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9HUWLFDO� GLVWULEXWLRQ�� SRSXODWLRQ� VWUXFWXUH� DQG� FKHPLFDO� FRPSRVLWLRQ� RI� D� SRSXODWLRQ� RI� WKH� VF\SKRPHGXVDQ
$XUHOLD�VS����ZHUH�VWXGLHG�LQ�WKH�0HGLWHUUDQHDQ�HXKDOLQH�ODNH�RQ�0OMHW�,VODQG��9HOLNR�MH]HUR��WKH�6RXWKHUQ�$GULDWLF�
ZKHUH�GHQVH�DJJUHJDWLRQV�KDYH�EHHQ�REVHUYHG� WKURXJKRXW� WKH�\HDU��$�PDMRULW\�RI�$XUHOLD�ZHUH� ORFDWHG� LQ� D� OD\HU
EHORZ� WKH� WKHUPRFOLQH�ZLWK� WHPSHUDWXUHV������� �&�RYHU�PRVW�RI� WKH�GD\�GXULQJ� VXPPHU��ZKHUHDV� LQ�2FWREHU� WKH
SRSXODWLRQ�ZDV� VKDOORZHU��7KH�PHGXVDH�PLJUDWHG� WRZDUGV� WKH� VXUIDFH�DW�GXVN�EXW� UDUHO\� FURVVHG� WKH� WKHUPRFOLQH�
(OHPHQWDO� DQDO\VLV� RI�$XUHOLD� UHYHDOHG� ORZ� GU\�ZHLJKW� VSHFLILF� FDUERQ�� QLWURJHQ� DQG� SKRVSKRUXV� FRQWHQW� UDQJLQJ
IURP��������������������DQG�������������UHVSHFWLYHO\�� ,Q�DGGLWLRQ� WR� WKH�GLUHFW�SUHGDWRU\� LPSDFW�RQ�PLFUR��DQG
PHVR]RRSODQNWRQ��D�FOHDU�SRVLWLYH�UHVSRQVH�RI�KHWHURWURSKLF�EDFWHULD�WR�WKH�SUHVHQFH�RI� OLYH�DQG�GHDG�$XUHOLD�ZDV
REVHUYHG�

.H\�ZRUGV��$XUHOLD��YHUWLFDO�GLVWULEXWLRQ��&��1��3�FRQWHQWV��PLFURELDO�SODQNWRQ��$GULDWLF�6HD
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*OL�DXWRUL�SUHVHQWDQR�OD�GLVWULEX]LRQH�YHUWLFDOH��OD�FRPSRVL]LRQH�FKLPLFD�H�OD�VWUXWWXUD�GHOOD�SRSROD]LRQH�GL�VFLIR�
PHGXVH�$XUHOLD�VS�����VWXGLDWD�QHO�ODJR�0HGLWHUUDQHR�HXDOLQR�VXOO¢LVROD�GL�0OMHW��9HOLNR�MH]HUR��$GULDWLFR�PHULGLRQDOH��
GRYH�GHQVH�DJJUHJD]LRQL�VRQR�VWDWH�RVVHUYDWH�QHO�FRUVR�GHOO¢DQQR��'XUDQWH�LO�SHULRGR�HVWLYR��OD�PDJJLRUDQ]D�GHJOL�LQ�
GLYLGXL�GL�$XUHOLD�HUD�VLWXDWD��SHU�JUDQ�SDUWH�GHOOD�JLRUQDWD��QHOOR�VWUDWR�VRWWRVWDQWH�LO�WHUPRFOLQR��FRQ�WHPSHUDWXUH�IUD�L
���H�L�����&��PHQWUH�LQ�RWWREUH�OD�SRSROD]LRQH�VL�WURYDYD�LQ�DFTXH�SL|�VXSHUILFLDOL��/H�PHGXVH�PLJUDYDQR�YHUVR�OD�VXSH�
ILFLH�DOO¢LPEUXQLUH��PD� UDUDPHQWH�ROWUHSDVVDYDQR� LO� WHUPRFOLQR��/¢DQDOLVL�HOHPHQWDUH�GL�$XUHOLD�KD� ULYHODWR�XQ�EDVVR
SHVR� VHFFR� VSHFLILFR� LQ�FRQWHQXWL�GL�FDUERQLR��D]RWR�H� IRVIRUR��YDULDQGR� ULVSHWWLYDPHQWH� IUD�������������������� H
������������$�SUHVFLQGHUH�GDOO¢LPSDWWR�GLUHWWR�GL�SUHGD]LRQH�VX�PLFUR��H�PHVR]RRSODQNWRQ��o�VWDWD�UHJLVWUDWD�XQD�FKL�
DUD�ULVSRVWD�SRVLWLYD�GHL�EDWWHUL�HWHURWURIL�DOOD�SUHVHQ]D�GL�HVHPSODUL�GL�$XUHOLD�YLYL�H�PRUWL�

3DUROH�FKLDYH��$XUHOLD��GLVWULEX]LRQH�YHUWLFDOH��FRQWHQXWL�&��1��3��SODQFWRQ�PLFURELFR��PDUH�$GULDWLFR
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7KH� FODVVLFDO� OLQHDU� SODQNWRQLF� IRRG� FKDLQ� WKDW� GH�
VFULEHG� WUDQVIHU� RI� PDWHULDO� IURP� GLVVROYHG� QXWULHQWV
WKURXJK� SK\WRSODQNWRQ� WR� KHUELYRURXV� DQG� FDUQLYRURXV
PHVR]RRSODQNWRQ�ZDV�FKDQJHG�UDGLFDOO\�E\�WKH�GLVFRYHU\
RI�WKH�£PLFURELDO�ORRS¤�PRUH�WKDQ�WZR�GHFDGHV�DJR��$]DP
HW�DO����������$W�WKH�RSSRVLWH�HQG�RI�WKH�PDULQH�SODQNWRQLF
VL]H�VSHFWUXP��PRUH� UHFHQWO\�ZH�KDYH�DOVR�PRGLILHG�RXU
XQGHUVWDQGLQJ� RI� WKH� LPSRUWDQFH�� WURSKLF� SRVLWLRQ� DQG
HFRV\VWHP� UROH� RI� MHOO\ILVK�� 7UDGLWLRQDOO\�� MHOO\ILVK� ZHUH
YLHZHG� DV� D� VLQJOH� IXQFWLRQDO� JURXS� �3DXO\� HW� DO��� �����
ODUJHO\�XQSDODWDEOH� WR�FRQVXPHUV�GXH� WR�KLJK�ZDWHU�FRQ�
WHQW�� QHPDWRF\VWV� DQG� WR[LQV� �H�J��� 6KDQNV� 	� *UDKDP�
�������DQG�WKXV�VLJQLILFDQW�IRU�RUJDQLF�PDWWHU�F\FOLQJ�RQO\
DV� £WRS¤�SUHGDWRUV��+RZHYHU�� UHFHQW�GLVFRYHU\�RI�GLYHUVH
IHHGLQJ� PRGHV� �&RVWHOOR� HW� DO��� ������� ZLGHVSUHDG� DQG
IUHTXHQWO\�PDVVLYH�SUHVHQFH��3XUFHOO�HW�DO����������DQG�WKH
IDFW�WKDW�HYHQ�VRPH� ODUJH�PDULQH�DQLPDOV�VXFK�DV�VXQILVK
�0ROD�PROD��DQG� OHDWKHUEDFN� WXUWOHV� �'HUPRFKHO\V�FRULD�
FHD�� SUH\� RQ� MHOO\ILVK� �+RXJKWRQ� HW� DO��� ������� KDV
FKDQJHG�RXU�SHUFHSWLRQ�RI�MHOO\ILVK�DV�D�GHDG�HQG�LQ�IRRG
ZHEV�� -HOO\ILVK�ZHUH�FRQYHQWLRQDOO\�YLHZHG�DV�YRUDFLRXV
SUHGDWRUV�IHHGLQJ�PDLQO\�RQ�PHVR]RRSODQNWRQ�DQG�FRP�
SHWLQJ� IRU� IRRG�ZLWK� SHODJLF� ILVK� �3XUFHOO�	� 6WXUGHYDQW�
������

$Q� LPSRUWDQW� IDFWRU� IRU� WKH� DVVHVVPHQW� RI� DQ� RUJDQ�
LVP¤V�WURSKLF�SRVLWLRQ�LV�LWV�ELRFKHPLFDO�FRPSRVLWLRQ��DQG
LW�LV�OLNHO\�WKDW�GLIIHUHQFHV� LQ�FRPSRVLWLRQ�ZLOO�DIIHFW� WKHLU
ELRJHRFKHPLFDO�UROH��5HFHQWO\��WKH�UROH�RI�MHOO\ILVK�LQ�HOH�
PHQWDO�F\FOLQJ�KDV�EHHQ� UHYLHZHG� �3LWW�HW�DO���������ZLWK
VSHFLDO�DWWHQWLRQ�WR�WKH�DFFXPXODWLRQ�DQG�UHOHDVH�RI�LQRU�
JDQLF�DQG�RUJDQLF�FDUERQ��QLWURJHQ�DQG�SKRVSKRUXV��([�
FUHWLRQ�RI�GLVVROYHG�RUJDQLF�PDWWHU�DV�D�QXWULHQW�VRXUFH�IRU
EDFWHULRSODQNWRQ� ZDV� DOVR� GLVFXVVHG�� DOWKRXJK� LW� ZDV
VWUHVVHG�WKDW�YHU\�IHZ�GDWD�ZHUH�DYDLODEOH��$�VWXG\�RQ�WKH
OLQNDJH�EHWZHHQ�MHOO\ILVK�DQG�PLFUREHV�ZDV�FDUULHG�RXW�LQ
D� MHOO\ILVK� �3HULSK\OOD�SHULSK\OOD��GRPLQDWHG� IMRUG��ZKHUH
LW�ZDV� IRXQG� WKDW� WKH� OD\HU�RI�PD[LPDO� MHOO\ILVK�ELRPDVV
FRLQFLGHG�ZLWK� HOHYDWHG� WRWDO� RUJDQLF� FDUERQ�� EDFWHULDO
SURGXFWLRQ�DQG�HFWRHQ]\PDWLF�DFWLYLWLHV� �5LHPDQQ�HW�DO��
�������$QRWKHU� VWXG\� FRQGXFWHG� LQ� WKLV� IMRUG� IRXQG� WKH
PLFURELDO�FRPPXQLW\�FOHDUO\�UHVSRQGLQJ�WR�GHDG�MHOO\ILVK
LQ� GLIIHUHQW�ZD\V�� VRPH�PRUSKRW\SHV� SUROLIHUDWHG�ZKLOH
RWKHUV�ZHUH� LQKLELWHG�E\� MHOO\ILVK� WLVVXH� �7LWHOPDQ� HW� DO��
������

7KH�PRRQ�MHOO\ILVK�$XUHOLD�VSS�� LV�D�FRVPRSROLWDQ�JH�
QXV� EXW� PROHFXODU� FULWHULD� XVHG� LQ� UHFHQW� HYROXWLRQDU\
VWXGLHV�LQGLFDWH�WKDW�LW�LQFOXGHV�QXPHURXV�FU\SWLF�VSHFLHV
�'DZVRQ�� ������� $XUHOLD� FDQ� IRUP� ODUJH� DJJUHJDWLRQV�
SDUWLFXODUO\� LQ�HQFORVHG� VHDV� �WKH�$GULDWLF��%DOWLF��%ODFN�
6HWR� ,QODQG��:DGGHQ� VHDV��DQG� LQ�SURWHFWHG� FRDVWDO�ZD�
WHUV�VXFK�DV�IMRUGV��ED\V��HVWXDULHV�DQG�PDULQH�ODNHV�ZKHUH
LW�RIWHQ�DWWDLQV�YHU\�KLJK�ELRPDVV� �/XFDV��������� ,Q�PDQ\
FDVHV�$XUHOLD�KDV�VLJQLILFDQW�LPSDFW�RQ�SODQNWRQ�FRPPX�
QLWLHV��DQG� LWV�VWUXFWXULQJ�HIIHFW�RQ�PHVR]RRSODQNWRQ�KDV

EHHQ�GHPRQVWUDWHG�LQ�VHYHUDO�FRDVWDO�HQYLURQPHQWV��2OH�
VHQ��������2PRUL�HW�DO���������/XFDV�HW�DO���������6FKQHL�
GHU�	�%HKUHQGV��������%DU]�	�+LUFKH��������

6HYHUDO�VWXGLHV�KDYH�DOVR�OLQNHG�MHOO\ILVK�WR�WKH�PLFUR�
ELDO� ORRS� YLD�GLUHFW� FRQVXPSWLRQ� RI� FLOLDWHV� �6WRHFNHU� HW
DO���������%½PVWHGW��������2PRUL�HW�DO����������+LJK�FOHD�
UDQFH� UDWHV� IRU�QDXSOLL�DQG�QDNHG�FLOLDWHV�ZHUH� IRXQG�E\
0DOHM�HW�DO�� �������ZKR�SRLQWHG� WR� LQGLUHFW�FDVFDGLQJ�HI�
IHFWV� RI�$XUHOLD� RQ� WKH�PLFURELDO� ORRS� LQ� DGGLWLRQ� WR� LWV
LPSDFW�RQ�WKH�HQWLUH�IRRG�ZHE��$�PRUH�GLUHFW�FRQQHFWLRQ
ZLWK�EDFWHULRSODQNWRQ�ZKLFK�PD\�XVH�'2&� UHOHDVHG�E\
$XUHOLD� DXULWD� ZDV� VXJJHVWHG� E\� +DQVVRQ� 	� 1RUUPDQ
�������

2XU�VWXG\�RQ�WKH�$XUHOLD�VS����SRSXODWLRQ�DQG�LWV�OLQNV
WR�WKH�PLFURELDO�IRRG�ZHE�ZDV�FDUULHG�RXW�LQ�D�0HGLWHUUD�
QHDQ�HXKDOLQH�ODNH��ZKHUH�GHQVH�DJJUHJDWLRQV�KDYH�EHHQ
REVHUYHG� WKURXJKRXW� WKH�\HDU� �%HQRYLß�HW�DO����������*H�
QXV�$XUHOLD�LV�SUHVHQW�LQ�WKH�VKDOORZ�QRUWKHUQ�$GULDWLF�DQG
LQ�VRPH�VHPL�HQFORVHG�ED\V�DQG� ODJRRQV�DORQJ� WKH�HDVW�
HUQ�DQG�ZHVWHUQ�$GULDWLF��,W�KDV�WUDGLWLRQDOO\�EHHQ�WHUPHG
$��DXULWD�DOWKRXJK�PROHFXODU�FULWHULD�XVHG� LQ�UHFHQW�VWXG�
LHV� TXHVWLRQHG� WKLV� GHVLJQDWLRQ� �6FKURWK� HW� DO��� �����
'DZVRQ��������� IROORZLQJ� WKHVH� DXWKRUV�ZH�XVH�$XUHOLD
VS����IRU�WKH�0OMHW�ODNH�SRSXODWLRQ�

/DUJH� �����/��DQG� VPDOO� ���/��PHVRFRVP�H[SHULPHQWV
ZHUH�XVHG� WR� VWXG\� WKH� LQIOXHQFH�RI�$XUHOLD� VS����RQ�PL�
FURELDO�ELRPDVV�DQG�SURGXFWLRQ��7XUN�HW�DO���������DQG�WKH
UHVSRQVH� RI� WKH� QDWLYH� EDFWHULDO� FRPPXQLW\� WR� ELRPDVV
RULJLQDWLQJ�IURP�GHDG�$XUHOLD��7LQWD�HW�DO���VXEPLWWHG���:H
UHSRUW�KHUH�RQ� WKH� YHUWLFDO�SRVLWLRQ�� VHDVRQDO� VL]H� VWUXF�
WXUH��DQG�HOHPHQWDO�FRPSRVLWLRQ� �&��1��3��RI�$XUHOLD�DQG
GLVFXVV�WKHVH�GDWD�LQ�UHODWLRQ�WR�PLFURELDO�SODQNWRQ�

0$7(5,$/�$1'�0(7+2'6

2XU�VWXG\�ZDV�FRQGXFWHG� LQ�D�HXKDOLQH�PDULQH� £ODNH¤
ORFDWHG� RQ� WKH� QRUWK�ZHVWHUQ� VLGH� RI�0OMHW�� DQ� RIIVKRUH
VRXWK�$GULDWLF� LVODQG��9HOLNR� MH]HUR� �%LJ� /DNH� �� %/�� VHH
)LJ���� LQ�*UDKDP�HW�DO��������� LV�D�VXEPHUJHG�NDUVWLF�GH�
SUHVVLRQ� WKDW�ZDV� IORRGHG�GXULQJ�+RORFHQH�VHD�OHYHO� ULVH
�:XQVDP�HW�DO����������([FKDQJH�EHWZHHQ�WKLV�VPDOO�ODNH
�VXUIDFH� DUHD� DERXW� ����� NP��� DQG� WKH� RSHQ� $GULDWLF� LV
WKURXJK�D���NP�ORQJ�DQG����P�ZLGH�FKDQQHO�WKDW�ZDV�DUWL�
ILFLDOO\�GHHSHQHG� WR�DERXW�����P� �5LGÌDQRYLß�	�ÉLPXQR�
YLß���������:HDN�WLGHV�������FP�WLGDO�UDQJH��UHVWULFW�ZDWHU
H[FKDQJH� ZLWK� WKH� RSHQ� VHD� WKURXJK� WKH� FKDQQHO�� 7KH
ODNH�EDWK\PHWU\�KDV� WZR�PDLQ�GHSUHVVLRQV� �GHSWKV�!���
P��VHSDUDWHG�E\�D�VLOO��GHSWK������P���ZKLFK�DIIHFW�WKH�HQ�
YLURQPHQWDO� DQG� ELRORJLFDO� FKDUDFWHULVWLFV� RI� WKH� ODNH�
'XULQJ�VXPPHU��D�VWURQJ�WKHUPRFOLQH�VHSDUDWHV�WKH������
P�GHHS�XSSHU� OD\HU� IURP�GHHSHU�ZDWHUV�ZKHUH� WHPSHUD�
WXUH� LV� UDWKHU�VWDEOH� WKURXJKRXW� WKH�\HDU� ������ �&���0D[L�
PDO�VXUIDFH� WHPSHUDWXUHV�PD\� UHDFK������� �&��6PDOO�VD�
OLQLW\� GLIIHUHQFHV� EHWZHHQ� WKH� VXUIDFH� OD\HU� ����������
SVX��DQG�GHHSHU�OD\HU������������SVX��DOVR�H[LVW��)LJ�����
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)LJ�����7HPSHUDWXUH��VROLG�OLQH��DQG�VDOLQLW\��VROLG�VTXDUH��SURILOHV�LQ�-XO\�������OHIW��DQG�2FWREHU�������ULJKW��
6O�����7HPSHUDWXUD��SROQD�àUWD��LQ�VODQRVW��SROQL�NYDGUDWL��MXOLMD�������OHYR��LQ�RNWREUD�������GHVQR��

7KH�ZDWHU�FROXPQ�FKDUDFWHULVWLFV�DQG�$XUHOLD�YHUWLFDO
GLVWULEXWLRQ�ZHUH� VWXGLHG� LQ� WKH� WZR�GHHSHVW�DUHDV�RI�%/
�)LJ�� ���*UDKDP� HW� DO��� ������� $� &7'� ILQH�VFDOH� SUREH
�0LFURVWUXFWXUH� 3URILOHU�066���� 6HD�	� 6XQ� 7HFKQRORJ\
*PE+��ZDV�XVHG� WR�GHWHUPLQH� WHPSHUDWXUH�DQG�VDOLQLW\�
DQG�YHUWLFDO�GLVWULEXWLRQ�RI�$XUHOLD�ZDV�DVVHVVHG�XVLQJ�D
6RQ\� '&5�9;���(� YLGHR� FDPHUD� LQ� DQ� ,NHOOLWH� XQGHU�
ZDWHU�KRXVLQJ�

$XUHOLD�ZHUH�FROOHFWHG�HLWKHU�ZLWK�D�]RRSODQNWRQ�QHW
�:3��������P�PHVK��RU�PDQXDOO\�E\�GLYHUV�GXULQJ� IRO�
ORZLQJ�SHULRGV�������-XO\�������������0D\������������
-XO\������������0DUFK�����������2FWREHU�����������
0D\� ������ ������0D\� ������ )RU� EHOO� GLDPHWHU� PHDV�
XUHPHQWV��PHGXVDH�ZHUH�VSUHDG�IODW�RQ�D�JODVV�SODWH�DQG
WKH�GLDPHWHU�ZDV� UHFRUGHG� WR� WKH�QHDUHVW���PP��$XUHOLD
ZHUH� VWRUHG� LQGLYLGXDOO\� LQ� EDJV� IRU� HOHPHQWDO� DQDO\VLV
DQG�NHSW�GHHS�IUR]HQ�������&���6DPSOHV�ZHUH�IUHH]H�GULHG
DQG� FKHPLFDOO\� DQDO\VHG� XVLQJ� D� &+1� HOHPHQWDO� DQD�
O\]HU� �&DUOR(UED��� 3KRVSKRURXV� ZDV� HVWLPDWHG� DIWHU� GL�
JHVWLRQ�RI�VDPSOHV�ZLWK�.�6�2��LQ�DQ�DXWRFODYH�DQG�VXE�
VHTXHQW� FRORULPHWULF� GHWHFWLRQ� RI� SKRVSKDWH� SURGXFHG
�*UDVVKRII�HW�DO���������

7KH�FRQFHQWUDWLRQ�RI�&KORURSK\OO�D�LQ�WKH�ZDWHU�VDP�
SOHV�ZDV�GHWHUPLQHG�XVLQJ�WKH�UHYHUVH�SKDVH�+3/&��+LJK
3HUIRUPDQFH�/LTXLG�&KURPDWRJUDSK\��PHWKRG��0DQWRXUD
	� /OHZHOO\Q�������%DUORZ� HW� DO��� ������ DQG� E\� DEVRUE�
DQFH�DW�����QP�XVLQJ�D�89�9LV� VSHFWURSKRWRPHWULF�GH�
WHFWRU��6SHFWUD�3K\VLFV��0RGHO�89������

%DFWHULDO� DEXQGDQFH� DQG� SURGXFWLRQ� ZHUH� GHWHU�

PLQHG� XVLQJ� VWDQGDUG� SURFHGXUHV� RI� VWDLQLQJ� IRUPDOLQ�
IL[HG�VDPSOHV�ZLWK�'$3,��3RUWHU�	�)HLJ��������DQG�EDF�
WHULDO�SURWHLQ�V\QWKHVLV�XVLQJ��+�/HXFLQH��6PLWK�	�$]DP�
�������PHWKRGRORJ\�XVHG� LV�GHVFULEHG� LQ�GHWDLO� LQ�7XUN
HW�DO���������

5(68/76�$1'�',6&866,21

9HUWLFDO�GLVWULEXWLRQ

9HUWLFDO� GLVWULEXWLRQ� RI� $XUHOLD� ZDV� IROORZHG� RYHU
VHYHUDO�GLHO�F\FOHV�LQ�WKH�GHHSHVW�SDUWV�RI�WKH�ODNH��!���
P��� 7KHUH�ZDV� D� FOHDU� GLIIHUHQFH� LQ� YHUWLFDO� SRVLWLRQ� RI
$XUHOLD�SRSXODWLRQ�RYHU� WKH�GLHO�F\FOH� LQ�2FWREHU��SDU�
WLFXODUO\�ZKHQ�FRPSDUHG� WR�PRQWKV�ZKHQ� VXUIDFH� WHP�
SHUDWXUHV�ZHUH� !� ��� �&� �)LJ�� ���� ,Q� VXPPHU� GXULQJ� WKH
GD\��PRVW�$XUHOLD�ZHUH�EHORZ�WKH�WKHUPRFOLQH�LQ�D�OD\HU
ZLWK� WHPSHUDWXUHV� RI� ������ �&�� 7KH\�PLJUDWHG� WRZDUGV
WKH�VXUIDFH�DW�GXVN�EXW�UDUHO\�FURVVHG�WKH�WKHUPRFOLQH��,Q
2FWREHU�� WKH� SRSXODWLRQ� ZDV� ORFDWHG� VKDOORZHU� GXULQJ
GD\OLJKW�� RFFXS\LQJ� PRVWO\� WKH� WKHUPRFOLQH� OD\HU� ZLWK
VLPLODU� WHPSHUDWXUHV� DV� GXULQJ� VXPPHU� �VHH� )LJ�� �� IRU
WHPSHUDWXUH�DQG�VDOLQLW\�SURILOHV���7KH�ZDWHU�FROXPQ�ZDV
VWLOO�WKHUPDOO\�VWUDWLILHG�LQ�2FWREHU�DOWKRXJK�WHPSHUDWXUH
GLIIHUHQFHV� EHWZHHQ� VXUIDFH� DQG� ���P� GHSWK�ZHUH� VLJ�
QLILFDQWO\�VPDOOHU��DERXW����&��WKDQ�LQ�-XO\��DERXW�����&��
$W� QLJKW� PRVW� PHGXVDH� ZHUH� EHORZ� WKH� WKHUPRFOLQH�
$XUHOLD�ZHUH�YHU\�UDUHO\�REVHUYHG�LQ�VXUIDFH�OD\HUV�����
P�� WHPSHUDWXUHV� KLJKHU� WKDQ� ��� �&�� GXULQJ� DQ\� VHDVRQ�
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)LJ�����9HUWLFDO�SRVLWLRQ�RI�$XUHOLD�SRSXODWLRQ�RYHU�WKH�GLHO�F\FOH� LQ� -XO\������ �OHIW��DQG�2FWREHU������ �ULJKW�� LQ
GLIIHUHQW�OD\HUV��D���DERYH�WKH�WKHUPRFOLQH�OD\HU��E���WKH�WKHUPRFOLQH�OD\HU��F���EHORZ�WKH�WKHUPRFOLQH�OD\HU��G��
GHHS� OD\HU� �!����P���7LPHV�RI� WKH�GD\� �ORFDO�KRXU���HDUO\�PRUQLQJ� ��������������GD\� ��������������GXVN� �������
��������QLJKW���������������
6O�� ��� 9HUWLNDOQD� UD]SRUHGLWHY� SRSXODFLMH� $XUHOLD� Y� GQHYQR�QRàQHP� FLNOXVX� MXOLMD� ����� �OHYR�� LQ� RNWREUD� ����
�GHVQR��SR�VORMLK��D���VORM�QDG�WHUPRNOLQR��E���WHUPRNOLQVNL�VORM��F���VORM�SRG�WHUPRNOLQR��G���JORERNL�VORM��!����P��
8UH��ORNDOQL�àDV���]JRGQMH�MXWUR���������������GDQ���������������YHàHU����������������QRà���������������

6KRUW�WHUP� ��� ��� PLQ�� VXUIDFH� VZDUPLQJ� ZDV� REVHUYHG
RQ� UDUH�RFFDVLRQV�GXULQJ� SHULRGV� RI� YHU\� FDOP�ZHDWKHU
GXULQJ�VXPPHU�DQG�DXWXPQ��:H�GLG�QRW�GHWHUPLQH�YHU�
WLFDO� GLVWULEXWLRQ� RI� $XUHOLD� SRSXODWLRQ� GXULQJ� ZLQWHU
�)HEUXDU\�0DUFK��� EXW� GLYHUV� WKDW� FROOHFWHG� MHOO\ILVK� IRU
EHOO� GLDPHWHU� DQG� HOHPHQWDO� DQDO\VLV� UHSRUWHG� DJJUHJD�
WLRQV�EHWZHHQ����DQG���P�

3RSXODWLRQ�FKDUDFWHULVWLFV

0HGXVDH� IURP� %/� ZHUH� VDPSOHG� LQ� DOO� VHDVRQV� EXW
PRUH� IUHTXHQWO\� GXULQJ� WKH�ZDUPHU� SDUW� RI� WKH�\HDU�� ,Q
RWKHU� WHPSHUDWH� PDULQH� V\VWHPV� ZLWK� $XUHOLD� SRSXOD�

WLRQV�� PHGXVDH� WHQG� WR� VKRZ� VHDVRQDOLW\� ZLWK� ZLQWHU�
VSULQJ� UHFUXLWPHQW� RI� HSK\UDH�� VSULQJ� JURZWK�� IROORZHG
E\� VXPPHU� DFFXPXODWLRQ� RI� PHGXVDH� ELRPDVV� DQG
HYHQWXDO� GLVDSSHDUDQFH� IURP� WKH� ZDWHU� FROXPQ� LQ
DXWXPQ� �/XFDV�� ������� +RZHYHU��$XUHOLD� LQ� %/� GR� QRW
VKRZ� GLVWLQFW� VHDVRQDO� G\QDPLFV��0HGXVDH� DUH� SUHVHQW
\HDU�URXQG��DQG�IURP�RXU�GDWD�ZH�FRXOG�QRW�VHH�D�FOHDU
VHDVRQDO� UHFUXLWPHQW� DQG� JURZWK� �)LJ�� ���� 3UHVXPDEO\�
WKHUH�LV�DQ�H[WHQGHG�UHFUXLWPHQW�SHULRG�RI�QHZ�PHGXVDH
IURP� EHQWKLF� VF\SKRSRO\S� LQ� WKLV� ODNH�� %HOO� GLDPHWHU
YDULHG� IURP� ���� FP� LQ�0D\� ������� WR� ����� FP� LQ� -XO\
�������ZLWK�WKH�ODUJHVW�DYHUDJH�DQG�PHGLDQ�GLDPHWHU�LQ
2FWREHU��+RZHYHU�� ODUJH�\HDU�WR�\HDU�YDULDELOLW\�RI�PH�
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7DE�� ��� 0HDQ� VL]H� DQG� ZHLJKW� RI� PHDVXUHG� MHOO\ILVK
�$XUHOLD��GXULQJ�����������
7DE�� ��� 6UHGQMH� YUHGQRVWL� SUHPHUD� NOREXND� LQ� PRNUH
PDVH� L]PHUMHQLK� PHGX]� �$XUHOLD�� Y� REGREMX� �����
�����

%HOO�GLDPHWHU��FP� :HW�ZHLJKW��J�
$YHUDJH ��� ����
6' ��� ����
0HGLDQ ��� ����
0LQ ��� ����
0D[ ���� �����
1 ��� ���

GXVDH� VL]H� LQ� WKH� VDPH� SHULRG� ZDV� DOVR� IRXQG� �)LJ�� ��
DQG�0D\�VDPSOHV��FROOHFWHG�LQ�WKUHH�\HDUV�������������
DQG� ������ FOHDUO\� LOOXVWUDWH� WKLV� GLYHUJHQFH�� 0HDQ� ZHW
ZHLJKW��7DE�����RI�$XUHOLD�LQGLYLGXDOV�ZDV�UDWKHU�ORZ�DQG
VKRZHG� D� VHDVRQDO� SDWWHUQ� WKDW�PDWFKHG� EHOO� GLDPHWHU�
ZLWK� VOLJKWO\� KLJKHU� YDOXHV� LQ� -XO\� FRPSDUHG� WR� 0DUFK
DQG�0D\�DQG�ZLWK�PD[LPXP�ZHLJKW�LQ�2FWREHU�

(OHPHQWDO�DQDO\VLV�RI�$XUHOLD� UHYHDOV� ORZ�GU\�ZHLJKW
VSHFLILF� FDUERQ� DQG� QLWURJHQ� FRQWHQW� �)LJ�� ��� UDQJLQJ
IURP�����WR������DQG�����DQG������IRU�FDUERQ�DQG�QL�
WURJHQ�� UHVSHFWLYHO\�� DQG� UDWKHU� ORZ� &�1� DWRPLF� UDWLRV

����������� 6LPLODUO\��SKRVSKRUXV� FRQWHQW�RI�$XUHOLD�ZDV
ORZ� ZLWK� DQ� RYHUDOO� DYHUDJH� RI� ������ RI� GU\� ZHLJKW�
7KHVH� FRQWHQWV� DUH� FRPSDUDEOH� WR� RWKHU� JHODWLQRXV
SODQNWRQ� EXW� ORZHU� WKDQ� VRPH� RWKHU� 6F\SKRPHGXVDH
�/DUVRQ��������0DOHM�HW�DO���������DV�ZHOO�DV�$XUHOLD�IURP
WKH�QRUWKHUQ�$GULDWLF��0DOHM�HW�DO����������3URWHLQV�UHSUH�
VHQW� WKH� ODUJHVW� RUJDQLF� IUDFWLRQ� FRQVLVWHQW� ZLWK� ORZ
DWRPLF�&�1� UDWLR� ������������6RPH�VHDVRQDO�GLIIHUHQFHV
ZHUH�REVHUYHG�ZLWK�VLJQLILFDQWO\�KLJKHU�RUJDQLF�FRQWHQWV
LQ�VDPSOHV�FROOHFWHG�LQ�2FWREHU��S���������

$XUHOLD�DVVRFLDWHG�RUJDQLF�PDVV�LQ�%/

7KH�DYHUDJH�2FWREHU������YDOXHV�RI�':� ����RI�ZHW
ZHLJKW��� FDUERQ� ������ RI�':��� QLWURJHQ� ������ RI�':�
DQG�SKRVSKRURXV� �������RI�':��FRQWHQWV�ZHUH�DSSOLHG
WR�DEXQGDQFH�HVWLPDWHV�RI�$XUHOLD�EDVHG�RQ�DFRXVWLF�VXU�
YH\V�GRQH�GXULQJ� WKH� VDPH�SHULRG� �$OYDUH]�&RORPER� HW
DO���������WR�FDOFXODWH�WRWDO�$XUHOLD�DVVRFLDWHG�PDVV�LQ�WKH
%/��7DE������7DNLQJ�LQWR�DFFRXQW�WKH�%/�YROXPH��WKHVH�YDO�
XHV� WUDQVODWH� WR�DYHUDJH�$XUHOLD�ZHW�PDVV�RI�������J�P��

DQG�RUJDQLF�FDUERQ��QLWURJHQ�DQG�SKRVSKRUXV�ELRPDVV�RI
����PJ� &�P���� ����PJ1�P���� DQG� ����PJ3�P���� UHVSHF�
WLYHO\�� 6LQFH� $XUHOLD� &�� 1�� 3� FRQWHQWV� DQG� PHDQ� VL]H
ZHUH� KLJKHU� LQ�2FWREHU� FRPSDUHG� WR� RWKHU�PRQWKV�ZH
PD\�FRQVLGHU�WKHVH�HVWLPDWHV�DV�XSSHU�ELRPDVV�OHYHOV�

)LJ�����$XUHOLD�PHGLDQ�EHOO�GLDPHWHU��WRS��DQG�VL]H�IUHTXHQF\�GLVWULEXWLRQ��ERWWRP��LQ�GLIIHUHQW�PRQWKV��%HOO�GLDPH�
WHU��FP���EODFN������GDUN�JUH\��������OLJKW�JUH\����������ZKLWH��!����FP�
6O�����$XUHOLD����SUHPHU�NOREXND��PHGLDQD��]JRUDM��LQ�IUHNYHQàQD�GLVWULEXFLMD��VSRGDM��Y�UD]OLàQLK�PHVHFLK��3UHPHU
NOREXND��FP���àUQR������WHPQR�VLYR��������VYHWOR�VLYR����������EHOR��!����FP�
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7DE�� ��� &DUERQ�� QLWURJHQ� DQG� SKRVSKRUXV� ELRPDVV� RI
$XUHOLD�SRSXODWLRQ�LQ�WKH�%LJ�/DNH��%/��GXULQJ�2FWREHU
�������IURP�$OYDUH]�&RORPER�HW�DO���������
7DE�� ��� %LRPDVD� SRSXODFLMH� $XUHOLD� Y� 9HOLNHP� MH]HUX
�%/���L]UDËHQD�NRW�PRNUD�PDVD��RJOMLN��GXÉLN�LQ�IRVIRU��
SR�$OYDUH]�&RORPER�HW�DO���������

$EXQGDQFH ���������
SHU�ODNH ��������NJ

:HW�PDVV
SHU�P� ������J�P��

SHU�ODNH ����NJ
&�ELRPDVV SHU�P� ����PJ�&�P��

SHU�ODNH ���NJ
1�ELRPDVV SHU�P� ����PJ�1�P��

SHU�ODNH ����NJ
3�ELRPDVV SHU�P� ����PJ�3�P��

7RS�GRZQ�FRQWURO�DQG�$XUHOLD�DV�D�VRXUFH�RI�QXWULHQWV

*XW� FRQWHQW� DQDO\VHV� DQG� LQ� VLWX� HQFORVXUH� H[SHUL�
PHQWV�LQGLFDWHG�VPDOO�FRSHSRGV��FRSHSRGLWHV��3DUDFDOD�
QXV�SDUYXV��2LWKRQD�QDQD��DQG�QDXSOLL��IROORZHG�E\�QD�
NHG�FLOLDWHV��ZKLFK�DUH�WKH�PRVW�LPSRUWDQW�SUH\�RI�$XUH�
OLD��2WKHU�SUH\�LWHPV��PROOXVF�ODUYDH��FLUULSHGLD�QDXSOLL�
/LPDFLQD��ZHUH�VHDVRQDOO\�DEXQGDQW�LQ�JXWV��0DOHM�HW�DO�
�������VSHFXODWHG�WKDW�WKLV�WRS�GRZQ�FRQWURO�RI�WKH�IRRG
ZHE� LV� UHVSRQVLEOH� IRU� ORZHU� ]RRSODQNWRQ� DEXQGDQFH
DQG�UHGXFHG�QXPEHU�RI�VSHFLHV�LQ�0OMHW¤V�9HOLNR�MH]HUR
FRPSDUHG�WR�WKH�QHLJKERXULQJ�RSHQ�$GULDWLF�ZDWHUV�

,Q� DGGLWLRQ� WR� WKH�GLUHFW�SUHGDWRU\� LPSDFW� RQ�PLFUR�
DQG�PHVR]RRSODQNWRQ��D�FOHDU� UHVSRQVH�RI�KHWHURWURSKLF
EDFWHULD� �7XUN�HW�DO��������� WR� WKH�SUHVHQFH�RI�$XUHOLD� LQ
PHVRFRVP�H[SHULPHQWV�ZDV�DOVR�REVHUYHG�DV�DQ�LQFUHDVH
RI�EDFWHULDO�ELRPDVV��DYHUDJH������J�&�/����DQG�SURGXF�
WLRQ� �DYHUDJH� ���� �J� &� /��� G�����0LFURELDO� SODQNWRQ� G\�
QDPLFV�LQ�WKH�%/�DUH�QRW�ZHOO�XQGHUVWRRG��DQG�IHZ�GDWD
H[LVW�RQ�DEXQGDQFH�DQG�SURGXFWLRQ�RI�PLFURRUJQLVPV�LQ
WKLV�V\VWHP��0RVW�RI�RXU�DQDO\VHV�ZHUH�FRQGXFWHG�GXULQJ
WKH� ZDUP� VWUDWLILHG� SHULRG� ZKHQ� LW� LV� H[SHFWHG� WKDW
DEXQGDQFH� DQG� SURGXFWLRQ� RI� DXWRWURSKLF� DQG� KHWHUR�
WURSKLF� PLFURELDO� SODQNWRQ� DUH� KLJKHU� WKDQ� GXULQJ� WKH
FRROHU� SHULRGV� RI� WKH� \HDU�� 7KH� KLJKHVW� FKORURSK\OO� D
FRQFHQWUDWLRQV�ZHUH�IRXQG�LQ�WKH�WKHUPRFOLQH�OD\HU�DQG
ZHUH�EHWZHHQ���������QJ�/���LQ�-XO\�������)LJ�����ULJKW��
'XULQJ�WKH�VDPH�SHULRG��QXPEHUV�RI�KHWHURWURSKLF�EDF�
WHULD� YDULHG� EHWZHHQ� ���� DQG� ���� [� ���� FHOOV� /���� ZLWK
HOHYDWHG�DEXQGDQFH�DERYH�DQG�EHOORZ� WKH� WKHUPRFOLQH
OD\HU� �)LJ�� ��� OHIW��� ,Q� FRQWUDVW� WR� DEXQGDQFH�� EDFWHULDO
JURZWK�WHQGHG�WR�EH�KLJKHU�DW�WKH�WKHUPRFOLQH�OD\HU�ZLWK
DQ�DYHUDJH�YDOXH�RI������J�&�/���G����FRPSDUHG�WR������J
&� /��� G��� � DQG� ���� �J� &� /��� G���� DERYH� DQG� EHOORZ� WKH

WKHUPRFOLQH�� UHVSHFWLYHO\� �)LJ�����PLGGOH��� 7KHVH� UHVXOWV
RI�EDFWHULDO�DEXQGDQFH�DQG�SURGXFWLRQ�UDWHV�GLIIHU�RQO\
VOLJKWO\� IURP�WKRVH� IRXQG� LQ� WKH�PRUH�HXWURSKLF�*XOI�RI
7ULHVWH�DQG�DUH�FRQVLVWHQWO\�KLJKHU� WKDQ� LQ� WKH� VRXWKHUQ
$GULDWLF�ZDWHUV��7DE�����

$XUHOLD�FRXOG�EH�D�VXEVWDQWLDO�VRXUFH�RI�QXWULHQWV�IRU
EDFWHULD�LQ�WKH�%/�ZKHUH�DYHUDJH�SK\WRSODQNWRQ�ELRPDVV
LV�QHDUO\�DQ�RUGHU�RI�PDJQLWXGH�ORZHU��&DULß�	�-DVSULFD�
������WKDQ�LQ�WKH�*XOI�RI�7ULHVWH��7XUN�HW�DO����������$S�
SO\LQJ� WKH� ZHLJKW� QRUPDOL]HG� FDUERQ� UHOHDVH� UDWH� RI
������PJ�&�J���ZHW�ZHLJKW�G��+DQVRQ�	�1RUUPDQ�������
WR� GDWD� RQ� $XUHOLD� LQ� %/� GXULQJ� 2FWREHU� VXJJHVWV� WKH
ZKROH�%/�$XUHOLD�SRSXODWLRQ� UHOHDVHV�����NJ�&�G����$S�
SO\LQJ� QLWURJHQ� �DPPRQLXP�� DQG� SKRVSKRUXV� �SKRV�
SKDWH�� H[FUHWLRQ� UDWHV� E\� $XUHOLD� GHWHUPLQHG� E\� 6KL�
PDXFKL�	�8\H��������ZH�HVWLPDWH�����NJ�1�G���DQG�����
NJ�3�G��ZDV�UHOHDVHG�DFURVV� WKH�ZKROH� ODNH� LQ�2FWREHU�
7KHVH� YDOXHV� LQGLFDWH� WKDW� $XUHOLD� UHOHDVHG� DERXW� ���
������DQG������RI�LWV�FDUERQ��QLWURJHQ�DQG�SKRVSKRUXV
ELRPDVV� GDLO\�� 7KHVH� YDOXHV� GR� DSSHDU� FRPSDUDWLYHO\

7DE�� ��� &RPSDULVRQ� RI� GDWD� IRU� EDFWHULDO� DEXQGDQFH
DQG� EDFWHULDO� FDUERQ� SURGXFWLRQ� IRU� GLIIHUHQW� DUHDV� LQ
WKH�$GULDWLF�6HD�
7DE�����3ULPHUMDYD�EDNWHULMVNH�DEXQGDQFH�LQ�SURGXNFLMH
Y�UD]OLàQLK�REPRàMLK�-DGUDQVNHJD�PRUMD�

$UHD
$EXQGDQFH

�×�����FHOOV�O���

%DFWHULDO�FDU�
ERQ�SURGXF�

WLRQ
��J�&�O��G���

5HIHUHQFH

0OMHW�
9HOLNR
MH]HUR

������� �������� 7KLV�ZRUN

6RXWKHUQ
$GULDWLF

��������� ���������
&RULQDOGHVL�HW

DO�������
0LGGOH
$GULDWLF
6HD

���±���� �����±����
ÉROLß�	

.UVWXORYLß�
����

0LGGOH
$GULDWLF
6HD

������
ÉHVWDQRYLß�HW
DO�������

1RUWKHUQ
$GULDWLF

������
)XNV�HW�DO��

����

*XOI�RI
7ULHVWH

������ ��������

7XUN�DQG
+DJVWU{P�
�����

7XUN�HW�DO��
����

*XOI�RI
7ULHVWH

��������� ��������
3XJQHWWL�HW
DO�������
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)LJ�����$XUHOLD�FDUERQ�DQG�QLWURJHQ�FRQWHQWV��DV���RI�GU\�ZHLJKW��DQG�DWRPLF�&�1�UDWLR�
6O�����$XUHOLD���YVHEQRVW�RJOMLND�LQ�GXÉLND����VXKH�PDVH��LQ�DWRPVNR�&�1�UD]PHUMH�

)LJ����9HUWLFDO�GLVWULEXWLRQ�RI�DQ�DYHUDJH�EDFWHULDO�QXPEHU��OHIW���EDFWHULDO�FDUERQ�SURGXFWLRQ��PLGGOH��DQG�FKORUR�
SK\OO�D�FRQFHQWUDWLRQV��OHIW��LQ�-XO\������LQ�GLIIHUHQW�OD\HUV��D���DERYH�WKH�WKHUPRFOLQH�OD\HU��E���WKH�WKHUPRFOLQH
OD\HU��F���EHORZ�WKH�WKHUPRFOLQH�OD\HU��G���GHHS�OD\HU��!����P��
6O�����9HUWLNDOQD�UD]SRUHGLWHY�SRYSUHàQHJD�ÉWHYLOD�EDNWHULM� �OHYR���EDNWHULMVNH�SURGXNFLMH��VUHGLQD�� LQ�NRQFHQWUDFLM
NORURILOD�D��OHYR��Y�MXOLMX������Y�UD]OLàQLK�VORMLK��D��VORM�QDG�WHUPRNOLQR��E���WHUPRNOLQVNL�VORM��F���VORM�SRG�WHUPRN�
OLQR��G���JORERNL�VORM��!����P��

KLJK�DQG�VKRXOG�EH�FRQVLGHUHG�DV�YHU\�SUHOLPLQDU\�VLQFH
ZH�GR�QRW�KDYH�GLUHFW�H[FUHWLRQ�PHDVXUHPHQWV��0RUHR�
YHU�� 6KLPDXFKL�	�8\H� ������� FDUULHG� RXW� H[FUHWLRQ� H[�
SHULPHQWV� DW� WHPSHUDWXUHV� WKDW� ZHUH� KLJKHU� WKDQ� ID�
YRXUHG� E\� 0OMHW� $XUHOLD� SRSXODWLRQ�� DV� LQIHUUHG� IURP
WKHLU�SUHYDLOLQJ�YHUWLFDO�GLVWULEXWLRQ�

'HDG�$XUHOLD� DUH� OLNHO\� WR� EH� DQ� LPSRUWDQW� QXWULHQW
VRXUFH� IRU� EDFWHULD� LQ� WKH� ODNH�� (QFORVXUH� H[SHULPHQWV
LQYHVWLJDWLQJ� GHJUDGDWLRQ� UDWHV� RI�$XUHOLD� KRPRJHQDWHV
IURP�WKH�0OMHW�/DNH�VKRZ�D�PRUH�UDSLG�UHVSRQVH�RI� WKH
ODNH¤V�EDFWHULDO�FRPPXQLW\�ZKHQ�FRPSDUHG� WR� WKH�*XOI
RI�7ULHVWH��7LQWD�HW�DO���VXEPLWWHG���,Q�DGGLWLRQ�WR�GLIIHUHQW
PHDVXUHG� UHVSRQVH� WLPHV�� FKDQJHV� LQ� FRPPXQLW\� FRP�
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SRVLWLRQ�DOVR�GLYHUJHG�LQ�WKH�WZR�HFRV\VWHPV��7KH�DGGL�
WLRQ�RI�MHOO\ILVK�WLVVXH�GLG�QRW�WULJJHU�ODUJH�FKDQJHV�LQ�WKH
0OMHW�/DNH�EDFWHULDO�FRPPXQLW\��KRZHYHU�� LW�UHVXOWHG� LQ
FKDQJHV� LQ� WKH� *XOI� RI� 7ULHVWH� FRPPXQLWLHV�� DV� GHWHU�
PLQHG� E\� JHQHWLF� ILQJHUSULQWLQJ�� ,Q� FRQFOXVLRQ�� ZH
IRXQG� RXW� WKDW� WKH� ODNH¤V� EDFWHULDO� FRPPXQLW\� LV� ZHOO
DGDSWHG�WR�XWLOL]H�WKLV� W\SH�RI�VXEVWUDWH��$XUHOLD�SURYLGH
VLJQLILFDQW�QXWULHQW�VRXUFHV�IRU�EDFWHULRSODQNWRQ�LQ�DGGL�
WLRQ� WR� GLUHFW� SUHGDWRU\� SUHVVXUH� RQ� PHVR�� DQG� PLFUR�
]RRSODQNWRQ�DQG� LQGLUHFW�FDVFDGLQJ�HIIHFW�RQ�PLFURELDO
SODQNWRQ�

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

7KLV�UHVHDUFK�ZDV�ILQDQFHG�E\�WKH�0LQLVWU\�RI�+LJKHU
(GXFDWLRQ�� 6FLHQFH� DQG� 7HFKQRORJ\� RI� WKH� 5� 6ORYHQLD
�3���������DQG�ELODWHUDO�FRRSHUDWLRQ�ZLWK�WKH�0LQLVWU\�RI
6FLHQFH�� (GXFDWLRQ� DQG� 6SRUW� RI� WKH� &URDWLD�� :H� DOVR
DFNQRZOHGJH� WKH� VXSSRUW� RI� WKH� 86� 1DWLRQDO� 6FLHQFH
)RXQGDWLRQ��2&(�����������:H�DUH�JUDWHIXO�WR�WKH�0OMHW
1DWLRQDO�3DUN�DXWKRULWLHV� IRU� WKH�KRVSLWDOLW\�GXULQJ� ILHOG
ZRUN��:H�DUH�JUDWHIXO� WR�DQRQ\PRXV�UHYLHZHUV�IRU� WKHLU
FULWLFDO�DQG�YDOXDEOH�FRPPHQWV�RQ�WKH�PDQXVFULSW�

3238/$&,-$�9567(�$85(/,$�63�����6&<3+2=2$��9�0/-(76.(0�-(=(58
�-8Ë12�-$'5$16.2�025-(���752),à1(�,17(5$.&,-(�,1�329(=$9$

=�0,.52%1,0�35(+5$0%(1,0�63/(720

$OHQND�0$/(-��9DOHQWLQD�785.��7MDÈD�.2*29Ç(.�	�7LKRPLU�0$.29(&
0RUVND�ELRORÊND�SRVWDMD��1DFLRQDOQL�LQÊWLWXW�]D�ELRORJLMR��6,������3LUDQ��)RUQDáH���

(�PDLO��PDOHM#PEVV�RUJ

9ODGLPLU�212)5,
8QLYHUVLW\�RI�'XEURYQLN��,QVWLWXWH�IRU�0DULQH�DQG�&RDVWDO�5HVHDUFK��+5�������' XEURYQLN��'DPMDQD�-XGH�����&URDWLD

/XFLDQR�&+,$9(5$12
'DXSKLQ�,VODQG�6HD�/DE��8QLYHUVLW\�RI�6RXWK�$ODEDPD������%LHQYLOOH�%OYG���'D XSKLQ�,VODQG�$/��������86$

7LQNDUD�7,17$�	�9HVQD�)/$1'(5�3875/(
0RUVND�ELRORÊND�SRVWDMD��1DFLRQDOQL�LQÊWLWXW�]D�ELRORJLMR��6,������3LUDQ��)RUQDáH���

'DYRU�/8Þ,Ü
8QLYHUVLW\�RI�'XEURYQLN��,QVWLWXWH�IRU�0DULQH�DQG�&RDVWDO�5HVHDUFK��+5�������' XEURYQLN��'DPMDQD�-XGH�����&URDWLD

329=(7(.

ÇWXGLMD�YHUWLNDOQH�GLVWULEXFLMH��VWUXNWXUH�LQ�NHPLMVNH�VHVWDYH�SRSXODFLMH�VNLIRPHGX]�$XUHOLD�VS����MH�ELOD�QDUHMHQD�Y
VUHGR]HPVNHP�VODQHP� MH]HUX�QD�RWRNX�0OMHWX� �9HOLNR� MH]HUR�� MXÊQL� -DGUDQ��� NMHU� VH� VNR]L�YVH� OHWR�SRMDYOMDMR�JRVWH
]GUXÊEH�WHK�RUJDQL]PRY��9HßLQD�PHGX]�VH�MH�SROHWL�VNR]L�YHßML�GHO�GQHYD�QDKDMDOD�Y�VORMX�SRG�WHUPRNOLQR��������&�
PHGWHP�NR� MH� ELOD� SRSXODFLMD� RNWREUD�Y� SOLWYHMÈL� YRGL��0HGX]H� VR� VH� SURWL� JODGLQL� SRPLNDOH� ]YHßHU�� D� ]HOR� UHGNR
SUHßNDOH�WHUPRNOLQR��(OHPHQWQD�DQDOL]D�PHGX]�MH�Y�VXKL�PDVL�SRND]DOD�QL]NR�VSHFLILßQR�YVHEQRVW�RJOMLND��GXÈLND�LQ
IRVIRUMD�RG��������������������LQ������������]D�RJOMLN��GXÈLN�LQ�IRVIRU��3ROHJ�QHSRVUHGQHJD�SOHQLOVNHJD�YSOLYD�QD
PLNUR��LQ�PH]R]RRSODQNWRQ�VR�UD]LVNRYDOFL�]DEHOHÊLOL�WXGL�MDVHQ�SR]LWLYHQ�RG]LY�KHWHURWURIQLK�EDNWHULM�QD�SULVRWQRVW
ÊLYLK�LQ�PUWYLK�$XUHOLD�

.OMXÞQH�EHVHGH��$XUHOLD��YHUWLNDOQD�GLVWULEXFLMD��YVHEQRVW�RJOMLND��&���GXÊLND��1��LQ�IRVIRUMD��3���PLNUREQL�SODQNWRQ�
-DGUDQVNR�PRUMH�
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5()(5(1&(6

$OYDUH]�&RORPER��*���$��%HQRYLÜ��$��0DOHM��'��/XÞLÜ��7�
0DNRYHF��9��2QRIUL��0��$FKD��$��0DGULRODV�	�+��0LDQ�
]DQ� �������� $FRXVWLF� VXUYH\� RI� D� MHOO\ILVK�GRPLQDWHG
HFRV\VWHP� �0OMHW� ,VODQG�� &URDWLD��� +\GURELRORJLD�� ����
�������
$]DP��)���7��)HQFKHO��-��*��)LHOG��/��$��0H\HU�5HLO�	�)�
7KLQJVWDG� �������� 7KH�HFRORJLFDO� UROH�RI�ZDWHU� FROXPQ
PLFUREHV�LQ�WKH�VHD��0DU��(FRO��3URJ��6HU���������������
%½PVWHGW�� 8�� �������� 7URSKRG\QDPLFV� RI� WKH� VF\SKR�
PHGXVDH� $XUHOLD� DXULWD�� 3UHGDWLRQ� UDWH� LQ� UHODWLRQ� WR
DEXQGDQFH��VL]H�DQG� W\SH�RI�SUH\�RUJDQLVP�� -��3ODQNWRQ
5HV���������������
%DUORZ��5��*���5�)��&��0DQWRXUD��0��$�*RXJK�	�7��:�
)LOHPDQ���������3LJPHQW�VLJQDWXUHV�RI�WKH�SK\WRSODQNWRQ
FRPSRVLWLRQ�LQ�WKH�QRUWKHDVWHUQ�$WODQWLF�GXULQJ�WKH�����
VSULQJ�EORRP��'HHS�6HD�5HV���������������
%DU]�� .��	�+��-��+LUFKH� �������� 6HDVRQDO� GHYHORSPHQW
RI� VF\SKR]RDQ� PHGXVDH� DQG� WKH� SUHGDWRU\� LPSDFW� RI
$XUHOLD� DXULWD� RQ� WKH� ]RRSODQNWRQ� FRPPXQLW\� LQ� WKH
%RUQKROP� %DVLQ� �FHQWUDO� %DOWLF� 6HD��� 0DU�� %LRO��� ����
��������
%HQRYLÜ��$���'��/XÞLÜ��9��2QRIUL��0��3HKDUGD��0��&DULÜ�
1�� -DVSULFD� 	� 6�� %REDQRYLÜ�ÝROLÜ� �������� (FRORJLFDO
FKDUDFWHULVWLFV�RI�WKH�0OMHW�,VODQG�VHDZDWHU�ODNHV��6RXWK�
HUQ�$GULDWLF�6HD��ZLWK�VSHFLDO�UHIHUHQFH�WR�WKHLU�UHVLGHQW
SRSXODWLRQV�RI�PHGXVDH��6FL��0DU���������������
&DULÜ��0��	�1��-DVSULFD���������.RQFHQWUDFLMH�KUDQOMLYLK
VROL� L� NORURILOD� D� X� 9HOLNRP� MH]HUR� X� UD]GREOMX� VWUDWLIL�
NDFLMH��������,Q��'XUEHÊLß��3��	�$��%HQRYLß��HGV����1DWX�
UDO� FKDUDFWHULVWLFV� DQG� VRFLDO� YDOXDWLRQ� RI� WKH� 0OMHW� ,V�
ODQG��&URDWLDQ�(FRORJLFDO�6RFLHW\��=DJUHE��SS����������,Q
&URDWLDQ�
&RULQDOGHVL��6���(��&UHYDWLQ��3��'HO�1HJUR��0��0DULQL��$�
5RVVR�� 6�� )RQGD�8PDQL� 	� 5��'DQRYDUR� �������� /DUJH�
VFDOH� GLVWULEXWLRQ� RI� YLULRSODQNWRQ� LQ� WKH� $GULDWLF� 6HD�
WHVWLQJ� WKH� WURSKLF� VWDWH� FRQWURO� K\SRWKHVLV�� $SSO� (QYL�
URQ��0LFURELRO�����������������
&RVWHOOR��-��+���6��3��&ROLQ�	�-��2��'DELUL���������0HGX�
VDQ�PRUSKRVSDFH��SK\ORJHQHWLF�FRQVWUDLQV��ELRPHFKDQL�
FDO� VROXWLRQV�� DQG� HFRORJLFDO� FRQVHTXHQFHV�� ,QYHUWHEU�
%LRO�������������������
'DZVRQ��0��1�� ��������0DFUR�PRUSKRORJLFDO� YDULDWLRQ
DPRQJ� FU\SWLF� VSHFLHV� RI� WKH� PRRQ� MHOO\ILVK�� $XUHOLD
�&QLGDULD��6F\SKR]RD���0DU��%LRO����������������
)XNV��'���-��5DGLÜ��7��5DGLÜ��0��1DMGHN��0��%ODÉLQD��'�
'HJREELV�	�1��6PRGODND���������5HODWLRQVKLSV�EHWZHHQ
KHWHURWURSKLF�EDFWHULD�DQG�F\DQREDFWHULD�LQ�WKH�QRUWKHUQ
$GULDWLF� LQ� UHODWLRQ� WR� WKH� PXFLODJH� SKHQRPHQRQ�� 6FL�
7RWDO�(QYLURQ����������������
*UDKDP��:��0��� /��&KLDYHUDQR�� ,��'¡$PEUD��+��0LDQ�
]DQ��*��$OYDUH]�&RORPER��0��$FKD��$��0DOHM��-��+��&RV�
WHOOR��9��2QRIUL�	�$��%HQRYLÜ���������)LVK�DQG�MHOO\ILVK�
8VLQJ�WKH�LVRODWHG�PDULQH�£ODNHV¤�RI�0OMHW�,VODQG��&URDWLD�
WR� H[SORUH� ODUJHU� PDULQH� HFRV\VWHP� FRPSOH[LWLHV� DQG

HFRV\VWHP�EDVHG� PDQDJHPHQW� DSSURDFKHV�� $QQDOHV�
6HU��+LVW��1DW���7KLV�YROXPH�
*UDVVKRII��.���0��(KUKDUGW�	�.��.UHPOLQJ���������0HWK�
RGV� RI� 6HD� :DWHU� $QDO\VLV�� 6HFRQG�� 5HYLVHG� DQG� ([�
WHQGHG�(GLWLRQ��9HUODJ�&KHPLH��:HLQKHLP������S�
+DQVVRQ�� /�� -�� 	� %�� 1RUUPDQ� �������� 5HOHDVH� RI� GLV�
VROYHG�RUJDQLF� FDUERQ� �'2&�� E\� WKH� VF\SKR]RDQ� MHOO\�
ILVK�$XUHOLD�DXULWD�DQG�LWV�SRWHQWLDO�LQIOXHQFH�RQ�WKH�SUR�
GXFWLRQ� RI� SODQNWRQLF� EDFWHULD�� 0DU�� %LRO��� ����� ����
����
+RXJKWRQ��-��'��5���7��.��'R\OH��0��:��:LOVRQ��-��'DY�
HQSRUW�	�*��&��+D\V� �������� -HOO\ILVK�DJJUHJDWLRQV�DQG
OHDWKHUEDFN�WXUWOH�IRUDJLQJ�SDWWHUQV�LQ�D� WHPSHUDWH�HQYL�
URQPHQW��(FRORJ\����������������
/DUVRQ�� 5�� -�� �������� :DWHU� FRQWHQW�� RUJDQLF� FRQWHQW�
DQG�FDUERQ�DQG�QLWURJHQ�FRPSRVLWLRQ�RI�PHGXVDH� IURP
WKH�QRUWKHDVW�3DFLILF�� -�� ([S��0DU�� %LRO�� (FRO��� ���� ����
����
/XFDV�� &�� +�� �������� 5HSURGXFWLRQ� DQG� OLIH� KLVWRU\
VWUDWHJLHV�RI� WKH�FRPPRQ� MHOO\ILVK��$XUHOLD�DXULWD�� LQ� UH�
ODWLRQ� WR� LWV� DPELHQW� HQYLURQPHQW��+\GURELRORJLD�� ����
��������
/XFDV�� &�� +��� $�� *�� +LUVW� 	� -�� $�� :LOOLDPV� �������
3ODQNWRQ� G\QDPLFV� DQG�$XUHOLD� DXULWD� SURGXFWLRQ� IURP
WZR� FRQWUDVWLQJ� HFRV\VWHPV�� FDXVHV� DQG� FRQVHTXHQFHV�
(VWXDU��&RDVW��6KHOI�6FL���������������
0DOHM��$���-��)DJDQHOL�	�-��3H]GLÞ���������6WDEOH�LVRWRSH
DQG� ELRFKHPLFDO� IUDFWLRQDWLRQ� LQ� WKH� PDULQH� SHODJLF
IRRG�FKDLQ�� WKH� MHOO\ILVK�3HODJLD�QRFWLOXFD� DQG�QHW�]RR�
SODQNWRQ��0DU��%LRO����������������
0DOHM��$���%��ÝHUPHOM��6��/RMHQ�	�Ý��0LORÇ� �������� (OH�
PHQWDO�DQG�VWDEOH�LVRWRSH�FRPSRVLWLRQ�RI�EORRP�IRUPLQJ
6F\SKRPHGXVDH� IURP� WKH� $GULDWLF� 6HD�� $EVWUDFW� ERRN�
$6/2� 6XPPHU� 0HHWLQJ�� 9LFWRULD�� %ULWLVK� &ROXPELD
�&DQDGD�������-XQH�������SS����
0DOHM��$���9��7XUN��'��/XÞLÜ�	�$��%HQRYLÜ���������'LUHFW
DQG�LQGLUHFW� WURSKLF�LQWHUDFWLRQV�RI�$XUHOLD�VS�� �6F\SKR�
]RD�� LQ� D� VWUDWLILHG� PDULQH� HQYLURQPHQW� �0OMHW� /DNHV�
$GULDWLF�6HD���0DU��%LRO����������������
0DQWRXUD��5��)��&��	�&��$��/OHZHOO\Q���������7KH�UDSLG
GHWHUPLQDWLRQ� RI� DOJDO� FKORURSK\OO� DQG� FDURWHQRLG� SLJ�
PHQWV� DQG� WKHLU� EUHDNGRZQ� SURGXFWV� LQ� QDWXUDO� ZDWHUV
E\� UHYHUVH�SKDVH�KLJK�SHUIRUPDQFH� OLTXLG�FKURPDWRJUD�
SK\��$QDO��&KLP��$FWD���������������
2OHVHQ�� 1�� -�� �������� &OHDUDQFH� SRWHQWLDO� RI� MHOO\ILVK
$XUHOLD�DXULWD��DQG�SUHGDWLRQ� LPSDFW�RQ�]RRSODQNWRQ� LQ
D�VKDOORZ�FRYH��0DU��(FRO��3URJ��6HU��������������
2PRUL��0���+�� ,VKLL� 	� $�� )XMLQDJD� �������� /LIH� KLVWRU\
VWUDWHJ\�RI�$XUHOLD�DXULWD��&QLGDULD��6F\SKRPHGXVDH��DQG
LWV� LPSDFW� RQ� ]RRSODQNWRQ� FRPPXQLW\� RI� 7RN\R� %D\�
,&(6�-��0DU��6FL���������������
3DXO\��'���:��*UDKDP��6��/LEUDODWR��/��0RULVHWWH�	�0��/�
'HQJ�3DORPDUHV���������-HOO\ILVK�LQ�HFRV\VWHPV��RQ�OLQH
GDWDEDVHV�� DQG�HFRV\VWHP�PRGHOV��+\GURELRORJLD�� ����
������
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3LWW��.���'��7��:HOVK�	�5��+��&RQGRQ��������� ,QIOXHQFH
RI�MHOO\ILVK�EORRPV�RQ�FDUERQ��QLWURJHQ�DQG�SKRVSKRUXV
F\FOLQJ� DQG� SODQNWRQ� SURGXFWLRQ�� +\GURELRORJLD�� ����
��������
3RUWHU��.��*��	�<��6�� )HLJ� �������� 7KH�XVH�RI�'$3,� IRU
LGHQWLI\LQJ� DQG� FRXQWLQJ� DTXDWLF� PLFURIORUD�� /LPQRO�
2FHDQRJU���������������
3XUFHOO��-��(��	�0��9��6WXUGHYDQW���������3UH\�VHOHFWLRQ
DQG� GLHWDU\� RYHUODS� DPRQJ� ]RRSODQNWLYRURXV� MHOO\ILVK
DQG� MXYHQLOH� ILVKHV� LQ� 3ULQFH� :LOOLDP� 6RXQG�� $ODVND�
0DU��(FRO��3URJ��6HU��������������
3XJQHWWL�� $��� 0�� $UPHQL�� (�� &DPDWWL�� (�� &UHYDWLQ�� $�
'HOO
$QQR�� 3�� 'HO� 1HJUR�� $�� 0LODQGUL�� *�� 6RFDO�� 6�
)RQGD� 8PDQL� 	� 5�� 'DQRYDUR� �������� ,PEDODQFH� EH�
WZHHQ� SK\WRSODQNWRQ� SURGXFWLRQ� DQG� EDFWHULDO� FDUERQ
GHPDQG�LQ�UHODWLRQ�WR�PXFLODJH�IRUPDWLRQ�LQ�WKH�1RUWK�
HUQ�$GULDWLF�6HD��6FL��7RWDO�(QYLURQ���������������
3XUFHOO�� -�� (��� 6��,�� 8\H� 	�:��7�� /R� �������� $QWKURSR�
JHQLF�FDXVHV�RI� MHOO\ILVK�EORRPV�DQG� WKHLU�GLUHFW�FRQVH�
TXHQFHV� IRU� KXPDQV�� D� UHYLHZ�� 0DU�� (FRO�� 3URJ�� 6HU��
�������������
5LGÉDQRYLÜ�� -�� 	� 9�� ÆLPXQRYLÜ� �������� *HRJUDSKLFDO
FKDUDFWHULVWLFV�RI� WKH�LVODQG�0OMHW�� ,Q��'XUEHÊLß��3��	�$�
%HQRYLß� �HGV����1DWXUDO�FKDUDFWHULVWLFV�DQG�VRFLDO�YDOXD�
WLRQ� RI� WKH� 0OMHW� ,VODQG�� &URDWLDQ� (FRORJLFDO� 6RFLHW\�
=DJUHE��SS����������,Q�&URDWLDQ�
5LHPDQQ�� /��� -�� 7LWHOPDQ� 	�8�� %½PVWHGW� �������� /LQNV
EHWZHHQ�MHOO\ILVK�DQG�PLFUREHV� LQ�D� MHOO\ILVK�GRPLQDWHG
IMRUG��0DU��(FRO��3URJ��6HU��������������
6FKQHLGHU��*��	�*��%HKUHQGV���������7RS�GRZQ�FRQWURO
LQ�D�QHULWLF�SODQNWRQ�V\VWHP�E\�$XUHOLD�DXULWD�PHGXVDH��
D�VXPPDU\��2SKHOLD������������
6FKURWK��:��*��-DUPV��%��6WUHLW�	�%��6FKLHUZDWHU��������
6SHFLDWLRQ� DQG� SK\ORJHRJUDSK\� LQ� WKH� FRVPRSROLWDQ
PRRQ� MHOO\��$XUHOLD� VS��%LR0HG�&HQW��(YRO��%LRO��� �����
���
6KDQNV�� $�� /�� 	�:��0�� *UDKDP� �������� &KHPLFDO� GH�
IHQVH�LQ�D�VF\SKRPHGXVD��0DU��(FRO��3URJ��6HU����������
���
6KLPDXFKL��+��	�6��,��8\H���������([FUHWLRQ�DQG�5HVSL�
UDWLRQ� 5DWHV� RI� WKH� 6F\SKRPHGXVD� $XUHOLD� DXULWD� IURP
WKH�,QODQG�6HD�RI�-DSDQ��-��2FHDQRJU�������������

6PLWK�� '�� &�� 	� )�� $]DP� �������� $� VLPSOH�� HFRQRPLF
PHWKRG�IRU�PHDVXULQJ�EDFWHULDO�SURWHLQ�V\QWKHVLV�UDWHV�LQ
VHDZDWHU�XVLQJ��+�/HXFLQH��0DU��0LFURE��)RRG�:HEV����
��������
6WRHFNHU��'�� .��� $�� (��0LFKDHOV� 	� /��+��'DYLV� �������
*UD]LQJ�E\�MHOO\ILVK��$XUHOLD�DXULWD��RQ�PLFURSODQNWRQ��-�
3ODQNWRQ�5HV��������������
ÆHVWDQRYLÜ�� 6��� 0�� ÆROLÜ�� 1�� .UVWXORYLÜ� 	� È�� 1LQÞHYLÜ
�������� 6HDVRQDO� DQG�YHUWLFDO�GLVWULEXWLRQ� RI� SODQNWRQLF
EDFWHULD�DQG�KHWHURWURSKLF�QDQRIODJHOODWHV�LQ�WKH�PLGGOH
$GULDWLF�6HD��+HOJRODQG�0DU��5HV�������������
ÆROLÜ�� 0�� 	� 1�� .UVWXORYLÜ� �������� 5ROH� RI� SUHGDWLRQ
FRQWUROLQJ� EDFWHULDO� DQG� KHWHURWURSKLF� QDQRIODJHOODWH
VWDQGLQJ�VWRFNV� LQ� WKH�FRDVWDO�$GULDWLF� VHD�VHDVRQDO�SDW�
WHUQV��0DU��(FRO��3URJ��6HU����������������
7LWHOPDQ�� -��� /�� 5LHPDQQ�� 7�� $�� 6rUQHV�� 7�� 1LOVHQ�� 3�
*ULHNVSRRU� 	� 8�� %½PVWHGW� �������� 7XUQRYHU� RI� GHDG
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