�VWXG\�ZDV�IDLUO\�
KLJK�LQ�WHUPV�RI H\H�DQG�XSSHU�DLUZD\V�LUULWDWLRQ�

$V� UHSRUWHG�E\�173� ��������D� VLQJOH�GRVH�RI� UDGLRODEHOOHG� >��&@�GLDFHW\O� ������������RU�
����PJ�NJ�>������������� RU������PPRO�NJ@��DGPLQLVWHUHG�WR�PDOH�)LVFKHU�����UDWV�YLD�
LQWUDJDVWULF�JDYDJH�UHVXOWHG�DIWHU����KRXUV�LQ�WKH�H[KDODWLRQ�RI����������� DQG ���� ��RI�
WKH� GRVH�� UHVSHFWLYHO\�� DV� FDUERQ� GLR[LGH�� ,Q� XULQH�� WKH� H[FUHWHG� DPRXQWV� ZHUH� ������
���� DQG� ���� ��� UHVSHFWLYHO\�� $W� WKH� KLJK� GRVH�� HOLPLQDWLRQ� YLD� YRODWLOH� RUJDQLFV� LQ�
EUHDWK� DQG� IDHFHV� ZDV� YHU\� ORZ� �PD[LPXP� RI� ���� DQG� ���� ��� UHVSHFWLYHO\��� ,Q� WKH�
FDUFDVV�DQG�WLVVXHV���±� ��RI�WKH�GRVH�ZDV�UHFRYHUHG��$W�DOO�WHVWHG�OHYHOV��GLDFHW\O�ZDV�
UDSLGO\�PHWDEROLVHG�DQG�H[FUHWHG��H[FUHWLRQ�RI UDGLRDFWLYLW\�LQ�XULQH��IDHFHV DQG�H[SLUHG�
EUHDWK�DFFRXQWHG�IRU���±�� ��RI�WKH�WRWDO�GRVH�UHFRYHUHG�LQ����KRXUV��57, ������

'LDFHW\O�LV�D�PHWDEROLWH�RI�DFHWDOGHK\GH�LQ�PDPPDOV��7KH�PHWDEROLVP�RI�GLDFHW\O��DFHWRLQ�
���K\GUR[\���EXWDQRQH� DQG� ����EXWDQHGLRO�� DOO� PHWDEROLWHV� RI� DFHWDOGHK\GH�� ZDV�
LQYHVWLJDWHG�LQ�UDW�OLYHU�KRPRJHQDWHV��OLYHU�SHUIXVLRQ��DQG� LQ�YLYR H[SHULPHQWV� 'LDFHW\O�
DQG�DFHWRLQ�ZHUH�UDSLGO\�UHGXFHG�WR�����EXWDQHGLRO��EXW�WKHUH�ZDV�YHU\�OLWWOH�R[LGDWLRQ�RI�
DFHWRLQ� DQG� ����EXWDQHGLRO� WR� GLDFHW\O�� $FHWRLQ� DQG� ����EXWDQHGLRO� ZHUH� PRUH� UHDGLO\�
DFFXPXODWHG�LQ�WKH�EUDLQ�WKDQ�GLDFHW\O��2WVXND�HW�DO ������

2YHUDOO�� GLDFHW\O� PHWDEROLVP� DORQJ� WKH� UHVSLUDWRU\� WUDFW� SOD\V� DQ� LPSRUWDQW� UROH� LQ
ORZHULQJ WKH� SHQHWUDWLRQ� RI� GLDFHW\O� WR� WKH� EURQFKLRODU� OHYHO� 7KH� PHWDEROLVP� LV� PRVW�
HIILFLHQW�LQ�WKH�ORZ�GRVH�UDQJH��'XH�WR�GLIIHUHQFHV LQ�WR[LFRNLQHWLFV��DQ�DVVHVVPHQW�IDFWRU�
RI����LV�QHHGHG�IRU�H[WUDSRODWLQJ�GLDFHW\O�DLU�OHYHOV FDXVLQJ GDPDJH�WR VPDOO DLUZD\V�LQ
UDWV�WR�KXPDQV�

�������%LRORJLFDO�PRQLWRULQJ

1R�LQIRUPDWLRQ�RQ�ELRORJLFDO�PRQLWRULQJ�RI�ZRUNHUV�ZDV DYDLODEOH�LQ�WKH�RSHQ�OLWHUDWXUH�

�����$FXWH�WR[LFLW\

�������+XPDQ�GDWD

([SRVXUH� WR�KLJK DWPRVSKHULF� FRQFHQWUDWLRQV PD\�FDXVH�FHQWUDO�QHUYRXV�V\VWHP��&16�
GHSUHVVLRQ� �,3&6� ������� $� ���\HDU� ROG� QHYHU�VPRNLQJ�PDQ�ZLWK� QRUPDO� OXQJ� IXQFWLRQ�
DQG� QRUPDO� VHUXP� D��DQWLWU\SVLQ� SUHSDUHG� DQ� XUJHQWO\� QHHGHG� IODYRXULQJ� SURGXFW�
FRQWDLQLQJ GLDFHW\O�� DQG� ZRUNHG ZLWK� WKH� KHDWHG� PL[WXUH� IRU� VHYHUDO� KRXUV� LQ� D� GD\��
'XULQJ�WKH�ODVW�IHZ�KRXUV�RI�WKH�VKLIW�KLV�H\HV�EHFDPH�VRUH�DQG�UHGGHQHG��DQG�D�VWLFN\�
FRQMXQFWLYDO� VHFUHWLRQ� GHYHORSHG� VRRQ� WKHUHDIWHU�� 7UHDWPHQW� ZDV� ZLWK� VWHURLG� DQG
DQWLKLVWDPLQH� UHVROXWLRQ UHTXLUHG�VHYHUDO�GD\V��$OWKRXJK�VSLURPHWULF�WHVWV�ZHUH QRUPDO�
��PRQWKV�ODWHU��PHDVXUHPHQWV DIWHU���PRQWKV ZHUH�VXJJHVWLYH�RI�VPDOO�DLUZD\ GLVHDVH��
)RU� H[DPSOH�� WKH� IRUFHG� H[SLUDWRU\� IORZ� EHWZHHQ� ��� DQG� �� �� RI� WKH� YLWDO� FDSDFLW\�
�)()�������ZDV��� ��RI�WKH�SUHGLFWHG�YDOXH��+HQGULFN ������

�������$QLPDO�GDWD

,QKDODWLRQ

,Q�D� VWXG\�RQ� WKH�DFXWH� LQKDODWLRQ� WR[LFLW\�RI�GLDFHW\O� YDSRXU�� UDWV�ZHUH�H[SRVHG� IRU���
KRXUV� WR� OHYHOV� RI� � ����� � ���� RU� �� ���� SSP�� $OO� DQLPDOV� GLHG� DW� WKH� WZR� KLJKHVW�
H[SRVXUH� OHYHOV�� ZLWK� HYLGHQFH� RI UHVSLUDWRU\� WUDFW� LQMXU\� �%$6)� ������� 7KH� /&�� ZDV�
HVWLPDWHG� WR� EH� � ���±� ���� SSP�� ([SRVXUH� WR� �� ���� SSP� GLDFHW\O� UHVXOWHG� LQ
DWHOHFWDVLV� DQG� RHGHPD� RI� WKH� OXQJV�� EURQFKLDO� RHGHPD� DQG� K\GURWKRUD[�� 0LFURVFRSLF�
ILQGLQJV� LQ� WKH�PLG� DQG KLJK�GRVH�DQLPDOV� LQFOXGHG�K\SHUDHPLD RI� WKH� OXQJ� PRGHUDWH�
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HPSK\VHPD�� FHQWULOREXODU� K\SHUWURSK\� RI� KHSDWRF\WHV� DQG� GHJHQHUDWLYH� FKDQJHV� DQG�
QHFURVLV�LQ�UHQDO�SUR[LPDO�WXEXOHV�

,Q�D�86�1,26+ DFXWH�LQKDODWLRQ�WR[LFLW\�VWXG\ �+XEEV�HW�DO ������ UDWV�ZHUH�H[SRVHG IRU�
��KRXUV�WR�YDSRXUV�JHQHUDWHG�E\�KHDWLQJ�DQ�DUWLILFLDO�EXWWHU� IODYRXULQJ�DQG�H[DPLQHG���
GD\� DIWHU� H[SRVXUH�� *&�06� DQDO\VLV� VKRZHG� WKDW WKH� YDSRXUV� FRQVLVWHG� RI D� FRPSOH[�
PL[WXUH�RI�YDULRXV�RUJDQLF�JDVHV�ZLWK�WKH�PDMRU�FRPSRQHQWV�EHLQJ�GLDFHW\O��DFHWLF�DFLG��
DFHWRLQ DQG�DFHWRLQ�GLPHUV��EXW\ULF�DFLG����QRQDQRQH DQG�į�DON\O�ODFWRQHV� 'LDFHW\O�ZDV�
XVHG�DV�D�PDUNHU�RI�H[SRVXUH�LQWHQVLW\��DQG�DW�GLDFHW\O�OHYHOV�RI����±��� SSP��H[WHQVLYH�
UHVSLUDWRU\� GDPDJH� ZDV� REVHUYHG�� FKDUDFWHULVHG� E\� PXOWLIRFDO�� QHFURWLVLQJ� EURQFKLWLV��
PDLQO\� LQ� WKH�PDLQVWHP�EURQFKXV�� $OYHROL�ZHUH� XQDIIHFWHG�� $W� OHYHOV� RI� ���±���� SSP��
QHFUR�VXSSXUDWLYH�UKLQLWLV�ZDV�REVHUYHG��DIIHFWLQJ�DOO�IRXU�OHYHOV�RI�WKH�QRVH��:LWKLQ�WKH�
WZR� SRVWHULRU� QDVDO� OHYHOV� �7�� DQG� 7���� QHFURVLV� DQG� LQIODPPDWLRQ� ZDV� SULQFLSDOO\�
ORFDOLVHG�WR�WKH�QDVRSKDU\QJHDO�GXFW�

+XEEV� DQG� FR�ZRUNHUV� DOVR LQYHVWLJDWHG� WKH� DFXWH� LQKDODWLRQ� WR[LFLW\� RI� SXUH� GLDFHW\O�
YDSRXU�LQ�UDWV�DW�FRQFHQWUDWLRQV�RI�XS�WR�����SSP��WLPH�ZHLJKWHG�DYHUDJH��7:$���HLWKHU�
DV���KRXU�FRQWLQXRXV�H[SRVXUHV�RU�DV�� EULHI��LQWHQVH�H[SRVXUHV�RYHU�� KRXUV��$�VHSDUDWH�
H[SHULPHQWDO� JURXS� LQKDOHG� D� VLQJOH� SXOVH� RI� DSSUR[LPDWHO\� � ���� SSP� GLDFHW\O� ������
SSP�� ��KRXU 7:$��� 5DWV� ZHUH� QHFURSVLHG� ��±��� KRXUV� DIWHU� H[SRVXUH�� ([SRVXUH� WR�
GLDFHW\O� YDSRXUV� UHVXOWHG LQ� HSLWKHOLDO� QHFURVLV� DQG� LQIODPPDWLRQ� LQ� WKH� QRVH�� ODU\Q[��
WUDFKHD DQG�EURQFKL��%URQFKL�ZHUH�DIIHFWHG�DW�GLDFHW\O� FRQFHQWUDWLRQV�RI�������SSP�RU�
JUHDWHU��WKH�WUDFKHD�DQG�ODU\Q[�ZHUH�DIIHFWHG�DW�GLDFHW\O�FRQFHQWUDWLRQV�RI�����SSP�RU�
JUHDWHU��%RWK�SXOVHG�DQG�FRQWLQXRXV�H[SRVXUH�SDWWHUQV�FDXVHG�HSLWKHOLDO�LQMXU\��ZLWK�WKH�
QDVDO�HSLWKHOLXP�EHLQJ�WKH�PRVW�VHQVLWLYH��7KH�DXWKRUV�FRQFOXGHG�WKDW�WKH QR REVHUYHG�
DGYHUVH� HIIHFW� FRQFHQWUDWLRQ �12$(&� IRU� LQKDOHG� GLDFHW\O� ZDV� OHVV� WKDQ ����� SSP
�+XEEV�HW�DO ������

1DVDO� SDWKRORJLFDO HIIHFWV�RI�GLDFHW\O� �����SSP��DQG�����SHQWDQHGLRQH� ����±����SSP��
ZHUH�VWXGLHG� LQ� UDWV� IROORZLQJ�D�VLQJOH���KRXU�H[SRVXUH��'LDFHW\O�DQG�����SHQWDQHGLRQH
�����SSP��FDXVHG�VLPLODU�QHFURWLVLQJ�UKLQLWLV�DQG�OHVLRQV�RI�WKH�WUDFKHD��%URQFKLDO�OHVLRQV
ZHUH� UHFRUGHG� LQ� RQH� VLQJOH� UDW� LQ� HDFK� RI� WKH� DLU� �FRQWURO��� GLDFHW\O� DQG� ����
SHQWDQHGLRQH� JURXS� ������ ���� DQG� ����� UHVSHFWLYHO\�� /HVLRQV� LQGXFHG� E\� ����
SHQWDQHGLRQH� LQGLFDWHG�DSRSWRVLV��781(/�DVVD\�DQG�FDVSDVH���DFWLYDWLRQ���+XEEV�HW�DO
������

2WKHU�URXWHV

7KH�DFXWH�RUDO�/'�� RI�GLDFHW\O�LQ�UDWV�KDV�EHHQ�UHSRUWHG�WR�OLH�EHWZHHQ�� ����DQG�� ����
PJ�NJ� �&ROOH\�HW� DO ������� /RZHU�YDOXHV�RI�� ����PJ�NJ� LQ� WKH� UDW������PJ�NJ� LQ� WKH�
PRXVH�DQG�����PJ�NJ� LQ� WKH�JXLQHD�SLJ�ZHUH� UHSRUWHG�E\�173��ZKLFK�DOVR� UHSRUWHG D
GHUPDO /'�� RI�!�� ����PJ�NJ�LQ�WKH�UDEELW��173�������

�����,UULWDQF\�DQG�FRUURVLYLW\

�������+XPDQ�GDWD

:RUNHUV� H[SRVHG� WR� EXWWHU� IODYRXULQJ� YDSRXUV� LQ� SRSFRUQ� PDQXIDFWXULQJ� IDFLOLWLHV�
UHSRUWHG� H\H�� VNLQ� DQG� QDVDO� LUULWDWLRQ� �.DQZDO� ������ .DQZDO� DQG� 0DUWLQ ������ DV�
UHSRUWHG� LQ� 173 ������� $WPRVSKHULF� FRQFHQWUDWLRQV� RI� GLDFHW\O� PHDVXUHG� LQ� RQH� VXFK�
IDFLOLW\� UHDFKHG�XS� WR����SSP� �3ODQW�$��$SSHQGL[ ����ZKLOH� LQ� DQRWKHU� IDFLOLW\� DW�ZKLFK�
VXFK� HIIHFWV ZHUH� UHSRUWHG� WKH�PD[LPXP�PHDVXUHG� FRQFHQWUDWLRQ� RI GLDFHW\O�ZDV� ���
SSP��.DQZDO�DQG�0DUWLQ ������
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�������$QLPDO�GDWD

'LDFHW\O�LV�UHSRUWHG�WR�EH�D�VHYHUH�VNLQ�DQG�H\H�LUULWDQW�LQ�UDEELWV��173 ������

,Q�D�VWXG\�H[DPLQLQJ�WKH�VHQVRU\�LUULWDWLRQ�SRWHQF\�RI�GLDFHW\O�LQ�D�PRXVH�ELRDVVD\��D���
KRXU�H[SRVXUH�WR�GLDFHW\O�UHVXOWHG�LQ�FRQFHQWUDWLRQ�GHSHQGHQW�LUULWDWLRQ�LQ�DOO�SDUWV�RI�WKH�
UHVSLUDWRU\� WUDFW� �/DUVHQ� HW� DO ������� 7KH� VHQVRU\� LUULWDWLRQ� UHVSRQVH�ZDV� VKRUW�ODVWLQJ�
ZLWK�DQ�5'�� YDOXH�RI�����SSP�LQ�WKH�ILUVW�SDUW���±���PLQ��RI�WKH�H[SRVXUH�SHULRG��/DWHU�
RQ�� DLUIORZ� OLPLWDWLRQ� DQG� SXOPRQDU\� LUULWDWLRQ� GHYHORSHG� 7KH� 12$(&V IRU� HDFK� HIIHFW
ZHUH DERYH����� SSP�� DQG� WKH� DXWKRUV� HVWLPDWHG� WKDW� LQLWLDWLRQ� RI� VHQVRU\� LUULWDWLRQ� LQ�
KXPDQV�ZRXOG�RFFXU�DERYH����SSP��7KH�DXWKRUV�DOVR�UHSRUWHG�WKDW�UHSHDWHG�H[SRVXUH�WR�
KLJK�OHYHOV�RI�GLDFHW\O�GHFUHDVHG�WKH�VHQVRU\�LUULWDWLRQ�ZDUQLQJ�VLJQDO�LQ�PLFH��VXJJHVWLQJ�
WKDW�WKH�LUULWDQW�HIIHFWV�RI�GLDFHW\O�FDQ�EH�SDUWLFXODUO\�LQVLGLRXV��/DUVHQ�HW�DO ������

�����6HQVLWLVDWLRQ

�������+XPDQ�GDWD

1R�LUULWDWLRQ�ZDV�REVHUYHG�DIWHU�D����KRXU�FORVHG�SDWFK�WHVW�RQ�KXPDQ�VXEMHFWV��DQG�QR�
VHQVLWLVDWLRQ�UHDFWLRQ�UHVXOWHG�IURP�PD[LPLVDWLRQ�WHVWLQJ�RI����KXPDQ�YROXQWHHUV�XVLQJ�D�
� � GLDFHW\O�GLOXWLRQ�LQ�SHWURODWXP��173 ������

�������$QLPDO�GDWD

'LDFHW\O� LV� UHSRUWHG� WR� KDYH� VHQVLWLVLQJ� SURSHUWLHV LQ� DQLPDO� VWXGLHV� �$QGHUVRQ� HW� DO
�������7KH�VHQVLWLVDWLRQ�SRWHQWLDO�RI�GLDFHW\O��JO\R[DO��PHWK\O�JO\R[DO�DQG�JO\FRODOGHK\GH�
ZDV� DVVHVVHG� XVLQJ� TXDQWLWDWLYH� VWUXFWXUH�DFWLYLW\� UHODWLRQVKLS SURJUDPV�� $OO� IRXU�
FRPSRXQGV�ZHUH�SUHGLFWHG�WR�EH�VHQVLWLVHUV�XVLQJ�'HUHN�DQG�1,26+�ORJLVWLF�UHJUHVVLRQ��
ZKLOH�723.$7�����SUHGLFWHG�DOO� FRPSRXQGV�H[FHSW�PHWK\OJO\R[DO� WR�EH� VHQVLWLVHUV��7KH�
IRXU� FRPSRXQGV�ZHUH� DOVR� WHVWHG� LQ� D� FRPELQHG� LUULWDQF\� DQG� ORFDO� O\PSK� QRGH� DVVD\�
�//1$���$OO�FRPSRXQGV�H[FHSW�JO\R[DO�ZHUH�IRXQG�WR�EH�LUULWDQWV�DQG�DOO�WHVWHG�SRVLWLYH�LQ�
WKH�//1$�ZLWK�(&��YDOXHV�UDQJLQJ�IURP������WR���� ���$QGHUVRQ�HW�DO ������

�����5HSHDWHG�GRVH�WR[LFLW\

�������+XPDQ�GDWD �LQKDODWLRQ�

([SRVXUH� WR�EXWWHU� IODYRXULQJ� IXPHV DQG�RU�YDSRXUV GXULQJ� IRRG�PDQXIDFWXUH�KDV�EHHQ�
DVVRFLDWHG� ZLWK� WKH� GHYHORSPHQW� RI� GLYHUVH� UHVSLUDWRU\� FRQGLWLRQV�� 6HYHUDO� HPSOR\HHV�
KDYH� EHHQ� GLDJQRVHG� ZLWK� D� PRUH VHULRXV� FRQGLWLRQ� NQRZQ� DV� EURQFKLROLWLV� REOLWHUDQV�
�$NSLQDU�(OFL�HW�DO ������.UHLVV�HW�DO ������YDQ�5RR\�HW�DO �����DQG ������

%URQFKLROLWLV�REOLWHUDQV��DOVR�QDPHG�FRQVWULFWLYH�EURQFKLROLWLV�RU�REOLWHUDWLYH�EURQFKLROLWLV�
LV�D�FRQGLWLRQ�RI�LUUHYHUVLEOH��IL[HG�DLUZD\V�REVWUXFWLRQ�FKDUDFWHULVHG�E\ QDUURZLQJ�RI�WKH�
EURQFKLRODU� OXPHQ�E\�VXEPXFRVDO� ILEURVLV�RU� ILEURXV�WLVVXH� LQ�WKH�DGYHQWLWLD� RU�DGMDFHQW�
DOYHRODU�VHSWD��7KH�FRQVWULFWLRQ�RI�WKH�OXPHQ�ODFNV�LQWUDOXPLQDO�JUDQXODWLRQ�SOXJV�DV�VHHQ�
LQ�RUJDQLVLQJ�SQHXPRQLD��7KHUH�DUH�YDULRXV�FDXVHV�RI�EURQFKLROLWLV�REOLWHUDQV�� LQFOXGLQJ�
H[SRVXUH�WR�JDVHV��H�J��FKORULQH��12����,Q�WKH�PHGLFDO�KLVWRU\�RI�VXFK�FDVHV��WKH�GLVHDVH�
KDV� QRUPDOO\� EHHQ� WULJJHUHG� E\� DFFLGHQWDO� VSLOOV�� ,Q� EURQFKLROLWLV� REOLWHUDQV� DVVRFLDWHG�
ZLWK�GLDFHW\O�H[SRVXUH��D�KLVWRU\�RI�VSLOOV�LV�PRVW RIWHQ ODFNLQJ��

7KH� H[DFW� GLDJQRVLV� RI� EURQFKLROLWLV� REOLWHUDQV� LV� PDGH� KLVWRORJLFDOO\�� 7KHUH� DUH�
UDGLRORJLFDO� FKDQJHV� LQ� KLJK�UHVROXWLRQ� FRPSXWHG� WRPRJUDSK\� �+5&7�� FRPSDWLEOH� ZLWK�
EURQFKLROLWLV�REOLWHUDQV��LQFOXGLQJ�K\SHULQIODWLRQ�ZLWK�D�PRVDLF�SDWWHUQ�RI�DWWHQXDWLRQ��7KH�
GHPRQVWUDWLRQ� RI� IL[HG� DLUZD\V� REVWUXFWLRQ� �L�H�� UHGXFHG� IRUFHG� H[SLUDWRU\� YROXPH� LQ� ��
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VHFRQG�� )(9��� WRJHWKHU� ZLWK� W\SLFDO� +5&7� ILQGLQJV� LV� PRVWO\� WKH� EDVLV� IRU� WKH� FOLQLFDO�
GLDJQRVLV�� +RZHYHU�� OXQJ� ELRSVLHV� KDYH� VKRZQ� WKDW� GHVSLWH� WKHVH� ILQGLQJV�� WKH�
KLVWRORJLFDO�SLFWXUH�GRHV�QRW�QHFHVVDULO\�FRQILUP�WKH�FOLQLFDO�GLDJQRVLV��$NSLQDU�(OFL�HW�DO
������.UHLVV�HW�DO ������YDQ�5RR\�HW�DO �������,W�LV�WKHUHIRUH�DGYLVDEOH�WR�VDYH�WKH WHUP�
EURQFKLROLWLV�REOLWHUDQV�IRU�KLVWRORJLFDOO\�YHULILHG�FDVHV��*DOEUDLWK�DQG�:HLOO �������:KHQ�
IL[HG� DLUZD\V� REVWUXFWLRQ� RFFXUV� WRJHWKHU� ZLWK� GHPRQVWUDWHG� UDGLRORJLFDO� FKDQJHV�� WKH�
GLDJQRVLV�RI�EURQFKLROLWLV�REOLWHUDQV�V\QGURPH�KDV�UHFHQWO\�FRPH�LQWR�XVH��$NSLQDU�(OFL�HW�
DO ������YDQ�5RR\�HW�DO �����DQG ������� ,Q� WKH�DEVHQFH�RI� UDGLRORJLFDO�FKDQJHV�� IL[HG�
DLUZD\V�REVWUXFWLRQ�VKRXOG�EH�XVHG��

$� UDQJH� RI� GLVHDVHV� GLVSOD\LQJ� IL[HG� DLUZD\V� REVWUXFWLRQ� LQFOXGLQJ� DVWKPD�� FKURQLF�
REVWUXFWLYH� SXOPRQDU\� GLVHDVH� �&23'�� ZLWK� DQG� ZLWKRXW� HPSK\VHPD�� K\SHUVHQVLWLYLW\�
SQHXPRQLWLV� DQG� RUJDQLVLQJ� SQHXPRQLD� KDYH� EHHQ� DVVRFLDWHG� ZLWK� H[SRVXUH� WR� EXWWHU
IODYRXULQJ� SUHSDUDWLRQV� EXW� VFLHQWLILF� HYLGHQFH� RI� WKHLU� DVVRFLDWLRQ� ZLWK� H[SRVXUH� WR�
GLDFHW\O�LV�ORRVHU�WKDQ�IRU�EURQFKLROLWLV�REOLWHUDQV��.UHLVV�DQG�+XEEV ������

%HFDXVH�EURQFKLROLWLV�REOLWHUDQV�LV�D�UDUH�GLVHDVH��VRPH�ZRUNHUV�H[SRVHG�WR�GLDFHW\O�PD\�
KDYH� EHHQ� SRWHQWLDOO\� PLVGLDJQRVHG� ZLWK� DVWKPD�� EURQFKLWLV�� HPSK\VHPD DQG�RU�
SQHXPRQLD��7KH�ORVV�RI�SXOPRQDU\�IXQFWLRQ�DVVRFLDWHG�ZLWK�VHYHUH�EURQFKLROLWLV�REOLWHUDQV�
LV�E\�GHILQLWLRQ�SHUPDQHQW��26+$ ����D��DQG�KDV�LQ�VHYHUDO�FDVHV�UHVXOWHG LQ�WKH�GHDWK�
RI� DIIHFWHG� VXEMHFWV� �(JLOPDQ� HW DO ������ RU� LQGLYLGXDOV� EHLQJ� SODFHG� RQ� OXQJ�
WUDQVSODQWDWLRQ�OLVWV��$NSLQDU�(OFL�HW�DO ������3DUPHW�DQG�YRQ�(VVHQ �������+RZHYHU��OHVV�
VHYHUH�OXQJ�REVWUXFWLRQ��RU�UHVWULFWLRQ��ZDV�PXFK�PRUH�IUHTXHQW��.UHLVV�HW�DO �������DV�
VKRZQ�LQ�$SSHQGL[ ��

,Q������� RQH� FDVH� RI� EURQFKLROLWLV� REOLWHUDQV�ZDV� REVHUYHG� LQ�D�SDFNDJLQJ�ZRUNHU� DW� D
PLFURZDYH� SRSFRUQ� PDQXIDFWXULQJ� SODQW� �.UHLVV� HW� DO ������� $GGLWLRQDO� FDVHV� RI�
EURQFKLROLWLV� REOLWHUDQV� RU� REVWUXFWLYH� OXQJ� GLVHDVH� LQ� RWKHU� PLFURZDYH� SRSFRUQ�
PDQXIDFWXULQJ�SODQWV��LQFOXGLQJ�DW�OHDVW�� GHDWKV��ZHUH�VXEVHTXHQWO\�UHSRUWHG��,8)�������
.UHLVV�HW�DO ������173�������

,Q�VXEVHTXHQW VWXGLHV��D�VXEFOLQLFDO�GHFOLQH�LQ�OXQJ�IXQFWLRQ�DOVR�DSSHDUV�DVVRFLDWHG�ZLWK�
GLDFHW\O�H[SRVXUH��ZKLFK�IXUWKHU�FRQWULEXWHV�WR�WKH�KD]DUG�FKDUDFWHULVDWLRQ��,Q�������WKH�
&DOLIRUQLD� 'HSDUWPHQW� RI� 3XEOLF� +HDOWK� FRQGXFWHG� D� FURVV�VHFWLRQDO� VWXG\� LQ ��� IODYRXU�
PDQXIDFWXULQJ�SODQWV��7KH�VWXG\�FRPSULVHG�����ZRUNHUV�ZLWK�H[SORLWDEOH TXHVWLRQQDLUHV�
DQG� DFFHSWDEOH� TXDOLW\� VSLURPHWU\ FRPSULVLQJ� )(9� DQG� IRUFHG YLWDO� FDSDFLW\� �)9&���
2FFXUUHQFH�RI� UHVSLUDWRU\� V\PSWRPV� �G\VSQRHD�� FKURQLF�EURQFKLWLV�� DVWKPD�� FRXJK�DQG�
ZKHH]H��ZDV� DW� VLPLODU� RU� ORZHU� UDWHV DV� FRPSDUHG� WR� WKH� JHQHUDO 86�SRSXODWLRQ�� 7KH�
SUHYDOHQFH�UDWLR��35��QXPEHU�RI�REVHUYHG�QXPEHU�RI�H[SHFWHG�FDVHV��ZDV�REWDLQHG�IURP�
WKH�ZRUNLQJ�SRSXODWLRQ�DQG�H[SHFWHG� FDVHV� HVWLPDWHG� IURP� WKH�JHQHUDO�86�SRSXODWLRQ��
7KH�SUHYDOHQFH�UDWLR��������� ��&,�����±�������REVHUYHG�FDVHV�����H[SHFWHG�FDVHV��IRU�
VHYHUH�OXQJ�REVWUXFWLRQ��SHUFHQW�SUHGLFWHG�)(9����� ���ZDV�KLJKHU�DPRQJ�WKH�ZRUNHUV��
WKH� REVHUYHG� FDVHV� KDG� QHYHU� VPRNHG�� (VSHFLDOO\�� \RXQJ� ZRUNHUV� �DJH �� ��� \HDUV��
VKRZHG�D�KLJK�H[FHVV�RI�VHYHUH�REVWUXFWLRQ�>35���� ��&,��������±���@��7KH�QXPEHU�RI�
ZRUNHUV� ZLWK� OHVV� VHYHUH� REVWUXFWLRQ� ZDV� QRW� GLIIHUHQW� IURP� WKH� H[SHFWHG� QXPEHU��
2EVWUXFWLRQ�ZDV�PRVW� SUHYDOHQW� ���� ��� LQ� FRPSDQLHV� XVLQJ�! ���� SRXQGV RI� GLDFHW\O�
DQQXDOO\� FRPSDUHG� WR� WKH� SUHYDOHQFH ���� ��� LQ� FRPSDQLHV� XVLQJ� OHVV� GLDFHW\O�� 7KH�
SUHYDOHQFH� RI� REVWUXFWLRQ� LQ� ZRUNHUV� FXUUHQWO\� GRLQJ� DQ\� SURGXFWLRQ� WDVN� ZDV� ��� ��
FRPSDUHG�WR���� ��LQ�SURGXFWLRQ�VXSSRUW�ZRUNHUV��DQG���� ��LQ�RIILFH�ZRUNHUV��.LP�HW�DO
�������

,Q� DQRWKHU� VWXG\�� WKH� &DOLIRUQLD� 'HSDUWPHQW� RI� 3XEOLF� +HDOWK� REWDLQHG� VSLURPHWULF� WHVW�
UHVXOWV� IURP� ZRUNHUV� LQ� ��� IODYRXULQJ� PDQXIDFWXULQJ� FRPSDQLHV� IURP� $SULO ����� WR�
$XJXVW������� ,QWHUSUHWDEOH�GDWD�ZHUH�DYDLODEOH� IURP�����ZRUNHUV���� ��KDG�DEQRUPDO�
UHVXOWV�DW�RQH�RU�PRUH�WHVWV��LQFOXGLQJ���� ��ZLWK�DLUZD\�REVWUXFWLRQ��6HULDO�VSLURPHWULF�
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WHVW� UHVXOWV� IURP� ���� ZRUNHUV� VKRZHG� DQ� DEQRUPDOO\� IDVW� GHFOLQH� LQ� )(9� LQ ��� DQG�
��� � RI� WKH� ZRUNHUV�� UHVSHFWLYHO\�� GHSHQGLQJ� RQ� WKH� TXDOLW\� RI� WKH� VSLURPHWU\� GDWD��
:RUNHUV� LQ FRPSDQLHV� XVLQJ�! ���� SRXQGV� RI� GLDFHW\O� LQ� ����� KDG� DQ� DEQRUPDO )(9�
GHFOLQH� UDWH� WKDW�ZDV��±�� WLPHV�JUHDWHU� WKDQ ZRUNHUV� LQ� FRPSDQLHV�XVLQJ� OHVV�GLDFHW\O�
�.UHLVV�HW�DO �������

,Q�����±������86�1,26+�VWXGLHG�KLJK�TXDOLW\�OXQJ�IXQFWLRQ�WHVWV�LQ�����HPSOR\HHV�LQ�D�
IODYRXULQJ� PDQXIDFWXULQJ� IDFLOLW\� LQ� ,QGLDQD�� 0HDQ� WHQXUH� �UDQJH�� ZDV� ����� ����±����
\HDUV�� 7KH�GLDFHW\O� FRQFHQWUDWLRQV�ZHUH�REWDLQHG�E\�XQELDVHG�PHWKRGV� �26+$� 39�����
DQG��������ZKLFK�VKRZHG�D�JHRPHWULF�PHDQ���KRXU�WLPH�ZHLJKWHG�FRQFHQWUDWLRQ�LQ�WKH�
UDQJH��������±����SSP�DQG�ZLWK�D�PD[LPXP�RI�����SSP��7KHUH�ZHUH�DOVR�H[SRVXUHV�WR�
RWKHU� FRPSRXQGV�� $EQRUPDO� VSLURPHWU\� ZDV� REVHUYHG� DPRQJ� �� � RI� HPSOR\HHV��
5HVWULFWLYH� SDWWHUQV� ZHUH� REVHUYHG� DPRQJ� �� VXEMHFWV ��� ���� ZKLFK� ZDV� PLOG��
PRGHUDWH��PRGHUDWHO\�VHYHUH�DQG�VHYHUH�DPRQJ����������DQG���HPSOR\HHV��UHVSHFWLYHO\��
$Q\�REVWUXFWLYH�SDWWHUQ�ZDV�REVHUYHG�LQ�� �� ��HPSOR\HHV�KDG�PLOG�DQG���KDG�PRGHUDWH�
REVWUXFWLRQ�� $� VHYHUH� PL[HG� SDWWHUQ� �REVWUXFWLYH� �� UHVWULFWLYH�� ZDV� REVHUYHG� LQ� ��
HPSOR\HH��7KH�SUHYDOHQFH�RI�UHVWULFWLRQ�ZDV�����WLPHV�WKDW�LQ�WKH�86 SRSXODWLRQ��$PRQJ�
��� HPSOR\HHV� ZLWK� KLJK� TXDOLW\� VSLURPHWULF� WHVW�� ��� ��� ��� KDG� DQ� H[FHVVLYH� )(9�
GHFOLQH�DQG�DEQRUPDOLWLHV�ZHUH�DSSDUHQWO\�SURJUHVVLYH��7KH�DQQXDO�GHFOLQH� LQ�)(9� ZDV�
���� WLPHV�JUHDWHU�DQG�WKH�DEQRUPDO�GHFOLQH�RFFXUUHG�DERXW��� WLPHV�PRUH� IUHTXHQWO\� LQ�
WKH� KLJKO\� H[SRVHG� FRPSDUHG�ZLWK� HPSOR\HHV� LQ� RWKHU� DUHDV�� 7KH� REVHUYHG� UHVWULFWLYH�
UHDFWLRQV PD\� EH� GXH� WR� RWKHU� FRPSRXQGV� WKDQ� GLDFHW\O�� ZKLFK� DSSHDUHG� PDLQO\�
DVVRFLDWHG�ZLWK�REVWUXFWLYH�DEQRUPDOLWLHV��.UHLVV�HW�DO ������

7KH�UDZ�GDWD�XVHG�E\�.UHLVV�HW�DO �������ZHUH�UH�DQDO\VHG�E\�WKH�3DXVWHQEDFK�JURXS��
7KH\�DOVR�IRXQG�DQ�LQFUHDVHG�SUHYDOHQFH�RI�UHVWULFWLRQ���� ����7KH�SUHYDOHQFH�ULVN�>RGGV�
UDWLR��25������@ ZDV�VLJQLILFDQWO\�LQFUHDVHG�FRPSDUHG�WR�WKH�86 SRSXODWLRQ��+RZHYHU��WKH�
SUHYDOHQFH� RI� UHVWULFWLRQ�ZDV� QRW� UHODWHG� WR� H[SRVXUH� OHYHOV�� 7KXV�� �� �� RI� WKH� KLJKO\�
H[SRVHG�DQG��� ��RI� WKH� ORZ�H[SRVHG�KDG�DLUZD\�UHVWULFWLRQ��1HLWKHU� WHQXUH� LQ�D�ZRUN�
DUHD�ZLWK�KLJK�SRWHQWLDO�IRU�H[SRVXUH��25��������QRU�WHQXUH�LQ�OLTXLG�FRPSRXQGLQJ��25��
������ZDV�DVVRFLDWHG�ZLWK� LQFUHDVHG SUHYDOHQFH��6LPLODUO\��QR�LQFUHDVH�ZDV�REVHUYHG� LQ�
WKRVH ZKR�KDG�HYHU�ZRUNHG�LQ D�MRE�ZLWK�KLJK�SRWHQWLDO�IRU�H[SRVXUH��25��������RU�HYHU�
ZRUNHG� LQ� D� OLTXLG� FRPSRXQGLQJ� DUHD� �25�� ������� $GGLWLRQDOO\�� WKH� GHFUHDVH� LQ� OXQJ�
IXQFWLRQ� �)(9� DQG� )9&�� ZDV� DQDO\VHG� E\� JHQHUDO HVWLPDWLQJ� HTXDWLRQ� �*((�� PRGHOV��
FRQVLGHUHG�VWDWLVWLFDOO\�VXSHULRU�WR�PXOWLSOH�OLQHDU�UHJUHVVLRQ�PRGHOV�XVHG�E\�1,26+��7KH�
*((�PRGHOV�GLG�QRW�LQGLFDWH�DQ�DVVRFLDWLRQ�EHWZHHQ�OXQJ�IXQFWLRQ�GHFOLQH�DQG WHQXUH�DW�
WKH�IDFLOLW\�>S  ������)(9���DQG�������)9&�@��WHQXUH�LQ�ZRUN�DUHDV�ZLWK�KLJK�SRWHQWLDO�IRU�
H[SRVXUH� �S  ���� DQG� ������ UHVSHFWLYHO\� RU� WHQXUH� LQ� OLTXLG FRPSRXQGLQJ� �S  �����
DQG� ������� UHVSHFWLYHO\��� 7KH� DXWKRUV� TXHVWLRQHG� WKH�86 SRSXODWLRQ� �PDLQO\� GULYHQ� E\�
XUEDQ� FHQWUH SRSXODWLRQV�� EHLQJ� DQ� DSSURSULDWH� FRQWURO� JURXS� IRU� WKH� ZRUNHU� FRKRUW��
ZKLFK�FRQVLVWHG PDLQO\�RI�PDOHV�DJHG���±���\HDUV��RI�ZKLFK�DERXW�D�WKLUG�ZHUH�REHVH��
DQG�PDQ\�KDG�IDUPLQJ�H[SRVXUH��7KHUHIRUH��ZRUNHUV�LQ�WKH�JURXS�ZLWK�ORZ�SRWHQWLDO�IRU�
H[SRVXUH�ZHUH�FRQVLGHUHG�PRUH�DSSURSULDWH� IRU� FRPSDULVRQ��ZKLFK�JDYH� WKH�FRQFOXVLRQ�
WKDW� ³PDQ\� \HDUV� RI� H[SRVXUHV� WR� IODYRXULQJ FKHPLFDOV� LQ� WKLV� ZRUNSODFH�� LQFOXGLQJ�
GLDFHW\O��ZHUH� QRW� IRXQG� WR� SURGXFH� DQ� LQFUHDVHG� ULVN� RI� DEQRUPDO� �PDLQO\� UHVWULFWLYH��
VSLURPHWULF�ILQGLQJV´��5RQN�HW�DO ������

$�JURXS�RI�����ZRUNHUV� IURP� WKH�PLFURZDYH� SRSFRUQ�SURGXFWLRQ�SODQW LQ�0LVVRXUL�ZDV�
HYDOXDWHG�E\�1,26+�LQ�������7KHVH�ZRUNHUV�KDG�����WLPHV�WKH�H[SHFWHG�UDWHV�RI�FKURQLF�
FRXJK� DQG� VKRUWQHVV� RI� EUHDWK�� DFFRUGLQJ� WR� FRPSDULVRQV� ZLWK� WKH� QDWLRQDO� GDWD�� DQG�
WZLFH�WKH�H[SHFWHG�UDWHV�RI�SK\VLFLDQ�GLDJQRVHG�DVWKPD�DQG�FKURQLF�EURQFKLWLV��2YHUDOO��
WKH�ZRUNHUV�KDG�����WLPHV�WKH�H[SHFWHG�UDWH�RI�DLUZD\�REVWUXFWLRQ��WKRVH�ZKR�KDG�QHYHU�
VPRNHG�KDG������WLPHV�WKH�H[SHFWHG�UDWH��:RUNHUV�GLUHFWO\�LQYROYHG�LQ�WKH�SURGXFWLRQ�RI�
PLFURZDYH� SRSFRUQ� KDG� KLJKHU� UDWHV� RI� VKRUWQHVV� RI� EUHDWK� RQ� H[HUWLRQ� DQG� VNLQ�
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SUREOHPV�WKDW�KDG�GHYHORSHG�VLQFH�WKH\�VWDUWHG�ZRUN�WKDQ�ZRUNHUV�LQ�RWKHU�SDUWV�RI�WKH�
SODQW��.UHLVV�HW�DO �������$V�LQGLFDWHG�DERYH��6HFWLRQ�������ZRUNHUV�ZHUH�H[SRVHG�WR�DQ�
DHURVRO� DQG� D� UDQJH� RI� RUJDQLF� YDSRXUV� IURP IODYRXULQJV� �.XOOPDQ HW� DO ������� 92&V�
GHWHFWHG�LQ�WKH�DLU�LQ�WKH�PLFURZDYH�DUHD�LQFOXGHG�GLDFHW\O��PHWK\O�HWK\O�NHWRQH��DFHWRLQ��
��QRQDQRQH�DQG�DFHWLF�DFLG��'LDFHW\O��WKH�SUHGRPLQDQW�NHWRQH�LQ�WKH�SODQW��ZDV�SUHVHQW�
LQ�FRQFHQWUDWLRQV�UDQJLQJ�IURP�EHORZ�WKH�/2'���������SSP��WR����SSP��ZLWK�D�PHDQ�RI�
����SSP��$�EURQFKLROLWLV REOLWHUDQV�V\QGURPH�KDG�GHYHORSHG�LQ�DERXW��� ���������RI�WKH�
ZRUNHUV�H[SRVHG�LQ�WKH�PL[LQJ�URRP�ZLWK�D�PHDQ�H[SRVXUH�FRQFHQWUDWLRQ�RI����SSP�DQG�
SHDN�H[SRVXUHV�RI�� ����SSP��ZKHUHDV�LQ�WKH�SDFNLQJ�DUHD�ZLWK�D�PHDQ�H[SRVXUH�RI���
SSP�� �±� �� �������� KDG� GHYHORSHG� D� EURQFKLROLWLV� REOLWHUDQV� V\QGURPH� �$SSHQGL[ ��
�WKLV ZDV� WKH� EDVLV� RI� WKH� 6&2(/� ����� HYDOXDWLRQ�� +RZHYHU�� GHFUHDVHG� OXQJ� IXQFWLRQ�
ZDV�DOVR�UHFRUGHG�DQG�IRUPV�WKH�EDVLV�RI�WKH�SUHVHQW 5HFRPPHQGDWLRQ��7KXV��WKHUH�ZDV�
D VWURQJ�UHODWLRQ�EHWZHHQ�TXDUWLOHV�RI�HVWLPDWHG�FXPXODWLYH�H[SRVXUH�WR�GLDFHW\O�DQG�WKH�
SUHYDOHQFH� DQG� H[WHQW� RI� DLUZD\� REVWUXFWLRQ� �,8)� ������ .UHLVV� HW� DO ������� $� ��� �
UHGXFWLRQ�RI�SUHGLFWHG�)(9���ZDV�REVHUYHG�LQ�WKH�VHFRQG�TXDUWLOH������±��� SSP�\HDUV���
IROORZHG�E\� UHGXFWLRQV� RI� ���� DQG�������� LQ� WKH� WKLUG� ����±�� SSP�\HDUV�� DQG� IRXUWK�
�� �� SSP�\HDUV��TXDUWLOHV��UHVSHFWLYHO\��.UHLVV�HW�DO �������FRQFOXGHG�WKDW�WKH�H[FHVV
UDWHV� RI� OXQJ� GLVHDVH� DQG� OXQJ� IXQFWLRQ� DEQRUPDOLWLHV DV� ZHOO� DV� WKH� UHODWLRQ� EHWZHHQ�
H[SRVXUH�DQG�RXWFRPHV�LQ�WKLV�ZRUNLQJ�SRSXODWLRQ�LQGLFDWHG�WKDW WKHVH�SHRSOH SUREDEO\�
KDG� RFFXSDWLRQDO� EURQFKLROLWLV� REOLWHUDQV� FDXVHG� E\� WKH� LQKDODWLRQ� RI� YRODWLOH� EXWWHU�
IODYRXULQJ�LQJUHGLHQWV��$�12$(& RI����� SSP�\HDUV FXPXODWLYH�H[SRVXUH�FDQ�EH�GHULYHG�
IURP�WKLV�VWXG\��XQFRUUHFWHG�GLDFHW\O�DLU�PHDVXUHPHQWV�REWDLQHG�E\�WKH�1,26+�0HWKRG�
�������,Q�WKH�SODQW��WKH�PHGLDQ�HPSOR\PHQW�GXUDWLRQ�ZDV�����\HDUV��UDQJH�����±������

$� PRUH� UHFHQW� VWXG\� VKRZLQJ� H[SRVXUH�UHVSRQVH� UHODWLRQVKLSV� ZDV� FRQGXFWHG� LQ� WKH
0LVVRXUL�SODQW��.DQZDO�HW�DO �������ZKHUH�HLJKW�IROORZ�XS�VXUYH\V�ZHUH�FRQGXFWHG�LQ�WKH�
SHULRG� 1RYHPEHU� ����±-XO\� ������ H[SRVXUH� DVVHVVPHQWV ZHUH� SHUIRUPHG� ZLWK WKH�
1,26+� 0HWKRG� ���� DQG� UHVXOWV� ZHUH� FRUUHFWHG� ZKHQ� H[SRVXUH� FRQFHQWUDWLRQV� ZHUH�
DERYH� GHWHFWLRQ� OHYHOV�� :RUNHUV� ZHUH� GLYLGHG� LQWR� WKRVH ZKR� VWDUWHG� ZRUNLQJ� EHIRUH�
LPSOHPHQWDWLRQ�RI�FRQWURO�PHDVXUHV�LQ�1RYHPEHU�������JURXS����Q  ����ZLWK���\HDUV�RI�
HPSOR\PHQW�DW�WKH�ODVW�VXUYH\���DQG�WKRVH ZKR�VWDUWHG�DIWHU�1RYHPEHU ������JURXS ���
Q  ���� ZLWK� �� PRQWKV� RI� HPSOR\PHQW� DW� WKH� ODVW� VXUYH\��� ,Q� WKH PL[HUV�� WKH� PHDQ�
�PD[LPXP�� H[SRVXUHV� LQ� WKH� \HDUV� ������ ������ ���� DQG� ���� ZHUH ��� ������� ���
������� �� ����� DQG� ���� ����� SSP�� UHVSHFWLYHO\�� ,Q� WKH� SDFNLQJ� OLQH PDFKLQH� RSHUDWRUV��
FRUUHVSRQGLQJ�H[SRVXUHV�ZHUH����������������������������������DQG ����������������SSP��
UHVSHFWLYHO\��DQG�LQ�WKH�TXDOLW\�FRQWURO�ODERUDWRU\�ZRUNHUV��������������������������������
DQG�������������SSP��UHVSHFWLYHO\��

$�FRPELQHG�VXEJURXS�FRQVLVWLQJ�RI�PL[HUV��PDLQWHQDQFH�DQG�TXDOLW\�FRQWURO�ZRUNHUV ZDV�
FRPSDUHG�ZLWK� D� FRUUHVSRQGLQJ� VXEJURXS� RI� SDFNLQJ� OLQH�ZRUNHUV�� ,Q� JURXS�� �KLJKHVW�
SDVW�H[SRVXUH��ORQJHU�WHQXUH�� WKH�ILUVW�VXEJURXS��Q  ����VKRZHG�REVWUXFWLYH VSLURPHWU\�
ERWK� DW� WKH� ILUVW� DQG� WKH� ODVW� VXUYH\� ����� ��� ������� ZKHUHDV� DPRQJ ZRUNHUV� LQ� WKH�
SDFNLQJ� OLQH� �Q  ���� �� �� ������� VKRZHG� REVWUXFWLRQ� DW� WKH� ILUVW� VXUYH\� DQG� �� ��
�������DW�WKH�ODVW�VXUYH\��,Q�WKH�ILUVW�VXEJURXS��WKH PHDQ�SHUFHQW�SUHGLFWHG�)(9� DW�WKH�
ILUVW� DQG� WKH� ODVW� VXUYH\� ZDV ���� �� DQG� ���� �� UHVSHFWLYHO\�� ,Q� WKH� SDFNLQJ� OLQH�
ZRUNHUV��WKH�PHDQ�YDOXHV ZHUH �����DQG����� ���UHVSHFWLYHO\��,Q�ZRUNHUV�ZLWK�����WHVWV��
WKH�PHDQ�FKDQJH�LQ�)(9� ZDV�������PO�\HDU LQ�WKH�ILUVW�VXEJURXS DQG������ PO�\HDU LQ�
WKH� SDFNLQJ� OLQH� ZRUNHUV�� :RUNHUV� IRU� ZKLFK � �� WHVWV ZHUH� SUHVHQW� VKRZHG� D� PHDQ�
FKDQJH�LQ�)(9� RI�������PO�\HDU�DQG�������PO�\HDU LQ�WKH�ILUVW�VXEJURXS��Q  ����DQG�LQ
SDFNLQJ� OLQH�ZRUNHUV� �Q  ����� UHVSHFWLYHO\��7KH�DXWKRUV� FRQFOXGHG� WKDW� WKHUH�ZHUH�QR�
VWDWLVWLFDOO\� VLJQLILFDQW� FKDQJHV� LQ� WKH� SUHYDOHQFH� RI� DLUZD\� REVWUXFWLRQ� RU� LQ� PHDQ�
SHUFHQW�SUHGLFWHG�)(9� RYHU�WLPH�LQ�HLWKHU�VXEJURXS��QRU�LQ�WKH�GLIIHUHQFH�LQ�PHDQ�DQQXDO�
FKDQJH�LQ�)(9� EHWZHHQ�WKH�VXEJURXSV� ,Q�JURXS�� �QR SDVW�H[SRVXUH��VKRUWHU�WHQXUH��
WKH�ILUVW�VXEJURXS��Q  ���VKRZHG�REVWUXFWLRQ RQ�VSLURPHWU\�LQ����� ��������DQG����� ��
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������� UHVSHFWLYHO\�� LQ WKH� ILUVW� DQG� ODVW� VXUYH\�� ,Q� ERWK� VXUYH\V�� WKH� PHDQ� SHUFHQW�
SUHGLFWHG�)(9� ZDV��� ��LQ�WKH�ILUVW�VXEJURXS�DQG����� ��LQ�WKH�SDFNLQJ�OLQH�ZRUNHUV�
�Q  ��±�����:RUNHUV�ZLWK�����WHVWV�VKRZHG�D PHDQ�FKDQJH�RI�)(9� RI��������PO�\HDU�LQ�
WKH� ILUVW� VXEJURXS� DQG� ������PO�\HDU� LQ� WKH� SDFNLQJ� OLQH�ZRUNHUV� �Q  ����� ,Q�ZRUNHUV�
ZLWK�����WHVWV��WKH�FKDQJHV LQ�WKH�WZR�VXEJURXSV�ZHUH ������PO�\HDU �Q  ���DQG�������
PO�\HDU� �Q  ���� UHVSHFWLYHO\�� 7KH� DXWKRUV� FRQFOXGHG� WKDW� WKHUH� ZHUH� QR� VLJQLILFDQW�
FKDQJHV�LQ�WKH�SUHYDOHQFH�RI�DLUZD\�REVWUXFWLRQ�RU�LQ�PHDQ�SHUFHQW�SUHGLFWHG�)(9� IURP�
WKH� ILUVW� WR� WKH� ODVW� WHVW� LQ� HLWKHU� RI� WKH� JURXS� �� VXEJURXSV�� *URXS� � �KLJKHVW� SDVW�
H[SRVXUH�� ORQJHU� WHQXUH�� DQG�JURXS�� �QR SDVW�H[SRVXUH�� VKRUWHU WHQXUH� ZRUNHUV�ZLWK�
� ��VSLURPHWULF�WHVWV�DQG�D�GHFOLQH�RI�)(9� RI ! ����PO�DQG�RU��� ��IURP�WKH�ILUVW�WR�WKH�
ODVW�WHVW�ZHUH�FRPSDUHG��)RU�DOO�ZRUNHUV�LQ�WKH�WZR�JURXSV��WKH�SUHYDOHQFHV ZHUH ������
��� ���DQG�������� ��� UHVSHFWLYHO\��)RU�WKRVH ZRUNLQJ�DV�PL[HUV�DIWHU�1RYHPEHU ������
SUHYDOHQFHV� ZHUH ���� ��� ��� DQG� ���� �� ���� UHVSHFWLYHO\� )RU� WKRVH� ZRUNLQJ� LQ� WKH�
TXDOLW\� FRQWURO� ODERUDWRU\� DIWHU�1RYHPEHU������� SUHYDOHQFHV�ZHUH����� ��� ���DQG�����
�� ����UHVSHFWLYHO\� )URP�WKLV�VWXG\��LW�LV�DSSDUHQW�WKDW�WKH�GLDFHW\O�DVVRFLDWHG�GHFOLQH�LQ�
OXQJ�IXQFWLRQ�ZDV�PRVW�FRQVSLFXRXV� LQ�JURXS���ZLWK�WKH�KLJKHVW�SDVW�H[SRVXUH�DQG�WKH�
ORQJHVW� H[SRVXUH� GXUDWLRQ�� 7KH� DEQRUPDO� OXQJ� IXQFWLRQ� LQ� JURXS �� ZRUNHUV� UHPDLQHG�
PRVWO\� XQFKDQJHG� RYHU� WLPH�� FRQVLVWHQW� ZLWK� DQ� LUUHYHUVLEOH� OXQJ� GLVHDVH� SURFHVV
�.DQZDO�HW�DO ������

$�UHFHQW�FURVV�VHFWLRQDO�VWXG\�SURYLGHV�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV IURP�D�GLIIHUHQW�
FRKRUW��7KH�HVWLPDWHV�ZHUH�EDVHG�RQ�GDWD�IURP�����HPSOR\HHV�LQ�IRXU�RWKHU�PLFURZDYH�
SRSFRUQ SURGXFWLRQ� SODQWV� VWXGLHG� IURP� ����� WR� ����� �/RFNH\� HW� DO ������� 7KH�
HPSOR\HHV� FRQVLVWHG� RI� QRQ�$VLDQ� PDOHV�� $VLDQ� PDOHV�� QRQ�$VLDQ� IHPDOHV� DQG� $VLDQ�
IHPDOHV�� FRPSULVLQJ� ����� ���� ���� DQG� ��� ZRUNHUV�� UHVSHFWLYHO\�� ,Q� WKH IRXU JURXSV��
PL[HUV�H[SRVHG�EHIRUH� LQWURGXFWLRQ�RI�SUH�SRZHUHG�DLU�SXULI\LQJ� UHVSLUDWRUV �SUH�3$35��
FRPSULVHG� ���� ��� �� DQG� ��� UHVSHFWLYHO\� DQG� WKH� QXPEHU� RI� H[SRVHG� PL[HUV� DIWHU�
LQWURGXFWLRQ� RI� 3$35 ZHUH ���� ��� �� DQG� ��� UHVSHFWLYHO\�� 3HUVRQDO� EUHDWKLQJ� ]RQH�
FRQFHQWUDWLRQV�ZHUH�REWDLQHG�E\�PHDQV�RI�WKH�1,26+�0HWKRG�������FRQVLGHUHG�WR�KDYH�D�
/2' RI�������SSP�DW� WKH�VHW�DLUIORZ��UHSRUWHG�YDOXHV�ZHUH�QRW�FRUUHFWHG�DQG�DUH� WKXV�
FRQVLGHUHG� WR� EH� XQGHUHVWLPDWHG�� 7KH� PHDQ� H[SRVXUH� OHYHOV� ZHUH� VLPLODU� LQ� WKH� IRXU�
SODQWV IRU� QRQ�PL[HUV� ������±������ SSP��� ZKHUHDV� SUH�3$35� PL[HUV� KDG� KLJKHU�
H[SRVXUHV ������±����� SSP��� ([SRVXUHV� LQ PL[HUV DIWHU� LQWURGXFWLRQ� RI� 3$35� ������±
������ SSP�� ZHUH� VLPLODU� WR� QRQ�PL[HUV�� %DVHG� RQ� WKH� GLVWULEXWLRQ� RI� H[SRVXUHV�� WKH�
FXPXODWLYH� GLDFHW\O� H[SRVXUH� ZDV� GLFKRWRPLVHG� DW� KLJK� ��� ���� SSP�\HDUV�� DQG� ORZ�
�� ���� SSP�\HDUV�� OHYHOV�� WKH� VHOHFWHG� FXW� SRLQW�ZDV� DW� WKH� WRS� H[SRVXUHV� LQ�ZRUNHUV�
SHUIRUPLQJ� QRQ�PL[LQJ�� TXDOLW\� DVVXUDQFH�� LQWHUPLWWHQW� PL[LQJ� DQG� 3$35� PL[LQJ��
1XPHURXV� RI� WKH� SUH�3$35�PL[LQJ�ZRUNHUV� �Q  ���� KDG�PXFK� KLJKHU� H[SRVXUH� OHYHOV��
7KRVH� H[SRVHG� DERYH� WKH� FXW�RII� SRLQW� KDG� GHFUHDVHG� )(9� DV� SHUFHQWDJH� RI� WKH�
SUHGLFWHG� YDOXH� HVWLPDWHG� IURP� WKH�86�SRSXODWLRQ�� ERWK� LQ� QRQ�$VLDQ�PDOHV� ������ ���
DQG� $VLDQ� PDOHV� ������ ���� 2QO\� H[SRVXUHV� �� ���� SSP�\HDUV ZHUH� DVVRFLDWHG� ZLWK�
GHFUHDVHG�)(9���7KH�QRQ�$VLDQ�PDOH�ZRUNHUV�LQ�WKH�SUH�3$35�PL[HU�JURXS�KDG�DQ���IROG�
LQFUHDVHG�ULVN�RI�DQ�REVWUXFWLYH�SDWWHUQ���� ��&,���������WKH�YDOXH�ZDV�QRW�DIIHFWHG�E\�
UHPRYLQJ�LQGLYLGXDOV�ZLWK�D SUH�HPSOR\PHQW�KLVWRU\�RI�DVWKPD��7KH���� SSP�\HDUV FXW�
RII�YDOXH�ZDV�GHILQHG�DUELWUDULO\�DQG� LW�FDQQRW�EH�H[FOXGHG�WKDW� WKH WUXH�12$(& LQ� WKLV�
SRSXODWLRQ�LV�KLJKHU��WKLV�YDOXH�VKRXOG��WKHUHIRUH��EH�FRQVLGHUHG�DV�D�ORZHU�ERXQGDU\�RI�
WKH�12$(&�

$� FRPSUHKHQVLYH� GRFXPHQWDWLRQ� RI� WKH� H[SRVXUH� DVVHVVPHQW� XVHG� LQ� WKH� /RFNH\� HW� DO
������� VWXG\�ZDV� SXEOLVKHG� ODWHU� RQ�� 7KH� H[SRVXUH� DVVHVVPHQW� FRPSULVHG� WKH� ODUJHVW�
SXEOLVKHG�GDWD�VHW�RI�GLDFHW\O�PHDVXUHPHQWV�ZLWK�D�VLQJOH�PHWKRG��:KLWH�HW�DO �������,W�
FRPSULVHG�����IXOO�VKLIW�EUHDWKLQJ�]RQH�PHDVXUHPHQWV�RI�ZKLFK����� ��ZHUH�DERYH�WKH
/2'��:KLWH� ������� DOVR� SXEOLVKHG� H[SRVXUH� GDWD� FRUUHFWHG� IRU� DQDO\WLFDO� UHFRYHU\� $W�
KLJK� DEVROXWH� KXPLGLW\� DQG� ORQJ� GD\�WR�H[WUDFWLRQ� YDOXHV� �XS� WR� �� GD\V��� LW� ZDV�
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HVWLPDWHG� WKDW� D� QHZ� FRUUHFWHG� YDOXH� PD\� EH� DV� PXFK� DV� ���IROG� JUHDWHU� WKDQ� WKH�
RULJLQDO� FRQFHQWUDWLRQ� YDOXH�� +RZHYHU�� VDPSOHV� REWDLQHG� XQGHU� FRQGLWLRQV� RI� ORZ�
KXPLGLW\� DQG� VKRUW� GD\V�WR�H[WUDFWLRQ� ��±�� GD\V�� FKDQJHG OLWWOH� &RUUHFWHG� DULWKPHWLF�
PHDQ YDOXHV�ZHUH�URXJKO\�GRXEOH WKRVH�LQ�WKH�RULJLQDO�SDSHUV��7KXV�� LQ�WKH�IRXU�SODQWV��
WKH�DULWKPHWLF�PHDQV LQ�QRQ�PL[HUV �PD[LPXP�LQ�SDUHQWKHVLV��ZHUH ��������������������
���������������������DQG��������������SSP��UHVSHFWLYHO\��&RUUHVSRQGLQJ�YDOXHV LQ�PL[HUV�
ZHUH� ����� �������� ����� �������� ����� ������� DQG� ����� ������ SSP� UHVSHFWLYHO\�� 1R�
FRUUHFWHG�FXPXODWLYH�H[SRVXUH�ZDV�JLYHQ��EXW�LW�FDQ�UHDVRQDEO\�EH�DVVXPHG�WKDW�WKH�FXW�
RII�SRLQW�XVHG�E\�/RFNH\�HW�DO��������ZRXOG�FRUUHVSRQG�WR D�FRUUHFWHG�YDOXH�RI�����SSP�
\HDUV��

%HVLGHV VWXGLHV� FRQGXFWHG� LQ� SODQWV� ZKHUH� H[SRVXUH� LV� WR� FRPSOH[� DUWLILFLDO� EXWWHU
IODYRXULQJ� YDSRXUV� DQG� DHURVROV�� RQH� VWXG\� FRQGXFWHG� LQ� WKH� 1HWKHUODQGV� H[DPLQHG�
ZRUNHUV� PRUH� VSHFLILFDOO\� H[SRVHG� WR� GLDFHW\O�� 9DQ� 5RR\� DQG� FR�ZRUNHUV� H[DPLQHG�
ZRUNHUV�IURP�D�FKHPLFDO�SODQW�WKDW�SURGXFHG�GLDFHW\O�EHWZHHQ �����DQG�������YDQ�5RR\�
HW� DO ���� DQG� ������� 'LDFHW\O� ZDV� SURGXFHG� E\� R[LGDWLRQ� RI� ����EXW\OHQH� JO\FRO� LQWR�
DFHWRLQ��ZKLFK�ZDV�IXUWKHU�R[LGLVHG�LQWR�GLDFHW\O��$FHWDOGHK\GH�DQG�DFHWLF�DFLG�ZHUH�VLGH�
SURGXFWV�RI�WKH�UHDFWLRQ��'LDFHW\O�SURGXFWLRQ�WRRN�SODFH�LQ�D�FRPSOHWHO\�FORVHG�V\VWHP�DW�
HOHYDWHG�WHPSHUDWXUH��3URFHVV�RSHUDWRUV�ZHUH�RQO\�H[SRVHG�WR�WKH�UHDFWLRQ�FRPSRQHQWV�
DW�WKH�HQG�RI�WKH�SURGXFWLRQ�SURFHVV�DQG�GLG�QRW�KDYH�H[SRVXUHV�WR�KHDWHG�SURGXFWV��9DQ�
5RR\� DQG� FR�ZRUNHUV� XVHG� KLVWRULFDO� H[SRVXUH� GDWD� WR� FODVVLI\� DOO� ZRUNHUV� LQWR� WKUHH�
H[SRVXUH�JURXSV�ZLWK�YDU\LQJ�H[SRVXUH�SURILOHV�WR�GLDFHW\O��EDVHG�RQ�IUHTXHQF\�DQG�OHYHO�
RI�H[SRVXUH��SURFHVV�RSHUDWRUV�IRUPLQJ�WKH�KLJKHVW�H[SRVXUH�JURXS� ([SRVXUH�PRQLWRULQJ�
ZDV� GRQH� XVLQJ� FDUWULGJHV� FRQWDLQLQJ� VLOLFD� JHO� FRDWHG�ZLWK� GLQLWURSKHQ\OK\GUD]LQH� DQG�
DQDO\VHG�E\�*&��YDQ�5RR\�HW�DO ������ 7KH�DLU�FRQFHQWUDWLRQV�RI�GLDFHW\O��DV�GHWHUPLQHG�
E\�DUHD�VDPSOLQJ��UDQJHG�LQ�JHQHUDO�IURP�����WR�����PJ�P� DQG�IURP���WR�����PJ�P�

IRU�VSHFLILF�WDVNV��$FHWDOGHK\GH�DLU�FRQFHQWUDWLRQV�UDQJHG�IURP�����WR����PJ�P���&RQWURO�
PHDVXUHV� WDNHQ� LQ� ������ ZLWK� WKH� DLP� RI� HQFORVLQJ� WKH� SURFHVV�� OHG� WR� D� UHGXFHG�
H[SRVXUH� IRU� ERWK� GLDFHW\O� �JHRPHWULF� PHDQ� FKDQJH� IURP� ����� WR� ���� PJ�P��� DQG�
DFHWDOGHK\GH� �JHRPHWULF PHDQ� FKDQJH� IURP� ���� WR� ����PJ�P���� )RXU� FDVHV� FRQVLVWHQW�
ZLWK� D� EURQFKLROLWLV� REOLWHUDQV� V\QGURPH� LQ� WKH� KLJKHVW� H[SRVXUH� JURXS� RI� ���� SURFHVV�
RSHUDWRUV ZHUH� LGHQWLILHG�� WKUHH RI� ZKLFK ZHUH� OLIHORQJ� QRQ�VPRNHUV�� $� FXPXODWLYH
GLDFHW\O� GRVH�UHVSRQVH� UHODWLRQVKLS� FRXOG� QRW� EH� GHPRQVWUDWHG� �YDQ� 5RR\� HW� DO �������
7KH�DXWKRUV�FRQFOXGHG�WKDW�H[SRVXUH�WR�DQ�DJHQW�GXULQJ�GLDFHW\O�SURGXFWLRQ�DSSHDUV�WR�
EH� UHVSRQVLEOH� IRU� FDXVLQJ� D� EURQFKLROLWLV� REOLWHUDQV� V\QGURPH� LQ� FKHPLFDO� SURFHVV�
RSHUDWRUV��FRQVLVWHQW�ZLWK�WKH�VXVSHFWHG�UROH�RI�GLDFHW\O�LQ�GRZQVWUHDP�IRRG�SURGXFWLRQ�
�YDQ�5RR\�HW�DO �����DQG ������

%URQFKLROLWLV�REOLWHUDQV�ZDV�DOVR�GLDJQRVHG�LQ���ZRUNHUV�LQYROYHG�LQ�IODYRXU�PDQXIDFWXUH��
1HLWKHU�RI�WKH�ZRUNHUV ZDV�HPSOR\HG�LQ�WKH�PLFURZDYH�SRSFRUQ LQGXVWU\��ERWK�ZRUNHUV�
KDG� KDQGOHG� SXUH� GLDFHW\O� DV� ZHOO� DV� RWKHU� FKHPLFDOV� LQYROYHG� LQ WKH� PDQXIDFWXULQJ�
SURFHVV��&'& ������

$OWKRXJK� GLDFHW\O� LV� WKRXJKW� WR� EH� WKH� SULPDU\� FRQWULEXWRU� WR� UHVSLUDWRU\� GLVHDVH� LQ�
SRSFRUQ�PDQXIDFWXULQJ� SODQWV��ZRUNHUV� LQ� SURGXFWLRQ� DUHDV�ZHUH� DOVR� H[SRVHG� WR� KLJK�
FRQFHQWUDWLRQV� RI� RWKHU� NHWRQHV�� RWKHU� 92&V�� DQG UHVSLUDEOH� GXVW� 7KHUHIRUH�� GLDFHW\O�
PD\�QRW�EH�WKH�RQO\�IDFWRU�FRQWULEXWLQJ�WR EURQFKLROLWLV�REOLWHUDQV��H�J� WDQQLQV�KDYH�DOVR�
EHHQ�SURSRVHG�DV D�FDXVDO�IDFWRU��.UHLVV�HW�DO �������$V�LQGLFDWHG�IURP�UDW�VWXGLHV ZLWK�
����SHQWDQHGLRQH��DOVR�RWKHU�GLNHWRQHV�PD\�FDXVH�EURQFKLROLWLV�REOLWHUDQV��0RUJDQ�HW�DO
������� ,Q� WKH�SXEOLFDWLRQ�RI�YDQ�5RR\�HW�DO ������ UHODWLQJ� WR�PDQXIDFWXUH�RI�GLDFHW\O��
SRWHQWLDO� DGGLWLRQDO� H[SRVXUHV LQFOXGHG� DFHWRLQ�� DFHWDOGHK\GH DQG� DFHWLF� DFLG� 7KHVH�
VXEVWDQFHV�DUH�SUHVHQW�DOVR�LQ�WKH�SRSFRUQ�PDQXIDFWXULQJ�SODQWV�
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�������$QLPDO�GDWD

,QKDODWLRQ�URXWH

7KH� UHVSLUDWRU\� WR[LFLW\� RI� GLDFHW\O� KDV� EHHQ� VWXGLHG� LQ� UDWV�� $V� UDWV� DUH� REOLJDWH� QRVH�
EUHDWKHUV�� WKH� VFUXEELQJ� HIIHFW� RI� WKH� XSSHU� DLUZD\V� ZDV� E\�SDVVHG� E\� LQWUDWUDFKHDO�
LQVWLOODWLRQ�RI�D�VLQJOH�GRVH������PJ�NJ�LQ�DQ�LQVWLOOHG�YROXPH�RI������O���:LWKLQ���GD\V��
UDWV� GHYHORSHG� VHYHUH� LQWUDOXPLQDO� SRO\SRLG� ILEURVLV� RU� FRQFHQWULF� ILEURVLV� LQ� WKH�
EURQFKLROHV��$LUZD\�UHVLVWDQFH�LQFUHDVHG��DQG�G\QDPLF�DQG�VWDWLF�FRPSOLDQFH�GHFUHDVHG��
7KH� &ODUD� FHOO� VHFUHWRU\� SURWHLQ� GHFUHDVHG�PDUNHGO\�� DQG� LWV� GLVWULEXWLRQ� LQ WKH� DLUZD\�
HSLWKHOLXP� LQGLFDWHG� VHYHUH� HSLWKHOLDO� GLVRUJDQLVDWLRQ�� ,QIODPPDWRU\� FHOOV� ZHUH� PDLQO\�
QHXWURSKLOV� DQG� PDFURSKDJHV� �3DOPHU� HW� DO ������� ,Q� D� VWXG\� LQ� &��%/�� PLFH� RUR�
SKDU\QJHDO� DVSLUDWLRQ� WR� E\SDVV� WKH� QRVH� ����� PJ�NJ� GLDFHW\O� LQ� D� ��� �O� DTXHRXV�
VROXWLRQ� ZDV� XVHG� (IIHFWV� UHFRUGHG� �� GD\V� ODWHU� LQFOXGHG� IRFL� RI ILEURKLVWLRF\WLF�
SUROLIHUDWLRQ�ZLWK�OLWWOH�RU�QR�LQIODPPDWLRQ�DW�WKH�MXQFWLRQ�RI�WKH�WHUPLQDO�EURQFKLROH�DQG�
DOYHRODU�GXFWV��7KH�ILEURKLVWLRF\WLF�OHVLRQV�ZHUH�XVXDOO\�FRPSRVHG�RI�D�PL[WXUH�RI�VSLQGOH�
FHOOV�DQG�KLVWLRF\WH�OLNH�FHOOV��1R�ILEURKLVWLRF\WLF�OHVLRQV�ZHUH�REVHUYHG�DW�WKH�GRVH�RI�����
PJ�NJ��0RUJDQ�HW�DO ������

173�1,(+6� KDV� FDUULHG� RXW� D� QXPEHU� RI� UHSHDWHG� GRVH� LQKDODWLRQ� VWXGLHV� LQ� &��%/���
PLFH��0RUJDQ�HW�DO �������,Q�RQH�VWXG\��PDOH�&��%/���PLFH�ZHUH�ZKROH�ERG\�H[SRVHG WR�
GLDFHW\O�YDSRXU���KRXUV�GD\�IRU���GD\V DW�OHYHOV�RI����Q  ���������Q  ����RU�����SSP�
�Q  �����7KH�GLDFHW\O�H[SRVHG�PLFH�VKRZHG�VHYHUH��GRVH�UHODWHG�FKDQJHV� LQ� WKH�QDVDO�
HSLWKHOLXP� ODU\Q[�DQG�ODUJH�DLUZD\V��7ZR�RI�WKH�PLFH�H[SRVHG�WR�����SSP�ZHUH�IRXQG�
GHDG� DQG� � DQLPDOV� ZHUH� NLOOHG� LQ� D� PRULEXQG� FRQGLWLRQ� DIWHU� �� H[SRVXUHV��
+LVWRSDWKRORJLFDO� H[DPLQDWLRQ� RI� WKH� DQLPDOV� DW� WKLV� H[SRVXUH� FRQFHQWUDWLRQ� VKRZHG�
QHFURWLVLQJ� UKLQLWLV�� QHFURWLVLQJ� ODU\QJLWLV� DQG� EURQFKLWLV�� $W� ���� SSP�� � DQLPDOV� ZHUH�
NLOOHG�DIWHU���H[SRVXUHV�DQG���DQLPDOV DIWHU���H[SRVXUHV� ZLWK�VLPLODU�KLVWRSDWKRORJLFDO
FKDQJHV�� DOWKRXJK� ODU\QJHDO� GDPDJH� ZDV� OHVV� VHYHUH��:KHQ� WKH� GXUDWLRQ� RI� H[SRVXUH�
ZDV� UHGXFHG� WR���KRXU�GD\� IRU��� RU���ZHHNV�DW H[SRVXUH� OHYHOV�RI�������������RU ���
SSP��QR�GHDWKV�RFFXUUHG� 1DVDO�DQG�ODU\QJHDO�WR[LFLW\�ZDV�OHVV�PDUNHG� EXW�SHULEURQFKLDO�
DQG� SHULEURQFKLRODU� O\PSKRF\WLF� LQIODPPDWLRQ� ZDV� REVHUYHG�� $� VLPLODU� SDWWHUQ� ZDV�
REVHUYHG�ZLWK� LQWHUPLWWHQW�KLJK�GRVH�H[SRVXUHV�DW�� ����SSP�����PLQ�� WZLFH�D�GD\����
ZHHNV���

7KH� LQYHVWLJDWRUV� DOVR� H[SRVHG� PDOH� &��%/��� PLFH� ��� SHU� JURXS�� LQ� D� ZKROH�ERG\
H[SRVXUH� FKDPEHU� DW� GLDFHW\O� YDSRXU� OHYHOV� RI� ��� ���� ��� RU� ���� SSP�� �� KRXUV�GD\�� ��
GD\V�ZHHN� IRU� �� RU� ��� ZHHNV� $ IXUWKHU VHW� RI� DQLPDOV� ZDV� DOORZHG� D� ��ZHHN� SRVW�
H[SRVXUH�UHFRYHU\�SHULRG�EHIRUH�H[DPLQDWLRQ��$OO�PLFH�VXUYLYHG�WKH�WUHDWPHQW�SHULRG��,Q�
WKH� ����SSP� JURXS�� VXSSXUDWLYH UKLQLWLV� ZLWK� FKURQLF� DFWLYH� LQIODPPDWLRQ�� IRFL� RI
UHVSLUDWRU\�PXFRVDO�XOFHUDWLRQ�DQG�RU�QHFURVLV��DQG�PRGHUDWH�VTXDPRXV�PHWDSODVLD�ZHUH�
VHHQ�LQ�WKH�QDVDO�HSLWKHOLXP�DIWHU���DQG����ZHHNV�RI�H[SRVXUH��DFFRPSDQLHG�E\ DWURSK\�
RI�WKH�ROIDFWRU\�HSLWKHOLXP��,QIODPPDWRU\�FKDQJHV�DOVR�H[WHQGHG�WR�VRPH�RI�WKH�VPDOOHU�
DLUZD\V� DQG� EURQFKLROHV� LQ� � RI� WKH� � PLFH�� ,QIODPPDWRU\� FKDQJHV�� PHWDSODVLD�� DQG�
ROIDFWRU\�HSLWKHOLDO�DWURSK\�ZHUH�SUHVHQW��ZLWK�GHFUHDVHG�VHYHULW\��LQ�WKH�PLFH�H[SRVHG�WR
���SSP�GLDFHW\O� 1DVDO�OHVLRQV�UHFRUGHG�LQ�WKH�JURXSV�H[SRVHG�WR����DQG�����SSP�ZHUH�
PRUH�VHYHUH�DIWHU���� DV�FRPSDUHG�WR��� PRQWKV�RI�H[SRVXUH��VHYHULW\�VFRUHV����YV������
DQG����YV������UHVSHFWLYHO\���7KH�QDVDO�OHVLRQV�ZHUH�OHVV�VHYHUH�DIWHU���ZHHNV�UHFRYHU\��
,QIODPPDWLRQ�DQG�VTXDPRXV�PHWDSODVLD�ZHUH�UHODWLYHO\�PLQRU�LQ�WKH����SSP�JURXS��

3HULEURQFKLDO�O\PSKRF\WLF�LQIODPPDWLRQ�ZDV�DOVR�QRWHG�DIWHU����ZHHNV�RI�H[SRVXUH�LQ�� RI�
WKH� � PLFH� H[SRVHG� WR� ��� SSP�� DQG� LQ� �� RI� WKH� ��PLFH� H[SRVHG� WR� ��� SSP�� EXW� WKH�
LQIODPPDWLRQ� LQ� WKHVH� DQLPDOV� ZDV� PLQLPDO� WR� PLOG� DQG� ZDV� QRW� DFFRPSDQLHG� E\�
HSLWKHOLDO�DWURSK\�RU�GHQXGDWLRQ��/XQJ�OHVLRQV�ZHUH�QRW�PRUH�VHYHUH�DIWHU����WKDQ�DIWHU���
PRQWKV�� EXW� SHUVLVWHG� �� ZHHNV� DIWHU� FHVVDWLRQ� RI� H[SRVXUH �7DEOH� �� LQ 0RUJDQ� HW� DO
������ 7KH� 12$(&� IRU� SHULEURQFKLRODU� O\PSKRF\WLF� LQIODPPDWLRQ� ZDV� ��� SSP� DQG� WKH�
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ORZHVW�REVHUYHG�DGYHUVH�HIIHFW�FRQFHQWUDWLRQ��/2$(&��ZDV ���SSP��7KH 12$(&�IRU�QDVDO�
HIIHFWV�ZDV�EHORZ����SSP��$V�WKH�FKDQJHV�DW�WKLV�H[SRVXUH�OHYHO�ZHUH�UHODWLYHO\�PLQRU��
���SSP�FDQ�EH�WDNHQ�DV�D�/2$(&�

7KH�DXWKRUV�FRQFOXGHG�WKDW�H[SRVXUH�WR�GLDFHW\O�YDSRXU�UHVXOWV�LQ�D�SDWWHUQ�RI�LQMXU\ WKDW�
UHSOLFDWHV�IHDWXUHV�RI�KXPDQ�EURQFKLROLWLV�REOLWHUDQV �0RUJDQ�HW�DO �������7KLV FRQFOXVLRQ�
KDV��KRZHYHU��EHHQ�FKDOOHQJHG�E\�RWKHUV��H�J��)LQOH\�HW�DO �������ZKR�KDYH�TXHULHG�WKH�
UDWLRQDOH� IRU� WKH� GLDFHW\O� H[SRVXUH� UHJLPHQV� XVHG� LQ� WKHVH� DQLPDO� VWXGLHV� DQG� WKHLU�
UHOHYDQFH� WR� WKH� DFWXDO� ZRUNHU� H[SRVXUH� FRQFHQWUDWLRQV� PHDVXUHG� LQ� WKH� VHQWLQHO
PLFURZDYH�SRSFRUQ�SDFNDJLQJ�SODQW�

)LQOH\� HW� DO ������� KDYH� DOVR� FRPPHQWHG� RQ� WKH� IDFW� WKDW� WKH� SDWWHUQ� RI� UHVSLUDWRU\�
GDPDJH� SURGXFHG� E\� SXUH� GLDFHW\O� LQ� URGHQWV� LV� OLPLWHG� WR� FKDQJHV� LQ� WKH� QDVDO� DQG�
UHVSLUDWRU\� HSLWKHOLXP� DQG� GRHV� QRW� SURJUHVV� WR� REVWUXFWLYH� OXQJ� GLVHDVH� DQG�RU� GHHS�
OXQJ� GDPDJH�� VXSSRUWLQJ� WKH� K\SRWKHVLV� WKDW� RWKHU� DJHQWV� PD\� EH� UHVSRQVLEOH� IRU� RU�
FRQWULEXWH� WR� WKH� OXQJ� GDPDJH� VHHQ� LQ� ZRUNHUV� H[SRVHG� WR� EXWWHU� IODYRXU� IXPHV�� 7KH�
WR[LFRNLQHWLF�GDWD�SURGXFHG�E\ *ORHGH HW�DO ��������6HFWLRQ �������FRQWULEXWH� KRZHYHU��
WR�H[SODLQ�WKHVH�VSHFLHV�GLIIHUHQFHV�

2WKHU�URXWHV

$����GD\�RUDO�WR[LFLW\�VWXG\�LQ�UDWV�KDV�EHHQ�FDUULHG�RXW��DW�GRVH�OHYHOV�RI���������������
RU�����PJ�NJ�GD\�E\�JDYDJH��&ROOH\�HW�DO �������1R�DGYHUVH�HIIHFWV�ZHUH�QRWHG�LQ�WKH�
WKUHH� ORZHVW� GRVH� JURXSV�� $W� WKH� KLJKHVW� GRVH� RI� ���� PJ�NJ�GD\�� UDWV� VKRZHG� D�
GHFUHDVHG� ERG\� ZHLJKW� JDLQ�� DQ� LQFUHDVH� LQ� ZDWHU� FRQVXPSWLRQ�� LQFUHDVHG� EORRG�
OHXNRF\WHV�DQG�DQ�LQFUHDVH�LQ�UHODWLYH�ZHLJKWV�RI�OLYHU��NLGQH\ DQG�DGUHQDO�DQG�SLWXLWDU\
JODQGV��7KHUH�ZDV�PDFURVFRSLF�DQG�PLFURVFRSLF�HYLGHQFH�RI�VHYHUH�LUULWDQF\�LQ�ERWK�WKH�
JODQGXODU�DQG�QRQ�JODQGXODU�SDUWV�RI�WKH�VWRPDFK��7KH�QR�HIIHFW�OHYHO� LQ�WKLV�VWXG\ ZDV�
���PJ�NJ�GD\�

�����*HQRWR[LFLW\

�������,Q�YLWUR

'LDFHW\O� IRUPV� FRYDOHQW� DGGXFWV�ZLWK� ��GHR[\JXDQRVLQH� LQ DQ DFHOOXODU V\VWHP� LQ� YLWUR
�0RUH�HW�DO �������'LDFHW\O�KDV�EHHQ�UHSRUWHG�WR�JLYH�ZHDNO\�SRVLWLYH�UHVXOWV�LQ�WKH�$PHV�
WHVW LQ� 6DOPRQHOOD� W\SKLPXULXP VWUDLQV� 7$����� ���� DQG� ����� LQGLFDWLQJ� D SRWHQWLDO� WR�
LQGXFH�IUDPH�VKLIW�PXWDWLRQV��%MHOGDQHV�DQG &KHZ�������'RUDGR�HW�DO ������0DUQHWW�HW�
DO ������ $�SRVLWLYH�UHVXOW�ZDV�DOVR�REWDLQHG�LQ�(VFKHULFKLD FROL VWUDLQ :3��XYUD��.DWR�HO�
DO ������� EXW� QR� HYLGHQFH� RI� PXWDJHQLFLW\� ZDV� GHPRQVWUDWHG� LQ� WKH� 626�FKURPRWHVW�
XVLQJ� (�� FROL 34��� �YRQ� GHU� +XGH� HW� DO ������� 'LDFHW\O� LQGXFHG� VLVWHU� FKURPDWLG�
H[FKDQJHV� �6&(V�� LQ� &KLQHVH� KDPVWHU� RYDU\� �&+2�� $8;%�� FHOOV� �7XFNHU� HW� DO �������
'LDFHW\O�LQGXFHG�D�PXWDJHQLF�UHVSRQVH�LQ�WKH�/����<�PRXVH�O\PSKRPD�PXWDWLRQ�DVVD\�
LQ WKH� SUHVHQFH� RI� KXPDQ� OLYHU� 6�� IRU� DFWLYDWLRQ�� DOWKRXJK� RQO\� DW� F\WRWR[LF� OHYHOV��
$FFRUGLQJ� WR� WKH� DXWKRUV�� WKH� LQFUHDVH� LQ� WKH� IUHTXHQF\� RI� VPDOO� FRORQLHV� LQ� WKH� DVVD\�
ZLWK� GLDFHW\O� LQGLFDWHG� WKDW� LW� FDXVHV� GDPDJH� WR� PXOWLSOH� ORFL� RQ� FKURPRVRPH� ��� LQ�
DGGLWLRQ�WR�IXQFWLRQDO�ORVV�RI�WKH�WK\PLGLQH NLQDVH�ORFXV��:KLWWDNHU�HW�DO ������

�������,Q�YLYR ± KXPDQ�GDWD

1R�GDWD�RQ�JHQRWR[LF�HIIHFWV�LQ�KXPDQV�ZHUH DYDLODEOH�

�������,Q�YLYR ± DQLPDO�GDWD

'LDFHW\O�KDV�EHHQ�UHSRUWHG�WR�VKRZ�SURPRWLQJ�DQG�LQLWLDWLQJ�DFWLYLWLHV�LQ�WKH�UDW�VWRPDFK�
PXFRVD��)XULKDWD�HW�DO �������,W�ZDV�DGPLQLVWHUHG�LQ�D�VLQJOH�LQWUDJDVWULF�GRVH ZKHUH�WKH�
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PD[LPXP�GRVH�FRUUHVSRQGHG� WR�DERXW�KDOI�RI� WKH�/'�� IROORZHG�E\� LQYHVWLJDWLRQ�RI� WKH�
S\ORULF�PXFRVD�� ,Q� WKH� S\ORULF�PXFRVD�� WKH�RUQLWKLQH�GHFDUER[\ODVH DFWLYLW\� �2'&��ZDV�
PD[LPXP� DQG�GRVH�GHSHQGHQWO\�LQFUHDVHG� ���KRXUV�DIWHU�WKH�DGPLQLVWUDWLRQ������ DQG�
����IROG�DW�����DQG�� ����PJ GLDFHW\O�NJ��UHVSHFWLYHO\���2'&�LV�WKH�UDWH�OLPLWLQJ�VWHS�LQ�
WKH� SRO\DPLQH� V\QWKHVLV�� SRO\DPLQHV� SURPRWH� FHOO� JURZWK�� $OVR� '1$� V\QWKHVLV� ZDV�
PD[LPXP� DQG� GRVH�GHSHQGHQWO\� LQFUHDVHG� ��� KRXUV� DIWHU� WKH� DGPLQLVWUDWLRQ� $W� ����
PJ�NJ� RI GLDFHW\O�� WKH� '1$� V\QWKHVLV� ZDV� LQFUHDVHG DERXW� ���IROG�� 7KH� DXWKRUV�
FRQVLGHUHG WKH�LQFUHDVH�LQ�2'&�DQG�'1$�V\QWKHVLV�WR�UHSUHVHQW�SURPRWLQJ�DFWLYLW\��7KH�
XQVFKHGXOHG�'1$�V\QWKHVLV��8'6��ZDV�XVHG�WR�HYDOXDWH�GLUHFW�'1$�GDPDJH�LQ�WKH�QRQ�6�
SKDVH��7R�GLVWLQJXLVK�QRQ�6�SKDVH�'1$�UHSDLU�IURP�GLDFHW\O�LQGXFHG�6�SKDVH��UHSOLFDWLYH��
'1$�V\QWKHVLV��K\GUR[\XUHD��+8��ZDV�XVHG�WR�VXSSUHVV�WKH�6�SKDVH�'1$�V\QWKHVLV�WR�D�
OHYHO�FRUUHVSRQGLQJ�WR�WKDW�LQ�QRQ�WUHDWHG�DQLPDOV��)XULKDWD�DQG�0DWVXVKLPD��������8'6�
ZDV� VLJQLILFDQWO\� LQFUHDVHG� LQ� WKH GLDFHW\O JURXSV� �������PJ GLDFHW\O�NJ�� FRPSDUHG� WR�
WKH�]HUR� WLPH� OHYHO�� ,W� LV�QRWHG� WKDW� WKH�XVHG�GRVHV�FDXVHG JODQGXODU�VWRPDFK�PXFRVDO�
LQIODPPDWLRQ�

$�QHJDWLYH�UHVXOW�ZDV�REWDLQHG�LQ�WKH�PRXVH�PLFURQXFOHXV�WHVW�DW�GRVH�OHYHOV�XS�WR�����
PJ�NJ��173 ������ LQGLFDWLQJ�WKDW�GLDFHW\O�GRHV�QRW�LQGXFH�V\VWHPLF�JHQRWR[LF�HIIHFWV�

�����&DUFLQRJHQLFLW\

�������+XPDQ�GDWD

7KHUH�ZHUH QR�GDWD�RQ�FDUFLQRJHQLFLW\�LQ�KXPDQV�

�������$QLPDO�GDWD

7KHUH� ZHUH QR� GDWD� IURP� ORQJ�WHUP� DQLPDO� H[SHULPHQWV�� 'LDFHW\O� ZDV� WHVWHG� LQ� D�
VXEFKURQLF����ZHHN VWXG\�IRU� LWV�SRWHQWLDO� WR� LQGXFH�SULPDU\� OXQJ�WXPRXUV� LQ�PDOH�DQG�
IHPDOH� VWUDLQ� $� PLFH�� 'LDFHW\O� ZDV� DGPLQLVWHUHG� RQFH� SHU� ZHHN� E\� LQWUDSHULWRQHDO
LQMHFWLRQ�ZLWK�D�WRWDO�GRVH�RI�HLWKHU�����RU�����J�NJ��7KH�UHVXOWV�RI�DQ�LQLWLDO�VWXG\�VKRZHG�
DQ� LQFUHDVH� LQ� OXQJ� WXPRXUV� DVVRFLDWHG� ZLWK� GLDFHW\O� DV� FRPSDUHG� ZLWK FRQWUROV��
+RZHYHU��D�UHSHDW�VWXG\�VKRZHG�D�VLPLODU�LQFLGHQFH�LQ�GLDFHW\O�WUHDWHG�DQG�FRQWURO�PLFH�
�6WRQHU�HW�DO ������

�����5HSURGXFWLYH�WR[LFLW\

�������+XPDQ�GDWD

1R�KXPDQ�GDWD�ZHUH DYDLODEOH�RQ�WKH�UHSURGXFWLYH�WR[LFLW\�RI�GLDFHW\O�

�������$QLPDO�GDWD

)HUWLOLW\

1R�VSHFLILF�LQYHVWLJDWLRQV�RI�HIIHFWV�RQ�IHUWLOLW\�LQ�DQLPDOV�ZHUH DYDLODEOH�

'HYHORSPHQWDO�WR[LFLW\

*URXSV� RI� ��±��� 6\ULDQ� JROGHQ� KDPVWHUV�� ��±���&'���PLFH�� DQG� ��±��� DOELQR�:LVWDU�
UDWV�ZHUH�JLYHQ�D�VROXWLRQ�FRQWDLQLQJ��� ��GLDFHW\O�E\�JDYDJH�RQ�GD\V��±���RI�JHVWDWLRQ�
IRU�KDPVWHUV�DQG�RQ�GD\V��±���RI�JHVWDWLRQ�IRU�PLFH�DQG�UDWV��7KH�GRVHV�IRU DOO�VSHFLHV�
ZHUH� ���� ���� ��� DQG� � ���� PJ�NJ� EZ� SHU� GD\�� 1R� HIIHFWV� ZHUH� VHHQ� RQ PDWHUQDO�
VXUYLYDO�� ZHLJKW�� UHSURGXFWLYH� SDUDPHWHUV� RU� RQ� IRHWDO� VXUYLYDO� RU� PDFURVFRSLF�
DSSHDUDQFH�RI�H[WHUQDO� VNHOHWDO��RU�VRIW�WLVVXHV��:+2 ������
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���5HFRPPHQGDWLRQ
,Q�KXPDQV��DLUERUQH�H[SRVXUH�WR�GLDFHW\O�LQ�LQGXVWULHV�XVLQJ�EXWWHU�IODYRXULQJ�DJHQWV�KDV�
EHHQ� DVVRFLDWHG� ZLWK� VXEFOLQLFDO� DOWHUDWLRQV� RI� OXQJ� IXQFWLRQ� DQG� ZLWK� IL[HG� DLUZD\�
REVWUXFWLRQ�WKDW�PD\�SURJUHVV�WR�D�OLIH�WKUHDWHQLQJ�EURQFKLROLWLV�REOLWHUDQV�RU�EURQFKLROLWLV�
REOLWHUDQV�V\QGURPH��$QLPDO�VWXGLHV�VXSSRUW�WKH�YLHZ�WKDW�GLDFHW\O�FDQ�EH�WKH�FDXVDWLYH
DJHQW�� DOWKRXJK� RWKHU� FRPSRXQGV LQFOXGLQJ� RWKHU� GLNHWRQHV� DUH� DOVR� SUHVHQW� LQ� EXWWHU�
IODYRXULQJ� PL[WXUHV� �'D\� HW� DO ������� $V� LQGLFDWHG� IURP� UDW� VWXGLHV� ZLWK� ����
SHQWDQHGLRQH�� VXFK� FRPSRXQGV� PD\� DOVR� FDXVH� EURQFKLROLWLV� REOLWHUDQV� �0RUJDQ� HW� DO
�������)XUWKHUPRUH��RWKHU�FRPSRXQGV�PD\�LPSDLU�WKH�ORFDO�PHWDEROLVP�RI�GLDFHW\O�LQ�WKH�
XSSHU� DLUZD\V�� WKHUHE\� LQFUHDVLQJ� LWV� SHQHWUDWLRQ� WR� WKH� EURQFKLRODU� OHYHO�� 6&2(/�
FRQVLGHUV�GLDFHW\O�DV�EHLQJ�DEOH�WR�FDXVH�VXEFOLQLFDO� WR�VHYHUH� IL[HG�DLUZD\�REVWUXFWLRQ��
ZKLFK� LV� WKH� FULWLFDO� KHDOWK�HIIHFW� IRU� UHFRPPHQGLQJ�DQ�2(/��6\PSWRPV� VXFK�DV� FRXJK�
DQG�VKRUWQHVV�RI�EUHDWK�DUH�FRQVLGHUHG�VHFRQGDU\�WR�WKH�REVWUXFWLYH�OXQJ�GLVHDVH��,Q�WKH�
�����HYDOXDWLRQ� 6&2(/ UHFRPPHQGHG DQ���KRXU�7:$�RI�����SSP��,Q�RWKHU�HYDOXDWLRQV��
��KRXU�7:$�UHFRPPHQGHG 2(/V�UDQJH�IURP��������1,26+ ������WR�����SSP��0DLHU�HW�DO
�������,Q�DGGLWLRQ� 1,26+�SURSRVHV D����PLQ�VKRUW�WHUP�H[SRVXUH�OLPLW��67(/��DW����SSE�

,Q� WKH�SUHVHQW�XSGDWH��6&2(/�HYDOXDWHG VHYHUDO� DSSURDFKHV� WR�GHULYH�D� UHFRPPHQGHG
2(/��$SSHQGL[ ���

%HFDXVH�GLDFHW\O�FDQ�FDXVH�PLOG�WR�OLIH�WKUHDWHQLQJ�DLUZD\�REVWUXFWLRQ��6&2(/�VHOHFWHG�D�
FRQVHUYDWLYH�DSSURDFK��DSSURDFK�����6&2(/�GLG�QRW� IROORZ�WKH�1,26+��������DSSURDFK�
�DSSURDFK����EHFDXVH�RI�FRQFHUQV�DERXW� WKH�UREXVWQHVV�RI� WKH�H[SRVXUH�GDWD� RQ�ZKLFK�
WKH�DVVHVVPHQW�ZDV�EDVHG��$SSHQGL[�����6&2(/�DFFHSWHG�WKH�YLHZ�WKDW�D�VHQVLWLYH�JURXS
PD\� H[LVW �1,26+� ������� DOWKRXJK� LW�PD\� DOVR� EH� DQ� DUWHIDFW� GXH� WR� ELDVHG� H[SRVXUH�
DVVHVVPHQW�� )XUWKHUPRUH�� 6&2(/� DFFHSWHG� WKDW� WKHUH� LV� XQFHUWDLQW\� DERXW� WKH�
LPSRUWDQFH� RI� WKH� JHQRWR[LFLW\� RI� GLDFHW\O�� %\� WKH� 6&2(/� DSSURDFK�� D� EHVW� HVWLPDWH�
12$(&� RI� ����� SSP� LV� GHULYHG� IURP� WKH� VWXG\� E\� .UHLVV� HW� DO ����� ������ SSP�\HDUV�
GLYLGHG�E\����\HDUV�PXOWLSOLHG ZLWK�D�FRUUHFWLRQ�IDFWRU�RI���IRU�DQDO\WLFDO�ELDV���8VLQJ�DQ�
DGGLWLRQDO� XQFHUWDLQW\� IDFWRU� RI� �� IRU� SRVVLEOH� VHQVLWLYH� JURXSV� DQG� URXQGLQJ� OHDG� WR� D�
UHFRPPHQGHG���KRXU�7:$�2(/�RI������SSP�������PJ�P����

7KH�SURPRWLRQ�HIIHFW�LQ�UDW�VWRPDFK�PXFRVD�ZDV�UHFRUGHG�DW�KLJK�H[SRVXUH�OHYHOV��� ����
PJ�NJ��� ([SRVXUH� DW� WKH� UHFRPPHQGHG� 2(/� LV� FRQVLGHUDEO\� ORZHU� ������ PJ�P� [� ���
P�����NJ� ������PJ�NJ��DQG�WKH�GRVH�UHDFKLQJ�WKH�WDUJHW�VLWH�LQ�WKH�OXQJV�HYHQ�VPDOOHU��
7KH�SURPRWLRQ�HIIHFWV�REVHUYHG�E\�)XULKDWD�HW�DO �������DUH�WKHUHIRUH�FRQVLGHUHG�RI�OLWWOH�
FRQFHUQ�DQG�FRYHUHG�E\�WKH�FRQVHUYDWLYH�H[WUDSRODWLRQ�RI�DSSURDFK���

$�67(/� LV�QHHGHG�WR�SUHYHQW�DGYHUVH�KHDOWK�HIIHFWV��PDLQO\� UHVSLUDWRU\�GDPDJH��ZKLFK�
PD\�DULVH�GXH�WR�SHDNV�LQ�H[SRVXUH�QRW�FRQWUROOHG�E\�WKH�DERYH�7:$�OLPLW��+RZHYHU��WKH�
GDWD�VHW�RQ�GLDFHW\O�GRHV�QRW�DOORZ GHULYLQJ D VFLHQWLILFDOO\ EDVHG 67(/� 6&2(/�DSSOLHV��
WKHUHIRUH��DQ�DUELWUDU\�DVVHVVPHQW�IDFWRU�RI���RQ�WKH�7:$�2(/�DQG�UHFRPPHQGV D�67(/�
YDOXH�RI������SSP ������PJ�P����

$OWKRXJK� WKH� SRWHQWLDO� IRU� GHUPDO� DEVRUSWLRQ� RI� GLDFHW\O� H[LVWV�� D� VNLQ� QRWDWLRQ� LV� QRW�
ZDUUDQWHG� DV� WKH� DGYHUVH� HIIHFWV� DUH� VHHQ� LQ� WKH� UHVSLUDWRU\� WUDFW� DQG� DUH� GXH� WR�
LQKDODWLRQ��'LDFHW\O�LV�D�VHYHUH�VNLQ�DQG�H\H�LUULWDQW��EXW�QRW�FRQVLGHUHG�D�VNLQ�VHQVLWLVHU
LQ� KXPDQV� 7KXV�� FDUH� VKRXOG� EH� WDNHQ� WR� DYRLG� GHUPDO� H[SRVXUH�ZKHQ� KDQGOLQJ� EXON�
TXDQWLWLHV�RI�GLDFHW\O�

'LDFHW\O� FDQ� EH�PHDVXUHG� E\� XQELDVHG�PHWKRGV� DW� ORZ� FRQFHQWUDWLRQV�� LQGLFDWLQJ� WKDW�
PHDVXUHPHQW�GLIILFXOWLHV�DUH�QRW�IRUHVHHQ DW�WKH�UHFRPPHQGHG�2(/�DQG�67(/�

7KH�SUHVHQW�5HFRPPHQGDWLRQ�ZDV�DGRSWHG�E\�6&2(/�RQ��� -XQH������
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���5HIHUHQFHV
$NSLQDU�(OFL�0��7UDYLV�:'��/\QFK�'$��.UHLVV�. ��������%URQFKLROLWLV�REOLWHUDQV�V\QGURPH�

LQ�SRSFRUQ�SURGXFWLRQ�SODQW�ZRUNHUV��(XU�5HVSLU�-������������

$QGHUVRQ� 6(�� :HOOV -5�� )HGRURZLF]� $�� %XWWHUZRUWK� /)�� 0HDGH� %-�� 0XVRQ� $(� ��������
(YDOXDWLRQ� RI� WKH� FRQWDFW� DQG� UHVSLUDWRU\� VHQVLWL]DWLRQ� SRWHQWLDO� RI� YRODWLOH� RUJDQLF�
FRPSRXQGV�JHQHUDWHG�E\�VLPXODWHG�LQGRRU�DLU�FKHPLVWU\��7R[LFRO�6FL ��������������

$VKOH\�.��0F.HUQDQ� /7�� %XUURXJKV� (��'HGGHQV� -�� 3HQGHUJUDVV�6�� 6WUHLFKHU�53� �������
)LHOG HYDOXDWLRQ� RI� GLDFHW\O� VDPSOLQJ� DQG� DQDO\WLFDO�PHWKRGV�� -�2FFXS�(QYLURQ�+\J�
��'���±'����

%$6)���������6WXG\�RQ�WKH�DFXWH�LQKDODWLRQ�WR[LFLW\�/&���RI�GLDFHW\O )&&�DV�D�YDSRXU�LQ�
UDWV��3URMHFW�1R������������������FLWHG�LQ�173������

%MHOGDQHV�/)��&KHZ�+ ������� 0XWDJHQLFLW\�RI�����GLFDUERQ\O� FRPSRXQGV��PDOWRO�� NRMLF
DFLG��GLDFHW\O�DQG�UHODWHG�VXEVWDQFHV� 0XWDW�5HV���������������

&'&��&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ ��������)L[HG�REVWUXFWLYH�OXQJ GLVHDVH�
DPRQJ�ZRUNHUV� LQ�WKH�IODYRU�PDQXIDFWXULQJ�LQGXVWU\��&DOLIRUQLD�������������00:5�
0RUE�0RUWDO�:NO\�5HS ���������������

&'&�� &HQWHUV� IRU� 'LVHDVH� &RQWURO� DQG� 3UHYHQWLRQ� 6NLQ� 3HUPHDWLRQ� &DOFXODWRU �������
KWWS���ZZZ�FGF�JRY�QLRVK�WRSLFV�VNLQ�VNLQ3HUP&DOF�KWPO �DFFHVVHG � )HEUXDU\ ������

&ROOH\�-��*DXQW�/)��/DQVGRZQ�$%*��*UDVVR 3��*DQJROOL�6' ��������$FXWH�DQG�VKRUW�WHUP�
WR[LFLW\�RI�GLDFHW\O�LQ�UDWV��)RRG�&RVPHW 7R[LFRO������������

&R[�*DQVHU�-��*DQVHU�*��6DLWR�5��+REEV�*��%R\OVWHLQ�5��+HQGULFNV�:��6LPPRQV�0��(LGH�
0��.XOOPDQ�*��3LDFLWHOOL�& ������� &RUUHFWLQJ�GLDFHW\O�FRQFHQWUDWLRQV�IURP�DLU�VDPSOHV�
FROOHFWHG�ZLWK�1,26+�PHWKRG�������-�2FFXS�(QYLURQ�+\J���������

'D\� *�� /H%RXI� 5�� *URWH� $�� 3HQGHUJUDVV� 6�� &XPPLQJV� .�� .UHLVV� .�� .XOOPDQ� * �������
,GHQWLILFDWLRQ�DQG PHDVXUHPHQW�RI GLDFHW\O�VXEVWLWXWHV�LQ�GU\�EDNHU\�PL[ SURGXFWLRQ�
-�2FFXS�(QYLURQ�+\J����������

'RUDGR�/��5XL]�0RQWR\D�0� 5RGULJXH]�0HOODGR�-0 ������� $�FRQWULEXWLRQ�WR�WKH�VWXG\�RI
WKH�VWUXFWXUH�PXWDJHQLFLW\�UHODWLRQVKLS�IRU�D�GLFDUERQ\O�FRPSRXQGV�XVLQJ�WKH�$PHV�
WHVW��0XWDW�5HV ���������������

(JLOPDQ�'��0LOORX[�&��9DOHQWLQ�& ��������3RSFRUQ�ZRUNHU� OXQJ�FDXVHG�E\�FRUSRUDWH�DQG�
UHJXODWRU\�QHJOLJHQFH��DQ�DYRLGDEOH�WUDJHG\��,QW�-�2FFXS�(QYLURQ�+HDOWK ���������

)LQOH\� %/�� )ODNH�*3�� .LUE\� 3-�� 3DOPHU 60� ������� &RPPHQWV� RQ� UHVSLUDWRU\� WR[LFLW\� RI
GLDFHW\O��7R[LFRO 6FL�������������

)XMLRND�.��6KLEDPRWR�7 ��������'HWHUPLQDWLRQ�RI�WR[LF�FDUERQ\O�FRPSRXQGV�LQ�FLJDUHWWH�
VPRNH��(QYLURQ�7R[LFRO����������

)XULKDWD�&��<RVKLGD�6��0DWVXVKLPD�7���������3RWHQWLDO�LQLWLDWLQJ�DQG�SURPRWLQJ�DFWLYLWLHV�
RI�GLDFHW\O�DQG�JO\R[DO�LQ�UDW�VWRPDFK�PXFRVD��-SQ�-�&DQFHU�5HV������������

)XULKDWD�&��0DWVXVKLPD�7���������8VH�RI�LQ�YLYR�LQ�YLWUR�XQVFKHGXOHG�'1$�V\QWKHVLV�IRU�
LGHQWLILFDWLRQ�RI�RUJDQ�VSHFLILF�FDUFLQRJHQV��&ULW�5HY�7R[LFRO������������
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*DOEUDLWK�'� :HLOO�'���������3RSFRUQ�OXQJ�DQG�EURQFKLROLWLV�REOLWHUDQV��D�FULWLFDO�DSSUDLVDO��
,QW�$UFK�2FFXS�(QYLURQ�+HDOWK�������±���

*ORHGH� (�� &LFKRFNL� -$�� %DOGLQR� -%�� 0RUULV� -% ������� $� YDOLGDWHG� K\EULG� FRPSXWDWLRQDO�
IOXLG� G\QDPLFV�SK\VLRORJLFDOO\� EDVHG� SKDUPDFRNLQHWLF� PRGHO� IRU� UHVSLUDWRU\� WUDFW�
YDSRU�DEVRUSWLRQ�LQ�WKH�KXPDQ�DQG�UDW�DQG�LWV�DSSOLFDWLRQ�WR�LQKDODWLRQ�GRVLPHWU\�RI�
GLDFHW\O��7R[LFRO�6FL�������������

+DUEHU 3�� 6DHFKDR� .�� %RRPXV� & �������� 'LDFHW\O�LQGXFHG� OXQJ� GLVHDVH�� 7R[LFRO� 5HY
��������������

+HQGULFN� '-� �������� ³3RSFRUQ� ZRUNHU¶V� OXQJ´� LQ� %ULWDLQ� LQ� D� PDQ�PDNLQJ� SRWDWR� FULVS�
IODYRXULQJ��7KRUD[ �����������

+HQVFKOHU� ' ������� ([SRVXUH� OLPLWV�� KLVWRU\�� SKLORVRSK\�� IXWXUH� GHYHORSPHQWV�� $QQ�
2FFXS�+\J����������

+XEEV�$)��%DWWHOOL�/$��*ROGVPLWK�:7��3RUWHU�':��)UD]HU�'��)ULHQG�6��6FKZHJOHU�%HUU\�'��
0HUFHU� 55�� 5H\QROGV� -6�� *URWH� $�� &DVWUDQRYD� 9�� .XOOPDQ� *�� )HGDQ� -6�� 'RZG\� -��
-RQHV�:* ��������1HFURVLV�RI�QDVDO�DQG�DLUZD\�HSLWKHOLXP�LQ�UDWV�LQKDOLQJ�YDSRUV RI�
DUWLILFLDO�EXWWHU�IODYRXULQJ� 7R[LFRO�$SSO 3KDUPDFRO ���������������

+XEEV�$)��&XPSVWRQ�$0��*ROGVPLWK�:7��%DWWHOOL�/$��.DVKRQ�0/��-DFNVRQ�0&��)UD]HU�'*��
)HGDQ� -6�� *RUDYDQDKDOO\� 03�� &DVWUDQRYD� 9�� .UHLVV� .�� :LOODUG� 3$�� )ULHQG� 6��
6FKZHJOHU�%HUU\� '�� )OXKDUW\� ./�� 6ULUDP� . ������� 5HVSLUDWRU\� DQG� ROIDFWRU\�
F\WRWR[LFLW\� RI� LQKDOHG� ����SHQWDQHGLRQH� LQ� 6SUDJXH�'DZOH\� UDWV�� $P� -� 3DWKRO�
������������

+XEEV� $)�� *ROGVPLWK� :7�� .DVKRQ� 0/�� )UD]HU� '�� 0HUFHU� 55�� %DWWHOOL� /$� .XOOPDQ� *-��
6FKZHJOHU�%HUU\ '� )ULHQG 6� &DVWUDQRYD�9 ��������5HVSLUDWRU\�WR[LFRORJLF�SDWKRORJ\�
RI�LQKDOHG�GLDFHW\O�LQ�6SUDJXH�'DZOH\�UDWV��7R[LFRO�3DWKRO�����������

,3&6�� ,QWHUQDWLRQDO� 3URJUDPPH� IRU� &KHPLFDO� 6DIHW\� ������� ����%XWDQHGLRQH�
,QWHUQDWLRQDO�&KHPLFDO�6DIHW\ &DUGV��,&6&������

,8)� ,QWHUQDWLRQDO�8QLRQ�RI�)RRG��$JULFXOWXUDO� +RWHO��5HVWDXUDQW��&DWHULQJ��7REDFFR�DQG�
$OOLHG�:RUNHUV¶�$VVRFLDWLRQV ��������)ODYRXULQJ LQJUHGLHQW GLDFHW\O OLQNHG WR GHDGO\
OXQJ�GLVHDVH� KWWS���ZZZ�LXI�RUJ�FJL�
ELQ�GEPDQ�GE�FJL"GE GHIDXOW	ZZ �	XLG GHIDXOW	,' ����	YLHZBUHFRUGV �	HQ ��

.DQZDO� 5 ������� /HWWHU� WR� )UDQN� 0RUULVRQ�� 1HEUDVND� 3RSFRUQ�� &OHDUZDWHU�� 1HEUDVND��
UHJDUGLQJ� ILQGLQJV� IURP� )HEUXDU\� ����� +HDOWK� +D]DUG� (YDOXDWLRQ� �++(�� DW� SODQW�
GDWHG�-XO\����������+(7$�����������
KWWS���ZZZ�FGF�JRY�QLRVK�KKH�UHSRUWV�SGIV�����������OHWWHU�SGI�

.DQZDO� 5�� 0DUWLQ� 6%�� -U �������� /HWWHU� WR� .HLWK� +HXHUPDQQ�� %. +HXHUPDQQ� 3RSFRUQ��
,QF��� 3KLOOLSV�� 1HEUDVND�� UHJDUGLQJ� ILQGLQJV� IURP� $XJXVW� ����� +HDOWK� +D]DUG�
(YDOXDWLRQ��++(� DW�SODQW�GDWHG�0D\���� ������+(7$�����������
KWWS���ZZZ�FGF�JRY�QLRVK�KKH�UHSRUWV�SGIV�����������OHWWHU�SGI�

.DQZDO�5��.XOOPDQ�*��3LDFLWHOOL�&��%R\OVWHLQ�5��6DKDNLDQ�1��0DUWLQ�6��)HGDQ�.��.UHLVV�.
��������(YDOXDWLRQ�RI� IODYRULQJV�UHODWHG� OXQJ�GLVHDVH� ULVN�DW� VL[�PLFURZDYH�SRSFRUQ�
SODQWV��-�2FFXS�(QYLURQ�0HG ��������������

.DQZDO� 5�� .XOOPDQ� *�� )HGDQ� .%�� .UHLVV� . ������� 2FFXSDWLRQDO� OXQJ� GLVHDVH� ULVN� DQG�
H[SRVXUH� WR� EXWWHU�IODYRULQJ� FKHPLFDOV� DIWHU� LPSOHPHQWDWLRQ� RI� FRQWUROV� DW� D�
PLFURZDYH�SRSFRUQ�SODQW��3XEOLF�+HDOWK�5HS�������������
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.DWR� )�� $UDNL� $�� 1R]DNL� .� 0DWVXVKLPD� 7 �������� 0XWDJHQLFLW\� RI DOGHK\GHV� DQG�
GLNHWRQHV� 0XWDW�5HV�������������

.LP�-/��0DWHUQD�%/��3UXGKRPPH�-&��)HGDQ�.%��(QULJKW�3/��6DKDNLDQ�10��:LQGKDP�*&��
.UHLVV� . ������� ,QGXVWU\�ZLGH� PHGLFDO� VXUYHLOODQFH� RI� &DOLIRUQLD� IODYRU�
PDQXIDFWXULQJ�ZRUNHUV��FURVV�VHFWLRQDO�UHVXOWV��$P�-�,QG�0HG�������������

.RYDFLF�3��&RRNV\�$/ ������� (OHFWURQ�WUDQVIHU�DV�D�SRWHQW�FDXVH�RI�GLDFHW\O� WR[LFLW\� LQ�
SRSFRUQ�OXQJ�GLVHDVH��5HY (QYLURQ�&RQWDP 7R[LFRO�������������

.UHLVV�.��)HGDQ�.%��1DVUXOODK�0��.LP�7-��0DWHUQD�%/��3UXGKRPPH�-&��(QULJKW�3/ �������
/RQJLWXGLQDO� OXQJ� IXQFWLRQ� GHFOLQHV� DPRQJ� &DOLIRUQLD� IODYRULQJ� PDQXIDFWXULQJ�
ZRUNHUV��$P�-�,QG�0HG������������

.UHLVV� .�� *RPDD� $�� .XOOPDQ� *�� )HGDQ� .�� 6LPRHV� (-�� (QULJKW� 3/� �������� &OLQLFDO�
EURQFKLROLWLV� REOLWHUDQV� LQ� ZRUNHUV DW� D� PLFURZDYH�SRSFRUQ� SODQW�� 1HZ� (QJ� -� 0HG�
���������������

.UHLVV� . �������� )ODYRULQJ�UHODWHG� EURQFKLROLWLV� REOLWHUDQV�� &XUU� 2SLQ� $OOHUJ\� &OLQ�
,PPXQRO��������������

.UHLVV� .�� +XEEV� $ �������� /HWWHU� WR� WKH� (GLWRU� 5(� *DOEUDLWK� '� DQG� :HLOO� '� �������
3RSFRUQ�OXQJ�DQG�EURQFKLROLWLV�REOLWHUDQV��D�FULWLFDO�DSSUDLVDO� ,QW�$UFK�2FFXS�(QYLURQ�
+HDOWK ��������������

.UHLVV� .�� 3LDFLWHOOL� &�� &R[�*DQVHU� - ������� /XQJ� IXQFWLRQ� �VSLURPHWU\�� WHVWLQJ� LQ�
HPSOR\HHV� DW� D� IODYRULQJV� PDQXIDFWXULQJ� SODQW� ± ,QGLDQD�� 1DWLRQDO� ,QVWLWXWH� RI�
2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��+HDOWK�KD]DUG�HYDOXDWLRQ �++(� UHSRUW��+(7$������
�����������-XQH�������

.XOOPDQ� *�� %R\OVWHLQ� 5�� -RQHV� :�� 3LDFLWHOOL� &�� 3HQGHUJUDVV� 6�� .UHLVV� . �������
&KDUDFWHUL]DWLRQ�RI�UHVSLUDWRU\�H[SRVXUHV�DW�D�PLFURZDYH�SRSFRUQ�SODQW�ZLWK�FDVHV�RI�
EURQFKLROLWLV�REOLWHUDQV� -�2FFXS�(QYLURQ�+\J �������������

/DUVHQ�67��$ODULH�<��+DPPHU 0��1LHOVHQ�*'�������� $FXWH�DLUZD\�HIIHFWV�RI�GLDFHW\O� LQ�
PLFH��,QKDO�7R[LFRO��������������

/RFNH\� -(�� +LOEHUW� 7-�� /HYLQ� /3�� 5\DQ� 3+�� :KLWH� ./�� %RUWRQ� (.�� 5LFH� &+�� 0F.D\� 57��
/H0DVWHUV�*. ������� $LUZD\�REVWUXFWLRQ�UHODWHG�WR�GLDFHW\O�H[SRVXUH�DW�PLFURZDYH
SRSFRUQ�SURGXFWLRQ�IDFLOLWLHV��(XU�5HVSLU�-����������

0DLHU� $�� .RKUPDQ�9LQFHQW�0�� 3DUNHU� $�� +DEHU� /7 ������� (YDOXDWLRQ� RI� FRQFHQWUDWLRQ�
UHVSRQVH� RSWLRQV� IRU� GLDFHW\O� LQ� VXSSRUW� RI� RFFXSDWLRQDO� ULVN� DVVHVVPHQW�� 5HJXO�
7R[LFRO�3KDUPDFRO������������

0DUFKDQG 6��$OP\�-��GH�5HYHO�* ������� 7KH�F\VWHLQH�UHDFWLRQ�ZLWK�GLDFHW\O�XQGHU�ZLQH�
OLNH� FRQGLWLRQV�� SURSRVHG� PHFKDQLVPV� IRU� PL[HG� RULJLQV� RI� ��PHWK\OWKLD]ROH�� ��
PHWK\O���WKLD]ROLQH�� ��PHWK\OWKLD]ROLGLQH�� DQG� ������WULPHWK\OR[D]ROH�� -� )RRG� 6FL�
���&����&����

0DUQHWW�/-��+XUG�+.��+ROOVWHLQ�0&��/HYLQ�'(��(VWHUEDXHU�+� $PHV�%1 ������� 1DWXUDOO\�
RFFXUULQJ� FDUERQ\O� FRPSRXQGV� DUH� PXWDJHQV� LQ� 6DOPRQHOOD� WHVWHU� VWUDLQ� 7$�����
0XODW�5HV����������������

0DUW\Q\�-:��YDQ�'\NH�09��$UEXFNOH�6��7RZOH�0��5RVH�&6 ��������'LDFHW\O�H[SRVXUHV�LQ�
WKH�IODYRU�PDQXIDFWXULQJ�LQGXVWU\��-�2FFXS�(QYLURQ�+\J�����������
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0DWKHZV� -0��:DWVRQ� 6/�� 6Q\GHU� 5:�� %XUJHVV� -3�� 0RUJDQ� '/ �������� 5HDFWLRQ� RI� WKH�
EXWWHU� IODYRUDQW� GLDFHW\O� �����EXWDQHGLRQH�� ZLWK� 1�D�DFHW\ODUJLQLQH�� D� PRGHO� IRU�
HSLWRSH�IRUPDWLRQ ZLWK�SXOPRQDU\�SURWHLQV�LQ�WKH�HWLRORJ\�RI�REOLWHUDWLYH�EURQFKLROLWLV��
-�$JULF )RRG�&KHP����������������

0RUH�66��5D]D�$��9LQFH�5 ������� 7KH�EXWWHU�IODYRUDQW��GLDFHW\O��IRUPV�D�FRYDOHQW�DGGXFW�
ZLWK� ��GHR[\JXDQRVLQH�� XQFRLOV� '1$�� DQG� OHDGV� WR� FHOO� GHDWK�� -� $JULF� )RRG� &KHP�
�������������

0RUULV� -%�� +XEEV� $) ������� ,QKDODWLRQ� GRVLPHWU\� RI� GLDFHW\O� DQG� EXW\ULF� DFLG�� WZR�
FRPSRQHQWV�RI�EXWWHU�IODYRULQJ�YDSRUV��7R[LFRO�6FL�������������

0RUJDQ� '/�� )ODNH� *3�� .LUE\� 3-�� 3DOPHU� 60 �������� 5HVSLUDWRU\� WR[LFLW\� RI� GLDFHW\O� LQ
&��%/���PLFH��7R[LFRO 6FL����������������

0RUJDQ�'/��-RNLQHQ�03��3ULFH�+&��*ZLQQ�:0��3DOPHU�60��)ODNH�*3 ������� %URQFKLDO�DQG�
EURQFKLRODU� ILEURVLV� LQ� UDWV� H[SRVHG� WR� ����SHQWDQHGLRQH� YDSRUV�� LPSOLFDWLRQ� IRU�
EURQFKLROLWLV�REOLWHUDQV�LQ�KXPDQV��7R[LFRO�3DWKRO������������

1,26+��1DWLRQDO�,QVWLWXWH�IRU 2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK ��������+(7$�����������
������ $JULOLQN� )RRGV� 3RSFRUQ� 3ODQW�� 5LGJZD\�� ,OOLQRLV�� +HDOWK� +D]DUG� (YDOXDWLRQ�
�++(�� 5HSRUW�� &HQWHUV� IRU� 'LVHDVH� &RQWURO� DQG� 3UHYHQWLRQ�1DWLRQDO� ,QVWLWXWH� IRU�
2FFXSDWLRQDO� 6DIHW\� DQG� +HDOWK�� 2FWREHU� ������ 5HSRUW� QR� ����������������
&LQFLQQDWL��2+�

1,26+�� 1DWLRQDO� ,QVWLWXWH� IRU 2FFXSDWLRQDO� 6DIHW\� DQG� +HDOWK� �������� &ULWHULD� IRU� D�
UHFRPPHQGHG� VWDQGDUG�� 2FFXSDWLRQDO� H[SRVXUH� WR� GLDFHW\O� DQG� ����SHQWDQHGLRQH��
([WHUQDO�UHYLHZ�GUDIW��$XJXVW����������

173�� 1DWLRQDO� 7R[LFRORJ\� 3URJUDP �������� &KHPLFDO� LQIRUPDWLRQ� UHYLHZ� GRFXPHQW� IRU�
DUWLILFLDO�EXWWHU�IODYRULQJ�DQG�FRQVWLWXHQWV� 'LDFHW\O�>&$6�1R����������@�DQG�DFHWRLQ�
>&$6� 1R�� ��������@� 6XSSRUWLQJ� QRPLQDWLRQ IRU� WR[LFRORJLFDO� HYDOXDWLRQ� E\� WKH�
1DWLRQDO� 7R[LFRORJ\� 3URJUDP� -DQXDU\� ������ 3UHSDUHG� E\� ,QWHJUDWHG� /DERUDWRU\�
6\VWHPV�� ,QF�� 5HVHDUFK� 7ULDQJOH� 3DUN�� 1&� 8QGHU� &RQWUDFW� 1R�� 1���(6������� IRU�
1DWLRQDO� 7R[LFRORJ\� 3URJUDP� 1DWLRQDO� ,QVWLWXWH� RI� (QYLURQPHQWDO� +HDOWK� 6FLHQFHV��
1DWLRQDO� ,QVWLWXWHV� RI� +HDOWK�� 86� 'HSDUWPHQW� RI� +HDOWK� DQG� +XPDQ� 6HUYLFHV�
5HVHDUFK�7ULDQJOH�3DUN��1&�

26+$�� 2FFXSDWLRQDO� 6DIHW\� DQG� +HDOWK� $GPLQLVWUDWLRQ� �����D��� +D]DUG� FRPPXQLFDWLRQ
JXLGDQFH�IRU�GLDFHW\O�DQG�IRRG�IODYRULQJV�FRQWDLQLQJ�GLDFHW\O�
KWWS���ZZZ�RVKD�JRY�GVJ�JXLGDQFH�GLDFHW\O�JXLGDQFH�KWPO
�DFFHVVHG�)HEUXDU\��������

26+$��2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ������E��
KWWSV���ZZZ�RVKD�JRY�GVJ�JXLGDQFH��������GLDFHW\O�PHHWLQJ�QRWHV�KWPO�
�DFFHVVHG ���'HFHPEHU��������

26+$��2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ �����D���6DPSOLQJ�DQG�DQDO\WLFDO�
PHWKRGV��0HWKRG�1R� �����
KWWS���ZZZ�RVKD�JRY�GWV�VOWF�PHWKRGV�YDOLGDWHG�����������KWPO
�DFFHVVHG�1RYHPEHU�������

26+$� 2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ� �����E���6DPSOLQJ�DQG�DQDO\WLFDO�
PHWKRGV� 0HWKRG�1R� �����
KWWS���ZZZ�RVKD�JRY�GWV�VOWF�PHWKRGV�YDOLGDWHG�����������KWPO
�DFFHVVHG 6HSWHPEHU�������
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2WVXND�0��0LQH�7��2KXFKL�.��2KPRUL�6� �������� $�GHWR[LFDWLRQ� URXWH� IRU� DFHWDOGHK\GH��
PHWDEROLVP� RI� GLDFHW\O�� DFHWRLQ�� DQG� ����EXWDQHGLRO� LQ� OLYHU� KRPRJHQDWH� DQG�
SHUIXVHG�OLYHU�RI�UDWV��-�%LRFKHP ���������������

3DOPHU� 60�� )ODNH� *3�� .HOO\� )/�� =KDQJ� +/�� 1XJHW� -/�� .LUE\� 3/�� )ROH\� -)�� *ZLQQ� :0��
0RUJDQ�'/ ������� 6HYHUH�DLUZD\�HSLWKHOLDO�LQMXU\��DEHUUDQW�UHSDLU�DQG�EURQFKLROLWLV�
REOLWHUDQV�GHYHORSPHQWV�DIWHU�GLDFHW\O�LQVWLOODWLRQ�LQ�UDWV��3/R6�21( �����H������

3DUPHW�$-��YRQ�(VVHQ�6 ��������5DSLGO\�SURJUHVVLYH��IL[HG�DLUZD\�REVWUXFWLYH�GLVHDVH�LQ�
SRSFRUQ� ZRUNHUV�� D� QHZ� RFFXSDWLRQDO� SXOPRQDU\� LOOQHVV"� -� 2FFXS� (QYLURQ� 0HG�
�����������

3HQJHOO\�, ��������$VVHVVPHQW�RI�WKH�RFFXSDWLRQDO�H[SRVXUH�WR�GLDFHW\O�FRQWDLQHG�LQ�IRRG�
IODYRULQJV�DQG�FRRNLQJ�SURGXFWV��3RVWHU�DW�WKH�%ULWLVK�2FFXSDWLRQDO�+\JLHQH�6RFLHW\�
�%2+6��$QQXDO�&RQIHUHQFH��&DUGLII��������$SULO������

3HQGHUJUDVV� 60 �������� 0HWKRG� GHYHORSPHQW� IRU� WKH GHWHUPLQDWLRQ� RI� GLDFHW\O� DQG�
DFHWRLQ�DW�D�PLFURZDYH�SRSFRUQ�SODQW��(QYLURQ�6FL�7HFKQRO �����������

5DR�;��.RED\DVKL�5��:KLWH�0RUULV�5��6SDXOGLQJ�5��)UD]H\�3��&KDUOHV�0- ��������*&�,706�
PHDVXUHPHQW�RI�FDUERQ\OV�DQG�PXOWLIXQFWLRQDO�FDUERQ\OV� LQ�30����SDUWLFOHV�HPLWWHG�
IURP�PRWRU�YHKLFOHV��-�$2$&�,QW �����������

5RQN�&-��+ROOLQV�'0��-DFREVHQ�0-��*DOEUDLWK�'$��3DXVWHQEDFK�'- ������� (YDOXDWLRQ�RI�
SXOPRQDU\�IXQFWLRQ�ZLWKLQ�D�FRKRUW�RI�IODYRULQJV�ZRUNHUV��,QKDO�7R[LFRO�������������

57,�� 5HVHDUFK� 7ULDQJOH� ,QVWLWXWH� �������� )LQDO� UHSRUW� RQ� GLVSRVLWLRQ� DQG� H[FUHWLRQ� RI�
>��&@����EXWDGLRQH� LQ�PDOH� UDWV� IROORZLQJ� RUDO� DGPLQLVWUDWLRQ��57,�6WXG\�1R�� ��8�
������57,�3URWRFRO�1R��57,����������5HSRUW� IURP�57,��5HVHDUFK�7ULDQJOH�3DUN��1&��
WR�1DWLRQDO�,QVWLWXWH�RI�(QYLURQPHQWDO�+HDOWK�6FLHQFHV��5HVHDUFK�7ULDQJOH�3DUN��1&�

6FKDFKWHU�(1���������3RSFRUQ�ZRUNHU¶V�OXQJ��1�(QJO�-�0HG�������������

6WRQHU� *'�� 6KLPNLQ� 0%�� .QLD]HII� $-��:HLVEXUJHU� -+��:HLVEXUJHU� (.� *RUL� *% �������
7HVW� IRU� FDUFLQRJHQLFLW\� RI� IRRG� DGGLWLYHV� DQG� FKHPRWKHUDSHXWLF� DJHQWV� E\� WKH�
SXOPRQDU\�WXPRXU�UHVSRQVH�LQ 6WUDLQ�$�PLFH� &DQFHU�5HV �������������

7XFNHU� -'�� 7D\ORU� 57�� &KULVWHQVHQ� 0/�� 6WURXW� &/�� +DQQD� 0/� &DUUDQR� $9 �������
&\WRJHQHWLF�UHVSRQVH�WR�����GLFDUERQ\LV�DQG�K\GURJHQ�SHUR[LGH�LQ�&KLQHVH�KDPVWHU�
RYDU\�$8;%,�FHOOV�DQG�KXPDQ�SHULSKHUDO�O\PSKRF\WHV��0XWDW 5HV ���������������

YDQ� 5RR\� )*�� 5RR\DFNHUV� -0�� 3URNRS� 0�� +RXED� 5�� 6PLW� /$�� +HHGHULN� '- ��������
%URQFKLROLWLV� REOLWHUDQV� V\QGURPH� LQ� FKHPLFDO� ZRUNHUV� SURGXFLQJ� GLDFHW\O� IRU� IRRG�
IODYRULQJV��$P�-�5HVSLU�&ULW�&DUH�0HG ���������������

YDQ� 5RR\� )*%*-�� 6PLW� /$0�� +RXED� 5�� 5RR\DFNHUV� -�� +HHGHULN� '-- �������� $� FURVV�
VHFWLRQDO�VWXG\�RI�OXQJ�IXQFWLRQ�DQG�UHVSLUDWRU\�V\PSWRPV�DPRQJ�FKHPLFDO�ZRUNHUV�
SURGXFLQJ�GLDFHW\O�IRU�IRRG�IODYRXULQJV��2FFXS�(QYLURQ�0HG������������

YRQ�GHU�+XGH�:��%HKP�&��*XUWOHU�5� %DVOHU�$ ������� (YDOXDWLRQ�RI�WKH�626�FKURPRWHVW�
0XWDW�5HV �������������

:KLWH�./ ������� &RUUHFWLRQ�WR�PLFURZDYH�SRSFRUQ�SODQW�GLDFHW\O�H[SRVXUH�GDWD��-�2FFXS�
(QYLURQ�+\J���'���'���

:KLWH�./��+HLNNLOD�.��:LOOLDPV�5� /HYLQ�/��/RFNH\�-(��5LFH�& ������� 'LDFHW\O�H[SRVXUHV�LQ�
IRXU�PLFURZDYH�SRSFRUQ�SODQWV��-�2FFXS�(QYLURQ�+\J ����������
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:KLWWDNHU�3��&ODUNH�--��6DQ�5+&��%HJHO\�7+��'XQNHO�9& ��������(YDOXDWLRQ�RI�WKH�EXWWHU�
IODYRXULQJ�FKHPLFDO�GLDFHW\O�DQG�D�IOXRURFKHPLFDO SDSHU�DGGLWLYH�IRU�PXWDJHQLFLW\�DQG�
WR[LFLW\�XVLQJ�WKH�PDPPDOLDQ�FHOO�JHQH�PXWDWLRQ�DVVD\�LQ�/����<�PRXVH�O\PSKRPD�
FHOOV��)RRG�&KHP�7R[LFRO��������������

:+2�� :RUOG� +HDOWK� 2UJDQL]DWLRQ �������� )$2�:+2� -RLQW� ([SHUW� &RPPLWWHH� RQ� )RRG�
$GGLWLYHV��:+2�)RRG�$GGLWLYHV 6HULHV�����6DIHW\�HYDOXDWLRQ�RI�DOLSKDWLF�DF\FOLF�DQG�
DOLF\FOLF� DOSKD�GLNHWRQHV� DQG� UHODWHG DOSKD�K\GUR[\NHWRQHV� ,3&6�� ,QWHUQDWLRQDO�
3URJUDPPH�RQ�&KHPLFDO�6DIHW\��:RUOG�+HDOWK�2UJDQL]DWLRQ��*HQHYD�
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$SSHQGL[ ��� &RPSDULVRQ� RI� PHWKRGV� RI� DQDO\VLV� IRU�
GLDFHW\O�LQ�DLU
,Q�D�ILHOG�VWXG\��WKH�WZR�26+$�PHWKRGV��39�����DQG�D�PRGLILHG YHUVLRQ�RI�39������JDYH�
YLUWXDOO\� VLPLODU� UHVXOWV� DQG� UHVXOWV� ZHUH� QRW� VLJQLILFDQWO\� LQIOXHQFHG� E\� KXPLGLW\ RU�
WHPSHUDWXUH��$VKOH\�HW�DO ����� 26+$�����E���

5HVXOWV� IURP�WKH�1,26+��/2'�������J�VDPSOH�DQG� OLPLW�RI�TXDQWLILFDWLRQ�����J�VDPSOH�
�3HQGHUJUDVV������ DQG�WKH�PRGLILHG�26+$�PHWKRGV DUH�WDEXODWHG�LQ�7DEOH�$��7KH�26+$�
PHWKRG KDV�D�KLJKHU�GHWHFWLRQ�UDWH WKDQ�WKH�1,26+�PHWKRG�

&RPSDULVRQV�ZHUH� RQO\� SHUIRUPHG� IRU� VDPSOHV LQ ZKLFK� GLDFHW\O ZDV GHWHFWHG E\� ERWK�
PHWKRGV��7DEOHV , DQG�,, LQ $VKOH\�HW�DO �������ZKLFK DOORZHG�WKH�XVH�RI ����� DQG�����
GDWD� SDLUV�� 7KLV� OHQGV� D� OLPLWHG� FUHGLW WR� WKH� UDWLR� FDOFXODWHG� IURP� WKH� YDOXHV� RI� WKH�
UHPDLQLQJ�GDWD�SDLUV��ZKLFK�DUH�OLVWHG�EHORZ�

7DEOH�$��&RPSDULVRQ�RI�UHVXOWV�REWDLQHG�E\ 1,26+�DQG�26+$�PHWKRGV�

7DEOH�1R��DV�RI
$VKOH\�HW�DO ����

'HWHFWHG�OHYHOV�RI�DLUERUQH�GLDFHW\O��SSP�� 5DWLR�%�$

1,26+�����
�$�

26+$�PRGLILHG�
39������%�

, ���� ���� ����
, ���� ���� ����
, ���� ���� ����
, ���� ���� ����
, ��� ���� ����
, ���� ���� ����
, ���� ���� ����
, ���� ���� ����
, ���� ���� ����
, ���� ���� ����
, ���� ���� ����
, ���� ���� ����
, ���� � ����
, ���� ���� ����
, ���� ���� ����
,, ���� ���� �����
,, ���� ���� ����
,, ���� ���� ����
,, ���� ���� �����
,, ���� ���� ����

0HDQ UDWLR �UDQJH�� ����������±������
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7DEOH� %� LV� DQ� HYDOXDWLRQ� RI� ELDV� IURP� XVLQJ� WKH� /2' GLYLGHG� E\� �� DV VXEVWLWXWH� IRU� D�
FRQFHQWUDWLRQ�ZKHQ WKH�1,26+������PHWKRG��HVWLPDWHG�/2'�������J�VDPSOH��VKRZHG�QR�
GLDFHW\O� LQ� WKH� DLU�� ZKHUHDV� WKH� 26+$� 39���� RU� PRGLILHG� 26+$ GLG�� 3DLUHG
PHDVXUHPHQWV� ZHUH� DYDLODEOH� IURP� ��� VLPXOWDQHRXV� VDPSOHV� E\ WKH� WZR� PHWKRGV�
�$VKOH\�HW�DO �������)RU����RI� WKHVH���� ��� WKH�1,26+�PHWKRG�VKRZHG�QR�GLDFHW\O� LQ
WKH�DLU�

7DEOH�%� &RPSDULVRQ�RI�26+$�DQG�FRUUHFWHG�1,26+�UHVXOWV�

7DEOH�1R��DV�RI
$VKOH\�HW�DO ����

/HYHOV�RI�DLUERUQH�GLDFHW\O��SSE� 5DWLR�$�%

'HWHFWHG ZLWK�
39�����RU�PRGLILHG�

26+$�PHWKRG�
�$�

1RW GHWHFWHG ZLWK�
1,26+������DQG�

VXEVWLWXWHG�E\�/2'���D

�%�
, �� ���� ��
, �� ���� ��
, ��� ���� ���
,, ��� ���� ��
,, �� ���� ���
,, ��� ���� ��
,, �� ���� ���
,, ��� ���� ��
,, � ��� ���� ��
,, ��� ���� ��
,, ��� ���� ��
,, ��� ���� ��
,, ��� ���� ��
,, ��� ���� ��
,, ��� ���� ��
,, �� ���� ���
,, ��� ���� ��
,, ��� ���� ��
,, �� ���� ���

0HDQ UDWLR �UDQJH�� � � ���� ����±����

D 7DEOH�,� VDPSOHV�FROOHFWHG�IRU���KRXUV�DW�D�IORZ�UDWH�RI�DSSUR[LPDWHO\����� O�PLQ��VXJJHVWLQJ�D�/2'�RI������
SSE� 7DEOH�,,� VDPSOHV�FROOHFWHG�IRU���KRXUV�DW�D�IORZ�UDWH�RI�DSSUR[LPDWHO\������O�PLQ��VXJJHVWLQJ�D�/2'�RI�
�����SSE�

/2'��OLPLW�RI�GHWHFWLRQ�
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$SSHQGL[ ���'LDFHW\O�H[SRVXUH�DQG�GHYHORSPHQW�RI� OXQJ�
GLVHDVH

3ODQW 3ODFH�RI�
H[SRVXUH

'LDFHW\O�FRQFHQWUDWLRQV �SSP��
DYHUDJH��UDQJH�

1R� RI�
VDPSOHV

1R��RI�FDVHV��
QR��RI H[SRVHG

3RSFRUQ�SURGXFLQJ�SODQWV�LQ�WKH�8QLWHG�6WDWHV �PDLQ�UHIHUHQFH��.DQZDO�HW�DO������

3ODQW�$�D�

�0LVVRXUL�
0L[LQJ�URRP
3DFNLQJ�DUHD
4XDOLW\�FRQWURO
$OO�DUHDV

$����±�����±��� E

$����������±����
$����������±����

��
��
�
�

%2������ D��F

%2� ����� D� F

$2������D� F

$2���������D

$5���������D

3ODQW�%� 0L[LQJ�URRP $����������±����
3����������±����

�
�

%2����"

3DFNLQJ�DUHD $����������±����
3����������±����

�
�

�

3ODQ�&� 0L[LQJ�URRP $�����������±����
3������������±�����

�
�

�

3DFNLQJ�DUHD $� ����������±�����
3������������±�����

�
�

�

3ODQW�' 0L[LQJ�URRP $�������� �����±����
3��������� �����±����� G

�
�

%2����"

3DFNLQJ�DUHD $���������� �����±�����
3���������� �����±������

��
��

�

4XDOLW\�FRQWURO "��� ����� " $2����

3ODQW�(� 0L[LQJ�URRP $����������±����
3�����

�
�

�

3DFNLQJ�DUHD $����������±����
3����������±����

�
�

%2����"

3ODQW�) 0L[LQJ�URRP $����������±����
3����������±����

�
�

%2����"

3DFNLQJ�DUHD $�������/24±�����
3��������/24±�����

��
��

�

4XDOLW\�FRQWURO "��������� ����±����� " $2������

'LDFHW\O�SURGXFWLRQ�LQ�WKH�1HWKHUODQGV �YDQ�5RR\�HW�DO������

3URFHVV�
RSHUDWRUV

$������±���� <HDUV� ����±���� H

$������±�����<HDU������
3��3HDNV�XS�WR���� H

���I %2������� J

$�� DUHD� VDPSOLQJ�� $2�� DLUZD\� REVWUXFWLRQ�� $5�� DLUZD\� UHVWULFWLRQ� %2�� EURQFKLROLWLV�
REOLWHUDQV��3��SHUVRQDO�VDPSOLQJ�����EHORZ�PLQLPXP�TXDQWLILDEOH�FRQFHQWUDWLRQ �/24��
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D ,Q 2FWREHU� ������ WKHUH�ZHUH� DSSUR[LPDWHO\� ��� HPSOR\HHV� LQ� WKH�0LVVRXUL SODQW�� 2I�
WKHVH� ����SDUWLFLSDWHG�LQ�VSLURPHWULF�WHVWLQJ�������� ���RI�����ZRUNHUV�ZKR�FRPSOHWHG
D�TXHVWLRQQDLUH�ZHUH�QRW�FRQVLGHUHG�H[SRVHG��7KH�LQJUHGLHQWV�RI�WKH�IODYRXULQJV�LQFOXGHG�
VR\EHDQ�RLO��VDOW��EXWWHU�IODYRXULQJ DQG�FRORXULQJ�DJHQWV��,Q�WKH�PL[LQJ�URRP��RQH�ZRUNHU�
SHU�VKLIW�RSHQHG�WKH�OLG�RI�DQ�RLO�WDQN�WKDW�ZDV�KHDWHG�WR�DSSUR[LPDWHO\���Û&�DQG�ZKHUH�
D�SHDN�GLDFHW\O�OHYHO�RI�� ����SSP�ZDV�PHDVXUHG��.UHLVV�HW�DO ������ 7KH�FDVHV�IURP�WKH�
TXDOLW\� FRQWURO� ZRUNHUV� ZHUH� IURP� .DQZDO� HW� DO ������� DQG� .UHLV� HW� DO �������� 2WKHU�
FDVHV�ZHUH�IURP�.UHLVV�HW�DO �������

E 5HSRUWHG�DUHD�FRQFHQWUDWLRQV�ZHUH�������SSP��UDQJH���������������1  �����.UHLVV�HW�
DO ������������SSP��UDQJH�����±�����1  ����7DEOH�� LQ�.XOOPDQ�HW�DO ������DQG������
�UDQJH����±�������1  �� �7DEOH���LQ�.DQZDO�HW�DO ������

F ,Q�WKH�0LVVRXUL�SODQW� RQH�DGGLWLRQDO�FDVH�RI�%2�ZDV�REVHUYHG�ODWHU� VR�WKH�WRWDO�QXPEHU�
RI� EURQFKLROLWLV� REOLWHUDQV� FDVHV� DPRQJ�PL[HUV�ZDV���� ,Q WKLV�SODQW� DSSUR[LPDWHO\����
ZRUNHUV SDUWLFLSDWHG �.DQZDO� HW� DO ����� LQ� D VWXG\� DQG� FRQVLGHULQJ� �� �� DV� QRQ�
H[SRVHG�� WKH� QXPEHU� RI� H[SRVHG� LQGLYLGXDOV� LV� HVWLPDWHG� WR� ����� 6XEWUDFWLQJ� WKH� ���
ZRUNHUV�IURP�WKH�PL[LQJ�URRP��6FKDFKWHU������ DQG�WKH���IURP�WKH�TXDOLW\�FRQWURO�DUHD�
�.DQZDO HW� DO ����� .UHLVV� HW� DO ������� VXJJHVWV� DERXW� ��� H[SRVHG� ZRUNHUV� LQ� WKH�
SDFNLQJ DUHD�� WKLV� UHODWLYHO\� XQFHUWDLQ� YDOXH� LV� XVHG� DV� DQ� HVWLPDWH� RI� WKH� QXPEHU� RI�
H[SRVHG��+RZHYHU��LW�PD\�EH�KLJKHU�DV�����KDG�EHHQ�HPSOR\HG�LQ�WKH SHULRG�����±�����
�6FKDFKWHU������� $FFHSWLQJ��� ��DV QRQ�H[SRVHG��.UHLVV�HW�DO ������ ���LQ�WKH�PL[LQJ�
URRP��6FKDFKWHU������ DQG���LQ�WKH�TXDOLW\�FRQWURO�DUHD��.DQZDO HW�DO ����� .UHLVV�HW�DO
�������WKH�QXPEHU�RI�H[SRVHG LQ�WKH�SDFNLQJ�DUHD FRXOG�EH�DV�KLJK�DV�����[������± �� ±
�  ��� �.DQZDO�HW�DO ������

G 3HDN� GLDFHW\O� DLU� FRQFHQWUDWLRQV� RI� RYHU� ��� SSP� RYHU VHYHUDO�PLQXWHV� �.DQZDO� HW� DO
������

H %HWZHHQ�WKH�\HDUV������DQG�����������ZRUNHUV�ZHUH�SRWHQWLDOO\�H[SRVHG� ,QIRUPDWLRQ
ZDV� REWDLQHG� IURP� ����� 3URFHVV� RSHUDWRUV� �Q�  ����� ZHUH� FRQVLGHUHG� WKH� KLJKHVW�
H[SRVHG�JURXS��'LVFKDUJH�RI�GLDFHW\O� LQ� FRQWDLQHUV�KDG� WKH�KLJKHVW�H[SRVXUH�SRWHQWLDO��
���±��� SSP��$OO�LGHQWLILHG�EURQFKLROLWLV�REOLWHUDQV FDVHV�ZHUH�DPRQJ�SURFHVV�RSHUDWRUV�

I�$�WRWDO�RI����DUHD�VDPSOHV�DQG���SHUVRQDO�WDVN�EDVHG�VDPSOHV�

J 7KUHH FDVHV� RI� EURQFKLROLWLV� REOLWHUDQV� ZHUH� LGHQWLILHG�� +RZHYHU�� RQH� DGGLWLRQDO FDVH�
ZDV� IRXQG� DIWHU� WKH� VWXG\� DPRQJ� ��� QRQ�SDUWLFLSDQWV�� 7KXV�� DW� OHDVW� � FDVHV� RI
EURQFKLROLWLV�REOLWHUDQV DURVH�DPRQJ�WKH ZRUNHUV��
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$SSHQGL[����5LVN�DVVHVVPHQW�DSSURDFKHV

$SSURDFK��� 0RGLILHG�+DEHU¶V�ODZ

7KLV�PRGHO� DVVXPHV� WKDW� D� WKUHVKROG� OHYHO� RI� GLDFHW\O� H[LVWV�� XQGHU� ZKLFK� WKH� KXPDQ
RUJDQLVP�LV�DEOH�WR�FRSH�ZLWK�H[SRVXUH� 7KXV��HIIHFWV�RFFXUULQJ�DW�WKLV�RU�ORZHU�OHYHOV�DUH�
UHYHUVLEOH�DQG�QR�DFFXPXODWLRQ�RI�DGYHUVH�HIIHFWV�RFFXU��ZKHUHDV�HIIHFWV RFFXUULQJ�DERYH�
WKLV� OHYHO� DUH� LUUHYHUVLEOH�� 7KLV� FDQ� EH� LOOXVWUDWHG� IURP� WKH� FODVVLF� VWXG\� RI� )OXU\� RQ�
K\GURJHQ�F\DQLGH��ZKHUH�GHDWK� LQ�H[SHULPHQWDO�DQLPDOV� IROORZV�D�PRGLILHG�+DEHU¶V� ODZ�
>�H[SRVXUH� WLPH� [� �FRQFHQWUDWLRQ PLQXV� WKUHVKROG��  � &RQVWDQW@�� IRU� UHIHUHQFH� VHH�
+HQVFKOHU������

7KLV� DSSURDFK� ZDV� XVHG� LQ� WKH� SUHYLRXV� HYDOXDWLRQ� FRQGXFWHG� E\� 6&2(/� LQ� ������ $�
12$(&� IRU� UHVSLUDWRU\� V\PSWRPV ZDV� GHULYHG� GLUHFWO\� IURP� H[SRVXUHV� ODVWLQJ� VHYHUDO�
\HDUV��)RU�SUHYHQWLRQ�RI�EURQFKLROLWLV REOLWHUDQV�� WKH�FRQFHQWUDWLRQ�VKRXOG�EH�EHORZ�����
SSP� REWDLQHG� IURP� SHUVRQDO� VDPSOLQJ� DQG� EHORZ� ���� SSP� REWDLQHG� E\� DUHD� VDPSOLQJ�
�$SSHQGL[ ��� 3ODQW� (�� DV� WKLV� YDOXH� LV� IURP�D� SDFNLQJ� DUHD ZKHUH� WKH� FRQFHQWUDWLRQ� LV�
FRQVLGHUHG�UHODWLYHO\�HYHQ��+RZHYHU��VXEFOLQLFDO�DOWHUDWLRQ�RI�OXQJ�IXQFWLRQ VKRXOG�DOVR�EH�
SUHYHQWHG��7KH�VWXG\�E\�.UHLVV�HW�DO �������SURYLGHV�WKH�ORZHVW�12$(& H[SUHVVHG�DV�D�
FXPXODWLYH�GRVH�������SSP�\HDUV��EDVHG�RQ�D�GHFUHDVH�LQ�OXQJ�IXQFWLRQ��$V�WKH PHGLDQ�
WLPH�VLQFH�VWDUW�RI�HPSOR\PHQW�ZDV�����\HDUV��UDQJH�����±�������WKLV�FRUUHVSRQGV�WR�D�
SUHGLFWHG� QR�HIIHFW OHYHO RI� ���� SSP�� %RWK WKHVH� YDOXHV� DUH�� KRZHYHU�� ELDVHG� DV� WKH�
DQDO\WLFDO� PHWKRG� �1,26+� ������ LV� VHQVLWLYH� WR� VHYHUDO� ZRUNSODFH� DQG� VWRUDJH�
SDUDPHWHUV�� $Q� XQELDVHG� 12$(& ZDV� HVWLPDWHG� E\� PXOWLSO\LQJ ZLWK D� IDFWRU� RI� ��
�$SSHQGL[ ��� 7DEOH� $��� ZKLFK� VXJJHVWV� D� YDOXH� RI DERXW� ���� SSP� IRU� LQLWLDWLRQ� RI� D�
GHFUHDVH�LQ OXQJ�IXQFWLRQ��)RU EURQFKLROLWLV�REOLWHUDQV��WKH�H[SHFWHG�HIIHFW OHYHO�ZRXOG�EH�
DERXW�����SSP����[�����SSP��SHUVRQDO�VDPSOLQJ��$SSHQGL[ �� 3ODQW�(���,Q�WKLV�PRGHO��WKH�
UDWLR�EHWZHHQ�FRQFHQWUDWLRQ�FDXVLQJ�EURQFKLROLWLV�REOLWHUDQV�DQG�WKH�12$(& IRU�GHFUHDVH�
LQ�OXQJ�IXQFWLRQ�FRUUHVSRQGV�WR�D�IDFWRU�RI��� 7KLV�PRGHO�GRHV�QRW�WDNH�LQWR�DFFRXQW�SHDN�
H[SRVXUHV�WKDW�PD\�KDYH�DQ�LPSRUWDQW�HIIHFW�

$SSURDFK��� 8QPRGLILHG�+DEHU¶V�ODZ

,Q� WKLV� DSSURDFK�� EHVLGHV� UHFRJQLVLQJ� WKDW� EURQFKLROLWLV� REOLWHUDQV� DQG� IL[HG� DLUZD\�
REVWUXFWLRQ� DUH� LUUHYHUVLEOH�� VHYHUH� DQG OLIH� WKUHDWHQLQJ� HIIHFWV�� VRPH� FRQFHUQ� LV� DOVR�
JLYHQ� WR� WKH� SRVVLEOH� JHQRWR[LF� DQG� FDUFLQRJHQLF� DFWLYLW\� RI� GLDFHW\O�� (SLGHPLRORJLFDO
ILQGLQJV� DUH�� WKHUHIRUH�� H[WUDSRODWHG� WR� DSSO\� WR� DQ\ FRQFHQWUDWLRQ� RI� GLDFHW\O�� L�H�� DOO�
GDPDJHV� DUH� HQWLUHO\� �WR[LFRG\QDPLFDOO\�� LUUHYHUVLEOH�� WKH� GDPDJHV� DUH� SURSRUWLRQDO� WR�
WKH� FRQFHQWUDWLRQ� UDWH� �FRQFHQWUDWLRQ�WLPH��� DQG� DGYHUVH� HIIHFWV� RFFXU� ZKHQ� D� FHUWDLQ�
QXPEHU�RI�GDPDJHV�KDYH�RFFXUUHG�DW�D�FULWLFDO�VLWH��,Q�WKLV�FDVH� WKH�XQPRGLILHG�+DEHU¶V�
ODZ��FRQFHQWUDWLRQ�[�WLPH� �FRQVWDQW��FDQ�EH�XVHG�IRU�H[WUDSRODWLRQ��

7KH�ORZHVW�12$(& ������SSP�\HDUV��IRU�FXPXODWLYH�H[SRVXUH LV�GHULYHG�IURP�WKH�.UHLVV�
HW�DO �������VWXG\�� LQ�ZKLFK�1,26+�PHWKRG������ZDV�XVHG��,I�+DEHU¶V� ODZ�DSSOLHV��WKH�
YDOXH�FDQ�EH�H[WUDSRODWHG�WR�D����\HDU�ZRUNLQJ�OLIH�SHULRG��UHVXOWLQJ�LQ�D�12$(&�RI�������
SSP� IRU� WKH� ���\HDU� SHULRG�� 7R� FRUUHFW� IRU� WKH� ELDV� RI� WKH�PHWKRG�� WKLV� YDOXH� FDQ� EH�
PXOWLSOLHG� E\� D� IDFWRU� RI� ��� VXJJHVWLQJ� WKDW� DQ� XQELDVHG� 12$(&�ZRXOG� EH� DERXW� �����
SSP��)URP�WKH�VWXG\�RI�/RFNH\�HW�DO ������� D�FRUUHFWHG�12$(& RI�����SSP�\HDUV FDQ�EH�
GHULYHG��ZKLFK�FRUUHVSRQGV�WR�D����\HDU�H[WUDSRODWHG�YDOXH�RI������SSP��%RWK�YDOXHV�FDQ�
EH�FRQVLGHUHG�D�ORZHU�ERXQGDU\��DV�WKH�PDQ\�YDOXHV�EHORZ�WKH�GHWHFWLRQ�OLPLW�IURP�WKH�
1,26+������PHWKRG�PD\�KDYH�FDXVHG�D�FRQVLGHUDEO\ JUHDWHU�ELDV��$SSHQGL[����7DEOH�%��
WKDQ D� IDFWRU� RI� ��� $QRWKHU� ELDV� LV� DOVR SRVVLEOH� DV� KLJK� FRQFHQWUDWLRQV� PD\� PRUH�
HIILFLHQWO\�H[KDXVW�SURWHFWLYH�FRQVWLWXHQWV��H�J��DQWLR[LGDQW�GHIHQFH�DQG�UHDFWLRQV�ZLWKLQ�



(PSOR\PHQW��6RFLDO�$IIDLUV�	�,QFOXVLRQ
6&2(/�5HFRPPHQGDWLRQ�RQ�'LDFHW\O

-XQH���������

WKH�PXFRXV� OD\HU� DQG� WKXV� EHLQJ� DEOH� WR� LQGXFH� D� GLVSURSRUWLRQDWH� LQFUHDVH� LQ� WLVVXH�
FRQFHQWUDWLRQV� DW� D� FULWLFDO� VLWH FRPSDUHG� WR� WKH� ORZ� FRQFHQWUDWLRQ� REWDLQHG� E\�
H[WUDSRODWLRQ� WR� D� ���\HDU� SHULRG�� :KHWKHU� VXFK� ELDVHV� H[LVW� DQG� WKHLU� SRWHQWLDO�
PDJQLWXGH�FDQ��KRZHYHU��QRW�EH�DFFRXQWHG� IRU�� 7KLV�PRGHO�GRHV�QRW� WDNH� LQWR�DFFRXQW�
SHDN�H[SRVXUHV�WKDW�PD\�KDYH�DQ�LPSRUWDQW�HIIHFW�

$SSURDFK����([WUDSRODWLRQ�IURP�DQLPDOV WR�KXPDQV

6&2(/�DOVR�DQDO\VHG�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�LQ�DQLPDO�VWXGLHV�DQG�H[WUDSRODWHG�
WKH� UHVXOWV� WR� D� SUHGLFWHG� 12$(&� LQ� KXPDQV�� 7KH� UHOHYDQW� HIIHFW� IRU� KXPDQ� ULVN�
DVVHVVPHQW� LV� WKH� EURQFKLRODU� HIIHFW�� ZLWK� D� 12$(& RI� ��� SSP� LQ� D� ���ZHHN� VWXG\� LQ�
PLFH��$GMXVWPHQW�IRU�GLIIHUHQFHV�LQ�GDLO\�H[SRVXUH�OHQJWK�LV������H[SRVXUH�RI�DQLPDOV���
KRXUV�GD\�� �� GD\V�ZHHN��� DGMXVWPHQW� IRU� WR[LFRNLQHWLF� GLIIHUHQFHV� EHWZHHQ� UDWV� DQG�
KXPDQV� LV�����*ORHGH�HW�DO �������DQG�DQ�H[WUDSRODWLRQ�IURP�UDWV�WR�PLFH� LV�DUELWUDULO\�
VHW�WR����6LQFH�WKH�PLFH�VWXG\�GRHV�QRW�LQGLFDWH�D�FXPXODWLYH�HIIHFW�DW����SSP��WKH�OXQJ�
HIIHFWV� GLG� QRW� LQFUHDVH� E\� H[WHQGLQJ� WKH� H[SRVXUH� SHULRG� IURP� �� WR� ��� ZHHNV��� D�
FRQFHQWUDWLRQ�EDVHG�2(/�RI������SSP�FDQ�EH�UHFRPPHQGHG��+RZHYHU��LI�DQ�DGMXVWPHQW�
�������IRU�VXE�FKURQLF��a��PRQWK��WR�OLIHORQJ�H[SRVXUHV�����PRQWKV��LV�LQWURGXFHG��WKH�
UHFRPPHQGHG 2(/�ZRXOG�EH�������SSP��7KH�UDQJH������±�����SSP�FDQ�EH�FRQVLGHUHG�
WR�RYHUHVWLPDWH�WKH WR[LFLW\�WR�DQ�XQNQRZQ�H[WHQW DV�WKH�PHWDEROLVP�LV�UHODWLYHO\�PRUH�
HIILFLHQW� DW� ORZ� FRQFHQWUDWLRQV�� KLJK� FRQFHQWUDWLRQV�� XVHG� IRU� H[WUDSRODWLRQ�� DOORZV� D�
UHODWLYHO\� KLJKHU� IUDFWLRQ� RI� LQKDOHG� GLDFHW\O� SHQHWUDWLQJ� WR� WKH� EURQFKLRODU� OHYHO�� $�
SRWHQWLDO� GLIIHUHQFH� LQ� VHQVLWLYLW\� EHWZHHQ KXPDQ� DQG� PLFH� EURQFKLRODU� FHOOV�
�WR[LFRG\QDPLF�GLIIHUHQFHV��FDQQRW�EH�DFFRXQWHG�IRU��RIWHQ�D�GHIDXOW�YDOXH�LV�LQ�WKH�UDQJH�
RI��±����

$SSURDFK ���7KH�86�1,26+��������DSSURDFK

1,26+��������DQDO\VHG�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�IURP�VHYHUDO�SODQWV��EXW�GXH�WR�
OLPLWHG�FRQVLVWHQF\�DFURVV�SODQWV��WKH�GDWD�IURP�WKH�0LVVRXUL�SODQW�ZDV�VHOHFWHG�IRU�WKH�
ULVN� DVVHVVPHQW�� WKLV� SODQW� KDG� WKH� KLJKHVW� QXPEHU� RI� H[SRVXUH� DVVHVVPHQWV� �DERXW�
����� FRPSDUHG� WR� WKH� RWKHU� DQDO\VHG� SODQWV�� 7KH� SUHGLFWHG� OXQJ� IXQFWLRQ� �)(9� DQG�
)(9��)9&��DQG�WKH� ORZHU� OLPLWV�RI�QRUPDO� �//RI1���WK SHUFHQWLOH��ZHUH� IURP�WKH�JHQHUDO�
86 SRSXODWLRQ��9LUWXDOO\�DOO�FDVHV�EHORZ�//RI1�ZHUH�DWWULEXWHG�HLWKHU�WR�GLDFHW\O�H[SRVXUH�
RU� VPRNLQJ��1,26+�REVHUYHG� WKDW�PDQ\� FDVHV�DURVH�DIWHU� UHODWLYHO\�VKRUW� HPSOR\PHQW�
GXUDWLRQ� DQG� VRPH� LQGLYLGXDOV� LQ� WKH� H[SRVHG� SRSXODWLRQ�ZHUH� ORVLQJ� )(9� IDVWHU� WKDQ�
RWKHUV�� )RU� ULVN� DVVHVVPHQW�� 1,26+� XVHG� WZR� QRQ�WKUHVKROG�PHWKRGV�� WKH� EHQFKPDUN�
GRVH� SURFHGXUH� DQG� D� OLIH�WDEOH� SURFHGXUH�� 1,26+� DFFHSWHG� D� ULVN� RI� ��� ���� IRU� OXQJ�
IXQFWLRQ�EHORZ�//RI1�DW�D����\HDU�ZRUN�WLPH�H[SRVXUH��WKH�FXPXODWLYH�H[SRVXUH�PHWULFV�
ZDV� XVHG� LQ� WKH� H[WUDSRODWLRQV�� %DVHG� RQ� D� SRSXODWLRQ� ZLWK� GLIIHUHQW� VXVFHSWLELOLW\��
1,26+�GHULYHG�DQ���KRXU�7:$�YDOXH�RI���SSE�DQG�D����PLQ�VKRUW�WHUP�H[SRVXUH��67(/��
RI����SSE��

7KH�1,26+�PHWKRGV�DUH�QRW� FRQVLGHUHG�E\�6&2(/� DV� FRQFHUQV ZHUH� UDLVHG� DERXW� WKH�
UREXVWQHVV�RI�WKH�H[WUDSRODWLRQ�PHWKRG�ZKHUH�/2'���UHSODFHV�YDOXHV�EHORZ�WKH�GHWHFWLRQ�
OLPLW�RI�WKH�1,26+������PHWKRG��$SSHQGL[����7DEOH�%���


