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7KH�SDSHU� DVVHVVHV� SROOXWLRQ� RI� WKH�6ORYHQLDQ� VHD� LQ� WHUPV� RI� SRO\DURPDWLF� K\GURFDUERQV� FRQWHQW� LQ� VHGLPHQW
VDPSOHV�DQG�PXVVHOV��)RU�WKLV�SXUSRVH��IOXRUHVFHQFH�VSHFWURVFRS\�ZDV�DSSOLHG�DV�D�VFUHHQLQJ�PHWKRG��(OHYDWHG�FRQ�
FHQWUDWLRQV�RI�SRO\DURPDWLF�K\GURFDUERQV�ZHUH�REWDLQHG�LQ�PXQLFLSDO�KDUERXUV�RI�WKH�WKUHH�6ORYHQLDQ�FRDVWDO�FLWLHV�
DV�ZHOO�DV�LQ�PDULQDV�DORQJ�WKH�FRDVW��7KH�%D\�RI�.RSHU�LV�PRUH�SROOXWHG�LQ�FRPSDULVRQ�WR�WKH�%D\�RI�3LUDQ��ZKLFK
VHHPV�WR�EH�WKH�OHVV�SROOXWHG�DUHD�RI�6ORYHQLDQ�FRDVWDO�ZDWHUV��7KH�%D\�RI�.RSHU�LV�DIIHFWHG�E\�YDULRXV�SRUW�DFWLYLWLHV
DQG�PDULWLPH�WUDIILF��,Q�WKH�FHQWUDO�SDUW�RI�WKH�*XOI�RI�7ULHVWH��D�FHUWDLQ�LQIOXHQFH�RI�WKH�FLW\�RI�7ULHVWH�ZLWK�LWV�SRUW�DQG
PDULWLPH�WUDIILF�ZDV�REVHUYHG��,Q�JHQHUDO��WKH�6ORYHQLDQ�VHD�FRXOG�EH�FRQVLGHUHG�DV�PRGHUDWHO\�SROOXWHG�

.H\�ZRUGV��SRO\DURPDWLF�K\GURFDUERQV��SROOXWLRQ��VHGLPHQWV��PXVVHOV��IOXRUHVFHQFH�VSHFWURVFRS\��6ORYHQLDQ�VHD
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DUWLFROR�YLHQH�SUHVHQWDWD�OD�YDOXWD]LRQH�GHOO
LQTXLQDPHQWR�GHO�PDUH�VORYHQR�FRQ�O
DXVLOLR�GHOOH�FRQFHQWUD]L�
RQL�GL�LGURFDUEXUL�SROLDURPDWLFL�LQ�FDPSLRQL�GL�VHGLPHQWR�H�ELYDOYL��$�WDOH�VFRSR�o�VWDWD�DGRSHUDWD�OD�VSHWWURVFRSLD�GL
IOXRUHVFHQ]D��&RQFHQWUD]LRQL�HOHYDWH�GL�LGURFDUEXUL�SROLDURPDWLFL�VRQR�VWDWH�UHJLVWUDWH�QHL�PDQGUDFFKL�GHL�WUH�FRPXQL
FRVWLHUL� FRPH�SXUH�QHOOH�PDULQH�FRVWLHUH�� /D� EDLD� GL�&DSRGLVWULD� o� ULVXOWDWD� SL|� LQTXLQDWD� GL� TXHOOD� GL� 3LUDQR�� FKH
VHPEUD�HVVHUH� O
DUHD�PHQR� LQTXLQDWD�GHO�PDUH� VORYHQR��/D�EDLD�GL�&DSRGLVWULD�YLHQH�FRQGL]LRQDWD�GDO�SRUWR�H�GDO
WUDIILFR�QDYDOH��/D�SDUWH�FHQWUDOH�GHO�*ROIR�GL�7ULHVWH�ULVHQWH�GHOO
LQIOXVVR�GHOOD�FLWWi�GL�7ULHVWH��GHO�ULVSHWWLYR�SRUWR�H
GHO� WUDIILFR�QDYDOH�� ,Q�FRQFOXVLRQH�� LO�PDUH�VORYHQR�ULVXOWD�HVVHUH�PRGHUDWDPHQWH� LQTXLQDWR�GD� LGURFDUEXUL�SROLDUR�
PDWLFL�

3DUROH�FKLDYH��LGURFDUEXUL�SROLDURPDWLFL��LQTXLQDPHQWR��VHGLPHQWL��ELYDOYL��VSHWWURVFRSLD�GL�IOXRUHVFHQ]D��PDUH
VORYHQR
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+\GURFDUERQV� RI� QDWXUDO� DQG� DQWKURSRJHQLF� RULJLQ
DUH� ZLGHO\� GLVWULEXWHG� LQ� GLIIHUHQW� HQYLURQPHQWDO� FRP�
SDUWPHQWV��L�H��VRLOV��VHGLPHQWV��QDWXUDO�ZDWHUV�DQG�ELRWD�
7KH� DZDUHQHVV� RI� WKH� YDULRXV� VRXUFHV� RI� LQWURGXFWLRQ
LQWR� WKH� QDWXUDO� HQYLURQPHQW�� GLVSHUVDO� RI� WKHVH� FRP�
SRXQGV��WUDQVSRUW�PHFKDQLVPV�DQG�WKH�FRQFHQWUDWLRQV�LQ
GLIIHUHQW�SDUWV�RI� WKH�HQYLURQPHQW�DUH�YHU\� LPSRUWDQW� WR
DGHTXDWHO\�DVVHV�WKH�VWDWH�RI�WKH�HQYLURQPHQW��7KH�PRVW
LPSRUWDQW� VRXUFHV� RI� SROOXWLRQ� E\� K\GURFDUERQV� DUH� RLO
VHHSDJH��RLO�VSLOODJH��FRPEXVWLRQ�RI�YDULRXV� IRVVLO� IXHOV�
WUDIILF��GRPHVWLF�DQG�LQGXVWULDO�ZDVWH�ZDWHUV�DQG�VHZDJH�
DV� ZHOO� DV� XUEDQ� UXQRII� �,02�� ������� %HFDXVH� RI� WKHLU
ORZ�VROXELOLW\�LQ�ZDWHU�DQG�UDWKHU�ORZ�YDSRXU�SUHVVXUHV�
WKH�DGVRUSWLRQ�RI�K\GURFDUERQV�RQWR�VROLG�SDUWLFOHV� LV�D
YHU\� LPSRUWDQW� SURFHVV� LQ� WKH� QDWXUDO� HQYLURQPHQW
�0HDQV�HW�DO����������+\GURFDUERQV�DUH�UHODWLYHO\�VWDEOH
LQ� WKH� QDWXUDO� HQYLURQPHQW� DQG� WKH\� DFFXPXODWH� LQ
VHGLPHQWV� DQG� ELRORJLFDO� FRPPXQLWLHV� �*X]HOOD� 	� GH
3DROLV�� ������4XLQWHUR�	�'LD]�� ������� )RU� WKLV� UHDVRQ�
VHGLPHQW� DQG� ELRWD� VDPSOHV� DUH� XVXDOO\� XVHG� IRU� WKH
DQDO\VHV� VLQFH� WKH� FRQFHQWUDWLRQ� LQ� VHDZDWHU� LV� XVXDOO\
YHU\�ORZ�GXH�WR�WKH�IDVW�GLOXWLRQ��7KH�PRVW�XVHG�PDULQH
RUJDQLVPV� IRU� WKLV�SXUSRVH�DUH�PXVVHOV�� 7KH\�DUH�ZLGH�
VSUHDG� LQ� FRDVWDO� ZDWHUV�� DQG� RZLQJ� WR� WKHLU� ILOWUDWLQJ
DELOLW\�WKH\�DFFXPXODWH�FRQWDPLQDQWV�LQ�WKHLU�WLVVXH�

7KH�VWXG\�RI� WKH� LPSDFW�DQG� IDWH�RI�K\GURFDUERQV� LV
WKHUHIRUH� RI� JUHDW� LPSRUWDQFH�� HVSHFLDOO\� LQ� PDULQH
FRDVWDO�ZDWHUV� VLQFH� WKHVH� DUHDV� DUH� ELRORJLFDOO\� DFWLYH
DQG� UHFHLYH� FRQVLGHUDEOH� SROOXWDQW� LQSXWV� IURP� ODQG�
EDVHG�VRXUFHV�YLD�FRDVWDO�DQG�ULYHU�UXQRII�

7KH� DLP� RI� WKH� SUHVHQW�ZRUN�ZDV� WR� LQYHVWLJDWH� WKH
VWDWH� RI� PDULQH� HQYLURQPHQW� LQ� WKH� 6ORYHQLDQ� VHD� LQ
WHUPV�RI�SROOXWLRQ�ZLWK�SRO\DURPDWLF�K\GURFDUERQV��)RU
WKLV� SXUSRVH�� VHGLPHQW� VDPSOHV� DQG� PXVVHO� WLVVXH
�0\WLOXV� JDOORSURYLQFLDOLV�� FROOHFWHG� LQ� ����� DQG� ����
ZHUH� DQDO\]HG�� 6HGLPHQW� VDPSOHV� ZHUH� QRW� VHSDUDWHG
DFFRUGLQJ�WR�WKH�JUDLQ�VL]H��,W�LV�ZHOO�NQRZQ�WKDW�WKH�DG�
VRUSWLRQ�RI�GLIIHUHQW�FRPSRXQGV�RQWR�VHGLPHQW�SDUWLFOHV
LV� GHSHQGDQW� RQ� WKH� JUDLQ� VL]H� VLQFH� VPDOOHU� SDUWLFOHV
KDYH�ELJJHU�VSHFLILF�DUHD�IRU�WKH�DGVRUSWLRQ��7KH�DLP�RI
WKLV�ZRUN�ZDV�PHUHO\�WR�FRPSDUH�GLIIHUHQW�FRDVWDO�DUHDV
DQG�WR�DVVHVV�WKH�SROOXWLRQ�ZLWK�SRO\DURPDWLF�K\GURFDU�
ERQV�DQG�QRW�D�GHWDLOHG�VWXG\�RI�SRO\DURPDWLF�K\GURFDU�
ERQV� GLVWULEXWLRQ�� 7KH� FRQWHQW� RI� SRO\DURPDWLF� K\GUR�
FDUERQV� ZDV� GHWHUPLQHG� XVLQJ� 89� IOXRUHVFHQFH� VSHF�
WURVFRS\�� 7KLV� WHFKQLTXH�ZDV� HVWDEOLVKHG� IRU� WKH� GHWHU�
PLQDWLRQ�RI�WRWDO�K\GURFDUERQV��DOWKRXJK�WKH�PDMRU�SDUW
RI� IOXRUHVFHQFH� DULVHV� IURP� SRO\DURPDWLF� K\GURFDUERQV
�0DVRQ���������7KLV�PHWKRG�LV�TXLWH�IDVW�DQG�YHU\�VHQVL�
WLYH�� ,WV�ZHDNQHVV� FRXOG�EH� WKDW� LW�FDQ�RQO\�SURYLGH� LQ�
IRUPDWLRQ�FRQFHUQLQJ�WKH�FODVVHV�RI�FRPSRXQGV��0DVRQ�
������ ZKHUHDV� LWV� DSSOLFDWLRQ� IRU� WKH� GHWHUPLQDWLRQ� RI
WKH� FRQFHQWUDWLRQV� RI� LQGLYLGXDO� FRPSRXQGV� LV� UDWKHU
OLPLWHG��(KUKDUGW�	�.QDS���������2Q�WKH�RWKHU�KDQG��WKH

IOXRUHVFHQFH�PD\� DOVR� EH� GXH� WR� GHJUDGDWLRQ� SURGXFWV
JHQHUDWHG�IURP�RLO�LQ�WKH�QDWXUDO�HQYLURQPHQW��(KUKDUGW�	
.QDS�� ������� 7KHVH� FRPSRXQGV� DUH� LPSRUWDQW� FRQVWLWX�
HQWV� RI� WKH� XQUHVROYHG� FRPSOH[� PL[WXUH� �8&0��� GHWHU�
PLQHG� XVXDOO\� DV� D� EDFNJURXQG� VLJQDO� LQ� *&� FKURPD�
WRJUDPV��7KH�8&0�ZDV� FRQVLGHUHG� D�EHWWHU�PHDVXUH�RI
WKH� OHYHO� RI� SHWUROHXP� K\GURFDUERQV� WKDQ� WKH� UHVROYHG
FRPSRQHQWV� �)DUULQJWRQ� HW� DO��� ������� ,Q� DGGLWLRQ�� WKH
IOXRUHVFHQFH�VSHFWURVFRS\�LV�OHVV�VXVFHSWLEOH�WR�WKH�LQIOX�
HQFH� IURP� ELRJHQLF� FRPSRXQGV�� VLQFH� ELRORJLFDO� WLVVXH
GRHV�QRW�XVXDOO\�FRQWDLQ�VLJQLILFDQW�DPRXQWV�RI� IOXRUHVF�
LQJ� VSHFLHV� �0DVRQ���������7KLV�PHWKRG� LV� WKXV� VXLWDEOH
DV�D� VFUHHQLQJ�PHWKRG� IRU� WKH�DVVHVVPHQW�RI� WKH� VWDWH�RI
SROOXWLRQ�LQ�D�FHUWDLQ�DUHD��(KUKDUGW�	�.QDS��������

)OXRUHVFHQFH� VSHFWURVFRS\�ZDV� XVHG� IRU� GHWHUPLQD�
WLRQ�RI�SHWUROHXP�K\GURFDUERQV�LQ�VHD�ZDWHU��(O�6DPUD�HW
DO��� ������'XMPRY�	� 6XFHYLF�� ������ (KUKDUGW� 	� .QDS�
������(KUKDUGW�	�3HWULFN��������)HUUHU�HW�DO����������PD�
ULQH� VHGLPHQWV� �%DGDZ\�HW�DO���������(KUKDUGW�	�%XUQV�
������ $O� /LKDLEL� 	� $O� 2PUDQ�� ������ 3HWHUVRQ� HW� DO��
������*RQ]DOHV�0DFLDV�HW�DO���������DQG�ELRWD� �0DVRQ�
������ %DGDZ\� HW� DO��� ������ (KUKDUGW� 	� %XUQV�� �����
:DWVRQ�HW�DO���������5RGULJXH]�6DQPDUWLQ�HW�DO���������
&KU\VHQH�DQG�FUXGH�RLO�RI�GLIIHUHQW�RULJLQ�ZHUH�PRVW�IUH�
TXHQWO\� XVHG� DV� VWDQGDUGV� �'XMPRY� 	� 6XFHYLF�� �����
(KUKDUGW� 	� 3HWULFN�� ������ %DGDZ\� HW� DO��� ������ 5RGUL�
JXH]�6DQPDUWLQ� HW� DO��� ������� DOWKRXJK�PL[WXUHV� RI� GLI�
IHUHQW� 3$+V�ZHUH� DOVR�H[DPLQHG� �0DVRQ�� ������2ZHQ
HW� DO��� ������ 3HWHUVRQ� HW� DO��� ������� /DWHO\�� VRPH� QHZ
WHFKQLTXHV� RI� WKLV� PHWKRG�� H�J�� V\QFKURQRXV� IOXRUHV�
FHQFH�VSHFWURVFRS\��KDYH�DOVR�HQDEOHG�D�EHWWHU�GHWHUPL�
QDWLRQ�RI� VRPH� LQGLYLGXDO� IOXRUHVFLQJ� FRPSRXQGV� �'LV�
VDQD\DNH�	�*DOORZD\��������+XD�HW�DO���������

0$7(5,$/�$1'�0(7+2'6

6WXG\�DUHD

7KH�LQYHVWLJDWHG�DUHD�WR�WKH�VRXWKHDVW�RI� WKH�*XOI�RI
7ULHVWH�LV�SDUW�RI�WKH�QRUWKHUQ�$GULDWLF��)LJ������6ORYHQLDQ
FRDVWDO�DUHD�LV�RQH�RI�WKH�IDVW�GHYHORSLQJ�UHJLRQV�RI�6OR�
YHQLD� �7XUN�	� 3RWRáQLN�� ������� 7KH� QXPEHU� RI� LQKDEL�
WDQWV� KDV� LQFUHDVHG� LQ� WKH� ODVW� GHFDGHV� DQG� KDV� QRZ
UHDFKHG���������LQ�WKH�VXPPHU�SHULRG�WKLV�QXPEHU�PD\
LQFUHDVH�ILYH� IROG���7KH�PRVW� LPSRUWDQW� LQGXVWULHV� LQ� WKH
6ORYHQLDQ� FRDVWDO� UHJLRQ� DUH� PHWDO� PDQXIDFWXULQJ�� RU�
JDQLF�FKHPLFDOV�SURGXFWLRQ�DQG�IRRG�LQGXVWU\��7KH�DJUL�
FXOWXUH� LV� PRVWO\� RULHQWHG� WRZDUGV� WKH� SURGXFWLRQ� RI
ZLQH��IUXLW�DQG�ROLYH�JURZLQJ��DQG�YHJHWDEOH�FXOWLYDWLRQ�
7KH�3RUW�RI�.RSHU�KDV�EHFRPH�RQH�RI�WKH�PRVW�LPSRUWDQW
SRUWV� LQ� WKH� QRUWKHUQ� $GULDWLF� DQG� LV� VWLOO� LQFUHDVLQJ� LWV
DFWLYLWLHV�� ,W�KDQGOHV�DERXW����PLOOLRQ� WRQV�RI�FDUJR�SHU
\HDU�� DPRQJ� WKHP� RYHU� ����PLOOLRQ� WRQV� RI� RLO� DQG� RLO
SURGXFWV� DQG�PRUH� WKDQ��������� WRQV� RI� FKHPLFDOV�� ,Q
WKH�VWXGLHG�DUHD��WKH�QDXWLFDO�WRXULVP�KDV�DOVR�GHYHORSHG
ZLWK�WKUHH�PDULQDV��LQ�3RUWRURÌ��,]ROD�DQG�.RSHU�
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)LJ�����6DPSOLQJ�VLWHV�ZLWKLQ�WKH�LQYHVWLJDWHG�DUHD�
6O�����9]RUàHYDOQD�PHVWD�QD�SUHLVNRYDQHP�REPRàMX�

2QH�RI�WKH�VHYHUHVW�SUREOHPV�FRQFHUQLQJ�PDULQH�HQ�
YLURQPHQW�LQ� WKLV� UHJLRQ� LV�VHZDJH�GLVFKDUJH��2QO\� WZR
FHQWUDO�VHZDJH�WUHDWPHQW�SODQWV�DUH�DFWLYH�LQ�WKH�FLWLHV�RI
.RSHU�DQG�3LUDQ��DQG�HYHQ�WKHUH�RQO\�SULPDU\�WUHDWPHQW
LV�RSHUDWLQJ��7KH�VHZDJH�IURP�WKH�FRPPXQLW\�RI�,]ROD�LV
GLVFKDUJHG�DOPRVW�ZLWKRXW�DQ\�WUHDWPHQW��7KHUH�DUH�DOVR
VRPH� PLQRU� RXWOHWV� GLVFKDUJLQJ� VHZDJH� IURP� VRPH
VPDOOHU� WRZQV�RQ�WKH�FRDVW��$SDUW� IURP�WKH�DERYH�PHQ�
WLRQHG�SRLQW� VRXUFHV� RI� SROOXWLRQ�� VRPH� GLIIXVH� VRXUFHV
VKRXOG� DOVR� EH� FRQVLGHUHG�� 7KHVH� DUH� URDG� UXQRII� IURP
WKH� FRDVWDO� KLJKZD\�� HVSHFLDOO\� VLJQLILFDQW� GXULQJ� WKH
KLJK� WRXULVW� VHDVRQ�� UXQRII� IURP�DJULFXOWXUDO� DUHDV�� ULYHU
GLVFKDUJHV�DQG�DWPRVSKHULF�GHSRVLWLRQ��7KLV�DUHD�LV�DOVR
DIIHFWHG�E\�SROOXWLRQ�VRXUFHV�IURP�RWKHU�SDUWV�RI�WKH�*XOI
RI�7ULHVWH��VHZDJH�GLVFKDUJHV�IURP�WKH�FLW\�RI�7ULHVWH�DQG
LQWHQVH�PDULWLPH�WUDIILF�WR�WKH�SRUWV�RI�7ULHVWH�DQG�0RQ�
IDOFRQH��RYHU����PLOOLRQ�WRQV�RI�RLO�DQG�RLO�SURGXFWV�SHU
\HDU��� $� YHU\� LPSRUWDQW� VRXUFH� RI� SROOXWLRQ� LV� WKH� ULYHU
,VRQ]R��FROOHFWLQJ� LQGXVWULDO�DQG�PXQLFLSDO�ZDVWHZDWHUV
DQG�GLVFKDUJLQJ�WKHP�LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�*XOI�RI
7ULHVWH�

7KH� GLVWULEXWLRQ� RI� VDPSOLQJ� VLWHV� LQ� 6ORYHQLDQ
FRDVWDO�ZDWHUV�LV�SUHVHQWHG� LQ� ILJXUH����$�YHU\�VKRUW�GH�
VFULSWLRQ�RI� VDPSOLQJ� VLWHV� LV�JLYHQ� LQ�7DEOH���� ,W�KDV� WR
EH� PHQWLRQHG� WKDW� HYHQ� WKRXJKW� WKH� PXVVHOV� DUH� YHU\
ZLGHVSUHDG� LQ� RXU� VHD� LW� ZDV� QRW� SRVVLEOH� WR� VDPSOH
WKHP�DW�DOO�VDPSOLQJ�VLWHV�

([SHULPHQWDO

�)RU�UHVLGXH�DQDO\VHV�TXDOLW\��KH[DQH��PHWKDQRO�DQG
PHWK\OHQH�FKORULGH��)OXND��ZHUH�XVHG� IRU� WKH�H[WUDFWLRQ
RI�K\GURFDUERQV��$OO�RWKHU�FKHPLFDOV�ZHUH�RI�DQDO\WLFDO
JUDGH�� SXUFKDVHG� IURP�0HUFN� �*HUPDQ\��� 1D�62�� ZDV
SUHFOHDQHG� E\� 6R[KOHW� H[WUDFWLRQ� ZLWK� PHWKDQRO� DQG
KH[DQH� DQG� DGGLWLRQDOO\� SUHFRPEXVWHG� DW� ���°&� IRU� �
KRXUV�� 6L2�� DQG�$O�2��ZHUH� SUHFOHDQHG�E\� 6R[KOHW� H[�
WUDFWLRQ�ZLWK�PHWKDQRO�DQG�KH[DQH�IRU���KRXUV�DQG�WKHQ
GULHG�DW����°&��%HIRUH�XVH�ERWK�R[LGHV�ZHUH�DFWLYDWHG�DW
���°&� IRU� �� KRXUV� DQG� WKHQ� SDUWLDOO\� GHDFWLYDWHG� E\
DGGLQJ����RI�SUHFOHDQHG�ZDWHU��&X�ZDV�DFWLYDWHG�ZLWK
+&O� DQG� ULQVHG� VHYHUDO� WLPHV�ZLWK� GLVWLOOHG�ZDWHU�� DFH�
WRQH�DQG�KH[DQH��,W�ZDV�NHSW�LQ�KH[DQH�EHIRUH�XVHG�

6HGLPHQW� VDPSOHV�ZHUH� WDNHQ� E\� JUDYLW\� FRUHU�� 7KH
WRS� �� FP� OD\HU�ZDV� XVHG� IRU� IXUWKHU� DQDO\VHV�� 6DPSOHV
ZHUH� IUR]HQ� DQG� HYHQWXDOO\� IUHH]HGULHG�� 'U\� VHGLPHQW
ZDV� KRPRJHQL]HG�� $ERXW� ��� J� RI� VHGLPHQW� ZDV� WUDQV�
IHUUHG� LQ� D� 6R[KOHW�DSSDUDWXV� DQG�H[WUDFWHG� IRU���KRXUV
ZLWK� ���� PO� RI� KH[DQH�PHWK\OHQH� FKORULGH� ������� 7KH
H[WUDFWV�ZHUH�GULHG�ZLWK�1D�62���FRQFHQWUDWHG�RQ�D�UR�
WDU\� HYDSRUDWRU� DQG� DGGLWLRQDOO\� LQ� D� QLWURJHQ� VWUHDP�
6XOSKXU�ZDV�UHPRYHG�RYHUQLJKW�E\�WKH�DGGLWLRQ�RI�DFWL�
YDWHG�&X��$IWHU�DGGLWLRQDO�FRQFHQWUDWLRQ�RI�H[WUDFWV�XQ�
GHU� QLWURJHQ� VWUHDP�� WKH� SDUWLWLRQLQJ� LQ� DOLSKDWLF� DQG
DURPDWLF� IUDFWLRQ� ZDV� SHUIRUPHG� RQ� 6L2��$O�2��� $UR�
PDWLF�IUDFWLRQ�ZDV�FRQFHQWUDWHG�DQG�XVHG�IRU�WKH�DQDO\�
VHV�



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

,HERAN���'1!�-,)6�/,*�1& �%6!/, �/�,+0�-,))21&,+��00"00*"+1�,#�1%"�0),3"+&�+�0"�
��������

���

7DE�����6KRUW�GHVFULSWLRQ�RI�WKH�VDPSOLQJ�VLWHV�
7DE�����.UDWHN�RSLV�Y]RUàHYDOQLK�PHVW�

6DPSOLQJ�VLWH 'HVFULSWLRQ 6DPSOH

� &HQWUDO�SDUW�RI�WKH�*XOI�RI�7ULHVWH 6HGLPHQW
� 2XWHU�PDUJLQ�RI�WKH�%D\�RI�.RSHU 6HGLPHQW
� 1RUWKHUQ�SDUW�RI�WKH�%D\�RI�.RSHU 0XVVHOV
� 6PDOO�KDUERXU 0XVVHOV
� 3RUW�RI�.RSHU 6HGLPHQW
� &HQWUDO�SDUW�RI�WKH�%D\�RI�.RSHU 6HGLPHQW
� 0DULQD�RI�.RSHU 0XVVHOV
� 0XQLFLSDO�KDUERXU�RI�.RSHU 6HGLPHQW��PXVVHOV
� 0RXWK�RI�WKH�ULYHU�%DGDÊHYLFD 6HGLPHQW��PXVVHOV
�� 6RXWKHUQ�SDUW�RI�WKH�%D\�RI�.RSHU 0XVVHOV
�� 0XQLFLSDO�KDUERXU�RI�,]ROD 6HGLPHQW��PXVVHOV
�� 6WUXQMDQ�SURWHFWHG�DUHD��FXOWLYDWLRQ�RI�PXVVHOV 6HGLPHQW��PXVVHOV
�� 0XQLFLSDO�KDUERXU�RI�3LUDQ 6HGLPHQW
�� 2XWHU�PDUJLQ�RI�WKH�%D\�RI�3LUDQ 6HGLPHQW
�� &HQWUDO�SDUW�RI�WKH�%D\�RI�3LUDQ 6HGLPHQW
�� 0DULQD�RI�3RUWRURÌ 6HGLPHQW

0XVVHOV�ZHUH�VDPSOHG�PDQXDOO\�XVLQJ�D�KRPH�PDGH
VFUDSHU��(DFK�VDPSOH�ZDV�FRPSRVHG�RI����PXVVHOV�DQG
DQDO\VHV�ZHUH�SHUIRUPHG� LQ� �� SDUDOOHOV�� 6DPSOHV� RI� WKH
ZKROH� PXVVHO� WLVVXHV� ZHUH� KRPRJHQL]HG� DQG� WKHQ
IUHH]HGULHG�� 'U\� VDPSOHV� ZHUH� H[WUDFWHG� LQ� D� 6R[KOHW
DSSDUDWXV�ZLWK� ����PO� RI�PHWKDQRO� IRU� �� KRXUV�� /LSLGV
ZHUH� VDSRQLILHG� E\� WKH� DGGLWLRQ� RI� .2+� VROXWLRQ� DQG
DGGLWLRQDOO\� H[WUDFWHG� IRU� �� KRXUV�� +\GURFDUERQV� ZHUH
H[WUDFWHG�ZLWK� KH[DQH�� H[WUDFWV� GULHG�ZLWK�1D�62�� DQG
FRQFHQWUDWHG� RQ� D� URWDU\� HYDSRUDWRU�� $IWHU� DGGLWLRQDO
FRQFHQWUDWLRQ� XQGHU� QLWURJHQ� VWUHDP�� WKH� K\GURFDUERQV
ZHUH�SDUWLWLRQHG�LQ�WZR�IUDFWLRQV�DV�DOUHDG\�GHVFULEHG�LQ
WKH�FDVH�RI�VHGLPHQW�VDPSOHV��([WUDFWDEOH�RUJDQLF�PDWWHU
�(20�� ZDV� GHWHUPLQHG� IURP� WKH� PDVV� GLIIHUHQFH� DIWHU
WKH�HYDSRUDWLRQ�RI�D�FHUWDLQ�YROXPH�RI�KH[DQH�H[WUDFWV�

&RQFHQWUDWLRQV� RI� SRO\DURPDWLF� K\GURFDUERQV� ZHUH
GHWHUPLQHG�RQ�D�3HUNLQ�(OPHU�/6����VSHFWURIOXRURPHWHU�
7KH�H[FLWDWLRQ�DQG�HPLVVLRQ�ZDYHOHQJWKV�ZHUH�����QP
DQG�����QP�� UHVSHFWLYHO\��7KH�FDOFXODWLRQV�ZHUH�PDGH
RQ�D�FKU\VHQH�VWDQGDUG�EDVLV�

5(68/76�$1'�',6&866,21

7KH�FRQFHQWUDWLRQV�RI�SRO\DURPDWLF�K\GURFDUERQV�LQ
PDULQH�VHGLPHQW�VDPSOHV�DUH�SUHVHQWHG�LQ�7DEOH����7KH\
UDQJHG�IURP������J�J�WR��������J�J��7KH�KLJKHVW�FRQFHQ�
WUDWLRQV�ZHUH�REWDLQHG�LQ�WKH�PXQLFLSDO�KDUERXUV�RI�WKUHH
FRDVWDO� FLWLHV�� .RSHU�� ,]ROD� DQG� 3LUDQ�� 7KH� ZDWHU� H[�
FKDQJH� LQ� WKHVH�DUHDV� LV�YHU\� OLPLWHG�DQG� WKH�DFFXPXOD�
WLRQ� RI� GLIIHUHQW� SROOXWDQWV� LV� TXLWH� LPSRUWDQW�� +LJKHU
FRQWHQW�RI�SRO\DURPDWLF�K\GURFDUERQV�LV�DQ�LQGLFDWLRQ�RI
SROOXWLRQ� IURP� VPDOOHU� ERDWV� GXH� WR� H[KDXVW� HPLVVLRQV�
OHDNLQJ�IURP�HQJLQHV�DQG�UHVHUYRLUV�DV�ZHOO�DV�DFFLGHQWDO
VSLOODJH�GXULQJ� WKH�PDLQWHQDQFH�DFWLYLWLHV��7KH�KDUERXUV

DUH�DOVR�DIIHFWHG�E\� WKH� UXQRII� IURP� WKH�FLW\� VWUHHWV��7KH
DWPRVSKHULF�GHSRVLWLRQ� VHHPV�DOVR�QRW� WR�EH�QHJOLJLEOH�
HVSHFLDOO\� LQ� WKH� ,]ROD� KDUERXU� GXH� WR� LPSRUWDQW� HPLV�
VLRQV�LQ�WKH�SDVW�IURP�WKH�FKLPQH\�VWDFN�RI�WKH�ILVK�LQGXV�
WU\��&RQFHQWUDWLRQV� LQ� WKHVH� WKUHH�KDUERXUV�DUH�HYHQ� VLJ�
QLILFDQWO\�KLJKHU�WKDQ�LQ�WKH�3RUW�RI�.RSHU�DQG�0DULQD�RI
3RUWRURÌ��ZKLFK�DUH�XVXDOO\� WKRXJKW� WR�EH� WKH�PRVW�SRO�
OXWHG�DUHDV�LQ�WKH�6ORYHQLDQ�VHD��&RPSDULVRQ�RI�WKH�SRO\�
DURPDWLF�K\GURFDUERQV�FRQWHQW� LQ� WKH�%D\�RI�.RSHU�DQG
%D\�RI�3LUDQ� UHYHDOV� WKDW� WKH� ODWWHU� LV� OHVV�SROOXWHG��7KLV
DUHD�� H[WHQGHG� WR� WKH� DUHD� RII� 3LUDQ� �VDPSOLQJ� VLWH� ����
HPHUJHV�DV�D�UDWKHU�XQSROOXWHG�SDUW�RI�WKH�6ORYHQLDQ�VHD�

7DE�� ��� &RQFHQWUDWLRQV� RI� SRO\DURPDWLF� K\GURFDUERQV
LQ� VHGLPHQW� VDPSOHV� �LQ� �J�J� GU\� VHGLPHQW�� FKU\VHQH
HTXLYDOHQWV��
7DE�� ��� .RQFHQWUDFLMH� SROLDURPDWVNLK� RJOMLNRYRGLNRY� Y
Y]RUFLK�VHGLPHQWD��Y��J�J�VXKHJD�VHGLPHQWD��Y�HNYLYD�
OHQWLK�NUL]HQD��

6DPSOLQJ�VLWH &RQFHQWUDWLRQ���J�J�
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7KH� %D\� RI� .RSHU� LV� DIIHFWHG� E\� SROOXWLRQ� IURP� WKH
3RUW� RI� .RSHU�� $� GHFUHDVLQJ� JUDGLHQW� LV� REVHUYHG� IURP
WKH�SRUW�WR�WKH�RXWHU�PDUJLQ�RI�WKH�ED\��VLWHV������DQG����
&RQFHQWUDWLRQV� LQ� WKH�FHQWUDO�SDUW�RI� WKH�*XOI�RI�7ULHVWH
GR�QRW� IROORZ� WKLV� JUDGLHQW�� VLQFH� WKH\� DUH� VLJQLILFDQWO\
KLJKHU��7KLV�LV�PRVW�SUREDEO\�GXH�WR�WKH�LQIOXHQFH�RI�WKH
FLW\� RI� 7ULHVWH� �LQFOXGLQJ� VHZDJH� GLVFKDUJH�� DQG� LQWHQ�
VLYH� PDULWLPH� WUDIILF� WR� WKH� 3RUW� RI� 7ULHVWH�� 7KH� UDWKHU
KLJK� FRQFHQWUDWLRQV� RI� SRO\DURPDWLF� K\GURFDUERQV� DW
VDPSOLQJ�VLWH�����6WUXQMDQ�%D\��ZHUH�VXUSULVLQJO\�KLJKHU
WKDQ�H[SHFWHG��7KLV�DUHD� LV�D�SURWHFWHG�DUHD�DQG� LW�ZDV
XVXDOO\�XVHG�DV�D�UHIHUHQFH�VLWH��7KH�UHVXOWV�RI�WKLV�VWXG\
UHYHDOHG� FRPSDUDEOH� SRO\DURPDWLF� K\GURFDUERQV� FRQ�
WHQW�WR�WKRVH�LQ�WKH�3RUW�RI�.RSHU�DQG�FHQWUDO�SDUW�RI�WKH
%D\�RI�.RSHU��,Q�WKH�FDVH�RI�WKH�3RUW�RI�.RSHU��KRZHYHU�
WKH�GUHGJLQJ�DFWLYLWLHV�FDQ�DIIHFW�WKH�FRQWHQW�RI�GLIIHUHQW
SROOXWDQWV� LQ� PDULQH� VHGLPHQWV� DQG� GLUHFW� FRPSDULVRQ
FRXOG� VRPHWLPHV� EH� GLIILFXOW�� 2QH� RI� WKH� SRVVLEOH
VRXUFHV�RI�SROOXWLRQ�ZLWK�K\GURFDUERQV�DW�VDPSOLQJ�VLWH
��� FRXOG� EH� D� VPDOO� VWUHDP�� ZKLFK� LV� EULQJLQJ� UXQRII
ZDWHUV� IURP� WKH� FURVVURDG� RQ� WKH�PDLQ� FRDVWDO� URDG� WR
&URDWLD�

7KH�VHFRQG�SDUW�RI�WKH�ZRUN�FRPSULVHG�WKH�DQDO\VHV
RI� SRO\DURPDWLF� K\GURFDUERQV� LQ� PXVVHO� VDPSOHV� FRO�
OHFWHG� DORQJ� WKH� 6ORYHQLDQ� FRDVW�� 0XVVHOV� DUH� XVXDOO\
XVHG� IRU� WKLV�SXUSRVH�� VLQFH� WKH\�DFFXPXODWH�SROOXWDQWV
LQ� WKHLU� WLVVXH�� *HQHUDO� FKDUDFWHULVWLFV� RI� WKH� PXVVHO
VDPSOHV� DUH� SUHVHQWHG� LQ� 7DEOH� ��� 6RPH� RI� WKHVH� FKDU�
DFWHULVWLFV�DUH�XVXDOO\�XVHG�DV��QRUPDOL]DWLRQ�IDFWRUV��IRU
EHWWHU� FRPSDULVRQ�RI� UHVXOWV�� VLQFH� WKH�DFFXPXODWLRQ� RI
SROOXWDQWV�LV�DOVR�WLPH�GHSHQGDQW��7KH�FRQWHQW�RI�SROOXW�
DQWV� LQ� GLIIHUHQW� HQYLURQPHQWDO� VDPSOHV� LV� VLJQLILFDQWO\
GHSHQGDQW�RQ�WKH�FRQGLWLRQV�LQ�WKH�HQYLURQPHQW��7KLV�LV
WKH�UHDVRQ�ZK\�WKH�H[WUDFWDEOH�RUJDQLF�PDWWHU�ZDV�XVHG
WR�QRUPDOL]H�WKH�UHVXOWV��*RQ]DOHV�0DFLDV�HW�DO���������

7KH�KLJKHVW�FRQFHQWUDWLRQ�RI�SRO\DURPDWLF�K\GURFDU�
ERQV� LQ�PXVVHO� WLVVXH�ZDV�REWDLQHG�DW� VDPSOLQJ� VLWH���
LQ� WKH� %D\� RI� ,]ROD�� 7KLV� LV� LQ� DFFRUGDQFH� ZLWK� KLJK
SRO\DURPDWLF� K\GURFDUERQV� FRQWHQW� REWDLQHG� LQ� VHGL�
PHQWV� DW� WKH� VDPH� VDPSOLQJ� VLWH��0XFK� ORZHU�� EXW� VWLOO
HOHYDWHG� FRQFHQWUDWLRQV� ZHUH� REWDLQHG� LQ� WKH� PDULQD
DQG�PXQLFLSDO�KDUERXU�RI�.RSHU��&RQFHQWUDWLRQV�DW�RWKHU

VDPSOLQJ�VLWHV�LQ�WKH�%D\�RI�.RSHU�ZHUH�UDWKHU� ORZ��H[�
FHSW� WKRVH� DW� VLWH� ��� VLWXDWHG� LQ� D� VPDOO� KDUERXU� DW� 6Y�
.DWDULQD�� DQ� DUHD� ZLWK� LPSRUWDQW� VHD�JUDVV� PHDGRZ� RI
&\PRGRFHD�QRGRVD��7KLV�DUHD�LV�FORVH�WR�WKH�3RUW�RI�.R�
SHU�DQG�DV�VXFK�DIIHFWHG�E\�SRUW�DFWLYLWLHV�DQG�PDULWLPH
WUDIILF�� (OHYDWHG� FRQFHQWUDWLRQV� RI� SRO\DURPDWLF� K\GUR�
FDUERQV� LQ� VHGLPHQWV� DW� VDPSOLQJ� VLWH� ��� DUH� QRW� UH�
IOHFWHG�LQ�D�KLJKHU�DPRXQW�LQ�PXVVHO�VDPSOH��7KLV�DUHD�LV
XVHG�IRU�PXVVHO�FXOWLYDWLRQ�DQG�WKH�WLPH�RI�DFFXPXODWLRQ
RI�SROOXWDQWV�LV�PRVW�SUREDEO\�VKRUWHU��7KLV�FRXOG�DOVR�EH
DQ� LPSRUWDQW� REVHUYDWLRQ�� WDNLQJ� LQWR� DFFRXQW� KXPDQ
KHDOWK�

$V�SUHYLRXVO\�PHQWLRQHG��WKH�GLIIHUHQW� WLPH�RI�DFFX�
PXODWLRQ�RI�SROOXWDQWV��H�J��GLIIHUHQW�PXVVHO�DJH��FDQ�DI�
IHFW�WKH�LQWHUSUHWDWLRQ�RI� WKH�UHVXOWV�DQG�PD\�OHDG�WR�LQ�
FRUUHFW� FRQFOXVLRQV�� )RU� WKLV� UHDVRQ� WKH� FRQFHQWUDWLRQV
RI� SRO\DURPDWLF� K\GURFDUERQV� LQ� PXVVHO� VDPSOHV� ZHUH
H[SUHVVHG� RQ� WKH� DPRXQW� RI� H[WUDFWDEOH� RUJDQLF�PDWWHU
�)LJ�� ���� 7KH� GLVWULEXWLRQ� SDWWHUQ� UHPDLQHG� YHU\� VLPLODU�
ZKLOH�WKH�GLIIHUHQFH�LQ�FRQFHQWUDWLRQV�EHWZHHQ�VDPSOLQJ
VLWHV������DQG���EHFDPH�OHVV�VLJQLILFDQW��7DE�����

7KHUH�DUH�QRW�PDQ\�UHVXOWV�LQ�WKH�OLWHUDWXUH�DERXW�WKH
K\GURFDUERQV�SROOXWLRQ�RI�VHGLPHQWV�RU�ELRWD�DVVHVVPHQW
XVLQJ� IOXRUHVFHQFH� VSHFWURVFRS\�� 6RPH� DXWKRUV� �*RQ�
]DOHV�0DFLDV� HW� DO��� ������ HVWDEOLVKHG� WKH� EDFNJURXQG
FRQFHQWUDWLRQ� RI� WRWDO� DURPDWLF� K\GURFDUERQV� LQ� VHGL�
PHQWV� RI� WKH� 0H[LFDQ� 6DOLQD� &UX]� %D\� DW� ��J�J�� 7KH
KLJKHVW�FRQFHQWUDWLRQV�LQ�WKLV�DUHD�H[FHHGHG�������J�J�
,Q� WKH� $UDELDQ� *XOI�� WKH� FRQFHQWUDWLRQV� XS� WR� ��� �J�J
ZHUH� UHODWHG� WR� PRGHUDWH� FKURQLF� SROOXWLRQ�� ZKLOH� WKH
FRQWHQW� LQ� KHDYLO\� SROOXWHG� DUHDV� UHDFKHG� ����� �J�J
�0DVVRXG� HW� DO��� ������� &RQFHQWUDWLRQV� LQ� VXUIDFH� VHGL�
PHQWV�RI�WKH�%ODFN�6HD�ZHUH�LQ�WKH�UDQJH�IURP����J�J�WR
�����J�J�DQG�FRXOG�EH�FRPSDUDEOH�WR�WKRVH�HQFRXQWHUHG
LQ�WKH�0HGLWHUUDQHDQ��5HDGPDQ�HW�DO����������6RPH�IDLUO\
ROG� UHVXOWV� IRU� WKH� 0HGLWHUUDQHDQ� �0LOOH� HW� DO��� �����
%DUQLHU� HW� DO��� ������ FRQILUP� WKLV� HVWDEOLVKHG� UDQJH� RI
FRQFHQWUDWLRQV� LQ� VHGLPHQW� VDPSOHV�� &RQFHQWUDWLRQV� LQ
VHGLPHQWV�IURP�WKH�RSHQ�$GULDWLF�6HD�ZHUH�EHORZ����J�J
�'XMPRY� 	� 6XáHYLß�� ������� 6RPH� DXWKRUV� �%DMW�� �����
1RWDU�	�/HVNRYÊHN��������1RWDU�HW�DO���������SUHVHQWHG
VRPH� UHVXOWV� RI� WKH� DQDO\VHV� RI� SRO\DURPDWLF� K\GURFDU�

7DE�����&KDUDFWHULVWLFV�RI�PXVVHO�VDPSOHV�
7DE�����=QDàLOQRVWL�Y]RUFHY�ÉNROMN�

6DPSOLQJ�VLWH /HQJWK��FP� 67' :LGWK��FP� 67' :HLJKW��ZHW��J� 67' (20��PJ�J�
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6DPSOLQJ�VLWH
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XJ�J
XJ�����PJ�(20

)LJ�����&RQFHQWUDWLRQV�RI�SRO\DURPDWLF�K\GURFDUERQV�LQ�PXVVHO�WLVVXH�QRUPDOL]HG�RQ�(20�
6O�����.RQFHQWUDFLMH�SROLDURPDWVNLK�RJOMLNRYRGLNRY�Y�WNLYX�ÉNROMN��QRUPDOL]LUDQH�QD�(26�

ERQV� �3$+�� LQ� VHGLPHQW� VDPSOHV� DQG� PXVVHO� VDPSOHV
IURP�WKH�*XOI�RI�7ULHVWH��7KHVH�DQDO\VHV�ZHUH�SHUIRUPHG
E\�JDV�FKURPDWRJUDSK\��8QIRUWXQDWHO\�� WKH� GLUHFW� FRP�
SDULVRQ�RI� WKHVH�UHVXOWV� LV�QRW�SRVVLEOH��7KH�FRQWHQW�RE�
WDLQHG� E\� IOXRUHVFHQFH� VSHFWURVFRS\� LV� XVXDOO\� KLJKHU�
FRQVLGHULQJ� WKDW� LW� DOVR� LQFOXGHV� GHJUDGDWLRQ� SURGXFWV
DQG�RWKHU�IOXRUHVFLQJ�SRO\DURPDWLF�K\GURFDUERQV�

7DE�����&RQWHQW�RI�SRO\DURPDWLF�K\GURFDUERQV� LQ�PXV�
VHO�VDPSOHV��LQ��J�J�GU\�ZHLJKW��FKU\VHQH�HTXLYDOHQWV��
7DE�����9VHEQRVW�SROLDURPDWVNLK�RJOMLNRYRGLNRY�Y�Y]RU�
FLK�ÉNROMN��Y��J�J�VXKH�WHËH��Y�HNYLYDOHQWLK�NUL]HQD��

6DPSOLQJ�VLWH &RQFHQWUDWLRQ���J�J� 67'
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)OXRUHVFHQFH�VSHFWURVFRS\�ZDV�XVHG�IRU�WKH�DQDO\VHV
RI� ELRWD� VDPSOHV� DV�ZHOO�� &RQFHQWUDWLRQV� EHORZ� �� �J�J
�ZHW�ZHLJKW��RI�K\GURFDUERQV�LQ�IDUPHG�PXVVHOV�0\WLOXV
JDOORSURYLQFLDOLV� IURP� *DOLFLD� �6SDLQ�� ZHUH� GHWHFWHG
�5RGULJXH]�6DQPDUWLQ�HW�DO���������

&RPSDULVRQ� RI� WKH� UHVXOWV� REWDLQHG� LQ� WKH� SUHVHQW
VWXG\�ZLWK�WKH�DERYH�SUHVHQWHG�UHVXOWV�IURP�WKH�OLWHUDWXUH

OHDGV�WR�WKH�FRQFOXVLRQ�WKDW�6ORYHQLDQ�VHD�LV��LQ�JHQHUDO�
RQO\� PRGHUDWHO\� SROOXWHG� ZLWK� SRO\DURPDWLF� K\GURFDU�
ERQV�� 7KHUH� DUH� VRPH� DUHDV� �KDUERXUV�� PDULQDV�� ZLWK
HOHYDWHG� FRQWHQW� RI� SRO\DURPDWLF� K\GURFDUERQV� GXH� WR
WKH� OLPLWHG� H[FKDQJH� RI� VHDZDWHU� DQG� FRQVHTXHQWO\
KLJKHU�DFFXPXODWLRQ�

&21&/86,216

7KH� IOXRUHVFHQFH� VSHFWURVFRS\�ZDV� XVHG� IRU� WKH� DV�
VHVVPHQW� RI� WKH� VWDWH� RI� 6ORYHQLDQ� VHD� LQ� WHUPV� RI� WKH
SROOXWLRQ�ZLWK�SRO\DURPDWLF�K\GURFDUERQV��7KH�UHVXOWV�RI
WKH� DQDO\VHV� RI� VHGLPHQW� DQG� PXVVHO� VDPSOHV� VKRZHG
HOHYDWHG�FRQFHQWUDWLRQV�RI�SRO\DURPDWLF�K\GURFDUERQV�LQ
PXQLFLSDO�KDUERXUV�RI� WKH� WKUHH�6ORYHQLDQ�FRDVWDO�FLWLHV�
DV�ZHOO�DV�LQ�PDULQDV�DORQJ�WKH�FRDVW��7KH�%D\�RI�.RSHU�LV
PRUH�SROOXWHG� LQ�FRPSDULVRQ� WR� WKH�%D\�RI�3LUDQ��ZKLFK
FRXOG�EH�FRQVLGHUHG�D�OHVV�SROOXWHG�DUHD�RI�WKH�6ORYHQLDQ
FRDVWDO�ZDWHUV��7KH�%D\�RI�.RSHU� LV�DIIHFWHG�E\�SRUW�DF�
WLYLWLHV�DQG�PDULWLPH�WUDIILF��,Q�WKH�FHQWUDO�SDUW�RI�WKH�*XOI
RI�7ULHVWH��D�FHUWDLQ�LQIOXHQFH�RI�WKH�FLW\�RI�7ULHVWH�ZLWK�LWV
SRUW� DQG� PDULWLPH� WUDIILF� ZDV� REVHUYHG�� ,Q� JHQHUDO�
6ORYHQLDQ� FRDVWDO� VHD� PD\� EH� FRQVLGHUHG� PRGHUDWHO\
SROOXWHG�ZLWK�SRO\DURPDWLF�K\GURFDUERQV�

$&.12:/('*(0(17

7KLV�ZRUN�ZDV�FR�ILQDQFHG�E\� WKH�81(3�0('�32/
3URJUDPPH�DQG�E\�WKH�0LQLVWU\�RI�WKH�(QYLURQPHQW�DQG
6SDWLDO�3ODQQLQJ��(QYLURQPHQWDO�$JHQF\�RI�WKH�5HSXEOLF
RI�6ORYHQLD�
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9� ßODQNX� MH� SUHGVWDYOMHQD� RFHQD� RQHVQDÊHQRVWL� VORYHQVNHJD� PRUMD� ]� YLGLND� YVHEQRVWL� SROLDURPDWVNLK� RJOMLNR�
YRGLNRY�Y�Y]RUFLK�VHGLPHQWD�LQ�ÈNROMN��9�WD�QDPHQ�MH�ELOD�XSRUDEOMHQD�IOXRUHVFHQßQD�VSHNWURVNRSLMD��3RYLÈDQH�NRQ�
FHQWUDFLMH�SROLDURPDWVNLK�RJOMLNRYRGLNRY�VPR�]DVOHGLOL�Y�NRPXQDOQLK�PDQGUDßLK�WUHK�VORYHQVNLK�REDOQLK�PHVW�LQ�WXGL
Y�PDULQDK�Y]GROÊ�REDOH��.RSUVNL�]DOLY�MH�EROM�RQHVQDÊHQ�Y�SULPHUMDYL�V�3LUDQVNLP�]DOLYRP��NL�MH�YLGHWL�WXGL�NRW�QDM�
PDQM� RQHVQDÊHQR� REPRßMH� VORYHQVNHJD� REDOQHJD�PRUMD�� .RSUVNL� ]DOLY� MH� SRG� YSOLYRP� SULVWDQLÈßD� LQ� SRPRUVNHJD
SURPHWD��9�RVUHGQMHP�GHOX�7UÊDÈNHJD�]DOLYD�MH�RSD]HQ�WXGL�YSOLY�PHVWD�7UVW�V�SULVWDQLÈßHP�LQ�SRPRUVNLP�SURPHWRP�
9�JODYQHP�ODKNR�]DNOMXßLPR��GD�MH�VORYHQVNR�PRUMH�OH�]PHUQR�RQHVQDÊHQR�V�SROLDURPDWVNLPL�RJOMLNRYRGLNL�

.OMXÞQH�EHVHGH��SROLDURPDWVNL�RJOMLNRYRGLNL��RQHVQDÌHQMH��VHGLPHQWL��ÊNROMNH��IOXRUHVFHQáQD�VSHNWURVNRSLMD�
VORYHQVNR�PRUMH
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$O� /LKDLEL�� 6�� 6��	� /�� $O�2PUDQ� �������� 3HWUROHXP� K\�
GURFDUERQV� LQ� RIIVKRUH� VHGLPHQWV� IURP� WKH� *XOI�� 0DU�
3ROOXW��%XOO�������������
%DGDZ\�� 0�� ,��� ,�� 6�� $O� 0XMDLQ\� 	� 0�� '� +HUQDQGH]
��������3HWUROHXP�GHULYHG�K\GURFDUERQV� LQ�ZDWHU�� VHGL�
PHQW� DQG�ELRWD� IURP� WKH�0LQD� DO� )DKDO� FRDVWDO�ZDWHUV�
0DU��3ROOXW��%XOO���������������
%DMW�� 2�� ��������+\GURFDUERQV� LQ� VHD� ZDWHU� DQG� VHGL�
PHQWV�RI�WKH�6ORYHQLDQ�SDUW�RI�WKH�*XOI�RI�7ULHVWH��$QQD�
OHV��6HU��+LVW��1DW����������������
%DUQLHU��0���7�� (O� -DPPDO�	�*��0LOOH� ��������'LVWULEX�
WLRQ�HW�RULJLQH�GHV�K\GURFDUEXUHV�GDQV�GHV�VHGLPHQWV�GH
O¤LOH� GH� 3RUW� &URV� �)UDQFH��� 5DSS�� 3URF�� 9HUE�� 5HXQ��
�������SS�����
'LVVDQD\DNH��$��	�7��6��*DOORZD\���������(YDOXDWLRQ�RI
IL[HG�ZDYHOHQJWK�IOXRUHVFHQFH�DQG�V\QFKURQRXV�IOXRUHV�
FHQFH�VSHFWURSKRWRPHWU\�DV�D�ELRPRQLWRULQJ�WRRO�RI�HQ�
YLURQPHQWDO� FRQWDPLQDWLRQ�� 0DU�� (QYLURQ�� 5HV��� ���
��������
'XMPRY��-��	�3��6XÞHYLÜ���������&RQWHQWV�RI�SRO\F\FOLF
DURPDWLF� K\GURFDUERQV� LQ� WKH� $GULDWLF� 6HD� GHWHUPLQHG
E\�89�IOXRUHVFHQFH�VSHFWURVFRS\��0DU��3ROOXW��%XOO������
��������
(KUKDUGW��0��	�$��.QDS���������$�GLUHFW�FRPSDULVRQ�RI
89� IOXRUHVFHQFH� DQG� *&�06� GDWD� RI� OLSRSKLOLF� RSHQ�
RFHDQ�VHDZDWHU�H[WUDFWV��0DU��&KHP���������������
(KUKDUGW��0�� 	�*�� 3HWULFN� �������� 5HODWLYH� FRQFHQWUD�
WLRQV�RI�GLVVROYHG�GLVSHUVHG�IRVVLO� IXHO�UHVLGXHV�LQ�0HGL�
WHUUDQHDQ� VXUIDFH� ZDWHUV� DV� PHDVXUHG� E\� 89� IOXRUHV�
FHQFH��0DU��3ROOXW��%XOO���������������

(KUKDUGW�� 0�� *�� 	� .�� $�� %XUQV� �������� +\GURFDUERQV
DQG� UHODWHG� SKRWRR[LGDWLRQ� SURGXFWV� LQ� 6DXGL� $UDELDQ
*XOI� FRDVWDO� ZDWHUV� DQG� K\GURFDUERQV� LQ� XQGHUO\LQJ
VHGLPHQWV� DQG�ELRLQGLFDWRU� ELYDOYHV��0DU�� 3ROOXW�� %XOO��
������������
(O� 6DPUD��0�� ,���+�� ,�� (PDUD�	� )�� 6KXQER� ��������'LV�
VROYHG� SHWUROHXP� K\GURFDUERQV� LQ� WKH� QRUWKZHVWHUQ
$UDELDQ�*XOI��0DU��3ROOXW��%XOO�������������
)DUULQJWRQ��-��:���5��:��5LVHEURXJK��3��/��3DUNHU��$��&�
'DYLV��%��'H�/DSSH��-��.��:LQWHUV��'��%RDWZULJKW�	�1�
0��)UHZ���������+\GURFDUERQV��3&%�DQG�''(� LQ�PXV�
VHOV�DQG�R\VWHUV�IURP�WKH�86�FRDVW�����������7KH�PXVVHO
ZDWFK��:+2,�7HFK��5HS���:+2,�������
)HUUHU��5���-��/��%HOWUDQ�	�-��*XLWHUDV���������0XOWLYDUL�
DWH� FDOLEUDWLRQ� DSSOLHG� WR� V\QFKURQRXV� IOXRUHVFHQFH
VSHFWURPHWU\��6LPXOWDQHRXV�GHWHUPLQDWLRQ�RI�SRO\F\FOLF
DURPDWLF� K\GURFDUERQV� LQ� ZDWHU� VDPSOH�� 7DODQWD�� ���
����������
*RQ]DOHF�0DFLDV�� &��� ,�� 6FKLIWHU�� '�� %�� /OXFK�&RWD�� /�
0HQGH]�5RGULJXH]� 	� 6�� +HUQDQGH]�9D]TXH]� �������
(QYLURQPHQWDO� DVVHVVPHQW� RI� DURPDWLF� K\GURFDUERQV�
FRQWDPLQDWHG� VHGLPHQWV� RI� WKH� 0H[LFDQ� 6DOLQD� &UX]
ED\��(QYLURQ��0RQLW��$VVHVV����������������
*X]]HOOD��/��	�$��GH�3DROLV��$�� �������� 3RO\F\FOLF� DUR�
PDWLF� K\GURFDUERQV� LQ� VHGLPHQWV� RI� WKH� $GULDWLF� 6HD�
0DU��3ROOXW��%XOO���������������
+XD��*���-��%URGHULFN��.��7��6HPSOH��.��.LOOKDP�	�,��6LQ�
JOHWRQ� �������� 5DSLG� TXDQWLILFDWLRQ� RI� SRO\F\FOLF� DUR�
PDWLF� K\GURFDUERQV� LQ� K\GUR[\SURS\O���F\FORGH[WULQ
�+3&'��VRLO�H[WUDFWV�E\�V\QFKURQRXV�IOXRUHVFHQFH�VSHF�
WURVFRS\��6)6���(QYLURQ��3ROOXW����������������
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,02� �������� ,PSDFW� RI� RLO� DQG� UHODWHG� FKHPLFDOV� DQG
ZDVWHV�RQ�WKH�PDULQH�HQYLURQPHQW��*(6$03�UHSRUWV�DQG
VWXGLHV�1R������,02��/RQGRQ�������
0DVRQ��5��3����������$�FRPSDULVRQ�RI�IOXRUHVFHQFH�DQG
*&�IRU�WKH�GHWHUPLQDWLRQ�RI�SHWUROHXP�K\GURFDUERQV�LQ
PXVVHOV��0DU��3ROOXW��%XOO���������������
0DVVRXG��0�� 6��� )��$O�$EGDOL��$��1��$O�*KDGEDQ�	�0�
$O�6DUDZL� �������� %RWWRP� VHGLPHQWV� RI� WKH� $UDELDQ
*XOI�,,��73+�DQG�72&�FRQWHQWV�DV� LQGLFDWRUV�RI�RLO�SRO�
OXWLRQ�DQG�LPSOLFDWLRQV�IRU�WKH�HIIHFW�DQG�IDWH�RI�WKH�.X�
ZDLW�RLO�VOLFN��(QYLURQ��3ROOXW���������������
0HDQV��-��&���6��*��:RRG��-��-��+DVVHWW�	�:��/��%DQZDUW
�������� 6RUSWLRQ� RI� 3$+� E\� VHGLPHQWV� DQG� VRLOV�� (QYL�
URQ��6FL��7HFKQRO�����������������
0LOOH��*���-��-��&KHQHW�	�+��'RX���������+\GURFDUERXUHV
VSHVHQWV�GDQV�GHV� VHGLPHQWV� VXSHUILFLHOV�PHGLWHUUDQHHV�
9,HV�-RXUQHHV�(WXG��3ROOXWLRQV����������
1RWDU��0��	�+�� /HVNRYÇHN� ��������3RO\F\FOLF� DURPDWLF
K\GURFDUERQV�LQ�PXVVHOV�IURP�WKH�1RUWKHUQ�$GULDWLF�6HD�
)UHVHQ��(QYLURQ��%XOO�������������������
1RWDU��0���+��/HVNRYÇHN�	�-��)DJDQHOL���������&RPSRVL�
WLRQ��GLVWULEXWLRQ�DQG�VRXUFHV�RI�SRO\F\FOLF�DURPDWLF�K\�
GURFDUERQV�LQ�VHGLPHQWV�RI�WKH�*XOI�RI�7ULHVWH��1RUWKHUQ
$GULDWLF�VHD��0DU��3ROOXW��%XOO�������������
2ZHQ��&��-���5��3��$[OHU��'��5��1RUGPDQ��0��6FKXEDXHU�
%HULJDQ��.��%��/RGJH�	�-��3��6FKXEDXHU�%HULJDQ��������
6FUHHQLQJ� IRU� 3$+V� E\� IOXRUHVFHQFH� VSHFWURVFRS\�� D
FRPSDULVRQ�RI�FDOLEUDWLRQV��&KHPRVSKHUH��������������
�����

3HWHUVRQ��*��6���5��3��$[OHU��.��%��/RGJH��-��$��6FKXOGW�	
-��/��&UDQH���������(YDOXDWLRQ�RI�D� IOXRURPHWULF�VFUHHQ�
LQJ� PHWKRG� IRU� SUHGLFWLQJ� WRWDO� 3$+� FRQFHQWUDWLRQV� LQ
FRQWDPLQDWHG� VHGLPHQWV�� (QYLURQ�� 0RQLW�� $VVHVV��� ���
��������
4XLQWHUR��6��	�&��'LD]� ��������$OLSKDWLF�K\GURFDUERQV
LQ� ILVK� IURP� WKH� &DQDU\� LVODQGV��0DU�� 3ROOXW�� %XOO��� ���
������
5HDGPDQ��-��:���*��)LOOPDQQ��,��7RORVD��-��%DUWRFFL��-��3�
9LOOHQHXYH� 	� &�� &DWLQQL� �������� 3HWUROHXP� DQG� 3$+
FRQWDPLQDWLRQ� RI� WKH� %ODFN� VHD��0DU�� 3ROOXW�� %XOO��� ���
������
5RGULJXH]�6DQPDUWLQ�� 3��� $�� 0RUHGD�3LQHLUR�� $�� %HU�
PHMR�%DUUHUD�	�3��%HUPHMR�%DUUHUD���������8OWUDVRXQG�
DVVLVWHG� VROYHQW� H[WUDFWLRQ� RI� WRWDO� SRO\F\FOLF� DURPDWLF
K\GURFDUERQV� IURP� PXVVHOV� IROORZHG� E\� VSHFWURIOXRUL�
PHWULF�GHWHUPLQDWLRQ��7DODQWD��������������
7XUN��9��	�%��3RWRÞQLN� ��������3ROOXWLRQ�KRW� VSRWV� DQG
VHQVLWLYH�DUHDV�DORQJ� WKH�6ORYHQLDQ�FRDVW��$QQDOHV��6HU�
+LVW��1DW������������������
:DWVRQ��*��0���2��.��$QGHUVHQ��7��6��*DOORZD\�	�0��+�
'HSOHGJH� �������� 5DSLG� DVVHVVPHQW� RI� SRO\F\FOLF� DUR�
PDWLF� K\GURFDUERQ� �3$+�� H[SRVXUH� LQ� GHFDSRG� FUXVWD�
FHDQV�E\�IOXRULPHWULF�DQDO\VLV�RI�XULQH�DQG�KDHPRO\PSK�
$TXDW��7R[LFRO���������������


