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FHQWUDWLRQ� RI� VLOLFDWHV�� RUJDQLF� FDUERQ� �2&�� DQG� WRWDO� QLWURJHQ� �71�� LV� JUHDWO\� UHGXFHG� DQG� WKH� FDUERQ� QLWURJHQ
�2&�71��DWRPLF�UDWLR�LQFUHDVHG��7KH�SUHVHQW�ZRUN�FRQILUPHG�WKH�XVHIXOQHVV�RI�)7�,5�WHFKQLTXHV�IRU�FKDUDFWHUL]DWLRQ
RI� SHWROD� FRPSRVLWLRQ� DQG� LWV� WUDQVIRUPDWLRQ� DQG� VXJJHVWV� LWV� DSSOLFDWLRQ� IRU� IXQGDPHQWDO� LQYHVWLJDWLRQV� RI� K\SHU�
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.H\�ZRUGV��VWURPDWROLWH�SHWROD��)7�,5��HOHPHQWDO�FRPSRVLWLRQ��6HáRYOMH�VDOW�SDQV��QRUWKHUQ�$GULDWLF�6HD
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$OOH�VDOLQH�GL�6LFFLROH��*ROIR�GL�7ULHVWH��$GULDWLFR�VHWWHQWULRQDOH���OR�VWUDWR�VWURPDWROLWLFR�PLFURELFR�FKLDPDWR��SH�
WROD��o�XQ�HOHPHQWR�FUXFLDOH�QHOOD�SURGX]LRQH�GHO�VDOH�FRO�YHFFKLR�PHWRGR�PHGLHYDOH��TXLQGL�OD�FRQRVFHQ]D�GHO�VXR
SURFHVVR�FKLPLFR�o�PROWR� LPSRUWDQWH�SHU� OD�FRQVHUYD]LRQH�H� OR�VYLOXSSR�GL� WDOH�DWWLYLWi��$OOR�VFRSR�GL� ULFHUFDUH� OD
FRPSRVL]LRQH�H�OH�PRGLILFD]LRQL�GHOOD�SHWROD�o�VWDWR�UHJLVWUDWR�OR�VSHWWUR�LQIUDURVVR��)7�,5��GL�JUDQGL�FDPSLRQL�RPR�
JHQHL]]DWL��,�ULVXOWDWL�)7�,5�KDQQR�ULYHODWR�OD�SUHVHQ]D�GL�FDUERQDWL��JHVVR��&D62�ª�+�2��H�VLOLFDWL�TXDOL�FRPSRQHQWL
LQRUJDQLFL�SULQFLSDOL��PHQWUH�o�ULVXOWDWR�EDVVR�LO�FRQWHQXWR�LQ�PDWHULD�RUJDQLFD��2&����������ZW������'XUDQWH�LO�SHUL�
RGR�GL�FDPSLRQDPHQWR��FRPSUHVR�O¢LQFUHPHQWR�GHOOD�VDOLQLWi�GHOO¢DFTXD�VDOPDVWUD�H�OD�PDWXUD]LRQH�GHOOD�SHWROD��OD
FRQFHQWUD]LRQH�GL�VLOLFDWL��FDUERQLR�RUJDQLFR� �2&��H�D]RWR� WRWDOH� �71��VL�o�GL�PROWR� ULGRWWD��PHQWUH�o�DXPHQWDWR� LO
UDSSRUWR�DWRPLFR�FDUERQLR�D]RWR��2&�71���/D�ULFHUFD�FRQIHUPD�O¢XWLOLWi�GHOOH�WHFQLFKH�)7�,5�SHU�OD�FDUDWWHUL]]D]LRQH
GHOOD�FRPSRVL]LRQH�GHOOD�SHWROD�H�GHOOD�VXD�WUDVIRUPD]LRQH�H�VXJJHULVFH�O¢DSSOLFD]LRQH�GL�WDOL�WHFQLFKH�SHU�O¢LQGDJLQH
IRQGDPHQWDOH�GHL�VLVWHPL�LSHUVDOLQL�

3DUROH�FKLDYH��VWURPDWROLWL�SHWROD��)7�,5��FRPSRVL]LRQH�HOHPHQWDUH��VDOLQH�GL�6LFFLROH��$GULDWLFR�VHWWHQWULRQDOH
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,Q� WKH�SDVW�� WKH� OLWWRUDO� UHJLRQ�DORQJ� WKH�*XOI�RI�7UL�
HVWH� ZDV� JUHDWO\� PDUNHG� E\� VDOW�SDQV� WKDW� DUH� QRZ
PDLQO\� DEDQGRQHG��1RZDGD\V�� WKH� 6HáRYOMH� DQG�6WUXQ�
MDQ�VDOW�SDQV�DUH� WKH�RQO\�RQHV�RQ�RXU�FRDVW�ZKHUH� VDOW
SURGXFWLRQ� KDV� VXUYLYHG�� 6HáRYOMH� VDOW�SDQV� DUH� DOVR
NQRZQ�IRU�WKHLU�FKDUDFWHULVWLF�ODQGVFDSH�DQG�DV�DQ�DUHD
ZLWK� ULFK� QDWXUDO� DQG� FXOWXUDO� KHULWDJH�� ,Q� ������ WKH\
ZHUH� LQFOXGHG� RQ� WKH� OLVW� RI� ZHWODQGV� RI� LQWHUQDWLRQDO
FRQFHUQ�� DV� VWLSXODWHG� E\� WKH� 5DPVDU� &RQYHQWLRQ�� DQG
DUH� RQH� RI� WKH�PRVW� LPSRUWDQW� WRXULVW� DQG� HGXFDWLRQDO
GHVWLQDWLRQV�� 7RGD\�� WKH� SURWHFWLRQ� DQG� SUHVHUYDWLRQ� RI
QDWXUDO�DQG�FXOWXUDO�KHULWDJH�ZLWKLQ�6HáRYOMH�6DOLQD�1D�
WXUH�3DUN�DQG�SURGXFWLRQ�RI� VDOW� LQ� WKH� WUDGLWLRQDO�PDQ�
QHU� DUH� XQGHU� WKH� DXVSLFHV� RI� 62/,1(� 3ULGHODYD� VROL
G�R�R���6DOW�3URGXFWLRQ�&R��/WG���

7KH�6HáRYOMH�VRODU��)LJ�����VDOW�SDQV�DUH�ORFDWHG�LQ�WKH
VRXWKHUQ�SDUW�RI�3LUDQ�%D\� �QRUWKHUQ�$GULDWLF��DORQJ� WKH
5LYHU�'UDJRQMD�GHOWD��6DOW�SURGXFWLRQ�SURFHHGV�E\� IUDF�
WLRQDO�VDOW�SUHFLSLWDWLRQ�DQG�ILQDOO\�WKH�VHOHFWLYH�UHFRYHU\
RI�D�YHU\�SXUH�1D&O�WKURXJK�VRODU�HYDSRUDWLRQ�DQG�FRQ�
FHQWUDWLRQ� RI� VHDZDWHU� LQ� FU\VWDOOL]DWLRQ� EDVLQV�� 'XH� WR
GLIIHUHQW� VROXELOLW\�� WKH�HYDSRUDWLRQ�SURFHVV� IURP� VXSHU�
VDWXUDWHG� VHDZDWHU� LQLWLDOO\� UHVXOWV� LQ� SUHFLSLWDWLRQ� RI
&D&2���IROORZHG�E\�FU\VWDOOL]DWLRQ�RI�&D62���DQG�ILQDOO\
WKH�KDOLWH�SUHFLSLWDWHV��)DJDQHOL�HW�DO����������7KH�VDOW� LV
SURGXFHG� RQ� �SHWROD��� L�H�� PLFURELDO� �VWURPDWROLWLF�� PDW
GRPLQDWHG� E\� F\DQREDFWHULD� DQG� FHPHQWHG� ZLWK� J\S�
VXP��FDOFLWH�DQG�FOD\��)DJDQHOL�HW�DO����������7KLV�D�IHZ
PLOOLPHWUHV�WKLFN�OD\HU�RI�ELRVHGLPHQW�IRUPV�WKH�ERWWRP
RI� D� FU\VWDOOL]LQJ� VDOW� EDVLQ� DQG� HQDEOHV� WKH� WUDGLWLRQDO
JDWKHULQJ�RI�VDOW�� 7KH�DOJDO�PDW� VWDELOL]HV� VHGLPHQW� VXU�
IDFH� �6FKQHLGHU� &� +HUUPDQQ�� ������ DQG� RI� MXVW� ULJKW
WKLFNQHVV� DQG� XQGDPDJHG� SURYLGH� IRU� HQRXJK� VROLGLW\

DQG�HODVWLFLW\�IRU�PDQXDO�JDWKHULQJ�RI�VDOW�RQ�WKH�SHWROD�
$W� WKH�EHJLQQLQJ�RI�FXOWLYDWLRQ�� WKH�SHWROD� FRQVWLWXWHV� D
OLDEOH� VXEVWUDWH� WKDW�DW� WKH�HQG�RI� WKLV�SURFHVV�EHFRPHV
VROLG�DQG�SODVWLF��7KH�SHWROD�DOVR�SUHYHQWV�WKH�PL[LQJ�RI
PXGG\� IORRU�ZLWK�VHDZDWHU�DQG�VDOW��FRQWULEXWLQJ� WR� WKH
SURGXFWLRQ�RI�YHU\�SXUH��ZKLWH�DQG�WDVWHIXO�XQUHILQHG�VHD
VDOW�� )RU� WKLV� UHDVRQ�� WKH� VDOW�ZRUNHUV� FXOWLYDWH� DQG
PDLQWDLQ�WKLV�EDVLQ
V�EDVH�WKURXJKRXW�WKH�\HDU�ZLWK�JUHDW
FDUH��+RZHYHU�� WKHUH� LV�D� ODFN�RI� VWXGLHV�DV� IDU�DV�VROLG
�VHGLPHQW�� DQG� DTXHRXV� �EULQH�� SKDVHV� RI� VDOW�SDQV� DUH
FRQFHUQHG�� ,Q� WKH� ODVW� ��� \HDUV�� YHU\� IHZ� VWXGLHV� FRQ�
FHUQLQJ�VHGLPHQWRORJLFDO�DQG�ELRJHRFKHPLFDO�SURSHUWLHV
RI� WKLV� K\SHUVDOLQH� HQYLURQPHQW� KDYH� EHHQ� FDUULHG� RXW
�'ROHQHF�HW�DO���������)DJDQHOL�HW�DO���������2JRUHOHF�HW
DO��� �������$V�QR� VWXGLHV� RI� VHDVRQDO� WUDQVIRUPDWLRQV� RI
WKH�SHWROD�KDYH�EHHQ�SHUIRUPHG�DV�\HW�DQG�DV�)7�,5�KDV
EHHQ� UHFRJQL]HG�DV� D� SRZHUIXO� WRRO� IRU� FKHPLFDO� FKDU�
DFWHUL]DWLRQ� DQG� GHJUDGDWLRQ� SURFHVVHV� RI� QDWXUDO� VDP�
SOHV��WKH�SXUSRVH�RI�WKLV�VWXG\�ZDV�FKHPLFDO�FKDUDFWHUL�
]DWLRQ� DQG� SHWROD�PRGLILFDWLRQ� �DIIHFWHG� E\�PDWXUDWLRQ
SURFHVVHV��XVLQJ�)7�,5�VSHFWURVFRS\��,Q�WKLV�ZD\�ZH�DOVR
FKHFNHG�WKH�DSSOLFDELOLW\�RI�VSHFWURVFRSLF�WHFKQLTXHV�WR
VWXG\� WKH�GLDJHQHWLF� SURFHVVHV� LQ� WKLV� K\SHUVDOLQH� HQYL�
URQPHQW�

0$7(5,$/6�$1'�0(7+2'6

6DPSOLQJ�VLWH�DQG�VDPSOHV

6HGLPHQW� VDPSOHV� ZHUH� WDNHQ� IURP� FU\VWDOOL]DWLRQ
EDVLQ� LQ� WKH� VRODU� VDOW�SDQV� RI� 6HáRYOMH�� ORFDWHG� LQ� WKH
%D\� RI� 3LUDQ� �QRUWKHUQ� $GULDWLF�� 6ORYHQLD�� �)LJ�� ���� RQ
-XQH� �WK� �6DPSOH�$��� -XQH� ��WK� �6DPSOH� %��� DQG� -XO\� �WK

�6DPSOH�&���LQ������

)LJ�����/RFDWLRQ�RI�WKH�6HàRYOMH�VDOW�SDQV�VDPSOLQJ�VLWH��*XOI�RI�7ULHVWH��QRUWKHUQ�$GULDWLF��
6O�����9]RUàHYDOQR�PHVWR���6HàRYOMVNH�VROLQH��7UËDÉNL�]DOLY��VHYHUQL�-DGUDQ��
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6XUIDFH� VHGLPHQW� VDPSOHV� ����� FP�� ZHUH� FROOHFWHG
XVLQJ����PP�GLDPHWHU�JUDYLW\�FRUH� VDPSOHU� �0HLVFKQHU
&� 5XPRKU�� ������ DQG� WKHQ� WKH� WLQ\� VOLFH� RI� VXUIDFH
VHGLPHQW��L�H������PLOOLPHWUH�WKLFN�OD\HU�RI�ELRVHGLPHQW�
ZDV� FXW� RII� DQG� IUR]HQ�� 7KH� IUHH]H�GULHG� VDPSOHV�ZHUH
JURXQGHG� WR�D� ILQH�SRZGHU�DQG�XVHG� IRU�HOHPHQWDO�DQG
)7�,5�DQDO\VHV�

)7�,5� VSHFWUD�ZHUH� REWDLQHG� RQ� KRPRJHQL]HG� VDP�
SOHV� XVLQJ� D� 3HUNLQ�(OPHU� 6SHFWUXP� 2QH� VSHFWURPHWHU
ZLWK�GLIIXVH�UHIOHFWDQFH�VDPSOLQJ�DFFHVVRU\��7KH�PLFUR�
FXS�RI� WKH�DFFHVVRU\�ZDV� ILOOHG�ZLWK� WKH�VDPSOH�GLOXWHG
E\� DQK\GURXV� .%U� WR� JLYH� XS� WR� ��� PL[WXUH�� 6SHFWUD
ZHUH�FROOHFWHG�DW�URRP�WHPSHUDWXUH�ZLWK�D�UHVROXWLRQ�RI
�� FP��� DQG� �� VFDQV� KDYH� EHHQ� DFFXPXODWHG� IRU� HDFK
VSHFWUXP�LQ�D�IUHTXHQF\�UDQJH�RI����������FP���

7KH� RUJDQLF� FDUERQ� �2&��� WRWDO� QLWURJHQ� �71�� FRQ�
WHQWV� RI� WKH� IUHH]H�GULHG� DQG� DFLG�ZDVKHG� ��0� +&O�
VDPSOHV�ZHUH�GHWHUPLQHG�ZLWK�D�&DUOR�(UED�PRGHO�����
HOHPHQWDO�DQDO\]HU��+HGJHV�&�6WHUQ��������

5(68/76�$1'�',6&866,21

7KH� VWURPDWROLWLF� DOJDO� PDW� LQGLFDWHV� WKH� VSHFLILF
SK\VLFR�FKHPLFDO� HQYLURQPHQW� �*ROXELF� HW� DO��� ������
'HSHQGLQJ� RQ� WKH� DFWXDO�SUHVHQW� HQYLURQPHQWDO� FRQGL�
WLRQV�� WKH� ELRJHQLF� FRPSRQHQW� RI� PLFURELDO� PDWV
�WKURXJKRXW�PLFURELDOO\�PHGLDWHG� SURFHVVHV�� FRQYHUVHO\
LQIOXHQFHV� WKH� PLQHUDO� SUHFLSLWDWLRQ� �'XSUD]� HW� DO��� LQ
SUHVV���%HVLGHV�WKH�VDOLQLW\�FRQGLWLRQV��D�YDULHW\�RI�IDFWRUV
VXFK�DV�QXWULHQWV��R[\JHQ��VXOSKLGH�DQG�FRQFHQWUDWLRQV�
WHPSHUDWXUH��S+��OLJKW��IORRGLQJ�DQG�GHVLFFDWLRQ�IHDWXUHV
LPSDFWV�WKH�PLFURELDO��FRPSRVLWLRQ�DQG�HFRORJLFDO�VWUDW�
HJ\�IXQFWLRQLQJ��FRPPXQLWLHV� �6DEDWHU�HW�DO���������DQG
LWV�RUJDQLF�PLQHUDO�DVVRFLDWLRQV��7R�GHFLSKHU�VXFK�FRP�
SRVLWLRQDO� GLIIHUHQFHV� DPRQJ� WKH� SHWROD� VDPSOHV� VDP�
SOHG� GXULQJ� FU\VWDOOL]DWLRQ� SURFHVVHV� LQ� VXPPHU� �����
WKH� )7�,5� VSHFWUD� ZHUH� REWDLQHG� IURP� EXON� SRZGHUHG
VDPSOHV��)LJV����DQG����

,Q� JHQHUDO�� DOO� VSHFWUD� �)LJ�� ��� DUH� GRPLQDWHG� E\
VWURQJ�DEVRUSWLRQV� LQ�2�+�DQG�1�+�VWUHWFKLQJ�EDQG� UH�
JLRQ� �����������FP���� DQG� LQ� WKH�PDLQ� UHJLRQ� IRU� FDU�
ERK\GUDWHV� SHDNV� �∼���������� FP���� WKDW� VWURQJO\� LQ�
WHUIHUH� ZLWK� VLOR[DQHV� �6L�2�� VWUHWFKLQJ� �%HQQLQJ� HW� DO��
����D��� 7KH� RUJDQLF� FDUERQ� LV� FRQILUPHG� E\� WKH� ,5�
DEVRUEDQFH�DW�����������FP���DQG�LV�PRVW�SURQRXQFHG
LQ� WKH� VSHFWUXP�RI� VDPSOH�$� �-XQH��WK���7KH�SUHVHQFH�RI
&+�� DQG�&+�� DON\O� JURXSV� LV� LQGLFDWHG� IURP�D� VWUHWFKLQJ
DEVRUSWLRQ�LQ�WKH�����������FP���UDQJH��7KH�RWKHU�EDQGV
RI�DOLSKDWLF�JURXSV�WKDW�XVXDOO\�DSSHDU�DURXQG������FP��

�&+��DQG�&+��DV\PPHWULF�EHQGLQJ��DQG������FP
����&+�

V\PPHWULF�EHQGLQJ��DUH�RYHUZKHOPHG�E\�WKH�VWURQJ�VLJ�
QDOV�RI�FDOFLWH��7KH�EDQG�DW������FP���FDQ�EH�DVVLJQHG�WR
$PLGH� ,� VLJQDOV� SULPDULO\� FRQVLVWLQJ� RI� WKH� FDUERQ\O
VWUHWFKLQJ� YLEUDWLRQ� RI� WKH� SHSWLGLF� ERQG�� ,Q� VSHFWUD� RI
VDPSOHV�%��-XQH���WK��DQG�&��-XO\��WK���WKLV�EDQG�ZDV�VXE�

VWLWXWHG�E\�WKH�VLJQDOV�DW������DQG������FP���WKDW�FDQ�EH
DWWULEXWHG�WR�WKH�YLEUDWLRQ�RI�1�+�JURXSV�RI�WKH�SURWHLQV
DPLQR�DFLGV��+RZHYHU��JURXSV�VXFK�DV�DURPDWLF�DQG�ROH�
ILQLF�& &��DURXQG������FP����DQG�EHQGLQJ�YLEUDWLRQ�IURP
DGVRUEHG�ZDWHU� FRXOG� EH� FRQWULEXWLQJ� IDFWRUV�� 7KH� OLSLG
IHDWXUH�ZDV�IRXQG�DW�∼�����FP����!& 2�HVWHU�VWUHWFKLQJ
YLEUDWLRQV�� %HQQLQJ�HW� DO��� ����D��� SUREDEO\� RULJLQDWLQJ
IURP�WKH�HVWHU�OLQNDJH�RI�WKH�IDWW\�DFLGV�RI�&\DQREDFWHULD
UHSUHVHQWLQJ�WKH�GRPLQDWLQJ�JURXS�RI�SHWROD�ELRILOP�PDW�
2WKHU�& 2�YLEUDWLRQV�RI�NHWRQHV��RUJDQLF�DFLGV�DQG�HV�
WHUV�FRXOG�DGG�WR�WKDW�EDQG�

,Q� VWURPDWROLWHV�� WKH� PLQHUDO� FRPSRQHQW�� FDUERQDWH
PLQHUDOV�� J\SVXP� DQG� KDOLWH� �'XSUD]� HW� DO��� LQ� SUHVV�
SOD\�LPSRUWDQW�UROH�DQG�ZHUH�HPSKDVL]HG�LQ�)7�,5�VSHF�
WUD��)LJV����DQG����RI�RXU�VDPSOHV��,Q�WKH�GU\�SHULRG��)D�
JDQHOL� HW� DO��� ������� WKH� RUJDQLF� FRPSRQHQW� RI� SHWROD
ODUJHO\� FRPELQHV� ZLWK� GLIIHUHQW� PLQHUDOV� OLNH� TXDUW]�
IHOGVSDU��J\SVXP��KDOLWH��KLJK�0J�FDOFLWH�DQG�DUDJRQLWH�
&OD\� PLQHUDOV� DUH� DOVR� W\SLFDOO\� SUHVHQW� LQ� WKH� SHWROD
ELRPDW��2JRUHOHF�HW�DO���������DQG�ZHUH�YHU\�FOHDUO\�LQ�
GLFDWHG� LQ� VDPSOH�$�� &OD\V� VXFK� DV� LOOLWH�� VPHFWLWH� DQG
NDROLQLWH� FRQWULEXWH� WR� WKH� ����� FP��� EDQG�� 7KH� SUHV�
HQFH�RI�FOD\�PLQHUDOV�VXJJHVWV�ILQH�VHGLPHQW�WUDSSLQJ�E\
PLFURELDO�PDWV� RULJLQDWLQJ� LQ�PDULQH�PXG� EDVHPHQW� RU
LQ�PDWHULDO� XVHG� IRU� VDQLWDWLRQ� SURFHVVHV� RI� WKH� SHWROD�
$GGLWLRQDOO\�� SDUWLFOHV� IURP� DWPRVSKHULF� LQSXWV� RI
DXWRFKWKRQRXV� DQG� DOORFKWKRQRXV� PDWHULDO� FRXOG� DOVR
EH�WKH�FRQWULEXWLQJ�IDFWRU�

)LJ�����)7�,5�VSHFWUD�RI�SHWROD�VDPSOHV�FROOHFWHG�RQ�-XQH
��� -XQH� ���� DQG� -XO\� ��� ������0DLQ� EDQGV� DUH� ODEHOOHG
DQG� GHWDLOHG� GHVFULSWLRQ� RI� VSHFWUD� GLVFXVVHG� LQ� WKH
WH[W�
6O����� )7�,5� VSHNWUL�Y]RUFHY�SHWROH�Y]RUàHQLK���� MXQLMD�
���� MXQLMD� LQ� ��� MXOLMD� ������2]QDàHQL� VR� JODYQL� WUDNRYL�
SRGUREHQ�RSLV�VSHNWURY�MH�SRGDQ�Y�WHNVWX�
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6SHFWUD� IURP�DOO� VDPSOHV� DOVR� GLVSOD\� WKH�PDLQ� FDO�
FLWH�SHDNV�VLWXDWHG�DW����������������������������DQG
�������� FP���� &RQVLGHULQJ� WKH� SUHYLRXV� PLQHUDORJLFDO
VWXGLHV�RI� WKH�SHWROD� �)DJDQHOL�HW�DO���������2JRUHOHF�HW
DO����������������PDJQHVLXP�FDUERQDWH��ZLWK�W\SLFDO�DE�
VRUSWLRQV� DW� ������ ����� FP��� DQG�ZLWK� LWV�PXFK� ORZHU
DEVRUSWLRQ�XVXDOO\�ORFDWHG�DW�������������������������
DQG� ���� FP���� -DFNVRQ�� ������ DQG� DUDJRQLWH� DOVR� FRQ�
WULEXWH� WR� WKH� REWDLQHG� VSHFWUD�� 7KUHH� PDMRU� EDQGV� DW�
WULEXWHG�WR�&2�

�Ô�IRU�WKH�DUDJRQLWH�JURXS�SUHVHQW�DW�����
FPÔ�� DQG� WZR� GRXEOHWV� DURXQG� �������� FPÔ�� DQG� DW
�������� FPÔ�� DUH� PDUNHG� LQ� WKH� VSHFWUD� RI� VDPSOH� &
�$GOHU�&�.HUU��������:KLWH��������*X]PDQ�HW�DO���������
7KH�EDQGV�DURXQG������DQG�����FP���EHORQJ�WR�WKH�VLOL�
FDWHV�� 7KH� LQWHQVH� EDQGV� DW� ����� DQG� ����� FP��� DUH
WKRVH�RI�WKH�6L�2�VWUHWFKLQJ�IUHTXHQFLHV�DQG�RYHUODSSHG
ZLWK� &�2� SRO\VDFFKDULGH� IUHTXHQFLHV�� 7KHUH� LV� DOVR� D
FKDUDFWHULVWLF� GRXEOHW�ZLWK� SHDNV� DW� DSSUR[LPDWHO\� ���
DQG�����FP����3DFiNRYi�HW�DO���������UHIOHFWLQJ�WKH�SUHV�
HQFH� RI� TXDUW]�� ZKLFK� LV� DOVR� LQGLFDWHG� E\� EDQGV� DW
����������DQG�����FP����&RPSDULVRQ�RI�WKH�VSHFWUD�RE�
WDLQHG� GXULQJ� SHWROD� PDWXUDWLRQ� LQGLFDWHV� VLJQLILFDQW
FKDQJHV� LQ� WKH�VLOLFDWH� �6L�2��VWUHWFKLQJ� UHJLRQ� ������ WR
����FP�����,QVWHDG�RI�WKH�PD[LPXP�DW�a�����FP����SUHV�
HQW� LQ� WKH� VSHFWUXP�RI�SHWROD� IURP� VDPSOH�$� �-XQH��WK��
ZH�REVHUYHG�WKH�PD[LPXP�SHDNV�a�����DQG�a�����FP�

�� LQ� WKH� VSHFWUD� RI� ODWHU� VDPSOHV�� )URP� WKRVH� UHVXOWV�� D
GHJUDGDWLRQ�RI�FDUERK\GUDWHV�FRQFRPLWDQW�ZLWK�D�PRGL�
ILFDWLRQ�GHFUHDVH� RI� WKH� VLOLFDWH� FRPSRQHQW� �HVSHFLDOO\
GHFUHDVH� RI� TXDUW]� FRQWHQW�� FRXOG� EH� LQIHUUHG� GXULQJ
SHWROD� FXOWLYDWLRQ�PDWXUDWLRQ�� 6RPH� RI� WKRVH� FKDQJHV
REVHUYHG� LQ� WKH�VSHFWUD�RI� VDPSOHV�%�DQG�&�DUH�GXH� WR
WKH�FU\VWDOOL]DWLRQ�RI�J\SVXP� �&D62�¬�+�2�� WKDW�EHJLQV

)LJ�� ��� )7�,5� VSHFWUD� RI� SHWROD� VDPSOHV� �VSHFWUDO� UDQJH
��������FP����
6O�����)7�,5�VSHNWUL�Y]RUFHY�SHWROH��VSHNWUDOQR�REPRàMH
��������FP����

DIWHU� FU\VWDOOL]DWLRQ�RI�&D&2��� 7KH� VWURQJ�EDQG�FHQWUHG
DURXQG� ����� FP��� WKDW� VSOLWV� LQWR� WZR� FRPSRQHQWV� DW
DURXQG������DQG������FP����DQG�WKH�VPDOO�SHDNV�DW����
DQG�����FP���DUH�DVVLJQHG�WR�WKH�VWUHWFKLQJ�DQG�EHQGLQJ
PRGH�RI�VXOSKDWH�LQ�J\SVXP��)RU�J\SVXP��SHDNV�W\SLFDO
RI�WKH�EHQGLQJ�YLEUDWLRQ�RI�2�+�ERQG�LQ�+�2�PROHFXOH�
DQG� VWUHWFKLQJ� DQG� EHQGLQJ� YLEUDWLRQV� RI� 6�2� ERQG� LQ
62�

���ZHUH�GHWHFWHG�DW�DURXQG������������������������
������ ������ ���� DQG� ���� FP��� �5DPSD]]L� &� %XJLQL�
������ &DSSLWHOOL� HW� DO��� ������� *\SVXP� DQG� DQK\GULWH
VXOSKDWH�FRXOG�DOVR�FRQWULEXWH� WR� WKH�DEVRUSWLRQ� IHDWXUH
DW�a�����DQG�a�����FP����6XWWHU�HW�DO����������+RZHYHU�
WKH� &1� JURXSLQJ� DOVR� JLYHV� DQ� ,5� VLJQDO� LQ� WKLV� UHJLRQ
DQG�WKH�TXDUW]�LWVHOI�DV�ZHOO�

7KH� VDOLQLW\� GDWD� �EULQH�� GXULQJ� VDPSOLQJ� VXSSRUWHG
WKH�SUHVHQFH�RI�PDMRU�VDOWV�LGHQWLILHG�E\�)7�,5�DQDO\VHV�
2Q�-XQH��WK��WKH�VHDZDWHU�FRQFHQWUDWLRQ�ZDV�DSSUR[�����
°%H��ZKLFK� OHG� WR�SUHFLSLWDWLRQ�RI�&D&2��� DQG�RQ� -XQH
��WK� FRQFHQWUDWLRQ� RI� EULQH� ZDV� ����� °%H� ZKHQ
&D62�¬�+�2� FU\VWDOOL]HV� �LW� EHJLQV� DW� DERXW� ����� °%H�
.RURYHVVLV�&�/HNNDV���������(YDSRUDWLRQ�RI�VHDZDWHU� IL�
QDOO\�SURFHHGV� WR� WKH�KDOLWH�SUHFLSLWDWLRQ�� ,Q� WKH�SHULRG
RI�ODVW�VDPSOLQJ��VDPSOH�&��-XO\��WK���������WKH�VHDZDWHU
FRQFHQWUDWLRQ� LQ� WKH�FU\VWDOOL]DWLRQ�SDQ�ZDV�DSSUR[����
°%H��GDWD�IURP�62/,1(�3ULGHODYD�VROL�G�R�R��6DOW�3URGXF�
WLRQ�&R��/WG����ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�FU\VWDOOL]DWLRQ
RI�1D&O�LQ�WKH�V\VWHP��8QIRUWXQDWHO\��WKH�KDOLWH�LV�NQRZQ
DV�VSHFWUDOO\�IHDWXUHOHVV�LQ�WKH�LQIUDUHG�VSHFWUD�EHFDXVH�LW
LV� WUDQVSDUHQW� RYHU� PXFK� RI� WKH� LQIUDUHG� UHJLRQ� RI� WKH
HOHFWURPDJQHWLF�VSHFWUXP��6DPSOHV�RI�KDOLWH�XVXDOO\�JLYH
WKH� QHDU� ����� IODW� DEVRUSWLRQ� OLQH�� VR� LWV� SUHFLSLWDWLRQ
FDQQRW�EH�IROORZHG�E\�)7�,5�DQDO\VHV�

'XULQJ� VDPSOLQJ� WKH� GHFUHDVH� RI� RUJDQLF� FDUERQ� LQ
SHWROD�ZDV� REVHUYHG�� 6SHFWUD� RI� VDPSOHV� VDPSOHG� DIWHU
�WK� -XQH� REYLRXVO\� VKRZ� GHFUHDVLQJ� DEVRUSWLRQ� LQWHQVL�
WLHV� RI� DOLSKDWLF� &+�� DQG� &+�� VWUHWFKLQJ� LQ� WKH� �����
����� FP��� UDQJH�� 7KH� RWKHU� RUJDQLF� DEVRUSWLRQ� SHDNV
ZHUH� RYHUODSSHG� E\� PDLQ� PLQHUDO� DEVRUSWLRQ�� 7KH
HOHPHQWDO� DQDO\VHV� RI� SHWROD� VKRZHG� VLPLODU� RUJDQLF
FDUERQ�YDOXHV� DV�SUHYLRXVO\� UHSRUWHG� E\� )DJDQHOL�HW� DO�
������� �����������DQG�FRQILUPHG� WKH�DERYH�PHQWLRQHG
WUHQG�GHWHFWHG�E\�)7�,5�VSHFWURVFRS\��7DE�����

7DE� ��� 2UJDQLF� FDUERQ� �2&�� DQG� WRWDO� QLWURJHQ� �71�
FRQWHQWV��ZW������DQG�2&�71�UDWLRV��DWRPLF��LQ�WKH�SH�
WROD�VDPSOHV�
7DE����9VHEQRVW��XW�����RUJDQVNHJD�RJOMLND��2&��LQ�FH�
ORWQHJD� GXÉLND� �71��� LQ� DWRPVND� UD]PHUMD� 2&�71� Y
Y]RUFLK�SHWROH�

-XQ�������� -XQ��������� -XO��������
2& ���� ���� ����
71 ���� ���� ����
2&�71 ����� ����� �����
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7KH� YDOXHV� IRU� RUJDQLF� FDUERQ� DQG� WRWDO� QLWURJHQ� LQ
WKH� SHWROD� VKRZHG� FRQVLGHUDEOH� GHFOLQH�� $ERXW� ���
ORZHULQJ� RI� WKH� 2&� FRQWHQW�� IURP� ����� WR� ������ DQG
∼���� UHGXFWLRQV� LQ� WRWDO� QLWURJHQ� FRQFHQWUDWLRQV�� ZDV
GHWHUPLQHG�� &RPSDULVRQ� RI� WKH� 2&�71� YDOXHV� RI� WKH
SHWROD� VDPSOHV� GXULQJ� WKH� VXPPHU� LQGLFDWHV� WKDW� EXON
HOHPHQWDO�FRPSRVLWLRQV�KDYH�EHHQ�SURJUHVVLYHO\�DOWHUHG
E\�WKH�PDWXUDWLRQ�RI�SHWROD�DQG�LQFUHDVLQJ�EULQH�VDOLQLW\�
3HWROD�RUJDQLF�PDWWHU�PRVWO\�GHULYHV�IURP�F\DQREDFWHULD
�GRPLQDWLQJ� JURXS��� GLDWRPV� DQG� RWKHU�PLFURDOJDH� �)D�
JDQHOL� HW� DO��� ������ IRUPHG� LQ� VLWX� DQG� RUJDQLF� PDWWHU
RULJLQDWLQJ�LQ�VHDZDWHU��EULQH��DERYH�WKH�SHWROD�ELRPDWV�
0LFURELDO�FRPPXQLW\�LQ�VRODU�VDOWHUQV�LV�D�G\QDPLF�V\V�
WHP��UHVSRQGLQJ�WR�FKDQJHV�LQ�VDOLQLW\�DQG�FKHPLFDO�HQ�
YLURQPHQW� �/LWFKILHOG�HW�DO����������7KH� LQFUHDVLQJ�EULQH
VDOLQLW\� DOWHUV� WKH� ELRORJLFDO� FRPSRVLWLRQ� �GLIIHUHQW� PL�
FURELDO�FRPPXQLW\�VWUXFWXUH��VZLWFKHV�IURP�KDORWROHUDQW
�VWHQRKDOLQH� IRUPV�� WR� KDORSKLOLF� VSHFLHV� �HXU\KDOLQH
IRUPV�� DQG� FRXOG� OHDG� WR� UHGXFWLRQ� RI� PLFURRUJDQLVP
ELRPDVV�JURZWK�� $W� 6HáRYOMH� VDOW�SDQV�� WKH� LQFUHDVLQJ
EULQH�VDOLQLW\�UHVXOWHG�LQ�KLJKHU�DOWHUDWLRQ�RI�FRPPXQLW\
VWUXFWXUH� DQG� GHFUHDVH� RI� SURNDU\RWLF� DFWLYLW\� �.UDáXQ�
������� ,Q� VXFK� H[WUHPHO\� VDOLQH� HQYLURQPHQW�� WKH� F\D�
QREDFWHULD�0LFURFROHXV� FKWKRQRSODVWHV�ZDV� UHSRUWHG� WR
EH�RQH�RI� WKH�PRVW� LPSRUWDQW�VSHFLHV�SUHVHQW�LQ�WKH�SH�
WROD� �6FKQHLGHU� &� +HUUPDQQ�� ������ )DJDQHOL� HW� DO��
������� $V� WKH� QLWURJHQ� FRQWHQW� LQ� F\DQREDFWHULD� PD\
DPRXQW�XS� WR�����RI� WKHLU�GU\�ZHLJKW� �6WDO�� ������ DQG
PRVW�SODQNWRQ�QLWURJHQ�LV�SUHVHQW�DV�SURWHLQ��/RXUHQoR�HW
DO��� ������� D� SUHIHUHQWLDO� GHJUDGDWLRQ� RI� SURWHLQ�1� �LQ
SDUDOOHO� ZLWK� UHGXFWLRQ� LQ� JURZWK� RI� PLFURRUJDQLVPV�
FDQ�EH� VXJJHVWHG� IURP�RXU� UHVXOWV�� 3URWHLQ� SRROV�� HVSH�
FLDOO\�DPLQR�DFLG�QLWURJHQ��%ODFNEXUQ��������%XUGLJH�&
0DUWHQV���������DUH�JHQHUDOO\�FRQVLGHUHG�WR�EH�PRUH�OD�
ELOH� IUDFWLRQ�� ZKHUHDV� FDUERK\GUDWH� SRROV� DSSHDUHG� WR
EH� PRUH� FRQVHUYDWLYH� LQ� VHGLPHQWV� �'HOO
$QQR� HW� DO��
������� &RQYHUVHO\�� UHFHQW� VWXGLHV� UHYHDOHG� WKDW� VRPH
SURWHLQDFHRXV� PDWHULDO� FRXOG� EH� UHVLVWDQW� WR� PLFURELDO
GHJUDGDWLRQ�DQG�WKDW�SDUW�RI�QLWURJHQ�PD\�EH�SUHVHUYHG
LQ�VHGLPHQWDU\�HQYLURQPHQWV��.QLFNHU�&�+DWFKHU�������
1JX\HQ�&�+DUYH\��������=DQJ�HW� DO��� �������$GGLWLRQ�
DOO\�� WKH�GHFUHDVH�RI�F\DQREDFWHULD�DFFXPXODWLRQ�RI�QL�
WURJHQ��IURP�VHGLPHQW��EULQH��DLU��DOVR�FRQWULEXWHV�WR�WKH
ORZHU� QLWURJHQ� FRQWHQW�� 7KLV� UHVXOWHG� LQ� UDWKHU� KLJK
2&�71�DWRPLF�UDWLRV�RI�PRUH�PDWXUH� VDPSOHV�ZLWK� ORZ
SURWHLQ� FRQWHQW� DQG� WKH� SUHVHQFH� RI� GHJUDGDWLRQ� SURG�
XFWV��'HWHUPLQHG�2&�71�UDWLR�YDOXHV�ZHUH�PXFK�KLJKHU
WKDQ� WKRVH� UHSRUWHG� E\�)DJDQHOL�HW� DO�� �������� L�H�� ����
7KH� GHFUHDVH� RI� RUJDQLF� FRPSRQHQW� VHHPV� WR� DIIHFW
GURSSLQJ�RI�WKH�VLOLFD�VLOLFDWH�FRQWHQW�DV�WKH�GHFUHDVH�RI
LQWHQVLW\� RI� VLOLFD� UHODWHG� EDQGV� ZDV� REVHUYHG� LQ� )7�,5
VSHFWUD� �)LJ�� ���� 7KLV� FRXOG� UHODWH� WR� WKH� ORZHU� GLDWRP
�ZLWK�VLOLFHRXV�IUXVWXOHV�DQG�LQWUDFHOOXODU�6L�SRRO��DQG�RU
SRRUHU� F\DQREDFWHULD� SUHVHQFH�� 0LFURELDO� VXUIDFH� ZDV
VXJJHVWHG�WR�DFW�DV�D�QXFOHDWLRQ�VLWH�IRU�VLOLFD�SUHFLSLWD�
WLRQ� �.RQKDXVHU��������3KRHQL[�HW�DO���������DQG�DFFX�

PXODWLRQ�� $PRUSKRXV� VLOLFD� FRXOG� DFFXPXODWH� RQ� WKH
VXUIDFH� RI� F\DQREDFWHULD� �%HQQLQJ� HW� DO��� ����D�� E�
������� $JJUHJDWLRQ� RI� LQRUJDQLFDOO\� QXFOHDWHG� VLOLFD
QDQRSDUWLFOHV�LQWR�ODUJHU�VLOLFD�DVVHPEODJHV�LV�HQKDQFHG
E\�H[RSRO\PHULF�SRO\VDFFKDULGHV��%HQQLQJ�HW�DO���������
2UJDQLF� H[RSRO\PHULF�PDWUL[�� LPSRUWDQW� FRPSRQHQW� RI
EDFWHULDO�PDW��FRQWULEXWHV�DOVR�WR�WKH�VHGLPHQW�VWDELOL]D�
WLRQ��.ORFN�HW�DO���������3DWHUVRQ�HW�DO���������'XSUD]�HW
DO��� LQ� SUHVV��� 7KH� WUDSSLQJ�DQG�ELGLQJ� FDSDFLW\� RI� VWUR�
PDWROLWH� PDW� FRPPXQLW\� LPSDFWV� WKH� VWUHQJWK� RI� WKH
VHGLPHQW�DQG�WKH�QDWXUH�RI�WKH�PLQHUDOL]DWLRQ�SURFHVVHV
�&DVLOODV�0DUWLQH]�HW�DO����������2UJDQLF�GHFD\�SURFHVVHV
VHHP�WR�EH� LPSRUWDQW� IRU�SHWROD�FHPHQWDWLRQ� OHDGLQJ� WR
IRUPDWLRQ� RI� D� YHU\� ILUP� VXEVWUDWH� QHHGHG� IRU� PDQXDO
JDWKHULQJ�RI�VDOW�

3DUDOOHO�WR�WKH�SHWROD�DQDO\VHV��ZH�DOVR�LQVSHFWHG�WKH
FRPSRVLWLRQDO� FKDQJHV� RFFXUULQJ� LQ� WKH� GDUN� FOD\H\
VHGLPHQW� MXVW� EHORZ� WKH� SHWROD�� )7�,5� VSHFWUD� RI� WKRVH
VDPSOHV��)LJ�����VKRZ�MXVW�PLQRU�DOWHUDWLRQV�GXULQJ�VDP�
SOLQJ�SHULRG��SHWROD�PDWXUDWLRQ���0DMRU�VSHFWUD�EDQGV�RI
WKLV� VDOLQH� PXG� ZHUH� DVVLJQHG� WR� FOD\� PLQHUDOV� �����
FP�����2�+�DQG�1�+�JURXSV������������FP�����DOLSKDWLF
&�+� VWUHWFKLQJ� ����������� FP����� FDOFLWH� ������� �����
���������������DQG�����FP�����+�2�EHQGLQJ�YLEUDWLRQ�
DURPDWLF� DQG�RU� ROHILQLF� & &�� SURWHLQV� ������ FP����
SRO\VDFFKDULGH�DQG�VLOLFDWH�YLEUDWLRQV��∼���������FP����
DQG�TXDUW]���������������������������FP�����7KH�SHDNV
ORFDWHG� DW� ���� FP��� DQG� DURXQG����� FP��� FRXOG� EH� DV�
FULEHG� WR� VLOLFDWHV�DQG�RWKHU�FDUERQDWHV� �VXFK�DV� DUDJR�
QLWH�� 0J�FDUERQDWH� HWF���� $� IHZ� PLOOLPHWUHV� EHORZ� WKH
SHWROD�PDW�� WKHUH� LV� D� ERUGHU� EHWZHHQ�R[LF� DQG� DQR[LF
OD\HU��)DJDQHOL�HW�DO����������VR�VRPH�IHUULF�R[LGHV��ZLWK

)LJ�� ��� )7�,5� VSHFWUD� RI� FOD\H\� VHGLPHQW� VDPSOHG� MXVW
EHORZ�SHWROD�
6O�� ��� )7�,5�VSHNWHU� JOLQHQHJD� VHGLPHQWD�� Y]RUàHQHJD
SRG�SHWROR�
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VLJQDOV�DURXQG�����DQG���������FP����FRXOG�FRQWULEXWH
WR� WKRVH� VSHFWUD�� ,W� LV� FRQILUPHG� IURP� WKHVH� UHVXOWV� WKDW
WKH� VWXGLHG� VWURPDWROLWLF�PDW� L�H��� SHWROD� FRQVWLWXWHV� WKH
PRVW�UHDFWLYH�VXUIDFH�LQ�WKH�VDOW�SDQV�

&21&/86,216

7KH�SUHVHQW�ZRUN�FRQILUPHG�WKH�DSSOLFDWLRQ�RI�)7�,5
VSHFWURVFRS\�LQ�WKH�VWXGLHV�RI�K\SHUVDOLQH�V\VWHP�RI�WKH
VRODU� 6HáRYOMH� VDOW�SDQV�� 7KLV� VSHFWURVFRSLF� WHFKQLTXH
VKRZHG�PRGLILFDWLRQ�RI�RUJDQLF�FRPSRQHQW�DQG�PLQHU�
DOV�RI�VWURPDWROLWLF�PDW��SHWROD��L�H���WKH�EDVH�OD\HU��ELR�
VHGLPHQW�� RI� FU\VWDOOL]DWLRQ� EDVLQV��:LWK� WKH� LQFUHDVLQJ
HYDSRUDWLRQ�� FDOFLXP� FDUERQDWH� FU\VWDOOL]HG� ILUVW�� IRO�
ORZHG�E\�FDOFLXP�VXOSKDWH�GLK\GUDWH��J\SVXP��DQG�KDO�
LWH�FU\VWDOOL]LQJ�DW�WKH�HQG�RI�HYDSRUDWLRQ��8QIRUWXQDWHO\�
WKH� KDOLWH� WKDW� FU\VWDOOL]HV� DW� WKH� HQG� RI� HYDSRUDWLRQ� LV
WUDQVSDUHQW� WR� WKH� LQIUDUHG� OLJKW�DQG�GRHV�QRW� VKRZ�DQ\
OLQHV�LQ�WKH�VSHFWUD��7KH�DOWHUDWLRQ�RI�RUJDQLF�IUDFWLRQ�RI

SHWROD�ZDV�GHWHFWHG�GXULQJ�LWV�PDWXUDWLRQ�DQG�LQFUHDVLQJ
VDOLQLW\�FRQFHQWUDWLRQ�LQ�FU\VWDOOL]DWLRQ�EDVLQ��'XULQJ�WKH
VXPPHU�� WKH�GHFUHDVH�RI�RUJDQLF� FDUERQ�� WRWDO� QLWURJHQ
DQG� VLOLFDWH� FRQWHQW� LQ� SHWROD� ZDV� REVHUYHG�� 7KH� LQ�
FUHDVLQJ�GHJUHH�RI�FHPHQWDWLRQ�VHHPV�WR�SOD\�D�YHU\�LP�
SRUWDQW�UROH�LQ�WKH�VWDELOL]DWLRQ�RI�SHWROD��DOORZLQJ�PDQ�
XDO�JDWKHULQJ�RI�VDOW�RQ�WKLV�EDVLQ
V�EDVH��$W�WKH�PLOOLPH�
WUH� VFDOH�� SHWROD� FRQVWLWXWHV� D� PDLQO\� UHDFWLYH�� VHOI�
VXVWDLQLQJ�V\VWHP�DQG� WKH�PRVW� LPSRUWDQW�VXUIDFH� LQ�VD�
OLQH�SRQGV�

$&.12:/('*(0(176

:H�ZRXOG�OLNH�WR�H[SUHVV�RXU�JUDWLWXGH� WR�$ORM]� -XU�
MHF�� 'LUHFWRU� RI� 62/,1(� 3ULGHODYD� VROL� G�R�R�� �6DOW� 3UR�
GXFWLRQ� &R�� /WG���� IRU� KLV� VXSSRUW� GXULQJ� VDPSOLQJ� LQ
FU\VWDOOL]DWLRQ� EDVLQ� DW� 6HáRYOMH� VDOW�SDQV�� ,Q� SDUWLFXODU
ZH�DFNQRZOHGJH� WKH�HIIRUWV�DQG�KHOS�E\�H[SHUWV�'DPLU
àHQGDN�DQG�'DULR�6DX�

.(0,à1$�.$5$.7(5,=$&,-$�67520$72/,7$��3(72/$���6(à29(/-6.(�62/,1(�
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0RUVND�ELRORÊND�SRVWDMD��1DFLRQDOQL�LQÊWLWXW�]D�ELRORJLMR��6,������3LUDQ��)RUQDáH�����6ORYHQLMD
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329=(7(.

6WURPDWROLWVND�SODVW��LPHQRYDQD��SHWROD���MH�Y�6HßRYHOMVNLK�VROLQDK��7UÊDÈNL�]DOLY��VHYHUQL�-DGUDQ��RVQRYQL�VXEVWUDW
]D�WUDGLFLRQDOQR�URßQR�SULGHODYR�VROL��]DWR�MH�SR]QDYDQMH�QMHQHJD�NHPL]PD�SRPHPEQR�]D�RKUDQLWHY�LQ�UD]YRM�WH�DN�
WLYQRVWL��6HVWDYR�LQ�VSUHPHPEH�SHWROH�VPR�SUHXßHYDOL�V�SRPRßMR�VSHNWURY�)7�,5�KRPRJHQL]LUDQLK�FHORWQLK�Y]RUFHY�
*ODYQH�DQRUJDQVNH�NRPSRQHQWH�VHVWDYOMDMR�NDUERQDWL��VDGUD��&D62�ª�+�2��LQ�VLOLNDWL��RUJDQVND�IUDNFLMD�SD�VH�SRMDY�
OMD�Y�PDQMÈHP�GHOHÊX��2&����������XW������0HG�Y]RUßHYDQMHP��WM��Y�ßDVX�]RUHQMD�SHWROH�LQ�SRUDVWD�VODQRVWL�VODQLFH�
VPR� ]DVOHGLOL� SDGHF� � NRQFHQWUDFLMH� VLOLNDWRY�� RUJDQVNHJD� RJOMLND� �2&�� LQ� FHORWQHJD� GXÈLND� �71�� WHU� SRUDVW�2&�71
DWRPVNHJD�UD]PHUMD��2SLVDQD�UD]LVNDYD�SRWUMXMH�XSRUDEQRVW�VSHNWURVNRSLMH�)7�,5�SUL�SUHXßHYDQMX�VHVWDYH�LQ�SUHWYRUE
SHWROH�WHU�ED]LßQLK�UD]LVNDYDK�KLSHUVDOLQLK�REPRßLM�

.OMXÞQH�EHVHGH��VWURPDWROLW�SHWROD��)7�,5��HOHPHQWQD�VHVWDYD��6HáRYHOMVNH�VROLQH��VHYHUQL�-DGUDQ

5()(5(1&(6

$GOHU�� +�� +�� &� 3�� )�� .HUU� �������� ,QIUDUHG� VWXG\� RI
DUDJRQLWH�DQG�FDOFLWH��$P��0LQHUDO���������������
%HQQLQJ�� /�� *��� 9�� 5�� 3KRHQL[�� 1�� <HH� &� 0�� -�� 7RELQ
�����D��� 0ROHFXODU� FKDUDFWHUL]DWLRQ� RI� F\DQREDFWHULDO
VLOLFLILFDWLRQ� XVLQJ� V\QFKURWURQ� LQIUDUHG� PLFUR�VSHFWUR�
VFRS\��*HRFKLP��&RVPRFKLP��$FWD��������������

%HQQLQJ��/��*���9��5��3KRHQL[��1��<HH�	�.��2��.RQKDX�
VHU� �����E��� 7KH� G\QDPLFV� RI� F\DQREDFWHULDO� VLOLFLILFD�
WLRQ�� $Q� LQIUDUHG� PLFUR�VSHFWURVFRSLF� LQYHVWLJDWLRQ�
*HRFKLP��&RVPRFKLP��$FWD��������������
%HQQLQJ�� /��*���9�� 3KRHQL[�&� %��:��0RXQWDLQ� �������
%LRVLOLFLILFDWLRQ��WKH�UROH�RI�F\DQREDFWHULD�LQ�VLOLFD�VLQWHU
GHSRVLWLRQ��,Q��*DGG��*��0���.��7��6HPSOH�	�+��0��/DS�
SLQ�6FRWW� �HGV���� 0LFUR�RUJDQLVPV� DQG� HDUWK� V\VWHPV� �
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DGYDQFHV� LQ� JHRPLFURELRORJ\�� 6RFLHW\� RI� *HQHUDO� 0L�
FURELRORJ\�6\PSRVLXP��&DPEULGJH�8QLYHUVLW\�3UHVV��SS�
��������
%ODFNEXUQ��7��+����������1LWURJHQ�F\FOH�LQ�PDULQH�VHGL�
PHQWV��2SKHOLD������������
%XUGLJH��'��-��&�&��6��0DUWHQV���������%LRJHRFKHPLFDO
F\FOLQJ�LQ�DQ�RUJDQLF�ULFK�FRDVWDO�PDULQH�EDVLQ������7KH
UROH�RI�DPLQR�DFLGV� LQ� VHGLPHQWDU\�RUJDQLF�FDUERQ�DQG
QLWURJHQ� F\FOLQJ�� *HRFKLP�� &RVPRFKLP�� $FWD�� ���
����������
&DSSLWHOOL��)���/��7RQLROR��$��6DQVRQHWWL��'��*XORWWD��*�
5DQDOOL��(��=DQDUGLQL�&�&��6RUOLQL���������$GYDQWDJHV�RI
8VLQJ�0LFURELDO�7HFKQRORJ\� RYHU� 7UDGLWLRQDO�&KHPLFDO
7HFKQRORJ\�LQ�5HPRYDO�RI�%ODFN�&UXVWV� IURP�6WRQH�6XU�
IDFHV� RI� +LVWRULFDO� 0RQXPHQWV�� $SSO�� (QYLURQ�� 0LFUR�
ELRO�����������������
&DVLOODV�0DUWLQH]�� /��� 0�� /�� *RQ]DOH]�� =�� )XHQWHV�
)LJXHURD��&��0��&DVWUR��'��1LHYHV�0HQGH]��&��+HUQDQ�
GH]��:��5DPLUH]��5��(��6\WVPD��-��3HUH]�-LPHQH]�&�3��7�
9LVVFKHU� �������� &RPPXQLW\� VWUXFWXUH�� JHRFKHPLFDO
FKDUDFWHULVWLFV� DQG� PLQHUDORJ\� RI� D� K\SHUVDOLQH� PLFUR�
ELDO�PDW��&DER�5RMR��35��*HRPLFURELRO��-���������������
'HOO
$QQR�� $���0�� )DELDQR��0�� /��0HL�&� 5�� 'DQRYDUR
�������� (Q]\PDWLFDOO\� K\GURO\VHG�SURWHLQ�DQG� FDUERK\�
GUDWH�SRROV� LQ�GHHS�VHD� VHGLPHQWV�� HVWLPDWHV�RI� WKH�SR�
WHQWLDOO\� ELRDYDLODEOH� IUDFWLRQ� DQG�PHWKRGRORJLFDO� FRQ�
VLGHUDWLRQV��0DU��(FRO��3URJ��6HU��������������
'ROHQHF��7���-��.LQN��-��3H]GLÞ��%��2JRUHOHF�&�-��)DJDQHOL
�������� 2[\JHQ� DQG� FDUERQ� LVRWRSLF� FRPSRVLWLRQ� RI
KRORFHQH�VHGLPHQW�IURP�WKH�VDOW�PDUVK�RI�6HáRYOMH��*XOI
RI�7ULHVWH���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�6HGLPHQWRORJLVWV�
%RRN�RI�$EVWUDFWV��,VFKLD��SS����������
'XSUD]��&���5��3��5HLG��2��%UDLVVDQW��$��:��'HFKR��5��6�
1RUPDQ�&�3��7��9LVVFKHU���������3URFHVVHV�RI�FDUERQDWH
SUHFLSLWDWLRQ� LQ� PRGHUQ� PLFURELDO� PDWV�� (DUWK�6FLHQFH
5HYLHZV���,Q�SUHVV�
)DJDQHOL�� -��� -�� 3H]GLÞ�� %�� 2JRUHOHF�� 7�� 'ROHQHF� &� %�
ÝHUPHOM� �������� 6DOW�ZRUNV�RI� 6HáRYOMH� �*XOI�RI�7ULHVWH�
QRUWKHUQ� $GULDWLF�� �� D� VHGLPHQWRORJLFDO� DQG� ELRJHR�
FKHPLFDO�ODERUDWRU\�IRU�HYDSRULWLF�HQYLURQPHQWV��50=��
0	*��������������
*ROXELF�� 6��� 7�� /H� &DPSLRQ�$OVXPDUG� &� -�� 6FKQHLGHU
�������� 7KH� VDOW� ZRUNV� RI� 6HáRYOMH� �3RUWRURÌ�� <XJRVOD�
YLD���D�QDWXUDO�PRGHO�IRU�JHRFKHPLVWU\�DQG�PLFURELRORJ\
RI� HYDSRULWLF� HQYLURQPHQWV�� 5DSS�� &RPP�� LQW�� 0HU�
0pGLW���������������
*X]PDQ��1���<��'DXSKLQ��-��3��&XLI��$��'HQLV�&�/��2UW�
OLHE� �������� 'LDJHQHWLF� FKDQJHV� LQ� &RQFKROHSDV� FRQ�
FKROHSDV� VKHOOV� �*DVWURSRGD�� 0XULFLGDH�� LQ� WKH� K\SHU�
DULG�FRQGLWLRQV�RI�1RUWKHUQ�&KLOH��� LPSOLFDWLRQV� IRU�SD�
ODHRHQYLURQPHQWDO� UHFRQVWUXFWLRQV�� %LRJHRVFL��'LVFXVV��
��� ��������� KWWS���ZZZ�ELRJHRVFLHQFHV�GLVFXVV�QHW���
���������EJG������������SGI��0DUFK���������
+HGJHV��-��,��&�-��+��6WHUQ���������&DUERQ�DQG�QLWURJHQ
GHWHUPLQDWLRQV� LQ� FDUERQDWH�FRQWDLQLQJ� VROLGV�� /LPQRO�
2FHDQRJU���������������

-DFNVRQ�� .��'��2�� �������� $� JXLGH� WR� LGHQWLI\LQJ� FRP�
PRQ� LQRUJDQLF� ILOOHUV� DQG� DFWLYDWRUV� XVLQJ� YLEUDWLRQDO
VSHFWURVFRS\�� 7KH� ,QWHUQHW� -RXUQDO� RI� 9LEUDWLRQDO� VSHF�
WURVFRS\� >RQOLQH� FRPSXWHU� ILOH@�� ������ QR� SS� JLYHQ�
KWWS���ZZZ�LMYV�FRP�YROXPH��HGLWLRQ��VHFWLRQ��KWPO�
DFFHVVHG����������
.ORFN�� -��+��� $�� :LHODQG�� 5�� 6HLIHUW� &� :�� 0LFKDHOLV
�������� ([WUDFHOOXODU� SRO\PHULF� VXEVWDQFHV� �(36�� IURP
F\DQREDFWHULDO� PDWV�� FKDUDFWHULVDWLRQ� DQG� LVRODWLRQ
PHWKRG�RSWLPLVDWLRQ��0DU��%LRO������������������
.QLFNHU�� +�� &� 3�� *�� +DWFKHU� �������� 6HTXHVWUDWLRQ� RI
RUJDQLF� QLWURJHQ� LQ� WKH� VDSURSHO� IURP� 0DQJURYH� ODNH�
%HUPXGD��2UJ��*HRFKHP���������������
.RQKDXVHU��.��2��&�)��*��)HUULV���������'LYHUVLW\�RI�LURQ
DQG�VLOLFD�SUHFLSLWDWLRQ�E\�PLFURELDO�PDWV� LQ�K\GURWKHU�
PDO� ZDWHUV�� ,FHODQG�� LPSOLFDWLRQV� IRU� 3UHFDPEULDQ� LURQ
IRUPDWLRQV��*HRORJ\��������������
.RURYHVVLV��1��$��&�7��'��/HNNDV���������&RPSDULVRQ�RI
6RODU�6DOWZRUNV�ZLWK�VDOLQH�FRDVWDO�ZHWODQGV��,Q��/HNNDV�
7��'��	�1�$��.RURYHVVLV��HGV����3URFHHGLQJV�RI�WKH��VW�,Q�
WHUQDWLRQDO�&RQIHUHQFH�RQ� WKH�(FRORJLFDO� ,PSRUWDQFH�RI
6RODU�6DOWZRUNV��2FWREHU��������������6DQWRULQL� ,VODQG�
*OREDO�1HVW��$WKHQV��*UHHFH��SS��������
.UDÞXQ��1�� �������� 6WUXFWXUH� DQG� DFWLYLW\� RI� PLFURELDO
FRPPXQLW\� DORQJ� VDOLQLW\� JUDGLHQW� RI� 6HáRYOMH� VDOWHUQV�
%�� 6F��7KHVLV��%LRWHFKQLFDO� )DFXOW\��8QLYHUVLW\� RI� /MXEO�
MDQD��/MXEOMDQD���,Q�6ORYHQH�
/LWFKILHOG��&��'���$��2UHQ��$��,UE\��0��6LNDURRGL�&�3��0�
*LOOHYHW� �������� 7HPSRUDO� DQG� VDOLQLW\� LPSDFWV� RQ� WKH
PLFURELDO� GLYHUVLW\� DW� WKH� (LODW�� ,VUDHO�� VRODU� VDOW� SODQW�
*OREDO�1(67�-�������������
/RXUHQlR��6��2���(��%DUEDULQR��8��0��/DQIHU�0DUTXH]�&
(��$LGDU���������'LVWULEXWLRQ�RI� LQWUDFHOOXODU�QLWURJHQ� LQ
PDULQH�PLFURDOJDH�� EDVLV� IRU� WKH� FDOFXODWLRQ� RI� VSHFLILF
QLWURJHQ�WR�SURWHLQ� FRQYHUVLRQ� IDFWRUV�� -�� 3K\FRO��� ���
��������
0HLVFKQHU��'��	�-��5XPRKU���������$�OLJKW�ZHLJKW�KLJK�
PRPHQWXP� JUDYLW\� FRUHU� IRU� VXEDTXHRXV� VHGLPHQWV�
6HQFNHQE��0DULW��������������
1JX\HQ�� 5�� 7�� 	�+�� 5��+DUYH\� �������� 3UHVHUYDWLRQ� RI
SURWHLQ�LQ�PDULQH�V\VWHPV��+\GURSKRELF�DQG�RWKHU�QRQ�
FRYDOHQW� DVVRFLDWLRQV� DV� PDMRU� VWDELOL]LQJ� IRUFHV�� *HR�
FKLP��&RVPRFKLP��$FWD���������������
2JRUHOHF��%���0��0LÇLÞ��$��ÆHUFHOM��)��&LPHUPDQ�� -��)D�
JDQHOL�	�3��6WHJQDU���������6HGLPHQW�6HáRYHOMVNH�VROLQH
 �6HGLPHQW�RI�WKH�VDOW�PDUVK�RI�6HáRYOMH��*HRORJLMD�����
��������
2JRUHOHF��%���0��0LÇLÞ�	�-��)DJDQHOL���������6HáRYHOMVNH
VROLQH���JHRORÊNL�ODERUDWRULM�Y�QDUDYL��$QQDOHV��6HU��+LVW�
1DW������������������
3DFgNRYg��9���'��3RFNHYLÞLWH��6��$UPDOLV��.��ÆWXOLN��-��/L
	� -��9DVHOÎ� �������� $� VWXG\� RI� WKH� GLVWULEXWLRQ� RI� OHDG�
FDGPLXP�DQG�FRSSHU�EHWZHHQ�ZDWHU�DQG�NDROLQ��EHQWR�
QLWH�DQG�ULYHU�VHGLPHQW��-��(QYLURQ��0RQLW��������������
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3DWHUVRQ��'��0���5�� -��$VSGHQ��3��7��9LVVFKHU��0��&RQ�
VDOYH\��0��$QGUHV��$��:��'HFKR�� -�� 6WRO]�	�3��5��5HLG
��������/LJKW�GHSHQGDQW�ELRVWDELOLVDWLRQ�RI�VHGLPHQWV�E\
VWURPDWROLWH�DVVHPEODJHV��3/R6�2QH��������H�����
3KRHQL[��9��5���'��*��$GDPV�	�.��2��.RQKDXVHU��������
&\DQREDFWHULDO� YLDELOLW\� GXULQJ� K\GURWKHUPDO� ELRPLQHU�
DOLVDWLRQ��&KHP��*HRO����������������
5DPSD]]L��/��	�5��%XJLQL���������6W��/RUHQ]R�EDVLOLFD�LQ
0LODQ��,QWHJUDO�DSSURDFK�WR�FKDUDFWHUL]DWLRQ�RI�KLVWRULFDO
PRUWDUV��H�36�����������
6DEDWHU�� 6��� $�� 0�� 5RPDQq�� +�� *XDVFK� 	� ,�� 0XÇR]
�������� 6WURPDWROLWLF� FRPPXQLWLHV� LQ� 0HGLWHUUDQHDQ
VWUHDPV��$GDSWDWLRQV�WR�D�FKDQJLQJ�HQYLURQPHQW��%LRGL�
YHUV��&RQVHUY��������������
6FKQHLGHU��-��	�$��*��+HUUPDQQ���������6DOWZRUNV�QDWX�
UDO�ODERUDWRULHV�IRU�PLFURELRORJLFDO�DQG�JHRFKHPLFDO�LQ�
YHVWLJDWLRQ�GXULQJ�WKH�HYDSRUDWLRQ�RI�VHDZDWHU���WK�,QWHU�
QDWLRQDO� 6\PSRVLXP�RQ� 6DOW�1RUWKHUQ�2KLR�*HRORJLFDO
6RFLHW\��9RO�����SS���������

62/,1(�3ULGHODYD�VROL�G�R�R���6DOW�3URGXFWLRQ�&R��/WG����
EDVLF� LQIRUPDWLRQ�� KWWS���ZZZ�VROLQH�VL�FRPSDQ\� �-DQX�
DU\���������
6WDO��/��-����������&\DQREDFWHULDO�PDWV�DQG�VWURPDWROLWHV�
,Q��:KLWWRQ��%��$��	�0��3RWWV��HGV����7KH�(FRORJ\�RI�&\D�
QREDFWHULD��.OXZHU�$FDGHPLF�3XEOLVKHUV��'RUGUHFKW��WKH
1HWKHUODQGV��SS���������
6XWWHU��%���-��%��'DOWRQ��6��$��(ZLQJ��5��$PXQGVRQ�	�&�
3��0F.D\���������,QIUDUHG�VSHFWURVFRSLF�DQDO\VHV�RI�VXO�
SKDWH�� QLWUDWH�� DQG� FDUERQDWH�EHDULQJ� $WDFDPD� 'HVHUW
VRLOV�� $QDORJV� IRU� WKH� LQWHUSUHWDWLRQ� RI� LQIUDUHG� VSHFWUD
IURP� WKH�0DUWLDQ� VXUIDFH�� /XQDU�DQG�3ODQHWDU\� 6FLHQFH�
KWWS���ZZZ�OSL�XVUD�HGX�PHHWLQJV�OSVF�����SGI������SGI
�)HEUXDU\���������
:KLWH�� :�� %�� �������� 7KH� FDUERQDWH� PLQHUDOV�� ,Q�
)DUPHU��9�&���HG����7KH�,QIUDUHG�VSHFWUD�RI�PLQHUDOV��0L�
QHUDORJLFDO�6RFLHW\�RI�/RQGRQ�0RQRJUDSK�������������
=DQJ��;���5��7��1JX\HQ��+��5��+DUYH\��+��.QLFNHU�	�3�
*��+DWFKHU���������3UHVHUYDWLRQ�RI�SURWHLQDFHRXV�PDWH�
ULDO�GXULQJ�WKH�GHJUDGDWLRQ�RI�WKH�JUHHQ�DOJD�%RWU\RFRF�
FXV�EUDXQLL��$�VROLG�VWDWH��'���1���&�105�VSHFWURVFRS\
VWXG\��*HRFKLP��&RVPRFKLP��$FWD����������������


