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&R�6XSHUYLVRU� 3URI��'U� $\úHJ�O�dHWLQ�*|]HQ

-XO\���������� SDJHV

.DOHFLN�.DUDVÕ�� gN�]J|]���'LPULW� DQG�%R÷D]NHUH� DUH� ORFDO� UHG� JUDSHV� LQ�$QNDUD��

(OD]Õ÷��&DSSDGRFLD�DQG�(OD]Õ÷��UHVSHFWLYHO\��0RUHRYHU��(PLU�LV�D�ORFDO�ZKLWH�JUDSH�

JURZQ�LQ�&DSSDGRFLD� <HDVW�SRSXODWLRQV�DUH�GLIIHUHQW�LQ�YDULRXV W\SHV�RI�JUDSHV�GXH�

WR�WKH XQLTXH�SURSHUWLHV�RI�WKHVH�JUDSHV��,Q�WKLV�VWXG\������QRQ�6DFFKDURP\FHV DQG�

���� 6DFFKDURP\FHV \HDVWV� ZHUH� LVRODWHG� DW� GLIIHUHQW�PDFHUDWLRQ� DQG� IHUPHQWDWLRQ�

WLPHV� IURP� WKH� JUDSH¶V� PXVWV� DQG� ZLQHV� PDGH� RI� WKHVH� JUDSHV�� $OO� ���� QRQ�

6DFFKDURP\FHV�LVRODWHV ZHUH�VHTXHQFHG� ����DPRQJ �� VHTXHQFHG LVRODWHV� RXW�RI� ����

WRWDO�6DFFKDURP\FHV�\HDVWV ZHUH�VHOHFWHG�DV WKRVH ZLWK�KLJK�WHFKQRORJLFDO�SURSHUWLHV�

$PRQJ�DOO����������QRQ�6DFFKDURP\FHV DQG����6DFFKDURP\FHV� \HDVW� LVRODWHV�����

GLIIHUHQW�VSHFLHV�RI�\HDVWV�ZHUH�LGHQWLILHG�E\�'1$�VHTXHQFLQJ�RI�LQWHUQDO�WUDQVFULEHG�

VSDFHU� �,76�� UHJLRQ� DQG�RU� '��'�� GRPDLQ� RI� ODUJH� VXEXQLW� ULERVRPDO� '1$� DV��

+DQVHQLDVSRUD� JXLOOLHUPRQGLL�� +DQVHQLDVSRUD� RSXQWLDH�� +DQVHQLDVSRUD� XYDUXP��

5KRGRWRUXOD� PXFLODJLQRVD�� :LFNHUKDPRP\FHV� DQRPDOXV�� 0HWVFKQLNRZLD� DII��

IUXFWLFROD�� 0HWVFKQLNRZLD� IUXFWLFROD�� /DFKDQFHD� WKHUPRWROHUDQV�� 6ROLFRFFR]\PD�

DHULD��0HWVFKQLNRZLD�DII��SXOFKHUULPD��0HWVFKQLNRZLD�SXOFKHUULPD��0HWVFKQLNRZLD�
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VLQHQVLV�� 0HWVFKQLNRZLD� FKU\VRSHUODH�� 6WDUPHUHOOD� EDFLOODULV� 6DFFKDURP\FHV�

FHUHYLVLDH DQG�6DFFKDURP\FHV�FI��FHUHYLVLDH�SDUDGR[XV��6HOHFWHG�QRQ�6DFFKDURP\FHV

LVRODWHV�ZHUH� WHVWHG� IRU� VRPH�SKHQRW\SLF�SURSHUWLHV� VXFK�DV� DOFRKRO� WROHUDQFH��62�

WROHUDQFH�DQG�+�6�SURGXFWLRQ�� ,Q� DGGLWLRQ�� VHOHFWHG�/DFKDQFHD� WKHUPRWROHUDQV DQG�

6DFFKDURP\FHV�FHUHYLVLDH ZHUH�XVHG�DV�VWDUWHU�FXOWXUHV�IRU�VHTXHQWLDO�LQRFXODWLRQ�WR�

SURGXFH� (PLU� ZLQH�� 0RUHRYHU�� +DQVHQLDVSRUD� XYDUXP DQG� � 6DFFKDURP\FHV�

FHUHYLVLDH ZHUH� DGGHG� DV� D� VLQJOH� VWDUWHU� FXOWXUH VHSDUDWHO\� IRU�ZLQH�PDNLQJ� IURP�

.DOHFLN� .DUDVÕ� JUDSHV�� 9RODWLOH� FRPSRXQGV� RI� WKHVH� ZLQHV� ZHUH� DQDO\]HG E\� JDV�

FKURPDWRJUDSK\�PDVV� VSHFWURPHWU\� �*6�06��� $FFRUGLQJ� WR� IODYRXU� SURILOHV� DQG�

DPRXQWV� RI� YRODWLOH� FRPSRXQGV�� (PLU� ZLQHV� ZLWK� VHTXHQWLDO� LQRFXODWLRQ RI� RXU

/DFKDQFHD� WKHUPRWROHUDQV DQG� 6DFFKDURP\FHV� FHUHYLVLDH VWUDLQV� ZHUH� IRXQG�

VXFFHVVIXO�

.H\ZRUGV�� 1RQ�6DFFKDURP\FHV�� 6DFFKDURP\FHV� ZLQHV� VWDUWHU� FXOWXUHV��

LGHQWLILFDWLRQ��DURPD�FRPSRXQGV
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7H]�'DQÕúPDQÕ��3URI��'U� *��&DQGDQ�*�UDNDQ
2UWDN�7H]�'DQÕúPDQÕ��3URI��'U� $\úHJ�O�dHWLQ�*|]HQ

7HPPX]���������� VD\ID

.DOHFLN�.DUDVÕ��gN�]J|]���'LPULW�YH�%R÷D]NHUH�VÕUDVÕ\OD�$QNDUD��(OD]Õ÷��.DSDGRN\D

YH�(OD]Õ÷¶ÕQ�\HUHO NÕUPÕ]Õ��]�POHULGLU� %XQD�HN�RODUDN��(PLU��.DSDGRN\D¶GD�\HWLúHQ

\HUHO EH\D]��]�PG�U� %X��]�POHU�NHQGLOHULQH�|]J��|]HOOLNOHUH�VDKLS�ROGXNODUÕ�LoLQ�EX�

�]�POHUGHNL�PD\D�SRS�ODV\RQX ELUELUOHULQGHQ�IDUNOÕGÕU��%X�oDOÕúPDGD��EX��]�POHULQ�

úÕUDODUÕQGDQ�YH�úDUDSODUÕQGDQ�GH÷LúLN�PDVHUDV\RQ�YH�IHUPDQWDV\RQ ]DPDQODUÕQGD�����

QRQ�6DFFKDURP\FHV YH� ���� 6DFFKDURP\FHV PD\D� L]ROH� HGLOPLúWLU�� ���� QRQ�

6DFFKDURP\FHVPD\DQÕQ�KHSVL�VHNDQVODQPÕúWÕU� 7RSODP�����6DFFKDURP\FHVPD\DGDQ

��� VHNDQVODQPÕú� L]RODW� DUDVÕQGDQ�� ��� WDQHVL� \�NVHN� WHNQRORMLN� |]HOOLN� WDúÕ\DQODU

RODUDN�VHoLOPLúWLU��7DPDPÕ�����PD\D�L]RODWÕ DUDVÕQGDQ������QRQ�6DFFKDURP\FHV YH�

��� 6DFFKDURP\FHV�� ,76� E|OJHVLQH� YH� ULERVRPDO� '1$¶QÕQ� E�\�N� DOW� �QLWHVLQGHNL�

'��'�� GRPDLQLQGHNL� '1$� GL]LOLPLQH� J|UH� ��� IDUNOÕ� PD\D� W�U�� WDQÕPODQPÕúWÕU�

+DQVHQLDVSRUD� JXLOOLHUPRQGLL�� +DQVHQLDVSRUD� RSXQWLDH�� +DQVHQLDVSRUD� XYDUXP��

5KRGRWRUXOD� PXFLODJLQRVD�� :LFNHUKDPRP\FHV� DQRPDOXV�� 0HWVFKQLNRZLD� DII��

IUXFWLFROD�� 0HWVFKQLNRZLD� IUXFWLFROD�� /DFKDQFHD� WKHUPRWROHUDQV�� 6ROLFRFFR]\PD�

DHULD��0HWVFKQLNRZLD�DII��SXOFKHUULPD��0HWVFKQLNRZLD�SXOFKHUULPD��0HWVFKQLNRZLD
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VLQHQVLV� 0HWVFKQLNRZLD� FKU\VRSHUODH�� 6WDUPHUHOOD� EDFLOODULV�� 6DFFKDURP\FHV�

FHUHYLVLDH YH 6DFFKDURP\FHV�FI��FHUHYLVLDH�SDUDGR[XV��6HoLOHQ�QRQ�6DFFKDURP\FHV

L]RODWODUÕQ�DONRO�GLUHQFL��62� GLUHQFL�YH�+�6��UHWLPL�JLEL�ED]Õ�IHQRWLSLN�|]HOOLNOHUL�WHVW�

HGLOPLúWLU�� %XQD� HN� RODUDN� VHoLOHQ� /DFKDQFHD� WKHUPRWROHUDQV YH� 6DFFKDURP\FHV

FHUHYLVLDH�� (PLU� úDUDEÕQD� VWDUWHU� N�OW�U� RODUDN� VÕUDOÕ� LQRN�OH� HGLOPLúWLU�� %XQXQOD�

EHUDEHU�� +DQVHQLDVSRUD� XYDUXP YH 6DFFKDURP\FHV� FHUHYLVLDH�� .DOHFLN� .DUDVÕ�

�]�P�QGHQ� úDUDS� \DSÕPÕ� LoLQ� WHN� VWDUWHU�N�OW�U� RODUDN�NXOODQÕOPÕúWÕU��%X� úDUDSODUÕQ�

DURPD�ELOHúLNOHUL�JD]�NURPDWRJUDILVL�N�WOH�VSHNWURPHWUHVL LOH�DQDOL]�HGLOPLúWLU��$URPD�

SURILOOHULQH� YH� PLNWDUODUÕQD� J|UH� /DFKDQFHD� WKHUPRWROHUDQV YH 6DFFKDURP\FHV�

FHUHYLVLDH VXúODUÕPÕ]OD� VÕUDOÕ� DúÕODPD� \|QWHPL\OH� \DSÕODQ� (PLU� úDUDSODUÕ� EDúDUÕOÕ�

EXOXQPXúWXU�

$QDKWDU� .HOLPHOHU�� 1RQ�6DFFKDURP\FHV�� 6DFFKDURP\FHV�� úDUDS VWDUWHU� N�OW�U���

WDQÕODPD��DURPD�ELOHúLNOHUL
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,�ZRXOG�OLNH�WR�WKDQN 7KH�6FLHQWL¿F�DQG�7HFKQRORJLFDO�5HVHDUFK�&RXQFLO�RI�7XUNH\�

�78%,7$.� IRU�IXQGLQJ WKURXJK�WKH�VXSSRUW�SURJUDP�IRU�VFLHQWL¿F�DQG�WHFKQRORJLFDO�

UHVHDUFK�SURMHFWV��������ZLWK�WKH�SURMHFW�QXPEHU����2���� 7KLV�VWXG\�LV�D�SDUW�RI�WKLV�

SURMHFW�

,�ZRXOG�OLNH�WR�H[SUHVV�P\�VLQFHUH�JUDWLWXGH�WR�P\�VXSHUYLVRU��3URI��'U��*��&DQGDQ�

*�UDNDQ�IRU KHU�FRQWLQXRXV�SDWLHQFH� JXLGDQFH� HQFRXUDJHPHQWV DQG�HQGOHVV�VXSSRUW�

,W� KDV� EHHQ� DQ� KRQRU� DQG� D� JUHDW SOHDVXUH� WR� EH� WKH� SDUW� RI� WKLV� SURMHFW� XQGHU� KHU�

YDOXDEOH�JXLGDQFH� , ZRXOG�DOVR�OLNH�WR�WKDQN�P\�FR�DGYLVRU��3URI��'U� $\úHJ�O�dHWLQ�

*|]HQ� ,�ZRXOG�OLNH�WR�WKDQN�3URI��'U��6HUNDQ�6HOOL IRU�WKH�DQDO\VLV�SDUW�RI�YRODWLOH�

FRPSRXQGV��,�ZRXOG�H[SUHVV�P\ WKDQNIXOQHVV�WR $VVLVW��3URI��'U��$V\D�dHWLQND\D IRU�

FULWLFDOO\�UHDGLQJ�HYDOXDWLRQ�RI�WKH�DQDO\VLV�RI�YRODWLOH�FRPSRXQGV DQG�$VVLVW��3URI��

'U�� $\VXQ� &HEHFL� $\GÕQ IRU KHU VXJJHVWLRQV�

,�ZRXOG�OLNH�WR�WKDQN 'U��+RXPDQ�-DEEDULIDUKRXG�IRU�WKH�VXSSRUW�RI�'1$�VHTXHQFLQJ�

DW�%0�/DERUDWRU\�6\VWHPV� ,�ZRXOG�H[SUHVV�P\�WKDQNIXOQHVV� WR�0HKPHW�%DúND\D��

=DIHU�2\ODQ�DQG�g]OHP�g]DUGD IRU�VHQVRU\�DQDO\VLV�RI�SURGXFHG�ZLQHV��,�DOVR�ZRXOG�

OLNH�WR�WKDQN�)DUXN�.D\D DW�.DYDNOÕGHUH�:LQHU\� IRU�FKHPLFDO�DQDO\VLV�RI SURGXFHG�

ZLQHV DQG�6HUFDQ�3HNHO IURP�&KU��+DQVHQ IRU�SURYLGLQJ�FRPPHUFLDO�VWUDLQ�UHIHUHQFH��

,� DP� DOVR� WKDQNIXO� WR 7XUDVDQ�:LQHU\ IRU� SURYLGLQJ� FRPPHUFLDO� VWUDLQ� UHIHUHQFHV�

,�ZRXOG� OLNH� WR� WKDQN�(OQD]�6H\HG�0RQLU��P\� WHDP�PDWH�� IRU�KHU�HQGOHVV�KHOS�DQG�

IULHQGVKLS�GXULQJ�P\�VWXGLHV��,�DP�JUDWHIXO�WR�P\�ODERUDWRU\�IULHQGV�dD÷UÕ�dDYGDUR÷OX��

6HID�8OXWDú��0DQDO� 6DPL��*L]HP�$UVODQ��1DVLP�$OODK\DUL IRU�WKHLU�PRWLYDWLRQV�DQG�

GHHSHVW�VXSSRUWV WKURXJKRXW�WKLV�VWXG\��,�DOVR�WKDQN�'X\JX�dLIWoL� 6HUNDQ�6|\OHQPH]��

'LOEHU�0D]DQOL��$LGD�0DKERXEL DQG�P\� IULHQGV�(]JL�2÷X]��&H\GD�'XPDQ� 6DFLGH�

$\GÕQ��øOKDPL�2NXU��$\OLQ�&HVXU��ùDKLQ�1DPOÕ��%DUÕú�g]HO��g]JH�<DPDQHU IRU�WKHLU�
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IULHQGVKLS�DQG�VXSSRUW� ,�ZRXOG�OLNH�WR�H[SUHVV�P\�VSHFLDO�JUDWLWXGH�WR�0HUYH�6HGD�

<DúDU�IRU�KHU�HQGOHVV�KHOS�DQG�IULHQGVKLS�WKURXJKRXW�P\�XQLYHUVLW\�OLIH�DQG�GXULQJ�P\�

VWXGLHV�

,�ZRXOG�OLNH�WR�H[SUHVV�P\�VLQFHUHVW�DQG�GHHSHVW�JUDWLWXGH�WR�P\�ORYHO\�SDUHQWV��dLoHN

$NWXQD DQG�+DOLW�$NWXQD� 7KH\�DOZD\V�VXSSRUW�DQG�WUXVW�LQ�PH�LQ�HYHU\�SDUW�RI�P\�

OLIH�
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)LJXUH�%����3K\ORJHQHWLF�7UHH�ZLWK�83*0$�0HWKRG�6RPH�<HDVWV�ZLWK�5HVSHFW�WR�

,76�5HJLRQ««««««««««««««««««««««««««��«�����

)LJXUH�%����3K\ORJHQHWLF�7UHH�ZLWK�83*0$�0HWKRG�6RPH�<HDVWV�ZLWK�5HVSHFW�WR�

'��'��'RPDLQ««««««««««««««««««««««««««����
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16��1RQ�6DFFKDURP\FHV

6��6DFFKDURP\FHV

<3*��<HDVW�H[WUDFW�SHSWRQH�JOXFRVH

(6$��(WKDQRO�VXOIDWH�DJDU

Y�Y��9ROXPH�SHU�YROXPH

&0��&ROG�PDFHUDWLRQ

10��1RUPDO�PDFHUDWLRQ

(�/7�6&��:LQH PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�RXU�/DFKDQFHD�WKHUPRWROHUDQV DQG�

6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�(PLU�JUDSHV��

(�6&� :LQH�PDGH� E\� LQRFXODWLRQ� RI� RXU� 6DFFKDURP\FHV� FHUHYLVLDH VWUDLQ� LQ� (PLU�

JUDSHV��

(�:$�6&� :LQH PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�RXU�:LFNHUKDPRP\FHV�DQRPDOXV

DQG�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�(PLU�JUDSHV��

(�$� 7UDGLWLRQDO�ZLQH�PDGH�IURP�HPLU�JUDSHV��$�3DUDOOHO�

(�%� 7UDGLWLRQDO�ZLQH�PDGH�IURP�HPLU�JUDSHV��%�3DUDOOHO�

(�/DII� :LQH�PDGH�E\� LQRFXODWLRQ�RI� FRPPHUFLDO 6DFFKDURP\FHV� FHUHYLVLDH VWUDLQ�

�/DIIRUW��LQ�.DOHFLN�.DUDVÕ�JUDSHV��

.���� :LQH�PDGH�E\�LQRFXODWLRQ�RI�RXU�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQ�LQ�.DOHFLN�

.DUDVÕ�JUDSHV��

.�+8� :LQH�PDGH�E\�LQRFXODWLRQ�RI�RXU�+DQVHQLDVSRUD XYDUXP VWUDLQ�LQ�.DOHFLN�

.DUDVÕ�JUDSHV��



[[L[

.�6&� :LQH�PDGH� E\� LQRFXODWLRQ� RI� FRPPHUFLDO 6DFFKDURP\FHV� FHUHYLVLDH VWUDLQ�

�&KU��+DQVHQ��LQ�.DOHFLN�.DUDVÕ�JUDSHV��

.�$� 7UDGLWLRQDO�ZLQH�PDGH�IURP�.DOHFLN�.DUDVÕ�JUDSHV

2�/7�6&�:LQH PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�RXU�/DFKDQFHD�WKHUPRWROHUDQV DQG�

6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�gN�]J|]��JUDSHV��

2�+2�6&� :LQH PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�RXU�+DQVHQLDVSRUD�RSXQWLDH DQG�

6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�gN�]J|]��JUDSHV�

2�+*�6&� :LQH PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�RXU�+DQVHQLDVSRUD�JXLOOLHUPRQGLL

DQG�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�gN�]J|]��JUDSHV��

2�6&�:LQH�PDGH�E\�LQRFXODWLRQ�RI�RXU�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQ�LQ�gN�]J|]��

JUDSHV��

2�$� 7UDGLWLRQDO�ZLQH�PDGH�IURP�gN�]J|]��JUDSHV

2�&+� :LQH�PDGH� E\� LQRFXODWLRQ� RI� FRPPHUFLDO 6DFFKDURP\FHV� FHUHYLVLDH VWUDLQ�

�&KU��+DQVHQ��LQ�gN�]J|]��JUDSHV��
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&+$37(5��

�� ,1752'8&7,21

*UDSH�9DULHWLHV

������ *UDSH�9DULHWLHV�LQ�7KH�:RUOG

9LQH\DUGV LQFOXGH ����RI WKH�ZRUOG�DUHD� $FFRUGLQJ�WR�WKH�UHVHDUFK�IRU����FRXQWULHV�

DW�������WKHVH�DUHDV�DUH�PXFK�PRUH�WKDQ��������KHFWDUHV IRU����PDLQ�GLYHUVLW\�

7KHUH�DUH�WKUHH�W\SH�RI�JUDSHV�ZLWK�UHVSHFW�WR�XVDJH�DUHD��WDEOH�JUDSHV��IUHVK�JUDSHV���

GULHG�JUDSHV�DQG�ZLQH�JUDSHV �)LJXUH������ $FFRUGLQJ�WR�WKLV�XVDJH�DUHD��YLQH\DUGV�DUH�

WDNHQ�IRUPV� 3URGXFWLRQ�RI�JUDSH�ZLQH�EHFRPHV SURPLQHQW LQ�)UDQFH�DQG�6SDLQ ZKLOH�

SURGXFWLRQ� RI� WDEOH DQG� ZLQH� JUDSHV� FRPHV WR� WKH� IRUHIURQW LQ� ,WDO\�� ,Q� DGGLWLRQ��

SURGXFWLRQ�RI�WKUHH�W\SHV�JUDSHV��IUHVK��GULHG�DQG�ZLQH��FRPH�WR�WKH�IRUHIURQW�LQ�&KLQD�

DQG�86$�ZKHUHDV�SURGXFWLRQ�RI�WDEOH�DQG�GULHG�JUDSH�EHFRPHV�SURPLQHQW�LQ�7XUNH\�

�.DUDEDW��������

,Q�WKH�ZRUOG��WKHUH�LV�������NQRZQ�JUDSH�GLYHUVLW\�DQG����RI�WKHP�HQFRPSDVV�PRUH�

WKDQ�����RI�DOO�YLQH\DUG�ILHOG �7DEOH�������

$FFRUGLQJ�WR�WKH�LQWHUQDWLRQDO�FDWDORJXH�RI�9LWLV JHQXV��WKHUH�DUH�������QDPHV��DQG�

WKLV�LQFOXGHV�������IRU�9LWLV�YLQLIHUD��+RZHYHU��WKLV�FRYHUV�H[FHVVLYHO\�V\QRQ\PV�DQG�

KRPRQ\PV� �0DXO�	�7RSIHU��������� ,QGHHG�� WKH�QXPEHU�RI�9LWLV�YLQLIHUD VSHFLHV� LV�

SUHGLFWHG�DV������LQ�WKH�ZRUOG���/DFRPEH��������



�

)LJXUH����� *UDSH 9DULHWLHV�LQ�7KH�:RUOG ��,QWHUQDWLRQDO�2UJDQLVDWLRQ�RI�9LQH�DQG�:LQH��������

7DEOH����� 'LVWULEXWLRQ�RI�*UDSH�9DULHW\�LQ�7KH�:RUOG ��,QWHUQDWLRQDO�2UJDQLVDWLRQ�RI�9LQH�DQG�

:LQH��������

*UDSH�9DULHW\ *UDSH�

&RORXU

8VDJH�$UHD )LHOG��

�+HFWDUHV�

.\RKR %ODFN 7DEOH ������

&DEHUQHW�6DXYLJQRQ %ODFN :LQH ������

6XOWDQLQD :KLWH 7DEOH��'U\LQJ�DQG�:LQH ������

0HUORW %ODFN :LQH ������

7HPSUDQLOOR %ODFN :LQH ������

$LUHQ :KLWH :LQH��%UDQG\ ������

&KDUGRQQD\ :KLWH :LQH ������

6\UDK %ODFN :LQH ������

5HG�*OREH %ODFN 7DEOH ������

*DUQDFKD�7LQWD��*UHQDFKH�1RLU %ODFN :LQH ������

6DXYLJQRQ�%ODQF :KLWH :LQH ������

3LQRW�1RLU���%ODXHU�%XUJXQGHU %ODFN :LQH ������

7UHEELDQR�7RVFDQR���8JQL�%ODQF :KLWH :LQH��%UDQG\ ������



�

�������� .\RKR

.\RKR�LV�PDLQ�JUDSH�LQ�&KLQD��&KLQD�KDV PRUH�WKDQ�����YLQHV�DOO�RYHU�WKH�ZRUOG��

0RUHRYHU��LW�KDV EHHQ SURGXFHG�LQ�-DSDQ�VLQFH����� �0RULQDJD��������

.\RKR�KDV�ELJ�SXUSOH�JUDSH� LQFOXGLQJ�KLJK�VXJDU�FRQFHQWUDWLRQ��7KLV�EUL[�YDOXH� LV�

EHWZHHQ����DQG�����,W�KDV�QLFH�IR[\�DURPD��7KH�VKHOI�OLIH�RI�WKLV�JUDSH�LV�YHU\�VKRUW�

DQG� WKH�SURSHUW\�RI� UHVLVWDQFH�RI�GLVHDVH� LV PHGLXP� OHYHO�� ,W� JLYHV������� WRQV SHU�

KHFWDUH SURGXFW��0RULQDJD��������

�������� &DEHUQHW�6DXYLJQRQ

&DEHUQHW�6DXYLJQRQ FRPSULVHV�RI�&DEHUQHW�)UDQF�DQG�6DXYLJQRQ�%ODQF��7KH�RULJLQ�LV�

%RUGHDX[��,W�KDV�VPDOO�JUDSH�ZLWK�ORQJ�ULSHQHVV�SHULRG��,W�JLYHV������WRQV SHU�KHFWDUH

SURGXFW �*DOHW��������

:LQHV�ZLWK�WKHVH�JUDSHV�W\SLFDOO\�KDYH�YLROHW�DQG�EHOO�SHSSHU�DURPD��7KH\�KDYH�KLJK�

WDQQLQ�FRQWHQW��%HFDXVH�RI�WKH�KLJK�WDQQLQ�FRQWHQW�DQG FRORU��WKHVH JUDSHV�DUH�EOHQGHG�

ZLWK� RWKHU� JUDSHV� VXFK� DV�0HUORW�� &DEHUQHW� )UDQF��0DOEHF� DQG�RU� 3HWLW�9HUGRW�� ,Q�

DGGLWLRQ��WKHLU�ZLQHV�DUH�VXLWDEOH�IRU�DJHLQJ��'XULQJ�DJHLQJ�SURFHVV��YHJHWDO�DURPD�KDV�

ORVW�JUDGDWLRQDOO\ DQG�GHYHORS�PRUH�FRPSOH[ DURPD�

&DEHUQHW�6DXYLJQRQ LV�WKH�PRVW�FXOWLYDWHG�JUDSHV�DOO�RYHU�WKH�ZRUOG� ,W�FRYHUV���������

KHFWDUHV LQ� WKH�ZRUOG� ����RI� WKH� YLQH\DUGV� LQ� WKH�ZRUOG�� ,W� LV DOVR PHQWLRQHG� DQ�

LQWHUQDWLRQDO� YDULHW\�� ,W� SURGXFHV� LQ�)UDQFH��$UJHQWLQD��8QLWHG�6WDWHV�� ,WDO\�� 6SDLQ��

&KLQD��$XVWUDOLD��&KLOH� DQG�6RXWK�$IULFD� ��,QWHUQDWLRQDO�2UJDQLVDWLRQ� RI�9LQH� DQG�

:LQH����������

�������� 6XOWDQLQD

7KH�RULJLQ�RI�6XOWDQLQD�LV�$IJKDQLVWDQ��,W�LV�ZKLWH�VHHGOHVV�JUDSH��%HFDXVH�RI�VPDOO�

JUDSH�� LW� LV� VXLWDEOH� IRU� UDLVLQ��0RUHRYHU�� LW� LV� XVHG� IRU� WDEOH�JUDSH� DQG�ZLQH�JUDSH�

HVSHFLDOO\�LQ�7XUNH\�DQG�7KH�8QLWHG�6WDWHV�RI�$PHULFD��0RUHRYHU��LW�FDQ DOVR�EH�XVHG�

IRU�SURGXFWLRQ�RI�UDNL��



�

7KH�SURGXFWLRQ�LV���������KHFWDUHV�DSSUR[LPDWHO\��,W SURGXFHV PDLQO\�LQ�WKH�0LGGOH�

(DVW�VXFK�DV�7XUNH\��3DNLVWDQ� ,UDT��$IJKDQLVWDQ�DQG�,UDQ��DQG�&HQWUDO�$VLD�VXFK�DV�

7DMLNLVWDQ�� 7XUNPHQLVWDQ� DQG�8]EHNLVWDQ� ��,QWHUQDWLRQDO�2UJDQLVDWLRQ� RI�9LQH� DQG�

:LQH����������

�������� 0HUORW

7KH�RULJLQ� RI�0HUORW� LV�%RUGHDX[��)UDQFH�� ,W� KDV� DYHUDJH� ULSHQHVV� WLPH�ZLWK� HDUO\�

IORZHULQJ��0RUHRYHU�� LW� KDV� VPDOO� EHUULHV�� ,WV ZLQHV� KDYH� GHHS� FRORXU�� URXQG� DQG�

VWUXFWXUDO�SURSHUWLHV��%HFDXVH�KLJK�WDQQLQ�SURSHUWLHV��WKH\�FDQ�EH�EOHQGHG�ZLWK�RWKHU�

JUDSHV�

,W�FDQ�EH�SURGXFHG�LQ����FRXQWLHV��DQG�WKH�SURGXFWLRQ�DUHD�LV���������KHFWDUHV��7KLV�

PHDQV����RI�YLQH\DUG�LQ�WKH�ZRUOG�

�������� 7HPSUDQLOOR

7KH�RULJLQ�RI�7HPSUDQLOOR�LV�6SDLQ��7KH�SURGXFWLRQ�DUHD�LV���������KHFWDUHV��,W�JLYHV�

�����WRQV SHU�KHFWDUH SURGXFW �+LGDOJR��������

,WV ZLQH�KDV�GHHS�FRORXU��KLJK�DOFRKRO�FRQFHQWUDWLRQ�DQG�ORZ�DFLGLW\�SURSHUWLHV��*DOHW��

�������

�������� $LUHQ

7KH�RULJLQ�RI�$LUHQ�LV�6SDLQ��,W�LV�D�ZKLWH�JUDSH��,WV ZLQH�KDV�OLJKW�FRORU��GLVWLQFWLYHO\�

IUDJUDQFH�DQG�ORZ�DFLGLW\ SURSHUWLHV��,W�FDQ�EH�EOHQGHG�ZLWK�RWKHU�JUDSHV�IUHTXHQWO\�

0RUHRYHU��LW�FDQ�EH�XVHG�IRU�PDNLQJ�D�UHG�ZLQH�DQG�VSLULW� ,W�JLYHV������WRQV SHU�KHFWDUH

SURGXFW��

�������� &KDUGRQQD\

7KH�RULJLQ�RI�&KDUGRQQD\�LV�%XUJXQG\��,W�LV�D�ZKLWH�ZLQH�� ,W FRPSULVHV�RI� *RXDLV�

%ODQF�DQG 3LQRW �%RZHUV�HW�DO�� ������



�

,W�KDV� VPDOO�EHUULHV�DQG� LWV ZLQH�KDV�RXWVWDQGLQJ� IODYRXU��)RU H[DPSOH�� LWV GU\� DQG�

VSDUNOLQJ�ZLQH�ZLWK�DGGLQJ�VSLULW�� LW�JLYHV�GULHG�IUXLW��ZDOQXWV�RU�EXWWHU�IODYRXUV��,Q�

DGGLWLRQ��LW�LV�VXLWDEOH�IRU�DJHLQJ�SURFHVV���,W�JLYHV�EHWZHHQ���DQG����WRQV SHU�KHFWDUH

SURGXFW �*DOHW���������

,W�LV PRVW�LQWHUQDWLRQDO�ZKLWH�JUDSHV�DOO�RYHU�WKH�ZRUOG��7KH�SURGXFWLRQ�DUHD�LV���������

KHFWDUHV��,W�SURGXFHV LQ�,WDO\��)UDQFH��6SDLQ��&KLOH��7KH�8QLWHG�6WDWHV��DQG�$XVWUDOLD�

�������� 6\UDK

7KH� RULJLQ� RI� 6\UDK� LV� )UDQFH�� ,W� FRPSULVHV� RI� 0RQGHXVH� %ODQFKH DQG� 'XUH]D

�0HUHGLWK�	�%RXUVLTXRW���������

,W� KDV� D� VKRUW� ULSHQLQJ� WLPH� DQG� D� ODWH� KDUYHVWLQJ SHULRG�� 6L]H� RI EHUULHV� FKDQJHV

EHWZHHQ�VPDOO�DQG�PHGLXP��,WV ZLQH�KDV�GHHS�FRORXU�DQG�KLJK WDQQLQ�FRQWHQW��,W�JLYHV�

EHWZHHQ���DQG�� WRQV SHU�KHFWDUH SURGXFW�

7KH�SURGXFWLRQ�DUHD�LV���������KHFWDUHV��,W�LV�SURGXFHG�LQ�7KH�8QLWHG�6WDWHV��$XVWUDOLD��

&KLOH��6RXWK�$IULFD�DQG�$UJHQWLQD��

�������� 5HG�*OREH�

5HG� JOREH� LV� WKH� VHFRQG� SURGXFHG� WDEOH� JUDSH� DOO� RYHU� WKH� ZRUOG�� ���� RI� WRWDO�

SURGXFWLRQ�DUHD�LV�&KLQD��7KH�UHVW�RI�SURGXFHUV�DUH�LQ�6SDLQ��,WDO\��7XUNH\��3RUWXJDO��

&KLOH� 7KH�8QLWHG�6WDWHV��$UJHQWLQD��DQG�6RXWK�$IULFD� ,W�JLYHV�EHWZHHQ���DQG��� WRQV

SHU�KHFWDUH SURGXFW�

,W�FDQ�EH�XVHG�IRU�DGGLWLRQ�RI�VDODGV��*DOHW���������

��������� *DUQDFKD�7LQWD��*UHQDFKH�1RLU�

7KH�RULJLQ�RI WKLV�JUDSH�LV�6SDLQ�DQG�LWV SURGXFHUV�DUH�PDLQO\�LQ�6SDLQ�DQG�)UDQFH��,W�

JLYHV�����WRQV SHU�KHFWDUH SURGXFW��

,WV ZLQH�KDV�GHHS�FRORXU�DQG�KLJK�DOFRKRO�FRQFHQWUDWLRQ��7KHUHIRUH��LW�FDQ�EH�EOHQGHG�

ZLWK�RWKHU�JUDSHV��
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��������� 6DXYLJQRQ�%ODQF

7KH�RULJLQ�RI�6DXYLJQRQ�%ODQF�LV )UDQFH�� ,W� LV�DQ�LQWHUQDWLRQDO�ZKLWH�YDULHW\��7RWDO�

SURGXFWLRQ�DUHD�LV���������KHFWDUHV�DQG��������RI�WKHP�LV�LQ�1HZ�=HDODQG� ,W�JLYHV���

���WRQV SHU�KHFWDUH SURGXFW�

,WV ZLQH�KDV�WKLRO�DURPD�VXFK�DV�H[RWLF�IUXLW��EODFNFXUUDQW�DQG�ER[ZRRG��,W�FDQ�EH�XVHG�

IRU�SURGXFLQJ�\RXQJ�ZKLWH�ZLQH��,Q�DGGLWLRQ��LWV GHVVHUW�ZLQH�KDV�KLJK�TXDOLW\��

��������� 3LQRW�1RLU��%ODXHU�%XUJXQGHU�

7KH� RULJLQ� RI� 3LQRW�1RLU� LV�%XUJXQ\�� ,W� KDV� VPDOO� EODFN� EHUULHV�� ,W� KDV� KLJK� VXJDU�

FRQWHQW� DQG� SDUWLDOO\� DFLGLF� SURSHUWLHV�� ,Q� DGGLWLRQ�� LWV VNLQ� KDV� KLJK� SRO\SKHQRO

FRQFHQWUDWLRQ�� ,WV ZLQH� KDV� D� OLJKW� FRORXU� DQG� LV� VXLWDEOH� IRU� DJHLQJ� LQ� EDUUHOV�

0RUHRYHU��LW�FDQ�EH�EOHQGHG�ZLWK�&KDUGRQQD\�IRU�PDNLQJ�VSDUNOLQJ�ZLQHV�

,W� SURGXFHV LQ� 5RPDQLD�� 6SDLQ�� ,WDO\��*HUPDQ\�� +XQJDU\�� 6ZLW]HUODQG�� $UJHQWLQD��

1HZ�=HDODQG��&KLOH��$XVWUDOLD��6RXWK�$IULFD�DQG�WKH�8QLWHG�6WDWHV��7KHUHIRUH��LW�LV�WKH�

IRXUWK�PRVW�SURGXFHG�JUDSH�W\SH�

��������� 7UHEELDQR�7RVFDQR��8JQL�%ODQF�

7KH�RULJLQ�RI�WKLV�JUDSH�LV�,WDO\��,WV SURGXFHUV�DUH�LQ�,WDO\��)UDQFH��DQG�3RUWXJDO��

,W�LV�D�ZKLWH�JUDSH��,WV ZLQH�KDV ORZ�DOFRKRO�FRQWHQW�DQG�KLJK�DFLGLW\�SURSHUWLHV��,W�FDQ�

EH�EOHQGHG�ZLWK�RWKHU�JUDSH�YDULHWLHV EHFDXVH�RI�EDODQFLQJ�QHXWUDO�DURPD��7KHUHIRUH��

LW�LV�XVHG�IRU�PDNLQJ�GU\�ZLQHV��OLTXHXUV�DQG�VSDUNOLQJ�ZLQHV��,Q�DGGLWLRQ��WKLV�JUDSH�

LV�RQH�RI�WKH�PDLQ�VRXUFHV�RI�LFH�ZLQH��'¶$JDWD��������

$FFRUGLQJ�WR�GLVWULEXWLRQ RI�JUDSH�YDULHWLHV��WKH�IROORZLQJ�ILJXUHV�DUH�JHQHUDWHG�ZLWK�

PRVW���JUDSH�SURGXFHU�FRXQWULHV �)LJXUH����������
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)LJXUH����� *UDSH�9DULHWLHV�LQ�6SDLQ ��,QWHUQDWLRQDO�2UJDQLVDWLRQ�RI�9LQH�DQG�:LQH��������

)LJXUH����� *UDSH�9DULHWLHV�LQ�&KLQD���,QWHUQDWLRQDO�2UJDQLVDWLRQ�RI�9LQH�DQG�:LQH��������



�

)LJXUH����� *UDSH�9DULHWLHV�LQ�)UDQFH���,QWHUQDWLRQDO�2UJDQLVDWLRQ�RI�9LQH�DQG�:LQH��������

)LJXUH����� *UDSH�9DULHWLHV�LQ�,WDO\ ��,QWHUQDWLRQDO�2UJDQLVDWLRQ�RI�9LQH�DQG�:LQH��������



�

)LJXUH����� *UDSH�9DULHWLHV�LQ�8QLWHG�6WDWHV���,QWHUQDWLRQDO�2UJDQLVDWLRQ�RI�9LQH�DQG�:LQH��������

������ *UDSH�9DULHWLHV�LQ�7XUNH\

$FFRUGLQJ�WR�VWDWLVWLF�LQIRUPDWLRQ�LQ�������YLQH\DUG�DUHD�LV�����������KHFWDUHV LQ WKH�

ZRUOG�DQG���������KHFWDUHV LQ�7XUNH\��7KH�FDSDFLW\�RI�IUHVK�JUDSH�LV�����������WRQV�

LQ�7XUNH\�ZKLOH�WKLV�QXPEHU�LV������������WRQV�DOO�RYHU�WKH�ZRUOG �)$2��������

$FFRUGLQJ WR�SURGXFWLRQ�DUHD��7XUNH\� LV WKH ILIWK�PDMRU�SURGXFLQJ�FRXQWU\ �6SDLQ��

)UDQFH��,WDO\��&KLQD��7XUNH\�DQG�86$���,Q�DGGLWLRQ��7XUNH\�LV WKH VL[WK FRXQWU\�ZLWK�

UHVSHFW� WR� WKH� DPRXQW� RI� JUDSH� SURGXFWLRQ �&KLQD�� ,WDO\��86$�� )UDQFH�� 6SDLQ�� DQG�

7XUNH\��

*UDSHV� LQ� 7XUNH\� VHSDUDWH� WKUHH� SDUWV�� IUHVK� �WDEOH��� GULHG� DQG� ZLQH� JUDSHV�� 7KH�

SHUFHQWDJHV RI�WRWDO�JUDSH�SURGXFWLRQ�DUH ����� IRU�IUHVK�JUDSH��������IRU�GULHG�JUDSH��

DQG�������RI�PXVW�ZLQH�JUDSH �.DUDEDW��������

7KHUH� DUH� PRUH� WKDQ� ���������� JUDSH� YDULHWLHV�� �������� RI� WKHP� DUH JHQHWLFDOO\�

GLIIHUHQW�IURP�HDFK�RWKHU�LQ�7XUNH\� 7KH�QXPEHU RI SURGXFHG ZLQH�JUDSH�YDULHWLHV�LV�

DURXQG� ���� $GDNDUDVÕ�� $OLFDQWH� %RXFKHW�� %R÷D]NHUH�� %RUQRYD� 0LVNHWL�� &DEHUQHW�

)UDQF�� &DEHUQHW� 6DXYLJQRQ�� &DULJQDQ�� &KDUGRQQD\�� &LQVDXOW�� dDONDUDVL�� dDYXú��



��

'LPULW�� (PLU�� *DPD\�� *UHQDFKH�� .DOHFLN� .DUDVÕ�� .DUDODKDQD�� .XQWUD �.DUDVDNÕ]���

0DOEHF��0HUORW��1DULQFH��gN�]J|]���3DSD]NDUDVÕ��3HWLW�9HUGRW��3LQRW�1RLU��5LHVOLQJ��

6DQJLRYHVH�� 6DXYLJQRQ� %ODQF�� 6HPLOORQ�� 6KLUD]�� 6XOWDQL\H�� 7HPSUDQLOOR�� 9DVLODNL��

9LRJQLHU�� �� RI� WKHP� DUH�7XUNH\¶V�QDWLYH� JUDSHV��$GDNDUDVL�� %R÷D]NHUH�� %RUQRYD�

0LVNHWL�� dDONDUDVL�� dDYXú�� 'LPULW�� (PLU�� .DOHFLN .DUDVÕ�� .DUDODKDQD� .XQWUD

�.DUDVDNL]�� 1DULQFH�� gN�]J|]��� 3DSD]NDUDVÕ�� 6XOWDQL\H�� 9DVLODNL�� �³:LQHV� RI�

7XUNH\´���������7KHVH�ZLQH�JUDSH�YDULHWLHV�DQG�WKHLU�SURGXFWLRQ�DUHDV�DUH�VKRZQ�LQ�

)LJXUH�����

)LJXUH����� *UDSH�9DULHWLHV�LQ�7XUNH\ �³%DONDQ�3D]DU´��Q�G��

�������� 6XOWDQL\H

,W�JURZV�LQ�'HQL]OL�DQG�0DQLVD��,W�LV�XVHG�IRU�WDEOH�JUDSH�DQG�ZLQH�PDNLQJ��,WV ZLQH�

KDV�OLJKW�FRORXU�DQG�IUHVK�IUXLW\�DURPD��,Q�DGGLWLRQ��LW�FDQ�EH�PDGH�GU\�RU�VHPL�GU\�

ZLQH�

7KH�DURPD�SURILOH�LV�DVSDUDJXV��SLQHDSSOH��PDQJR��SHDU��IORUDO��OHPRQ��KD\��JROGHQ�DQG�

JUHHQ�DSSOHV�

�������� gN�]J|]�

7KH�RULJLQ� LV�(OD]Õ÷�� ,W� DOVR�JURZV� LQ�&DSSDGRFLD��$QNDUD�DQG�8úDN�� ,W LV�PHGLXP�

ERGLHG��SURGXFLQJ�URXQG�DQG�IUXLW\�ZLQHV�ZLWK�WDQQLQ�DQG�KLJK�DFLGLW\�SURSHUW\� 7KH

DOFRKRO�UDQJH�FKDQJHV�EHWZHHQ�������WR��������,WV ZLQH�KDV�IORUDO�DQG�IUXLW\ DURPD��



��

7KHUHIRUH��LWV ZLQH FDQ�EH�GUXQN HDVLO\ DQG�DOVR�VXLWDEOH�IRU�DJHLQJ�GXH�WR�KLJK�DFLGLW\�

SURSHUW\� 7KH�FRORU�RI�,WV ZLQH�LV�OLJKW�UHG� ,W�FDQ�EH�EOHQGHG ZLWK�%R÷D]NHUH�JUDSHV�

7KH� DURPD� SURILOH� LV� UDVSEHUU\�� PLQW�� VRXU� FKHUU\�� GDUN� FKHUU\�� SRPHJUDQDWH��

FKRFRODWH��ULSH�SOXP��HXFDO\SWXV��FDUGDPRP�

�������� %R÷D]NHUH

7KH�RULJLQ�LV�'L\DUEDNÕU��,W�DOVR�JURZV LQ�(OD]Õ÷��$QNDUD��8úDN��0DQLVD��'HQL]OL��DQG

(OPDOÕ��,WV ZLQH LV�IXOO�ERGLHG��GHQVH�WDQQLQ�ZLWK�FRPSOH[�DURPD�SURILOHV�DQG�PHGLXP�

DFLGLW\� ,WV ZLQH�UHDFKHV EDODQFH�ZLWK DJHLQJ�

7KH�DURPD�SURILOH�LV�UDVSEHUU\��EODFN�FKHUU\��EODFNEHUU\� SHSSHU��HXFDO\SWXV��OHDWKHU��

WREDFFR��GDUN�FKRFRODWH��SLQH�IRUHVW��FORYH��OLTXRU�LFH�

�������� .DOHFLN�.DUDVÕ

7KH�RULJLQ�LV�$QNDUD��,W�DOVR�JURZV�LQ�'HQL]OL��0DQLVD��8úDN��(OPDOÕ� DQG�&DSSDGRFLD��

,WV ZLQH�KDV�GULHG� UHG� URVH�FRORXU� DQG�D� VXJDU�FDQG\� IODYRXU�� ,W� DOVR�KDV�PRGHUDWH�

ERGLHV�RQ�WKH�SDODWH�ZLWK�ORZ�WDQQLQV�DQG�FUXQFK�DFLGLW\�SURSHUWLHV��,WV DOFRKRO�OHYHO�

LV������Y�Y���

7KH�DURPD�SURILOH�LV�FKHUU\��UHG�EHUULHV��FRWWRQ�FDQG\��UDVSEHUU\ DQG�VWUDZEHUU\�

�������� 1DULQFH

7KH�RULJLQ�LV�7RNDW��,W�DOVR�JURZV�LQ�&DSSDGRFLD��,W�LV FRQVXPHG ERWK�WDEOH�DQG�ZLQH�

JUDSH��,W�LV�VXLWDEOH�IRU�GU\�RU�VHPL�GU\�ZLQHV��,WV ZLQH�KDV�\HOORZ�FRORXU�DQG�FLWUXV�

DQG�IUXLW\�IODYRXU�� ,Q�DGGLWLRQ�� LW�KDV�URXQG��PRGHUDWH�WR�KLJK�ERG\�SURSHUWLHV�ZLWK�

EDODQFHG� DFLGLW\�� ,W� LV� VXLWDEOH� IRU� DJHLQJ� ZLWK� RDN�� 7KLV� DJHLQJ� SURFHVV� JLYHV� D�

FRPSOH[�IODYRXU�LQ�WKLV�ZLQH�

7KH� DURPD� SURILOH� LV� JUDSHIUXLW��ZKLWH� SLQHDSSOH�� RUDQJH�� IORUDO�� DFDFLD�� ULSH� JUHHQ�

DSSOH��TXLQFH��ZDOQXW��SOXPHULD��OLPH��EDVLO��IUXLW�EORVVRP�



��

�������� (PLU

7KH�RULJLQ�LV�&DSSDGRFLD��,W�LV�XVHG�IRU�VSDUNOLQJ�DQG�GU\�ZLQHV� ,WV ZLQH�KDV�\HOORZ�

FRORXU�ZLWK� OLYHO\�FUXQFK�IODYRXU� ,W�KDV� OLJKW� WR�PRGHUDWH�ERGLHV�ZLWK�KLJK� IUDJLOH�

DFLGLW\� ,W� LV QRW� VXLWDEOH� IRU� DJHLQJ� ZLWK� RDN�� ,Q� DGGLWLRQ�� LW� LV� QRW� GHVLJQHG� WR�

PDORODFWLF�IHUPHQWDWLRQ��,W�KDV�EHHQ�GUXQN�ZLWKLQ���RU���\HDUV��

7KH�DURPD�SURILOH�LV�SLQHDSSOH��DSSOH��OHPRQ��NLZL��ZKLWH�URVH��EORRG�RUDQJH�

�������� dDONDUDVÕ

7KH�RULJLQ�LV�'HQL]OL��,W�LV�XVHG�IRU��URVp�ZLQH� ,WV ZLQH�KDV�OLJKWO\�IUXLW�UHG�FRORXU ZLWK�

KLJK�DFLGLW\��,W KDV�OLYHO\�DQG�EDODQFHG�DURPD��7KH�DOFRKRO�OHYHO�FKDQJHV�EHWZHHQ�����

DQG��������Y�Y���

7KH�DURPD�SURILOH�LV�VWUDZEHUU\��SHDFKHV��ULSH�ZKLWH�IUXLWV��IUHVK�UHG�IUXLWV�

�������� %RUQRYD�0LVNHWL

7KH�RULJLQ�LV�ø]PLU��,W�DOVR�JURZV�LQ�0DQLVD��,WV ZLQH�KDV�PXVFDW�IODYRXU��,W�KDV�OLJKW�

JROGHQ�FRORXU�ZLWK�OLYHO\�DURPD��,W�FDQ�EH�GUXQN�HDVLO\��,Q�DGGLWLRQ��LW�FDQ�EH�VXLWDEOH�

IRU�GU\�DQG�VZHHW�ZLQH�

7KH� DURPD� SURILOH� LV� IORZHUV�� WURSLFDO� IUXLWV�� FLWUXV�� ED\� OHDYHV�� WK\PH� �³:LQH� RI�

7XUNH\´��������

7KH�IROORZLQJ� WDEOHV�DQG�ILJXUH�VKRZ GLVWULEXWLRQ�RI� WKH�PHQWLRQHG�JUDSH�YDULHWLHV�

ZLWK� SURGXFWLRQ� FDSDFLW\� DQG� QDWLRQDO� JUDSH� W\SHV�ZLWK� WKHLU� RULJLQ� DQG� SURGXFHUV

�7DEOH�����	�����DQG�)LJXUH������
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7DEOH����� 'LVWULEXWLRQ�RI�*UDSH�9DULHW\�LQ�7XUNH\

*UDSH�9DULHW\ *UDSH�&RORXU 8VDJH�$UHD 2XWSXW �7RQV�

6XOWDQL\H :KLWH 7DEOH�DQG�:LQH �����

6KLUD]��6\UDK� %ODFN :LQH �����

gN�]J|]� %ODFN :LQH �����

%R÷D]NHUH %ODFN� :LQH ����

.DOHFLN�.DUDVÕ %ODFN :LQH ����

1DULQFH :KLWH 7DEOH�DQG�:LQH ����

(PLU :KLWH :LQH ����

dDONDUDVÕ %ODFN :LQH ����

&DEHUQHW�6DXYLJQRQ %ODFN :LQH ����

0HUORW %ODFN :LQH ����

6DXYLJQRQ�%ODQF :KLWH :LQH ����

&KDUGRQQD\ :KLWH :LQH ����

%RUQRYD�0LVNHWL :KLWH :LQH ���

)LJXUH����� *UDSH�9DULHWLHV�LQ�7XUNH\



��

7DEOH����� 2ULJLQ�RI�*UDSHV�DQG�:LQHPDNHUV�LQ�7XUNH\

*UDSH�7\SH 2ULJLQ :LQHPDNHU


$GDNDUDVÕ $YúD %�\�O�ED÷�

%R÷D]NHUH 'L\DUEDNÕU .DYDNOÕGHUH� 6XYOD��.D\UD��'ROXFD��6HYLOHQ��/LN\D��

7XUDVDQ��%X]ED÷

%RUQRYD�0LVNHWL ø]PLU 6HYLOHQ��&RUYXV�9LQH\DUGV��.DYDNOÕGHUH��1LI

dDONDUDVÕ 'HQL]OL 6DYD� .DYDNOÕGHUH�

dDYXú %R]FDDGD &RUYXV�9LQH\DUGV��7DOD\�9LQLILFDWLRQ

'LPULW .DSDGRN\D 7XUDVDQ��øOOHJ�S

(PLU .DSDGRN\D 7XUDVDQ� .DYDNOÕGHUH��9LQROXV��'ROXFD��

.RFDED÷�*LODPDGD��&RUYXV��<D]JDQ

.DOHFLN�.DUDVÕ $QNDUD .DYDNOÕGHUH��'LUHQ��9LQNDUD��.D\UD��'ROXFD��6HYLOHQ

.DUDODKDQD dDQDNNDOH &RUYXV��dDPOÕED÷

.DUDVDNÕ]��.XQWUD� dDQDNNDOH 6XYOD��.RFDGHUH��3DúDHOL

1DULQFH 7RNDW .DYDNOÕGHUH��'ROXFD��%X]ED÷��.D\UD��'LUHQ��9LQNDUD��

6DYD��9LQROXV��6HYLOHQ

gN�]J|]� (OD]Õ÷ .DYDNOÕGHUH��'LUHQ��6XYOD��'ROXFD��9LQNDUD��.D\UD��

9LQROXV��.X]H\ED÷��&RUYXV��.RFDED÷��%X]ED÷

3DSD]NDUDVÕ 7HNLUGD÷ 0HOHQ��&KDPOLMD

6XOWDQL\H 'HQL]OL .DYDNOÕGHUH��'ROXFD��6HYLOHQ�<D]JDQ��1LI

9DVLODNL %R]FDDGD 7DOD\��dDPOÕED÷��&RUYXV

:LQHU\�$�ù�

:LQH�<HDVWV

������ 'HILQLWLRQ�RI�<HDVWV

<HDVW� LV� D HXNDU\RWLF� PLFURRUJDQLVP� FDWHJRUL]HG� DV� IXQJL� LQ� WKH� NLQJGRP� DQG�

GHVFULEHG�DV�VLQJOH�FHOO�IXQJL�ZKLFK�SUHGRPLQDQWO\�UHSURGXFHG�E\�EXGGLQJ�RU�ILVVLRQ��

$FFRUGLQJ� WR W\SH� RI� UHSURGXFWLRQ�� LW� LV� FODVVLILHG� DV� DVFRP\FHWHV �EXGGLQJ��

EDVLGLRP\FHWHV �ILVVLRQ���DQG�LPSHUIHFW�IXQJL��'HXWHURP\FHWHV���



��

)LJXUH����� <HDVW�&HOO��*DLOODUGLQ�	�+HVORW�������

<HDVW FHOO�LQFOXGHV�FHOO�HQYHORSHV��D�F\WRSODVP�ZLWK�GLIIHUHQW�RUJDQHOOHV��DQG�D�QXFOHXV�

HQFRPSDVVHG�E\�D�PHPEUDQH��&HOOXODU�HQYHORSH�RI�\HDVW�KDV�D�FULWLFDO�UROH��7KLV�LV�WR�

SURYLGH� DOFRKRO� IHUPHQWDWLRQ� VXFFHVVIXOO\� DQG� UHOHDVH� VRPH� FRPSRQHQWV ZKLFK�

FRQWULEXWH�FRPSRVLWLRQ�RI ILQDO�ZLQH��'RQ��������

������ 7D[RQRP\�RI�:LQH�<HDVWV

7D[RQRP\�RI�\HDVW�FRQWDLQV�FODVVLILFDWLRQ�DQG�LGHQWLILFDWLRQ��&ODVVLILFDWLRQ�UHIHUV�WR

LQGLFDWH VLPLODULW\ RU�GLIIHUHQFH�ZLWK�DQFHVWRUV��,GHQWLILFDWLRQ�GHPRQVWUDWHV�XQNQRZQ�

PLFURRUJDQLVPV�DQG�SXW�LW�WR�D�JURXS�ZKLFK�KDV�VLPLODU�SURSHUWLHV��

7D[RQRP\� FDWHJRUL]HV� WKH� PLFURRUJDQLVPV� ZLWK� UHVSHFW� WR� PRUSKRORJLFDO��

SK\VLRORJLFDO��JHQHWLF�DQG�ELRFKHPLFDO SURSHUWLHV� 7KH�SKHQRW\SLF�SURSHUWLHV�RI�\HDVWV�

EDVH RQ�VSRUH�IRUPDWLRQ��VL]H�DQG�VKDSH�RI�FHOO�� HWKQLFDO�FKDUDFWHUV��DVVLPLODWLRQ�DQG�

IHUPHQWDWLRQ�RI�VXJDUV�DQG�QLWURJHQ�VRXUFHV��F\FORKH[LPLGH�UHVLVWDQFH �'RQ���������



��

)LJXUH������ 3K\VLRORJLFDO�3URSHUWLHV�RI�:LQH�<HDVWV �%DUQHWW�HW�DO�� �����

�������� &DQGLGD

&DQGLGD�� UHSUHVHQWV D� YHU\� ODUJH� JURXS LQ� ZLQH�� LV� DQ� DQDPRUSKLF JHQXV�� ,WV� FHOO�

DSSHDUV�VSKHULFDO��HOOLSVRLGDO�RU�HORQJDWH�XQGHU�WKH�PLFURVFRSH��0H\HU�HW�DO�� ������

5HSURGXFWLRQ�SURSHUW\�RI�WKLV�JHQXV�LV�PXOWLODWHUDO�EXGGLQJ �)XJHOVDQJ�	�(GZDUGV��

������



��

$FFRUGLQJ�WR�WKH�VSHFLHV��VXJDUV�DQG�QLWURJHQ�VRXUFHV�FDQ�EH�IHUPHQWHG�RU�DVVLPLODWHG��

)RU�H[DPSOH��&DQGLGD�VWHOODWD�FDQ�XVH�JOXFRVH��UDIILQRVH��DQG�VXFURVH�IRU�IHUPHQWDWLRQ�

DQG�DVVLPLODWLRQ��)LJXUH��������+RZHYHU��&DQGLGD SXOFKHUULPD FDQ�IHUPHQW�JOXFRVH��

EXW�DVVLPLODWH�JDODFWRVH��VXFURVH��JOXFRVH��PHOH]LWRVH��PDQQLWRO��PDOWRVH��0H\HU�HW�DO��

������

�������� 'HNNHUD

7KH�RWKHU�QDPH�LV�%UHWWDQRP\FHV� ,W�LV�D�VSRLODJH�PLFURRUJDQLVP�IRU�ZLQH��7KHUH�DUH�

D�ORW�RI�VSHFLHV�VXFK�DV�'�DQRPDOD �%��DQRPDOD���'��EUX[HOOHQVLV �%��EUX[HOOHQVLV�� %��

FXVWHUVLDQXV��%��QDDUGHQHQVLV��DQG�%��QDQXV �6PLWK���������

&HOO�VKDSH�RI�%UHWWDQRP\FHV LV�ERDW�VKDSHG�RU�RJLYDO��,Q�DGGLWLRQ��FRORXU�RI�FRORQ\�LQ�

WKH DJDU�LV�ZKLWH�WR�\HOORZLVK��7KLV�DJDU�FDQ�EH�VHHQ�PRLVW��VWUDLJKW��GXOO�RU�JOLVWHQLQJ�

$FFRUGLQJ�WR�VWUDLQV��WKH\�FDQ�IHUPHQW�PRVW�VXJDUV�VXFK�DV�JOXFRVH��PDOWRVH��VXFURVH��

JDODFWRVH��'��DQRPDOD FDQ�IHUPHQW�ODFWRVH�ZLWK�UHVSHFW�WR�VWUDLQV�ZKLOH�'��EUX[HOOHQVLV

FDQQRW XVH��7KLV�SURSHUW\�FDQ�EH�XVHG�IRU�LGHQWLILFDWLRQ�RI�VSHFLHV�

�������� +DQVHQLDVSRUD

&HOO�VKDSH�RI�+DQVHQLDVSRUD� LV� VSKHULFDO�RU�RYRLG�IRU�D�\RXQJ�PLFURRUJDQLVP�DQG�

OHPRQ�VKDSHG�RU�DSLFXODWH�IRU�DQ�ROGHU�PLFURRUJDQLVP �)XJHOVDQJ�	�(GZDUGV���������

7KHUH�DUH�D ORW�RI�VSHFLHV�LQ�ZLQH�VXFK�DV�+��XYDUXP��+��JXLOOHUPRQGLL��+��RSXQWLDH�

)RU�H[DPSOH��+��XYDUXP IHUPHQWV�RQO\ JOXFRVH��EXW�LW�DVVLPLODWHV�JOXFRVH��VDOLFLQ�DQG�

FHOORELRVH�� ,Q� DGGLWLRQ��+DQVHQLDVSRUD SUHIHUV� WR� XVH� IUXFWRVH� LQVWHDG� RI� JOXFRVH�

�&LDQL�DQG�)DWLFKHQWL��������



��

�������� 0HWVFKQLNRZLD

5HSURGXFWLRQ� SURSHUW\� RI� 0HWVFKQLNRZLD� LV� PXOWLODWHUDO� EXGGLQJ�� *HQHUDOO\��

0HWVFKQLNRZLD SXOFKHUULPD IRXQG� LQ� WKH�ZLQH�� ,W� IHUPHQWV�JOXFRVH ZKLOH�JDODFWRVH�

IHUPHQWDWLRQ�FKDQJHV�ZLWK�VWUDLQ�WR�VWUDLQ� ,Q�DGGLWLRQ��LW�DVVLPLODWHV�RWKHU�VXJDUV�VXFK�

DV�PDOWRVH��JDODFWRVH��VXFURVH�DQG�ODFWRVH��0RUHRYHU��WKLV�VSHFLHV SURGXFHV D EURZQ�

RU�UHG�SLJPHQW�LQ WKH�DJDU��3DOOPDQQ�HW�DO�� ������

�������� 3LFKLD

7ZR� VSHFLHV� RI� 3LFKLD IRXQG� LQ� ZLQH�� 3�DQRPDOD DQG� 3�PHPEUDQLIDFLHQV��

3�JXLOOLHUPRQGLL IRXQG�RQO\�LQ�PXVW�RU�ZLQH�HTXLSPHQW��'LDV�HW�DO�� �������

7KH� FHOO� VKDSH� DSSHDUV� F\OLQGULFDO�� RYRLG� RU� HOOLSVRLGDO� XQGHU� WKH� PLFURVFRS\�� ,Q�

DGGLWLRQ��UHSURGXFWLRQ�SURSHUW\�RI�WKLV�JHQXV�LV�PXOWLODWHUDO�EXGGLQJ��&RORQLHV�DUH�VHHQ�

FUHDP�RU�ZKLWH� ZULQNOHG��DQG GXOO RQ�WKH�DJDU��)XJHOVDQJ�	�(GZDUGV����������

3�DQRPDOD DQG� 3�� IHUPHQWDQV� IHUPHQW� JOXFRVH� ZKLOH� 3�PHPEUDQLIDFLHQV FDQQRW

IHUPHQW�ZLWK�UHVSHFW�WR�VWUDLQV��

�������� 6DFFKDURP\FHV

7KH�FHOO�VKDSH�DSSHDUV RYRLG XQGHU�WKH�PLFURVFRS\��,Q DGGLWLRQ��UHSURGXFWLRQ�SURSHUW\�

RI�WKLV�JHQXV�LV�PXOWLODWHUDO�EXGGLQJ��&RORQLHV�DUH�VHHQ�VPRRWK RQ�WKH�DJDU��

7ZR� VSHFLHV� RI� 6DFFKDURP\FHV IRXQG� LQ� ZLQH�� 6�� FHUHYLVLDH DQG� 6�� ED\DQXV� 6��

FHUHYLVLDH IHUPHQWV�VXFURVH��JOXFRVH�DQG UDIILQRVH��,Q�DGGLWLRQ� LW�DVVLPLODWHV�JOXFRVH��

PDOWRVH��VXFURVH��UDIILQRVH��EXW�LW�GRHVQ¶W�XWLOL]H ODFWRVH��,W�FDQ�DOVR�QRW XVH�ILYH�FDUERQ�

VXJDUV�VXFK�DV�SHQWRVHV��)XJHOVDQJ�	�(GZDUGV��������

�������� 6DFFKDURP\FRGHV

7KH�FHOO�VKDSH�DSSHDUV OHPRQ�VKDSHG XQGHU�WKH�PLFURVFRS\��,Q�DGGLWLRQ��UHSURGXFWLRQ�

SURSHUW\�RI�WKLV�JHQXV�LV ELSRODU�EXGGLQJ��

6DFFKDURP\FRGHV�OXGZLJLL IHUPHQWV DQG�DVVLPLODWHV VXFURVH�DQG�JOXFRVH��



��

�������� 6FKL]RVDFFKDURP\FHV

7KH� FHOO� VKDSH� DSSHDUV� RYRLG� DQG� F\OLQGULFDO XQGHU� WKH� PLFURVFRS\�� ,Q� DGGLWLRQ��

UHSURGXFWLRQ�SURSHUW\�RI�WKLV�JHQXV�LV�ILVVLRQ�

6��SRPEH IHUPHQWV�VXFURVH��PDOWRVH�DQG�JOXFRVH��,Q�DGGLWLRQ��LW�DVVLPLODWHV�PDOWRVH��

JOXFRVH��UDIILQRVH��DQG�VXFURVH��+RZHYHU��LW�FDQQRW XVH�HWKDQRO�DQG�QLWUDWH�

�������� =\JRVDFFKDURP\FHV

7KH�FHOO� VKDSH RI�=� EDLOLL DSSHDUV� F\OLQGULFDO DQG�RYRLG�XQGHU� WKH�PLFURVFRS\� ,Q�

DGGLWLRQ��UHSURGXFWLRQ�SURSHUW\�RI�WKLV�VSHFLHV�LV�ELSRODU�EXGGLQJ��

=�� EDLOLL KDV� DOFRKRO� WROHUDQW� SURSHUW\�� ,W� JURZV� ���� �Y�Y�� HWKDQRO FRQFHQWUDWLRQ�

�7KRPDV�DQG�'DYHQSRUW���������

������ ,VRODWLRQ�RI�<HDVWV

%DFWHULD� DQG�PROGV� JURZ� HDVLO\� ZLWK� \HDVW� RQ� VWDQGDUG�PHGLXP� 7KHUHIRUH�� VRPH�

VSHFLDO�PHGLXPV�DUH�XVHG�IRU�LVRODWLRQ�RI�\HDVWV��,Q�WKHVH�PHGLXPV��EDFWHULD�DQG�PROGV

GRQ¶W�JURZ��*HQHUDOO\��S+�OHYHO��ZDWHU�DFWLYLW\��DQWLELRWLF�RU�IXQJLVWDWLF�DGGLWLRQ�DUH�

XVHG�IRU�WKLV�SXUSRVH�

*HQHUDOO\��\HDVWV�JURZ�DERXW�����S+��EXW�WKH\�GRQ¶W�UHVLVW�KLJK�S+������������+RZHYHU��

6FKL]RVDFFKDURP\FHV RQO\�UHVLVW�WKLV�S+�UDQJHV��

8VXDOO\��\HDVWV�JURZ�LQ�KLJK�VXJDU�FRQFHQWUDWLRQ�����������EXW�EDFWHULD�GRQ¶W JURZ

LQ WKLV PHGLXP��+RZHYHU��RVPRWROHUDQW�PROGV�JURZ� LQ� WKLV�PHGLXP��7KHUH FDQ EH

XVHG�ZLWK�D URWDU\�VKDNHU LQ�LQFXEDWLRQ�WLPH�WR LQKLELW�PROGV�

$�IHZ�PHGLD�FRQWDLQLQJ�DQWL�PLFURELDOV�KDYH�EHHQ�GHSLFWHG�ZKLFK�FDQ�EH�XWLOL]HG�WR�

VWLIOH� FR�RFFXULQJ�PLFURRUJDQLVPV� 7HWUDF\FOLQH� ����PJ�/��� FKORUDPSKHQLFRO� �����

����PJ�/�� RU�D�FRPELQDWLRQ�RI� VWUHSWRP\FLQ�VXOIDWH DQG�SHQLFLOOLQ�* ���������PJ�/��

DUH� PRVW� XVHG� DQWLELRWLFV WR� LQKLELWLRQ� 0RUHRYHU� ELSKHQ\O ����� PJ�/���

F\FORKH[LPLGH����������PJ�/�� SLPDULFLQ��������PJ�/� RU�F\FORVSRULQ�$�������PJ�/�
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FDQ� EH� XVHG� IRU� LQKLELWLRQ RI� IXQJDO �.XUW]PDQ�� ������ =RWW��0LRW�6HUWLHU�� &ODLVVH��

/RQYDXG�)XQHO��	�0DVQHXI�3RPDUHGH��������

6HOHFWLYH�PHGLD�FDQ�DOVR�EH�XVHG IRU�VSHFLILF�\HDVW�LVRODWLRQ��)RU�H[DPSOH��WKH�PHGLD�

LQFOXGLQJ�F\FORKH[LPLGH�DQG�VRUELF�DFLG��S+������FDQ�EH�XVHG�IRU�'HNNHUD �9DQ�GHU�

:DOW�DQG�9DQ�.HUNHQ���������0RUHRYHU��WKH�PHGLXP LQFOXGLQJ�PHWKDQRO��F\FORVHULQH�

DQG�SHQLFLOOLQ�*�FDQ�EH�XWLOL]HG�IRU�LQKLELWLRQ�RI�EDFWHULD�DQG�LVRODWLRQ�RI�\HDVW�ZKLFK�

XVH�PHWKDQRO��9DQ 'LMNHQ DQG +DUGHU���������,Q�DGGLWLRQ��O\VLQH�PHGLXP FDQ�EH�XVHG�

IRU� LVRODWLRQ� RI� QRQ�6DFFKDURP\FHV �YDQ� GHU� $D�.�KOH� 	� -HVSHUVHQ�� ������ DQG�

HWKDQRO� VXOIDWH� DJDU� �(6$�� ZKLFK� FRQWDLQLQJ� ����� �Y�Y�� HWKDQRO� DQG� 62� FDQ� EH�

XWLOL]HG�IRU�LVRODWLRQ�RI�6DFFKDURP\FHV �.LVK��6KDUI��	�0DUJDOLWK���������

,Q�RXU�VWXG\��\HDVW�LVRODWLRQ�PHWKRGV�ZHUH�XVHG DFFRUGLQJ�WR�DFFRUGLQJ�WR�=RWW�HW�DO���

.LVK�HW�DO�� DQG YDQ�GHU�$D�.�KOH HW�DO� DV�GHVFULEHG�LQ�GHWDLO�LQ�SDUW��������

������ ,GHQWLILFDWLRQ�RI�<HDVWV

7KHUH�DUH�WZR�W\SH�PHWKRGV�IRU�LGHQWLILFDWLRQ�RI�\HDVW��SKHQRW\SLF�LGHQWLILFDWLRQ�DQG�

JHQRW\SLF�LGHQWLILFDWLRQ�

�������� 3KHQRW\SLF�,GHQWLILFDWLRQ

3KHQRW\SLF� LGHQWLILFDWLRQ EDVHV� RQ� PRUSKRORJLFDO�� SK\VLRORJLFDO� DQG� ELRFKHPLFDO�

WHVWV��,Q�PRUSKRORJLFDO�WHVW��LVRODWHG�\HDVWV�DUH�ORRNHG�DW�WKH�PLFURVFRSH��$�\HDVW�FDQ�

EH�LGHQWLILHG�ZLWK�UHVSHFW�WR�FHOO�VKDSH��)RU�H[DPSOH��6DFFKDURP\FHV�FHUHYLVLDH KDV�

RYRLG�FHOO VKDSH�ZKLOH�+DQVHQLDVSRUD�XYDUXP KDV�OHPRQ�VKDSH�

3K\VLRORJLFDO� WHVW� EDVHV� RQ� FDUERK\GUDWH� IHUPHQWDWLRQ� RU� DVVLPLODWLRQ� SURSHUWLHV�

�)LJXUH� ������ XWLOL]DWLRQ� RI� QLWURJHQ� VRXUFHV�� JURZWK� WHPSHUDWXUH�� JURZWK� LQ� KLJK�

VXJDU�FRQFHQWUDWLRQ��DQG�DQWLELRWLF�UHVLVWDQFHV�

,Q�DGGLWLRQ� WKHUH�DUH�VRPH�DXWRPDWHG�V\VWHPV VXFK�DV�$3,�6\VWHP��%LRORJ�RU�9LWHN��

)RU�H[DPSOH��$3,�V\VWHP�NLWV SURYLGH�������WHVW�IRU�JURZLQJ�LQ�ZHOOV��7LPH�RI�UHDGLQJ�

LV�DSSUR[LPDWHO\�EHWZHHQ����DQG����KRXUV�� ,W�FDQ EH� LGHQWLILHG�EHWZHHQ����DQG����

VSHFLHV�ZLWK�UHVSHFW�WR�FRGLQJ�V\VWHP �.XUW]PDQ��)HOO��%RHNKRXW��	�5REHUW��������
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�������� *HQRW\SLF�,GHQWLILFDWLRQ

7KHUH�DUH�VRPH�JHQRW\SLF�LGHQWLILFDWLRQ�PHWKRGV�

x ���6� ,76 5HJLRQ�6HTXHQFLQJ�RI�5LERVRPDO�'1$

x ���6� ,76 5HJLRQ 5HVWULFWLRQ�)UDJPHQW�/HQJWK�3RO\PRUSKLVP��5)/3�

x '��'��'RPDLQ�6HTXHQFLQJ�RI�5LERVRPDO�'1$

x 5HVWULFWLRQ�$QDO\VLV�RI�0LWRFKRQGULDO�'1$ �PW'1$�

x 5DQGRP $PSOL¿FDWLRQ�RI�3RO\PRUSKLF�'1$��5$3'�

x 3RO\PHUDVH�&KDLQ�5HDFWLRQ��3&5��$PSOL¿FDWLRQ�RI�9DULDEOH�5HJLRQV�RI�WKH�

*HQRPH��0LFURVDWHOOLWHV�DQG�0LQLVDWHOOLWHV�

x 5HDO�7LPH�3RO\PHUDVH�&KDLQ�5HDFWLRQ��T�3&5�

x 3RO\PHUDVH�&KDLQ�5HDFWLRQ�'HQDWXULQJ�*UDGLHQW�*HO�(OHFWURSKRUHVLV �3&5�

'**(�

x 3XOVHG�)LHOG�*HO�(OHFWURSKRUHVLV��3)*(�

x $PSOLILHG�)UDJPHQW�/HQJWK�3RO\PRUSKLVP��$)/3�

���������� ���6� ,76 5HJLRQ�6HTXHQFLQJ�RI�5LERVRPDO�'1$

7KH�,76 UHJLRQ FRQWDLQV WKH�����U51$�JHQH�FRGLQJ�DQG�WKH�WZR�IODQNLQJ�QRQ�FRGLQJ�

DQG� YDULDEOH� WUDQVFULEHG� LQQHU� VSDFHUV �)LJXUH� ������� ,76�� DQG� ,76� GHPRQVWUDWH�

KLJKO\�YDULDELOLW\�RI LQWHUVSHFLILF�VL]H��+RZHYHU��WKHLU�LQWUDVSHFLILF�SRO\PRUSKLVP LV

ORZ��,Q�DGGLWLRQ��WKH�H[WUHPHO\�FRQVHUYHG�VHTXHQFHV�RI�U51$�JHQHV�ZLWK�,76 UHJLRQ�

HQDEOH�XQLYHUVDO�SULPHUV�WR�EH�XVHG�IRU�IXQJL��7KHUHIRUH��5)/3�DQDO\VLV�RI����6�,76

UHJLRQ LV� XVHG� IRU� LGHQWLILFDWLRQ� RI�6DFFKDURP\FHV DQG� QRQ�6DFFKDURP\FHV \HDVWV�

�*XLOODP|Q HW� DO��� ������ (VWHYH�=DU]RVR HW� DO��� ������ ,Q� DGGLWLRQ�� WKH� GLIIHUHQFHV�

EHWZHHQ�VHTXHQFLQJ�RI�,76 UHJLRQV�LQ�U'1$�ZHUH�XWLOL]HG�WR LGHQWLI\�VSHFLHV�RI�\HDVW�

�&KULVWRSK�	�7KRPDV��������9LOOD�&DUYDMDO��4XHURO��	�%HOORFK���������7KH�UHVHDUFK�

VWXG\� E\� &KDYDQ� HW� DO� �������� KDV� GHPRQVWUDWHG� WKDW� 6DFFKDURP\FHV DQG� QRQ�

6DFFKDURP\FHV \HDVWV�ZHUH�LGHQWLILHG�E\����6�,76 VHTXHQFLQJ�RI�U'1$�
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)LJXUH������ 3ULPHUV�RI�,QWHUQDO�7UDQVFULEHG�6SDFHU��,76��5HJLRQV��668��VPDOO�VXEXQLW�����6���/68��

ODUJH�VXEXQLW��������6���1HOVHQ��0��3��������

7KH�IROORZLQJ�VHTXHQFHV�VKRZ�WKH�XVHG�,76��DQG�,76� SULPHUV�

,76���¶�7&&*7$**7*$$&&7*&**��¶

,76���¶�7&&7&&*&777$77*$7$7*&��¶��&KDYDQ�HW�DO���������:KLWH�HW�DO��������

3&5�DPSOLFRQV�ZLWK�UHVSHFW�WR�,76�����6�U'1$�,76��DUH�GLIIHUHQW�IRU�HDFK�VSHFLHV��

7KH�IROORZLQJ�WDEOH�VKRZV�DPSOLFRQV�RI�VRPH�ZLQH�\HDVWV��7DEOH������
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7DEOH����� 7KH�,76������U'1$�,76��3&5�$PSOLFRQV�RI�<HDVWV �*KRVK��������3KDP�HW�DO���������

<HDVWV ,76������U'1$�,76��3&5�$PSOLFRQV��ES�

0HWVFKQLNRZLD�SXOFKHUULPD ���

0HWVFKQLNRZLD�DII��SXOFKHUULPD ���

3LFKLD�IHUPHQWDQV ���

6WDUPHUHOOD�EDFLOODULV������ ���

'HNNHUD�EUX[HOOHQVLV ���

'HNNHUD�DQRPDOD ���

:LFNHUKDPRP\FHV��DQRPDOXV ���

5KRGRWRUXOD�PXFLODJLQRVD ���

/DQFKDQFHD WKHUPRWROHUDQV ���

.OX\YHURP\FHV�PDU[LDQXV ���

.OX\YHURP\FHV�ODFWLV ���

+DQVHQLDVSRUD�XYDUXP ���

+DQVHQLDVSRUD�JXLOOLHUPRQGLL ���

7RUXODVSRUD�GHOEUHXFNLL ���

6DFFKDURP\FHV�FHUHYLVLDH ���

���������� '��'��'RPDLQ�6HTXHQFLQJ�RI�5LERVRPDO�'1$

'��'�� GRPDLQ FRYHUV� ���� QXFOHRWLGHV LQ� WKH� VHTXHQFH� �*XDGHW� HW� DO�� ������

$FFRUGLQJ�WR�WKLV�GRPDLQ��6DFFKDURP\FHV�DQG�QRQ�6DFFKDURP\FHV FDQ�EH�LGHQWLILHG

�.XUW]PDQ�	�5REQHWW�������� 7KH� UHVHDUFK�VWXGLHV�E\�%DOHLUDV�&RXWR�HW� DO� �������

�������GHPRQVWUDWHG�WKDW�ZLQH�\HDVW�VSHFLHV�ZHUH�H[DPLQHG�E\�UHVWULFWLRQ�SURILOHV�RI�

'��'� GRPDLQ�LQ�WKH�ODUJH�XQLW�RI�ULERVRPDO�'1$���,Q�DGGLWLRQ��VHTXHQFLQJ�RI�WKLV�

GRPDLQ KDV�IDFLOLWDWHG LGHQWLILFDWLRQ�RI�VSHFLHV�DFFXUDWHO\�DQG�UDSLGO\ �+HVKDP�HW�DO��

�������7KLV�LGHQWLILFDWLRQ�PHWKRG�ZDV�XVHG�IRU�6DFFKDURP\FHV �+HVKDP�HW�DO���������

.OX\YHURP\FHV �%HOORFK�� %DUULR�� *DUFLD�� 	� 4XHURO�� ������ DQG� RWKHU� ZLQH� \HDVW�

VSHFLHV �*XLOODPRQ��6DEDWH��%DUULR��&DQR��	�4XHURO������� �7DEOH�������



��

7KH�IROORZLQJ�VHTXHQFHV�VKRZ�WKH�XVHG 1/��DQG�1/��SULPHUV �)LJXUH�������

1/������
�*&$7$7&$$7$$*&**$**$$$$*��


1/������
�**7&&*7*777&$$*$&**��
����2¶'RQQHOO��������

)LJXUH������ ,76 5HJLRQ�DQG�'��'��'RPDLQV�RI�U51$��5RPDQHOOL��)X��+HUUHUD��	�:LFNHV�������

7DEOH����� 8VHG�,GHQWLILFDWLRQ�0HWKRGV�LQ�WKH�/LWHUDWXUH �)HUQDQGH]�(VSLQDU��/ORSLV��4XHURO��	�

%DUULR�������

6WXGLHV 8VHG�0HWKRGV 5HIHUHQFHV

16�DQG�6 ,76 5HJLRQ�DQG�'��'� 'RPDLQ 7RIDOR�HW�DO� ������

16 ,76 5HJLRQ =RWW�HW�DO� ������

16 '��'��'RPDLQ 5RPDQFLQR HW�DO� ������

16�DQG�6 ,76 5HJLRQ 5RGULJXH]�HW�DO� ������

16�DQG�6� ,76 5HJLRQ (VWHYH�=DU]RVR�HW�DO� ������

6 ,76 5HJLRQ� )HUQiQGH]�(VSLQDU�HW�DO� ������

16�DQG�6� ,76 5HJLRQ *XLOODPRQ�HW�DO� ������
16��1RQ�6DFFKDURP\FHV� 6��6DFFKDURP\FHV�

������ 'LYHUVLW\�RI�,QGLJHQRXV�1RQ�6DFFKDURP\FHV <HDVWV�,VRODWHG�IURP�0XVWV�RI�

*UDSHV

,QGLJHQRXV�QRQ�6DFFKDURP\FHV \HDVWV�SOD\� UROH� LQ�ZLQH�TXDOLW\ GXH� WR�PHWDEROLWHV

WKH\� SURGXFHG� �-ROO\�� $XJXVW\Q�� 	� 3UHWRULXV�� ������ 7KHVH� \HDVW� VWUDLQV� LQGLFDWH

GLIIHUHQFHV�LQ�WKHLU�GHVLUDEOH�FKDUDFWHULVWLFV�DFFRUGLQJ�WR�UHJLRQV�IURP�ZKLFK�WKH\�DUH�

LVRODWHG�� 7KH� IROORZLQJ� WDEOH� VKRZV� GLYHUVLW\� RI� LQGLJHQRXV� QRQ�6DFFKDURP\FHV�

\HDVWV�DFFRUGLQJ�WR�UHJLRQV�IURP�ZKLFK�WKH\�DUH�LVRODWHG �7DEOH������
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7DEOH����� 'LYHUVLW\�RI�,QGLJHQRXV 1RQ�6DFFKDURP\FHV <HDVWV�$FFRUGLQJ�WR�5HJLRQV��-ROO\�HW�DO���

�����

1DPH�RI�,VRODWHG�<HDVW 5HJLRQ�RU�&RXQWU\ *UDSH�9DULHW\

%UHWWDQRP\FHV�EUX[HOOHQVLV��'� EUX[HOOHQVLV� 7HQHULIH :KLWH�/LVWDQ

&DQGLGD�FROOLFXORVD��7��GHOEUXHFNLL� &DWDORQLD 0DFDEHR�DQG�*UHQDFKH

&DQGLGD�JXLOOLHUPRQGLL �3��JXLOOLHUPRQGLL� ,VUDHO &DEHUQHW�6DXYLJQRQ

&DQGLGD�NUXVHL��,��RULHQWDOLV� $UJHQWLQD 0DOEHF

&DQGLGD�SXOFKHUULPD��0� SXOFKHUULPD� ,VUDHO &DEHUQHW�6DXYLJQRQ�DQG�

0XVFDW�G
�$OH[DQGULH

$UJHQWLQD 0DOEHF

&DQGLGD�VWHOODWD $UJHQWLQD 0DOEHF

&DQGLGD�YDOLGD��3� PHPEUDQLIDFLHQV� $UJHQWLQD 0DOEHF

.ORHFNHUD�DSLFXODWD �+��XYDUXP� &DOLIRUQLD 9LQH\DUG

$XVWUDOLD 5LHVOLQJ��6HPLOORQ��0DOEHF�

DQG�+HUPLWDJH

%RUGHDX[ 6HPLOORQ�DQG�0HUORW

$UJHQWLQD 0DOEHF

.ORHFNHUD�DSLV �+��JXLOOLHUPRQGLL� 6SDLQ $EDULQR��*RGHOOR�DQG�

0HQFLD

.OX\YHURP\FHV�WKHUPRWROHUDQV�

�/� WKHUPRWROHUDQV�

&DWDORQLD 0DFDEHR DQG *UHQDFKH

7HQHULIH :KLWH�/LVWDQ

5KRGRWRUXOD�PXFLODJLQRVD :HVWHUQ�&DSH *UDSHV

6SDLQ $EDULQR��*RGHOOR�DQG�

0HQFLD

3LFKLD�DQRPDOD��:� DQRPDOXV� 0DMRUFD &KHQLQ�EODQF

6DFFKDURP\FRGHV�OXGZLJLL 6SDLQ 5LEHLUR

=\JRVDFFKDURP\FHV�EDLOLL 6SDLQ :KLWH�DQG�UHG�YDULHWLHV
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,Q� DGGLWLRQ� WR� WKLV� WDEOH�� QRQ�6DFFKDURP\FHV \HDVWV� ZHUH� LVRODWHG� IURP� GLIIHUHQW�

UHJLRQV� UHFHQWO\�� ,Q� ,QGLD�� �� GLIIHUHQW� QRQ�6DFFKDURP\FHV \HDVWV� �&DQGLGD�

TXHUFLWUXVD��&DQGLGD�D]\PD��+DQVHQLDVSRUD�JXLOOLHUPRQGLL��+DQVHQLDVSRUD�XYDUXP��

+DQVHQLDVSRUD� YLQLDH�� ,VVDWFKHQNLD� WHUULFROD�� ,VVDWFKHQNLD� RULHQWDOLV�� 3LFKLD�

PHPEUDQLIDFLHQV�� =\JRDVFXV� VWHDWRO\WLFXV� ZHUH� LVRODWHG� IURP� %DQJDORUH� %OXH��

&DEHUQHW�� =LQIDQGHO�� 6DXYLJQRQ� %ODQF�� &KHQLQ� %ODQF� DQG� 6KLUD]� JUDSH� YDULHWLHV

�&KDYDQ�HW�DO�������� ZKLOH����\HDVW�VSHFLHV �&DQGLGD�ERPEL��&DQGLGD�LQFRQSLFXD��

&DQGLGD�]HPSOLQLQD��&DQGLGD�TXHUFLWUXVD��&U\SWRFRFFXV�FDUQHVFHQV��&U\SWRFRFFXV�

IODYHVFHQV�� &U\SWRFRFFXV� PDJQXV�� +DQVHQLDVSRUD� JXLOOLHUPRQGLL�� +DQVHQLDVSRUD�

XYDUXP��,VVDWFKHQNLD�WHUULFROD��,VVDWFKHQNLD�RULHQWDOLV��0HWVFKQLNRZLD�SXOFKHUULPD��

3LFKLD� IHUPHQWDQV� 3LFKLD� JXLOOLHUPRQGLL�� 6SRULGLREROXV� SDUDURVHXV��

=\JRVDFFKDURP\FHV� EDLOLL�� =\JRVDFFKDURP\FHV� IHUPHQWDWL� ZHUH� LGHQWLILHG IURP�

&KDUGRQQD\�� &DEHUQHW� 6DXYLJQRQ�� DQG�0HUORW� JUDSH� YDULHWLHV� LQ� &KLQD� �/L� HW� DO���

�������

/DWHO\�� IHZ� VWXGLHV� KDYH� EHHQ� FDUULHG� RXW� WR� VWXG\� WKH� QRQ�6DFFKDURP\FHV \HDVWV�

LVRODWHG�IURP�JUDSH�DQG�JUDSH�PXVW�RI�YLQH\DUGV�LQ�7XUNH\��dHOLN HW�DO�������� IRXQG�

�� GLIIHUHQW� QRQ�6DFFKDURP\FHV \HDVWV� VSHFLHV �&DQGLGD� ]HPSOLQLQD��+DQVHQLVSRUD�

JXLOOLHUPRQGLL�� +DQVHQLDVSRUD� XYDUXP�� 0HWVFKQLNRZLD� VSS��� /DFKDQFHD�

WKHUPRWROHUDQFH�� 3LFKLD� NOX\YHUL�� 3LFKLD RFFLGHQWDOLV� 7RUXODVSRUD� GHOEUXHFNLL� LQ�

1DULQFH� JUDSHV� IURP� WKH� UHJLRQ� 7RNDW�� ,Q� DGGLWLRQ�� ��� QRQ�6DFFKDURP\FHV

�'HEDU\RP\FHV KDQVHQLL�� +DQVHQLDVSRUD� JXLOOLHUPRQGLL� +DQVHQLDVSRUD� XYDUXP�

+DQVHQLDVSRUD� RSXQWLDH� .OX\YHURP\FHV� PDU[LDQXV�� 0HWVFKQLNRZLD� FKU\VRSHUODH�

0HWVFKQLNRZLD� IUXFWLFROD�� 0HWVFKQLNRZLD� SXOFKHUULPD�� 3LFKLD� DQRPDOD�� 3LFKLD�

NXGULDY]HYLL��3LFKLD�VSRURFXULRVD��5KRGRWRUXOD�PXFLODJLQRVD��3LFKLD�JXLOOLHUPRQGLL��

3LFKLD� VSRURFXULRVD�� ,VVDWFKHQNLD� WHUULFROD�� ,VVDWFKHQNLD� WHUULFROD�� =\JRDVFXV�

KHOOHQLFXV�� =\JRDVFXV� PH\HUDH� VSHFLHV ZHUH LVRODWHG� IURP� JUDSHV� ZKLFK� ZHUH�

KDUYHVWHG�IURP�$GDQD��8UOD��DQG�7HNLUGD÷��hNHOJL���������0RUHRYHU��1XUJHO HW�DO�

������ IRXQG�GRPLQDQW�QRQ�6DFFKDURP\FHV \HDVWV��.ORHFNHUD�DSLFXODWH�� /DFKDQFHD�

WKHUPRWROHUDQFH�� &DQGLGD� SXOFKHUULPD�� GXULQJ� IHUPHQWDWLRQ� RI� (PLU� JUDSHV� DQG�
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LVRODWHG QRQ�6DFFKDURP\FHV \HDVWV� �.ORHFNHUD� DSLFXODWD�� 0HWVFKQLNRZLD

SXOFKHUULPD��&DQGLGD KROPLL��&DQGLGD YDOLGD��&DQGLGD JXLOOHUPRQGLL DQG�&DQGLGD�

VS�� GXULQJ�DOFRKROLF�IHUPHQWDWLRQ�RI�.DOHFLN�.DUDVÕ�JUDSHV��$OWKRXJK�WKLV VWXG\�RI�

\HDVW� IORUD IRU .DOHFLN�.DUDVÕ� DQG�(PLU�JUDSH�YDULHWLHV LQ� WKH�$QDWROLD� UHJLRQ�ZDV�

FDUULHG�RXW�� D� VWXG\�RI� \HDVW� SRSXODWLRQV� IRU� ILYH GLIIHUHQW� JUDSH�YDULHWLHV� �.DOHFLN�

.DUDVÕ�� gN�]J|]��� %R÷D]NHUH�� 'LPULW�� (PLU�� WDNHQ� IURP� WKUHH GLIIHUHQW� UHJLRQV

�$QNDUD��(OD]Õ÷�DQG�&DSSDGRFLD� LQ�7XUNH\�KDVQ¶W�EHHQ�FRQGXFWHG�\HW��

������ 1RQ�6DFFKDURP\FHV <HDVWV�8VHG�DV�D�6WDUWHU�&XOWXUH

�������� +DQVHQLDVSRUD�JXLOOLHUPRQGLL

+DQVHQLDVSRUD JHQHUD�FRPHV WR�WKH�IRUHIURQW RI�DFHWDWH�HVWHU�SURGXFHU��$�VWXG\�ZDV�

FDUULHG�RXW�E\�9LDQD HW�DO�� �������� WKDW�������DQG�������VWUDLQV�RI�+DQVHQLDVSRUD�

JXLOOLHUPRQGLL ZHUH� VHOHFWHG� DV� D� VWDUWHU� FXOWXUH� GXH� WR� HVWHU� SURILOH� IRU� HQRORJLFDO�

FKDUDFWHUL]DWLRQ�� ,Q� DGGLWLRQ�� GLIIHUHQW� VWUDLQV� RI� +DQVHQLDVSRUD� JXLOOLHUPRQGLL

VWURQJO\�SURGXFH�HWK\O�DFHWDWH�DQG���SKHQ\OHWK\O�DFHWDWH�ZKLFK�JLYH�IORZHU\ DQG�IUXLW\�

DURPD�LQ�PXVW��1DWKDOLH�0RUHLUD��0HQGHV��+RJJ��	�9DVFRQFHORV��������5RMDV��*LO��

3LxDJD��	�0DQ]DQDUHV���������,Q�DGGLWLRQ��VRPH�VWUDLQV RI�WKLV�PLFURRUJDQLVP�KDYH�

HWKDQRO� WROHUDQFH� OLNH�6DFFKDURP\FHV� FHUHYLVLDH��7KLV�PLFURRUJDQLVP� UHVLVWV�XS� WR�

�����Y�Y��HWKDQRO�OHYHO �3LQD��6DQWRV��&RXWR��	�+RJJ��������

�������� +DQVHQLDVSRUD�RSXQWLDH

+DQVHQLDVSRUD�RSXQWLDH�DIIHFWV�SRVLWLYHO\�ZLQH�DURPD��HVSHFLDOO\�VHQVRU\�RI�ZLQHV��

WKLV�PLFURRUJDQLVP�ZLWK�LQRFXODWLRQ�RI�6DFFKDURP\FHV�FHUHYLVLDH LQFUHDVHV DURPD�RI�

WKH�ZLQHV� DQG� JDLQV� VSHFLILF� SURILOH� LQ� WR� WKH�ZLQH� $� VWXG\� VKRZHG� WKDW� XVDJH� RI�

+DQVHQLDVSRUD� RSXQWLDH DQG� 6DFFKDURP\FHV FHUHYLVLDH� YDU�� ED\DQXV LQ� &DEHUQHW�

VDXYLJQRQ��&KHQLQ�%ODQF��5RVH JUDSHV�JDYH�D�W\SLFDO�ZLQH�IODYRXU��7KHVH�ZLQHV�ZHUH�

SUHIHUUHG�E\�FRQVXPHUV�GXH�WR�SRVLWLYH�VHQVRU\�TXDOLWLHV��$VVLV�HW�DO���������



��

�������� +DQVHQLDVSRUD�XYDUXP

+DQVHQLDVSRUD�XYDUXP LV� XVHG�PLFURRUJDQLVP�DV� D� VWDUWHU� FXOWXUH� IRU ZLQHPDNLQJ�

SURFHVV��$OWKRXJK WKLV�PLFURRUJDQLVP�FDXVHV� VWXFN� IHUPHQWDWLRQ�� VRPH� UHVHDUFKHUV�

XVHG� WKLV� PLFURRUJDQLVP� ZLWK� VHTXHQWLDO� RU� FR�LQRFXODWLRQ� ZLWK� 6DFFKDURP\FHV

FHUHYLVLDH WR�XVH�LQGXVWULDO�SURGXFWLRQ�RI�ZLQH� 7KLV�XVDJH�GHFUHDVHV YRODWLOH�DFLGLW\

FRPSRQHQW�RI D�ZLQH�DQG�JLYHV RUJDQROHSWLF�TXDOLW\�WR�WKH�ZLQH��7ULVWH]]D�HW�DO���������

�������� 5KRGRWRUXOD PXFLODJLQRVD

$�VWXG\�LQ�&KLQD�VKRZHG�WKDW�5KRGRWRUXOD�PXFLODJLQRVD ZKLFK�KDV�D�KLJK�OHYHO�RI�ȕ�

JOXFRVLGDVH JDYH� IUXLW\� DQG� IORUDO� DURPD� LQ� WKH� ZLQH GXH� WR� JO\FRVLGHV RI� &���

QRULVRSUHQRLGV DQG�EHQ]HQLF�FRPSRXQGV �+X�HW�DO����������,Q�DGGLWLRQ��5KRGRWRUXOD�

PXFLODJLQRVD DQG 6DFFKDURP\FHV�FHUHYLVLDH�ZHUH�XVHG�ZLWK�VHTXHQWLDO�LQRFXODWLRQ�LQ�

GU\� ZKLWH� ZLQH� WR� HQKDQFH� DURPD� SURILOH�� 1HURO� R[LGH�� FHUWDLQ� HWK\O� DQG� DFHWDWHV�

FRPSRXQGV DQG��=����KH[HQH���RO�ZHUH�IRXQG� LQ�WKLV�PL[HG�IHUPHQWDWLRQ��7KH\�JDYH�

EHUU\��FLWUXV��IORUDO��VZHHW�DQG�DFLG�IUXLW�DURPD�LQ�WKLV�ZLQH��:DQJ�HW�DO����������

�������� :LFNHUKDPRP\FHV�DQRPDOXV �3LFKLD�DQRPDOD�

$�VWXG\ RI� WKH�PL[HG� FXOWXUH� RI�6DFFKDURP\FHV� FHUHYLVLDH DQG�:LFNHUKDPRP\FHV�

DQRPDOXV VKRZHG� WKDW� WKLV FR�LQRFXODWLRQ� DIIHFWV TXDOLW\� RI� FLGHU� SRVLWLYHO\�� ,Q�

DGGLWLRQ��LW�UHDFKHG�VDPH�HWKDQRO�OHYHO�DV�PRQRFXOWXUH�RI�6DFFKDURP\FHV�FHUHYLVLDH��

7KLV PL[HG�FXOWXUH HQKDQFHG UHPDUNDEO\�KLJKHU�DOFRKROV��HWK\O�HVWHUV��DFHWDWH�HVWHUV��

NHWRQHV�DQG�DOGHK\GHV�WKDQ�SXUH�FXOWXUH�IHUPHQWDWLRQ�� ,W IRXQG�PRUH�GHVLUDEOH�WKDQ�

WKH�SURGXFW�RI��PRQRFXOWXUH�IHUPHQWDWLRQ �<H��<XH��	�<XDQ���������

�������� 0HWVFKQLNRZLD�VSS�

0HWVFKQLNRZLD�SXOFKHUULPD LV�YHU\�XVH�VSHFLHV�LQ�WKLV�JHQXV��,W�VLJQLILFDQWO\�UHGXFHV�

YRODWLOH� DQG� WRWDO� DFLGLW\� RI� WKH� ZLQHV�� 7KLV� XVDJH� RI� PL[HG� LQRFXODWLRQ� ZLWK�

6DFFKDURP\FHV� FHUHYLVLDH DIIHFW� LVRDP\O� DFHWDWH�� ��SKHQ\O� HWKDQRO�� DQG� PHGLXP�

FKDLQ�IDWW\�DFLGV�SURGXFWLRQ�SRVLWLYHO\��,W�DOVR�LQFUHDVHV SRO\VDFFKDULGHV�FRQWHQW�LQ�WKH�

ZLQH��&RPLWLQL�HW�DO���������



��

�������� /DFKDQFHD�WKHUPRWROHUDQV �.OX\YHURP\FHV WKHUPRWROHUDQV�

/DFKDQFHD�WKHUPRWROHUDQV DQG�6DFFKDURP\FHV�FHUHYLVLDH DUH XVHG�IRU�HQKDQFHPHQW�

RI�DFLGLW\�DQG�ZLQH�TXDOLW\�LPSURYHPHQW�E\�VLPXOWDQHRXV�DQG�VHTXHQWLDO�IHUPHQWDWLRQ��

$�VWXG\�KDV�VKRZQ�WKDW�JO\FHURO�DQG���SKHQ\OHWKDQRO�HQKDQFHG�ZLWK�FR�LQRFXODWLRQ�RI�

WKHVH�PLFURRUJDQLVPV��,Q�DGGLWLRQ��VSLF\�DURPD DQG�WRWDO�DFLGLW\�LQFUHDVHG�ZLWK�WKHVH�

WZR�PLFURRUJDQLVPV�XVLQJ�VWDUWHU�FXOWXUHV��*REEL�HW�DO���������

/DFKDQFHD� WKHUPRWROHUDQV LV� XVHG� D� FRPPHUFLDO� VWDUWHU� FXOWXUH� E\� &KU�� +DQVHQ

�9LQLIORUD��6<03+21<���,W�LV�XVHG�IRU�LPSURYLQJ�DURPD�LQ�ZKLWH��5LHVOLQJ��3LQRW�

%ODQF��&KDUGRQQD\�DQG�3LQRW�*ULV��DQG�UHG��3LQRW�1RLU��6KLUD]��&DEHUQHW�6DXYLJQRQ�

DQG�0HUORW��JUDSHV��,W�JLYHV�WURSLFDO�IUXLW�DQG�IORUDO�DURPD��-ROO\�HW�DO���������

�������� 6WDUPHUHOOD�EDFLOODULV �&DQGLGD�]HPSOLQLQD�

$� VWXG\� ZDV� FDUULHG� RXW� WR WKH� PROHFXODU� DQG� SK\VLRORJLFDO� FKDUDFWHUL]DWLRQ� RI�

6WDUPHUHOOD�EDFLOODULV \HDVWV�LVRODWHG�IURP�JUDSHV�LQ�,WDO\��7KLV�VWXG\�KDV�VKRZQ�DV�

WKLV�PLFURRUJDQLVP�SURGXFHG�D�ORZ�DPRXQW�RI�DFHWLF�DFLG�DQG�HWKDQRO�DV D�KLJK�OHYHO�

RI� JO\FHURO�� 7KHUHIRUH�� WKLV PLFURRUJDQLVP� LV� VXLWDEOH IRU� DSSOLFDWLRQ� RI� PL[HG�

IHUPHQWDWLRQ�ZLWK�6DFFKDURP\FHV�FHUHYLVLDH IRU�ZLQHPDNLQJ��,Q�DGGLWLRQ��WKLV�PL[HG�

FXOWXUH�FDQ�EH�XVHG IRU�UHGXFWLRQ�RI�HWKDQRO�LQ�ZLQH��(QJOH]RV�HW�DO����������

�������� :LOOLRSVLV�VDWXUQXV

:LOOLRSVLV� VDWXUQXV �+DQVHQXOD� VDWXUQXV�� SURGXFHV� D� VLJQLILFDQW� OHYHO� RI� YRODWLOH�

HVWHUV��SDUWLFXODUO\ LVRDP\O�DFHWDWH�DQG�HWK\O�DFHWDWH��,VRDP\O�DFHWDWH�JLYHV�EDQDQD�

OLNH�DURPD LQ�WKH�ZLQH��:DQJ�HW�DO��������� $OWKRXJK�WKLV�QRQ�6DFFKDURP\FHV�\HDVW�

GRHV QRW�IRXQG�JUDSHV�VXUIDFHV�DQG�HTXLSPHQW�RI�ZLQHU\��LW�SURGXFHV�GHVLUDEOH�IODYRXU��

:LOOLRSVLV� VDWXUQXV SRWHQWLDOO\� HQKDQFHV� IUXLW\� DURPD LQ� WKH� ZLQHV ZKLFK� ZHUH�

REWDLQHG�IURP�FKDUDFWHULVWLFV�RI�QHXWUDO�FXOWLYDU��7KHUHIRUH��:LOOLRSVLV�VDWXUQXV ZDV�

XVHG�DV�D VWDUWHU�FXOWXUH�ZLWK�6DFFKDURP\FHV�FHUHYLVLDH WR�SURGXFH�WKH�ZLQH�� (UWHQ�

DQG 7DQJXOHU������� FDUULHG RXW�WKH�VWXG\�RI�PL[HG�LQRFXODWLRQ�RI�:LOOLRSVLV�VDWXUQXV

DQG�6DFFKDURP\FHV�FHUHYLVLDH LQ�(PLU�ZLQH�



��

������ 6DFFKDURP\FHV <HDVWV�8VHG�DV�D�6WDUWHU�&XOWXUH

6DFFKDURP\FHV�FHUHYLVLDH LV�NQRZQ�DV�WKH�ZLQH�\HDVW�GXH�WR DQ LPSRUWDQW�VSHFLHV�LQ�

DOFRKROLF� IHUPHQWDWLRQ� �7RIDOR� HW� DO��� ������� ,W� FRQYHUWV� DOO� VXJDUV� LQ� WKH�JUDSHV� WR�

HWKDQRO�DQG�&2� GXULQJ�IHUPHQWDWLRQ�SURFHVV�GXH�WR�HWKDQRO�UHVLVWDQFH��7KHUHIRUH��LW�

LV�DQ�LQGLVSHQVDEOH�VSHFLHV�IRU�ZLQH�PDNLQJ��

������ &KDUDFWHUL]DWLRQ�RI�<HDVWV�DQG�6HOHFWHG�<HDVWV�IRU�6WDUWHU�&XOWXUH

,VRODWHG�\HDVWV� VKRXOG�EH�FKDUDFWHUL]HG� WR�EH�VHOHFWHG�DV�D� VWDUWHU�FXOWXUH� IRU�ZLQH�

PDNLQJ��7KH�IROORZLQJV�VKRZ�WKH�IHDWXUHV�RI�D�VWDUWHU�FXOWXUH�

x +DYLQJ�KLJK�DOFRKRO�WROHUDQFH

x +DYLQJ�62� WROHUDQFH

x +DYLQJ�WHPSHUDWXUH�WROHUDQFH

x +DYLQJ�S+�WROHUDQFH

x 3URGXFLQJ�ORZ�OHYHO�+�6�

x 3URGXFLQJ ORZ�YRODWLOH�DFLG

x &RQYHUWLQJ�VXJDUV�WR�HWKDQRO�DW�VXLWDEOH�UDWH�LQ�WKH�PXVW

x )HUPHQWLQJ�DOO VXJDUV

x +DYLQJ�KLJK�IHUPHQWDWLRQ�VSHHG

x 3URGXFLQJ�ORZ�OHYHO�RI�VXOSKXU�GLR[LGH

x 3URGXFLQJ�ORZ�IRDP

x +DYLQJ�D�NLOOHU�SURSHUW\

x 3URGXFLQJ�ORZ�OHYHO�RI DFHWDOGHK\GH

x 3URGXFLQJ�HQRXJK�OHYHO�RI�JO\FHURO

x 6HWWOLQJ� HDVLO\� DIWHU� IHUPHQWDWLRQ� �%D÷GHU�� ������ 1LNRODRX�� 6RXIOHURV��

%RXORXPSDVL��	�7]DQHWDNLV�������

)HUPHQWDWLRQ 3URFHVV

:LQH�LV� WKH�UHVXOW�RI�D�FRPSOLFDWHG�ELRFKHPLFDO DQG�ELRORJLFDO LQWHUDFWLRQ�EHWZHHQ�

JUDSHV�DQG�YDULRXV�PLFURRUJDQLVPV�VXFK�DV�QRQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV



��

\HDVWV�� DFHWLF� DFLG� DQG� ODFWLF� DFLG� EDFWHULD�� RWKHU� IXQJL� �)OHHW�� ������� 7KLV� SURFHVV�

EHJLQV�WR�D�YLQH\DUG�DQG�PRYLQJ�WKURXJK�IHUPHQWDWLRQ�DQG�DJHLQJ��

<HDVWV�KDYH�D�FULWLFDO�UROH�LQ�WKLV�SURFHVV EHFDXVH�WKH\�FRQYHUW�VXJDU�JUDSH�WR�HWKDQRO�

DQG�FDUERQ�GLR[LGH �&2����,Q�DGGLWLRQ� HYHQ�WKRXJK�IODYRXU�DQG�TXDOLW\�RI�WKH�ZLQH�

GHSHQG RQ�JUDSH�YDULHW\ GLUHFWO\ DQG�RWKHU�IDFWRUV�VXFK�DV�ZHDWKHU��VRLO�VWUXFWXUH��ZLQH

PDNLQJ�SUDFWLFHV��LW DIIHFWV�\HDVWV�ZLWK�SURGXFWV�RI�PHWDEROLVPV�WKURXJK JURZWK�DQG�

DXWRO\VLV� �)OHHW�� ������ -ROO\� HW� DO��� ������ 6ZLHJHUV�	� 3UHWRULXV�� ������ 0RUHRYHU��

PDFHUDWLRQ�SURFHVV�LV LPSRUWDQW�IRU�\HDVWV�HVSHFLDOO\�FROG�PDFHUDWLRQ� 6DFFKDURP\FHV

\HDVWV VWDQG�DW VWDWLRQDU\�SKDVH��QRQ�6DFFKDURP\FHV \HDVWV�JURZ�DW��Û&�� 7KHUHIRUH��

FROG� PDFHUDWLRQ� SURYLGHV� WR� IODYRXU� LPSURYHPHQW DQG� FRORXU� H[WUDFWLRQ� �+LHUUR��

*RQ]iOH]��0DV��	�*XLOODPyQ���������

)HUPHQWDWLRQ�SURFHVV�RFFXUV E\ WZR�ZD\V�� VSRQWDQHRXV� �WUDGLWLRQDO��RU� LQRFXODWLRQ�

ZD\�

������ 6SRQWDQHRXV�)HUPHQWDWLRQ

6SRQWDQHRXV�IHUPHQWDWLRQ�RFFXUV�ZLWKRXW�DGGLWLRQ�RI�\HDVWV��,W�LV�D�WUDGLWLRQDO�PHWKRG�

<HDVWV�ZKLFK� ORFDWH�RQ� WKH�JUDSHV�RU�ZLQH�HTXLSPHQW¶V VWDUW� IHUPHQWDWLRQ�SURFHVV��

7KHUHIRUH��WKLV�ZLQH�KDV�D�XQLTXH�SURSHUW\� $URPD�SURILOH�RI�WKLV�ZLQH�GRHVQ¶W�DSSHDU�

VLPLODU�WKH�RWKHU�SDUDOOHO�ZLQHV��6RPHWLPHV��LW�KDV�KLJK�TXDOLW\��+RZHYHU�� LW�FDQ�EH�

EDG�EHFDXVH�RI�GRPLQDQW�VSRLODJH�\HDVWV�VXFK�DV�'HNNHUD EUX[HOOHQVLV��,Q�DGGLWLRQ��

VWXFN�IHUPHQWDWLRQ�FDQ�RFFXU�LQ�WKLV�IHUPHQWDWLRQ��-ROO\�HW�DO���������

7KLV�PHWKRG�LV�QRW�SUHIHUDEOH�LQ�7XUNH\�H[FOXGLQJ�KRPHPDGH�ZLQH�ZKLOH�WKLV�LV�XVHG

E\ FRPPHUFLDOO\�SURGXFHUV�LQ�(XURSH��3UHWRULXV��������

������ ,QRFXODWHG�)HUPHQWDWLRQ

,QRFXODWHG� IHUPHQWDWLRQ� LV� D� PRUH� UHOLDEOH� PHWKRG� WKDQ� VSRQWDQHRXV� IHUPHQWDWLRQ�

EHFDXVH� WKH� ZLQH� FDQ� KDYH� WKH� ZDQWHG SURSHUWLHV� VXFK� DV� DOFRKRO� OHYHO� RU� +�6�

SURGXFWLRQ�OHYHO���7KLV�TXDOLW\�RI�ZLQH�GRHVQ¶W�FKDQJH�\HDU�E\�\HDU�ZLWK�WKH�KHOS�RI�

WKH�XVHG�FRPPHUFLDO�VWUDLQ�



��

�������� ,QRFXODWLRQ�RI�1RQ�6DFFKDURP\FHV�<HDVWV

0DQ\� VWXGLHV� KDYH� VKRZQ� WKDW� QRQ�6DFFKDURP\FHV \HDVWV� FRQWULEXWH� WR� D� PRUH�

FRPSOLFDWHG�DURPD�DQG�HQKDQFHG�TXDOLW\�RI�ZLQH��0DXUL]LR�&LDQL��%HFR��	�&RPLWLQL��

������+HQLFN�.OLQJ��(GLQJHU��'DQLHO��	�0RQN��������5RPDQR��6X]]L��&RPL��=LURQL��

	�0DLIUHQL��������

$�ORW�RI VWXGLHV�KDYH�LQGLFDWHG�WKDW�XVLQJ�QRQ�6DFFKDURP\FHV VWDUWHU�FXOWXUHV�LPSURYH

WKH TXDOLW\�RI�ZLQH HVSHFLDOO\� LQ�D� FRQWUROOHG�PDQQHU� �0DXUL]LR�&LDQL�HW�DO���������

(UWHQ��������7RUR�	�9D]TXH]���������

�������� ,QRFXODWLRQ�RI�6DFFKDURP\FHV�<HDVWV

$OWKRXJK� QRQ�6DFFKDURP\FHV \HDVWV� LPSURYH� ZLQH� TXDOLW\�� JHQHUDOO\�� WKH\� GRQ¶W�

FRPSOHWH�IHUPHQWDWLRQ�EHFDXVH�RI�ORZ�OHYHO�RI�DOFRKRO�WROHUDQFH��,Q�RWKHU�ZRUGV��QRQ�

6DFFKDURP\FHV \HDVW� DUH� QRW� DEOH� WR� FRQYHUW� DOO� VXJDU� LQ� WKH� JUDSHV WR� HWKDQRO��

7KHUHIRUH��XVDJH�RI�6DFFKDURP\FHV \HDVW�LV�QHHGHG� ,Q�DGGLWLRQ��6DFFKDURP\FHV SOD\V�

DQ LPSRUWDQW�UROH�IRU�ILQDO�TXDOLW\�DQG�ERXTXHW�RI�WKH�ZLQH��&RFROLQ��3HSH��&RPLWLQL��

&RPL��	�&LDQL��������

7KHUH� DUH� WKUHH W\SH� RI� LQRFXODWLRQ�� SXUH�� VHTXHQWLDO� RU� FR�LQRFXODWLRQ�� ,Q� SXUH

IHUPHQWDWLRQ��D�\HDVW� LV� DGGHG�DV�D�VWDUWHU�FXOWXUH�SXUHO\�� ,Q�VHTXHQWLDO LQRFXODWLRQ��

ILUVWO\��D�QRQ�6DFFKDURP\FHV \HDVW�LV�DGGHG��WKHQ��6DFFKDURP\FHV�FHUHYLVLDH FDQ�EH�

DGGHG�DIWHU�����GD\V�ODWHU�ZLWK�UHVSHFW�WR�IHUPHQWDWLRQ�WHPSHUDWXUH��0DXUL]LR�&LDQL�HW�

DO���������� ,Q�FR�LQRFXODWLRQ��QRQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV�FHUHYLVLDH DUH�

DGGHG�LQ WKH�PXVW�DW�WKH�VDPH�WLPH �3DGLOOD��*LO��	�0DQ]DQDUHV���������

�������� 0L[HG�,QRFXODWLRQ

6HOHFWHG� QRQ�6DFFKDURP\FHV� DQG� 6DFFKDURP\FHV� FHUHYLVLDH DUH� FRPELQHG� ZLWK�

UHVSHFW�WR�DELOLWLHV��7KHVH�FRPELQDWLRQV�KDYH�XQLTXH�DURPDWLF�SURSHUWLHV��$FFRUGLQJ�

WR�WKHLU�DELOLW\�WR�JHQHUDWH�HQ]\PHV�WKDW�LPSURYH�IODYRU�RU�DOWHU VHFRQGDU\�PHWDEROLWHV

FRQFHQWUDWLRQ��YDULRXV�FRPELQDWLRQV�RI�PL[HG VWDUWHU FXOWXUHV KDYH�EHHQ�FUHDWHG DQG�

DQDO\]HG�WR�LPSURYH�ZLQH�TXDOLW\ �3DGLOOD�HW�DO���������



��

7KHUH�DUH� WZR�PL[HG� LQRFXODWLRQ�PHWKRGV�� VHTXHQWLDO�RU�FR�LQRFXODWLRQ��7KHVH� WZR�

PHWKRGV� DUH�XVHG�E\� UHVHDUFKHUV� DQG�ZLQHPDNHUV�� 7KH� IROORZLQJ� WDEOH�ZDV� VKRZQ�

LQRFXODWLRQ�W\SHV�DQG�HIIHFWV�RI� WKH�ZLQH�TXDOLW\� IRU�XVLQJ QRQ�6DFFKDURP\FHV DQG�

6DFFKDURP\FHV�PL[HG�FXOWXUH �7DEOH������

7DEOH����� (IIHFWV�RI�0L[HG�,QRFXODWLRQV��3DGLOOD�HW�DO��������

0L[HG�,QRFXODWLRQ (IIHFWV 7\SH�RI�,QRFXODWLRQ 5HIHUHQFHV

&��]HPSOLQLQD�	�6��

FHUHYLVLDH

'HFUHDVLQJ DFHWLF�

DFLG

6HTXHQWLDO� FR�

LQRFXODWLRQ

�0��&LDQL�	�)HUUDUR��

������5DQWVLRX�HW�DO���

�����

+��JXLOOLHUPRQGLL�	�

6��FHUHYLVLDH

,QFUHDVLQJ�DFHWDWH�

HVWHU DQG�VXOSKXU�

FRPSRXQG

&R�LQRFXODWLRQ �0RUHLUD HW�DO�������

+��XYDUXP�	�6�

FHUHYLVLDH

,QFUHDVLQJ�DFHWDWH�

HVWHU

&R�LQRFXODWLRQ �$QGRUUj�HW�DO���

�����

+��YLQHDH�	�6��

FHUHYLVLDH

,QFUHDVLQJ HWK\O�HVWHU�

DQG�DFHWDWH

6HTXHQWLDO� FR�

LQRFXODWLRQ

�0HGLQD�HW�DO��������

,�RULHQWDOLV�	�6��

FHUHYLVLDH

'HDFLGLILFDWLRQ�RI�

ZLQH

&R�LQRFXODWLRQ �.LP��+RQJ��	�3DUN��

�����

/��WKHUPRWROHUDQV�	�

6��FHUHYLVLDH

$FLGLILFDWLRQ�RI�ZLQH 6HTXHQWLDO� FR�

LQRFXODWLRQ

�*REEL�HW�DO�������E�

0��SXOFKHUULPD�	�6��

FHUHYLVLDH

'HFUHDVLQJ�DFHWLF�

DFLG�DQG�LQFUHDVLQJ Į�

WHUSLQHRO� HWK\O�HVWHU��

DOFRKRO�OHYHO

6HTXHQWLDO��FR�

LQRFXODWLRQ

�&RPLWLQL�HW�DO���������

=RKUH�	�(UWHQ�������

3��IHUPHQWDQV 	�6��

FHUHYLVLDH

'HFUHDVLQJ�DFHWLF�

DFLG�DQG�LQFUHDVLQJ�

DOFRKRO�OHYHO

6HTXHQWLDO��FR�

LQRFXODWLRQ

�&OHPHQWH�-LPHQH]��HW�

DO��������&RPLWLQL�HW�

DO��������

7��GHOEUXHFNLL�	�6��

FHUHYLVLDH

'HFUHDVLQJ�DFHWLF�

DFLG�DQG�LQFUHDVLQJ�

DOFRKRO�OHYHO��HWK\O�

HVWHU��DFHWDWH� OLQDORRO�

DQG�Į�WHUSLQHRO

6HTXHQWLDO��FR�

LQRFXODWLRQ

�$]]ROLQL HW�DO��������

&RPLWLQL�HW�DO��������

:��DQRPDOXV�	�6��

FHUHYLVLDH

,QFUHDVLQJ�HWK\O�HVWHU�

DQG�DFHWDWH

6HTXHQWLDO �&DxDV��*DUFtD��	�

5RPHUR�������

:��VDWXUQXV�	�6��

FHUHYLVLDH

,QFUHDVLQJ�DFHWDWH�

HVWHU

&R�LQRFXODWLRQ �(UWHQ�	�7DQJXOHU��

�����

=��EDLOLL�	�6��

FHUHYLVLDH

,QFUHDVLQJ�HWK\O�HVWHU� &R�LQRFXODWLRQ �*DUDYDJOLD�HW�DO���

�����



��

$URPD�3URILOHV�RI�:LQH

$URPD SURILOH SOD\V DQ LPSRUWDQW� UROH� LQ� WKH�ZLQH�TXDOLW\��:LQH�DURPD�FRQVLVWV�RI�

���V� RI� YDULRXV� FRPSRXQGV� ZLWK� OHYHOV� YDU\LQJ� IURP� ���� WR� ����� J�NJ �5DSS� 	�

0DQGHU\�������� ,QWHUDFWLRQ�DQG�EDODQFH�RI�WKHVH�FRPSRXQGV�DIIHFW�TXDOLW\�RI�ZLQH�

DURPD��

7KHUH� DUH� WKUHH� W\SH� RI� ZLQH� DURPD�� SULPDU\� �YDULHWDO�� DURPD�� VHFRQGDU\�

�IHUPHQWDWLRQ��DURPD��DQG�WHUWLDU\��ERXTXHW��DURPD �3DGLOOD�HW�DO����������

������ 3ULPDU\�$URPD

3ULPDU\�DURPD�UHODWHV�WR�YDULHW\�RI�JUDSH��,W�DIIHFWV�ULSHQHVV�RI�JUDSHV��3ULPDU\�DURPD�

LQFOXGHV� &���QRULVRSUHQRLGV�� WHUSHQHV�� PHWKR[\S\UD]LQHV� DQG� YRODWLOH� VXOIXU�

FRPSRXQGV� �(EHOHU� 	� 7KRUQJDWH�� ������� &DURWHQRLGV� LV� GHULYHG� E\� &���

QRULVRSUHQRLGV� 1RQ�IORUDO DURPD� LV� JLYHQ� E\� &���QRULVRSUHQRLGV�� HVSHFLDOO\� ȕ�

GDPDVFHQRQH�DQG�ȕ�LRQRQH��)DQJ�	�4LDQ���������7HUSHQHV�IRXQG�DOO�JUDSH�YDULHWLHV��

EXW�HVSHFLDOO\��LW�LV�KLJK�OHYHO�LQ�0XVFDW�DQG�5KLQH�5LHVOLQJ��.LQJ�	�'LFNLQVRQ���������

���WHUSHQHV�IRXQG�LQ�WKH�JUDSH�DQG�WKHLU�ZLQHV�VXFK�DV�PRQRWHUSHQRLG�DOFRKROV �0DWHR�

	�-LPHQH]���������7KH\�DUH�Į�WHUSLQHRO��OLQDORRO��FLWURQHOORO��JHUDQLRO��DQG�QHURO�ZKLFK�

DUH� ZLGHVW� DQG� VWURQJHU� SDUWLFLSDWRUV� WR� DURPD� RI� ZLQHV �&DUUDX� HW� DO��� ������� ,Q�

DGGLWLRQ��WKH\�KDYH�ORZ�YDOXH�RI�WKUHVKROGV�DQG�JLYH�IORUDO�DURPD �=DODFDLQ��0DULQ��

$ORQVR��	�6DOLQDV���������0HWKR[\S\UD]LQHV�DUH�SURGXFHG�E\�PHWDEROLVP�RI�DPLQR�

DFLGV��7KH\�JLYH�JUHHQ��YHJHWDO��DQG�KHUEDFHRXV�DURPD�LQ�ZLQH��6LGKX�HW�DO����������

9RODWLOH� VXOIXU� FRPSRXQGV� DOVR� JLYH� DURPDWLF� WKLROV� LQ� WKH� ZLQH�� (VSHFLDOO\� LW� LV�

LPSRUWDQW�IRU�6DXYLJQRQ�%ODQF�ZLQH �%RXFKLOORX[��'DUULHW��	�+HQU\��������

������ 6HFRQGDU\�$URPD

6HFRQGDU\ DURPD�UHODWHV�WR�\HDVWV�DQG�FRQGLWLRQV�RI�IHUPHQWDWLRQ��6HFRQGDU\�DURPD�

LQFOXGHV�KLJK�OHYHOV�RI DOFRKROV� YRODWLOH�IDWW\�DFLGV� HVWHUV��DQG�ORZ�OHYHO�RI�DOGHK\GHV�

�5DSS� 	� 9HUVLQL�� ������� ,Q� DGGLWLRQ�� FRPSRXQGV� FRQWDLQLQJ� VXOIXU� RU� QLWURJHQ�

FRQWULEXWH�ZLQH�DURPD��



��

�������� +LJKHU�$OFRKROV

0RVW DURPDWLF�FRPSRXQGV�DUH KLJKHU�DOFRKROV��7KH\�JLYH�FRPSOH[�DURPD�XQGHU�����

PJ�/�FRQFHQWUDWLRQ�OHYHO��2Q�WKH�FRQWUDU\��DERYH�����PJ�/�FRQFHQWUDWLRQ�OHYHO��WKH\�

JLYH�QHJDWLYH HIIHFW�RQ�ZLQH �5DSS�	�0DQGHU\���������

3XUH�+DQVHQLDVSRUD VSHFLHV�SURGXFH�KLJKHU�DOFRKRO�WKDQ�LWV PL[HG�LQRFXODWLRQ�ZLWK�

6��FHUHYLVLDH GXULQJ�PXVW�IHUPHQWDWLRQ��0RUHRYHU��=\JRVDFFKDURP\FHV�SURGXFHV ORZ�

OHYHO�RI�KLJK�DOFRKROV�ZKLOH�&��]HPSOLQLQD SURGXFHV KLJK�OHYHO�RI�WKHVH�DOFRKROV�DQG�

LW�H[FHHGV�����PJ�/ �$QGRUUj�HW�DO���������5RPDQR�HW�DO����������

��SKHQ\OHWK\O� DOFRKRO�� HVSHFLDOO\�� JLYHV� SOHDVDQW� DURPD� LQ� ZLQHV� DQG� LW� LV� D�

FKDUDFWHULVWLF¶V SURSHUW\� RI� VRPH� QRQ�6DFFKDURP\FHV VXFK� DV�0�� SXOFKHUULPD�� /��

WKHUPRWROHUDQV��&�� ]HPSOLQLQD �$QGRUUj� HW� DO��� ������ %HFNQHU� HW� DO��� ������ -RVHID�

0DUtD� &OHPHQWH�-LPHQH]�� 0LQJRUDQFH�&D]RUOD�� 0DUWtQH]�5RGUtJXH]�� /DV� +HUDV�

9i]TXH]��	�5RGUtJXH]�9LFR��������

�������� 9RODWLOH�)DWW\�$FLGV

7KH�PDMRULW\ ����� RI�YRODWLOH�IDWW\�DFLGV�LQ�ZLQHV�LV�DFHWLF�DFLG���7KH�UHVW RI�WKHP�DUH�

EXWDQRLF�DQG�SURSDQRLF�DFLGV��$FHWLF�DFLG�JLYHV�XQSOHDVDQW�IODYRXU�EHWZHHQ�����DQG�

����J�/�UDQJH ZKLOH���������J�/�LV RSWLPDO�UDQJH �/DPEUHFKWV�	�3UHWRULXV���������

6RPH� QRQ�6DFFKDURP\FHV \HDVWV� SURGXFH� KLJK� DPRXQW� RI� DFHWLF� DFLGV� VXFK� DV�

+DQVHQLDVSRUD�� =\JRVDFFKDURP\FHV�� DQG� 6FKL]RVDFFKDURP\FHV� SRPEH �0HQGR]D��

'H�1DGUD��	�)DULDV��������6QRZ�DQG�*DOODQGHU���������+RZHYHU��WKLV�SURSHUW\�FDQ�

FKDQJH�VWUDLQ�WR�VWUDLQ��)RU�H[DPSOH��VWUDLQV�RI�+��XYDUXP SURGXFH�EHWZHHQ�����J�/�

DQG�����J�/�DFHWLF�DFLG �5RPDQR��)LRUH��3DUDJJLR��&DUXVR��	�&DSHFH������D���2Q�WKH�

RWKHU� KDQG� WKH� RWKHU� QRQ�6DFFKDURP\FHV KDYH� D� SURSHUW\� RI� ORZ� DFHWLF� DFLG�

SURGXFWLRQ VXFK�DV�7��GHOEUXHFNLL��/��WKHUPRWROHUDQV DQG�&��]HPSOLQLQD �&RPLWLQL�HW�

DO����������/��WKHUPRWROHUDQV SURGXFHV�ORZ�DFHWLF�DFLG�ZKHUHDV�KLJK�/�ODFWLF�DFLG��&��

]HPSOLQLQD DOVR�SURGXFHV�ORZ�DFHWLF�DFLG�DQG�HWKDQRO�ZKHUHDV�KLJK�JO\FHURO �(QJOH]RV�

HW�DO���������5DQWVLRX�HW�DO����������



��

�������� (VWHUV

(VWHUV�FRQVLVW�RI�LVRDP\O�DFHWDWH����SKHQ\OHWK\O�DFHWDWH��HWK\O�DFHWDWH��LVREXW\O�DFHWDWH��

GHULYLQJ IURP�DFHWLF�DFLG��DQG�HWK\O� FDSU\ODWH�� HWK\O EXWDQRDWH�� HWK\O� FDSUDWH��HWK\O�

FDSURDWH��RULJLQDWLQJ�IURP�VDWXUDWHG�IDWW\�DFLGV�RI�HVWHUV��(WK\O�DFHWDWH�LV�SULPDU\�HVWHU�

DQG� KDV� QHJDWLYH� HIIHFW� DW� �������� PJ�/� FRQFHQWUDWLRQ �/DPEUHFKWV� 	� 3UHWRULXV��

�������

6RPH�QRQ�6DFFKDURP\FHV KDYH�FDSDFLW\�RI�KLJK�OHYHO�RI�HWK\O�DFHWDWH�SURGXFWLRQ VXFK�

DV�&DQGLGD��3LFKLD��DQG�+DQVHQLDVSRUD��3LFKLD�DQG�+DQVHQLDVSRUD KDYH�VLPLODU�HWK\O�

DFHWDWH�SURGXFWLRQ�OHYHO��,Q�DGGLWLRQ��+DQVHQLDVSRUD�SURGXFHV�LVRDP\O�DFHWDWH�DQG���

SKHQ\OHWK\O�DFHWDWH�ZKLFK�DUH�HVWHUV�RI�IUXLW\�DFHWDWH��,Q�WKH�VSHFLHV�OHYHO� +��XYDUXP

LV�JHQHUDOO\�D�VXFFHVVIXO�SURGXFHU�RI HVWHUV�ZKLOH�+��RVPRSKLOD DQG�+��JXLOOLHUPRQGLL

JLYH ��SKHQ\OHWK\O�DFHWDWH��0RUHRYHU��5KRGRWRUXOD DQG�3LFKLD JLYH�LVRDP\O�DFHWDWH

VLJQLILFDQWO\ �5RPDQR�HW�DO���������9LDQD HW�DO���������

�������� $OGHK\GHV

$OGHK\GHV� JLYH� DSSOH�OLNH� IODYRXU� DQG� WKHLU� WKUHVKROGV� YDOXHV� DUH� ORZ�� 7KH�

FRQFHQWUDWLRQ�OHYHO�LQ�WKH�ZLQHV�FKDQJHV�EHWZHHQ����PJ�/�DQG���� PJ�/ �/DPEUHFKWV�

	�3UHWRULXV��������

8VXDOO\��6DFFKDURP\FHV�FHUHYLVLDH JHQHUDWHV�JUHDWHU�FRQFHQWUDWLRQV�RI�DFHWDOGHK\GH�

�������PJ�/��WKDQ�QRQ�6DFFKDURP\FHV �PD[����PJ�/� VXFK�DV�0��SXOFKHUULPD� &��

NUXVHL� +��DQRPDOD� &��VWHOODWH�� +��XYDUXP FDQ�SURGXFH����PJ�/�DFHWDOGHK\GH�ZLWK�

UHVSHFW�WR�WKH VWUDLQV �5RPDQR��)LRUH��3DUDJJLR��&DUXVR��	�&DSHFH���������

�������� 3KHQROV�

9LQ\OSKHQROV� DQG� HWK\OSKHQROV� DUH� YHU\� LPSRUWDQW� FRPSRXQGV� IRU� ZKLWH� DQG� UHG

ZLQHV� UHVSHFWLYHO\��S�FRXPDULF�DQG�IHUXOLF�DFLG�SURGXFH�WKHVH�SKHQROV��7KH\�JLYH�DQ�

XQGHVLUDEOH� IODYRXU� LQ�ZLQHV� %UHWWDQRP\FHV SURGXFHV HWK\OSKHQRO �/DPEUHFKWV�	�

3UHWRULXV�� ������� 2Q� WKH� RWKHU� KDQG�� +�� RVPRSKLOD�� +�� JXLOOLHUPRQGLL�� DQG� 3��



��

PHPEUDQLIDFLHQV SURGXFH�QHLWKHU�IHUXOLF�QRU�S�FRXPDULF�DFLGV �3DGLOOD�HW�DO���������

9LDQD�HW�DO����������

7KH�2EMHFWLYHV�RI�WKH�6WXG\

6WDUWHU�FXOWXUHV�DUH�WKH�PLFURRUJDQLVPV�XVHG�IRU�WKH�SURGXFWLRQ�RI�EDNHU\�DQG�GDLU\

SURGXFWV�VXFK�DV�FKHHVH�DQG�\RJXUW RU�IHUPHQWHG�DOFRKROLF EHYHUDJHV�VXFK�DV�EHHU�DQG�

ZLQH�� 7KH� IROORZLQJ� WDEOH� VKRZV� LQWHUQDWLRQDO� VWDUWHU� FXOWXUH� SURGXFHUV� DQG� WKHLU�

SURGXFWV��7DEOH������

7DEOH����� ,QWHUQDWLRQDO�6WDUWHU�&XOWXUH�3URGXFHUV

&RPSDQ\�1DPH 3URGXFWV

$%�0DXUL�)RRG�,QF���)OHLVFKPDQQ� %DNHU¶V�\HDVW

&KU��+DQVHQ�$�6 &KHHVH�DQG�GDLU\�SURGXFWV�DQG�DOFRKROLF�

EHYHUDJHV¶�FXOWXUHV

/$))257��&RPSDQ\ :LQH�\HDVW

/HVDIIUH�<HDVW�&RUSRUDWLRQ��5HG�6WDU� :LQH�DQG�EDNHU¶V�\HDVW

/DOOHPDQG�,QF��/DOYLQ��$QFKRU� %HHU�DQG�ZLQH�\HDVWV

0DQJURYH�-DFN¶V��%6*L�1=�/WG %HHU��FLGHU�DQG�ZLQH�\HDVWV

%LR�6XQNHHQ�&R���/WG� %HHU��ZLQH�DQG�EDNHU¶V�\HDVWV

0DUWLQ�9LDODWWH :LQH�\HDVW

$QJHO�<HDVW�&R���/WG��*ORULSDQ %DNHU¶V�\HDVW

.RQLQNOLMNH�'60�1�9� &KHHVH�DQG�GDLU\�SURGXFWV�DQG�DOFRKROLF�

EHYHUDJHV¶�FXOWXUHV

'RZ�,QF���'X3RQW��'DQLVFR��+ROGEDFN�� &KHHVH�DQG�GDLU\�SURGXFWV¶�FXOWXUHV

%LRODFWHU�,QF &KHHVH�DQG�GDLU\�SURGXFWV¶�FXOWXUHV

3UR[LV�'pYHORSSHPHQW�6DV��%LRSUR[� /DFWLF�VWDUWHU�FXOWXUHV�IRU�FKHHVH��\RJXUW��

IHUPHQWHG�PLON��EXWWHU��EDNHU\�DQG�RHQRORJ\

2Q� WKH�RWKHU�KDQG�� WKHUH� LV� RQO\� RQH� VWDUWHU� FXOWXUH�SURGXFHU� LQ�7XUNH\��3DN�)RRG�

3URGXFWLRQ�DQG�0DUNHWLQJ�,QF���3DNPD\D��SURGXFHV�EDNHU\�\HDVWV��+RZHYHU��WKHUH�DUH�

QR�VWDUWHU�FXOWXUH�SURGXFHUV�IRU�ZLQHPDNLQJ�LQ�7XUNH\�



��

7UDGLWLRQDO�ZLQH�LV WKH�SURGXFW�RI�VSRQWDQHRXV�IHUPHQWDWLRQ�E\�LQGLJHQRXV�\HDVWV�LQ�

WKH�JUDSHV��$OWKRXJK�WKLV�ZLQH�SURFHVV�GRHVQ¶W DFKLHYH�VWDQGDUG SURSHUWLHV�RI�ZLQH

GXH�WR�FKDQJHV LQ�FOLPDWH� UHJLRQV�DQG�\HDUV��VWDUWHU�FXOWXUH�DGGLWLRQ�LQ� WKH�ZLQH� LV�

SUHIHUUHG��+RZHYHU��WHFKQRORJ\�ZLWK VWDUWHU�FXOWXUHV SURYLGHV VWDQGDUG DQG�RUGLQDU\�

SURGXFWV��7KXV���UHVHDUFKHUV�DQG�ZLQHPDNHUV�KDYH�EHJXQ�WR�SUHIHU�XVLQJ�QDWLYH�VWUDLQV�

DV� VWDUWHU� FXOWXUHV WR� DGDSW� LQ� WKH�QDWLYH�JUDSH�PXVW� HDVLO\ DQG�JLYH� VSHFLILF�RGRXU�

SURSHUWLHV� LQ� WKLV� ZLQH� �&DSHFH� HW� DO��� ������ &RFROLQ� HW� DO��� ������� 1DWLYH� QRQ�

6DFFKDURP\FHV VSHFLHV� SURGXFH� DXWKHQWLF� ZLQHV EHFDXVH WKH\� LPSDUW� VLJQLILFDQW�

UHJLRQDO� DQG� GHVLUDEOH� SURSHUWLHV �-ROO\� HW� DO��� ������� ,Q� DGGLWLRQ� QDWLYH�

6DFFKDURP\FHV� FHUHYLVLDH VWUDLQV� \LHOG� HDVLO\ LQ� QDWLYH� JUDSH� W\SHV GXH� WR� KLJK�

DGDSWDWLRQ�SURSHUWLHV �&DSSHOOR��%OHYH��*ULHFR��'HOODJOLR��	�=DFKHR��������

7KH�REMHFWLYHV�RI�WKLV�VWXG\�DUH�

x 7R�OHDUQ�DERXW QRQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV�\HDVW�SRSXODWLRQV LQ�

ORFDO�JUDSHV DW GLIIHUHQW�PDFHUDWLRQ�DQG�IHUPHQWDWLRQ�WLPHV�LQ�7XUNH\

x 7R�LVRODWH QRQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV�\HDVWV�LQ�ORFDO�PLFURIORUD�

RI�WKH�JUDSHV

x 7R�LGHQWLI\�DQG�FKDUDFWHUL]H�WKH�LVRODWHV

x 7R�VHOHFW�KLJK�SURSHUWLHV�\HDVWV�DV�VWDUWHU�FXOWXUH

x 7R�PDNH�ZLQH�ZLWK�XVLQJ�VHOHFWHG�\HDVWV�DQG�DQDO\]H�YRODWLOH�FRPSRXQGV�RI�

WKHVH�ZLQHV��

7KHUHIRUH��WKLV�VWXG\�FDQ�SURYLGH�WR�HQFRXUDJH�XVLQJ�WKHVH�VHOHFWHG�QDWLYH�VWUDLQV�DV�D�

VWDUWHU�FXOWXUH�IRU�ERXWLTXH�RU�LQGXVWULDO�ZLQH�PDNLQJ SURGXFWLRQ RI�QDWLYH�JUDSHV�LQ�

7XUNH\�
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0DWHULDOV

&RPPHUFLDO�6DFFKDURP\FHV FHUHYLVLDH VWDUWHU�FXOWXUHV�ZHUH�&KU��+DQVHQ� 9LQLIORUD��

0HULW DQG�/DIIRUW��=\PRIORUH�9/��9LQ�%ODQF��XVHG�IRU�PDNLQJ�FRPPHUFLDO�UHG�DQG�

ZKLWH�ZLQHV��UHVSHFWLYHO\��

<HDVW�H[WUDFW��SHSWRQH�IURP�FDVHLQ��WU\SWRQH���O\VLQH�DJDU��ODFWRVH��PDQQLWRO��PDOWRVH��

VXFURVH ZHUH�SXUFKDVHG�IURP�/DE�0�/LPLWHG��0RUHRYHU��'�����JOXFRVH PRQRK\GUDWH��

%LJJ\ DJDU��DJDU�DJDU� F\FORKH[LPLGH ZHUH�ERXJKW�IURP�6LJPD�$OGULFK�&KHPLFDO�&R�

,Q� DGGLWLRQ�� WKH� EUDQG� RI� FKORUDPSKHQLFRO� DQG� EXIIHUHG� SHSWRQH� ZDWHU� ZDV� 9:5

,QWHUQDWLRQDO &RPSDQ\�
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0HWKRGV

������ :LQHPDNLQJ

�������� 6RXUFH�RI�*UDSHV�DQG�3URGXFWLRQ

:LQHV�ZHUH�SURGXFHG�ZLWK�WKH�WUDGLWLRQDO�PHWKRG�DQG�WKH�FRPPHUFLDO�PHWKRG�E\�WKH�

XVLQJ� FRPPHUFLDO� VWUDLQ�� 8VLQJ� GLIIHUHQW� 6DFFKDURP\FHV� FHUHYLVLDH VWUDLQV� FDXVH�

GLIIHUHQW WDVWH�DQG�DURPD�SURILOH��%LVVRQ��������

��GLIIHUHQW�ZLQHV�ZHUH�SURGXFHG� IURP���GLIIHUHQW�NLQGV�RI�JUDSHV��.DOHFLN�.DUDVÕ��

gN�]J|]��� %R÷D]NHUH�� 'LPULW� DQG� (PLU �)LJXUH� ������ 7KHVH� JUDSHV�ZHUH� JDWKHUHG�

GLIIHUHQW�WLPH�DQG�SURYLQFHV DV VKRZQ�LQ�7DEOH�����

7DEOH����� *UDSH�9DULHW\�&ROOHFWHG�IURP�7KUHH 'LIIHUHQW�5HJLRQ�IURP�7XUNH\

*UDSH�9DULHW\ 5HJLRQ 7LPH

.DOHFLN�.DUDVÕ $QNDUD��.DOHFLN� ����������

'LPULW .DSDGRN\D��hUJ�S ����������

(PLU .DSDGRN\D��hUJ�S ����������

gN�]J|]� (OD]Õ÷ ����������

%R÷D]NHUH (OD]Õ÷ ����������

(PLU .DSDGRN\D��hUJ�S ����������

gN�]J|]� (OD]Õ÷ ����������

7KH�JUDSHV�PHQWLRQHG�LQ�WKH�7DEOH�����FRXOG UHDFK�$QNDUD�XQGHU����KRXUV�



��

)LJXUH����� *UDSH�9DULHWLHV &ROOHFWHG�IURP�7KUHH 'LIIHUHQW�5HJLRQ�RI�7XUNH\

�������� 6HSDUDWLRQ�RI�*UDSHV�IURP�6WHPV�DQG�&UXVKLQJ

,QFRPLQJ�JUDSHV�ZHUH�VHSDUDWHG�IURP�WKH VWDONV�DQG GHWRQDWHG��$W�WKLV�VWDJH��DWWHQWLRQ�

ZDV�JLYHQ�WR�EORZLQJ�WKH�VHHGV�ZLWKRXW�GDPDJLQJ�WKHP��,Q�WKLV�ZD\��WKH�ELWWHUQHVV�RI�

JUDSH�VHHG�ZDV�SUHYHQWHG�IURP�JHWWLQJ�LQWR�WKH�PXVW�

(DFK� JUDSH� ZDV� EURNHQ� GRZQ� WR� �� LPPHGLDWHO\� DIWHU� WKH� H[SORVLRQ� DQG� WKH� ZLQH�

SURGXFWLRQ� SURFHVV� EHJXQ�� 7KH� ILUVW� WZR� SDUDOOHO� ZHUH� XVHG� IRU� WUDGLWLRQDO� ZLQH�

SURGXFWLRQ�� WKH� ODVW� SDUDOOHO� ZDV� XVHG� IRU� FRPPHUFLDO� ZLQH� SURGXFWLRQ�� ,Q� WKLV�

FRPPHUFLDO�ZLQH�SURGXFWLRQ��FRQFHQWUDWLRQ�RI�62��ZDV�FDOFXODWHG����PJ�/�IRU�DGGLQJ�

SRWDVVLXP�PHWDELVXOSKLWH �)XJHOVDQJ�	�(GZDUGV�� ������� ,Q� DGGLWLRQ� WR� WUDGLWLRQDO�

ZLQHV��FRPPHUFLDO�ZLQHV�KDYH�EHHQ�REWDLQHG�ZLWK�WKH�XVH RI�FRPPHUFLDO�VWUDLQV��7KH�

XVH� RI� WZR� SDUDOOHO� UXQV� LQ� WKLV� SKDVH� ZDV� LQWHQGHG� WR� SUHYHQW� DQ\� SRVVLEOH�
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FRQWDPLQDWLRQ�� 7KH� SXUSRVH� RI� GRLQJ� FRPPHUFLDO� ZLQH� ZDV� WR� SURYLGH SRVLWLYH�

FRQWURO�� $W� WKLV� VWDJH�� VDPSOHV�ZHUH� WDNHQ� IURP� HDFK JUDSH� YDULHW\� IRU�PHDVXULQJ�

VSHFLILF�JUDYLW\��S+��WHPSHUDWXUH��EUL[��GU\�PDWWHU�DQG�LVRODWLQJ�\HDVW�

$IWHU�FUXVKLQJ RI�JUDSHV� VSHFLILF�JUDYLW\�RI�JUDSHV�YDULHV EHWZHHQ������DQG�����

VKRZHG WKH�DPRXQW�RI�VXJDU�FRQWHQW�RI� JUDSHV��7KLV�UHIHUV�WKH�SRWHQWLDO�RI�DOFRKRO�

FRQWHQW DW�WKH�ILQDO�ZLQH��,Q�DGGLWLRQ��S+�FDQ�EH�FKDQJHG EHWZHHQ�����DQG���� �%DNHU��

-��	�&ODUNH���������

�������� 0DFHUDWLRQ

7KHUH�ZHUH�WZR�W\SHV�RI�PDFHUDWLRQ�LQ�ZLQH�PDNLQJ��RQH�ZDV�FROG�PDFHUDWLRQ�DQG�WKH�

RWKHU�ZDV�QRUPDO�PDFHUDWLRQ��7KH�DSSOLFDWLRQ�RI�FROG�PDFHUDWLRQ�LV QRW�REOLJDWRU\��

EXW�LW�DSSOLHV�WR HQULFK WKH DURPD�RI ZLQH��+LHUUR�HW�DO���������

7KHUHIRUH��WKH�PXVWV�ZHUH�ILUVW�NHSW�DW����&�IRU���GD\V�DQG�WKH�VSHFLILF�ZHLJKWV�ZHUH�

PHDVXUHG�HYHU\�GD\ E\ K\GURPHWHU��$W� WKH�HQG�RI� WKH��WK GD\�� WKH�VSHFLILF�ZHLJKWV�

ZHUH� PHDVXUHG�� DQG� DIWHU� WKH� VDPSOHV� ZHUH� WDNHQ�� WKH\� ZHUH� OHIW� DW� WKH� QRUPDO�

PDFHUDWLRQ�VWDJH�DW����&��'XULQJ�WKLV�SURFHVV��WKH�WHPSHUDWXUH�ZDV�VWDELOL]HG�DW����&�

E\�KHOS�RI�DLU�FRQGLWLRQHU�

,Q�ERWK�VWDJHV�RI�WKH�PDFHUDWLRQ� WKH�PXVWV�ZHUH�PL[HG�WZLFH�D�GD\�LQ�RUGHU�WR�JHW�

R[\JHQ�DQG�SUHYHQW�JURZLQJ�PROGV �)LJXUH������

)LJXUH�����0L[LQJ�3URFHVV�RI�0XVW *UDSHV�LQ�7KH�0DFHUDWLRQ 6WDJH



��

�������� ,QRFXODWLRQ� RI� &RPPHUFLDO� <HDVW�� )HUPHQWDWLRQ� 3URFHVV�� 5HPRYDO� RI�

3XOS

,Q�WKH�WUDGLWLRQDO�ZLQH�PDNLQJ�SURFHVV��DQ\�LQRFXODWLRQ�PHWKRG�ZDV�QRW DSSOLHG��2QO\�

LQ�WKH�FRPPHUFLDO�ZLQH�PDNLQJ�SURFHVV��WKH�FRPPHUFLDO�VWUDLQ�ZDV�XVHG�IRU�SRVLWLYH�

FRQWURO�� 7KH� EUDQG� QDPH� RI� WKLV� FRPPHUFLDO� VWUDLQ� ZDV�9LQLIORUD��0HULW� RI� &KU��

+DQVHQ�ZKLFK�LV�D�SXUH�6DFFKDURP\FHV�FHUHYLVLDH VWDUWHU�FXOWXUH �)LJXUH������

)LUVWO\��WKLV�VWDUWHU�FXOWXUH��ZKLFK�KDG�EHHQ�ZDLWLQJ�DW���&��ZDV�ZHLJKHG�DFFRUGLQJ�WR�

��J�\HDVW���/�PXVW�DQG�VHFRQGO\��DFWLYDWHG�ZLWK�SXUH�ZDWHU�IRU����PLQXWHV�DW����&��

$IWHU�WKDW��D�OLWWOH�ELW�PXVW�EH WDNHQ�DQG�DGGHG�WKLV�DFWLYDWHG�FXOWXUH��7KHQ��LW�ZDV�NHSW�

DW����&�IRU����PLQXWHV�LQ�RUGHU�WR�DGDSW�WKLV�\HDVW�LQ�PXVW���)LQDOO\��WKLV�PL[�ZDV�DGGHG�

LQ�WKH�PXVW��

:KHQ�WKH�UHG�JUDSHV�UHDFK�WKH�VSHFLILF�JUDYLW\�EHWZHHQ������DQG�������WKH�VWDJH�RI�

PDFHUDWLRQ�ZDV�WHUPLQDWHG� DQG�WKH�PXVW�ZDV�VTXHH]HG�ZLWK�WKH�KHOS�RI�D�FKHHVHFORWK

�+\PD�HW�DO����������7KH�PXVW�ZKLFK�ZDV�UHPRYHG IURP WKH�SXOS�ZDV�WDNHQ�LQWR�JODVV�

MDUV�DQG�WKH�PRXWK�RI�WKH�YHVVHO�ZDV�FORVHG�ZLWK�DQ�DLUORFN�WR�SUHYHQW�R[\JHQ�LQJUHVV��

7KHUHDIWHU��DOFRKROLF�IHUPHQWDWLRQ�VWDUWHG�LQ�DQ�DQDHURELF�HQYLURQPHQW�DQG�FRQWLQXHG�

DW�URRP�WHPSHUDWXUH�RI�����& XQWLO�VSHFLILF�JUDYLW\�UHDFKHV�����ZKLFK�UHIHUV�WR�����

�Y�Y��DQG������Z�Z��DOFRKRO�FRQWHQW �%DNHU��-��	�&ODUNH��������

7KH�ILUVW�PHDVXUHPHQWV�RI�ZKLWH�JUDSHV�ZHUH�PDGH�DQG�DIWHU�WKH�VDPSOH�ZDV�WDNHQ��LW�

ZDV�VTXHH]HG�ZLWK�WKH�KHOS�RI�D�FKHHVHFORWK�DQG�WKH�PRXWKV�ZHUH�FORVHG�ZLWK�DLU�ORFNV�

LQ�JODVV�MDUV�WR�VWDUW�DOFRKROLF�IHUPHQWDWLRQ�IRU�DQ�DQDHURELF�HQYLURQPHQW��$OFRKROLF�

IHUPHQWDWLRQ�FRQWLQXHG�DW����& GXH�WR�WKH�LPSURYHPHQW RI�VSHFLILF�DURPD�FRPSRQHQWV�

RI�ZKLWH�ZLQHV �dHOLN�HW�DO����������)RU�FRPPHUFLDO�ZKLWH�ZLQH��/DIIRUW��=\PRIORUH�

9/��9LQ�%ODQF�6DFFKDURP\FHV�FHUHYLVLDH FXOWXUH�ZDV�XVHG �)LJXUH������
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)LJXUH����� )ORZFKDUW�RI�5HG�:LQH 0DNLQJ



��

)LJXUH����� )ORZFKDUW�RI�:KLWH�:LQH�0DNLQJ



��

�������� )LOWUDWLRQ�DQG�%RWWOLQJ

)LOWUDWLRQ�ZDV�DSSOLHG�E\�VLSKRQDJH�PHWKRG�ZLWK���WLPHV�WRWDOO\�LQ�RUGHU�WR�FODULI\�WKH�

ZLQH��$IWHU�WKH�ILOWUDWLRQ�SURFHVV��WKH�ZLQHV�ZHUH�WDNHQ�LQ�JUHHQ�ERWWOHV�ZLWK�WKH�KHOS�

RI�VLSKRQDJH�PHWKRG�DQG�WKH�FRUN�FDSV�ZHUH�DWWDFKHG �)LJXUH������

)LJXUH����� %RWWOLQJ

������ ,VRODWLRQ�RI�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVWV

7KH�VDPSOHV�ZHUH�WDNHQ�DW�WKH�VSHFLILHG�WLPHV�DQG�GLOXWHG�ZLWK�SHSWRQH�ZDWHU��,Q�WKLV

LVRODWLRQ� SURFHVV�� WZR� GLIIHUHQW� PHGLD ZHUH� XVHG� IRU� QRQ�6DFFKDURP\FHV DQG�

6DFFKDURP\FHV�\HDVWV��7KH�ILUVW�RQH�ZDV�VHOHFWLYH�PHGLXPV IRU�QRQ�6DFFKDURP\FHV�

\HDVW�� 2QH� RI� WKH� VHOHFWLYH�PHGLXPV� QRQ�6DFFKDURP\FHV� \HDVW� ZDV� \HDVW� H[WUDFW�

SHSWRQH�JOXFRVH� �<3*�� DJDU� ���� J�/� \HDVW� H[WUDFW�� ��� J�/� SHSWRQH� IURP� FDVHLQ�

�WU\SWRQH������J�/�JOXFRVH�����J�/�DJDU��VXSSOHPHQWHG�ZLWK�F\FORKH[LPLGH ����J�P/���

ELSKHQ\O ������J�/�RI�D�����J�/ VWRFN�VROXWLRQ�� DQG�FKORUDPSKHQLFRO �����J�/�RI�D���

J�/�VWRFN�VROXWLRQ� �=RWW�HW�DO����������7KH�RWKHU�PHGLXP�ZDV�O\VLQH�DJDU�FRQWDLQLQJ�

���J�/�O\VLQH�DJDU����PO�SRWDVVLXP�ODFWDWH��DQG�����PO�RI�����ODFWLF�DFLG��9DQ�'HU $D�

.�KOH�	�-HVSHUVHQ��������

7KH�VHOHFWLYH�PHGLXP�ZKLFK�ZDV�XVHG�IRU�6DFFKDURP\FHV ZDV�HWKDQRO�VXOIDWH�DJDU�

�(6$� FRQWDLQLQJ����J�/�JOXFRVH����J�/�\HDVW�H[WUDFW����J�/�\HDVW�H[WUDFW�����J�/�DJDU��

�����J�/�VRGLXP�PHWDELVXOILWH��DQG������Y�Y��HWKDQRO� �.LVK�HW�DO���������+HDUG�HW�DO���

������ *URZLQJ�PLFURRUJDQLVPV� RQ� WKHVH�PHGLXPV�ZHUH� VXEMHFWHG� WR� SXULILFDWLRQ�

WZLFH�LQ�<3* DJDU��$W�WKH�ODVW�VWDJH��D�VLQJOH�FRORQ\�ZDV�REWDLQHG�DQG�LQRFXODWHG�RQ�



��

WKH�OLTXLG�PHGLXP��7KHUHDIWHU�� VWRFN�FXOWXUHV�ZHUH�PDGH�WR�EH�����JO\FHURO�VROXWLRQ�

DQG�SXW�DW�������& �)LJXUH������

)LJXUH����� ,VRODWLRQ�0HWKRG RI�6DFFKDURP\FHV DQG�1RQ�6DFFKDURP\FHV <HDVWV�



��

������ ,GHQWLILFDWLRQ�RI�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV ZLWK�0ROHFXODU�

DQG�%LRFKHPLFDO�7HFKQLTXHV��

�������� ,GHQWLILFDWLRQ�ZLWK�0ROHFXODU�7HFKQLTXH

(XU;�*HQH�0DWUL[�%DFWHULDO�	�<HDVW�'1$�LVRODWLRQ�NLW��(����� ZDV�XVHG�IRU�'1$�

LVRODWLRQ DFFRUGLQJ�WR�WKH LQVWUXFWLRQ��6SHFWURSKRWRPHWULF�PHDVXUHPHQWV�ZHUH�PDGH�

RQ�D�7KHUPR�6FLHQWLILF�1DQRGURS�������86$��LQVWUXPHQW�LQ�RUGHU�WR�FKHFN�WKH�DPRXQW�

RI�WKH�'1$�DQG�SXULW\��7KH�UDWLR�RI�DEVRUEDQFH�DW�����QP�DQG�����QP�ZDV�XVHG�WR�

DVVHVV�WKH�SXULW\�RI�'1$� $SSUR[LPDWHO\� D UDWLR�RI���� ZDV�DFFHSWHG�DV�SXUH IRU�'1$��

3&5 DPSOLILFDWLRQV�ZHUH�SHUIRUPHG�XVLQJ�XQLYHUVDO�SULPHUV�,76��DQG�,76��SULPHUV�

1/���DQG�1/���SULPHUV�ZHUH�XVHG�IRU�LGHQWLILFDWLRQ�RI�UHSHDWHG�\HDVWV�

7KH�IROORZLQJ�VHTXHQFHV�ZHUH�WKH�XVHG�SULPHUV IRU�,76 UHJLRQ�DQG�'��'��GRPDLQ��

UHVSHFWLYHO\�

,76���¶�7&&*7$**7*$$&&7*&**��¶

,76���¶�7&&7&&*&777$77*$7$7*&��¶��&KDYDQ�HW�DO���������:KLWH�HW�DO��������

1/������
�*&$7$7&$$7$$*&**$**$$$$*��


1/������
�**7&&*7*777&$$*$&**��
����2¶'RQQHOO��������

7KH�3&5�FRQGLWLRQV�ZHUH�DV�IROORZV�

� ,QLWLDO�GHQDWXUDWLRQ�DW������&�IRU���PLQXWHV

� 'XULQJ����F\FOHV

¾ 'HQDWXUDWLRQ�DW������&�IRU����VHFRQGV

¾ $QQHDOLQJ�DW������&�IRU����VHFRQGV

¾ ([WHQVLRQ�DW������&�IRU����VHFRQGV

� )LQDO�H[WHQVLRQ�IRU���PLQXWHV�DW������&

� 7KH�WHPSHUDWXUH�ZDV�UHGXFHG�WR�����&�DQG�WKH�3&5�ZDV�FRPSOHWHG�
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3&5� UHDFWLRQ� ZDV� SHUIRUPHG� ZLWK� 6ROLV� %LRG\QH� �(VWRQLD�� ),5(3RO�� '1$�

3RO\PHUDVH�� 7DT� SRO\PHUDVH� HQ]\PH�� $IWHU� 3&5�� � .\UDWHF� 6XSHU&\FOHU� 7ULQLW\�

�$XVWUDOLD��ZDV�XVHG��,Q�DJDURVH�JHO�HOHFWURSKRUHVLV��D�VLQJOH�EDQG�ZDV�REWDLQHG�IRU�

RXU� VDPSOHV� DQG� 3&5� ZDV� VXFFHVVIXO�� 7KH� PDUNHU� ZDV� D� ���� ES� 6ROLV� %LRG\QH�

�(VWRQLD��'1$�ODGGHU�5HDG\�WR�/RDG�

,Q� RUGHU� WR� SXULI\� 3&5� SURGXFWV�� ([R6$3�,7�� 3&5� 3URGXFW� &OHDQXS� 5HDJHQW�

�7KHUPR)LVKHU� �6FLHQWLILF��86$��ZDV�XVHG��3XULILHG�3&5�SURGXFWV�ZHUH�VHTXHQFHG�

ZLWK�WKH�DLG�RI�IRUZDUG DQG�UHYHUVH�SULPHUV��$IWHU�JHO�HOHFWURSKRUHVLV��VHTXHQFLQJ�RI�

3&5�SURGXFWV�ZDV�FRPPHUFLDOO\�SURYLGHG�E\�%0�/DERUDWRU\�6\VWHPV��

�������� ,GHQWLILFDWLRQ�ZLWK�%LRFKHPLFDO�7HFKQLTXH

���������� &DUERK\GUDWH�)HUPHQWDWLRQ 7HVW

,VRODWHV�ZHUH�VXEMHFWHG�WR�WKH�WHVW�IRU�WKH�SURSHUW\�RI�FDUERK\GUDWH�IHUPHQWDWLRQ� ,Q�

WKLV� WHVW� ILUVWO\�� LVRODWHV�ZHUH� JURZQ� LQ� ���PO�<3*� ���� J�/� \HDVW� H[WUDFW�� ��� J�/�

SHSWRQH�IURP�FDVHLQ��WU\SWRQH������J�/�JOXFRVH��EURWKV DW���Û&��7KH�DPRXQWV�RI�FHOOV�

LQ�WKH�EURWKV�ZHUH�PHDVXUHG�LQ�WKH�VSHFWURPHWHU�DW�����10��:KHQ�2'�UHDFKHG���LQ�

VSHFWURPHWHU�� LW� UHIHUV� WR� ��� &)8�PO� LQ� WKH� EURWKV�� $IWHU� WKH� QXPEHU RI�

PLFURRUJDQLVPV�UHDFKHG���� &)8�PO��WKH\�ZHUH�FHQWULIXJHG��7KH\�ZHUH�ZDVKHG�WZLFH�

ZLWK DXWRFODYHG�GLVWLOOHG�ZDWHU�LQ�RUGHU�WR�JHW�ULG�RI WKH PHGLXP�HVSHFLDOO\�JOXFRVH��

0RUHRYHU� ����J�/�\HDVW�H[WUDFW�DQG�����J�/�SHSWRQH�ZHUH�GLVVROYHG�LQ�GLVWLOOHG�ZDWHU�

DQG� EURPRWK\PRO� EOXH� ZDV� DGGHG� LQ� RUGHU� WR� JLYH� DGHTXDWHO\ JUHHQ� FRORU��

%URPRWK\PRO�EOXH�VWRFN�VROXWLRQ�ZDV�SUHSDUHG����PJ�����PO�ZLWK�GLVWLOOHG�ZDWHU��DQG�

��PO RI�WKLV�VWRFN�VROXWLRQ�ZDV�DGGHG�IRU�����PO�WKH�PHGLXP��$IWHU�DXWRFODYLQJ������

J�/� JOXFRVH�� VXFURVH�� PDOWRVH�� PDQQLWRO� DQG� ODFWRVH ZHUH� DGGHG� LQ� HDFK� PHGLXP

VHSDUDWHO\�ZLWK�ILOWHU�VWHULOL]DWLRQ��

����O�PLFURRUJDQLVP�ZDV�DGGHG�LQ������O�PHGLXP�FRQWDLQLQJ�D�VXJDUZKLFK�ZDV�WHVWHG

LQ�D ZHOO��7KLV�PLFURWLWHU�SODWH�ZDV�LQFXEDWHG�DW��� Û&�IRU���GD\V�
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(DFK�VXJDU�ZDV� WHVWHG� LQ�GXSOLFDWH��3RVLWLYH�FRQWURO� FRQWDLQHG�JOXFRVH DV�D� FDUERQ�

VRXUFH��ZKLOH QHJDWLYH�FRQWURO�GLG�QRW�FRQWDLQ DQ\�FDUERQ�VRXUFHV��

,I�WKH�PLFURRUJDQLVP�XVHV�WKH�VXJDU��WKH�FRORU�RI�PHGLXP�ZLOO�FKDQJH�IURP�JUHHQ�WR�

\HOORZ DW�WKH�HQG�RI�WKH�LQFXEDWLRQ�WLPH�DV�VKRZQ�LQ�)LJXUH�����DQG�������.XUW]PDQ��

)HOO�� %RHNKRXW�� 	� 5REHUW�� ������ 5X�� %HUQDO�JUDQGH�� &RUGHUR�EXHVR�� 	� +XJKHV�

KHUUHUD��������

)LJXUH����� &DUERK\GUDWH�)HUPHQWDWLRQ�7HVW�RQ�0LFURSODWH�%HIRUH�$GGLQJ�WKH�0LFURRUJDQLVPV��ULJKW

WR�OHIW��SRVLWLYH�FRQWURO��VXFURVH��PDOWRVH��PDQQLWRO��ODFWRVH��QHJDWLYH�FRQWURO�

)LJXUH����� &DUERK\GUDWH�)HUPHQWDWLRQ�7HVW�RQ�0LFURSODWH�$IWHU ��'D\V �ULJKW WR�OHIW��SRVLWLYH�

FRQWURO��VXFURVH��PDOWRVH��PDQQLWRO��ODFWRVH��QHJDWLYH�FRQWURO�

������ &KDUDFWHUL]DWLRQ�RI�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV

�������� (WKDQRO�7ROHUDQFH�7HVW

,Q�RUGHU�WR�REVHUYH�DOFRKRO�WROHUDQFH��ILUVWO\��WKH�LVRODWHV�ZHUH�JURZQ�LQ�WKH�<3*�EURWK�

IRU��� KRXUV�DW����&��$IWHU����KRXUV��WKH�DPRXQWV�RI�FHOOV�LQ�WKH�EURWKV�ZHUH�PHDVXUHG�

LQ�WKH�VSHFWURPHWHU�DW�����10��:KHQ�2'�UHDFKHG���LQ�VSHFWURPHWHU��LW�UHIHUV�WR�����

&)8�PO�LQ�WKH�EURWKV��$IWHU�PHDVXULQJ������PO�RI�HDFK�KDYLQJ�PLFURRUJDQLVP�EURWK�
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ZDV�DGGHG�WR WKH�<3*�EURWK�ZKLFK�FRQWDLQV�GLIIHUHQW�HWKDQRO�FRQFHQWUDWLRQV��7KHVH�

QHZ�<3*�EURWKV�ZHUH�SUHSDUHG�DW� ��� ������� DQG����� �Y�Y�� HWKDQRO� FRQFHQWUDWLRQV�

UHVSHFWLYHO\�� 0RUHRYHU�� WKLV� WHVW� ZDV� RFFXUUHG� GXSOLFDWH�� $IWHU� LQRFXODWLRQ�� WKHVH�

EURWKV�LQFXEDWHG�IRU���GD\V�DW����&��*XLPDUmHV�HW�DO��������

�������� 6XOIXU�'LR[LGH�5HVLVWDQW�7HVW

,Q�RUGHU�WR�REVHUYH�VXOIXU�GLR[LGH�UHVLVWDQFH��ILUVWO\�� WKH�LVRODWHV�ZHUH�JURZQ�LQ�WKH�

<3*�EURWK�IRU����KRXUV�DW����&��$IWHU����KRXUV��WKH�DPRXQWV�RI�FHOOV�LQ�WKH�EURWKV�

ZHUH�PHDVXUHG� LQ� WKH� VSHFWURPHWHU� DW� ����10��$IWHU� UHDFKLQJ� ����&)8�PO� LQ� WKH�

EURWKV������PO�RI�HDFK�KDYLQJ�PLFURRUJDQLVP�EURWK�ZDV�DGGHG�WR�WKH�<3*�EURWK�ZKLFK�

FRQWDLQV�GLIIHUHQW�FRQFHQWUDWLRQ�RI�62���7KHVH�FRQFHQWUDWLRQV�DUH����������������������

PJ�/�� UHVSHFWLYHO\�� �0RUHRYHU�� WKLV� WHVW ZDV� RFFXUUHG� GXSOLFDWH��$IWHU� LQRFXODWLRQ��

WKHVH�EURWKV�LQFXEDWHG�IRU���GD\V�DW����&��%D÷GHU��������

�������� +\GURJHQ�6XOILGH�3URGXFWLRQ�7HVW

7KH�LVRODWHV�ZHUH�JURZQ�LQ�WKH�<3*�EURWK�IRU����KRXUV�DW����&��$IWHU����KRXUV��WKH�

VDPSOHV� LQ� EURWKV� ZHUH� LQRFXODWHG� RQ� %,**<� �%LVPXWK� 6XOILWH� *OXFRVH� *O\FLQH�

<HDVW��DJDU ���J�/�\HDVW�H[WUDFW����J�/�VRGLXP�VXOILWH�����J�/�JO\FLQH�����J�/�GH[WURVH��

�� J�/� ELVPXWK� DPPRQLXP� FLWUDWH�� ��� J�/� DJDU�� $IWHU� LQRFXODWLRQ�� WKHVH� EURWKV�

LQFXEDWHG� IRU� �� GD\V� DW� ���&� �9LFHQWH� HW� DO�� ������� 7KH� FKDUDFWHULVWLFV� RI� +�6�

SURGXFWLRQ� RI� WKH� VWUDLQV� ZHUH� GHWHUPLQHG� DFFRUGLQJ� WR� WKH� FRORUV� RI� WKH� FRORQLHV�

IRUPHG�RQ� WKH�%,**<�DJDU�����ZKLWH�����FUHDP����� OLJKW�EURZQ�����EURZQ�����GDUN�

EURZQ�����EODFN��6LSLF]NL�HW�DO���������,Q�DGGLWLRQ��&DQGLGD VSS� ZDV XVHG�IRU�D�SRVLWLYH�

FRQWURO�RQ�WKH�%,**<�DJDU�



��

������ 6HTXHQWLDO� ,QRFXODWLRQ� RI� 1RQ�6DFFKDURP\FHV DQG� 6DFFKDURP\FHV�

FHUHYLVLDH LQ�WKH�:LQHV

�������� 6HTXHQWLDO�,QRFXODWLRQ�RI�/DFKDQFHD� WKHUPRWROHUDQV��:LFNHUKDPRP\FHV�

DQRPDOXV DQG�6DFFKDURP\FHV�FHUHYLVLDH LQ�(PLU�*UDSHV

(PLU�JUDSHV�ZHUH�WDNHQ�IURP &DSSDGRFLD DW�������7KHVH�JUDSHV�ZHUH�VHSDUDWHG�WKUHH

SDUWV� IRU� VHTXHQWLDO� LQRFXODWLRQ RXU QRQ�6DFFKDURP\FHV DQG� 6DFFKDURP\FHV�

FHUHYLVLDH VWUDLQV��DQG SXUH�LQRFXODWLRQ�RI�RXU�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQ��7KH\�

ZHUH DGGHG����PJ�/�62� LQ�RUGHU�WR�NLOO�DOO� LQGLJHQRXV�\HDVWV DQG�PROGV��$IWHU����

KRXUV��VHOHFWHG�\HDVWV�ZHUH�LQRFXODWHG�LQ�WKHVH�JUDSHV��

)RU�VHTXHQWLDO�LQRFXODWLRQ��WKH PLFURRUJDQLVPV�ZHUH�JURZQ�LQ�WKH�<3*�EURWK�DW����&��

$IWHU� UHDFKLQJ���� FHOOV�PO��RXU�/DFKDQFHD WKHUPRWROHUDQV VWUDLQ �2%���&0�16���

ZDV�LQRFXODWHG�IRU�VHTXHQWLDO�LQRFXODWLRQ ZLWK�UHVSHFW�WR�WKH�IORZFKDUW�RI�ZKLWH�ZLQH�

�)LJXUH�������$IWHU���GD\V��RXU�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQ��2%���&0�6���ZDV�

DGGHG� LQ� WKLV� (PLU PXVW� �0DXUL]LR� &LDQL� HW� DO��� ������� ,Q� DGGLWLRQ�� RXU�

:LFNHUKDPRP\FHV�DQRPDOXV VWUDLQ �.$���&0�6���ZDV�DGGHG�ZLWK�6DFFKDURP\FHV�

FHUHYLVLDH VWUDLQ�LQ�WKH�VDPH�ZD\�

)RU� VLQJOH 6DFFKDURP\FHV� FHUHYLVLDH LQRFXODWLRQ�� RXU� 6DFFKDURP\FHV� FHUHYLVLDH

VWUDLQ��2%��&0�6���ZDV�LQRFXODWHG�DV�D�VLQJOH�FXOWXUH�DIWHU����KRXUV RI�62� WUHDWPHQW�

)LJXUH����� <3*�%URWKV�ZLWK�WKH�6HOHFWHG�<HDVWV �$��/DFKDQFHD�WKHUPRWROHUDQV VWUDLQ��2%���&0�

16���%� 6DFFKDURP\FHV�FHUHYLVLDH VWUDLQ��2%��&0�6���

$ %



��

�������� ,QRFXODWLRQ� RI�+DQVHQLDVSRUD� XYDUXP DQG�6DFFKDURP\FHV� FHUHYLVLDH LQ�

.DOHFLN�.DUDVÕ�*UDSHV

.DOHFLN�.DUDVÕ JUDSHV�ZHUH�WDNHQ�IURP�$QNDUD DW�������7KHVH�JUDSHV�ZHUH�VHSDUDWHG�

LQWR� WZR� SDUWV� IRU� SXUH� QRQ�6DFFKDURP\FHV �+DQVHQLDVSRUD� XYDUXP� DQG SXUH

6DFFKDURP\FHV�FHUHYLVLDH LQRFXODWLRQ��7KHVH�WZR�JUDSHV�ZHUH�DGGHG����PJ�/�62� LQ�

RUGHU�WR�GHVWUR\ DOO�LQGLJHQRXV�\HDVWV�DQG�PROGV��$IWHU����KRXUV��VHOHFWHG�\HDVWV�ZHUH�

LQRFXODWHG�LQ�WKHVH�JUDSHV�

7KH� PLFURRUJDQLVPV� ZHUH� JURZQ� LQ� WKH� <3*� EURWK� DW� ���&�� $IWHU� UHDFKLQJ� ���

FHOOV�PO��RXU�+DQVHQLDVSRUD�XYDUXP �6WUDLQ����DQG�6DFFKDURP\FHV�FHUHYLVLDH �6WUDLQ�

���� VWUDLQV� ZHUH� DGGHG� LQ� .DOHFLN� .DUDVÕ� PXVWV�� VHSDUDWHO\�� ZLWK� UHVSHFW� WR� WKH�

IORZFKDUW�RI�UHG�ZLQH��)LJXUH�������

�������� ,QRFXODWLRQ� RI +DQVHQLDVSRUD� JXLOOLHUPRQGLL�� +DQVHQLDVSRUD� RSXQWLDH

/DFKDQFHD�WKHUPRWROHUDQV DQG�6DFFKDURP\FHV�FHUHYLVLDH LQ�gN�]J|]� *UDSHV

gN�]J|]��JUDSHV�ZHUH�WDNHQ�IURP�(OD]Õ÷�DW�������7KHVH�JUDSHV�ZHUH�VHSDUDWHG�LQWR�

IRXU� SDUWV� IRU� VHTXHQWLDO� LQRFXODWLRQ� RXU� QRQ�6DFFKDURP\FHV DQG� 6DFFKDURP\FHV�

FHUHYLVLDH VWUDLQV��DQG�SXUH�LQRFXODWLRQ�RI�RXU�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQ �7DEOH�

������7KH\�ZHUH�DGGHG����PJ�/ 62� LQ�RUGHU�WR�NLOO�DOO�LQGLJHQRXV�\HDVWV�DQG�PROGV��

$IWHU����KRXUV��VHOHFWHG�\HDVWV�ZHUH�LQRFXODWHG�LQ�WKHVH�JUDSHV��

)RU�VHTXHQWLDO�LQRFXODWLRQ��WKH�PLFURRUJDQLVPV�ZHUH�JURZQ�LQ�WKH�<3*�EURWK�DW����&��

$IWHU� UHDFKLQJ���� FHOOV�PO��RXU�/DFKDQFHD� WKHUPRWROHUDQV VWUDLQ� �2%���&0�16���

ZDV� LQRFXODWHG�IRU�VHTXHQWLDO� LQRFXODWLRQ�ZLWK� UHVSHFW� WR� WKH�IORZFKDUW�RI� UHG ZLQH�

�)LJXUH� ������ $IWHU� � GD\V�� 6DFFKDURP\FHV� FHUHYLVLDH VWUDLQ� ZDV� DGGHG� LQ� WKLV�

gN�]J|]� PXVW�� �0DXUL]LR� &LDQL� HW� DO��� ������� ,Q� DGGLWLRQ�� RXU� +DQVHQLDVSRUD�

JXLOOLHUPRQGLL �.$���&0�16���DQG�+DQVHQLDVSRUD�RSXQWLDH��.$���&0�16�� VWUDLQV

ZHUH VHSDUDWHO\�DGGHG�ZLWK�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQ�LQ�WKH�VDPH�ZD\�

)RU� VLQJOH 6DFFKDURP\FHV� FHUHYLVLDH LQRFXODWLRQ�� RXU� 6DFFKDURP\FHV� FHUHYLVLDH

VWUDLQ��2%���&0�6�� ZDV�LQRFXODWHG�DIWHU����KRXUV�



��

7DEOH����� ,QRFXODWLRQ�RI�0LFURRUJDQLVPV�

0LFURRUJDQLVPV *UDSHV ,QRFXODWLRQ�7\SH

/��WKHUPRWROHUDQV 	�6��FHUHYLVLDH (PLU 6HTXHQWLDO�,QRFXODWLRQ

:��DQRPDOXV�	�6��FHUHYLVLDH (PLU 6HTXHQWLDO�,QRFXODWLRQ

6��FHUHYLVLDH (PLU 3XUH ,QRFXODWLRQ

+��XYDUXP .DOHFLN�.DUDVÕ 3XUH ,QRFXODWLRQ

6��FHUHYLVLDH .DOHFLN�.DUDVÕ 3XUH ,QRFXODWLRQ

/��WKHUPRWROHUDQV 	�6��FHUHYLVLDH gN�]J|]� 6HTXHQWLDO�,QRFXODWLRQ

+��JXLOOLHUPRQGLL�	�6��FHUHYLVLDH gN�]J|]� 6HTXHQWLDO�,QRFXODWLRQ

+��RSXQWLDH�	�6��FHUHYLVLDH gN�]J|]� 6HTXHQWLDO�,QRFXODWLRQ

6��FHUHYLVLDH gN�]J|]� 3XUH ,QRFXODWLRQ

������ :LQH�$QDO\VLV

�������� 'HWHUPLQDWLRQ�RI�$OFRKRO��$FLG��S+��9RODWLOH�$FLG��5HGXFLQJ�6XJDU�DQG�

0DOLF�$FLG�&RQWHQW

(WKDQRO��WRWDO�DFLGLW\� S+� YRODWLOH�DFLG��UHGXFLQJ�VXJDU�DQG�PDOLF�DFLG�FRQWHQWV�RI�ZLQH�

VDPSOHV� ZHUH� PHDVXUHG� ZLWK )RVV� :LQH6FDQ� $XWR (TXLSPHQW� �7\SH� �������

'HQPDUN�� DW�.DYDNOÕGHUH�:LQHU\�$�ù� :LQH6FDQ��FRPSRVHV� RI� WKH� DQDO\]HU DQG�

)RVV�,QWHJUDWRU�VRIWZDUH �)LJXUH������DQG��������

��� P/� RI ZLQH� VDPSOHV ZDV SXW LQ� VWDQGDUG� WXEHV� RI� LQVWUXPHQW� DQG� DQDO\VLV� RI�

VDPSOHV�VWDUWHG E\�LPPHUVLQJ�WKH�VSHFLILF�SUREH�LQ�HDFK�VDPSOH��(WKDQRO��WRWDO�DFLGLW\��

S+��YRODWLOH�DFLG��UHGXFLQJ�VXJDU�DQG�PDOLF�DFLG�PHDVXUHPHQW RI�ZLQH�VDPSOHV ZHUH�

REWDLQHG E\�)RVV�,QWHJUDWRU�VRIWZDUH�



��

)LJXUH������ )RVV�:LQH6FDQ��$XWR�(TXLSPHQW

)LJXUH������ )RVV�,QWHJUDWRU�6RIWZDUH

�������� 'HWHUPLQDWLRQ�RI�)UHH�DQG�7RWDO�6XOSKXU�'LR[LGH

7KH�DPRXQWV�RI�IUHH�DQG�WRWDO�62� ZHUH�PHDVXUHG�E\�)ODVWDU������$QDO\]HU �)LJXUH�

�������7KHUH�ZHUH���VROXWLRQ�ER[HV�LQ�WKLV�DQDO\]HU��7KHVH�ER[HV�ZHUH�GLQLWUR�EHQ]RLF

DFLG��WZR�EXIIHU VROXWLRQ��GLOXWHG�+&O� GLVWLOOHG�ZDWHU��

�����J�VRGLXP�GLVXOILGH�DQG����PO�HWKDQRO�ZHUH�PL[HG� DQG�LW�FRYHUHG�����PO�ZLWK�

GLVWLOOHG ZDWHU�WR�SUHSDUH�PL[WXUH����

��� ��� ��� ��� �� DQG� ��� PO� PL[WXUH� �� ZHUH� FRYHUHG� ���� PO� ZLWK� GLVWLOOHG ZDWHU� LQ

YROXPHWULF� IODVNV WR�SUHSDUH����������������������DQG������62�� 7KHVH�YROXPHWULF�

IODVNV ZHUH�SXW�LQ�WKH�PDFKLQH�ZLWK�ZLQH�VDPSOHV��

7KH�SURJUDP��³6RILD´��ZDV�RSHQHG�DQG�WRWDO�62��JUDSK�ZDV�GUDZQ��U �������



��

7KH�UHIHUHQFHV�YROXPHWULF�IODVKHV�RI������DQG������62� ZHUH�WDNHQ�RII�WKH�PDFKLQH�

GXH�WR�PHDVXUHPHQW�RI�IUHH�62���7KHQ��IUHH�62��JUDSK�ZDV�GUDZQ�ZLWK�WKLV�VRIWZDUH�

�U ������� 7KH�UHVXOWV�GHQRPLQDWHG�DV�PJ�/�

)LJXUH������ )ODVWDU������$QDO\]HU IRU�'HWHUPLQDWLRQ�RI�)UHH�DQG�7RWDO�62�

������ 9RODWLOH�&RPSRXQGV DQG�6HQVRU\�$QDO\VLV�RI�:LQHV

�������� 9RODWLOH�&RPSRXQGV

$QDO\VLV�RI�YRODWLOH�FRPSRXQGV�ZDV�FDUULHG�RXW�DW�3URI��'U��6HUNDQ�6HOOL¶V�/DERUDWRU\

LQ�&XNXURYD�8QLYHUVLW\��

���������� ([WUDFWLRQ�RI�9RODWLOH�&RPSRXQGV�LQ�:LQH�6DPSOHV

9RODWLOH� FRPSRXQGV� RI� ZLQH� VDPSOHV� ZHUH� REWDLQHG� ZLWK� OLTXLG�OLTXLG� H[WUDFWLRQ�

PHWKRG�DQG�GHILQHG�ZLWK�JDV�FKURPDWRJUDSK\�DQG�PDVV�VSHFWURPHWU\�ZKRVH�EUDQG�

QDPHV DUH $JLOHQW������*&�DQG������06'��� ([WUDFWLRQ�ZDV�FDUULHG�RXW�E\�PL[LQJ�

���PO�RI�WKH�VDPSOH LQ�D�����PO�(UOHQH�ZLWK����ȝJ�RI���QRQDQRO��LQWHUQDO�VWDQGDUG��

DQG����PO�RI�D�KLJK�SXULW\�GLFKORURPHWKDQH�VROYHQW�LQ�D�PDJQHWLF�VWLUUHU�DW���� ��&�IRU�

���PLQXWHV XQGHU�QLWURJHQ�JDV��$IWHU�H[WUDFWLRQ��WKH�VDPSOHV�ZHUH�FHQWULIXJHG�DW���&�

����� USP� IRU� ��� PLQXWHV� $IWHU� FHQWULIXJDWLRQ�� ZDWHU� ZKLFK� PD\� EH� SUHVHQW� LQ�

GLFKORURPHWKDQH� DQG DURPDWLF� H[WUDFW ZDV VHSDUDWHG� E\� VHSDUDWRU\� IXQQHO�� ,W� ZDV�

UHPRYHG�ZLWK�VRGLXP�VXOIDWH DQG�WKLV�PL[WXUH�ZDV�FRQFHQWUDWHG�WR���P/�DW����&�LQ�D�

GLVWLOODWLRQ�FROXPQ�RI��9LJUHX[� 7KH�DURPDWLF�H[WUDFWV�ZHUH�FRQFHQWUDWHG�DJDLQ�WR�����

PO� XQGHU� QLWURJHQ JDV DQG� GLUHFWO\� LQMHFWHG� LQWR� *&�),'�� *&�06� V\VWHPV� WR�



��

GHWHUPLQH�WKH�IODYRULQJ�DJHQWV� ([WUDFWLRQ�ZDV�GRQH�ZLWK�WKUHH�UHSOLFDWLRQV �6HOOL�HW�

DO�� ����� �)LJXUH��������

)LJXUH�������([WUDFWLRQ�RI�9RODWLOH�&RPSRXQGV�LQ�:LQH�6DPSOHV �3URYLGHG�NLQGO\�E\�3URI��'U��

6HUNDQ�6HOOL�

���������� ,GHQWLILFDWLRQ�DQG�4XDQWLILFDWLRQ�RI�9RODWLOH�&RPSRXQGV

)RU� LGHQWLILFDWLRQ� RI� YRODWLOH� FRPSRXQGV��$JLOHQW� ����1� JDV� FKURPDWRJUDSK\� DQG�

$JLOHQW�����%�9/�06'�PDVV�VSHFWURPHWU\�ZHUH�XVHG�VLPXOWDQHRXVO\�� ,Q�DGGLWLRQ��

$JLOHQW� ����1� IODPH� LRQL]DWLRQ� GHWHFWRU� �),'�� JDV� FKURPDWRJUDSK\ ZDV� XVHG� IRU�

TXDQWLILFDWLRQ RI�YRODWLOH�FRPSRXQGV���7KH�VHSDUDWLRQ�RI�WKH�DURPDWLFV�ZDV�FDUULHG�RXW�

XVLQJ� '%�:$;� FDSLOODU\� FROXPQ� ���� P� [� ����� PP� [� ���� �P��� 7KH� LQMHFWRU�

WHPSHUDWXUH�ZDV�DW ����&��GHWHFWRU�WHPSHUDWXUH ZDV ����&��FROXPQ�WHPSHUDWXUH ZDV�

���&�IRU���PLQXWHV��7KHQ� FROXPQ�WHPSHUDWXUH�ZDV�LQFUHDVHG E\���&�SHU�PLQXWH�WR�

����&�DQG�WKHQ���&�SHU�PLQXWH�WR�����&� 7KLV�WHPSHUDWXUH�ZDV�UHPDLQHG�FRQVWDQW�IRU�

���PLQXWHV�E\�D�SURJUDP��7KH�DPRXQW�LQMHFWHG�LQWR�WKH�GHYLFH�ZDV ���O� +HOLXP�ZDV�



��

XVHG�DV� WKH�FDUULHU�JDV�DQG� WKH�IORZ�UDWH�ZDV� IL[HG�DW�����PO�PLQ� 7HPSHUDWXUHV RI�

GHWHFWRU�DQG�LQMHFWRU�ZHUH�����&��

)RU�LGHQWLILFDWLRQ�RI�YRODWLOH�FRPSRXQGV��$JLOHQW�����%�9/�06'�PDVV�VSHFWURPHWU\�

ZDV� XVHG�� ,QMHFWRU� W\SH� DQG� WHPSHUDWXUH� SURJUDP� KDG WKH� VDPH� FRQGLWLRQV� DV� JDV�

FKURPDWRJUDSK\�� 7KH� VSHHG� RI� KHOLXP� XVHG� DV� FDUULHU� JDV� ZDV ���� PO�PLQ� 7KH

LRQL]DWLRQ�HQHUJ\�RI� WKH�PDVV� VSHFWURPHWHU�ZDV� VFUHHQHG� DW� ��� H9�� WKH� LRQ� VRXUFH�

WHPSHUDWXUH�ZDV�����&��WKH�TXDGUXSROH�WHPSHUDWXUH�ZDV�����&��DQG�LW�ZDV�VFDQQHG�

EHWZHHQ��������PDVV��ORDG��P�H��DW�WKH�LQWHUYDOV�RI�RQH VHFRQG� 7KH�SHDN�GLDJQRVLV�

ZDV PDGH�E\�FRPSDULQJ�WKH�PDVV�VSHFWUXP�IRU�WKH�QRQ�VWDQGDUG�FRPSRXQGV�WR�WKH�

VWDQGDUG�PDVV�VSHFWUD�LQ�WKH�OLEUDULHV�RI�WKH�DURPD�VXEVWDQFHV�LQ�WKH�FRPSXWHU�PHPRU\�

�:LOH\������1,67�����DQG�)ODYRU��/��DQG�IRU WKH�VWDQGDUG�VROXWLRQ�WR�WKH�VWDQGDUG�RI�

IRU� WKH� FRPSRXQGV�� $IWHU� WKH� GLDJQRVLV� RI� SHDNV�� FRQFHQWUDWLRQV� RI� IODYRULQJ�

VXEVWDQFHV� ZHUH� FDOFXODWHG� DFFRUGLQJ� WR� WKH� IROORZLQJ� IRUPXOD� DFFRUGLQJ� WR� WKH�

LQWHUQDO VWDQGDUG�PHWKRG �6HOOL� HW� DO�� ������ (DFK� DQDO\VLV�ZDV� SHUIRUPHG�ZLWK� ��

UHSOLFDWLRQV�

&L �$L»$VW �î&VWî5)î+)

&L��&RQFHQWUDWLRQ�RI�WKH�FRPSRXQG

$L��3HDN�DUHD�RI�WKH�FRPSRXQG

$VW��3HDN�DUHD�RI�LQWHUQDO�VWDQGDUG

&VW��&RQFHQWUDWLRQ�RI�LQWHUQDO�VWDQGDUG�����ȝJ����P/�

5)��$QVZHU�IDFWRU

+)��&DOFXODWLRQ�IDFWRU��IDFWRU�IRU�FRQYHUWLQJ�WKH�VDPSOH�DPRXQW�WR�/��



��

�������� 6WDWLVWLFDO�$QDO\VLV

$FFRUGLQJ�WR�*6�06�UHVXOWV��VWDWLVWLFDO�DQDO\VHV�RI�YRODWLOH�FRPSRXQGV�LQ�ZLQH�ZHUH�

PDGH�ZLWK�WKH�KHOS�RI�0LQL7DE��7KH�UHVXOWV�ZHUH�HYDOXDWHG�ZLWK�$129$�DQG�7XNH\¶V�

PXOWLSOH�UDQJH�WHVW� ,Q�WKHVH�WHVWV��WKH�VLJQLILFDQW�OHYHO�ZDV�FKRVHQ�3��������

�������� 6HQVRU\�$QDO\VLV�RI�:LQH

6HQVRU\�DQDO\VHV�RI�ZLQHV�ZHUH�UHDOL]HG�ZLWK�IRXU�GHJXVWDWRUV��,Q�WKHVH�DQDO\VHV��WKHUH�

ZHUH� �� FULWHULD�� FRORU�� IODYRU�� IXOOQHVV�� VZHHWQHVV�� DFLGQHVV�� ELWWHUQHVV�� DVWULQJHQF\��

ILQDO�DVWULQJHQF\��DQG�RYHUDOO�LPSUHVVLRQ��'HJXVWDWRUV�ZHUH�JUDGHG�IURP����ZHDN��WR�

���VWURQJ��ZLWK�UHVSHFW�WR�WKHVH�FULWHULD� 6HQVRU\�SURILOH ZDV�IRUPHG�LQ�UDGDU�FKDUWV�E\�

([FHO�2IILFH������





��

&+$37(5��

�� 5(68/76�$1'�',6&866,21

,VRODWLRQ�RI�0LFURRUJDQLVPV

����PLFURRUJDQLVPV�ZHUH�REWDLQHG�ZLWK�WKH�LVRODWLRQ�PHWKRG��,W�ZDV�WKRXJKW�WKDW�����

RI�WKHVH�\HDVW�LVRODWHV�EHORQJ�WR�QRQ�6DFFKDURP\FHV������EHORQJ�WR�6DFFKDURP\FHV

\HDVWV� )LJXUH� ���� VKRZHG \HDVW� FRORQLHV� JURZQ� RQ� VHOHFWLYH� PHGLXPV�� 1RQ�

6DFFKDURP\FHV \HDVW�FRORQLHV�ZHUH�JURZQ RQ�O\VLQH�DJDU��$�� <3*�DJDU�FRQWDLQLQJ�

F\FORKH[LPLGH��ELSKHQ\O��DQG�FKORUDPSKHQLFRO �%� DQG�6DFFKDURP\FHV \HDVW�FRORQLHV�

RQ�WKH�HWKDQRO�VXOIDWH�DJDU��&�� (DFK FRORQ\�ZDV�UDQGRPO\�SLFNHG IURP�WKHVH�VSHFLILF�

DJDUV��)LJXUH������DQG�VWUHDNHG RQ�<3*�DJDU IRU�SXULILFDWLRQ��)LJXUH�������

)LJXUH����� <HDVW�&RORQLHV *URZQ�RQ�6HOHFWHG�$JDUV �$��O\VLQH�DJDU��%��<3*�DJDU�FRQWDLQLQJ�

F\FORKH[LPLGH��ELSKHQ\O��DQG�FKORUDPSKHQLFRO��&���(6$�

$ % &



��

)LJXUH����� 6HOHFWLRQ�DQG�,VRODWLRQ�RI�*URZLQJ�0LFURRUJDQLVPV�LQ�6HOHFWLYH�$JDUV

)LJXUH����� 3XULILFDWLRQ�0HWKRG RI�6HOHFWHG�&RORQLHV RQ�<3*�$JDU

����PLFURRUJDQLVPV�ZHUH�REWDLQHG�ZLWK�WKH�LVRODWLRQ�PHWKRG��,W�ZDV�WKRXJKW�WKDW�����

RI�WKHVH�\HDVW�LVRODWHV�EHORQJ�WR�QRQ�6DFFKDURP\FHV������EHORQJ�WR�6DFFKDURP\FHV�

\HDVWV �)LJXUH�������7KH�QXPEHU�RI�LVRODWHG 6DFFKDURP\FHV DQG�QRQ�6DFFKDURP\FHV

\HDVWV IURP� ILYH� GLIIHUHQW� JUDSH� YDULHWLHV RI�7XUNH\ ZLWK� XVLQJ� VHOHFWLYH�PHGLXPV�

�(6$�� O\VLQH� DJDU� DQG� <3*� DJDU� FRQWDLQLQJ� F\FORKH[LPLGH�� ELSKHQ\O�� DQG�

FKORUDPSKHQLFRO� ZHUH GHSLFWHG LQ�)LJXUH������



��

)LJXUH����� 7RWDO 1XPEHU RI�,VRODWHG�<HDVWV

)LJXUH����� 1XPEHUV�RI�,VRODWHG�1RQ�6DFFKDURP\FHV DQG 6DFFKDURP\FHV <HDVW�$FFRUGLQJ�WR�*UDSH�

9DULHW\

7RWDO�QXPEHU�RI� LVRODWHG�PLFURRUJDQLVPV�ZHUH ���� IURP�.DOHFLN�.DUDVÕ� JUDSH�����

ZHUH FRQVLGHUHG� DV QRQ�6DFFKDURP\FHV�� ZKLOH ��� DV 6DFFKDURP\FHV DFFRUGLQJ� WR

LVRODWHV IURP VHOHFWLYH� DJDUV �<3*� DJDU� FRQWDLQLQJ� F\FORKH[LPLGH�� ELSKHQ\O��

FKORUDPSKHQLFRO� DQG�(6$��UHVSHFWLYHO\���)LJXUH�������



��

)LJXUH����� 1XPEHUV�RI�,VRODWHG�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVWV�IRU .DOHFLN�.DUDVÕ

*UDSH

7RWDO� QXPEHU� RI� LVRODWHG�PLFURRUJDQLVPV�ZHUH ��� IURP�gN�]J|]��JUDSH�� ���ZHUH�

FRQVLGHUHG�DV QRQ�6DFFKDURP\FHV� ZKLOH ���DV 6DFFKDURP\FHV \HDVWV DFFRUGLQJ� WR

LVRODWHV IURP O\VLQH�DJDU�DQG�(6$��UHVSHFWLYHO\ �)LJXUH������

)LJXUH����� 1XPEHUV�RI�,VRODWHG�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVW IRU�gN�]J|]� *UDSH

7RWDO�QXPEHU�RI� LVRODWHG�PLFURRUJDQLVPV�ZHUH��� IURP�%R÷D]NHUH JUDSH���� ZHUH

FRQVLGHUHG�DV QRQ�6DFFKDURP\FHV��ZKLOH ���DV 6DFFKDURP\FHV�DFFRUGLQJ�WR�LVRODWHV

IURP�VHOHFWLYH�DJDUV �O\VLQH DJDU DQG�(6$��DV�GHSLFWHG�LQ�)LJXUH ����



��

)LJXUH����� 1XPEHUV RI�,VRODWHG�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV�<HDVWV IRU�%R÷D]NHUH

*UDSH

7RWDO� QXPEHU� RI� LVRODWHG� PLFURRUJDQLVPV� ZHUH �� IURP� 'LPULW JUDSH�� �� ZHUH�

FRQVLGHUHG�DV QRQ�6DFFKDURP\FHV��ZKLOH��� DV 6DFFKDURP\FHV DFFRUGLQJ�WR�LVRODWHV

IURP�VHOHFWLYH�DJDUV �O\VLQH�DJDU�DQG�(6$���)LJXUH������

)LJXUH����� 1XPEHUV�RI�,VRODWHG�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVWV�IRU�'LPULW *UDSH

7RWDO� QXPEHU� RI� LVRODWHG� PLFURRUJDQLVPV� ZHUH ��� IURP� (PLU JUDSH�� �� ZHUH�

FRQVLGHUHG�DV QRQ�6DFFKDURP\FHV��ZKLOH �� DV 6DFFKDURP\FHV DFFRUGLQJ�WR LVRODWHV�

IURP�O\VLQH�DJDU�DQG�(6$��UHVSHFWLYHO\ �)LJXUH�������



��

)LJXUH������ 1XPEHUV�RI�,VRODWHG�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVWV�IRU�(PLU *UDSH

3KHQRW\SLF�&KDUDFWHUL]DWLRQ�RI�6DFFKDURP\FHV <HDVWV

)LUVWO\��+�6�SURGXFWLRQ WHVW�ZDV� DSSOLHG��%LJJ\� DJDU�ZDV�XVHG� WR� WHVW� RI�K\GURJHQ�

VXOILGH�SURGXFWLRQ��3URGXFWLRQ�RI�+�6�ZDV�LQGLFDWHG�E\�WKH�LQWHQVLW\�RI�FRORXUV��/RZ�

+�6�SURGXFWLRQ�ZDV�REVHUYHG�IRU�WKH�LVRODWH�'$���10�6���)LJXUH������$���$QRWKHU�

LVRODWH� �2%� ��&0� 6��� IURP� gN�]J|]�� JUDSH� SURGXFHG� LQWHUPHGLDWH� +�6� DPRXQW�

�)LJXUH������%���0RUHRYHU� WKH� FRPPHUFLDO�6DFFKDURP\FHV� FHUHYLVLDH ZDV�XVHG� LQ�

RUGHU�WR�FRPSDUH�VWUDLQV��7KH�OHYHO�RI�+�6�SURGXFWLRQ�RI�WKLV�VWUDLQ ZDV LQWHUPHGLDWH

�����)LJXUH �����&�� 2Q�WKH�RWKHU�KDQG��&DQGLGD�VSS� ZDV�XVHG�DV�SRVLWLYH�FRQWURO��DQG�

WKH�OHYHO�RI��+�6�SURGXFWLRQ�LV�KLJK�����RQ�)LJXUH������&�

)LJXUH�������%LJJ\�$JDUV��)URP�OHIW�WR�ULJKW�WKHVH�LVRODWHV�DUH�JLYHQ�������� DQG���RI�+�6�SURGXFWLRQ��

6HFRQGO\��WHVW�RI�DOFRKRO�WROHUDQFH�ZDV DSSOLHG��7KH�UHVXOWV�RI�LVRODWHV�IURP�'LPULW�

ZHUH� JLYHQ� DV� DQ� H[DPSOH �7DEOH� ����� 7KH� RWKHU� UHVXOWV� RI� LVRODWHV� IURP�.DOHFLN�

NDUDVÕ��gN�]J|]���%R÷D]NHUH�DQG�(PLU�ZHUH�JLYHQ�LQ�$SSHQGL[ &�

$ % '&



��

7DEOH����� 7KH�$OFRKRO�7ROHUDQFH�DQG�+�6�3URGXFWLRQ�5HVXOWV�RI 6DFFKDURP\FHV ,VRODWHV�IURP�'LPULW

1DPH $OFRKRO�7ROHUDQFH���� +�6�3URGXFWLRQ

� �� �� ��

'$��&0�6� � � � � �

'$��&0�6� � � � � �

'$��&0�6� � � � � �

'$��&0�6� � � Z Z �

'$��&0�6� � � � � �

'$��&0�6� � � � Z �

'$��&0�6� � � Z Z �

'$��&0�6� � � � � �

'$��&0�6� � � Z Z �

'$��&0�6� � Z � � �

'$��&0�6� � � Z � �

'$��&0�6� � � � Z �

'$��&0�6� � Z � � �

'$��&06�� � Z � � QJ

'$��10�6� � � � Z �

'$��10�6� � � � Z �

'$��10�6� � � � � �

'$��10�6� � � Z � �

'%��&0�6� � Z Z � �

'%��&0�6� � � Z � �

'%��&0�6� � � Z Z �

'%��&0�6� � � � � �

'%��&0�6� � � � Z �

'%��&0�6� � � Z � �

'%��&0�6� � � � � �

'%��&0�6� � � Z � �

'%��&0�6� � � Z Z �

'%��&0�6� � � Z Z �

'%��&0�6� � � Z Z �

'%��&0�6� � � � � �

'%��&0�6� � � Z Z �

'%��&0�6� � � � Z �

'%��&06�� � � � � �

'%��10�6� � � Z Z �

'%��10�6� � � Z Z �

'%��10�6� � � Z Z �

'%��10�6� � � � � QJ

'%��10�6� � � � Z �

'%��106� � � Z Z �
'$��$�3DUDOOHO�RI�:LQH�0DGH�IURP�'LPULW�*UDSH��'%��%�3DUDOOHO�RI�:LQH�0DGH�IURP�'LPULW�*UDSH���&0�����'D\�RI�&ROG�0DFHUDWLRQ� �&0�����
'D\�RI�&ROG�0DFHUDWLRQ���10�����'D\�RI�1RUPDO�0DFHUDWLRQ��6��6DFFKDURP\FHV���� SRVLWLYH�JURZWK��Z� ZHDN�JURZWK�����QHJDWLYH�JURZWK�����ZKLWH��
���FUHDP�����OLJKW�EURZQ�����EURZQ�����GDUN�EURZQ������EODFN��QJ��QRW�JURZWK�



��

$FFRUGLQJ�WR�+�6�SURGXFWLRQ��VRPH�VWUDLQV�ZHUH�HOLPLQDWHG��6WUDLQV�ZLWK�ORZ�OHYHO�

+�6� SURGXFWLRQ� ZHUH� VHOHFWHG� IRU� WKH� IROORZLQJ� WDEOHV� �7DEOH� ���������� +RZHYHU��

LVRODWHV�RI�gN�]J|]��ZHUH�FKRVHQ�DPRQJ�LQWHUPHGLDWH�OHYHO ��� +�6�SURGXFLQJ VWUDLQV�

GXH� WR� WKH� ODFN� RI� ORZ� OHYHO� ��� DQG�RU� ��� +�6� SURGXFLQJ� VWUDLQV�� 7KHQ�� 62���

WHPSHUDWXUH��S+�WROHUDQFHV� DQG�FDUERK\GUDWH IHUPHQWDWLRQ WHVWV�ZHUH�SHUIRUPHG�IRU�

WKHVH�ORZ�OHYHO�+�6�SURGXFLQJ�VWUDLQV�

,Q�DGGLWLRQ��SKHQRW\SLF�SURSHUWLHV�RI�DOO�6DFFKDURP\FHV�\HDVWV�ZHUH�JLYHQ�$SSHQGL[�

&�

7KH� QXPEHU� RI� ORZ� +�6� SURGXFLQJ 6DFFKDURP\FHV VWUDLQV� LVRODWHG� IURP� .DOHFLN�

.DUDVÕ�PXVW�DQG�ZLQH�ZDV�����7DEOH������

7DEOH����� 3KHQRW\SLF�&KDUDFWHUL]DWLRQ�DQG��&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW�5HVXOWV�RI�

6DFFKDURP\FHV 6WUDLQV�,VRODWHG�IURP�.DOHFLN�.DUDVÕ�0XVW�DQG�:LQH

1DPH�

$OFRKRO�

7ROHUDQFH����

62� 7ROHUDQFH

�PJ�/�

7HPSHUDWXUH�

7ROHUDQFH��R&�

S+�

7ROHUDQFH
&DUERK\GUDWH�$VVLPLODWRQ 7HVW

+�6

3URGXFW

� �� �� �� �� ��� ��� ��� �� �� �� � � � 6XFURVH 0DOWRVH 0DQQLWRO /DFWRVH

.%��10�6� � � � � � � � � � � Z � � � � � � � �

.%��10�6� � � � Z � � � � � � � � � � � � � � �

.$���10�6� � � � � � � � � � � � � � � � � Z � �

.$��10�6� � � � � � � � � � � � � � � � � � � �

.%��10�6�� � � � � � � � � � � � � � � � � � � �

.$��10�6� � � � � � � � � � � � � � � � � � � �

.$���10�6� � � � � � � � � � � � � � � � � � � �

.%���10�6� � � � � Z Z Z � � � � � � � � � � � �

.%���10�6� � Z � � � � � � � � � Z Z � � � � � �

.%���10�6� � � � � � Z � � � � � Z � � � � � � �
.$��$�3DUDOOHO� RI�:LQH�0DGH� IURP�.DOHFLN�.DUDVÕ�*UDSH��.%��%�3DUDOOHO� RI�:LQH�0DGH� IURP�.DOHFLN�.DUDVÕ�*UDSH�� �&0�����'D\ RI�&ROG�
0DFHUDWLRQ���&0�����'D\�RI�&ROG�0DFHUDWLRQ���10�����'D\�RI�1RUPDO�0DFHUDWLRQ���10�����'D\�RI�1RUPDO�0DFHUDWLRQ����10������'D\�RI�1RUPDO�
0DFHUDWLRQ �0LGGOH�RI�WKH�IHUPHQWDWLRQ�����10� ����'D\�RI�1RUPDO�0DFHUDWLRQ��(QG�RI�WKH�IHUPHQWDWLRQ���6��6DFFKDURP\FHV���� SRVLWLYH�JURZWK��
Z� ZHDN�JURZWK�����QHJDWLYH�JURZWK�����ZKLWH�����FUHDP�����OLJKW�EURZQ�����EURZQ�����GDUN�EURZQ�����EODFN�

7KH�RQO\�RQH�VWUDLQ�LVRODWHG�IURP�gN�]J|]��PXVW�DQG�ZLQH�KDG ORZ�+�6�SURGXFWLRQ�

�����7KHUHIRUH��LVRODWHV�ZLWK�LQWHUPHGLDWH�OHYHO�RI�+�6�SURGXFWLRQ�ZHUH�DGGHG�WR�WKH�

IROORZLQJ� WDEOH� �7DEOH� ������0RUHRYHU�� WKH� OHYHO� RI�+�6�SURGXFWLRQ� RI� FRPPHUFLDO

6DFFKDURP\FHV�VWUDLQ�ZDV�DOVR����



��

7DEOH����� 3KHQRW\SLF�&KDUDFWHUL]DWLRQ�DQG��&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW�5HVXOWV�RI�

6DFFKDURP\FHV 6WUDLQV�,VRODWHG�IURP�gN�]J|]��0XVW�DQG�:LQH

1DPH

$OFRKRO�

7ROHUDQFH���
62� 7ROHUDQFH��PJ�/�

7HPSHUDWXUH

7ROHUDQFH�R&�

S+�

7ROHUDQFH
&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW

+�6�

3URGXFW

� �� �� �� �� ��� ��� ��� �� �� �� � � � 6XFURVH 0DOWRVH 0DQQLWRO /DFWRVH

2$��&0�16� � � � � � � � � � � � � � � � � � � �

2%��&0�6� � � � � � � � � � � � � � � � � Z Z �

2$��&0�6�� � � � � � � � � � � � � � � � � Z Z �

2%��&0�6� � � Z � � � � � � � � � � � � � Z Z �

2%��&0�6� � � � � � � � � � � � � � � � � � � �

2%��&0�6� � � � � � � � � � � � � � � � � � � �
2$��$�3DUDOOHO�RI�:LQH�0DGH�IURP�gN�]J|]��*UDSH��2%��%�3DUDOOHO�RI�:LQH�0DGH�IURP�gN�]J|]��*UDSH���&0�����'D\�RI�&ROG�0DFHUDWLRQ��
�&0�����'D\�RI�&ROG�0DFHUDWLRQ��6��6DFFKDURP\FHV���� SRVLWLYH�JURZWK��Z� ZHDN�JURZWK���� QHJDWLYH�JURZWK� ���ZKLWH�����FUHDP�����OLJKW�EURZQ��
���EURZQ�����GDUN�EURZQ�����EODFN�

7KH ORZ OHYHO�RI SURGXFLQJ +�6��6DFFKDURP\FHV VWUDLQV�LVRODWHG�IURP�%R÷D]NHUH DQG�

'LPULW�PXVWV DQG�ZLQHV ZDV�UHSUHVHQWHG�LQ�7DEOH���� DQG�7DEOH������UHVSHFWLYHO\�

7DEOH������3KHQRW\SLF�&KDUDFWHUL]DWLRQ�DQG��&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW�5HVXOWV�RI�

6DFFKDURP\FHV VWUDLQV�,VRODWHG�IURP�%R÷D]NHUH�0XVW�DQG�:LQH�

1DPH

$OFRKRO�

7ROHUDQFH���
62��7ROHUDQFH��PJ�/�

7HPSHUDWXUH�

7ROHUDQFH�R&�

S+�

7ROHUDQFH

&DUERK\GUDWH�)HUPHQWDWLRQ

7HVW

+�6�

3URGXFW

� �� �� �� �� ��� ��� ��� �� �� �� � � � 6XFURVH 0DOWRVH 0DQQLWRO /DFWRVH

%$��&0�16� � � � � � � � � � � � � � � � � � � �

%$��&0�16� � � � � � � � � � � � � � � � � � � �

%%��&0�16� � � � � � � � � � � � � � � � � � � �

%$��&0�16� � � � � � � � � � � � � � � � � � � �

%%��&0�6�� � � � Z � � � � � � � � � � � Z � � �
%$��$�3DUDOOHO�RI�:LQH�0DGH�IURP�%R÷D]NHUH�*UDSH��%%��%�3DUDOOHO�RI�:LQH�0DGH�IURP�%R÷D]NHUH�*UDSH���&0�����'D\�RI�&ROG�0DFHUDWLRQ��
�&0�����'D\�RI�&ROG�0DFHUDWLRQ���10�����'D\�RI�1RUPDO�0DFHUDWLRQ��6��6DFFKDURP\FHV���� SRVLWLYH�JURZWK��Z� ZHDN�JURZWK���� QHJDWLYH�JURZWK�
���ZKLWH�����FUHDP�����OLJKW�EURZQ� ���EURZQ�����GDUN�EURZQ�����EODFN�



��

7DEOH����� 3KHQRW\SLF�&KDUDFWHUL]DWLRQ�DQG��&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW�5HVXOWV�RI�

6DFFKDURP\FHV 6WUDLQV�,VRODWHG�IURP�'LPULW�0XVW�DQG�:LQH�

'$��$�3DUDOOHO�RI�:LQH�0DGH�IURP�'LPULW�*UDSH��'%� %�3DUDOOHO�RI�:LQH�0DGH�IURP�'LPULW *UDSH� �&0�����'D\�RI�&ROG�0DFHUDWLRQ���&0�����
'D\�RI�&ROG�0DFHUDWLRQ �10�����'D\�RI�1RUPDO�0DFHUDWLRQ� 6��6DFFKDURP\FHV���� SRVLWLYH�JURZWK��Z� ZHDN�JURZWK���� QHJDWLYH�JURZWK�����ZKLWH��
���FUHDP�����OLJKW�EURZQ�����EURZQ�����GDUN�EURZQ�����EODFN�

7KH�QXPEHU�RI�ORZ�+�6�SURGXFLQJ 6DFFKDURP\FHV VWUDLQV�LVRODWHG�IURP�(PLU PXVW�

DQG� ZLQH� ZDV� �� �7DEOH� ����� 7KH� KLJKHVW� QXPEHU� RI� ORZ� +�6� SURGXFLQJ�

6DFFKDURP\FHV LVRODWHV�ZHUH�REWDLQHG�IURP�(PLU PXVW�DQG�ZLQH��

1DPH

$OFRKRO�

7ROHUDQFH���
62� 7ROHUDQFH��PJ�/�

7HPSHUDWXUH�

7ROHUDQFH�R&�

S+�

7ROHUDQFH
&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW

+�6�

3URGXFWLRQ

� �� �� �� �� ��� ��� ��� �� �� �� � � � 6XFURVH 0DOWRVH 0DQQLWRO /DFWRVH

'$ �10 6� � � � Z � � � � � � � � � � � � � � �

'$ �&0 6� � � Z Z � � � � � � � Z Z � � � Z Z �

'$ �&0 6� � � � � � � � � � � � � � � � � � Z �

'$ �&0 6� � � � � � � � � � � � � � � � � Z Z �

'$ �&0 6� � Z � � � � � � � � � � � � � � � � �

'$ �&0 6� � � � Z � � � � � Z � Z Z � � � Z � �

'$ �&0 6� � � � Z � � � � � � � � � � � � � � �

'$ �&0 6� � � Z Z � � � � � � � � � � � � � � �

'$ �&0 6� � � � � � � � � � � � � � � � � Z � �

'$ �&0 6� � � Z � � � � � � � � � � � � � � Z �

'$ �&0 6� � Z � � � � � � � � � � � � � � Z Z �

'% �&0 6� � � � � � � � � � � � � � � � � � Z �

'% �&0 6� � � � � � � � � � � Z � � � � � � � �

'% �&0 6� � � Z � � � � � � � � � � � � � � � �



��

7DEOH����� 3KHQRW\SLF�&KDUDFWHUL]DWLRQ�DQG��&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW�5HVXOWV�RI�

6DFFKDURP\FHV 6WUDLQV�,VRODWHG�IURP�(PLU�0XVW�DQG�:LQH�

1DPH

$OFRKRO�

7ROHUDQFH���

62� 7ROHUDQFH�

�PJ�/�

7HPSHUDWXUH�

7ROHUDQFH�R&�

S+�

7ROHUDQFH
&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW

+�6�

3URGXFW
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,GHQWLILFDWLRQ�RI 6DFFKDURP\FHV <HDVWV E\ '1$�6HTXHQFLQJ 0HWKRGV

������ ,GHQWLILFDWLRQ�RI�6DFFKDURP\FHV <HDVWV�E\�6HTXHQFLQJ�RI�,76�5HJLRQ

$FFRUGLQJ�WR�SKHQRW\SLF�SURSHUWLHV��VHOHFWHG�6DFFKDURP\FHV�LVRODWHV�ZHUH�LGHQWLILHG�

E\�VHTXHQFLQJ�RI�,76�����6�,76��UHJLRQV�

7KH�IROORZLQJ�ILJXUH �)LJXUH������ VKRZHG 3&5�SURGXFWV�RI�LVRODWHG�6DFFKDURP\FHV

VWUDLQV DPSOLILHG�E\�,76��DQG�,76��SULPHUV� 7KH�UHVXOWV RI�'1$�VHTXHQFLQJ�IRU�DOO�

VWUDLQV�ZHUH JLYHQ�LQ�$SSHQGL[�$�
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&RQWUDGLFWRU\�UHVXOWV�ZHUH�REWDLQHG�IRU�IHZ LVRODWHV�XVLQJ�WKH�,76�DQG�'��'��GRPDLQ

�7DEOH �����
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)HUQiQGH]�(VSLQDU HW� DO�� ������ KDV� UHSRUWHG� WKDW� ,76�����6�,76�� UHJLRQ� VKRZHG�

JUHDWHU LQWHUVSHFLILF� GLIIHUHQFHV� WKDQ� JHQHV� RI� ��6� DQG���6� U51$��7KHUHIRUH�� ,76�

UHJLRQ� RIWHQ� DOORZHG WKH� GLIIHUHQWLDWLRQ� RI� FORVHO\� UHODWHG� VSHFLHV��0RUHRYHU�� ,76�

UHJLRQ�VLPSOLILHG WKH�PHWKRGRORJ\�GXH�WR�WKH�VPDOOHU�VL]H�FRPSDUHG�WR�'��'��GRPDLQ��

,W�ZDV�VWDWHG�WKDW�WKLV�VLWXDWLRQ�ZDV�DOVR�UHODWHG�WR�6DFFKDURP\FHV JHQXV �)HUQDQGH]�

(VSLQDU��(VWHYH�=DU]RVR��4XHURO��	�%DUULR��������

,W�ZDV�GHFLGHG� WR�GHWHUPLQH� WKH� LGHQWLW\ RI� WKHVH� VWUDLQV�ZLWK� IXUWKHU� LGHQWLILFDWLRQ�

VWXGLHV LQ�WKH�IXWXUH�

+LJK�7HFKQRORJLFDO�3URSHUWLHV�RI�6DFFKDURP\FHV 6WUDLQV

$FFRUGLQJ� WR� SKHQRW\SLF� SURSHUWLHV�� VHOHFWHG� LVRODWHV� RI� 6DFFKDURP\FHV ZHUH�

LGHQWLILHG�E\�'1$�VHTXHQFLQJ�PHWKRGV��7DEOH���� VKRZHG�WKHVH�VHOHFWHG�LVRODWHV�ZLWK�

KLJK� WHFKQRORJLFDO� SURSHUWLHV �KLJK� DOFRKRO� WROHUDQFH� DQG� ORZ� K\GURJHQ� VXOIXU�

SURGXFWLRQ� H[FHSW� 2%� �� &0� 6��� 2%� �� &0� 6�� ZDV� UDQGRPO\� FKRVHQ� DV�

6DFFKDURP\FHV�FHUHYLVLDH�VWUDLQ�EHIRUH�SKHQRW\SLF�FKDUDFWHUL]DWLRQ��,W�ZDV�XVHG�IRU�

ZLQH�SURGXFWLRQ��$OWKRXJK� LW�SURGXFHG UHODWLYHO\�KLJK +�6���� SURGXFW�� LW�KDV �����

DOFRKRO�UHVLVWDQFH DQG�KLJK�DURPD�TXDOLW\�ZDV REWDLQHG�LQ�WKH�ZLQHV�SURGXFHG�ZLWK�

WKLV�PLFURRUJDQLVP�
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$FFRUGLQJ� WR� OLWHUDWXUH�� 6DFFKDURP\FHV� FHUHYLVLDH IHUPHQWV� JOXFRVH�� VXFURVH� DQG�

PDOWRVH� DV� FDUERK\GUDWH�� 2Q� WKH� RWKHU� KDQG�� LW� GRHVQ¶W� XVH� PDQQLWRO� DQG� ODFWRVH�

�.XUW]PDQ� HW� DO��� ������ $OWKRXJK� .XUW]PDQ� HW� DO�� ������� KDYH� UHSRUWHG� WKDW�

6DFFKDURP\FHV� FHUHYLVLDH IHUPHQWV� VXFURVH�� VRPH� RI� RXU� VWUDLQV� GLG� QRW XWLOL]H�

VXFURVH�� 0RUHRYHU�� WKH\� ZHUH� LGHQWLILHG� DV� 6DFFKDURP\FHV� FHUHYLVLDH E\� '1$�

VHTXHQFLQJ�PHWKRG��2Q�WKH�RWKHU�KDQG��DOWKRXJK��*XLPDUmHV�LVRODWHG�VXFURVH�QHJDWLYH�

VWUDLQV��WKH\�HOLPLQDWHG�WKHVH�VWUDLQV��*XLPDUDHV�HW�DO����������6LPLODUO\��%DUQHWW�HW�DO�

�������HPSKDVL]HG�WKDW�VXFURVH��PDQQLWRO�DQG�PDOWRVH�PD\�YDU\�IURP�VWUDLQ�WR�VWUDLQ��

,Q�WKH�OLJKW�RI�WKH�FRQWUDGLFWRU\�UHVXOWV�LQ�WKH�OLWHUDWXUH��VXFURVH�QHJDWLYH�LVRODWHV�ZHUH�

QRW� VHOHFWHG� LQ�7DEOH���� DQG�� VWUDLQV�ZKLFK�KDYH�KLJK�DOFRKRO� WROHUDQFH� �����DQG�

DERYH������DQG�ORZ�+�6�SURGXFWLRQ����DQG����ZHUH�FKRVHQ��(WK\O�DOFRKRO�WROHUDQFH�

KLJKHU� WKDQ� ������� �Y�Y�� LV� D� GHVLUDEOH� WHFKQRORJLFDO� SURSHUW\� IRU� \HDVWV� XVHG� DV�

IHUPHQWDWLRQ� VWDUWHUV� �9DXJKDQ�0DUWLQL� 	 0DUWLQL�� ������ �� VWUDLQV� ZLWK� KLJK�

WHFKQRORJLFDO�SURSHUWLHV�ZHUH�VKRZQ�LQ�7DEOH���� DQG�LGHQWLILHG�E\�,76 UHJLRQ�DQG�RU�

'��'��GRPDLQ�RI� U'1$�VHTXHQFLQJ��7KHUHIRUH�� WKH�GHVLUHG�QXPEHU�RI� \HDVWV�ZDV�

UHDFKHG�WR�EH�XVHG�DV�VWDUWHU�FXOWXUHV IRU ZLQHPDNLQJ��

,Q�DGGLWLRQ��LVRODWHV ZLWK�WKH�KLJKHVW�WHFKQRORJLFDO�FKDUDFWHULVWLFV�ZHUH�VHOHFWHG�IURP�

HDFK�W\SH�RI�JUDSHV��DQG�LI�SRVVLEOH����LVRODWHV�ZHUH�VHOHFWHG�IURP WKHVH�JUDSHV��7DEOH�

������2QO\�RQH�LVRODWH�IURP�gN�]J|]��JUDSH�SURGXFHG�D�ORZ�DPRXQW�RI�+�6�DQG�WKLV

LVRODWH�ZDV� VHOHFWHG� IURP� WKLV�JUDSH� YDULHW\��*UDSH�YDULHWLHV�RI� WKH� FXOWXUHV�RI� WKLV�

JUDSH��WKH�UHJLRQ�VSHFLILF�FKDUDFWHUV�DQG�DXWKHQWLF�IHDWXUHV�DUH�DGGHG�WR�WKH�ZLQH��,Q�

DGGLWLRQ��LW�LV�WKRXJKW�WKDW�WKH\�ZLOO�PDLQWDLQ�WKH�IHUPHQWDWLRQ�SURFHVV�PRUH�HIIHFWLYHO\�

E\�EHLQJ�VXSHULRU�WR�FOLPDWH�DQG�HQYLURQPHQWDO�FRQGLWLRQV �-ROO\�HW�DO�� �������$V�D�

UHVXOW�� WKHVH�LVRODWHV�ZLOO�EH�WKH�VWUDLQV�ZKLFK�FDQ�EH�VXJJHVWHG�IRU� WKH�ZLQHV�WR�EH�

SUHSDUHG�IURP�WKH�JUDSHV�

7KH�FRPPHUFLDO�6DFFKDURP\FHV FHUHYLVLDH VWUDLQ�ZDV�DGGHG�LQ�7DEOH���� DQG���� DV�D�

UHIHUHQFH�VWUDLQ�WR�FRPSDUH�WKH�UHVXOWV��
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6DFFKDURP\FHV�����SRVLWLYH�JURZWK���Z��ZHDN��JURZWK�����QHJDWLYH�JURZWK�����ZKLWH�����FUHDP�����OLJKW�EURZQ�����EURZQ�����GDUN�EURZQ�����EODFN��1G��
QRW�GHWHUPLQHG��
��5DQGRPO\�FKRVHQ�6DFFKDURP\FHV�FHUHYLVLDH�ZDV�XVHG�IRU�ZLQH�SURGXFWLRQ��&RPPHUFLDO��&RPPHUFLDO�6DFFKDURP\FHV�FHUHYLVLDH
VWUDLQ�

�

,GHQWLILFDWLRQ�RI�1RQ�6DFFKDURP\FHV <HDVWV�E\�'1$�6HTXHQFLQJ�0HWKRGV

������ ,GHQWLILFDWLRQ�RI�1RQ�6DFFKDURP\FHV <HDVWV E\�6HTXHQFLQJ�RI�,76 5HJLRQ

,VRODWHG QRQ�6DFFKDURP\FHV \HDVWV� FDQ� EH LGHQWLILHG� E\� VHTXHQFLQJ RI� ,76�����6�

,76��UHJLRQV��

7KH�IROORZLQJ�ILJXUHV �)LJXUH������������������������ VKRZHG 3&5�SURGXFWV RI�LVRODWHG

QRQ�6DFFKDURP\FHV VWUDLQV DPSOLILHG�E\�,76��DQG�,76��SULPHUV�

7KH� UHVXOWV RI� '1$�VHTXHQFLQJ� IRU� DOO� QRQ�6DFFKDURP\FHV VWUDLQV� ZHUH JLYHQ� LQ�

$SSHQGL[�$�



��

)LJXUH������ 3&5�3URGXFWV�RI�1RQ�6DFFKDURP\FHV <HDVWV $PSOLILHG�E\ ,76��DQG�,76��3ULPHUV� .���

+DQVHQLDVSRUD�XYDUXP ����ES���.���QRW�LGHQWLILHG��.���+DQVHQLDVSRUD�JXLOOLHUPRQGLL �����ES���.��

QRW� LGHQWLILHG�� .����� +DQVHQLDVSRUD� RSXQWLDH�� .��� 5KRGRWRUXOD� PXFLODJLQRVD ���� ES��� .�������

+DQVHQLDVSRUD� RSXQWLDH�� .���� +DQVHQLDVSRUD� XYDUXP ����� ES��� .���� QRW� LGHQWLILHG�� .�������

+DQVHQLDVSRUD�RSXQWLDH �.� \HDVW�LVRODWHV�IURP�.DOHFLN�.DUDVÕ�JUDSHV��

)LJXUH������ 3&5�3URGXFWV�RI�1RQ�6DFFKDURP\FHV DQG� 6DFFKDURP\FHV <HDVWV�$PSOLILHG�E\�,76��DQG�

,76��3ULPHUV��.����+DQVHQLDVSRUD�RSXQWLDH��.�������QRW�LGHQWLILHG��.�������+DQVHQLDVSRUD�XYDUXP

�����ES���.����+DQVHQLDVSRUD�RSXQWLDH��.����QRW�LGHQWLILHG��.����6DFFKDURP\FHV�FHUHYLVLDH �����ES���

.����QRW�LGHQWLILHG��.����+DQVHQLDVSRUD�JXLOOHUPRQGLL �����ES���.����+DQVHQLDVSRUD�RSXQWLDH��.����

+DQVHQLDVSRUD� JXLOOHUPRQGLL ����� ES��� .������� +DQVHQLDVSRUD� RSXQWLDH�� .���� +DQVHQLDVSRUD�

JXLOOHUPRQGLL �����ES���.�������+DQVHQLDVSRUD�RSXQWLDH��.����+DQVHQLDVSRUD�JXLOOHUPRQGLL �����ES���

�.��\HDVW�LVRODWHV�IURP�.DOHFLN�.DUDVÕ�JUDSHV�



��

)LJXUH�������3&5�3URGXFWV�RI�1RQ�6DFFKDURP\FHV DQG� 6DFFKDURP\FHV <HDVWV�$PSOLILHG�E\�,76� DQG�

,76�� 3ULPHUV� '��� QRW� LGHQWLILHG�� '�
�� 0HWVFKQLNRZLD� VSS��� '�
�� 0HWVFKQLNRZLD� VLQHQVLV�� '���

0HWVFKQLNRZLD�SXOFKHUULPD �����ES���'���QRW� LGHQWLILHG��'���0HWVFKQLNRZLD�FKU\VRSHUODH��'���QRW�

LGHQWLILHG��'�
��0HWVFKQLNRZLD�VSS���'���QRW�LGHQWLILHG��'����6WDUPHUHOOD�EDFLOODULV �����ES���'�������

0HWVFKQLNRZLD� SXOFKHUULPD�� '��
��0HWVFKQLNRZLD� VSS��� 2������� /DFKDQFHD� WKHUPRWROHUDQV�� 2����

6DFFKDURP\FHV� FHUHYLVLDH�� 2���� /DFKDQFHD� WKHUPRWROHUDQV ����� ES��� (������� 6DFFKDURP\FHV�

FHUHYLVLDH �����ES���(����:LFNHUKDPRP\FHV�DQRPDOXV �����ES���(�������6DFFKDURP\FHV�FHUHYLVLDH

�'��\HDVW�LVRODWHV�IURP�'LPULW�JUDSHV��2��\HDVW�LVRODWHV�IURP�gN�]J|]��JUDSHV��(��\HDVW LVRODWHV�IURP�

(PLU�JUDSHV��

�
��7KHVH�PLFURRUJDQLVPV�DUH�LGHQWLILHG�DFFXUDWHO\�DFFRUGLQJ�WR�'��'��'RPDLQ�

)LJXUH�������3&5 3URGXFWV�RI�1RQ�6DFFKDURP\FHV DQG� 6DFFKDURP\FHV <HDVWV�$PSOLILHG�E\�,76��DQG�

,76��3ULPHUV� 2����/DFKDQFHD� WKHUPRWROHUDQV �����ES���2����6DFFKDURP\FHV�FHUHYLVLDH �����ES���

2������� /DFKDQFHD� WKHUPRWROHUDQV�� %��� QRW� LGHQWLILHG�� %����� 6DFFKDURP\FHV� FHUHYLVLDH�� %����

0HWVFKQLNRZLD� SXOFKHUULPD ����� ES��� %����� 6DFFKDURP\FHV� FHUHYLVLDH�� %���� 0HWVFKQLNRZLD�

SXOFKHUULPD��%��
��0HWVFKQLNRZLD�VSS���%���6ROLFRFFR]\PD�DHULD��%�������6DFFKDURP\FHV�FHUHYLVLDH��

%����0HWVFKQLNRZLD�SXOFKHUULPD��%����6DFFKDURP\FHV�FHUHYLVLDH �2��\HDVW�LVRODWHV�IURP�gN�]J|]��

JUDSHV��%��\HDVW�LVRODWHV�IURP�%R÷D]NHUH�JUDSHV���

�
��7KHVH�PLFURRUJDQLVPV�DUH�LGHQWLILHG�DFFXUDWHO\�DFFRUGLQJ�WR�'��'��'RPDLQ�



��

7DEOH����� VKRZHG�3&5�DPSOLFRQV RI�QRQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV�\HDVWV�

E\ XVLQJ ,76��DQG�,76��SULPHUV �*KRVK��������3KDP�HW�DO����������

7DEOH������ 7KH�,76������U'1$�,76��3&5�$PSOLFRQV�RI�<HDVWV �*KRVK��������3KDP�HW�DO��������

<HDVWV ,76������U'1$�,76��3&5�$PSOLFRQV��ES�

0HWVFKQLNRZLD�SXOFKHUULPD ���

0HWVFKQLNRZLD�DII��SXOFKHUULPD ���

6WDUPHUHOOD�EDFLOODULV������ ���

:LFNHUKDPRP\FHV��DQRPDOXV ���

5KRGRWRUXOD�PXFLODJLQRVD ���

/DQFKDQFDH�WKHUPRWROHUDQV ���

.OX\YHURP\FHV�PDU[LDQXV ���

.OX\YHURP\FHV�ODFWLV ���

+DQVHQLDVSRUD�XYDUXP ���

+DQVHQLDVSRUD�JXLOOLHUPRQGLL ���

6DFFKDURP\FHV�FHUHYLVLDH ���

$FFRUGLQJ� WR� WKH� UHVXOWV�RI�RXU�3&5�SURGXFWV��+DQVHQLDVSRUD�XYDUXP VWUDLQV�JDYH�

����ES�ZKLOH�5KRGRWRUXOD�PXFLODJLQRVD JDYH�����ES�LQ�VL]H �)LJXUH��������,Q�DGGLWLRQ��

LVRODWHV�RI�+DQVHQLDVSRUD VSS� XWLOL]HG�QHDUO\�WKH�VDPH�EDQG�VL]H LQ�)LJXUH�������2Q�

WKH�RWKHU�KDQG��0HWVFKQLNRZLD�SXOFKHUULPD JDYH�����ES� LQ� VL]H�ZKLOH�6WDUPHUHOOD�

EDFLOODULV�XWLOL]HG ����ES�LQ�)LJXUH�������/DFKDQFHD�WKHUPRWROHUDQV LVRODWHV DOVR�JDYH�

����ES�LQ�)LJXUH������

7KH�UHVXOW�RI�RXU�3&5�SURGXFWV �ES� RI�QRQ�6DFFKDURP\FHV DQG 6DFFKDURP\FHV�\HDVWV�

DPSOLILHG�E\�,76��DQG�,76��SULPHUV ZHUH�VLPLODU�WR�DPSOLFRQV �ES� RI�*KRVK�������

DV�VKRZQ�LQ 7DEOH������



��

������ ,GHQWLILFDWLRQ� RI� 1RQ�6DFFKDURP\FHV <HDVWV� E\� 6HTXHQFLQJ� RI� '��'��

'RPDLQ

%DVLF�/RFDO�$OLJQPHQW�6HDUFK�7RRO��%/$67� UHVXOWV IRU�LGHQWLILFDWLRQ�RI�\HDVWV�E\�

,76 VHTXHQFLQJ �$SSHQGL[�$� ZHUH�FRQWUDGLFWRU\�IRU�IHZ�\HDVW LVRODWHV��7KHUHIRUH��LW�

ZDV�GHFLGHG�WR�FDUU\�RXW�VHTXHQFLQJ�RI������6�U'1$�'��'� GRPDLQ IRU�WKHVH�LVRODWHV�

3&5�DPSOLFRQ�RI�WKHVH�LVRODWHV�ZHUH�GLVSOD\HG�LQ�)LJXUH������

)LJXUH�������3&5�$PSOLFRQ RI�1RQ�6DFFKDURP\FHV�<HDVWV�$PSOLILHG�E\�1/��DQG�1/��3ULPHUV� '���

QRW�LGHQWLILHG��'���0HWVFKQLNRZLD�IUXFWLFROD��.��� +DQVHQLDVSRUD�RSXQWLDH��.���0HWVFKQLNRZLD�DII��

IUXFWLFROD��'���QRW�LGHQWLILHG��0��0HWVFKQLNRZLD�DII��IUXFWLFROD��%���0HWVFKQLNRZLD�DII��SXOFKHUULPD��

'�� 0HWVFKQLNRZLD�SXOFKHUULPD��'�� 0HWVFKQLNRZLD�DII��SXOFKHUULPD

7KHVH�UHVXOWV�RI�'��'��GRPDLQ�VHTXHQFLQJ�ZHUH�FRPSDUHG�ZLWK�WKRVH�REWDLQHG�IRU�

,76 UHJLRQ� VHTXHQFLQJ�� &RQWUDGLFWRU\� UHVXOWV� ZHUH� REWDLQHG� SDUWLFXODUO\� IRU�

0HWVFKQLNRZLD VSS� E\�WZR�LGHQWLILFDWLRQ�PHWKRGV�ZKLOH�WKH�RWKHU�\HDVW�LVRODWHV�JDYH�

WKH� VDPH� LGHQWLILFDWLRQ� UHVXOWV �7DEOH� ������ 7DEOH� ���� VKRZHG� DOVR GLIIHUHQFHV�

EHWZHHQ�\HDVWV�LGHQWLILHG�E\�,76 UHJLRQ�DQG�'��'��GRPDLQ VHTXHQFLQJ�



��

7DEOH������ 7KH�5HVXOWV�RI�6HTXHQFLQJ�ZLWK�UHVSHFW�WR�,76 5HJLRQ�DQG�'��'��'RPDLQ

1DPH 5HJLRQ 6LPLODULW\ %/$67�5HVXOW 1DPH 5HJLRQ 6LPLODULW\ %/$67�5HVXOW

.� ,76 ���� +DQVHQLDVSRUD�

JXLOOLHUPRQGLL

.� '��'��

'RPDLQ

���� +DQVHQLDVSRUD�

JXLOOLHUPRQGLL

.�� ,76 ���� +DQVHQLDVSRUD�

RSXQWLDH

.�� '��'��

'RPDLQ

���� +DQVHQLDVSRUD�

RSXQWLDH�

.�� ,76 ���� +DQVHQLDVSRUD�

XYDUXP�

.�� '��'��

'RPDLQ

���� +DQVHQLDVSRUD�

XYDUXP�

.�� ,76 ��� +DQVHQLDVSRUD�

RSXQWLDH�

.�� '��'��

'RPDLQ�

���� +DQVHQLDVSRUD�

RSXQWLDH�

.�� ,76 1RW�LGHQWLILHG .�� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�DII��

IUXFWLFROD

.�� ,76 ���� +DQVHQLDVSRUD�

RSXQWLDH�

.�� '��'��

'RPDLQ

���� +DQVHQLDVSRUD�

RSXQWLDH�

.�� ,76 ��� +DQVHQLDVSRUD�

RSXQWLDH�

.�� '��'��

'RPDLQ

��� +DQVHQLDVSRUD�

RSXQWLDH�

.�� ,76 ��� +DQVHQLDVSRUD�

XYDUXP�

.�� '��'��

'RPDLQ

��� +DQVHQLDVSRUD�

XYDUXP�

2� ,76 ��� /DFKDQFHD�

WKHUPRWROHUDQV

2� '��'��

'RPDLQ

��	 /DFKDQFHD�

WKHUPRWROHUDQV

2� ,76 ���� +DQVHQLDVSRUD�

RSXQWLDH�

2� '��'��

'RPDLQ

���� +DQVHQLDVSRUD�

RSXQWLDH�

%� ,76 ���� 6ROLFRFFR]\PD�DHULD %� '��'��

'RPDLQ

��� 6ROLFRFFR]\PD�DHULD

%�� ,76 ��� 0HWVFKQLNRZLD�

SXOFKHUULPD

%�� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�DII��

SXOFKHUULPD

%�� ,76 ��� 0HWVFKQLNRZLD�

SXOFKHUULPD

%�� '��'��

'RPDLQ

���� 0HWVFKQLNRZLD�DII��

IUXFWLFROD

'� ,76 ���� 0HWVFKQLNRZLD�

FKU\VRSHUODH

'� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�DII��

SXOFKHUULPD

'� ,76 ��� 0HWVFKQLNRZLD�

VLQHQVLV

'� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�

SXOFKHUULPD

'� ,76 ��� 0HWVFKQLNRZLD�

FKU\VRSHUODH

'� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�

SXOFKHUULPD

'�� ,76 ���� 6WDUPHUHOOD�EDFLOODULV '�� '��'��

'RPDLQ

���� 6WDUPHUHOOD�

EDFLOODULV

'�� ,76 ��� 0HWVFKQLNRZLD�DII��

FKU\VRSHUODH

'�� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�

IUXFWLFROD
.� <HDVW�LVRODWHV�IURP�.DOHFLN�.DUDVÕ� 2�<HDVW LVRODWHV�IURP�gN�]J|]�� %��<HDVW LVRODWHV�IURP�%R÷D]NHUH� '��<HDVW LVRODWHV�IURP�'LPULW JUDSHV�



��

7DEOH ����� 7KH�0LFURRUJDQLVPV�6KRZQ 'LIIHUHQW 5HVXOWV�ZLWK�UHVSHFW�WR�,76 5HJLRQ�DQG�'��'��

'RPDLQ 6HTXHQFLQJ

1DPH 5HJLRQ 6LPLODULW\ %/$67�5HVXOW 1DPH 5HJLRQ 6LPLODULW\ %/$67�5HVXOW

.�� ,76 1RW�LGHQWLILHG .�� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�

DII��IUXFWLFROD

%�� ,76 ��� 0HWVFKQLNRZLD�

SXOFKHUULPD

%�� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�

DII��

SXOFKHUULPD

%�� ,76 ��� 0HWVFKQLNRZLD�

SXOFKHUULPD

%�� '��'��

'RPDLQ

���� 0HWVFKQLNRZLD�

DII��IUXFWLFROD

'� ,76 ���� 0HWVFKQLNRZLD�

FKU\VRSHUODH

'� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�

DII��

SXOFKHUULPD

'� ,76 ��� 0HWVFKQLNRZLD�VLQHQVLV '� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�

SXOFKHUULPD

'� ,76 ��� 0HWVFKQLNRZLD�

FKU\VRSHUODH

'� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�

SXOFKHUULPD

'�� ,76 ��� 0HWVFKQLNRZLD�DII��

FKU\VRSHUODH

'�� '��'��

'RPDLQ

��� 0HWVFKQLNRZLD�

IUXFWLFROD

.��,VRODWHV�IURP�.DOHFLN�.DUDVÕ��%��,VRODWHV�IURP�%R÷D]NHUH��'��,VRODWHV�IURP�'LPULW�

&RUGHUR�%XHVR�HW�DO��DQG�*DUFtD�HW�DO�������� UHSRUWHG�WKH�GLIILFXOW\�RI�GLVWLQJXLVKLQJ��

0HWVFKQLNRZLD� IUXFWLFROD VSHFLHV� IURP� 0HWVFKQLNRZLD� SXOFKHUULPD VSHFLHV�

0RUHRYHU��+HVKDP� HW� DO�� DW� ���� SHUIRUPHG UHVHDUFKHV DERXW� WKH LGHQWLILFDWLRQ� RI�

ELRIXHO�\HDVW E\�VHTXHQFLQJ�RI�,76 UHJLRQ�DQG�'��'��GRPDLQ� $FFRUGLQJ�WR�WKLV�VWXG\��

WKH�VHTXHQFLQJ RI�'��'��GRPDLQ�RI���6�ULERVRPDO�'1$�ZDV DFFHSWHG�DV�DQ�DFFXUDWH�

LGHQWLILFDWLRQ�PHWKRG�IRU WKH�XQNQRZQ \HDVW�VSHFLHV� 7KHUHIRUH��DFFXUDWH�UHVXOWV�IRU�

RXU�VWUDLQV�ZHUH�DOVR�REWDLQHG�E\�WKLV�PHWKRG IRU�QRQ�6DFFKDURP\FHV \HDVWV VKRZQ�

FRQWUDGLFWRU\� UHVXOW� UHVSHFW� WR� ,76� UHJLRQ� VHTXHQFLQJ� $OWKRXJK� .��� ZDV� QRW�

LGHQWLILHG�DFFRUGLQJ�WR�WKH�,76 UHJLRQ VHTXHQFLQJ��LW�ZDV�GHILQHG�DV�0HWVFKQLNRZLD�

DII�IUXFWLFROD E\�WKH VHTXHQFLQJ RI�WKH�'��'��GRPDLQ��



��

0RUHRYHU��%RHNKRXW�HW�DO� ������ UHSRUWHG�WKDW�3&5�SURGXFWV RI�'��'��GRPDLQ�RI

\HDVW�U'1$�FKDQJLQJ EHWZHHQ�����DQG�����ES�LQ�VL]H��,Q�RXU�VWXG\��+DQVHQLDVSRUD

VSS� JDYH�WKH�VDPH�UHVXOWV�ZLWKLQ�������� ES�LQ�VL]H��ZKLOH�0HWVFKQLNRZLD�VSS� JDYH

GLIIHUHQW SDWWHUQ� ZLWK� ���� ES� LQ� VL]H �)LJXUH� ����� DV� *ROGKDZNH HW� DO ������

PHQWLRQHG�LQ�WKHLU�VWXGLHV��)LJXUH�������

)LJXUH�������3&5�3URGXFWV RI '��'��'RPDLQ��9���9���9���9���9���9�� 9����+DQVHQLDVSRUD

XYDUXP��9���9�� 0HWVFKQLNRZLD�IUXFWLFROD��9���0HWVFKQLNRZLD VSS� �*ROGKDZNH HW�DO��������

7KH� '��'�� QXFOHRWLGH� VHTXHQFH� RI� LVRODWH� �'�� VWUDLQ�� ZKLFK� ZDV� LGHQWLILHG� DV�

0HWVFKQLNRZLD�VLQHQVLV E\�,76�VHTXHQFLQJ�ZDV�FRPSDUHG�ZLWK�'��'� VHTXHQFH�RI�

0HWVFKQLNRZLD�SXOFKHUULPD��2QO\�IRXU�QXFOHRWLGH�GLIIHUHQFH ZDV�REVHUYHG�DFFRUGLQJ�

WR�DOLJQPHQW �)LJXUH��������+RZHYHU��,76�VHTXHQFHV�RI�WKHVH�WZR�VSHFLHV�ZHUH�KLJKO\�

GLIIHUHQW �)LJXUH� ������� 7KHUHIRUH�� IXUWKHU� VWXGLHV�ZLOO� EH� SHUIRUPHG� WR� FODULI\� WKLV�

FRQIXVLQJ�LVVXH LQ�WKH�IXWXUH��



��

)LJXUH�������$OLJQPHQW�RI '� VWUDLQ��4XHU\� DQG�0HWVFKQLNRZLD�SXOFKHUULPD��6EMFW��DFFRUGLQJ�WR�

'��'��'RPDLQ

)LJXUH�������$OLJQPHQW�RI��0HWVFKQLNRZLD�VLQHQVLV��'� VWUDLQ��4XHU\� DQG�0HWVFKQLNRZLD�

SXOFKHUULPD��6EMFW��DFFRUGLQJ�WR�,76�5HJLRQ



��

)LQDOO\�� �� VSHFLHV�ZHUH� LGHQWLILHG DFFRUGLQJ� WR� ,76 UHJLRQ� DQG�RU '��'�� GRPDLQ

VHTXHQFLQJ�UHVXOWV���� RXW�RI��� \HDVW�VSHFLHV�ZHUH�QRQ�6DFFKDURP\FHV DV�IROORZLQJ��

+DQVHQLDVSRUD� JXLOOLHUPRQGLL�� +DQVHQLDVSRUD� RSXQWLDH�� +DQVHQLDVSRUD� XYDUXP��

5KRGRWRUXOD� PXFLODJLQRVD�� :LFNHUKDPRP\FHV� DQRPDOXV�� 0HWVFKQLNRZLD� DII��

IUXFWLFROD�� 0HWVFKQLNRZLD� IUXFWLFROD�� /DFKDQFHD� WKHUPRWROHUDQV�� 6ROLFRFFR]\PD�

DHULD��0HWVFKQLNRZLD�DII��SXOFKHUULPD��0HWVFKQLNRZLD�SXOFKHUULPD��0HWVFKQLNRZLD�

VLQHQVLV� 0HWVFKQLNRZLD� FKU\VRSHUODH�� 6WDUPHUHOOD� EDFLOODULV�� 7KH� RWKHUV ZHUH

6DFFKDURP\FHV FHUHYLVLDH DQG� 6DFFKDURP\FHV� FI�� FHUHYLVLDH�SDUDGR[XV��+RZHYHU��

0HWVFKQLNRZLD� VLQHQVLV ZDV� LGHQWLILHG� DV� 0HWVFKQLNRZLD� SXOFKHUULPD DQG�

6DFFKDURP\FHV� FI�� FHUHYLVLDH�SDUDGR[XV DV� 6DFFKDURP\FHV� FHUHYLVLDH E\� '��'��

VHTXHQFLQJ� 7KH� UHVXOWV� RI� 0HWVFKQLNRZLD VSS�� ZHUH� JLYHQ� DFFRUGLQJ� WR� '��'��

GRPDLQ�LQ�)LJXUH�����������

+DQVHQLDVSRUD� VSS� �+DQVHQLDVSRUD� JXLOOLHUPRQGLL�� +DQVHQLDVSRUD� RSXQWLDH��

+DQVHQLDVSRUD�XYDUXP��ZDV�IRXQG�SUHGRPLQDQW�VSHFLHV� LQ�PXVW�RI�.DOHFLN�.DUDVÕ�

JUDSHV�� 0RUHRYHU�� 5KRGRWRUXOD� PXFLODJLQRVD�� :LFNHUKDPRP\FHV� DQRPDOXV��

0HWVFKQLNRZLD�DII��IUXFWLFROD ZHUH�DOVR�LVRODWHG�DQG�LGHQWLILHG�IURP�.DOHFLN�.DUDVÕ�

JUDSHV��.DOHFLN�.DUDVÕ�KDG�ULFK�PLFURIORUD�DFFRUGLQJ�WR�LVRODWHG�QRQ�6DFFKDURP\FHV

\HDVW� VSHFLHV�� 2Q� WKH� RWKHU� KDQG�� /DFKDQFHD� WKHUPRWROHUDQV�� +DQVHQLDVSRUD�

RSXQWLDH�� DQG� :LFNHUKDPRP\FHV� DQRPDOXV ZHUH� LVRODWHG� IURP� gN�]J|]�� ZKLOH�

6ROLFRFFR]\PD�DHULD��0HWVFKQLNRZLD� DII�� SXOFKHUULPD��0HWVFKQLNRZLD� SXOFKHUULPD

ZHUH� IRXQG� LQ�PXVW�RI�%R÷D]NHUH� DOWKRXJK�gN�]J|]��DQG�%R÷D]NHUH� JUDSHV�ZHUH�

WDNHQ�IURP�WKH�VDPH�UHJLRQ��(OD]Õ÷���(PLU�JUDSHV�KDG�OHVV�ULFK�PLFURIORUD�WKDQ�WKH�

RWKHUV� EHFDXVH�+DQVHQLDVSRUD� XYDUXP� DQG�:LFNHUKDPRP\FHV� DQRPDOXV ZHUH� MXVW�

LVRODWHG�� 2Q� WKH� RWKHU� KDQG��0HWVFKQLNRZLD� VSS� DQG� 6WDUPHUHOOD� EDFLOODULV ZHUH�

LVRODWHG�IURP�'LPULW�PXVW�DOWKRXJK�(PLU�DQG�'LPULW�JUDSHV�ZHUH�WDNHQ�IURP�WKH�VDPH�

UHJLRQ� �&DSSDGRFLD��� ,Q� DGGLWLRQ�� 0HWVFKQLNRZLD� VSS� �0HWVFKQLNRZLD� IUXFWLFROD��

0HWVFKQLNRZLD� DII�� SXOFKHUULPD�� 0HWVFKQLNRZLD� SXOFKHUULPD� 0HWVFKQLNRZLD�

FKU\VRSHUODH��ZDV�IRXQG�UHPDUNDEO\�LQ�'LPULW¶V�PXVW �)LJXUH�������



��

)LJXUH������ ,GHQWLILHG�1RQ�6DFFKDURP\FHV <HDVWV�$FFRUGLQJ�WR�*UDSH�9DULHWLHV

+DQVHQLDVSRUD XYDUXP DQG�+DQVHQLDVSRUD�RSXQWLDH VSHFLHV�ZHUH�LVRODWHG�IURP�PXVW�

DQG� RQ� WKH� IRXUWK� GD\� RI� FROG� PDFHUDWLRQ�� WKH� VHFRQG� DQG� IRXUWK� GD\� RI� QRUPDO�

PDFHUDWLRQ�ZKLOH�+DQVHQLDVSRUD�JXLOOLHUPRQGLL ZHUH�GHWHFWHG� LQ� WKH�PXVW� DQG WKH�

IRXUWK� GD\� RI� PDFHUDWLRQ� 0RUHRYHU� 5KRGRWRUXOD� PXFLODJLQRVD DQG�

:LFNHUKDPRP\FHV� DQRPDOXV VSHFLHV� ZHUH� RQO\� LVRODWHG� IURP� WKH� PXVW� DQG�

0HWVFKQLNRZLD� DII�� IUXFWLFROD GXULQJ� WKH� IRXUWK� GD\� RI� FROG�PDFHUDWLRQ� RI .DOHFLN�

.DUDVÕ�JUDSHV��)LJXUH�������

)LJXUH������ 1RQ�6DFFKDURP\FHV�<HDVW ,VRODWHV�IURP�.DOHFLN�.DUDVÕ�*UDSHV�DW�'LIIHUHQW�7LPH



��

1RQ�6DFFKDURP\FHV \HDVWV�ZHUH�RQO\�LVRODWHG�GXULQJ�FROG�PDFHUDWLRQ�IRU�gN�]J|]���

%R÷D]NHUH�DQG�'LPULW�PXVWV��/DFKDQFHD�WKHUPRWROHUDQV FDQ�EH�REWDLQHG�GXULQJ�FROG�

PDFHUDWLRQ� ZKLOH�+DQVHQLDVSRUD RSXQWLDH DQG :LFNHUKDPRP\FHV� DQRPDOXV ZHUH�

LVRODWHG�RQ WKH�IRXUWK�GD\�RI�FROG�PDFHUDWLRQ IURP�WKH�gN�]J|]��PXVW �)LJXUH��������

)LJXUH������ 1RQ�6DFFKDURP\FHV <HDVW ,VRODWHV�IURP gN�]J|]� *UDSHV�DW�'LIIHUHQW�7LPH

0HWVFKQLNRZLD�SXOFKHUULPD VSHFLHV�ZDV�LVRODWHG�IURP�PXVW�DQG�GXULQJ�WKH�IRXUWK�GD\�

RI�FROG�PDFHUDWLRQ�ZKLOH�6ROLFRFFR]\PD�DHULD DQG�0HWVFKQLNRZLD�DII��SXOFKHUULPD

ZHUH�RQO\�LVRODWHG�IURP�PXVW�JUDSHV�RI�%R÷D]NHUH�� ,Q�DGGLWLRQ��0HWVFKQLNRZLD�DII��

IUXFWLFROD�ZDV�LVRODWHG�GXULQJ�WKH�IRXUWK�GD\�RI�FROG�PDFHUDWLRQ��)LJXUH��������

)LJXUH������ 1RQ�6DFFKDURP\FHV <HDVW�,VRODWHV�IURP�%R÷D]NHUH�*UDSHV�DW�'LIIHUHQW�7LPH

0HWVFKQLNRZLD SXOFKHUULPD�VSHFLHV ZHUH� LVRODWHG� IURP�PXVW�DQG� WKH�IRXUWK�GD\�RI�

FROG� PDFHUDWLRQ� RI� 'LPULW� JUDSHV� 0HWVFKQLNRZLD� DII�� SXOFKHUULPD�� DQG�

0HWVFKQLNRZLD� FKU\VRSHUODH ZHUH� RQO\� LVRODWHG� IURP� PXVW� ZKLOH� 6WDUPHUHOOD�

EDFLOODULV GXULQJ�WKH�IRXUWK�GD\�RI�FROG�PDFHUDWLRQ �)LJXUH�������



��

)LJXUH������ 1RQ�6DFFKDURP\FHV�<HDVW�,VRODWHV�IURP�'LPULW�*UDSHV�DW�'LIIHUHQW�7LPH

:LFNHUKDPRP\FHV� DQRPDOXV ZDV� LVRODWHG� DIWHU� SUHVVLQJ� RI� (PLU� JUDSHV� ZKLOH

+DQVHQLDVSRUD� XYDUXP VSHFLHV� ZHUH� RQO\� LVRODWHG� DW� WKH� HQG RI� ILUVW� ZHHN� RI�

IHUPHQWDWLRQ �)LJXUH�������

)LJXUH������ 1RQ�6DFFKDURP\FHV <HDVW�,VRODWHV�IURP�(PLU�*UDSHV�DW�'LIIHUHQW�7LPH

7KHVH� PLFURRUJDQLVPV� ZHUH� JHQHUDOO\� LVRODWHG� LQ� FROG� DQG�RU� QRUPDO� PDFHUDWLRQ�

WLPHV�� =RWW� HW� DO�� ������ DOVR� IRXQG� QRQ�6DFFKDURP\FHV VSHFLHV�� HVSHFLDOO\�

+DQVHQLDVSRUD�XYDUXP DQG�6WDUPHUDOOD�EDFLOODULV DW�WKH�HQG�RI�WKH�FROG�PDFHUDWLRQ�

DQG� HDUO\� VWDJH� RI� IHUPHQWDWLRQ� SURFHVV��0RUHRYHU��dHOLN� HW� DO�� ������ LVRODWHG� ��

GLIIHUHQW� QRQ�6DFFKDURP\FHV \HDVWV� VSHFLHV� �&DQGLGD� ]HPSOLQLQD�� +DQVHQLVSRUD�

JXLOOLHUPRQGLL�� +DQVHQLDVSRUD� XYDUXP�� 0HWVFKQLNRZLD� VSS��� /DFKDQFHD�

WKHUPRWROHUDQFH��3LFKLD�NOX\YHUL��3LFKLD�RFFLGHQWDOLV��7RUXODVSRUD�GHOEUXHFNLL��DW�WKH�

HDUO\� VWDJH� RI� IHUPHQWDWLRQ� LQ� 1DULQFH� JUDSHV� IURP� WKH� 7RNDW� UHJLRQ�� ,Q� DGGLWLRQ��



��

1XUJHO� HW� DO�� ������ LVRODWHG�/DFKDQFHD� WKHUPRWROHUDQFH� DQG�.ORHFNHUD� DSLFXODWH

VSHFLHV�DW�WKH�EHJLQQLQJ�RI�WKH�IHUPHQWDWLRQ�LQ�(PLU�PXVW��,Q�RXU�VWXG\��VLPLODUO\�����

QRQ�6DFFKDURP\FHV�VSHFLHV�ZHUH�LVRODWHG�GXULQJ�FROG�PDFHUDWLRQ�DQG�HDUO\�VWDJH RI�

IHUPHQWDWLRQ��,W�LV�D�SUHGLFWDEOH�UHVXOW�EHFDXVH�WKHVH�\HDVWV�DUH�GRPLQDQW�LQ�HDUO\�VWDJH�

RI�IHUPHQWDWLRQ��$IWHU�LQFUHDVLQJ�HWKDQRO�OHYHO��WKHVH�\HDVWV�GLH� DQG�6DFFKDURP\FHV�

FHUHYLVLDH LV�D�GRPLQDQW�\HDVW�VSHFLHV�LQ�WKH�HQG�RI�IHUPHQWDWLRQ�SURFHVV��8UVR�HW�DO���

������

����RXW�RI�����LVRODWHG�PLFURRUJDQLVPV�ZHUH�LGHQWLILHG�E\�PROHFXODU�RU�ELRFKHPLFDO�

PHWKRGV�� ��� LVRODWHV�ZHUH� QRW� LGHQWLILHG� GXH� WR� IDLOXUH WR� JURZ�RQ� WKH� DJDU� DQG�RU�

IDLOXUH�WR�REWDLQ�WKH�,76 UHVXOWV� 7KH�QXPEHUV�RI�LGHQWLILHG�QRQ�6DFFKDURP\FHV DQG�

6DFFKDURP\FHV \HDVWV�ZHUH�����DQG������UHVSHFWLYHO\ �)LJXUH����� DQG�)LJXUH�������

����QRQ�6DFFKDURP\FHV�DQG��� RXW�RI�����6DFFKDURP\FHV \HDVWV�ZHUH�LGHQWLILHG�E\�

'1$�VHTXHQFLQJ�RI�,76 UHJLRQ�DQG�RU�'��'��GRPDLQ�����RXW�RI��� 6DFFKDURP\FHV

VWUDLQV�ZHUH�LVRODWHG�IURP O\VLQH�PHGLXP��7KH�JURZWK�RI�6DFFKDURP\FHV VWUDLQV�RQ�

WKH�/\VLQH�PHGLXP�KDV DOVR EHHQ�SUHYLRXVO\�REVHUYHG�DQG�UHSRUWHG �äHQLãRYi�HW�DO���

������ ���6DFFKDURP\FHV VWUDLQV�ZHUH� LVRODWHG� IURP (WKDQRO� 6XOIDWH�$JDU� �(6$���

ZKLFK�LV�D�VSHFLILF�DJDU�IRU�6DFFKDURP\FHV��.LVK�HW�DO���������+HDUG�DQG�)OHHW��������

7KH� RWKHU 6DFFKDURP\FHV� LVRODWHV� ����� ZHUH� DOVR� FKDUDFWHUL]HG DFFRUGLQJ� WR�

ELRFKHPLFDO� WHVWV� DQG� QRW� VHTXHQFHG� GXH� WR� WKHLU� QRQVXLWDELOLW\ IRU� SKHQRW\SLF�

SURSHUWLHV� �ORZ� DOFRKRO� WROHUDQFH� DQG� KLJK� +�6� SURGXFWLRQ�� )LQDOO\�� ���

6DFFKDURP\FHV LVRODWHV�ZHUH�IRXQG�ZLWK�KLJK�WHFKQRORJLFDO�SURSHUWLHV�XVHG�DV�D�VWDUWHU�

FXOWXUH�



��

)LJXUH������ 7KH�1XPEHUV�RI�,VRODWHG�6DFFKDURP\FHV <HDVWV�LQ�7KH�&XOWXUH�&ROOHFWLRQ



��

)LJXUH������ 7KH�1XPEHUV�RI�,VRODWHG�1RQ�6DFFKDURP\FHV <HDVWV�LQ�7KH�&XOWXUH�&ROOHFWLRQ



��

3K\ORJHQHWLF 7UHH

$IWHU�REWDLQLQJ�%/$67�UHVXOW��WKH�VHTXHQFHV�ZHUH�DOLJQHG ZLWK�&OXVWDO:�LQ�0(*$�

;��$IWHU�DOLJQPHQW��WKH�SK\ORJHQHWLF�WUHHV ZHUH FUHDWHG�ZLWK�WKH�1HLJKERU�-RLQLQJ�DQG�

83*0$�0HWKRG��XQZHLJKWHG�SDLU�JURXS�PHWKRG�ZLWK�DULWKPHWLF�PHDQ���'LVWDQFHV�RI�

SDLUZLVH� ZHUH� FDOFXODWHG� ZLWK� WKH� 7DMLPD�1HL� 0RGHO�� 7KH� QXPEHU� RI� ERRWVWUDS�

UHSOLFDWLRQV�ZDV�����LWHUDWLRQV�

7KH�HYROXWLRQDU\�UHODWLRQVKLSV�RI�WD[D�XVLQJ�1HLJKERXU�-RQLQJ�0HWKRG�ZHUH�VKRZQ�

WKH�IROORZLQJ�ILJXUHV��)LJXUH����������� ZKLOH�WKH�SK\ORJHQHWLF�WUHHV�ZKLFK�FUHDWHG�

ZLWK�83*0$�0HWKRG�ZHUH�VKRZQ�LQ�$SSHQGL[�%�

3K\ORJHQHWLF� WUHHV RI� HDFK� JUDSH� YDULHWLHV� ZHUH� ILUVWO\� FUHDWHG�� $IWHU� WKHVH� WUHHV��

GLIIHUHQW� VSHFLHV� ZHUH� VHOHFWHG� LQ� WKHVH� SK\ORJHQHWLF� WUHHV� DQG� WKHQ� WKH� RWKHU�

SK\ORJHQHWLF�WUHH ZLWK�UHVSHFW�WR�GLIIHUHQW�\HDVW�VSHFLHV�DQG�GLIIHUHQW�JUDSH�YDULHWLHV

ZDV�JHQHUDWHG��

$FFRUGLQJ� WR� '1$� VHTXHQFLQJ� UHVXOWV� ZLWK� ,76 UHJLRQ� �� GLIIHUHQW� JHQHUD�

�5KRGRWRUXOD�� :LFNHUKDPRP\FHV�� +DQVHQLDVSRUD DQG� 6DFFKDURP\FHV� ZHUH�

LGHQWLILHG� LQ� .DOHFLN� .DUDVÕ¶V� PXVW� DQG� ZLQH�� 2QH� RI� WKHP� ZDV� 5KRGRWRUXOD�

PXFLODJLQRVD����VWUDLQV�ZHUH�GHILQHG�DV�:LFNHUKDPRP\FHV�DQRPDOXV��0RUHRYHU�����

VWUDLQV� ZHUH� IRXQG� DV�+DQVHQLDVSRUD� RSXQWLDH�� ZKLOH� �� VWUDLQV� ZHUH� LGHQWLILHG� DV�

+DQVHQLDVSRUD�XYDUXP DQG���VWUDLQV ZHUH�GHILQHG�DV�+DQVHQLDVSRUD�JXLOOLHUPRQGLL���

,Q�DGGLWLRQ����RI��� PLFURRUJDQLVPV�ZHUH�EHORQJHG�WR�6DFFKDURP\FHV FHUHYLVLDH� 7KH�

HYROXWLRQDU\�UHODWLRQVKLS RI�WKHVH�LVRODWHV ZDV�VKRZQ�LQ�WKH�IROORZLQJ�SK\ORJHQHWLF�

WUHH��)LJXUH��������

,W�ZDV� LQWHUHVWLQJ� WR� REVHUYH� WKDW� FOXVWHUV� RI�+DQVHQLDVSRUD VSS� ZHUH� QRW� FORVHO\�

UHODWHG�� +RZHYHU�� :LFNHUKDPRP\FHV� DQRPDOXV DQG� 6DFFKDURP\FHV� FHUHYLVLDH

FOXVWHUV ZHUH�PRUH�FORVHO\�UHODWHG� WR�RQH�RI� WKRVH�+DQVHQLDVSRUD FOXVWHUV� WKDQ� WKH�

RWKHU�+DQVHQLDVSRUD FOXVWHUV��



��

)LJXUH�������3K\ORJHQHWLF�7UHH�RI�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVW LQ�.DOHFLN�.DUDVÕ�

0XVW�DQG�:LQH�ZLWK�UHVSHFW�WR�,76 5HJLRQ��7KH�VFDOH�EDU�LQGLFDWHV�VXEVWLWXWLRQV�SHU�EDVH�SDLU��



��

$FFRUGLQJ�WR�'1$�VHTXHQFLQJ�UHVXOWV�ZLWK�,76 UHJLRQ� � GLIIHUHQW�JHQHUD��/DFKDQFHD��

+DQVHQLDVSRUD DQG�6DFFKDURP\FHV� ZHUH�LGHQWLILHG�LQ�gN�]J|]�¶V�PXVW�DQG�ZLQH�

���RI����VWUDLQV�ZHUH�GHILQHG�DV�/DFKDQFHD�WKHUPRWROHUDQV� ��VWUDLQV�ZHUH�IRXQG�DV�

+DQVHQLDVSRUD�RSXQWLDH��DQG ��VWUDLQV�ZHUH�LGHQWLILHG�DV��6DFFKDURP\FHV�FHUHYLVLDH�

7KH� HYROXWLRQDU\� UHODWLRQVKLS� RI� WKHVH� LVRODWHV� ZDV� VKRZQ� LQ� WKH� IROORZLQJ�

SK\ORJHQHWLF�WUHH��)LJXUH��������

,W�ZDV�LQWHUHVWLQJ�WR�REVHUYH�WKDW�/DFKDQFHD�WKHUPRWROHUDQFH FOXVWHUV�ZHUH�QRW�FORVHO\�

UHODWHG� WR� HDFK� RWKHU�� +RZHYHU�� +DQVHQLDVSRUD� RSXQWLD DQG� 6DFFKDURP\FHV�

FHUHYLVLDH FOXVWHUV�ZHUH�PRUH�FORVHO\�UHODWHG�WR�RQH�RI�WKRVH�/DFKDQFHD FOXVWHUV�WKDQ�

WKH� RWKHU�/DFKDQFHD FOXVWHUV��$FFRUGLQJ� WR� WKH� DOLJQPHQW� RI� WKHVH� WZR�/DFKDQFHD

FOXVWHUV��LW�ZDV�IRXQG�RYHU�����EDVH�SDLU�GLIIHUHQFHV��2Q�WKH�RWKHU�KDQG��3&5�SURGXFWV�

RI�WKHVH�VWUDLQV�JDYH�����ES�LQ�VL]H��,W�ZDV�VKRZQ�LQ�)LJXUH������������,W�DOVR�UHIHUUHG�

WR� WKHVH� VWUDLQV� ZHUH� /DFKDQFHD� WKHUPRWROHUDQFH �7DEOH� ������� ,Q� DGGLWLRQ��

.OX\YHURP\FHV�PDU[LDQXV DQG�.OX\YHURP\FHV�ODFWLV JDYH ����ES�DQG�����ES�LQ�VL]H��

UHVSHFWLYHO\��3KDP�HW�DO���������� /DFKDQFHD �.OX\YHURP\FHV� WKHUPRWROHUDQFH JDYH�

D�PRUH�GLIIHUHQW�EDVH�SDLU�WKDQ�.OX\YHURP\FHV�PDU[LDQXV DQG�.OX\YHURP\FHV�ODFWLV

ZLWK�UHVSHFW�WR�WKH�VL]H�RI��3&5�SURGXFW�DOWKRXJK�WKH\�ZHUH�WKH�VDPH�JHQXV�



��

)LJXUH�������3K\ORJHQHWLF�7UHH�RI�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVW�LQ�gN�]J|]�0XVW�

DQG�:LQH�ZLWK�UHVSHFW�WR�,76 5HJLRQ��7KH�VFDOH�EDU�LQGLFDWHV�VXEVWLWXWLRQV�SHU�EDVH�SDLU�



��

$FFRUGLQJ� WR� '1$� VHTXHQFLQJ� UHVXOWV� ZLWK� ,76 UHJLRQ� �� GLIIHUHQW� JHQHUD�

�0HWVFKQLNRZLD��6ROLFRFFR]\PD DQG�6DFFKDURP\FHV� ZHUH�LGHQWLILHG�LQ�%R÷D]NHUH¶V�

PXVW�DQG�ZLQH��� RI�WKHP�ZHUH�IRXQG�DV�0HWVFKQLNRZLD�SXOFKHUULPD ZKLOH�RQO\�RQH�

VWUDLQ�ZDV�GHILQHG�DV�6ROLFRFFR]\PD�DHULD� ,Q�DGGLWLRQ���� RI��� PLFURRUJDQLVPV�ZHUH

EHORQJHG�WR�6DFFKDURP\FHV FHUHYLVLDH� 7KH�HYROXWLRQDU\�UHODWLRQVKLS�RI�WKHVH�LVRODWHV�

ZDV�VKRZQ�LQ�WKH�IROORZLQJ�SK\ORJHQHWLF�WUHH��)LJXUH��������

,QWHUHVWLQJO\��RQH�FOXVWHU�RI�6DFFKDURP\FHV�FHUHYLVLDH ZDV�QRW�FORVHO\�UHODWHG�WR�RWKHU�

6DFFKDURP\FHV�FHUHYLVLDH FOXVWHUV�GXH�WR�RYHU�����EDVH�SDLU�GLIIHUHQFHV�

)LJXUH�������3K\ORJHQHWLF�7UHH�RI�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVW�LQ�%R÷D]NHUH 0XVW�

DQG�:LQH�ZLWK�UHVSHFW�WR�,76 5HJLRQ� 7KH�VFDOH�EDU�LQGLFDWHV�VXEVWLWXWLRQV�SHU�EDVH�SDLU�



��

$FFRUGLQJ� WR� '1$� VHTXHQFLQJ� UHVXOWV� ZLWK� ,76 UHJLRQ� �� GLIIHUHQW� JHQHUD�

�0HWVFKQLNRZLD�DQG�6WDUPHUHOOD�ZHUH�LGHQWLILHG�LQ�'LPULW¶V�PXVW�DQG�ZLQH��� RI WKHP�

ZHUH� IRXQG� DV�0HWVFKQLNRZLD� SXOFKHUULPD ZKLOH� RQO\� RQH� VWUDLQ� ZDV� GHILQHG� DV

0HWVFKQLNRZLD�FKU\VRSHUODH� ,Q�DGGLWLRQ��RQH�RI� WKHP�ZDV�GHILQHG�DV�6WDUPHUHOOD�

EDFLOODULV�

7KH� HYROXWLRQDU\� UHODWLRQVKLS� RI� WKHVH� LVRODWHV� ZDV� VKRZQ� LQ� WKH� IROORZLQJ�

SK\ORJHQHWLF�WUHH��)LJXUH��������

$V�LW�ZDV�H[SHFWHG��6WDUPHUHOOD�EDFLOODULV ZDV�QRW�FORVHO\�UHODWHG�WR�0HWVFKQLNRZLD�

VSS� ZKLOH 0HWVFKQLNRZLD�SXOFKHUULPD DQG�0HWVFKQLNRZLD�FKU\VRSHUODH KDG FORVHO\�

UHODWHG�HDFK�RWKHU��

)LJXUH�������3K\ORJHQHWLF�7UHH�RI�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVW�LQ�'LPULW 0XVW�DQG�

:LQH�ZLWK�UHVSHFW�WR�,76 5HJLRQ��7KH�VFDOH�EDU�LQGLFDWHV�VXEVWLWXWLRQV�SHU�EDVH�SDLU�



��

$FFRUGLQJ� WR� '1$� VHTXHQFLQJ� UHVXOWV� ZLWK� ,76 UHJLRQ� �� GLIIHUHQW� JHQHUD�

�:LFNHUKDPRP\FHV��+DQVHQLDVSRUD DQG�6DFFKDURP\FHV� ZHUH� LGHQWLILHG� LQ�(PLU¶V�

PXVW� DQG� ZLQH�� 7KH� RQH� RI� WKHP� ZDV :LFNHUKDPRP\FHV� DQRPDOXV�� 0RUHRYHU�� ��

VWUDLQV�ZHUH�IRXQG�DV�+DQVHQLDVSRUD�XYDUXP� ,Q�DGGLWLRQ��UHVW�RI�WKHP EHORQJHG�WR�

6DFFKDURP\FHV FHUHYLVLDH��

7KH� HYROXWLRQDU\� UHODWLRQVKLS� RI� WKHVH� LVRODWHV� ZDV� VKRZQ� LQ� WKH� IROORZLQJ�

SK\ORJHQHWLF�WUHH��)LJXUH��������

6LPLODU� XQH[SHFWHG� UHVXOWV� IRU� PHPEHUV� RI� VRPH� VSHFLHV� ZHUH DOVR� QRWLFHG��

6DFFKDURP\FHV FHUHYLVLDH LVRODWHV�IRUPHG�WZR�JURXSV�ZKLFK�ZHUH�QRW�FORVHO\�UHODWHG�

GXH�WR�GLIIHUHQFHV�LQ�WKHLU�EDVH�SDLU�DOLJQPHQWV� 2Q�WKH�RWKHU�KDQG��6DFFKDURP\FHV�

VWUDLQV�ZLWKLQ�WKH�FOXVWHUV VKRZHG�YHU\�KLJK�VLPLODULW\�



��

)LJXUH�������3K\ORJHQHWLF�7UHH�RI�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVW LQ�(PLU 0XVW�DQG�

:LQH ZLWK�UHVSHFW�WR�,76 5HJLRQ��7KH�VFDOH�EDU�LQGLFDWHV�VXEVWLWXWLRQV�SHU�EDVH�SDLU�



���

)LJXUH�������3K\ORJHQHWLF�7UHH�RI�6HOHFWHG�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVW�LQ�)LYH�

'LIIHUHQW�*UDSHV¶0XVWV DQG�:LQHV ZLWK�UHVSHFW�WR�,76 5HJLRQ� 7KH�VFDOH�EDU�LQGLFDWHV�VXEVWLWXWLRQV�

SHU�EDVH�SDLU�



���

7KH�DERYH�SK\ORJHQHWLF�WUHH�ZDV�FUHDWHG�ZLWK�GLIIHUHQW�VHOHFWHG�VSHFLHV�DQG�GLIIHUHQW�

JUDSH� YDULHWLHV�� 7KLV� VKRZHG� WKH� HYROXWLRQDU\� UHODWLRQVKLS� RI� HDFK� GLIIHUHQW�

PLFURRUJDQLVPV��)LJXUH�������

7KH� VLPLODULWLHV� RU� GLIIHUHQFHV� RI� RXU� LVRODWHV� ZHUH� GHWHUPLQHG DFFRUGLQJ� WR�

SK\ORJHQHWLF�WUHH��:KLOH�WKH�VLPLODULWLHV�RI�WKH�VDPH�VSHFLHV�ZHUH�KLJK��WKH�VSHFLHV�

EHORQJLQJ�WR�WKH�VDPH�JHQXV�ZHUH�FOXVWHUHG�ZLWK�KLJK�VLPLODULWLHV�DV�H[SHFWHG�

7KH� QXPEHUV� ZKLFK�ZHUH� DW� QRGHV� UHIHU� SHUFHQWDJH� RI� IUHTXHQF\�� ,W� LQGLFDWHG� WKH�

VWDELOLW\�RI�HDFK�EUDQFKHV�LQ�WKH�WUHH��

,W�ZDV�FRQFOXGHG�WKDW�WKH�LVRODWHV�RI�WKH�VDPH�VSHFLHV�IURP�WKH�VDPH�JUDSH�W\SHV�ZHUH�

QRW�UHODWHG��7KHVH�VWUDLQV�RI�WKH�VDPH�VSHFLHV�KDYH�EHHQ�IRXQG�LQ�RYHU�����EDVH�SDLU�

GLIIHUHQFHV��7KH�GLIIHUHQFH�EHWZHHQ�WKH�VDPH�VSHFLHV�FRQFHUQLQJ�VHTXHQFHV�RI����6�

U'1$� UHJLRQV� ZDV� DOVR� IRXQG� LQ� VWXGLHV� DERXW� SDOP� ZLQH� \HDVWV� LQ� UHFHQW� \HDUV

�1ZDLZX��������

7KH�IROORZLQJ�SK\ORJHQHWLF�WUHHV ZHUH FUHDWHG�ZLWK�UHVSHFW�WR ,76 UHJLRQ�DQG� '��'��

GRPDLQ�RI�U'1$�VHTXHQFLQJ��UHVSHFWLYHO\� 7KLV�VKRZHG�WKH�HYROXWLRQDU\�UHODWLRQVKLS�

RI� HDFK� GLIIHUHQW� PLFURRUJDQLVPV DFFRUGLQJ� WR� ,76 UHJLRQ� DQG� '��'�� GRPDLQ� RI�

ULERVRPDO�'1$� �)LJXUH����� DQG�)LJXUH�������

$FFRUGLQJ�WR�WKH�SK\ORJHQHWLF WUHHV��+DQVHQLDVSRUD VSHFLHV�ZHUH�IRXQG�VLPLODU�ZLWK�

UHVSHFW�WR�'��'��GRPDLQV�RI�U'1$�VHTXHQFHV��+HVKDP�HW�DO��������� DOVR�UHYHDOHG

WKDW�'��'��GRPDLQV�RI�U'1$�VHTXHQFLQJ�ZDV�PRUH�DFFXUDWH�PHWKRG�WKDQ����6�U'1$�

VHTXHQFLQJ�IRU�LGHQWLILFDWLRQ�RI�WKH�PLFURRUJDQLVPV�



���

)LJXUH�������3K\ORJHQHWLF�7UHH�RI�6RPH�<HDVWV ZLWK�UHVSHFW�WR�,76 5HJLRQ��7KH�VFDOH�EDU�LQGLFDWHV�

VXEVWLWXWLRQV�SHU�EDVH�SDLU�

)LJXUH�������3K\ORJHQHWLF�7UHH�RI�6RPH�<HDVWV�ZLWK�UHVSHFW�WR�'��'��'RPDLQ��7KH�VFDOH�EDU�

LQGLFDWHV�VXEVWLWXWLRQV�SHU�EDVH�SDLU�



���

3KHQRW\SLF�&KDUDFWHUL]DWLRQ RI�1RQ�6DFFKDURP\FHV <HDVWV

7KH�DOFRKRO�WROHUDQFHV�RI�QRQ�6DFFKDURP\FHV VWUDLQV�ZHUH�JHQHUDOO\�IRXQG�YHU\�ORZ�

OHYHO��7KLV�LV�DQ�H[SHFWHG�UHVXOW �7DEOH��������7KHVH�VWUDLQV��ZKLFK�DUH�DFWLYH�GXULQJ�

FROG� DQG� QRUPDO� PDFHUDWLRQ�� OHDYH� WKH� ZLQH� SURGXFWLRQ� WR� DOFRKRO� WROHUDQW�

6DFFKDURP\FHV VWUDLQV� �8UVR� HW� DO��� ������ 1RQ�6DFFKDURP\FHV \HDVWV� KDYLQJ� ORZ�

DOFRKRO�WROHUDQFH ZHUH�XVHG�DV�D�VWDUWHU�FXOWXUH�IRU�SURGXFWLRQ�RI�ZLQH�FRQWDLQLQJ ORZ�

DOFRKRO�FRQWHQW �-ROO\��$XJXVW\Q��	�3UHWRULXV���������7KHUHIRUH��WKHVH�LVRODWHG�QRQ�

6DFFKDURP\FHV�\HDVWV�FDQ�EH�XVHG�DV�D�VWDUWHU�FXOWXUH IRU�PDNLQJ�WKH�ZLQH�KDYLQJ�ORZ�

DOFRKRO� FRQWHQW� 2Q� WKH� RWKHU�KDQG�� VRPH� LVRODWHG� VWUDLQV�ZHUH� IRXQG�KLJK�DOFRKRO�

WROHUDQFH��7KHVH� LVRODWHV�ZHUH�:LFNHUKDPRP\FHV�DQRPDOXV �.%���&0 6� DQG 2$�

��&0� 6���� +DQVHQLDVSRUD� RSXQWLDH �2$� ��&0 16��� DQG� 0HWVFKQLNRZLD� DII��

SXOFKHUULPD �'$���&0 16���VWUDLQV� 7KHVH�QRQ�6DFFKDURP\FHV \HDVWV�FDQ�DOVR�EH�

XVHG�DV�D�VWDUWHU�FXOWXUH�ZLWK�SXUH�RU�PL[HG LQRFXODWLRQ�RI�WKH�PXVWV�

0RUHRYHU��WKHVH�QRQ�6DFFKDURP\FHV \HDVWV�KLJKO\�SURGXFHG�+�6��7KLV�VLWXDWLRQ�ZDV�

YHU\�VLPLODU�WR�WKH�OLWHUDWXUH��dHOLN�HW�DO�������� ZHUH�IRXQG��KLJK�OHYHO�+�6�SURGXFLQJ�

QRQ�6DFFKDURP\FHV \HDVWV�

62�� DGGLWLRQ� ZDV� XVHG� WR� LQKLELW� XQGHVLUDEOH PLFURRUJDQLVPV¶ JURZWK DQG� FRQWURO�

R[LGDWLRQ��62� LV�D�KLJKO\�WR[LF�FRPSRXQG�IRU�QRQ�6DFFKDURP\FHV \HDVWV� 7KHUHIRUH��

62� WROHUDQFH�LV�D�YHU\�GHVLUDEOH SURSHUW\�IRU�QRQ�6DFFKDURP\FHV \HDVWV IRU�XVLQJ�DV�

D� VWDUWHU FXOWXUH� RI� ZLQH� �*RQ]iOH]�$UHQ]DQD� HW� DO��� ������� ,VRODWHG� QRQ�

6DFFKDURP\FHV�\HDVWV KDG�KLJK�62� WROHUDQFH�LQ�7DEOH�������2QO\�RQH�0HWVFKQLNRZLD�

DII��IUXFWLFROD VWUDLQ��.$���&0 6���KDG�ORZ�62� WROHUDQFH�LQ�WKLV�WDEOH� 7KHVH�LVRODWHV

KDYLQJ KLJK�62� WROHUDQFH�FDQ�EH�XVHG�DV�D�VWDUWHU�FXOWXUH�IRU�ZLQHPDNLQJ��

,Q� DGGLWLRQ�� SKHQRW\SLF� SURSHUWLHV� RI� DOO� QRQ�6DFFKDURP\FHV \HDVWV� ZHUH� JLYHQ�

$SSHQGL[�'�



���

7DEOH�������7HFKQRORJLFDO�3URSHUWLHV�RI�1RQ�6DFFKDURP\FHV�6WUDLQV

1RQ�6DFFKDURP\FHV 1DPH

$OFRKRO�7ROHUDQFH

���

62�

7ROHUDQFH �PJ�/�

+�6

3URGXFWLRQ
,GHQWLILFDWLRQ

�� �� �� �� ��� ��� ��� ,76 '��'�

+DQVHQLDVSRUD�JXLOOLHUPRQGLL .$���&0�16� � � � � � � � � � QG

.$���&0�16� � � � � � � � � � �

+DQVHQLDVSRUD�RSXQWLDH .$���&0 16� � � � � � � � � � QG

.%���&0 16� YZ YZ YZ � � � � � � QG

.$���10 16� � � � � � � � � � QG

.$���10 16� � � � � � � � � � QG

5KRGRWRUXOD�PXFLODJLQRVD .%���&0 16� � � � � � � � � � QG

+DQVHQLDVSRUD�XYDUXP .$���&0 16� � YZ � � � � � � � QG

.$���10 16� � � � � � � � � � QG

:LFNHUKDPRP\FHV�DQRPDOXV .$���&0 6� � � � � � � � � � QG

.%���&0 6� � � � � � � � QJ � QG

0HWVFKQLNRZLD�DII��IUXFWLFROD .$���&0 6� � � � � � � � QJ � �

+DQVHQLDVSRUD�XYDUXP ($���: 16� � � � � � � � � � QG

($���:�16� YZ YZ YZ � � � � � � QG

:LFNHUKDPRP\FHV�DQRPDOXV ($���10 16� � � � � � � � � � QG

/DFKDQFHD�WKHUPRWROHUDQV 2$���&0 16� � � � � � � � � � �

2%���&0 16� � � � � � � � � � QG

:LFNHUKDPRP\FHV�DQRPDOXV 2$��&0�6� � � Z � � � � � QG �

+DQVHQLDVSRUD�RSXQWLDH 2$���&0 16� YZ YZ YZ � � � � � � QG

2$���&0 16� � � � � � � � � � �

0HWVFKQLNRZLD�SXOFKHUULPD %%���&0 16� Z Z � � � � � � � QG

0HWVFKQLNRZLD�DII��IUXFWLFROD %%���&0 16� � � � � � � � � � �

0HWVFKQLNRZLD�DII��SXOFKHUULPD %%���&0 16� � � � � � � � � � �

6ROLFRFFR]\PD�DHULD %$���&0 16� � � � � Z Z Z � � �

0HWVFKQLNRZLD�DII��SXOFKHUULPD '$���&0 16� � � � � � � � QJ � �

0HWVFKQLNRZLD�VLQHQVLV �,76� '$���&0 16� � � � � � � � � �

�0HWVFKQLNRZLD�SXOFKHUULPD �'��'��

6WDUPHUDOOD�EDFLOODULV '$���&0 16� Z Z � � � � � � � �

0HWVFKQLNRZLD�SXOFKHUULPD '$���&0 16� � � � � � � � � � QG

'$���&0 16� � � � � � � � � � QG

0HWVFKQLNRZLD�FKU\VRSHUODH '%���&0 16� � � � � � � � � � QG

0HWVFKQLNRZLD�IUXFWLFROD '%���&0 16� � � � � � � � � � �
.$��$�3DUDOOHO�RI�:LQH�0DGH�IURP�.DOHFLN�.DUDVÕ�*UDSH���.%��%�3DUDOOHO�RI�:LQH�0DGH�IURP�.DOHFLN�.DUDVÕ�*UDSH��2$��$ 3DUDOOHO�RI�:LQH�0DGH�
IURP�gN�]J|]��*UDSH��2%��%�3DUDOOHO�RI�:LQH�0DGH�IURP�gN�]J|]��*UDSH��%$��$�3DUDOOHO�RI�:LQH�0DGH�IURP�%R÷D]NHUH *UDSH��%%��%�3DUDOOHO�
RI�:LQH�0DGH�IURP�%R÷D]NHUH *UDSH��'$� $�3DUDOOHO�RI�:LQH�0DGH�IURP�'LPULW�*UDSH��'%��%�3DUDOOHO�RI�:LQH�0DGH�IURP�'LPULW *UDSH��($� $�
3DUDOOHO�RI�:LQH�0DGH�IURP�(PLU�*UDSH��(%��%�3DUDOOHO�RI�:LQH�0DGH�IURP�(PLU�*UDSH� �&0�����'D\�RI�&ROG�0DFHUDWLRQ���&0�����'D\�RI�&ROG�
0DFHUDWLRQ���10�����'D\�RI�1RUPDO�0DFHUDWLRQ���10�����'D\�RI�1RUPDO�0DFHUDWLRQ� �:�����:HHN��16��1RQ�6DFFKDURP\FHV ����SRVLWLYH�JURZWK��
Z�ZHDN�JURZWK� � QHJDWLYH�JURZWK�����ZKLWH�����FUHDP�����OLJKW�EURZQ�����EURZQ�����GDUN�EURZQ� ���EODFN� QG��1RW�GHWHUPLQHG�



���

7KH�5HVXOWV�RI�:LQH�$QDO\VLV 3URGXFHG ZLWK�2XU 6WDUWHU�&XOWXUHV

(WKDQRO��WRWDO�DFLGLW\��S+��YRODWLOH�DFLGLW\��IUHH�62���WRWDO�62���UHGXFLQJ�VXJDU��PDOLF�

DFLG�DQG�FLWULF�DFLG�FRQWHQWV�RI�RXU�ZLQHV�ZKLFK�ZHUH�SURGXFHG E\�DGGLQJ�RXU VWDUWHU�

FXOWXUHV ZHUH JLYHQ�LQ�WKH�7DEOH������

7DEOH������ 7KH�5HVXOWV�RI�:LQH�$QDO\VLV

6DPSOHV (WKDQRO�

���Y�Y�

7RWDO�

$FLGLW\

�J�/�

VXOSKXULF�

DFLG�

S+ 9RODWLOH�

$FLG��J�/�

VXOSKXULF�

DFLG�

7RWDO�

62��

�PJ�/�

5HGXFLQJ�

6XJDU�

�J�/�

0DOLF�

$FLG�

�J�/�

&LWULF�

$FLG�

�J�/�

(�/7�6& ���� ��� ��� ���� ��� � ���� ����

(�:$�6& ���� ��� ��� ��� ��� � ���� ����

(�6& ���� ��� ��� ���� ��� � ���� ����

2�/7�6& ���� ��� ��� ���� �� ��� ���� ����

2�+2�6& ���� ��� ��� ���� �� ��� ���� ����

2�+*�6& ���� ��� ��� ���� � ��� ���� ����

2�6& �� � ��� ���� �� ��� ���� ����
(�/7�6&��:LQH�PDGH�E\�VHTXHQWLDO LQRFXODWLRQ�RI�RXU�/DFKDQFHD�WKHUPRWROHUDQV DQG�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�(PLU�JUDSHV��(�:$�
6&��:LQH�PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�RXU�:LFNHUKDPRP\FHV�DQRPDOXV DQG�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�(PLU�JUDSHV��(�6&��:LQH�
PDGH�E\�LQRFXODWLRQ�RI�RXU�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQ� LQ�(PLU�JUDSHV��2�/7�6&��:LQH�PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�RXU�/DFKDQFHD�
WKHUPRWROHUDQV�DQG�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�gN�]J|]��JUDSHV��2�+2�6&��:LQH�PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�RXU�+DQVHQLDVSRUD�
RSXQWLDH DQG� 6DFFKDURP\FHV� FHUHYLVLDH VWUDLQV� LQ� gN�]J|]�� JUDSHV�� 2�+*�6&��:LQH� PDGH� E\� VHTXHQWLDO� LQRFXODWLRQ RI� RXU�+DQVHQLDVSRUD�
JXLOOLHUPRQGLL DQG�6DFFKDURP\FHV FHUHYLVLDH VWUDLQV�LQ�gN�]J|]��JUDSHV��2�6&��:LQH�PDGH�E\�LQRFXODWLRQ�RI�RXU�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQ�
LQ�gN�]J|]��JUDSHV�

$OFRKRO�FRQWHQWV�RI�DOO�ZLQHV�ZHUH�ZLWKLQ� WKH� OLPLWV DFFRUGLQJ� WR� WKH�7XUNLVK� IRRG�

FRGH[�DV�VKRZQ�LQ�7DEOH������ $OWKRXJK�WKH�WRWDO�DFLGLWLHV�RI�HPLU�ZLQHV�ZHUH�VOLJKWO\�

ORZHU�WKDQ�H[SHFWHG��WKLV�YDOXH ZDV VXLWDEOH�IRU gN�]J|]��ZLQHV� ,W�ZDV�KLJKHU�WKDQ�

�����J�/�VXOSKXULF�DFLG��0RUHRYHU��WKH�ZLQH�VKRXOG�EH�EHWZHHQ�S+���WR������$OWKRXJK�

S+ RI�(PLU�ZLQHV�ZDV VOLJKWO\�DERYH�WKLV UDQJH��S+�RI gN�]J|]��ZLQHV�ZDV ZLWKLQ�

WKLV�YDOXH� (YHQ�WKRXJK WKH�DPRXQW�RI�YRODWLOH�DFLG�ZDV VOLJKWO\�KLJKHU�LQ�2�+*�6&��

WKHVH�YDOXHV�ZHUH�VWLOO ZLWKLQ�WKH�OLPLWV IRU�DOO�ZLQHV�



���

$FFRUGLQJ�WR�WKH�UHGXFLQJ�VXJDU�TXDQWLW\��ZLQHV�PDGH�IURP�HPLU�JUDSHV�IDOO LQWR�WKH�

GU\�ZLQH� FDWHJRU\��ZKLOH�ZLQHV�PDGH� IURP�gN�]J|]��JUDSH� IDOO� LQWR� WKH� VHPL�GU\�

FDWHJRU\�H[FHSW�2�6&� 2�6&�DOVR�IDOO�LQWR�WKH�GU\�ZLQH�FDWHJRU\��

$OWKRXJK�WKH�WRWDO�DPRXQW�RI�62� LV�VOLJKWO\�KLJKHU�WKDQ�WKH�OLPLWV IRU�(PLU�ZLQHV��WKLV�

YDOXH�GHFUHDVHV�ZLWK�WLPH��

7KHVH�YDOXHV�ZHUH� IRXQG� DERYH�DQG�EHORZ WKH� H[SHFWHG� OLPLWV��7KHVH�YDOXHV�ZHUH�

SUREDEO\�REWDLQHG�EHFDXVH�WKHUH�LV�QR�FXUDWLYH�WUHDWPHQW��7KLV�WRSLF�ZLOO�EH�WDNHQ�LQWR�

FRQVLGHUDWLRQ�LQ�RXU�QH[W�ZLQH�WULDOV�

7DEOH�������/LPLWV RI�:LQH�&RQWHQWV��7XUNLVK�)RRG�&RGH[�������

&RPSRXQGV /LPLWV

$OFRKRO� ���DQG���� ��Y�Y�

7RWDO�$FLGLW\ !���� J�/�VXOSKXULF�DFLG

S+ ��DQG�����

9RODWLOH�$FLG� ������ J�/�VXOSKXULF�DFLG IRU�ZKLWH�DQG�URVH�ZLQHV

������ J�/�VXOSKXULF�DFLG IRU�UHG�ZLQHV

7RWDO�62� �����PJ�/�IRU�ZKLWH�DQG�URVH�ZLQHV��IRU�VXJDU�FRQWHQW�PRUH�WKDQ���J�/�

�����PJ�/�IRU�ZKLWH�DQG�URVH�ZLQHV��IRU�VXJDU�FRQWHQW�OHVV�WKDQ���J�/�

�����PJ�/�IRU�UHG�ZLQHV��IRU�VXJDU�FRQWHQW�PRUH�WKDQ���J�/�

�����PJ�/�IRU�UHG�ZLQHV��IRU�VXJDU�FRQWHQW�OHVV�WKDQ���J�/�

5HGXFLQJ�6XJDU��J�/� �� J�/�IRU�GU\�ZLQHV

�� DQG���� J�/ IRU�VHPL�GU\�ZLQH

7KH�5HVXOWV�RI�9RODWLOH�&RPSRXQGV�DQG�6HQVRU\�$QDO\VLV�RI�3URGXFHG�:LQHV

������ 7KH�5HVXOWV�RI�9RODWLOH�&RPSRXQG�$QDO\VLV

%HIRUH�JLYLQJ�WKH�UHVXOWV�RI�YRODWLOH�FRPSRXQG�IRU�HDFK�ZLQH��RGRXU�WKUHVKROG�YDOXHV�

DQG�RGRXU�GHVFULSWLRQ�RI�WHVWHG�HDFK�DURPD�FRPSRXQGV�ZHUH�VKRZQ�LQ�WKH�IROORZLQJ�

WDEOH��7DEOH������ 7KLV�WDEOH�ZDV�FUHDWHG�ZLWK�UHVSHFW�WR�OLWHUDWXUH�YDOXHV�



���

7DEOH������ 9RODWLOH�&RPSRXQGV¶�2GRXU�7KUHVKROG�9DOXHV�DQG�2GRXU�'HVFULSWLRQV

&RPSRXQG 2GRXU�7KUHVKROG ��J�/� 2GRXU�'HVFULSWLRQ

$OFRKROV

��3URSDQRO ���������� 5LSH�IUXLW��DOFRKRO����

,VREXW\O�$OFRKRO ��������� $OFRKRO��ZLQHOLNH��QDLO�SROLVK����

��%XWDQRO ���������� 0HGLFLQDO��DOFRKRO���

,VRDP\O�$OFRKRO ��������� :KLVNH\��QDLO�SROLVK����

��0HWK\O���SHQWDQRO ��������� +HUEDFHRXV��FRFRD ���

��(WKR[\���SURSDQRO ������� )UXLW\����

0HWKLRQRO ������� &RRNHG YHJHWDEOH���

%HQ]\O $OFRKRO ���������� $OPRQG����

3KHQ\OHWK\O�$OFRKRO ��������� 5RVH��SROOHQ��SHUIXPH ���

��0HWK\O���EXWHQH���RO ������� 6ZHHW�IUXLW\����

��3HQWDQRO ��������� $OPRQG��V\QWKHWLF��EDOVDPLF����

��0HWK\O���SHQWDQRO �������� $OPRQG��WRDVWHG����

����%XWDQHGLRO ���������� )UXLW\����

��+HSWDQRO �������� *UHHQ��VZHHW����

�=����+H[HQH���RO ������� *UHHQ��F\SUHVV����

�(����+H[HQH���RO ������� *UHHQ�JUDVV��KHUE����

���0HWK\OWKLR�HWKDQRO ������� )UHQFK�EHDQ��FDXOLIORZHU����

��+H[DQRO QRW�IRXQG +HUEDFHRXV��PHGLFLQH�����

��+H[DQRO ������� )ORZHU\��VRDS ����

��+H[DQRO �������� *UHHQ��JUDVV����

$FHWDWHV

,VRDP\O�DFHWDWH ������ %DQDQD��IUXLW\��VZHHW����

,VRSURS\O�DFHWDWH QRW�IRXQG )UXLW\����

3KHQHWK\O�DFHWDWH ������� 3OHDVDQW��IORUDO����

(VWHUV

(WK\O�ODFWDWH ���������� /DFWLF� UDVSEHUU\���

(WK\O�RFWDQRDWH ����� )UXLW\� SLQHDSSOH� SHDU� IORUDO����

(WK\O���K\GUR[\EXW\UDWH ����� ��� *UHHQ�JUDSH��PDUVKPDOORZ����

(WK\O���GHFHQRDWH ������� )UXLW\����

'LHWK\O�VXFFLQDWH �������� /LJKW�IUXLW\��ZLQH����

(WK\O�EXW\UDWH ������ 6WUDZEHUU\��DSSOH��EDQDQD����

(WK\O�GHFDQRDWH ������� :D[\� IUXLW\��URVH����

(WK\O�KH[DQRDWH ����� )ORZHU\��IUXLW\����
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7DEOH����� �FRQWLQXHG�

&RPSRXQG 2GRXU�7KUHVKROG���J�/� 2GRXU�'HVFULSWLRQ

$OGHK\GHV

1RQDQDO ������� &LWUXV\��IORUDO����

$FLGV

%XWDQRLF�DFLG ��������� 5DQFLG��FKHHVH����

+H[DQRLF�DFLG �������� &KHHVH� IDWW\����

2FWDQRLF�DFLG ������� &KHHVH��IDWW\�DFLG��UDQFLG��KDUVK����

'HFDQRLF�DFLG ��������� )DWW\��XQSOHDVDQW����

3URSDQRLF�DFLG �������� &KHHVH����

1RQDQRLF�DFLG �������� )DWW\����

7HWUDGHFDQRLF�DFLG ��������� 1RW�IRXQG����

'RGHFDQRLF�DFLG �������� 'U\��PHWDOOLF��ODXUHO�RLO IODYRXU����

3HQWDQRLF�DFLG �������� &KHHVH����

,VREXW\ULF�DFLG �������� &KHHVH��EXWWHU��UDQFLG����

+HSWDQRLF�DFLG QRW�IRXQG���� 6ZHDW\��FKHHVH����

$FHWLF�DFLG ����������� 8QSOHDVDQW�����

,VRYDOHULF�DFLG ������� 5DQFLG��FKHHVH��IHHW��IORUDO�����

/DFWRQHV

Ȗ�EXW\URODFWRQH ���������� )DLQW��VZHHW��FDUDPHO�����

3DQWRODFWRQH �������� 6SLF\��FDUDPHO�����

3KHQROV

��0HWKR[\���YLQ\OSKHQRO ������ 6SLFHV��FXUU\����

��YLQ\O�SKHQRO ������� 3KDUPDFHXWLFDO ����

+\GURFDUERQV

3KHQRO �������� 6LFNHQLQJO\�VZHHW��LUULWDWLQJ����

2WKHU�&RPSRXQGV

*XDLDFRO ������ 6PRNH��VZHHW��PHGLFLQH����

$FHWRLQ ���������� )ORZHU\��ZHW����

*HUDQLRO ������ 5RVHV��JHUDQLXP����

6\ULQJRO ������� 1RW�IRXQG
��� :DQJ��;���HW��DO�������
��� /LX��1���HW��DO�������
��� $UFDUL��6���HW��DO�������
��� :HONH��-���HW��DO�������
��� 7DR��<���HW� DO�� ����
��� 0RUHLUD��1���HW�DO�������
��� 3DUNHU��0���HW� DO�������
��� 9ULHV��&���HW� DO�������
��� (VFXGHUR��$���HW� DO������
���� 6ZLHJHUV��-���HW� DO�������
���� &HOLN��=���HW��DO�� ����
���� 'DUÕFÕ��0���HW��DO�������
���� 0DFtDV��0���HW��DO��������
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�������� 7KH�5HVXOW�RI�9RODWLOH�&RPSRXQG�$QDO\VLV�RI�:KLWH�:LQH�

:KLWH�ZLQHV ZHUH PDGH�IURP�(PLU�JUDSHV�ZKLFK�ZHUH�WDNHQ�IURP�&DSSDGRFLD DW������

2QH�RI�WKH�ZKLWH�ZLQHV ZDV�SUHSDUHG�ZLWK�VHTXHQWLDO�LQRFXODWLRQ�ZLWK�VWUDLQ�2%���&0�

16���/DFKDQFHD�WKHUPRWROHUDQV��DQG�VWUDLQ�2%���&0�6� �6DFFKDURP\FHV�FHUHYLVLDH�

�(�/7�6&���7KH�RWKHU�ZDV�PDGH�ZLWK�VWUDLQ�2%���&0�6���6DFFKDURP\FHV�FHUHYLVLDH�

�(�6&���7KH�IROORZLQJ�WZR�GLDJUDPV�ZHUH�VKRZQ�WKH�SHDNV�RI�YRODWLOH�FRPSRXQGV�LQ�

*&�06�FKURPDWRJUDP�IRU�(�/7�6& DQG�(�6&��UHVSHFWLYHO\ �)LJXUH����� DQG�������

)LJXUH�������*&�06�&KURPDWRJUDP�RI�(�/7�6& 6DPSOH

)LJXUH�������*&�06�&KURPDWRJUDP�RI�(�6&�6DPSOH



���

0RUHRYHU��WUDGLWLRQDO�ZLQH �(�$� DQG�FRPPHUFLDO�ZLQH�ZLWK�XVLQJ�WKH�/DIIRUW�VWDUWHU�

FXOWXUH� �(�/DII�� ZHUH� PDGH� LQ� ������ 7KHVH� (PLU� JUDSHV� DOVR� ZHUH� WDNHQ� LQ�

&DSSDGRFLD��

7DEOH����� ZDV�VKRZQ�YRODWLOH�FRPSRXQGV RI�IRXU�ZLQH�VDPSOHV��(�$��(�/DII��(�/7�

6&��DQG�(�6&���$FFRUGLQJ�WR�*6�06�UHVXOWV�����DURPD�FRPSRXQGV�ZHUH�LGHQWLILHG

IRU�(�/7�6& DQG�(�6& ZKLOH����YRODWLOH�FRPSRXQGV ZHUH�IRXQG�LQ�(�$�DQG�(�/DII�

7KHVH� FRPSRXQGV� LQFOXGHG� DOFRKROV�� DFHWDWHV�� HVWHUV�� DOGHK\GHV�� DFLGV�� ODFWRQHV��

SKHQROV�� DQG� RWKHU� FRPSRXQGV VXFK� DV� W\URVRO� DQG� DFHWRLQ�� �� RI� WKHP� ZHUH�

VLJQLILFDQWO\� GLIIHUHQW� DPRQJ WKHVH� VDPSOHV�� 7KH� WRWDO� FRQFHQWUDWLRQV RI� DURPD�

FRPSRXQGV�ZHUH�IRXQG�������PJ�/�LQ�(�$������� PJ�/�LQ�(�/DII� ������PJ�/�LQ�(�

/7�6& DQG������ PJ�/�LQ�(�6&��

7KH�KLJKHVW�DPRXQW�RI�YRODWLOH�FRPSRXQGV�ZDV�IRXQG�DOFRKROV��WKHQ�DFLGV�DQG�HVWHUV

ZHUH�IROORZHG�WKLV�DOLJQPHQW��+LJKHU�DOFRKROV��DFLGV DQG�HVWHUV�KDYH�LPSRUWDQW�UROHV�

LQ� JLYLQJ� IODYRU� RI� ZLQHV� ZLWK� UHVSHFW� WR� DPRXQWV� DQG� FRQFHQWUDWLRQ� RI� WKHVH�

FRPSRXQGV��9DOHUR��0R\DQR��0LOODQ��0HGLQD��	�2UWHJD��������

:KHQ�FRQFHQWUDWLRQV RI�DOFRKROV�ZHUH�XQGHU ����PJ�/��WKH\�JDYH GHVLUDEOH�IODYRU�RI�

ZLQH��,Q�FRQWUDVW��LI�WKHVH�YDOXHV ZHUH RYHU�����PJ�/��WKH\�DWWULEXWHG�QHJDWLYH�LPSDFWV

�3DVWRU��+XHUWD��0DWHR��	�-LPH���������7KH�DPRXQWV RI�DOFRKROV�ZHUH�IRXQG ������

PJ�/��������PJ�/� ������PJ�/�DQG����� PJ�/�IRU�(�$��(�/DII��(�/7�6& DQG�(�6&��

UHVSHFWLYHO\��,Q�WKHVH�DOFRKROV��LVRDP\O�DOFRKRO DQG�SKHQHWK\O�DOFRKRO�ZHUH�IRXQG�YHU\�

KLJK�OHYHO�LQ�DOO RI�WKH�ZLQH VDPSOHV�ZKLOH���(WKR[\���SURSDQRO�ZHUH RQO\ LGHQWLILHG�

KLJKO\� LQ� (�/7�6& DQG� (�6&� ,VRDP\O� DOFRKRO DQG� SKHQHWK\O� DOFRKRO� KDG�

VXSUDWKUHVKROG�2$9V� �2$9!��� DQG� JDYH�ZKLVNH\� DQG� URVH� DURPD LQ WKHVH�ZLQHV��

UHVSHFWLYHO\��7DEOH�������� 0RUHRYHU��IUXLW\�DURPD����(WKR[\���SURSDQRO� ZDV�IRXQG�

KLJKHU� LQ�(�/7�6& ZLQH� &DEDURJOX� HW� DO� ������ PHQWLRQHG� WKDW� DOFRKROV�ZHUH� DQ�

LPSRUWDQW�SDUW�RI�DURPD�VXEVWDQFHV�LQ�QHXWUDO�DURPDWLF�JUDSH�YDULHWLHV�VXFK�DV�(PLU�
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��(WKR[\���SURSDQRO ���� ��� !� )UXLW\ ���

3KHQ\OHWK\O�$OFRKRO ���� ����� !� 5RVH��SROOHQ��SHUIXPH ���

$FHWDWHV

,VRDP\O�DFHWDWH ���� �� !� %DQDQD��IUXLW\��VZHHW����

3KHQHWK\O�DFHWDWH ���� ��� !� 3OHDVDQW��IORUDO����

(VWHUV

(WK\O�RFWDQRDWH ���� � !� )UXLW\��SLQHDSSOH��SHDU��IORUDO ���

(WK\O�GHFDQRDWH ���� ��� !� :D[\��IUXLW\��URVH����

(WK\O�KH[DQRDWH ���� � !� )ORZHU\��IUXLW\����

$OGHK\GHV

1RQDQDO ���� ��� !� &LWUXV\��IORUDO����

$FLGV

+H[DQRLF�DFLG ���� ���� !� &KHHVH��IDWW\����

2FWDQRLF�DFLG� ���� ���� !� &KHHVH��IDWW\�DFLG��UDQFLG��KDUVK ���

3KHQROV

��0HWKR[\���YLQ\OSKHQRO ���� �� !� 6SLFHV��FXUU\����

��YLQ\O�SKHQRO ���� ��� !� 3KDUPDFHXWLFDO ���

(�/7�6&� (PLU�ZLQH�VDPSOH�LQRFXODWHG�ZLWK�VWUDLQ�2%���&0�16���/� WKHUPRWROHUDQV��DQG�VWUDLQ�2%���&0�6���6� FHUHYLVLDH���(�6&��(PLU�ZLQH�
VDPSOH� LQRFXODWHG� ZLWK� VWUDLQ� 2%� �&0� 6�� �6� FHUHYLVLDH�� 5,�� UHWHQWLRQ� LQGLFHV� 2$9�� 2GRXU� DFWLYLW\� YDOXHV� FDOFXODWHG� E\� GLYLGLQJ� IRXQG�
FRQFHQWUDWLRQ�E\�WKUHVKROG�RI�WKH�FRPSRXQG�
����:DQJ��;���HW��DO�������������:HONH��-���HW��DO�������� ����6ZLHJHUV��-���HW��DO�������������&HOLN��=���HW��DO�� �����



���

7KH�DPRXQWV�RI�DFHWDWHV ZHUH�IRXQG�DV �����PJ�/ IRU�(�$������ PJ�/ IRU�(�/DII� ����

PJ�/ IRU�(�/7�6& DQG ���� PJ�/�IRU�(�6&��$OWKRXJK�EDQDQD�IODYRU�ZDV�IRXQG�LQ�DOO

ZLQH VDPSOHV��WKH�DPRXQW�RI�LVRDP\O�DFHWDWH ZDV�KLJKHU�LQ�(�/7�6& WKDQ�WKH�RWKHUV��

,VRDP\O�DFHWDWH�GLIIHU�VLJQLILFDQWO\�DPRQJ�WKH�VDPSOHV�RI�ZLQHV� ,Q�WKLV�VWXG\��WKHVH�

DPRXQWV�RI�LVRDP\O�DFHWDWH�ZHUH�������������DQG������PJ�/�IRU�(�/DII��(�/7�6&��DQG�

(�6&��UHVSHFWLYHO\�� =RKUH�	�(UWHQ ������ DOVR�PHQWLRQHG�WKDW WKH�DPRXQWV RI�LVRDP\O�

DFHWDWH�LQ�WKH�PL[HG�LQRFXODWLRQ�RI�6DFFKDURP\FHV�FHUHYLVLDH�&DQGLGD�SXOFKHUULPD

DQG�6DFFKDURP\FHV�FHUHYLVLDH».ORHFNHUD DSLFXODWD»&DQGLGD SXOFKHUULPDZHUH�IRXQG�

�����DQG������PJ�/� LQ� WKH�(PLU�ZLQH�VDPSOHV�� UHVSHFWLYHO\�� ,Q�DGGLWLRQ��SKHQHWK\O�

DFHWDWH�ZDV� VLJQLILFDQWO\�GLIIHUHQW�DQG�JDYH�SOHDVDQW�DURPD� LQ�(�/7�6&� +RZHYHU��

WKLV�DURPD�GLG�QRW�KDYH�WKH�VXSUDWKUHVKROG�2$9 LQ�(�6&��(�$�DQG�(�/DII� �2$9����

7KH� DPRXQW� RI� IDWW\� DFLGV� ZDV KLJKHU� LQ� (�6&� WKDQ� (�/7�6&�� (�$� DQG� (�/DII�

(VSHFLDOO\��WKH�FRQFHQWUDWLRQ�RI�KH[DQRLF�DQG�RFWDQRLF�DFLGV ZHUH�TXLWH KLJKHU�WKDQ�

WKH�RWKHU�FRPSRXQGV DQG�VLJQLILFDQWO\�GLIIHUHQW DPRQJ�WKH�(PLU�ZLQH�VDPSOHV��7KHVH�

DFLGV�JDYH FKHHVH�DURPD�LQ�WKH�ZLQHV��7KLV�FKHHVH�DURPD�ZDV�QRWLFHG�UHPDUNDEO\�LQ�

(�6&�

7KH�FRQFHQWUDWLRQ�RI�SKHQROV�ZDV�PRUH�FRQVLGHUDEOH�LQ�(�/7�6& WKDQ�(�6&��:KLOH�

��PHWKR[\���YLQ\OSKHQRO JDYH� FXUU\� VSLFH� DURPD�� ��YLQ\O�SKHQRO FRQWULEXWHG�

SKDUPDFHXWLFDO�LQ�ERWK�WKH�ZLQHV��2Q�WKH�KDQG����YLQ\O�SKHQRO ZHUH�QRW�GHWHFWHG�LQ�

(�$�DQG�(�/DII�ZKLOH���PHWKR[\���YLQ\OSKHQRO ZDV�IRXQG�ORZHU�OHYHO�LQ�(�$�DQG�(�

/DII�

7KH� RWKHU� FRPSRXQGV� VXFK� DV� W\URVRO�� VROHURQ�� JXDLDFRO DQG� DFHWRLQ� ZHUH� DOVR�

GHWHFWHG��7KH�FRQFHQWUDWLRQ�OHYHO RI�DFHWRLQ�ZDV REWDLQHG YHU\ ORZ IRU�RGRXU LQ�DOO�

WKHVH� ZLQH� VDPSOHV DQG� LW� ZDV� QRW� VLJQLILFDQWO\� GLIIHUHQW� DPRQJ� WKHVH� VDPSOHV�

*XDLDFRO�ZDV�IRXQG�GHWHFWDEOH�OHYHO�LQ�(�$�DQG�(�/DII��7KLV�DURPD�JDYH�VPRNH�RGRXU�

LQ�WKH�ZLQHV��2Q�WKH�RWKHU�KDQG��WKH�RGRXU�WKUHVKROG�YDOXH�RI�W\URVRO DQG�VROHURQ ZHUH

QRW�IRXQG LQ�WKH�OLWHUDWXUH�



���

�������� 7KH�5HVXOW�RI�9RODWLOH�&RPSRXQG�$QDO\VLV�RI�5HG :LQH

5HG�ZLQHV�ZHUH�PDGH�IURP�.DOHFLN�.DUDVÕ�JUDSHV�ZKLFK�ZHUH�WDNHQ�IURP�$QNDUD�DW�

������2QH�RI�WKH�UHG ZLQHV�ZDV�SUHSDUHG�ZLWK�VWUDLQ����+DQVHQLDVSRUD�XYDUXP� �.�

+8�� 7KH�RWKHU�ZDV�PDGH�ZLWK�VWUDLQ��� �6DFFKDURP\FHV�FHUHYLVLDH� �.������,Q�RUGHU�

WR�FRPSDUH��WKH�RWKHU�ZLQHV ZHUH�WUDGLWLRQDO�ZLQH �.�$��PDGH�E\�(OQD]�6H\LG�0RQLU�

DQG� FRPPHUFLDO� ZLQH� PDGH� ZLWK� XVLQJ� FRPPHUFLDO� &KU�� +DQVHQ� VWDUWHU� FXOWXUH�

�6DFFKDURP\FHV FHUHYLVLDH� �.�6&��

7KH�IROORZLQJ�WKUHH GLDJUDPV�ZHUH�VKRZQ�WKH�SHDNV�RI�YRODWLOH�FRPSRXQGV�LQ�*&�06�

FKURPDWRJUDP�IRU�.�����.�+8 DQG�.�6&��UHVSHFWLYHO\ �)LJXUH������������

)LJXUH�������*&�06�&KURPDWRJUDP�RI�.����6DPSOH



���

)LJXUH�������*&�06�&KURPDWRJUDP�RI�.�+8�6DPSOH

)LJXUH�������*&�06�&KURPDWRJUDP�RI�.�6&�6DPSOH

$FFRUGLQJ�WR�*6�06�UHVXOWV���� DURPD�FRPSRXQGV�ZHUH LGHQWLILHG�IRU�.�����.�+8�

.�6& DQG�.�$ �7DEOH��������7KHVH� FRPSRXQGV� LQFOXGHG�DOFRKROV�� DFHWDWHV�� HVWHUV��

DOGHK\GHV� DFLGV� ODFWRQHV�� SKHQROV�� DQG�RWKHU� FRPSRXQGV� VXFK�DV� W\URVRO�� VROHURQ��

JXDLDFRO��DFHWRLQ��JHUDQLRO DQG�V\ULQJRO���� RI�WKHP�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IRU

WKHVH� VDPSOHV��7KH� WRWDO� FRQFHQWUDWLRQV� � RI� � DURPD�FRPSRXQGV�ZHUH� IRXQG ������

���� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
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7LPH��!

$EXQGDQFH

7,&��.�6&��:�//(��'? GDWD�PV



���

PJ�/�LQ�.����������� PJ�/�LQ�.�+8���������PJ�/�LQ�.�6& DQG������� PJ�/�LQ�.�

$� +LJK�DOFRKROV�DQG�HVWHUV�DUH�WKH�PRVW�DEXQGDQW�DURPD�LQ�WKH�ZLQHV��,Q�SUHYLRXV�

VWXGLHV��VLPLODU�UHVXOWV KDYH�EHHQ UHSRUWHG�LQ�'RQD�%UDQFD��7UHL[DGXUD DQG�/RXUHLUD

ZLQHV �)DOTXp��)HUQiQGH]��	�'XERXUGLHX��������� 3LQRW�1RLU�ZLQHV �*LUDUG��<XNVHO��

&OLII��'HODTXLV��	�5H\QROGV���������0HUORW�DQG�&DEHUQHW�6DXYLJQRQ�ZLQHV �.RWVHULGLV�

	�%DXPHV���������

7KH�DPRXQWV�RI�DOFRKROV�ZHUH�IRXQG������� PJ�/�������� PJ�/�������� PJ�/ DQG

������ PJ�/�IRU�.�����.�+8��.�6& DQG�.�$ UHVSHFWLYHO\��,Q�WKHVH�DOFRKROV��LVREXW\O�

DOFRKRO��LVRDP\O�DOFRKRO�� SKHQHWK\O�DOFRKRO�DQG�����EXWDQHGLRO�ZHUH�IRXQG�YHU\�KLJK�

OHYHO�LQ�WKHVH�WKUHH ZLQHV��,VRDP\O�DOFRKRO�LV�DQ�DURPD�FRPSRXQG WKDW�SOD\V�D�UROH�LQ�

WKH�IRUPDWLRQ�RI�WKH�IODYRXU RI�.DOHFLN�NDUDVÕ�ZLQH �6LQFDU���������,VRDP\O�DOFRKRO�

DQG�SKHQHWK\O�DOFRKRO�KDG�VXSUDWKUHVKROG�2$9V�DQG�JDYH�ZKLVNH\�DQG�URVH�DURPD��

UHVSHFWLYHO\�LQ�WKHVH�ZLQH VDPSOHV �7DEOH���������,Q�WKH�SUHYLRXV VWXGLHV��SKHQHWK\O�

DOFRKRO��JDYH�WKH�URVH�DURPD��ZDV�DOVR�UHSRUWHG�WR�EH�LPSRUWDQW�DURPD�FRPSRXQGV�LQ�

3LQRW�1RLU�ZLQH�DQG�5LHVOLQJ�ZLQH� 0RUHRYHU�� IUXLW\� DURPD� ���(WKR[\���SURSDQRO��

ZDV�IRXQG�KLJKHU�LQ�.�+8 ZLQH��DQG�LW�ZDV�VLJQLILFDQWO\�GLIIHUHQW�WKDQ�.����DQG�.�

6&�VDPSOHV� ,Q�DGGLWLRQ��RGRXU�RI�FRRNHG�YHJHWDEOHV�ZDV�GHWHFWHG�KLJKO\�LQ�.�+8��

.�$ DQG�.�6&�VDPSOHV��2$9!����

(VWHUV�FRQWULEXWHV�IUXLW\�DQG�IORUDO�DURPD�LQ \RXQJ�ZLQHV �5DSS�	�0DQGHU\���������

���� PJ�/������ PJ�/������ PJ�/������PJ�/�RI�HVWHUV�ZHUH�IRXQG�LQ�.�����.�+8��.�

6& DQG�.�$��UHVSHFWLYHO\��(WK\O���K\GUR[\EXWDQRDWH DQG PRQRHWK\O�VXFFLQDWH ZHUH�

IRXQG�KLJK�DPRXQW�DQG�VLJQLILFDQWO\�GLIIHU�DPRQJ WKHVH�ZLQHV��+RZHYHU��WKH�RGRXU�

WKUHVKROG� YDOXHV� RI� WKHVH� DURPD� FRPSRXQGV ZHUH� QRW� IRXQG� LQ� WKH� OLWHUDWXUH��

$FFRUGLQJ�WR�2$9¶V���HWK\O�RFWDQRDWH� DQG�HWK\O�KH[DQRDWH�DIIHFWHG�DURPDV�RI�WKHVH�

ZLQHV��7KH\�JDYH�IUXLW\�DURPD� 6LQFDU������� DOVR�REWDLQHG D VLPLODU�UHVXOW�LQ�.DOHFLN�

NDUDVÕ�ZLQHV�ZLWK�WKH�DSSOLFDWLRQ�RI�FROG�PDFHUDWLRQ�



���

7KH�DPRXQWV�RI�DFHWDWHV�ZHUH�IRXQG�DV����� PJ�/�IRU�.��������� PJ�/�IRU�.�+8������

PJ�/� IRU�.�6&�� ���� PJ�/� IRU�.�$�� ,VRDP\O� DFHWDWH� JDYH� EDQDQD� DURPD� LQ� WKHVH�

ZLQHV��2Q�WKH�RWKHU KDQG��SOHDVDQW�DURPD��SKHQHWK\O�DFHWDWH� HQKDQFHG�UHPDUNDEO\�LQ�

.�+8�DQG�.�����

7KH�FRQFHQWUDWLRQV RI�IDWW\�DFLGV�ZHUH������PJ�/������ PJ�/������ PJ�/ DQG �����LQ�

.�����.�+8��.�6&��DQG .�$��UHVSHFWLYHO\��(YHQ�WKRXJK�IDWW\�DFLGV PD\�WHQG�WR�KDYH�

DQ�DGYHUVH�HIIHFW�RQ ZLQH�IODYRU�SURILOH��WKH\�SDUWLFLSDWH�LQ�WKH�HTXLOLEULXP�UHDFWLRQ�

WKURXJK WKH� IRUPDWLRQ� RI� WKLV HVWHU �:DQJ�� &DSRQH��:LONLQVRQ�� 	� -HIIHU\�� ������

$FHWLF�DFLG��KH[DQRLF�DFLG��RFWDQRLF�DFLG��LVREXW\ULF�DFLG�ZHUH�IRXQG�KLJKHU�OHYHO�LQ�

WKHVH�ZLQHV�ZLWK�UHVSHFW�WR�WRWDO�FRQFHQWUDWLRQ�

7KH�FRQFHQWUDWLRQ�RI�SKHQROV�ZDV�PRUH�FRQVLGHUDEOH�LQ�.�6& WKDQ�.�����.�+8 DQG�

.�$����PHWKR[\���YLQ\OSKHQRO�JDYH�FXUU\�VSLFH�DURPD LQ�WKHVH�ZLQHV��(VSHFLDOO\� ��

PHWKR[\���YLQ\SKHQRO�HQKDQFHG�UHPDUNDEO\�LQ�.�6&��0RUHRYHU����YLQ\O�SKHQRO ZDV�

IRXQG�DV�KLJK�RGRXU�YDOXH�LQ�.�6&��2$9!����7KLV�JDYH�SKDUPDFHXWLFDO�DURPD�LQ�WKLV�

ZLQH�

7KH� RWKHU� FRPSRXQGV� VXFK� DV� W\URVRO�� VROHURQ�� JXDLDFRO� DFHWRLQ�� JHUDQLRO� DQG�

V\ULQJRO ZHUH� DOVR� GHWHFWHG�� *XDLDFRO� DQG� JHUDQLRO KDG VXSUDWKUHVKROG� 2$9V�

�2$9!��� :KLOH�JXDLDFRO�JDYH�VPRNH�IODYRUV�� JHUDQLRO�FRQWULEXWHV�URVH�DURPD�IRU�

WKHVH�ZLQHV��*HUDQLRO�ZDV�DOVR�D�UHPDUNDEOH�FRPSRXQG WKDW�ZDV LGHQWLILHG�LQ�RUDQJH�

ZLQH�DQG�DSULFRW�ZLQH �.RFDEH\��������



���

7DEOH�������6XSUDWKUHVKROG�&RPSRXQGV�IRU�.�$��.�����.�+8 DQG�.�6&�LQ�:LQHV�RI�.DOHFLN�.DUDVÕ

&RPSRXQG 5,
2GRXU�7KUHVKROG�

��J�/�

2GRXU�$FWLYLW\�

9DOXHV
2GRXU�'HVFULSWLRQ

$OFRKROV

,VRDP\O�$OFRKRO ���� ����� !� :KLVNH\��QDLO�SROLVK����

��(WKR[\���SURSDQRO ���� ��� !� )UXLW\����

0HWKLRQRO ���� ��� !� &RRNHG�YHJHWDEOH����

3KHQ\OHWK\O�$OFRKRO ���� ����� !� 5RVH��SROOHQ��SHUIXPH ���

$FHWDWHV

,VRDP\O�DFHWDWH ���� �� !� %DQDQD��IUXLW\��VZHHW����

3KHQHWK\O�DFHWDWH ���� ��� !� 3OHDVDQW��IORUDO����

(VWHUV

(WK\O�RFWDQRDWH ���� � !� )UXLW\��SLQHDSSOH��SHDU��IORUDO����

(WK\O�KH[DQRDWH ���� � !� )ORZHU\��IUXLW\����

$OGHK\GHV

1RQDQDO ���� ��� !� &LWUXV\��IORUDO����

3KHQROV

��0HWKR[\���

YLQ\OSKHQRO

���� �� !� 6SLFHV��FXUU\����

2WKHU�&RPSRXQGV

*XDLDFRO ���� �� !� 6PRNH��VZHHW��PHGLFLQH����

*HUDQLRO ���� �� !� 5RVHV��JHUDQLXP����

.����� .DOHFLN� NDUDVÕ�ZLQH� VDPSOH� LQRFXODWHG�ZLWK� VWUDLQ� ��� �6DFFKDURP\FHV� FHUHYLVLDH���.�+8��.DOHFLN� NDUDVÕ�ZLQH� VDPSOH� LQRFXODWHG�ZLWK�
+DQVHQLDVSRUD�XYDUXP .�6&��.DOHFLN�NDUDVÕ�ZLQH�VDPSOH�LQRFXODWHG�ZLWK�FRPPHUFLDO�6DFFKDURP\FHV�FHUHYLVLDH �&KU��+DQVHQ�� .�$��7UDGLWLRQDO�
ZLQH�PDGH�E\�(OQD]�6H\LG�0RQLU�5,��UHWHQWLRQ�LQGLFHV��2$9��2GRXU�DFWLYLW\�YDOXHV�FDOFXODWHG�E\�GLYLGLQJ�IRXQG�FRQFHQWUDWLRQ�E\�WKUHVKROG�RI�WKH�
FRPSRXQG�
���:DQJ��;���HW��DO�������������$UFDUL��6���HW��DO�������������:HONH��-���HW��DO�������������&HOLN��=���HW��DO�� ����

������ 7KH�5HVXOWV�RI�6HQVRU\ $QDO\VLV�RI�:LQH

6HQVRU\�DQDO\VLV ZDV PDGH�E\�WKH�GHJXVWDWRUV��7KH\�HYDOXDWHG WKH�ZLQHV�E\�JLYLQJ�

WKH�SRLQWV��7KHVH�SRLQWV�FKDQJH�EHWZHHQ����ZHDN��WR����VWURQJ���

7KH� VHQVRU\� HYDOXDWLRQ� RI� (PLU� ZLQHV� ZDV� EDVHG� RQ� FRORXU�� IODYRXU�� IXOOQHVV��

VZHHWQHVV��DFLGQHVV��ELWWHUQHVV��DVWULQJHQF\��ILQDO DVWULQJHQF\�DQG�JHQHUDO�LPSUHVVLRQ�

FKDUDFWHULVWLFV� )LJXUH����� VKRZHG�WKDW�(�/7�6&��PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�

RXU�/DFKDQFHD�WKHUPRWROHUDQV DQG�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�(PLU JUDSHV��

ZDV IRXQG�PRUH�GHVLUDEOH WKDQ�RWKHUV�ZLWK�UHVSHFW�WR�IODYRXU�DQG�JHQHUDO�LPSUHVVLRQ��



���

2Q� WKH� RWKHU� KDQG�� (�:$�6&�� PDGH� E\� VHTXHQWLDO� LQRFXODWLRQ� RI� RXU�

:LFNHUKDPRP\FHV�DQRPDOXV DQG�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV LQ�(PLU�JUDSHV�

ZDV�OLNHG�ZLWK�VZHHWQHVV��

*REEL�HW�DO�������� DOVR�UHSRUWHG�WKDW�/7�6&�VHTXHQWLDO�LQRFXODWLRQ�HQKDQFHG�GHVLUDEOH�

DURPD�LQ�ZKLWH�ZLQHV��6SLF\�QRWHV�DQG DFLGQHVV�ZHUH�IRXQG�VLJQLILFDQWO\�GLIIHUHQW�LQ�

/7�6&�ZLQH�

)LJXUH�������)ODYRXU�3URILOHV�RI�(�/7�6&��(�:$�6& DQG�(�6&

)LJXUH����� VKRZHG�WKDW�WUDGLWLRQDO�ZLQHV��(�$�DQG�(�%��ZHUH�IRXQG�PRUH�GHVLUDEOH�

WKDQ� WKH� FRPPHUFLDO�ZLQH�ZLWK� UHVSHFW� WR� IODYRXU� DQG� IXOOQHVV�� EXW� WKH\� KDYH� QRW�

FKDQJHG�WKH�RYHUDOO�LPSUHVVLRQ�VFRUH�



���

)LJXUH������ )ODYRXU�3URILOHV�RI�(�$��(�%�DQG�(�/DII

)LJXUH����� VKRZHG�WKDW�.�����PDGH�E\�LQRFXODWLRQ�RI�RXU�6DFFKDURP\FHV�FHUHYLVLDH

VWUDLQ�LQ�.DOHFLN�.DUDVÕ�JUDSHV��ZDV�IRXQG�PRUH GHVLUDEOH�WKDQ�RWKHUV�DFFRUGLQJ�WR�

FRORXU��IODYRXU��IXOOQHVV��DQG�RYHUDOO�LPSUHVVLRQ�

)LJXUH�������)ODYRXU�3URILOHV�RI�.�����.�+8��.�6&��DQG�.�$

)LJXUH����� VKRZHG�WKDW�2�/7�6&��PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�RXU�/DFKDQFHD�

WKHUPRWROHUDQV DQG�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�gN�]J|]��JUDSHV��ZDV�IRXQG�

PRUH�GHVLUDEOH�WKDQ�RWKHUV�DFFRUGLQJ�WR�IODYRXU��IXOOQHVV��DQG�RYHUDOO�LPSUHVVLRQ��,Q�



���

DGGLWLRQ��DFLGLW\�RI�2�+*�6&� PDGH�E\�VHTXHQWLDO�LQRFXODWLRQ�RI�RXU�+DQVHQLDVSRUD�

JXLOOLHUPRQGLL DQG�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LQ�gN�]J|]��JUDSHV��ZDV�IRXQG�

KLJKHU�WKDQ�RWKHUV��

)LJXUH�������)ODYRXU�3URILOHV�RI�2�/7�6&��2�6&��2�+2�6&��DQG�2�+*�6&

)LJXUH����� VKRZHG�WKDW�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WUDGLWLRQDO�DQG�

FRPPHUFLDO�ZLQHV�RI�gN�]J|]��JUDSHV�H[FHSW�IODYRXU��

)LJXUH�������)ODYRXU�3URILOHV�RI�2�$�DQG�2�&+



���
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&+$37(5��

�� &21&/86,21�$1'�5(&200(1'$7,216

,Q� WKLV� VWXG\�� WUDGLWLRQDO�ZLQHV�ZHUH�PDGH� IURP��� W\SH� RI� JUDSHV� �.DOHFLN�.DUDVÕ��

gN�]J|]���%R÷D]NHUH��'LPULW��DQG�(PLU��IURP���GLIIHUHQW�VWDWHV �$QNDUD��(OD]Õ÷��DQG�

&DSSDGRFLD��LQ�7XUNH\��,Q�WKHVH�PXVWV�DQG�ZLQHV��WRWDOO\������PLFURRUJDQLVPV ZHUH�

LVRODWHG� 6WUDLQV� ZKLFK� ZHUH� VHOHFWHG� DFFRUGLQJ� WR� SKHQRW\SLF� SURSHUWLHV� ZHUH�

LGHQWLILHG�E\�PROHFXODU��'1$�VHTXHQFLQJ�IRU�,76 UHJLRQ�DQG�RU�'��'��GRPDLQ��DQG�

ELRFKHPLFDO�PHWKRGV �FDUERK\GUDWH�IHUPHQWDWLRQ�WHVW���7KH�QXPEHUV RI LVRODWHG�QRQ�

6DFFKDURP\FHV DQG�6DFFKDURP\FHV \HDVWV LQ�WKH�FXOWXUH�FROOHFWLRQ ZHUH�����DQG������

UHVSHFWLYHO\ �)LJXUH������

)LJXUH �����7KH�1XPEHUV�RI�,VRODWHG�1RQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV <HDVWV�LQ�WKH�&XOWXUH�

&ROOHFWLRQ



���

,Q� WKLV� VWXG\�� �� GLIIHUHQW� VSHFLHV�ZHUH� REWDLQHG� DV�+DQVHQLDVSRUD� JXLOOLHUPRQGLL��

+DQVHQLDVSRUD� RSXQWLDH�� +DQVHQLDVSRUD� XYDUXP�� 5KRGRWRUXOD� PXFLODJLQRVD��

:LFNHUKDPRP\FHV� DQRPDOXV�� 0HWVFKQLNRZLD� DII�� IUXFWLFROD�� 0HWVFKQLNRZLD�

IUXFWLFROD�� /DFKDQFHD� WKHUPRWROHUDQV�� 6ROLFRFFR]\PD� DHULD�� 0HWVFKQLNRZLD� DII��

SXOFKHUULPD��0HWVFKQLNRZLD� SXOFKHUULPD��0HWVFKQLNRZLD� VLQHQVLV� 0HWVFKQLNRZLD�

FKU\VRSHUODH��6WDUPHUHOOD�EDFLOODULV��6DFFKDURP\FHV�FHUHYLVLDH DQG�6DFFKDURP\FHV�

FHUHYLVLDH�SDUDGR[XV� +RZHYHU�� 0HWVFKQLNRZLD� VLQHQVLV ZDV� LGHQWLILHG� DV�

0HWVFKQLNRZLD� SXOFKHUULPD DQG� 6DFFKDURP\FHV� FHUHYLVLDH�SDUDGR[XV DV�

6DFFKDURP\FHV�FHUHYLVLDH E\�'��'��VHTXHQFLQJ��

3KHQRW\SLF�FKDUDFWHUL]DWLRQ�ZDV�SHUIRUPHG�IRU�LVRODWHG�DQG�LGHQWLILHG�VWUDLQV��)LUVWO\��

DOFRKRO�WROHUDQFH�DQG�+�6�SURGXFWLRQ�RI�6DFFKDURP\FHV \HDVWV�ZHUH�WHVWHG�DQG�KDYLQJ�

D�KLJK�DOFRKRO�WROHUDQFH DQG�ORZ�+�6�SURGXFLQJ LVRODWHV�ZHUH�VHOHFWHG IRU�HDFK�JUDSH�

YDULHW\�� 62��� S+�� WHPSHUDWXUH� WROHUDQFH� DQG� FDUERK\GUDWH� IHUPHQWDWLRQ� DELOLWLHV� RI�

VHOHFWHG�LVRODWHV�ZHUH�DOVR�WHVWHG��$FFRUGLQJ�WR� WKHVH�SURSHUWLHV�� WKH�VHOHFWLRQ WDEOH�

ZDV�FUHDWHG �7DEOH ������ *HQHUDO�SURSHUWLHV�RI�WKHVH�VHOHFWHG�\HDVWV�ZHUH�����DQG�

DERYH�����DOFRKRO�WROHUDQFH��ORZ�+�6�SURGXFWLRQ����RU�����UHVLVWDQFH�WR�S+�������DQG�

����H[FHSW�'$����&0�6��VWUDLQ���JURZWK�DW���Û& DQG ��Û&��IHUPHQWDWLRQ RI�VXFURVH�

DQG�PDOWRVH��GLVVLPLODWLRQ RI�PDOWRVH�DQG�ODFWRVH� 7KHVH�6DFFKDURP\FHV LVRODWHV ZLWK�

KLJK�WHFKQRORJLFDO�SURSHUWLHV IRU�ZLQH�SURGXFWLRQ ZHUH�VHOHFWHG�DV�VWDUWHU�FXOWXUHV���

,Q�DGGLWLRQ��QRQ�6DFFKDURP\FHV�LVRODWHV�ZHUH�JHQHUDOO\�IRXQG�ORZ�DOFRKRO�WROHUDQFH�

�EHORZ� ������ KLJK� 62� WROHUDQFH� ����� PJ�/��� DQG� LQWHUPHGLDWH� DQG� KLJK� +�6�

SURGXFWLRQ����DQG�DERYH�����2Q�WKH�RWKHU�KDQG��VRPH�RI�WKHP�ZHUH�IRXQG�KLJK�DOFRKRO�

WROHUDQFH�������VXFK�DV�2$���&0�6���:LFNHUKDPRP\FHV�DQRPDOXV���2$���&0�16�

�+DQVHQLDVSRUD�RSXQWLDH���.%���&0�16���:LFNHUKDPRP\FHV�DQRPDOXV���'$���&0�

16���0HWVFKQLNRZLD�DII��SXOFKHUULPD���,Q�DGGLWLRQ��.$���10�16� �+DQVHQLDVSRUD�

RSXQWLDH��� .$� ��10� 16� �+DQVHQLDVSRUD� RSXQWLDH� DQG� '$� ��&0� 16��

�0HWVFKQLNRZLD�SXOFKHUULPD��SURGXFHG ORZ�OHYHO�RI�+�6������



���

:KLWH� DQG� UHG�ZLQHV�ZHUH�PDGH XVLQJ� VRPH� LVRODWHV� LQ�RXU� FXOWXUH� FROOHFWLRQ�DV� D�

VWDUWHU�FXOWXUH�LQ�RUGHU�WR�DQDO\]H�YRODWLOH�FRPSRXQGV�DQG�IODYRXU�SURILOHV��$FFRUGLQJ�

WR�IODYRXU�SURILOHV��(PLU�DQG�gN�]J|]��ZLQHV�ZLWK�/DFKDQFHD�WKHUPRWROHUDQV VWUDLQ

ZHUH� IRXQG� VXFFHVVIXO E\� GHJXVWDWRUV�� 2XU� /DFKDQFHD� WKHUPRWROHUDQV VWUDLQ� ZDV�

UDQGRPO\� FKRVHQ� IURP� gN�]J|]�� JUDSHV� DQG� LQRFXODWHG� VHTXHQWLDOO\� ZLWK� RXU�

6DFFKDURP\FHV� FHUHYLVLDH DV� VWDUWHU� FXOWXUHV� WR� SURGXFH� ZLQH� 7KH� WRWDO� DURPD�

FRQFHQWUDWLRQV�ZHUH IRXQG�KLJKHU�LQ�(�/7�6& �������PJ�/��WKDQ�(�6&��������PJ�/�

ZLWK�UHVSHFW�WR�*6�06�UHVXOWV����(WKR[\���SURSDQRO �IUXLW\���LVRDP\O�DFHWDWH �EDQDQD�

DQG�SKHQ\OHWK\O DFHWDWH �SOHDVDQW�DURPD� ZHUH�KLJKHU�LQ�(�/7�6& ZLQH�ZKLOH�HWK\O�

RFWDQRDWH �SLQHDSSOH���HWK\O�KH[DQRDWH �IORZHU\���DQG�KH[DQRLF�DFLG �FKHHVH�RGRXU�

ZHUH�IRXQG�KLJKO\ LQ�(�6&�

.���� ZDV� IRXQG� PRUH� VXFFHVVIXO� WKDQ� RWKHUV� E\� WKH� GHJXVWDWRUV� ZKLOH� WKH� WRWDO�

FRQFHQWUDWLRQV��RI��DURPD�FRPSRXQGV�ZHUH ������ PJ�/�LQ�.����������� PJ�/�LQ�.�

+8 DQG �������PJ�/� LQ� .�6&� ��(WKR[\���SURSDQRO� �IUXLW\��� PHWKLRQRO� �FRRNHG�

YHJHWDEOH� DQG� SKHQHWK\O� DFHWDWH� �SOHDVDQW� ZHUH IRXQG� KLJKHU� LQ� .�+8�� ZKLOH�

JXDLDFRO��VPRNH� ZDV�KLJK�OHYHO�LQ�.�����2Q�WKH�RWKHU�KDQG��LVRDP\O�DOFRKRO��ZKLVNH\�

DURPD��� SKHQ\OHWK\O� DOFRKRO� �URVH��� LVRDP\O� DFHWDWH� �EDQDQD��� HWK\O� RFWDQRDWH�

�SLQHDSSOH���HWK\O�KH[DQRDWH �IORZHU\�����PHWKR[\���YLQ\OSKHQRO��FXUU\�VSLFH����DQG�

JHUDQLRO��URVH��ZHUH�IRXQG�LQ�DOO�ZLQH¶V VDPSOHV��2$9!����

7KLV�VWXG\�UHYHDOHG�QDWLYH�QRQ�6DFFKDURP\FHV DQG�6DFFKDURP\FHV \HDVW�SRSXODWLRQV�

LQ�7XUNH\��6HOHFWHG�VWUDLQV�RI�VWDUWHU�FXOWXUHV�IRU�DXWKHQWLF�ZLQH�SURGXFWLRQV�FDQ�EH�

XVHG�WR�LPSURYH�DURPD�DQG�TXDOLW\�RI�QDWLYH�ZLQHV�





���

5()(5(1&(6

$QGRUUj��,���%HUUDGUH��0���5R]qV��1���0DV��$���*XLOODPyQ��-��0���	�(VWHYH�=DU]RVR��
%����������(IIHFW�RI�SXUH�DQG�PL[HG�FXOWXUHV�RI�WKH�PDLQ�ZLQH�\HDVW�VSHFLHV�RQ�
JUDSH�PXVW� IHUPHQWDWLRQV��(XURSHDQ�)RRG�5HVHDUFK� DQG� 7HFKQRORJ\����������
���±�����KWWSV���GRL�RUJ���������V����������������

$UEHIHYLOOH��6���+DUULV��$���	�)HUULHUL��3����������&RPSDULVRQ�RI�VHTXHQFLQJ�WKH�'��
UHJLRQ� RI� WKH� ODUJH� VXEXQLW� ULERVRPDO� 51$� JHQH� �0LFUR6(4� ��� YHUVXV� WKH�
LQWHUQDO� WUDQVFULEHG� VSDFHU� �,76�� UHJLRQV� XVLQJ� WZR� SXEOLF� GDWDEDVHV� IRU�
LGHQWLILFDWLRQ� RI� FRPPRQ� DQG� XQFRPPRQ� FOLQLFDOO\� UHOHYDQW� IXQJDO� VSHFLHV��
-RXUQDO� RI� 0LFURELRORJLFDO� 0HWKRGV� ����� ��±���
KWWSV���GRL�RUJ���������M�PLPHW������������

$UFDUL��6��*���&DOLDUL��9���6JDQ]HUOD��0���	�*RGR\��+��7����������9RODWLOH�FRPSRVLWLRQ�
RI�0HUORW�UHG�ZLQH�DQG�LWV�FRQWULEXWLRQ�WR�WKH�DURPD��2SWLPL]DWLRQ�DQG�YDOLGDWLRQ�
RI�DQDO\WLFDO�PHWKRG��7DODQWD����������������GRL���������M�WDODQWD�������������

$VVLV��0��2���3HUHLUD��$���6DQWRV��&���5RVD��&��$���(XJrQLD��0���	�0DPHGH��'��2��
��������,PSDFW RI�D�1RQ� 6DFFKDURP\FHV�<HDVW�,VRODWHG�LQ�WKH�(TXDWRULDO�5HJLRQ�
LQ�WKH�$FFHSWDQFH�RI�:LQH�$URPD��)RRG�DQG�1XWULWLRQ�6FLHQFHV���$SULO������±
�����KWWSV���GRL�RUJ���������IQV�����������

$]]ROLQL��0���7RVL��(���/RUHQ]LQL��0���)LQDWR��)���	�=DSSDUROL��*����������&RQWULEXWLRQ�
WR� WKH�DURPD�RI�ZKLWH�ZLQHV�E\�FRQWUROOHG�7RUXODVSRUD�GHOEUXHFNLL FXOWXUHV�LQ�
DVVRFLDWLRQ�ZLWK�6DFFKDURP\FHV�FHUHYLVLDH��:RUOG�-RXUQDO�RI�0LFURELRORJ\�DQG�
%LRWHFKQRORJ\������������±�����KWWSV���GRL�RUJ���������V����������������

%D÷GHU�� 6�� �������� 7�UNL\H¶GH� 'H÷LúLN� ùDUDS� %|OJHOHULQGHQ� ø]ROH� (GLOPLú� ùDUDS�
0D\DODUÕQÕQ�7HNQRORMLN�g]HOOLNOHUL���0DVWHU�7KHVLV��$QNDUD�8QLYHUVLW\ $QNDUD��
7XUNH\��KWWSV���GRL�RUJ���������&%2�����������������

%DNHU�� -��	�&ODUNH�� -�� 5�� ��������:LQH� IODYRXU� :LQH� )ODYRXU�&KHPLVWU\�� 6HFRQG�
(GLWLRQ���KWWSV���GRL�RUJ����������������������

%DONDQ�3D]DU �Q�G����5HWULHYHG�IURP�KWWS���ZZZ�EDONDQSD]DU�RUJ�WUBVDUDS�DVS



���

%DOHLUDV�&RXWR��0��0���	�(LUDV�'LDV�� -��(�� ��������'HWHFWLRQ�DQG� LGHQWLILFDWLRQ�RI�
JUDSH� YDULHWLHV LQ�PXVW� DQG�ZLQH� XVLQJ� QXFOHDU� DQG� FKORURSODVW�PLFURVDWHOOLWH�
PDUNHUV�� $QDO\WLFD� &KLPLFD� $FWD�� �������� 63(&�� ,66���� ���±�����
KWWSV���GRL�RUJ���������M�DFD������������

%DUQHWW� -�$��� 3D\QH� 5�:�� DQG� <DUURZ� '�� ������� <HDVWV�� &KDUDFWHULVWLFV� DQG�
,GHQWL¿FDWLRQ���UG�HGQ��&DPEULGJH�8QLYHUVLW\�3UHVV�&DPEULGJH��8.

%HFNQHU�� 0�� (��� &DUOLQ�� 6��� -DFREVRQ�� '��� :HLJKLOO�� '��� 'LYRO�� %��� &RQWHUQR�� /���
9UKRYVHN�� 8�� �������� (DUO\� IHUPHQWDWLRQ� YRODWLOH� PHWDEROLWH� SURILOH� RI� QRQ�
6DFFKDURP\FHV \HDVWV�LQ�UHG�DQG�ZKLWH�JUDSH�PXVWௗ��$�WDUJHWHG�DSSURDFK��/:7��
)RRG� 6FLHQFH� DQG� 7HFKQRORJ\�� ������� ���±�����
KWWSV���GRL�RUJ���������M�OZW������������

%RHNKRXW� 7���	�5REHUW��9����������<HDVWV�LQ�IRRG��%HQHILFLDO�DQG�GHWULPHQWDO�DVSHFWV��
/RQGRQ��(OVHYLHU�

%HOORFK�� &��� %DUULR�� (��� *DUFLD�� 0�� '��� 	� 4XHURO�� $�� �������� 3K\ORJHQHWLF�
UHFRQVWUXFWLRQ�RI� WKH�\HDVW�JHQXV�.OX\YHURP\FHV ��5HVWULFWLRQ�PDS�DQDO\VLV�RI�
WKH� ���6 U51$� JHQH� DQG� WKH� WZR� ULERVRPDO� LQWHUQDO� WUDQVFULEHG� VSDFHUV��
6\VWHPDWLF� 1G� $SSOLHG� 0LFURELRORJ\�� ������ ���±�����
KWWSV���GRL�RUJ���������6��������������������

%RXFKLOORX[�� 3��� 'DUULHW�� 3��� 	� +HQU\�� 5�� �������� ,GHQWLILFDWLRQ� RI� YRODWLOH� DQG�
SRZHUIXO�RGRURXV�WKLROV�LQ�ERUGHDX[�UHG�ZLQH�YDULHWLHV��-RXUQDO�RI�$JULFXOWXUDO�
DQG�)RRG�&KHPLVWU\����������������±������KWWSV���GRL�RUJ���������MI������G

%RZHUV��-���%RXUVLTXRW��-�0���7KLV��3���&KX��.���-RKDQVVRQ��+���	�0HUHGLWK��&����������
+LVWRULFDO�JHQHWLFV��WKH�SDUHQWDJH�RI�&KDUGRQQD\��*DPD\��DQG�RWKHU�ZLQH�JUDSHV�
RI� 1RUWKHDVWHUQ� )UDQFH�� (G�� 6FLHQFH�� ����� ����������� 5HWULHYHG� IURP�
KWWS���SURGLQUD�LQUD�IU�UHFRUG������

&DEDURJOX��7���&DQEDV��$���%DXPHV��5���%D\RQRYH��&���/HSRXWUH��-��3���	�*�QDWD��=��
�������� $URPD� FRPSRVLWLRQ� RI� D� ZKLWH� ZLQH� RI�9LWLV� YLQLIHUD�/� FY� (PLU� DV�
DIIHFWHG� E\� VNLQ� FRQWDFW�� -RXUQDO� RI� )RRG� 6FLHQFH�� ������� ���±�����
KWWSV���GRL�RUJ���������M����������������WE������[

&DxDV��3��0��,���*DUFtD��$��7��3���	�5RPHUR��(��*����������(QKDQFHPHQW�RI�IODYRXU�
SURSHUWLHV� LQ� ZLQHV� XVLQJ� VHTXHQWLDO� LQRFXODWLRQV� RI� QRQ�6DFFKDURP\FHV�
�+DQVHQXOD DQG� 7RUXODVSRUD�� DQG� 6DFFKDURP\FHV \HDVW� 9,7,6� � -RXUQDO� RI�
*UDSHYLQH� 5HVHDUFK�� ������� ���±����� 5HWULHYHG� IURP�
KWWS���SXE�MNL�EXQG�GH�LQGH[�SKS�9,7,6�DUWLFOH�YLHZ�����



���

&DSHFH�� $��� 5RPDQLHOOR�� 5��� 6LHVWR�� *��� 3LHWUDIHVD�� 5��� 0DVVDUL�� &��� 3RHWD�� &��� 	�
5RPDQR��3� ��������6HOHFWLRQ�RI�LQGLJHQRXV�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�IRU�
1HUR� G¶$YROD� ZLQH� DQG� HYDOXDWLRQ� RI� VHOHFWHG� VWDUWHU� LPSODQWDWLRQ� LQ� SLORW�
IHUPHQWDWLRQ�� ,QWHUQDWLRQDO� -RXUQDO� RI� )RRG� 0LFURELRORJ\�� �������� ���±�����
KWWSV���GRL�RUJ���������M�LMIRRGPLFUR������������

&DSSHOOR�� 0�� 6��� %OHYH�� *��� *ULHFR�� )��� 'HOODJOLR�� )��� 	� =DFKHR�� *�� ��������
&KDUDFWHUL]DWLRQ�RI�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�LVRODWHG�IURP�PXVW�RI�JUDSH�
JURZQ�LQ�H[SHULPHQWDO�YLQH\DUG��-RXUQDO�RI�$SSOLHG�0LFURELRORJ\�������������±
������KWWSV���GRL�RUJ���������M����������������������[

&DUUDX�� )�� 0��� 0HGLQD�� .��� %RLGR�� (��� )DULQD�� /��� *DJJHUR�� &��� 'HOODFDVVD�� (���
+HQVFKNH��3��$����������'H�QRYR�V\QWKHVLV�RI�PRQRWHUSHQHV�E\�6DFFKDURP\FHV�
FHUHYLVLDH ZLQH� \HDVWV�� )(06� 0LFURELRORJ\� /HWWHUV�� ���� ���±�����
KWWSV���GRL�RUJ���������M�IHPVOH������������

&KDYDQ�� 3��� 0DQH�� 6��� .XONDUQL�� *��� 6KDLNK�� 6��� *KRUPDGH�� 9��� 1HUNDU�� '�� 3���
'HVKSDQGH��0��9����������1DWXUDO�\HDVW�IORUD�RI�GLIIHUHQW�YDULHWLHV�RI�JUDSHV�XVHG�
IRU� ZLQH� PDNLQJ� LQ� ,QGLD�� )RRG� 0LFURELRORJ\�� ������� ���±�����
KWWSV���GRL�RUJ���������M�IP������������

&KULVWRSK��0��(���	�7KRPDV��+��.����������,GHQWLILFDWLRQ�RI�%UHWWDQRP\FHV�'HNNHUD
VSHFLHV�EDVHG�RQ�SRO\PRUSKLVP�LQ�WKH�U5QD�LQWHUQDO�WUDQVFULEHG�VSDFHU�UHJLRQ��
$PHULFDQ�-RXUQDO�RI�(QRORJ\�DQG�9LWLFXOWXUH������������±����

&LDQL��0��DQG�)DWLFKHQWL��)����������6HOHFWLYH�VXJDU�FRQVXPSWLRQ�E\�DSLFXODWH�\HDVWV��
/HWW��$SSO��0LFURELRO���������±����

&LDQL��0���	�)HUUDUR��/����������&RPELQHG�XVH�RI�LPPRELOL]HG�&DQGLGD�VWHOODWD FHOOV�
DQG� 6DFFKDURP\FHV� FHUHYLVLDH WR� LPSURYH� WKH� TXDOLW\� RI� ZLQHV�� -RXUQDO� RI�
$SSOLHG� 0LFURELRORJ\�� ������� ���±����� KWWSV���GRL�RUJ���������M������
����������������[

&LDQL�� 0DXUL]LR�� %HFR�� /��� 	� &RPLWLQL�� )�� �������� )HUPHQWDWLRQ� EHKDYLRXU� DQG�
PHWDEROLF� LQWHUDFWLRQV� RI� PXOWLVWDUWHU� ZLQH \HDVW� IHUPHQWDWLRQV�� ,QWHUQDWLRQDO�
-RXUQDO� RI� )RRG� 0LFURELRORJ\�� �������� ���±�����
KWWSV���GRL�RUJ���������M�LMIRRGPLFUR������������

&OHPHQWH�-LPHQH]�� -�� 0��� 0LQJRUDQFH�&D]RUOD�� /��� 0DUWtQH]�5RGUtJXH]�� 6��� /DV�
+HUDV�9i]TXH]��)��-���	�5RGUtJXH]�9LFR��)����������,QIOXHQFH�RI�VHTXHQWLDO�\HDVW�
PL[WXUHV� RQ� ZLQH� IHUPHQWDWLRQ�� ,QWHUQDWLRQDO� -RXUQDO� RI� )RRG�0LFURELRORJ\��
����������±�����KWWSV���GRL�RUJ���������M�LMIRRGPLFUR������������



���

&OHPHQWH�-LPHQH]�� -RVHID�0DUtD��0LQJRUDQFH�&D]RUOD��/���0DUWtQH]�5RGUtJXH]��6���
/DV� +HUDV�9i]TXH]�� )�� -��� 	� 5RGUtJXH]�9LFR�� )�� �������� 0ROHFXODU�
FKDUDFWHUL]DWLRQ� DQG� RHQRORJLFDO� SURSHUWLHV� RI� ZLQH� \HDVWV� LVRODWHG� GXULQJ�
VSRQWDQHRXV� IHUPHQWDWLRQ� RI� VL[� YDULHWLHV� RI� JUDSH�PXVW��)RRG�0LFURELRORJ\��
����������±�����KWWSV���GRL�RUJ���������6��������������������

&RFROLQ��/���3HSH��9���&RPLWLQL��)���&RPL��*���	�&LDQL��0�� ��������(QRORJLFDO�DQG�
JHQHWLF� WUDLWV� RI� 6DFFKDURP\FHV� FHUHYLVLDH LVRODWHG� IURP� IRUPHU� DQG� PRGHUQ�
ZLQHULHV�� )(06� <HDVW� 5HVHDUFK�� ������ ���±�����
KWWSV���GRL�RUJ���������M�IHPV\U������������

&RPLWLQL�� )��� *REEL��0���'RPL]LR�� 3��� 5RPDQL��&��� /HQFLRQL�� /���0DQQD]]X�� ,��� 	�
&LDQL�� 0�� �������� 6HOHFWHG� QRQ�6DFFKDURP\FHV ZLQH� \HDVWV� LQ� FRQWUROOHG�
PXOWLVWDUWHU�IHUPHQWDWLRQV�ZLWK�6DFFKDURP\FHV�FHUHYLVLDH��)RRG�0LFURELRORJ\��
����������±�����KWWSV���GRL�RUJ���������M�IP������������

&RUGHUR�EXHVR�� *��� 0DQJLHUL�� 1��� 0DJKUDG]H�� '��� )RVFKLQR�� 5��� 9DOGHWDUD�� )���
&DQWRUDO��-��0���	�9LJHQWLQL��,����������:LOG�JUDSH�DVVRFLDWHG�\HDVWV�DV�SURPLVLQJ�
ELRFRQWURO� DJHQWV� DJDLQVW� YLWLV� YLQLIHUD� IXQJDO� SDWKRJHQV�� ��1RYHPEHU���
KWWSV���GRL�RUJ���������IPLFE�����������

dHOLN��=��'���(UWHQ��+���'DULFL��0���	�&DEDUR÷OX��7����������0ROHFXODU�FKDUDFWHUL]DWLRQ�
DQG� WHFKQRORJLFDO� SURSHUWLHV RI� ZLQH� \HDVWV� LVRODWHG� GXULQJ� VSRQWDQHRXV�
IHUPHQWDWLRQ�RI�9LWLV�YLQLIHUD�/�FY� 1DULQFH�JUDSH�PXVW�JURZQ�LQ�DQFLHQW�ZLQH�
PDNLQJ� DUHD� 7RNDW�� $QDWROLD�� %,2� :HE� RI� &RQIHUHQFHV�� ��� �������
KWWSV���GRL�RUJ���������ELRFRQI������������

'¶$JDWD��,����������1DWLYH�ZLQH�JUDSHV�RI�,WDO\� (G��8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV�

'LDV�� /��� 'LDV� 6�� 6DQFKR 7��� 6WHQGHU�� 4XHURO +��� $��� 0DOIHLWR�)HUUHLUD 0��� DQG�
/RXUHLUR� 9� �������� ,GHQWL¿FDWLRQ� RI� \HDVWV� LVRODWHG� IURP� ZLQH�UHODWHG�
HQYLURQPHQWV�DQG�FDSDEOH�RI�SURGXFLQJ���HWK\OSKHQRO��)RRG�0LFURELRO���������±
����

'RQ�� %�� ��������+DQGERRN� RI� (QRORJ\� 9ROXPH� �� 7KH� 0LFURELRORJ\� RI� :LQH� DQG�
9LQLILFDWLRQV���QG�(GLWLRQ �9RO�����

(EHOHU��6��(���	�7KRUQJDWH��-��+����������:LQH�FKHPLVWU\�DQG�IODYRUࣟ��/RRNLQJ�LQWR�WKH�
&U\VWDO�*ODVV������±������KWWSV���GRL�RUJ���������MI�������



���

(QJOH]RV��9���5DQWVLRX��.���7RUFKLR��)���5ROOH��/���*HUEL��9���	�&RFROLQ��/����������
([SORLWDWLRQ�RI� WKH�QRQ�6DFFKDURP\FHV \HDVW�6WDUPHUHOOD�EDFLOODULV �V\QRQ\P�
&DQGLGD� ]HPSOLQLQD�� LQ� ZLQH� IHUPHQWDWLRQௗ�� 3K\VLRORJLFDO� DQG� PROHFXODU�
FKDUDFWHUL]DWLRQV�� ,QWHUQDWLRQDO� -RXUQDO� RI� )RRG� 0LFURELRORJ\�� ����� ��±����
KWWSV���GRL�RUJ���������M�LMIRRGPLFUR������������

(UWHQ�� +� �������� 5HODWLRQV� EHWZHHQ� HOHYDWHG� WHPSHUDWXUHV� DQG� IHUPHQWDWLRQ�
EHKDYLRXU�RI�.ORHFNHUD�DSLFXODWD DQG�6DFFKDURP\FHV�FHUHYLVLDH DVVRFLDWHG�ZLWK�
ZLQHPDNLQJ� LQ� PL[HG� FXOWXUHV�� :RUOG� -RXUQDO� RI� 0LFURELRORJ\� DQG�
%LRWHFKQRORJ\������������±�����KWWSV���GRL�RUJ���������D��������������

(UWHQ�� +��� 	� 7DQJXOHU�� +�� �������� ,QIOXHQFH� RI� :LOOLRSVLV� VDWXUQXV \HDVWV� LQ�
FRPELQDWLRQ�ZLWK� 6DFFKDURP\FHV� FHUHYLVLDH RQ�ZLQH� IHUPHQWDWLRQ��/HWWHUV� LQ�
$SSOLHG� 0LFURELRORJ\�� ������� ���±����� KWWSV���GRL�RUJ���������M������
���;������������[

(VFXGHUR��$��� &DPSR�� (��� )DULxD�� /��� &DFKR�� -���	� )HUUHLUD�� 9�� �������� $QDO\WLFDO�
FKDUDFWHUL]DWLRQ�RI�WKH�DURPD�RI�ILYH�SUHPLXP�UHG�ZLQHV��,QVLJKWV�LQWR�WKH�UROH�RI�
RGRU�IDPLOLHV�DQG�WKH�FRQFHSW�RI�IUXLWLQHVV�RI�ZLQHV��-RXUQDO�RI�$JULFXOWXUDO�DQG�
)RRG�&KHPLVWU\���������������������GRL���������MI�������

(VWHYH�=DU]RVR��%���%HOORFK��&���8UXEXUX��)���	�4XHURO��$����������,GHQWLILFDWLRQ�RI�
\HDVWV�E\�5)/3�DQDO\VLV�RI�WKH����6�U51$�JHQH�DQG�WKH�WZR�ULERVRPDO�LQWHUQDO�
WUDQVFULEHG� VSDFHUV�� ,QWHUQDWLRQDO� -RXUQDO� RI� 6\VWHPDWLF� %DFWHULRORJ\�� �������
���±�����KWWSV���GRL�RUJ��������������������������

(VWHYH�=DU]RVR��%���3HULV�7RUDQ��0��-���*DUFLD�0DLTXH]��(���8UXEXUX��)���	�4XHURO��
$�� ��������<HDVW� SRSXODWLRQ� G\QDPLFV� GXULQJ� WKH� IHUPHQWDWLRQ� DQG�ELRORJLFDO�
DJLQJ� RI VKHUU\� ZLQHV�� ������� ����±������
KWWSV���GRL�RUJ���������$(0����������

)DQJ��<���	�4LDQ��0��&����������'HYHORSPHQW�RI�&���QRULVRSUHQRLGV���FDURWHQRLGV�DQG�
RWKHU� YRODWLOH� FRPSRXQGV� LQ� 9LWLV� YLQLIHUD� /� �� &Y �� 3LQRW� QRLU� JUDSHV�� )RRG�
&KHPLVWU\����������±�����KWWSV���GRL�RUJ���������M�IRRGFKHP������������

)$2���������5HWULHYHG�IURP�KWWS���ZZZ�IDR�RUJ�KRPH�HQ�

)D]]DODUL��)��$���(G���� ��������&RPSLODWLRQ�RI�RGRU�DQG�WDVWH�WKUHVKROG�YDOXHV�GDWD��
GRL����������GV��D�HE



���

)HUQDQGH]�(VSLQDU��0��7��(VWHYH�=DU]RVR��%���4XHURO��$���	�%DUULR��(����������5)/3�
DQDO\VLV�RI�WKH�ULERVRPDO�LQWHUQDO�WUDQVFULEHG�VSDFHUV�DQG�WKH����6�U51$�JHQH�
UHJLRQ�RI�WKH�JHQXV�6DFFKDURP\FHV��D�IDVW�PHWKRG�IRU�VSHFLHV�LGHQWLILFDWLRQ�DQG�
WKH�GLIIHUHQWLDWLRQ�RI�IORU�\HDVWV��.O��������±����KWWSV���GRL�RUJ���������%

)HUQDQGH]�(VSLQDU��0�� 7��� /ORSLV�� 6��� 4XHURO�� $���	� %DUULR�� (�� �������� 0ROHFXODU�
,GHQWLILFDWLRQ� DQG� &KDUDFWHUL]DWLRQ� RI� :LQH� <HDVWV��
KWWSV���GRL�RUJ���������%�������������������������

)OHHW��*��+����������<HDVW�LQWHUDFWLRQV�DQG�ZLQH�IODYRXU��,QWHUQDWLRQDO�-RXUQDO�RI�)RRG�
0LFURELRORJ\������±������±����KWWSV���GRL�RUJ���������6��������������������

)XJHOVDQJ�� .�� &��� 	� (GZDUGV�� &�� *�� �������� :LQH� PLFURELRORJ\�� 3UDFWLFDO�
DSSOLFDWLRQV�DQG�SURFHGXUHV��KWWSV���GRL�RUJ��������������������������

*DLOODUGLQ�&��DQG�+HVORW�+���������/DOHYXUH� /D5HFKHUFKH��������������±����

*DOHW��3���������'LFWLRQQDLUH�HQF\FORSpGLTXH�GHV�FpSDJHV�HW�GH�OHXUV�V\QRQ\PHV��(G��
/LEUH	6ROLGDLUH�

*DOHW��3���������&pSDJHV�HW�YLJQREOHV�GH�)UDQFH� (G��0LQLVWqUH�GH�OD�5HFKHUFKH�HW�GH�
OD�7HFKQRORJLH��9RO�,,�

*DUDYDJOLD��-���6FKQHLGHU��5��GH�&��GH�6���&DPDUJR�0HQGHV��6��'���:HONH��-��(���=LQL��
&��$���&DUDPmR��(��%���	�9DOHQWH��3����������(YDOXDWLRQ�RI�=\JRVDFFKDURP\FHV�
EDLOLL�%&9����DV�D�FR�VWDUWHU�LQ�ZLQH�IHUPHQWDWLRQ�IRU�WKH�LPSURYHPHQW�RI�HWK\O�
HVWHUV� SURGXFWLRQ�� 0LFURELRORJLFDO� 5HVHDUFK�� ����� ��±����
KWWSV���GRL�RUJ���������M�PLFUHV������������

*DUFtD��0���(VWHYH�]DU]RVR��%���&UHVSR��-���&DEHOORV��-��0���	�$UUR\R��7����������<HDVW�
PRQLWRULQJ� RI�ZLQH�PL[HG�RU� VHTXHQWLDO� IHUPHQWDWLRQV�PDGH�E\� QDWLYH� VWUDLQV�
IURP�'�2�³9LQRV�GH�0DGULG�´�XVLQJ�UHDO�WLPH�TXDQWLWDWLYH�3&5����'HFHPEHU���
�±����KWWSV���GRL�RUJ���������IPLFE�����������

*KRVK��6����������0HWDJHQRPLF�VFUHHQLQJ�RI�FHOO�ZDOO�K\GURODVHV���WKHLU�DQWL�IXQJDO�
DFWLYLWLHV� DQG� SRWHQWLDO UROH� LQ� ZLQH� IHUPHQWDWLRQ�� �0DUFK� �������
KWWSV���GRL�RUJ����������5*����������������

*LUDUG�� %��� <XNVHO�� '��� &OLII�� 0�� $��� 'HODTXLV�� 3��� 	� 5H\QROGV�� $�� *�� ��������
9LQLILFDWLRQ�HIIHFWV�RQ�WKH�VHQVRU\��FRORXU�DQG�*&�SURILOHV�RI�3LQRW�QRLU�ZLQHV�
IURP� %ULWLVK &ROXPELD�� )RRG� 5HVHDUFK� ,QWHUQDWLRQDO�� ������� ���±�����
KWWSV���GRL�RUJ���������6��������������������



���

*REEL��0��� &RPLWLQL�� )��� 'RPL]LR�� 3��� 5RPDQL��&��� /HQFLRQL�� /���0DQQD]]X�� ,��� 	�
&LDQL��0����������/DFKDQFHD�WKHUPRWROHUDQV DQG�6DFFKDURP\FHV�FHUHYLVLDH LQ
VLPXOWDQHRXV�DQG�VHTXHQWLDO�FR�IHUPHQWDWLRQ��$�VWUDWHJ\�WR�HQKDQFH�DFLGLW\�DQG�
LPSURYH� WKH� RYHUDOO� TXDOLW\� RI� ZLQH�� )RRG� 0LFURELRORJ\�� ������� ���±�����
KWWSV���GRL�RUJ���������M�IP������������

*ROGKDZNH��%���.DKORQ��0���/RWWR��-���	�'HHJ��&��0����������<HDVWV�IURP�JUHHQKRXVH�
JUDSHV� VKRZ� OHVV� SKHQRW\SLF� DQG� JHQHWLF� GLYHUVLW\� WKDQ� \HDVWV� IURP� YLQH\DUG�
JUDSHV�ZKHQ�LVRODWHG�IURP�JUDSH�FUXVK�FXOWXUHG�LQ�OLTXLG�PHGLD����-XQH����±���

*RQ]iOH]�$UHQ]DQD� /��� *DULMR�� 3��� %HUODQDV�� &��� /ySH]�$OIDUR�� ,��� /ySH]�� 5���
6DQWDPDUtD��3���	�*XWLpUUH]��$��5����������*HQHWLF�DQG�SKHQRW\SLF�LQWUDVSHFLILF�
YDULDELOLW\�RI�QRQ�6DFFKDURP\FHV \HDVWV�SRSXODWLRQV�IURP�/D�5LRMD�ZLQHJURZLQJ�
UHJLRQ� �6SDLQ��� -RXUQDO� RI� $SSOLHG� 0LFURELRORJ\�� �������� ���±�����
KWWSV���GRL�RUJ���������MDP������

*XLOODP|Q�� -�� 0��� 6DEDWp�� -��� %DUULR�� (��� &DQR�� -��� 	� 4XHURO�� $�� �������� 5DSLG�
LGHQWLILFDWLRQ�RI�ZLQH� \HDVW� VSHFLHV�EDVHG�RQ�5)/3� DQDO\VLV�RI� WKH� ULERVRPDO�
LQWHUQDO�WUDQVFULEHG�VSDFHU��,76��UHJLRQ��$UFKLYHV�RI�0LFURELRORJ\�������������±
�����KWWSV���GRL�RUJ���������V������������

*XLPDUDHV��7��0���0RULHO��'��*���0DFKDGR��,��3���)DGHO�3LFKHWK��&��0��7���%RQILP��7��
�������� ,VRODWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI� 6DFFKDURP\FHV� FHUHYLVLDH� VWUDLQV RI�
ZLQHU\�LQWHUHVW��5HYLVWD�%UDVLOHLUD�GH�&LHQFLDV�)DUPDFHXWLFDV������������±�����
KWWSV���GRL�RUJ���������6����������������������

+HQLFN�.OLQJ��7���(GLQJHU��:���'DQLHO��3���	�0RQN��3����������6HOHFWLYH�HIIHFWV�RI�
VXOIXU�GLR[LGH�DQG�\HDVW�VWDUWHU�FXOWXUH�DGGLWLRQ�RQ�LQGLJHQRXV�\HDVW�SRSXODWLRQV�
DQG�VHQVRU\�FKDUDFWHULVWLFV�RI�ZLQH��-RXUQDO�RI�$SSOLHG�0LFURELRORJ\���������±
�����KWWSV���GRL�RUJ���������M����������������������[

+HUUDL]�� 7��� 5HJOHUR�� *��� 0DUWLQ�$OYDUH]�� 3�� -��� +HUUDL]�� 0��� 	� &DEH]XGR��0�� '��
��������,GHQWLILFDWLRQ�RI�DURPD�FRPSRQHQWV�RI�6SDQLVK�µ9HUGHMR¶�ZLQH��-RXUQDO�
RI� WKH� 6FLHQFH� RI� )RRG� DQG� $JULFXOWXUH�� ������� ���������
GRL���������MVID�����������

+HVKDP��$��(���	�+DVKHP��0��0����������0ROHFXODU�JHQHWLF�LGHQWLILFDWLRQ�RI�\HDVW�
VWUDLQV�LVRODWHG�IURP�HJ\SWLDQ�VRLOV�IRU�VROXELOL]DWLRQ�RI�LQRUJDQLF�SKRVSKDWHV�DQG�
JURZWK�SURPRWLRQ�RI�FRUQ�SODQWV��-��0LFURELDO��%LRWHFKQRO������1RYHPEHU��������
��±����KWWSV���GRL�RUJ���������MPE�����������



���

+HVKDP��$��(��/���:DPEXL��9���2JROD�-�2���+���	�0DLQD��-��0����������3K\ORJHQHWLF�
DQDO\VLV� RI� LVRODWHG� ELRIXHO� \HDVWV� EDVHG� RQ� ���6�,76� U'1$� DQG�'��'�� ��6�
U'1$�VHTXHQFHV��-RXUQDO�RI�*HQHWLF�(QJLQHHULQJ�DQG�%LRWHFKQRORJ\�����������±
����KWWSV���GRL�RUJ���������M�MJHE������������

+LGDOJR��/���������7UDWDGR�GH�9LWLFXOWXUD�*HQHUDO��(G��0XQGL�3UHQVD�

+LHUUR��1���*RQ]iOH]��È���0DV��$���	�*XLOODPyQ� -��0����������'LYHUVLW\�DQG�HYROXWLRQ�
RI� QRQ�6DFFKDURP\FHV \HDVW� SRSXODWLRQV� GXULQJ� ZLQH� IHUPHQWDWLRQ�� (IIHFW� RI�
JUDSH� ULSHQHVV� DQG� FROG� PDFHUDWLRQ�� )(06� <HDVW� 5HVHDUFK�� ������ ���±�����
KWWSV���GRL�RUJ���������M����������������������[

+X�� .��� =KX�� ;�� /��� 0X�� +��� 0D�� <��� 8OODK�� 1��� 	� 7DR�� <�� 6�� �������� $� QRYHO�
H[WUDFHOOXODU� JO\FRVLGDVH� DFWLYLW\� IURP� 5KRGRWRUXOD� PXFLODJLQRVD�� ,76�
DSSOLFDWLRQ� SRWHQWLDO� LQ� ZLQH� DURPD� HQKDQFHPHQW�� /HWWHUV� LQ� $SSOLHG�
0LFURELRORJ\������������±�����KWWSV���GRL�RUJ���������ODP������

+\PD��.��(���6DHUHQV��6��0���9HUVWUHSHQ��.��-���	�)D\��-��&����������'LYHUJHQFH�LQ�
ZLQH� FKDUDFWHULVWLFV� SURGXFHG� E\� ZLOG� DQG� GRPHVWLFDWHG� VWUDLQV� RI�
6DFFKDURP\FHV� FHUHYLVLDH�� )(06� <HDVW� 5HVHDUFK� ������ ���������
GRL���������M����������������������[

,QWHUQDWLRQDO� 2UJDQLVDWLRQ� RI� 9LQH� DQG� :LQH� �������� 5HWULHYHG� IURP�
KWWS���ZZZ�RLY�LQW�

-ROO\��1��3���$XJXVW\Q��2��3��+���	�3UHWRULXV��,��6����������7KH�UROH�DQG�XVH�RI�QRQ�
6DFFKDURP\FHV \HDVWV�LQ�ZLQH�SURGXFWLRQ��6RXWK�$IULFDQ�-RXUQDO�RI�(QRORJ\�	�
9LWLFXOWXUH���������KWWSV���GRL�RUJ�������������������

.DUDEDW�� 6�� �������� '�Q\D� YH� 7�UNL\H� %D÷FÕOÕ÷Õ�� 5HWULHYHG� IURP�
KWWS���DSHODV\RQ�FRP�<D]L����GXQ\D�YH�WXUNL\H�EDJFLOLJL

.LP��'��+���+RQJ��<��$���	�3DUN��+��'����������&R�IHUPHQWDWLRQ�RI�JUDSH�PXVW�E\�
,VVDWFKHQNLD� RULHQWDOLV DQG� 6DFFKDURP\FHV� FHUHYLVLDH UHGXFHV� WKH� PDOLF� DFLG�
FRQWHQW� LQ� ZLQH�� %LRWHFKQRORJ\� /HWWHUV�� ������� ����±������
KWWSV���GRL�RUJ���������V����������������

.LQJ��$���	�'LFNLQVRQ��-��5����������%LRWUDQVIRUPDWLRQ�RI�PRQRWHUSHQH�DOFRKROV�E\�
6DFFKDURP\FHV FHUHYLVLDH��7RUXODVSRUD�GHOEUXHFNLL DQG�.OX\YHURP\FHV� ODFWLV��
<HDVW�����������±����

.LVK��6���6KDUI��5���	�0DUJDOLWK��3����������$�QRWH�RQ�D�VHOHFWLYH�PHGLXP�IRU�ZLQH�
\HDVWV��-RXUQDO�RI�$SSOLHG�0LFURELRORJ\�����������������



���

.RFDEH\� 1����������$UDSJLU¶GH�<HWLúWLULOHQ�.DUDR÷ODQ�YH�$úÕN�%H\D]Õ�h]�POHULQLQ�
YH� %X� h]�POHUGHQ� (OGH� (GLOHQ� ùDUDSODUÕQ� )HQRO� %LOHúLNOHULQLQ� YH� $URPD�
0DGGHOHULQLQ�%HOLUOHQPHVL� �0DVWHU�7KHVLV� ,QRQX�8QLYHUVLW\��0DODW\D��7XUNH\

.RWVHULGLV��<���	�%DXPHV��5����������,GHQWLILFDWLRQ�RI�LPSDFW�RGRUDQWV�LQ�%RUGHDX[�
UHG� JUDSH� MXLFH�� LQ� WKH� FRPPHUFLDO� \HDVW� XVHG� IRU� LWV� IHUPHQWDWLRQ�� DQG� LQ� WKH�
SURGXFHG�ZLQH��-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\������������±�����
KWWSV���GRL�RUJ���������MI������L

.XUW]PDQ��&��3����������'LVFXVVLRQ�RI�WHOHRPRUSKLF�DQG�DQDPRUSKLF�DVFRP\FHWRXV�
\HDVWV� DQG� \HDVW�OLNH� WD[D� 7KH� <HDVWV �9RO�� ���� (OVHYLHU� %�9��
KWWSV���GRL�RUJ���������%�������������������������

.XUW]PDQ��&��3���)HOO��-��:���%RHNKRXW��7���	�5REHUW��9���Q�G����0HWKRGV�IRU�,VRODWLRQ��
3KHQRW\SLF� &KDUDFWHUL]DWLRQ� DQG� 0DLQWHQDQFH� RI� <HDVWV�� 7KH� <HDVWV�� $�
7D[RQRPLF� 6WXG\�� (OVHYLHU� %�9�� KWWSV���GRL�RUJ���������%����������������
���������

.XUW]PDQ�� &�� 3��� 	� 5REQHWW�� &�� -�� �������� ,GHQWLILFDWLRQ� DQG� SK\ORJHQ\� RI�
DVFRP\FHWRXV� \HDVWV� IURP� DQDO\VLV� RI� QXFOHDU� ODUJH VXEXQLW� ���6�� ULERVRPDO�
'1$� SDUWLDO� VHTXHQFHV�� $QWRQLH� YDQ� /HHXZHQKRHN�� ,QWHUQDWLRQDO� -RXUQDO� RI�
*HQHUDO� DQG� 0ROHFXODU� 0LFURELRORJ\�� ������� ���±�����
KWWSV���GRL�RUJ���������$��������������

/DFRPEH��7����������&RQWULEXWLRQ�j�O¶pWXGH�GH�O¶KLVWRLUH�pYROXWLYH GH�OD�YLJQH�FXOWLYpH�
�9LWLV� YLQLIHUD� /��� SDU� O¶DQDO\VH� GH� OD� GLYHUVLWp� JpQpWLTXH� QHXWUH� HW� GH� JqQHV�
G¶LQWpUrW��0RQWSHOOLHU��)UDQFH�

/DPEUHFKWV��0���	�3UHWRULXV��,��6����������<HDVW�DQG�LWV�LPSRUWDQFH�WR�ZLQH�DURPD�D�
UHYLHZ��6RXWK�$IULFDQ�-RXUQDO�RI�(QRORJ\�	�9LWLFXOWXUH����������±����

/L��6��6���&KHQJ��&���/L��=���&KHQ��-��<���<DQ��%���+DQ��%��=���	�5HHYHV��0����������
<HDVW� VSHFLHV� DVVRFLDWHG�ZLWK�ZLQH� JUDSHV� LQ�&KLQD�� ,QWHUQDWLRQDO� -RXUQDO� RI�
)RRG� 0LFURELRORJ\�� �����±���� ��±����
KWWSV���GRL�RUJ���������M�LMIRRGPLFUR������������

/LX��1�� 6RQJ��<���'DQJ��*���<H��'���*RQJ��;���	�/LX��<�� �������� (IIHFW� RI� ZLQH�
FORVXUHV�RQ�WKH�DURPD�SURSHUWLHV�RI�FKDUGRQQD\�ZLQHV�DIWHU�IRXU�\HDUV�RI�VWRUDJH�
6RXWK�$IULFDQ�-RXUQDO�RI�(QRORJ\�DQG�9LWLFXOWXUH���������GRL�������������������
0DXO��(���	�7RSIHU��5�� 9LWLV�,QWHUQDWLRQDO�9DULHW\�&DWDORJXH��9,9&���$�FXOWLYDU�
GDWDEDVH� UHIHUHQFHG� E\� JHQHWLF� SURILOHV� DQG� PRUSKRORJ\�� %,2� :HE� RI�
FRQIHUHQFHV�9RO�����$UWLFOH�1R�������������
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0DFtDV�� 0��� 0DQVR�� $��� 2UHOODQD�� &��� 9HODVFR�� +��� &DEDOOHUR�� 5��� 	� &KDPL]R�� -��
��������$FHWLF�DFLG�GHWHFWLRQ�WKUHVKROG�LQ�V\QWKHWLF�ZLQH�VDPSOHV�RI�D�SRUWDEOH�
HOHFWURQLF�QRVH VHQVRUV������������������GRL���������V���������

0DWHR�� -�� -��� 	� -LPHQH]�� 0�� �������� 0RQRWHUSHQHV� LQ� JUDSH� MXLFH� DQG� ZLQHV�� -��
&KURPDWRJU� $����������±���

0HGLQD��.���%RLGR��(���)DULxD��/���*LRLD��2���*RPH]��0��(���%DUTXHW��0���&DUUDX��)��
�������� ,QFUHDVHG� IODYRXU� GLYHUVLW\� RI� &KDUGRQQD\� ZLQHV� E\� VSRQWDQHRXV�
IHUPHQWDWLRQ�DQG�FR�IHUPHQWDWLRQ�ZLWK�+DQVHQLDVSRUD�YLQHDH��)RRG�&KHPLVWU\��
������������±������KWWSV���GRL�RUJ���������M�IRRGFKHP������������

0HUHGLWK��&���	�%RXUVLTXRW��-�0���������2ULJLQV�DQG�LPSRUWDQFH�RI�6\UDK�DURXQG�WKH�
ZRUOG��LQ��3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�6\UDK�6\PSRVLXP���������3UHVHQWHG�
DW� WKH� ,QWHUQDWLRQDO� 6\UDK� 6\PSRVLXP� /\RQ� �)UDQFH��� 5HWULHYHG� IURP�
KWWS���SURGLQUD�LQUD�IU�UHFRUG�������

0HQGR]D��/��0���'H�1DGUD��0��&��0���	�)DULDV��0��(����������.LQHWLFV�DQG�PHWDEROLF�
EHKDYLRU� RI� D� FRPSRVLWH� FXOWXUH� RI� .ORHFNHUD� DSLFXODWD DQG� 6DFFKDURP\FHV�
FHUHYLVLDH ZLQH� UHODWHG� VWUDLQV�� %LRWHFKQRORJ\� /HWWHUV�� ������ ����±������
KWWSV���GRL�RUJ���������V����������������

0H\HU��6�$���3D\QH��5�:��DQG�<DUURZ� '� ������ &DQGLGD %HUNKRXW��,Q��7KH�<HDVWV��
&�3�� .XUW]PDQ� DQG� -�:�� )HOO� �(GV���� �WK� HGLWLRQ�� &KDSWHU� ���� SS�� ���±�����
(OVHYLHU��1HZ�<RUN��1<�

0RUHLUD��1���0HQGHV��)���*XHGHV�GH�3LQKR��3���+RJJ��7���	�9DVFRQFHORV��,����������
+HDY\� VXOSKXU� FRPSRXQGV�� KLJKHU� DOFRKROV� DQG� HVWHUV� SURGXFWLRQ� SURILOH� RI�
+DQVHQLDVSRUD� XYDUXP DQG�+DQVHQLDVSRUD� JXLOOLHUPRQGLL JURZQ� DV� SXUH� DQG�
PL[HG� FXOWXUHV� LQ� JUDSH� PXVW�� ,QWHUQDWLRQDO� -RXUQDO� RI� )RRG� 0LFURELRORJ\��
�����������±�����KWWSV���GRL�RUJ���������M�LMIRRGPLFUR������������

0RUHLUD��1DWKDOLH��0HQGHV��)���+RJJ��7���	�9DVFRQFHORV��,����������$OFRKROV��HVWHUV�
DQG� KHDY\� VXOSKXU� FRPSRXQGV� SURGXFWLRQ� E\� SXUH� DQG� PL[HG� FXOWXUHV� RI
DSLFXODWH�ZLQH�\HDVWV��,QWHUQDWLRQDO�-RXUQDO�RI�)RRG�0LFURELRORJ\�������������±
�����KWWSV���GRL�RUJ���������M�LMIRRGPLFUR������������

0RUHLUD�� 1��� 3LQKR�� 3�� *��� 6DQWRV�� &��� 	�9DVFRQFHORV�� ,�� �������� 9RODWLOH� VXOSKXU�
FRPSRXQGV�FRPSRVLWLRQ�RI�PRQRYDULHWDO�ZKLWH�ZLQHV��)RRG�&KHPLVWU\����������
�����������GRL���������M�IRRGFKHP������������



���

0RULQDJD��.����������*UDSH�SURGXFWLRQ�LQ�-DSDQ��LQ��3DSDGHPHWULRX��0�.��	�'HQW��
)�-���*UDSH�SURGXFWLRQ�LQ�WKH�$VLD�3DFLILF�UHJLRQ��(G��)$2��SS��������

1ZDLZX��2����������3K\ORJHQ\�RI�WKUHH�SDOPZLQH�\HDVWV�JHQHUD��UHFHQW�DGYDQFHV�LQ�
SK\ORJHQHWLFV��GRL���������LQWHFKRSHQ������

1HOVHQ�0�3���������3ULPHU�PDSV��KWWS���VLWHV�JRRJOH�FRP�VLWH�PSQHOVHQ�SULPHU�PDSV�

1LNRODRX��(���6RXIOHURV��(��+���%RXORXPSDVL��(���	�7]DQHWDNLV��1����������6HOHFWLRQ�
RI� LQGLJHQRXV�6DFFKDURP\FHV�FHUHYLVLDH VWUDLQV�DFFRUGLQJ� WR� WKHLU�RHQRORJLFDO�
FKDUDFWHULVWLFV� DQG� YLQLILFDWLRQ� UHVXOWV�� )RRG� 0LFURELRORJ\�� ������� ���±�����
KWWSV���GRL�RUJ���������M�IP������������

1XUJHO��&���(UWHQ��+���&DQEDV� $���&DEDURJOX��7���	�6HOOL��6����������<HDVW�IORUD�GXULQJ�
WKH�IHUPHQWDWLRQ�RI�ZLQHV�PDGH�IURP�9LWLV�YLQLIHUD /��FY��(PLU�DQG�.DOHFLN�.DUDVL�
JURZQ�LQ�$QDWROLD��:RUOG�-RXUQDO�RI�0LFURELRORJ\�DQG�%LRWHFKQRORJ\������±����
����±������KWWSV���GRL�RUJ���������V����������������

3DGLOOD��%���*LO��-��9���	�0DQ]DQDUHV��3����������3DVW�DQG�IXWXUH�RI�QRQ�6DFFKDURP\FHV
\HDVWV��)URP�VSRLODJH�PLFURRUJDQLVPV�WR�ELRWHFKQRORJLFDO� WRROV�IRU� LPSURYLQJ�
ZLQH� DURPD� FRPSOH[LW\�� )URQWLHUV� LQ� 0LFURELRORJ\�� ��0$5��� �±����
KWWSV���GRL�RUJ���������IPLFE�����������

3DOOPDQQ��&��/���%URZQ��-��$���2OLQHND��7��/���&RFROLQ��/���0LOOV��'��$���	�%LVVRQ��/��
)����������8VH�RI�:/�PHGLXP�WR�SURILOH�QDWLYH�IORUD�IHUPHQWDWLRQV��$P��-��(QRO��
9LWLF�����������������

3DUNHU��0���2VLGDF]��3���%DOGRFN��*��$���+D\DVDND��<���%ODFN��&��$���3DUGRQ��.��+�����
�� �� )UDQFLV�� ,�� /�� �������� &RQWULEXWLRQ� RI� 6HYHUDO� 9RODWLOH� 3KHQROV� DQG� 7KHLU�
*O\FRFRQMXJDWHV�WR�6PRNH�5HODWHG�6HQVRU\�3URSHUWLHV�RI�5HG�:LQH��-RXUQDO�RI�
$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\���������������������GRL���������MI�������

3DVWRU��$���+XHUWD��7���0DWHR��-��-���	�-LPH��0����������<HDVW�VWDUWHU�FXOWXUHV�DIIHFWLQJ�
ZLQH�IHUPHQWDWLRQ�DQG�YRODWLOHV�����

3KDP��7���:LPDODVHQD��7���%R[��:���*���.RLYXUDQWD��.���6WRUJDUGV��(���6PDUW��.��$���
	�*LEVRQ��%� 5����������(YDOXDWLRQ�RI�,76�3&5�DQG�5)/3�IRU�GLIIHUHQWLDWLRQ�DQG�
LGHQWLILFDWLRQ�RI�EUHZLQJ�\HDVW�DQG�EUHZHU\�³ZLOG´�\HDVW�FRQWDPLQDQWV��-RXUQDO�
RI� WKH� ,QVWLWXWH� RI� %UHZLQJ�� �������� ���±����� KWWSV���GRL�RUJ���������M������
����������WE������[
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3LQD��&���6DQWRV��&���&RXWR��-��$���	�+RJJ��7����������(WKDQRO�WROHUDQFH�RI�ILYH�QRQ�
6DFFKDURP\FHV� ZLQH� \HDVWV� LQ� FRPSDULVRQ� ZLWK� D� VWUDLQ� RI� 6DFFKDURP\FHV�
FHUHYLVLDH � ,QIOXHQFH�RI�GLIIHUHQW�FXOWXUH�FRQGLWLRQV��)RRG�0LFURELRORJ\���������
���±�����KWWSV���GRL�RUJ���������M�IP������������

3UHWRULXV��,��6���Q�G����7KH�WDLORULQJ�RI�JUDSHYLQH�FXOWLYDUV�DQG�ZLQH�\HDVW�VWUDLQV�IRU�D�
PDUNHW�GLUHFWHG� DQG� TXDOLW\�IRFXVHG ZLQH� LQGXVWU\ௗ�� 1RYHO� DSSURDFKHV� WR� WKH�
DQFLHQW�DUW�RI�ZLQHPDNLQJ��<HDVW�

5DQWVLRX��.���'ROFL��3���*LDFRVD��6���7RUFKLR��)���7RIDOR��5���7RUULDQL��6���&RFROLQ��/��
��������&DQGLGD�]HPSOLQLQD FDQ�UHGXFH�DFHWLF�DFLG�SURGXFHG�E\�6DFFKDURP\FHV�
FHUHYLVLDH LQ� VZHHW� ZLQH� IHUPHQWDWLRQV�� $SSOLHG� DQG� (QYLURQPHQWDO�
0LFURELRORJ\�������������±������KWWSV���GRL�RUJ���������DHP���������

5DSS��$���	�0DQGHU\��+����������:LQH�DURPD��([SHULHQWLD������������±����

5DSS��$���	�9HUVLQL��*����������,QIOXHQFH�RI�QLWURJHQ�FRPSRXQGV�LQ�JUDSHV�RQ�DURPD�
FRPSRXQGV�RI�ZLQHV������±�����

5RGULJXH]��0��(���/RSHV��&��$���9DQ�%URRFN��0���9DOOHV��6���5DPRQ��'���	�&DEDOOHUR��
$��&�� ��������6FUHHQLQJ�DQG� W\SLQJ�RI�3DWDJRQLDQ�ZLQH�\HDVWV� IRU�JO\FRVLGDVH�
DFWLYLWLHV����±����KWWSV���GRL�RUJ���������M����������������������[

5RMDV��9���*LO��-��9���3LxDJD��)���	�0DQ]DQDUHV��3����������$FHWDWH�HVWHU�IRUPDWLRQ�LQ�
ZLQH� E\�PL[HG FXOWXUHV� LQ� ODERUDWRU\� IHUPHQWDWLRQV�� ,QWHUQDWLRQDO� -RXUQDO� RI�
)RRG� 0LFURELRORJ\�� ����±���� ���±����� KWWSV���GRL�RUJ���������6�����
���������������

5RPDQFLQR��'��3���0DLR��6��'L��0XULHOOD��5���	�2OLYD��'����������$QDO\VLV�RI�QRQ�
6DFFKDURP\FHV�\HDVW�SRSXODWLRQV�LVRODWHG�IURP�JUDSH�PXVWV�IURP�6LFLO\��,WDO\���
���������±������KWWSV���GRL�RUJ���������M����������������������[

5RPDQHOOL��$��0���)X��-���+HUUHUD��0��/���	�:LFNHV��%��/����������$�XQLYHUVDO�'1$�
H[WUDFWLRQ� DQG� 3&5� DPSOLILFDWLRQ� PHWKRG� IRU� IXQJDO� U'1$� VHTXHQFH�EDVHG�
LGHQWLILFDWLRQ��0\FRVHV�������������±�����KWWSV���GRL�RUJ���������P\F������

5RPDQR��3���)LRUH��&���3DUDJJLR��0���&DUXVR��0���	�&DSHFH��$����������)XQFWLRQ�RI�
\HDVW� VSHFLHV� DQG� VWUDLQV� LQ� ZLQH� IODYRXU�� ,QWHUQDWLRQDO� -RXUQDO� RI� )RRG�
0LFURELRORJ\���������±�����KWWSV���GRL�RUJ���������6��������������������
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5RPDQR��3���6X]]L��*���&RPL��*���=LURQL��5���	�0DLIUHQL��0�� ��������*O\FHURO�DQG�
RWKHU� IHUPHQWDWLRQ� SURGXFWV� RI� DSLFXODWH� ZLQH� \HDVWV�� -RXUQDO� RI� $SSOLHG�
0LFURELRORJ\�� ������� ���±����� KWWSV���GRL�RUJ���������M������
����������WE������[

5X��0���%HUQDO�JUDQGH��0��&���&RUGHUR�EXHVR��*���	�+XJKHV�KHUUHUD��'����������$�
PLFURWLWHU� SODWH� DVVD\� DV� D� UHOLDEOH� PHWKRG� WR� DVVXUH� WKH� LGHQWLILFDWLRQ� DQG�
FODVVLILFDWLRQ� RI� WKH� YHLO�IRUPLQJ� \HDVWV� GXULQJ� VKHUU\� ZLQHV� DJHLQJ��
KWWSV���GRL�RUJ���������IHUPHQWDWLRQ�������

6HOOL��6���&DEDURJOX��7���&DQEDV��$���(UWHQ��+���1XUJHO��&���/HSRXWUH��-���	�*XQDWD��=��
�������� 9RODWLOH� FRPSRVLWLRQ� RI� UHG� ZLQH� IURP� FY� .DOHFLN� .DUDVȚ� JURZQ� LQ�
FHQWUDO� $QDWROLD�� )RRG� &KHPLVWU\�� ������� ���������
GRL���������M�IRRGFKHP������������

6LGKX��'���/XQG��-���.RWVHULGLV��<���6DXFLHU��&���6LGKX��'���/XQG��-���	�.RWVHULGLV��<��
��������0HWKR[\S\UD]LQH�DQDO\VLV� DQG� LQIOXHQFH�RI�YLWLFXOWXUDO� DQG�HQRORJLFDO�
SURFHGXUHV�RQ�WKHLU�OHYHOV�LQ�JUDSHV���PXVWV���DQG�ZLQHV�&ULW��5HY��)RRG�6FL��1XWU���
���±�����KWWSV���GRL�RUJ�����������������������������

6LQFDU�� g�� �������� .DOHFLN� NDUDVÕ� �]�POHULQGHQ� NÕUPÕ]Õ� úDUDS� �UHWLPLQGH� VR÷XN�
PDVHUDV\RQ� X\JXODPDVÕQÕQ� DURPD� YH� DQWRVL\DQLQ� ELOHúLNOHUL� �]HULQH� HWNLOHUL�
�0DVWHU�7KHVLV� &XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\

6PLWK��0�7K������E��%UHWWDQRP\FHV�.XIIHUDWK� DQG�YDQ�/DHU�� ,Q��7KH�<HDVWV��&�3�
.XUW]PDQ�DQG�-�:��)HOO��(GV�����WK�HGLWLRQ��&KDSWHU�����SS�����±�����(OVHYLHU��
1HZ�<RUN��1<

6QRZ��3�*��DQG�*DOODQGHU��-�)���������'HDFLGLILFDWLRQ�RI�ZKLWH�WDEOH�ZLQHV�WKURXJK�
SDUWLDO� IHUPHQWDWLRQ�ZLWK�6FKL]RVDFFKDURP\FHV�SRPEH��$P��-��(QRO��9LWLF������
������

6ZLHJHUV��-��+���	�3UHWRULXV��,��6����������<HDVW�PRGXODWLRQ�RI�ZLQH�IODYRU��$GYDQFHV�
LQ� $SSOLHG� 0LFURELRORJ\�� ���6833/�� $��� ���±�����
KWWSV���GRL�RUJ���������6��������������������

7DR�� <��� 	� =KDQJ�� /�� �������� ,QWHQVLW\� SUHGLFWLRQ� RI� W\SLFDO� DURPD� FKDUDFWHUV� RI�
FDEHUQHW�VDXYLJQRQ�ZLQH�LQ�&KDQJOL�&RXQW\��&KLQD���/:7�� )RRG�6FLHQFH�DQG�
7HFKQRORJ\���������������������GRL���������M�OZW������������

7KRPDV�� '�6�� 	 'DYHQSRUW 5�5�� �������� =\JRVDFFKDURP\FHV� EDLOLL D� SUR¿OH� RI�
FKDUDFWHULVWLFV�DQG�VSRLODJH�DFWLYLWLHV��)RRG�0LFURELRO��������±����
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7RIDOR��5���&KDYHV�/ySH]��&���'L�)DELR��)���6FKLURQH��0���)HOLV��*��(���7RUULDQL��6��
��������0ROHFXODU� LGHQWLILFDWLRQ� DQG� RVPRWROHUDQW� SURILOH� RI� ZLQH� \HDVWV� WKDW�
IHUPHQW�D�KLJK�VXJDU�JUDSH�PXVW��,QWHUQDWLRQDO�-RXUQDO�RI�)RRG�0LFURELRORJ\��
����������������

7RUR��0��(���	�9D]TXH]��)����������)HUPHQWDWLRQ�EHKDYLRXU�RI�FRQWUROOHG�PL[HG�DQG�
VHTXHQWLDO�FXOWXUHV�RI�&DQGLGD�FDQWDUHOOLL DQG�6DFFKDURP\FHV�FHUHYLVLDH ZLQH�
\HDVWV�� :RUOG� -RXUQDO� RI� 0LFURELRORJ\� 	� %LRWHFKQRORJ\�� ���� ���±�����
KWWSV���GRL�RUJ���������$��������������

7ULVWH]]D��0���7XIDULHOOR��0���&DSR]]L��9���6SDQR��*���0LWD��*���	�*ULHFR��)����������
7KH� RHQRORJLFDO� SRWHQWLDO� RI� +DQVHQLDVSRUD� XYDUXP LQ� VLPXOWDQHRXV� DQG�
VHTXHQWLDO� FR�IHUPHQWDWLRQ�ZLWK�6DFFKDURP\FHV� FHUHYLVLDH IRU� LQGXVWULDO�ZLQH�
SURGXFWLRQ�� )URQWLHUV� LQ� 0LFURELRORJ\�� ��0$<��� �±����
KWWSV���GRL�RUJ���������IPLFE�����������

7�UN� *ÕGD� .RGHNVL� ùDUDS� 7HEOL÷L �12�� ���������� 5HWULHYHG� IURP�
KWWS���ZZZ�JLGDPR�RUJ�WU�PHY]XDW�PHY]XDWBGHWD\�SKS"NRG ��

8UVR��5���5DQWVLRX��.���'ROFL��3���5ROOH��/���&RPL��*���	�&RFROLQ��/����������<HDVW�
ELRGLYHUVLW\� DQG� G\QDPLFV� GXULQJ� VZHHW� ZLQH� SURGXFWLRQ� DV� GHWHUPLQHG� E\�
PROHFXODU�PHWKRGV��KWWSV���GRL�RUJ���������M����������������������[

hNHOJL��1����������,VRODWLRQ��LGHQWLILFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�ZLQH�\HDVW�VSHFLHV�
IURP� JUDSHV� RI� WKUHH� GLIIHUHQW� YLQH\DUGV� LQ� 7XUNH\�� �0DVWHU� 7KHVLV� 6DEDQFÕ�
8QLYHUVLW\��,VWDQEXO��7XUNH\�
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)LJXUH�%��� 3K\ORJHQHWLF�7UHH�ZLWK�83*0$�0HWKRG�6RPH�<HDVWV�ZLWK�5HVSHFW�WR�'��'��'RPDLQ



���

&� 3KHQRW\SLF�3URSHUWLHV�RI�$OO�,VRODWHG�6DFFKDURP\FHV <HDVWV

7DEOH� &��� 7KH� 5HVXOWV� RI� &DUERK\GUDWH� )HUPHQWDWLRQ 7HVW� DQG� 3KHQRW\SLF� 3URSHUWLHV� RI

6DFFKDURP\FHV 6WUDLQV�IURP�,VRODWHG�LQ�0XVW�DQG�:LQH�RI�.DOHFLN�.DUDVÕ

1DPH

$OFRKRO�

7ROHUDQFH

���

62� 7ROHUDQFH

�PJ�/�

7HPSHUDWXUH�

7ROHUDQFH

�R&�

S+�7ROHUDQFH &DUERK\GUDWH�)HUPHQWDWLRQ 7HVW
+�6

3URGXFW
,GHQWLILFDWLRQ

�� �� �� �� ��� ��� ��� �� �� �� � � � 6XFURVH 0DOWRVH 0DQQLWRO /DFWRVH ,76 '��'�

.$ �&0 6� Z � � � � � � � � � � � � � � Z Z QJ QG QG

.$ �&0 6� � � � � � � � � � � Z Z � Z Z Z Z � QG QG

.$ �&0 6� � � � � � � � � � � � � � � � � � � QG QG

.$ �&0 6� � Z Z � � � � � � � � � � Z � Z � QJ QG QG

.$��10 6� � � � � � � � � � � � � � � � Z � � QG QG

.$ �10 6� � � � � � � � � � � � � � � � Z � � QG QG

.$ �10 6� � � � � � � � � � � � � � � � � Z � QG QG

.$ �10 6� Z Z Z � � � � � � � � � � � � � Z � QG QG

.$ �10 6� � � Z � � � � � � � � � � � � � � � QG QG

.$ �10 6� � � � � � QG

.$ �10 6� � � � � � � � � � Z � � � � � � � � QG QG

.$ �10 6� � : Z � � � � � � � � � � � � � � � QG QG

.$ �10 6� � Z Z � � � � � Z � � � � � � � � � QG QG

.$ �10 6�� � � � � � � � � � � � � � � � � � � QG QG

.$ �10 6� � � � � � � � � QG QG

.$ �10 6� � � � � � � � � � � � � � � � � � � QG �

.$ �10 6� � � � � � � � � QG QG

.$ �10 6� � � � � � � � � � QG

.$ �10 6� � � � � � � � � QG QG

.$ �10 6� � � � � � � � � � � � � � � � Z � � QG QG

.$ �10 6� � � � � � � � � � � � � � � � � � � QG QG

.$ �10 6� � � � � � � � � � � � � � � � � � � � QG

.$ �10 6� � � � � � � � � � � � � � � � Z � � QG QG

.$ �106�� � � � � � � � � � � � Z � � � � � � QG QG

.$ ��10 6� � � � Z Z � � Z � � � � � � � � � � QG QG

.$���10�6� � � � � � � � � � � � � � � � � � � QG QG

.$���10�6� � � � � � � � � � � � � � � � � � � QG QG

.$���10 6� � � � � � � � � � � Z Z Z � � � � � QG QG

.$ ��10 6� Z Z Z � � � � � � � � Z � � Z � � � QG QG

.$ ��10 6� Z Z Z � � � � � � � � � � � � � � � QG QG

.$ ��10 6� � � � � � � � � � � � � � � � Z � � QG �

.$ ��10 6� � � Z � � � � � � � � � � � � � � � QG QG

.$ ��10 6� � � Z � � � � � � � � � � � � � Z � QG QG

.$ ��10 6� � � � � � � � � � � � � � � � � � � QG QG

.% �&0 6� � � � � � QG

.% �10 6� � � � � � � � � � � � � � � � Z � � QG QG

.% �10 6� � � � � � � � � � � � � � � � � � � QG QG

.% �10 6� � � � � � � � � � � � � � � � � Z � QG QG



���

7DEOH�&�� �FRQWLQXHG��

1DPH
$OFRKRO�

7ROHUDQFH�

���

62� 7ROHUDQFH

�PJ�/�

7HPSHUDWXUH�

7ROHUDQFH

�R&�

S+�7ROHUDQFH &DUERK\GUDWH�)HUPHQWDWLRQ 7HVW +�63URGXFW ,GHQWLILFDWLRQ

�� �� �� �� ��� ��� ��� �� �� �� � � � 6XFURVH 0DOWRVH 0DQQLWRO /DFWRVH ,76 '��'�

.% �10 6� � � � � � � � � � Z � � � � � � � � � QG

.% �10 6� � � � � � � � � � � � � � � � Z � � QG QG

.% �10 6� � � � � � � � � � � � � � � � Z Z � QG QG

.% �10 6� � � � � � � � � � � � � � � � Z � � QG QG

.% �10 6� � � � � � � � � � � � � � � � Z � � QG QG

.% �10 6� � � � � � � � � � � � � � � � Z � � QG QG

.% �10 6�� � � � � � � � � � � � � � � � Z � � QG QG

.% �10 16� � � � � � � � � � Z � � � � � � � � � QG

.% �10 6� � � � � � � � � QG QG

.% �10 6� � � Z � � � � � � � � � � � � � � � � QG

.% �10 6� � � � � � � � � QG QG

.% �10 6� � � � � � � � � QG QG

.% �10 6� � � � � � � � � QG QG

.% �10 6� � � � � � � � � � � � � � � � � � � QG QG

.% �10 6� � � � � � � � � � Z Z � � � � Z � � QG QG

.% �10 6� � � � � � � � � � � � � � � � Z � � QG QG

.% �10 6� � � � � � � � � � � � � � � � � � � QG QG

.% �10 6�� � � � � � � � � � � � � � � � � � � � QG

.% ��10 6� � QG QG

.% ��10 6� � � � Z Z Z � � � � � � � � � � � � QG QG

.% ��10 6� � � � � � � � � � � Z Z � � � � � � QG QG

.% ��10 6� � � � � Z � � � � � Z � � � � � � � QG QG

.% ��10 6� � Z Z � � � � � � � Z � Z � Z � � � QG QG

.% ��10 6� � � � � � � � � � Z � � � � � Z � � QG QG

.%���10�6� � � � � � � � � � � � � � � � Z � � QG QG

.%���10�6� � � � � � � � � � � � � � � � Z � � QG QG

.%���10�6� � � � � � � � � � � � � Z � � � � � QG QG

.%���10�6� � � � � � � � � � � � � � � � � Z � QG QG

.����d�
 � � � � � � � � � � � � � � � � QG

.���d�
 � � � � � � � � � � � � � � � � QG

.���d�
 � � � � � � � � � � � � � � � � QG
.$��$�3DUDOOHO�RI�:LQH�0DGH�IURP�.DOHFLN�.DUDVÕ�*UDSH���.%��%�3DUDOOHO�RI�:LQH�0DGH�IURP�.DOHFLN .DUDVÕ�*UDSH���&0�����'D\�RI�&ROG�0DFHUDWLRQ���&0�����'D\�RI�&ROG�0DFHUDWLRQ��
�10�����'D\�RI�1RUPDO�0DFHUDWLRQ���10�����'D\�RI�1RUPDO�0DFHUDWLRQ����10������'D\ RI�1RUPDO�0DFHUDWLRQ �0LGGOH�RI�WKH�IHUPHQWDWLRQ�����10������'D\�RI�1RUPDO�0DFHUDWLRQ
�(QG�RI�WKH�IHUPHQWDWLRQ���6��6DFFKDURP\FHV����SRVLWLYH�JURZWK��Z�ZHDN�JURZWK��� QHJDWLYH�JURZWK�����ZKLWH�����FUHDP�����OLJKW�EURZQ�����EURZQ�����GDUN�EURZQ� ���EODFN� d
� ,VRODWHG�E\
dD÷UÕ�dDYGDUR÷OX� QG��1RW�GHWHUPLQHG�
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7DEOH�&��� 7KH�5HVXOWV�RI�&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW�DQG�3KHQRW\SLF�3URSHUWLHV�RI 6DFFKDURP\FHV

6WUDLQV�IURP�,VRODWHG�LQ�0XVW�DQG�:LQH�RI�gN�]J|]�

1DPH

$OFRKRO�

7ROHUDQFH

���

62� 7ROHUDQFH

�PJ�/�

7HPSHUDWXUH�

7ROHUDQFH��R&�

S+�

7ROHUDQFH
&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW

+�6�

3URGXFW
,GHQWLILFDWLRQ

�� �� �� �� ��� ��� ��� �� �� �� � � � 6XFURVH 0DOWRVH 0DQQLWRO /DFWRVH ,76 '��'��

2$ �&0 6� � � � � � � � � � � � � � � � Z � � QG QG

2$ �&0 6� � Z � � � � � � � � � � � � � Z Z � QG QG

2$ �&0 6� � QG QG

2$ �&0 6� � Z Z � � � � � � � � � � � � Z Z � QG QG

2$ �&0 6� � Z � � � � � � � � � � � � � Z Z � QG QG

2$ �&0 6� � � Z � � � � � � � � � � � � � � � QG QG

2$ �&0 6� � Z Z � � � � � � � � � � � � Z Z � QG QG

2$ �&0 6� � � � � � � � � � � � � � � � Z � � QG QG

2$ �&0 6�� � � � � � � � � � � � � � � � Z Z � QG QG

2$ �&0 16� � � � � � � � � � � � � � � � � � � � QG

2$ �&0 6� � Z Z � � � � � QG QG

2$ �&0 6� � Z � � � � � � QG QG

2$ �&0 6� Z � � � � � � � QG QG

2$ �&0 6� � � � � � � � � QG QG

2$ �&0 6� � QG QG

2$ �&0 6� � QG QG

2$ �&0 6� � � � � � � � � � � � � � � � Z Z � QG QG

2$ �&0 6� � QG QG

2$ �&0 16� � � � � � QG

2% �&0 6� Z Z � � � � � � � � � � � � � Z � � QG QG

2% �&0 6� � Z � � � � � � � � � � � � � Z Z � QG QG

2% �&0 6� � � � � � � � � � � � � � � � Z Z � QG QG

2% �&0 6� � Z � � � � � � � � � � � � � Z Z � QG QG

2% �&0 6� � � � � � � � � � � � � � � � Z Z � QG �

2% �&0 6� � QG QG

2% �&0 6� � � � � � � � � � Z � � � � � � � � QG QG

2% �&0 6� Z � � � � � � � � � � � � � � Z Z � QG QG

2% �&0 6�� Z � � � � � � � � � � � � � � Z Z � QG QG

2% �&0 6�
 � � � � � � � � � � � � � � � � � � QG �

2% �&0 6� � � � � � � � � � � � � � � � � � � QG �

2% �&0 6� � � � � � � � � QG QG

2% �&0 6� � � � � � � � � QG QG

2% �&0 6� � Z Z � � � � � QG QG

2% �&0 6� � QG QG

2% �&0 6� � QG QG

2% �&0 6� � QG QG

2% �&0 6�� � QG QG

2% �&0 16� � � � � � QG
2$��$�3DUDOOHO�RI�:LQH�0DGH�IURP�gN�]J|]� *UDSH���2%��%�3DUDOOHO�RI�:LQH�0DGH�IURP�gN�]J|]� *UDSH���&0�����'D\�RI�&ROG�0DFHUDWLRQ���&0�����'D\�RI�&ROG�
0DFHUDWLRQ��6��6DFFKDURP\FHV����SRVLWLYH�JURZWK��Z�ZHDN�JURZWK��� QHJDWLYH�JURZWK�����ZKLWH�����FUHDP�����OLJKW�EURZQ�����EURZQ�����GDUN�EURZQ� ���EODFN���QG��QRW�
GHWHUPLQHG��
��WKH�VWUDLQ�XVLQJ IRU�ZLQH�PDNLQJ�



���

7DEOH� &��� 7KH� 5HVXOWV� RI� &DUERK\GUDWH� )HUPHQWDWLRQ 7HVW� DQG� 3KHQRW\SLF� 3URSHUWLHV� RI
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1DPH

$OFRKRO�

7ROHUDQFH�����

62��7ROHUDQFH

�PJ�/�

7HPSHUDWXUH

7ROHUDQVÕ��R&�

S+�

7ROHUDQFH
&DUERK\GUDWH�)HUPHQWDWLRQ 7HVW

+�6�

3URGXFW
,GHQWLILFDWLRQ

�� �� �� �� ��� ��� ��� �� �� �� � � � 6XFURVH 0DOWRVH 0DQQLWRO /DFWRVH ,76 '��'�

%$ �&0 6� � � � � � � � � � � � � � Z Z � Z QJ QG QG

%$ �&0 6� � � � � � � � � � � � � � � Z � � � QG QG

%$ �&0 6� � � Z � � � � � � � � � � � � � � � QG QG

%$ �&0 6� � Z � � � � � � � � � � � � Z � � � QG QG

%$ �&0 6� � � � � � � � � � � � � � � � � � � QG QG

%$ �&0 6� � QG QG

%$ �&0 6�� � Z � � � � � � � � � � � � � � � � QG QG

%$ �&0 16� � � � � � QG

%$ �&0 16� � � � � � � � � � � � � � � � � � � � QG

%$ �&0 16� � � � � � � � � � � � � � � � � � � � QG

%$ �&0 16� � � � � � QG

%$ �&0 16� � � � � � QG

%$ �&0 16� � � � � � QG

%$ �&0 6� � Z Z � � � � � � � � � � � � � � � QG QG

%$ �&0 6� � � Z � � � � � � � � � � � Z � � � QG QG

%$ �&0 6� � � Z � � � � � � � � � � � � � Z � QG QG

%$ �&0 6� � Z Z � � � � � � � � � � � � � � � QG QG

%$ �&0 6� � QG QG

%$ �&0 6� � Z Z � � � � � � � � � � � Z � � � QG QG

%$ �&0 6�� � Z � � � � � � � � � � � Z Z � � � QG QG

%$ �&0 16� � � � � � QG

%$ �&0 16� � � � � � QG

%$ �&0 16� � � � � � � � � � � � � � � � � � � � QG

%$ �&0 16� � � � � � QG

%$ �&0 16� � � � � � QG

%$ �10 6� � � � � � � � QJ QG QG

%$ �10 6� � � � � � � � � QG QG

%$ �10 6� � � � � � � � � QG QG

%$ �10 6� � � � � � � � QJ QG QG

%$ �10 6� � � � � � � � � QG QG

%$ �10 6� � Z Z � � � � � QG QG

%$ �10 6� � � � � � � � QJ QG QG

%$ �10 6� � Z Z � � � � � QG QG

%$ �10 16� � � � � � QG

%$ �10 16� � � � � � �

%% �&0 6� � � Z � � � � � Z � � � � � � � � � QG QG

%% �&0 6� � � � � � � � � � � � � � � � Z Z � QG QG

%% �&0 6� � QG QG

%% �&0 6� � � � � � � � � � � � � � � � � � � QG QG

%% �&0 6� � � � � � � � � � � � � � � � � � � QG QG

%% �&0 6� � � � � � � � � � � � � � � � � � � QG QG

%% �&0 6�� � QG QG

%% �&0 16� � � � � � QG

%% �&0 16� � � � � � QG
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�� �� �� �� ��� ��� ��� �� �� �� � � � 6XFURVH 0DOWRVH 0DQQLWRO /DFWRVH ,76 '��'�

%% �&0 16� � � � � � � � � � � � � � � � � � � � QG

%% �&0 16� � � � � � QG
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