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5HFHQW�ZRUOGZLGH�LQFUHDVHV�LQ� MHOO\ILVK�DEXQGDQFHV�
EORRPV� DQG� UHODWHG� HFRQRPLFDO� DQG� VRFLHWDO� SUREOHPV
�*UDKDP��������+D\��������/\QDP�HW�DO���������$WWULOO�HW
DO��� ������ 3XUFHOO�� HW� DO��� ������ KDYH� IRFXVHG� DWWHQWLRQ
RQ�ILQGLQJ�ZD\V�WR�REWDLQ�DFFXUDWH�PHDVXUHV�RI�MHOO\ILVK
DEXQGDQFH�� GLVWULEXWLRQ� DQG� WHPSRUDO� YDULDELOLW\� �%ULHU�
OH\� HW� DO��� ������ $OYDUH]�&RORPER� HW� DO��� ������� 7UDGL�
WLRQDO� VXUYH\V� EDVHG� RQ� SODQNWRQ� QHW� WUDZOV�� 6&8%$
GLYLQJ� DQG� XQGHUZDWHU� YLGHRV� SURYLGH� RQO\� VHPL�
TXDQWLWDWLYH� HVWLPDWHV�� &RQVHTXHQWO\�� WKH� VSDWLDO� GLVWUL�
EXWLRQ�RI�PHGXVDH�LV�JHQHUDOO\�QRW�ZHOO�XQGHUVWRRG�

5HFHQWO\��DFRXVWLFV�KDYH�EHHQ�HPSOR\HG�ZLWK� LQFUH�
DVLQJ�UHILQHPHQW� IRU� MHOO\ILVK�SRSXODWLRQ�DVVHVVPHQW� �%UL�
HUOH\�HW�DO���������/\QDP�HW�DO���������$OYDUH]�&RORPER
HW�DO���������+DQ�	�8\H���������DQG�IRU�GHWDLOHG�LQGLYLG�
XDO� EHKDYLRXU� VWXGLHV� �$OYDUH]� &RORPER� HW� DO��� �����
%½PVWHGW�HW�DO���������.OHYMHU�HW�DO����������$FRXVWLFV�KDV
EHHQ�XVHG�HIIHFWLYHO\�DOVR� LQ�D� YDULHW\�RI�GLIIHUHQW� HQYL�
URQPHQWV��VXFK�DV�GHHS�VHD� IMRUGV��VPDOO�VDOW� ODNHV�� ODUJH
XSZHOOLQJ� V\VWHPV� DQG� WXUELG� FRDVWDO� ODJRRQV� DQG� HVWX�
DULHV� �0LDQ]DQ� HW� DO��� ������ $OYDUH]� &RORPER� HW� DO��
������������%½PVWHGW�HW�DO���������%ULHUOH\�HW�DO��������
/\QDP� HW� DO��� ������ +DQ� 	� 8\H�� ������ .OHYMHU� HW� DO��
������

2Q� WKH� QRUWK�ZHVWHUQ� VLGH� RI� WKH� RIIVKRUH� LVODQG� RI
0OMHW� �&URDWLD�� WKH� VRXWKHUQ�$GULDWLF�6HD��� WKHUH� LV�D� V\V�
WHP�RI�VPDOO�VHDZDWHU�ODNHV�LQ�D�VXEPHUJHG�NDUVWLF�YDOOH\
�)LJ������9HOLNR�MH]HUR��%/��%LJ�/DNH��LV�WKH�ELJJHVW�ODNH�RQ
ZKLFK�GHVFULSWLRQV�RI�VRPH�ELRWLF�FRPSRQHQWV�DQG� WKHLU
GLVWULEXWLRQDO� SDWWHUQV� KDYH� EHHQ� SXEOLVKHG� �%HQRYLß� HW
DO��� ������0DOHM� HW� DO��� ������ $OYDUH]� &RORPER� HW� DO��
�������,QODQG�DQG�DGMDFHQW�WR�WKLV�ODNH��FRQQHFWHG�WR�LW�E\
D� QDUURZ� SDVVDJH�� LV� DQRWKHU� VPDOOHU� ODNH��0DOR� MH]HUR
�6/��6PDOO�/DNH���ZLWK�D� VXUIDFH�DUHD�RI������NP��DQG�D
PD[LPXP� GHSWK� RI� ���P�� ,QIRUPDWLRQ� DERXW� ELRORJLFDO
FRPSRQHQWV�RI�WKLV�VPDOO�ODNH�LV�VFDUFH�EXW�LW�LV�DOVR�FKDU�
DFWHUL]HG�E\�WKH�SUHVHQFH�RI�PHGXVD�$XUHOLD�VS��%/�LV�DQ
ROLJRWURSKLF�FRDVWDO�ODNH��DQG�WKH�PHGXVDH�WKHUHLQ�SHUVLVW
LQ� WKH� ODNH� WKURXJKRXW� WKH� \HDU� �%HQRYLß� HW� DO��� ������
$OWKRXJK� WKH� VF\SKRPHGXVD� $XUHOLD� LV� SUHVHQW� LQ� WKH
VKDOORZ�QRUWKHUQ�SRUWLRQ�RI�WKH�$GULDWLF�6HD�DQG�LQ�RWKHU
VHPL�HQFORVHG�ED\V�DORQJ� WKH�$GULDWLF�FRDVW�� LW� LV�DEVHQW
LQ�RSHQ�$GULDWLF�ZDWHUV�RIIVKRUH�RI�0OMHW�,VODQG��$��%HQR�
YLß�� XQSXEO�� REVHUY���� 7KH� $XUHOLD� VS�� SRSXODWLRQ� LQ� 6/
VHHPV� WR� ZD[� DQG� ZDQH� RYHU� WKH� \HDUV�� GLVDSSHDULQJ
FRPSOHWHO\�WKHQ�UH�SRSXODWLQJ�WKH�QH[W�\HDU��SHUKDSV�GXH
WR�LQIOX[�RI�PHGXVDH�IURP�%/��%HQRYLß�HW�DO���������

7KURXJKRXW�WKH�$GULDWLF�WKLV�VSHFLHV�KDV�EHHQ�FDOOHG
$XUHOLD�DXULWD��/LQQDHXV���������5HFHQW�PROHFXODU�LQYHV�
WLJDWLRQV�� KRZHYHU�� KDYH� TXHVWLRQHG� WKH� WUDGLWLRQDOO\
WD[RQRPLF� GHVLJQDWLRQ� �6FKURWK�HW� DO��� ������ DQG� QRZ�
SURYLVLRQDOO\�� WKH� VSHFLHV� LV� VLPSO\�FDOOHG�$XUHOLD� VS���
�'DZVRQ�HW�DO����������,Q�WKH�SUHVHQW�VWXG\��WKHUHIRUH�� LW
LV�UHIHUUHG�WR�DV�$XUHOLD�

'XULQJ�2FWREHU�������D� ILHOG� VWXG\�ZDV�FDUULHG�RXW
DW� %/� HPSOR\LQJ� D� VFLHQWLILF� HFKRVRXQGHU� DQG� YLGHR�
UHFRUGHU�WR�GHWHUPLQH�V\QRSWLFDOO\�WKH�GLVWULEXWLRQ��GHQ�
VLW\� DQG� ELRPDVV� RI� WKH� $XUHOLD� SRSXODWLRQ� DQG� RWKHU
ELRORJLFDO� VFDWWHUHUV� OLNH� ILVK� �$OYDUH]� &RORPER� HW� DO��
������� 7KH� $XUHOLD� SRSXODWLRQ� FRQVLVWHG� RI� DSSUR[L�
PDWHO\� ���������� LQGLYLGXDOV� WKDW� ZHUH� PRVWO\� DJJUH�
JDWHG�LQ�DQG�EHORZ�WKH�WKHUPRFOLQH�GXULQJ�WKH�GD\��7KH
DFRXVWLF� WHFKQLTXHV�XVHG� WR�FKDUDFWHUL]H�$XUHOLD� LQ�%/�
WKHUHIRUH��ZHUH�XVHG�DOVR�LQ�WKH�DGMDFHQW�6/��7KH�$XUHOLD
SRSXODWLRQ�LQ�6/�KDV�EHHQ�UHSRUWHG�WR�KDYH�GLVWULEXWLRQV
DQG� EHKDYLRXU� VRPHZKDW� GLIIHUHQW� WKDQ� %/� SRSXODWLRQ�
ZLWK� D�PRUH� UHJXODU� YHUWLFDO� GLVWULEXWLRQ� QRW� DVVRFLDWHG
ZLWK� WKH� WKHUPRFOLQH� DQG�ZLWK� WKH� KLJKHVW� DEXQGDQFHV
LQ� WKH� GHHSHU� OD\HUV� �������P�� DW� GHQVLWLHV� RI� �� WR� ��
LQG��SHU�����P����%HQRYLß�HW�DO���������

7KLV� SDSHU� SUHVHQWV� ILHOG� LQIRUPDWLRQ� RQ�$XUHOLD� LQ
6/��7KH�JRDOV�DUH� WR�TXDQWLI\� WKH�SRSXODWLRQ�RI�$XUHOLD�
WR� GHVFULEH� WKH� KRUL]RQWDO� DQG� YHUWLFDO� GLVWULEXWLRQ� SDW�
WHUQV�RI�LWV�DJJUHJDWLRQV��DQG�WKH�GLVWULEXWLRQ�RI�RWKHU�EL�
RWLF�FRPSRQHQWV�RI�WKH�HFRV\VWHP�

0$7(5,$/6�$1'�0(7+2'6

2Q�2FWREHU����������D���P�ERDW�ZDV�XVHG� LQ�6/� WR
FRQGXFW�DQ�DFRXVWLF�VXUYH\�RI�WKH�HQWLUH�ODNH�E\�GLYLGLQJ
WKH� VXUIDFH� LQWR� ��� SDUDOOHO� WUDQVHFWV� ��� P� DSDUW�� SHU�
SHQGLFXODU�WR�WKH�ODNH¤V�PDLQ�D[LV��*LYHQ� WKDW� WKH�FRP�
SOHWH�DUHD�ZDV�FRYHUHG�LQ�D�SHULRG�RI���KRXUV��LW�PD\�EH
FRQVLGHUHG� WKDW� WKH� GLVWULEXWLRQV� RI� WKH� HQWLUH� $XUHOLD
SRSXODWLRQ�DQG�RWKHU�ELRORJLFDO�VFDWWHUHUV�OLNH�ILVK��ZHUH
V\QRSWLFDOO\�UHJLVWHUHG��)LJ������$FRXVWLF�UHFRUGLQJV�ZHUH
REWDLQHG�E\�PHDQV�RI�D�6,05$'�(<����SRUWDEOH�HFKR�
VRXQGHU�RSHUDWLQJ�DW�����N+]��ZLWK�D� VSOLW�EHDP� WUDQV�
GXFHU�� $QJOH� DQG� SRZHU� VDPSOH� GDWD� ZHUH� UHFRUGHG�
SURYLGLQJ� VLPXOWDQHRXV� ��� ORJ� 5� DQG� ��� ORJ� 5� WLPH�
YDULHG�JDLQ� �79*�� IXQFWLRQV� IRU� YROXPH� EDFNVFDWWHULQJ
DQG� WDUJHW� VWUHQJWK� DQDO\VLV�� UHVSHFWLYHO\�� 7KH� HFKR�
VRXQGHU� ZDV� FDOLEUDWHG� DIWHU� VDPSOLQJ� ZLWK� D� WXQJVWHQ
FDUELGH�FDOLEUDWLRQ�VSKHUH�IROORZLQJ�)RRWH�HW�DO���������
3RVW�SURFHVVLQJ�RI�HFKR�GDWD�ZDV�GRQH�ZLWK�(FKRYLHZ�Y�
����VRIWZDUH�

$XUHOLD� DFRXVWLF� WDUJHW� VWUHQJWK� �76�� PHDVXUHPHQWV
ZHUH� REWDLQHG� LQ� VLWX�� 7KH� 76�PHDVXUHPHQWV� ZHUH� RE�
WDLQHG�ZKLOH�WKH�ERDW�VWD\HG�VWLOO�DW�WKH�SRLQW�VHOHFWHG�IRU
WKH� FDOLEUDWLRQ� SURFHVV�� IROORZLQJ� WKH�PHWKRGRORJ\� GH�
VFULEHG�LQ�$OYDUH]�&RORPER�HW�DO����������)ROORZLQJ�WKH
VDPH�DXWKRUV�� WKRVH�HFKRWUDFHV�VKRZLQJ�VLPLODU�FKDUDF�
WHULVWLFV�DQG� LQGLYLGXDO�DFRXVWLF� VLJQDOV�DV� WKH�PHGXVDH
UHSHDWHGO\� VDPSOHG� LQ� %/� LQ� SUHYLRXV� GD\V�� ZHUH� WKHQ
DVVLJQHG�DV�$XUHOLD��7KH�DEXQGDQFH�RI�$XUHOLD�ZDV�HVWL�
PDWHG� E\� HFKRLQWHJUDWLRQ� �)RRWH� HW� DO��� ������ IRU� WKH
ZDWHU�FROXPQ� IURP���P�EHORZ� WKH� VXUIDFH� �EH\RQG� WKH
WUDQVGXFHU¤V�DFRXVWLF�QHDU�ILHOG��WR��P�DERYH�WKH�ERWWRP
�LQ� RUGHU� WR� DYRLG� WKH� FRQWULEXWLRQ� RI� VPDOO� GHPHUVDO
ILVK��� 7KH� HFKRJUDPV�ZHUH� GLYLGHG� LQWR� LQWHUYDOV� RI� ��



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

$GDP�%(129,Þ�HW�DO���$&2867,&�2%6(59$7,216�2)�-(//<),6+�',675,%87,21�,1�0$/2�/$.(��0/-(7�,6���&52$7,$��������

��

)LJ�� ��� 0DS� RI� 0DOR� /DNH� VKRZLQJ� WKH� DFRXVWLF� WUDFN
SHUIRUPHG��JUH\�OLQH���WKH�VHFWLRQV�RI�WKH�WUDFNV�FRQVLG�
HUHG� IRU� WKH� DVVHVVPHQW� RI� $XUHOLD� DEXQGDQFH� �EODFN
OLQHV��� DQG� WKH� FRQQHFWLRQ� ZLWK� 9HOLNR� /DNH� �XSSHU
ULJKW��
6O�����=HPOMHYLG�0DOHJD�MH]HUD�V�SULND]RP�RSUDYOMHQHJD
VRQDUQHJD� VOHGHQMD� �VLYD� àUWD��� GHOL�� REUDYQDYDQL� ]D
RFHQR� ÉWHYLOàQRVWL� $XUHOLD� �àUQH� àUWH�� LQ� SRYH]DYD� ]
9HOLNLP�MH]HURP��GHVQR�]JRUDM��

)LJ�����%DWK\PHWU\�RI�0DOR�/DNH�� VKRZLQJ� WKH�FRQQHF�
WLRQ�ZLWK� 9HOLNR� /DNH� �XSSHU� ULJKW��� 7KH� ZKLWH� FLUFOHV
UHSUHVHQW�WKH�SRVLWLRQ�RI�WKH�GHHS�KROORZV�IRXQG��6FDOH
LQ�PHWHUV�
6O�� ��� %DWLPHWULMD� 0DOHJD� MH]HUD� ]� YLGQR� SRYH]DYR� ]
9HOLNLP�MH]HURP��GHVQR�]JRUDM���%HOD�NURJD�R]QDàXMHWD
SRORËDM�QDMGHQLK�JOREHOL��/HJHQGD�MH�Y�PHWULK�

SLQJV�� IURP�ZKHUH�WKH�FRHIILFLHQWV�RI�DFRXVWLF�EDFNVFDW�
WHULQJ�SHU�XQLW�DUHD�V$��P

��QPL����DQG�XQLW�YROXPH�69��G%�
UH���P��P����ZHUH�REWDLQHG�

7KH�QHDU�VKRUH�ZDWHUV�ZHUH�H[FOXGHG�IURP�WKH�DQDO\�
VLV�RI�PHGXVDH�GLVWULEXWLRQ�VLQFH�WKHVH�VHFWRUV�FRQWDLQHG
PRVWO\�ILVK��)LJ������7KH�DEXQGDQFH�DQG�FRQFHQWUDWLRQ�RI
LQGLYLGXDOV�&��Q�P����ZHUH�GHULYHG�IURP�WKH�HFKRLQWHJUD�
WLRQ�GDWD��XVLQJ�WKH�DYHUDJH�EDFNVFDWWHULQJ�FURVV�VHFWLRQ
�σEV��REWDLQHG�IURP�LQ�VLWX�76�YDOXHV��DV�GHVFULEHG�LQ�$O�
YDUH]�&RORPER�HW�DO����������$Q�672�+\GURODE�6XUYH\RU
�� SUREH� ZDV� HPSOR\HG� WR� GHWHUPLQH� VDOLQLW\� �6��� WHP�
SHUDWXUH� �7��� DQG� GLVVROYHG� R[\JHQ� �'2�� VWUXFWXUH� DW� D
VWDWLRQ�ORFDWHG�DW�WKH�GHHSHVW�VHFWRU�RI�WKH�ODNH�

5(68/76

%DWK\PHWU\

6/� KDV� D� PD[LPXP� GHSWK� RI� ���P� LQ� WKH� VRXWKHUQ
SDUW� �)LJ�����ZKHUH� WZR�QRWLFHDEOH�KROORZV�ZHUH� IRXQG�
7KHVH�GHSUHVVLRQV�DUH����DQG����P�GHHS�� UHVSHFWLYHO\�
FRQILUPHG� DOVR� E\� GLYHUV� �2�� 3HODU�� SHUV�� FRPP���� 7KH
QRUWKHUQ�SDUW�RI�6/�LV�VKDOORZHU�DQG�ZLWK�D�PRUH�JHQWOH
VORSH�

,Q�VLWX�76�PHDVXUHPHQWV

%HKDYLRXU�RI�GLVSHUVHG�LQGLYLGXDO�MHOO\ILVK�LQ�WKH�XS�
SHU�SDUW�RI�WKH�ZDWHU�FROXPQ�UHVHPEOHG�WKDW�RI�LQGLYLGX�
DOV�REVHUYHG�LQ�%/�GXULQJ�76�PHDVXUHPHQWV��WDUJHWV�ZLWK
VWHDG\� HFKRWUDFH� SRVLWLRQV� UHODWLYH� WR� WKH� VSHHG� RI� WKH
GULIWLQJ� ERDW��� +HQFH�� WKHVH� PHDVXUHPHQWV� DUH� FRQVLG�
HUHG� WR� UHIOHFW� WKH�EHKDYLRXUDO�FRPSRQHQW� �L�H��PHGXVD
EHOO� FRQWUDFWLRQV�UHOD[DWLRQ� VZLPPLQJ� SXOVLQJ� DQG� WLOW�
DQJOH� GLVWULEXWLRQ�� RI� WKH� LQGLYLGXDOV� DW� WKDW� PRPHQW�
0HDQ� PHGXVDH� 76� REWDLQHG� ZDV� ������� G%� �UDQJH 
�������WR��������G%���7DE�����

7DE�����5HVXOWV�RI�WKH�DFRXVWLF�DQG�SK\VLFDO�SDUDPHWHUV
HPSOR\HG� WR� HVWLPDWH� WKH� WRWDO� QXPEHU� RI� $XUHOLD� LQ
0DOR�/DNH��6/��
7DE�� ��� 5H]XOWDWL� DNXVWLàQLK� LQ� IL]LàQLK� SDUDPHWURY�
XSRUDEOMHQLK� ]D� RFHQR� VNXSQHJD� ÉWHYLOD� SULPHUNRY
$XUHOLD�Y�0DOHP�MH]HUX��6/��

0HDQ�V$��P
��QPL��� ����

6' ����
0HDQ�69��G%�UH���P

��P��� ������
1�LQWHUYDOV ���
$UHD��QPL� �������
1�EV��P

����76 ��������G%� ���������

1XPHURVLW\��Q� �������
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)LJ�����9HUWLFDO�GLVWULEXWLRQ�RI�WKH�$XUHOLD�SRSXODWLRQ�DQG�WKH�GLIIHUHQW�JURXSV�UHFRUGHG�LQ�0DOR�ODNH��&)� �FRDVWDO
ILVK��36� �SHODJLF�VFKRROV��')� �GHPHUVDO�ILVK��7/� �WKHUPRFOLQH�OD\HU�WDUJHWV��7KH�WHPSHUDWXUH�YHUWLFDO�SURILOH�LV
SUHVHQWHG��VKRZLQJ�WKH�WKHUPRFOLQH�EHWZHHQ����WR����PHWHUV��ULJKW���6FDOH�UHSUHVHQWV�PHDQ�YROXPH�EDFNVFDWWHULQJ
VWUHQJWK�LQ�G%��OHIW��
6O�����9HUWLNDOQD�GLVWULEXFLMD�SRSXODFLMH�$XUHOLD�LQ�UD]OLàQLK�VNXSLQ��]DEHOHËHQLK�Y�0DOHP�MH]HUX��&)� �REDOQH�ULEH�
36� �SHODJLàQH�ULEMH� MDWH��')� �SULGQHQH� ULEH��7/� �VNXSLQD�Y� VORMX� WHUPRNOLQH��3ULND]DQ�YHUWLNDOQL� WHPSHUDWXUQL
SURILO�]�UD]YLGQR�WHUPRNOLQR�PHG����LQ����PHWUL��GHVQR���0HULOR�SUHGVWDYOMD�SRYSUHàQL�YROXPHQ�MDNRVWL�SRYUDWQHJD
VLSDQMD�Y�G%��OHYR��

)LJ�����,QWHUSRODWLRQ�RI�GHQVLW\�GDWD�RI�$XUHOLD��VKRZLQJ�SDWWHUQV�RI�LWV�KRUL]RQWDO�GLVWULEXWLRQ��$��(FKRLQWHJUDWLRQ
UHVXOWV�LQ�WHUPV�RI�WKH�DFRXVWLF�FRHIILFLHQW�RI�EDFNVFDWWHULQJ�VWUHQJWK�SHU�XQLW�DUHD��V$���%��9DOXHV�RI�PHDQ�YROXPH
EDFNVFDWWHULQJ�VWUHQJWK�SHU�XQLW�YROXPH��LQ�GHFLEHOV��6Y��
6O�����,QWHUSRODFLMD�JRVWRWH�RVHENRY�$XUHOLD��V�SULND]DQR�KRUL]RQWDOQR�GLVWULEXFLMR��$��5H]XOWDWL�HKRLQWHJUDFLMH�NRW
DNXVWLàQL�NRHILFLHQW� MDNRVWL�SRYUDWQHJD�VLSDQMD�QD� HQRWR�SRYUÉLQH� �V$��� %��9UHGQRVW� SRYSUHàQHJD� YROXPQD� MDNRVWL
SRYUDWQHJD�VLSDQMD�QD�HQRWR�SURVWRUQLQH��Y�GHFLEHOLK��6Y��
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9HUWLFDO�GLVWULEXWLRQ�SDWWHUQ

$�VWURQJ�WKHUPRFOLQH�����WR�����&��ZDV�SUHVHQW�DW���
WR����P��0RVW�PHGXVDH�ZHUH�ORFDWHG�D�FRXSOH�RI�PHWHUV
EHORZ� WKH� WKHUPRFOLQH� EXW� VRPH� LQGLYLGXDOV� ZHUH� RE�
VHUYHG�GLVSHUVHG� WR� WKH� VXUIDFH� �)LJ�� ����$� WKLQ� OD\HU� RI
ZHDN� HFKRHV� ZDV� FOHDUO\� REVHUYHG� DW� WKH� WKHUPRFOLQH
GHSWK�� SRVVLEO\� UHODWHG� WR� DJJUHJDWLRQV� RI� VPDOO� ]RR�
SODQNWRQ��PDULQH�VQRZ�RU�HYHQ�VRXQG�VFDWWHUHG�IURP�WKH
SK\VLFDO�LQWHUIDFH�EHWZHHQ�WZR�ZDWHU�PDVVHV�RI�GLIIHUHQW
GHQVLWLHV�� &RDVWDO� ILVKHV�� VPDOO� GHPHUVDO� ILVK� DJJUHJD�
WLRQV�DQG�D�VFKRRO�RI�SHODJLF�ILVK�ZHUH�DOVR�REVHUYHG�DW
GLIIHUHQW�GHSWKV�DORQJ�WKH�DFRXVWLF�WUDFN��)LJ�����

+RUL]RQWDO�GLVWULEXWLRQ�SDWWHUQV

(FKR�LQWHJUDWHG� YDOXHV� RI� WKH� ZDWHU� FROXPQ� �V$�
VKRZHG� WKH� ODUJHVW� PHGXVDH� QXPEHUV� LQ� WKH� GHHSHVW
VHFWRU�RI�WKH�ODNH��)LJ���D���7KLV�UHVXOW�ZDV�H[SHFWHG�FRQ�
VLGHULQJ� WKDW� WKH�$XUHOLD�SRSXODWLRQ�ZDV�PDLQO\�GLVWULE�
XWHG� EHORZ� WKH� WKHUPRFOLQH�� RFFXS\LQJ� JUHDWHU� ZDWHU
YROXPHV�ZLWK�DQ� LQFUHDVLQJ� WRWDO�GHSWK��$OVR��EDFNVFDW�
WHULQJ�YDOXHV�SHU�XQLW�YROXPH�VKRZHG� WKDW�PRUH�PHGX�
VDH� ZHUH� SUHVHQW� QHDU� WKH� ZHVWHUQ� PDUJLQ� RI� WKH� ODNH
�)LJ�� �E��� SRVVLEO\� UHODWHG� WR� DGYHFWLRQ� �WLGDO� DQG�RU
ZLQG�UHODWHG� FLUFXODWLRQ��� 7KH� KRUL]RQWDO� GLVWULEXWLRQ� RI
GLIIHUHQW� JURXSV�RI� ILVK�ZDV�DOVR� UHFRUGHG��:KLOH� VRPH
VFKRROV�RI�SHODJLF�ILVK�ZHUH�GHWHFWHG� LQ�QHDU�VKRUH�ZD�
WHUV�� PRVW� RI� WKH� VFKRROV�� PDLQO\� ODUJHU� SHODJLF� RQHV�
ZHUH�UHFRUGHG�LQ�WKH�GHHSHU�VHFWRU�RI�WKH�ODNH��)LJ�����

$FRXVWLF�HVWLPDWLRQ�RI�$XUHOLD�DEXQGDQFH

7KH�WRWDO�QXPEHU�RI�$XUHOLD�LQKDELWLQJ�6/�DW�WKH�PR�
PHQW� RI� WKH� DFRXVWLF� VXUYH\�ZDV� HVWLPDWHG� WR� �������
�7DE�� ���� 7KH� OD\HU� RI�PD[LPXP� FRQFHQWUDWLRQ�ZDV� UH�
FRUGHG�EHWZHHQ����P�DQG�WKH�ERWWRP��ZLWK�D�PHDQ�GHQ�
VLW\�HVWLPDWHG�DV������LQG��P���

',6&866,21

$FRXVWLF� WHFKQLTXHV�ZHUH�HPSOR\HG� WR�GHVFULEH� WKH
$XUHOLD� KRUL]RQWDO� DQG� YHUWLFDO� GLVWULEXWLRQV�� DQG� HVWL�
PDWH� LWV� QXPHULFDO� DEXQGDQFH� LQ� 6/�� ,Q� GRLQJ� WKLV��ZH
HPSOR\HG�WKH�GLUHFW�YLVXDO�HYLGHQFH�DQG�JURXQG�WUXWKLQJ
RI� WKH� HFKRUHFRUGLQJV� RI� WKH�$XUHOLD� SRSXODWLRQ� LQ� WKH
QHLJKERXULQJ�%/��,Q�WKLV�VHQVH��WKH�LQIRUPDWLRQ�REWDLQHG
IRU�WKLV�VSHFLHV�LQ�6/�ZDV�VLPLODU�WR�WKH�SDWWHUQV�IRXQG�LQ
WKH� QHLJKERXULQJ� %/� GXULQJ� WKH� VDPH� SHULRG� �$OYDUH]
&RORPER�HW�DO����������LQFOXGLQJ�FRQJUXRXV�YHUWLFDO�GLV�
WULEXWLRQ� RI� WKH� SRSXODWLRQ� GXULQJ� WKH� GD\�� 0RUHRYHU�
EHKDYLRXU� RI� LQGLYLGXDO� PHGXVDH� �LQIHUUHG� IURP� HFKR�
WUDFHV�� DQG� WKH� DYHUDJH� WDUJHW� VWUHQJWK�PHDVXUHG� LQ� 6/
FORVHO\�PDWFKHG�WKRVH�RI�%/�

,Q�DGGLWLRQ��WKH�HFKRUHFRUGLQJV�DOORZHG�XV�WR�GLVWLQ�
JXLVK�PHGXVDH� IURP�RWKHU�PRUH�DFWLYHO\� VZLPPLQJ� RU�
JDQLVPV� GXULQJ� WKH� HFKRJUDP� LQWHUSUHWDWLRQ� SURFHVV�
0HGXVD�HFKRHV�ZHUH�VHSDUDWHG�IURP�WKH�VWURQJHU�HFKRHV
RI� ILVK�ZLWK�VZLPEODGGHUV��DQG� IURP� WKH�ZHDNHU� VLJQDOV
RI� VPDOO� ]RRSODQNWHUV�� DV� H[SHFWHG� IURP� WKH� RXWSXW� RI
UHOLDEOH�76�PRGHOV��VHH�%ULHUOH\�HW�DO��������

$XUHOLD� ZDV� IRXQG� PRVWO\� EHORZ� WKH� WKHUPRFOLQH�
ZLWK�PRVW�RI�WKH�SRSXODWLRQ�FRQFHQWUDWHG�DW�WKH�GHHSHVW
VHFWLRQV�RI� WKH� ODNH��DV�ZDV�DOVR�REVHUYHG� LQ�%/��0HDQ
GHQVLW\� ������ LQG��P����HVWLPDWHG� IRU� WKH�PD[LPXP�FRQ�
FHQWUDWLRQ� OD\HU� ZDV� FORVH� WR� WKDW� FDOFXODWHG� IRU� WKH
QHLJKERXULQJ�%/� ������ LQG��P����ZLWKLQ� WKH�PDLQ� GLVWUL�
EXWLRQ� OD\HU�EHWZHHQ���� WR����P� �$OYDUH]�&RORPER�HW
DO���������

7KH�GLXUQDO�YHUWLFDO�GLVWULEXWLRQ�RI�$XUHOLD�LQ�6/�DOVR
UHVHPEOHV�WKDW�IRXQG�LQ�%/��ZLWK�WKH�EXON�RI�WKH�SRSXOD�
WLRQ� ZLWKLQ� DQG� EHORZ� WKH� WKHUPRFOLQH� �0DOHM� HW� DO��
������ $OYDUH]� &RORPER�HW� DO��� ������� +RZHYHU�� LQ� %/
WKH�KLJKHVW�GHQVLWLHV�FRLQFLGHG�ZLWK�WKH�WKHUPRFOLQH��$O�
YDUH]� &RORPER� HW� DO��� ������ ZKLOH� LQ� 6/� WKH� PHGXVDH
OD\HU�ZDV�ORFDWHG�D�IHZ�PHWHUV�EHORZ�

)LJ�����+RUL]RQWDO�GLVWULEXWLRQ�SDWWHUQV�RI� ILVK�DJJUHJD�
WLRQV��EODFN�FLUFOHV� �FRDVWDO�ILVK��JUH\�FLUFOHV� �SHODJLF
VFKRROV�� VTXDUHV� �GHPHUVDO� VFKRROV�� 6\PEROV�DUH�SUR�
SRUWLRQDO� WR� WKH� DFRXVWLF� FRHIILFLHQW� RI� EDFNVFDWWHULQJ
VWUHQJWK� SHU� XQLW� DUHD� �V$��� 1RWH� WKDW� VFDOHV� GLIIHU� EH�
WZHHQ�WKH�JURXSV�LQ�RUGHU�WR�FRPSDUH�GLVWULEXWLRQV�
6O�� ��� 9]RUFL� KRUL]RQWDOQH� GLVWULEXFLMH� VNXSLQ� ULE�� àUQL
NURJL�  � REDOQH� ULEH�� VLYL� NURJL�  � SHODJLàQH� ULEMH� MDWH�
NYDGUDWL�  � SULGQHQH� ULEMH� MDWH�� 9HOLNRVW� NURJRY� MH� SUR�
SRUFLRQDOQD�DNXVWLàQHPX�NRHILFLHQWX�MDNRVWL�SRYUDWQHJD
VLSDQMD� QD� HQRWR� SRYUÉLQH� �V$��� 0HULOR� VH� ]D� UD]OLàQH
VNXSLQH�UD]OLNXMH�]DUDGL�SULPHUMDYH�GLVWULEXFLM�
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%DVHG� RQ� WKH� DEVHQFH� RI� HSK\UDH� DQG� EHFDXVH� WKH
PHGXVDH�DSSHDU� WR�H[KLELW�D� UDQGRP� WHPSRUDO�GLVWULEX�
WLRQ�� LW�ZDV� SURSRVHG� WKDW� WKH�$XUHOLD� SRSXODWLRQ� LQ� 6/
RULJLQDWHG� IURP�%/�DQG�ZDV�QRW�SHUPDQHQW� �%HQRYLß�HW
DO��� ������� +LJK� VHGLPHQWDWLRQ� UDWHV� REVHUYHG� DQG� WKH
RFFDVLRQDO� SUHVHQFH� RI� +�6� �%XOMDQ� 	� ÉSDQ�� ������ -X�
UDáLß�HW�DO���������LQ�6/�ZDV�VXJJHVWHG�WR�LQKLELW�SODQXOD
VHWWOHPHQW� DQG� WKH� HVWDEOLVKPHQW� RI� D� SHUPDQHQW� ORFDO
SRSXODWLRQ� �%HQRYLß�HW�DO����������7KH��VWRFN��RI�6/�FR�
LQFLGHV�ZLWK� WKDW� REVHUYHG� LQ�%/� LQ� VHYHUDO� IHDWXUHV�� ,Q
ERWK� ODNHV� WKH� DQLPDOV� ZHUH� DJJUHJDWHG� PRVWO\� LQ� WKH
GHHSHVW�SDUW�RI�WKH�ODNH�DQG�D�VLPLODU�YHUWLFDO�GLVWULEXWLRQ
GXULQJ�GD\OLJKW�ZDV�REVHUYHG��ZLWK�WKH�VDPH�PDLQ�XSSHU
OLPLW� RI� GLVWULEXWLRQ� �DERXW� ��� P� GHSWK��� HYHQ� ZLWK� D
VKDOORZHU�WKHUPRFOLQH�DW�6/��7KH�EHKDYLRXU�RI�LQGLYLGXDO
PHGXVDH�LQIHUUHG�IURP�HFKRWUDFHV�DQG�WKH�DYHUDJH�WDUJHW
VWUHQJWK� PHDVXUHG� �LQGLFDWLYH� RI� DQLPDO� VL]HV�� DOVR
FORVHO\�PDWFKHG�WKH�%/�GDWD��,Q�0D\�������DQ�DGGLWLRQDO
VXUYH\�ZDV� SHUIRUPHG� WR� FKHFN� WKHVH� UHVXOWV� XVLQJ� WKH
VDPH�ERDW� DQG� JHDU�� EXW� LQFOXGLQJ� REVHUYDWLRQV�ZLWK� D
529��2Q�WKLV�RFFDVLRQ��ZH�IRXQG�QR�WUDFHV�RI�$XUHOLD�DW
DOO� �:�� *UDKDP�� SHUV�� FRPP��� DQG� WKH� UHVXOWLQJ� HFKR�
JUDP�KDG� D� FRPSOHWHO\� GLIIHUHQW� VLJQDO� SDWWHUQ�� $OO� WKLV
HYLGHQFH� VXSSRUWV� WKH� K\SRWKHVLV� WKDW� 6/�$XUHOLD� LQGL�
YLGXDOV�DUH�DGYHFWHG�IURP�%/�

:H� DOVR� REWDLQHG� LQIRUPDWLRQ� DERXW� GHPHUVDO� DQG
SHODJLF�ILVK�GLVWULEXWLRQV�DQG�WKXV�RXU�DFRXVWLF�LQIRUPD�
WLRQ�SURYLGHV�WKH�EDVLV�IRU�IXWXUH�VSHFLHV�LQWHUDFWLRQV�LQ�
YHVWLJDWLRQV��,Q�WKLV�VHQVH��WKH�DFRXVWLF�VXUYH\�RI�WKH�ODNH
FRPPXQLW\� IDFLOLWDWHV� WKH� PRQLWRULQJ� RI� WKH� WRWDO� DUHD
V\QRSWLFDOO\�� UHGXFHV� VDPSOLQJ� FRVWV�� DQG� GUDPDWLFDOO\
UHGXFHV�DYRLGDQFH�RI�WKH�DFWLYH�SHODJLF�RUJDQLVPV�VXFK
DV� DGXOW� ILVK� DQG� ODUYDH�� DV� H[SHFWHG� IURP� WKH� XVH� RI
VDPSOLQJ�GHYLFHV�VXFK�DV�QHWV��0HGZLQ��������

&21&/86,216

7KH�XVH�RI�ELRDFRXVWLF�WHFKQLTXHV�DOORZHG�XV�WR�SUH�
VHQW�IRU�WKH�ILUVW�WLPH�D�V\QRSWLF�SLFWXUH�RI�WKH�KRUL]RQWDO
DQG�YHUWLFDO�GLVWULEXWLRQ�RI�ELRORJLFDO�FRPSRQHQWV� VXFK
DV�GLIIHUHQW�W\SHV�RI� ILVK�VFKRROV�DQG�WKH�VF\SKRPHGXVD
$XUHOLD� VS� WKDW� LQKDELW� 0DOR� /DNH�� $FRXVWLF� VLJQDWXUHV
DOORZHG�XV�WR�DVVLJQ�LQGLYLGXDO�HFKRWUDFHV�WR�$XUHOLD�VS
DQG�D�SRSXODWLRQ�RI���������PHGXVDH�ZDV�HVWLPDWHG�IRU
0DOR�/DNH��+RZHYHU�� DV� SUHYLRXVO\� VXJJHVWHG�� VLPLODUL�
WLHV�LQ�PHGXVDH�GLVWULEXWLRQ�EHWZHHQ�WKH�WZR�FRQQHFWHG
ODNHV�� DQG� UHFHQW� REVHUYDWLRQV� RI� WKH� WRWDO� DEVHQFH� RI
PHGXVDH� LQ� 0DOR� /DNH� LQ� SDUWLFXODU� \HDUV�� ZKLOH� VWLOO
SUHVHQW� LQ� 9HOLNR� /DNH�� LQGLFDWH� WKDW� WKH� PHGXVDH� LQ
0DOR� /DNH� DUH� QRW� D� SRSXODWLRQ� XQLW�� EXW� LQVWHDG� DG�
YHFWHG�LQGLYLGXDOV�IURP�9HOLNR�/DNH�

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

7KLV�ZRUN�ZDV� VXSSRUWHG� E\� WKH� 6ORYHQLD�$UJHQWLQD
&RRSHUDWLRQ� LQ� 6FLHQFH� DQG� 7HFKQRORJ\�� 3URMHFW
(6�3$��%���3������� ,1,'(3�� &21,&(7� 3,3� ������ DQG
)21&\7�3,&7������WR�+0��$UJHQWLQD��DQG�WKH�,$,�&51
����� ZKLFK� LV� VXSSRUWHG� E\� WKH� 86� 1DWLRQDO� 6FLHQFH
)RXQGDWLRQ� �JUDQW� *(2����������� WKH� 5HVHDUFK� SUR�
JUDPPH�3������� WR�$0� �6ORYHQLD�� DQG� WKH�0LQLVWU\� RI
6FLHQFH�(GXFDWLRQ�DQG�6SRUWV�RI�WKH�5HSXEOLF�RI�&URDWLD�
5HVHDUFK�3URMHFW�1R��������������������WR�$%��6SHFLDO
WKDQNV� WR� WKH� 0OMHW� 1DWLRQDO� 3DUN� DXWKRULWLHV� IRU� WKHLU
YDOXDEOH�KHOS�DQG�FRPPHQWV�GXULQJ�ILHOG�ZRUNV��7KLV�LV
,1,'(3�FRQWULEXWLRQ�Qg������
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$GDP�%(129,Ü
8QLYHUVLW\�RI�'XEURYQLN��,QVWLWXWH�IRU�0DULQH�DQG�&RDVWDO�5HVHDUFK��+5�������'XEURYQLN��'DPMDQD�-XGH�����&URDWLD

(��0DUFHOR�$&+$
&21,&(7�,QVWLWXWR�1DFLRQDO�GH�,QYHVWLJDFLxQ�\�'HVDUUROOR�3HVTXHUR��,1,'(3���3DVHR�9LFWRULD�2FDPSR�Q g���

%����+6$�0DU�GHO�3ODWD��$UJHQWLQD
DQG

8QLYHUVLGDG�1DFLRQDO�GH�0DU�GHO�3ODWD��)XQHV�������%����+6$�0DU�GHO�3ODWD��$UJHQWLQD

$OHQND�0$/(-
0RUVND�ELRORÊND�SRVWDMD��1DFLRQDOQL�LQÊWLWXW�]D�ELRORJLMR��6,������3LUDQ��)RUQDáH���

*XVWDYR�$/9$5(=�&2/20%2
,QVWLWXWR�1DFLRQDO�GH�,QYHVWLJDFLxQ�\�'HVDUUROOR�3HVTXHUR��,1,'(3���3DVHR�9LFWRULD�2FDPSR�Q g���

%����+6$�0DU�GHO�3ODWD��$UJHQWLQD

ÉHOMNR�%$Ü(
8QLYHUVLW\�RI�'XEURYQLN��,QVWLWXWH�IRU�0DULQH�DQG�&RDVWDO�5HVHDUFK��+5�������'XEURYQLN��'DPMDQD�-XGH�����&URDWLD

+HUPHV�0,$1=$1
&21,&(7�,QVWLWXWR�1DFLRQDO�GH�,QYHVWLJDFLxQ�\�'HVDUUROOR�3HVTXHUR��,1,'(3���3DVHR�9LFWRULD�2FDPSR�Q g���

%����+6$�0DU�GHO�3ODWD��$UJHQWLQD
(�PDLO��KHUPHV#LQLGHS�HGX�DU

329=(7(.

,QIRUPDFLMH� R� ELRORÈNLK� NRPSRQHQWDK� 0OMHWVNLK� MH]HU� VR� VNRSH�� 2OLJRWURIQL� RNROML� MH]HU� ]D]QDPXMH� SULVRWQRVW
L]ROLUDQH�SRSXODFLMH�VFLIRPHGX]�$XUHOLD�VS��Y�YHßMHP�9HOLNHP�MH]HUX�SRWUMHQR�SULVRWQH�VNR]L�YVH�OHWR��=D�SRSXODFLMR
$XUHOLD�VS��Y�PDQMÈHP�0DOHP�MH]HUX��NL�SD�MH�]�9HOLNLP�MH]HURP�SRYH]DQR��VH�]GL��GD�VNR]L�OHWD�UDVWH�LQ�VH�PDQMÈD�
SRSROQRPD�L]JLQH�LQ�VH�QDVOHGQMH�OHWR�REQRYL��=�DNXVWLßQLP�Y]RUßHQMHP��NL�MH�ELOR�Y�0DOHP�MH]HUX�L]YHGHQR�WHNRP
GQHYD�����RNWREUD������� VPR�GRELOL� VSORÈQR� VLQRSWLßQR� VOLNR� GLVWULEXFLMH� ÊLYLK� RUJDQL]PRY�� ]D]QDQLK� V� IUHNYHQFR
����N+]��8JRWRYOMHQD� MH�ELOD� YHUWLNDOQD� LQ�KRUL]RQWDOQD�GLVWULEXFLMD� RUJDQL]PRY�� 3ULGREOMHQL� SRGDWNL� R� GLVWULEXFLML
UD]OLßQLK�ULEMLK�YUVW�VR�ELOL�VRUWLUDQL�Y�REDOQR��GHPHUVDOQR�LQ�SHODJLßQR�VNXSLQR�

.RW�MH�ELOR�SRWUMHQR�ÊH�SUL�SUHJOHGX�9HOLNHJD�MH]HUD��DNXVWLßQL�]DSLV�XVWUH]D�YUVWL�$XUHOLD�VS��(KRLQWHJUDFLMVNH�SR�
GDWNH�VPR�DQDOL]LUDOL�VNXSDM�]�LQ�VLWX�DNXVWLßQLPL�PHULWYDPL�YHOLNRVWL�FLOMQH�VNXSLQH�LQ�RFHQLOL��GD�JUH�Y�0DOHP�MH]HUX
]D�VNXSDM���������PHGX]��6SORÈQL�GQHYQL�Y]RUHF�YHUWLNDOQH�GLVWULEXFLMH�LQ�YHOLNRVW�FLOMQH�VNXSLQH�$XUHOLD�VH�XMHPDWD
V�SUHGKRGQR�SULGREOMHQLPL�SRGDWNL�]D�9HOLNR�MH]HUR��7H�XJRWRYLWYH��VNXSDM�]�RGVRWQRVWMR�HILU�LQ�REßDVQR�SRSROQR�RG�
VRWQRVWMR�PHGX]�Y�0DOHP�MH]HUX�NDÊHMR�QD�PRÊQRVW��GD�VR�SULPHUNL�$XUHOLD�Y�0DOHP�MH]HUX�SUDY]DSUDY�]�YRGQLPL
WRNRYL�SULQHÈHQL�SRVDPH]QL�SULPHUNL�L]�9HOLNHJD�MH]HUD�

.OMXÞQH�EHVHGH��KLGURDNXVWLND��PHGX]H��6F\SKR]RD��$XUHOLD��GLVWULEXFLMD��ÊWHYLOáQRVW



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

$GDP�%(129,Þ�HW�DO���$&2867,&�2%6(59$7,216�2)�-(//<),6+�',675,%87,21�,1�0$/2�/$.(��0/-(7�,6���&52$7,$��������

��

5()(5(1&(6

$OYDUH]� &RORPER�� *�� /��� +�� 0LDQ]DQ� 	� $�� 0DGLURODV
��������$FRXVWLF�FKDUDFWHUL]DWLRQ�RI�JHODWLQRXV�SODQNWRQ
DJJUHJDWLRQV��)RXU�VWXG\�FDVHV�IURP�WKH�DUJHQWLQH�FRQWL�
QHQWDO�VKHOI��,&(6�-��0DU��6FL���������������
$OYDUH]�&RORPER��*��/���$��%HQRYLÜ��$��0DOHM��'��/XÞLÜ�
7��0DNRYHF��9��2QRIUL��0��$FKD��$��0DGLURODV�	�+��0L�
DQ]DQ� �������� $FRXVWLF� VXUYH\� RI� D� MHOO\ILVK�GRPLQDWHG
HFRV\VWHP��+\GURELRORJLD��������������
$WWULOO�� 0�� -��� :ULJKW� 	� 0�� (GZDUGV� �������� &OLPDWH�
UHODWHG� LQFUHDVHV� LQ� MHOO\ILVK� IUHTXHQF\� VXJJHVW� D� PRUH
JHODWLQRXV�IXWXUH� IRU� WKH�1RUWK�6HD��/LPQRO��2FHDQRJU��
�����������
%½PVWHGW��8���6��.DDUWYHGW�	�0��<RXQJEOXWK���������$Q
HYDOXDWLRQ� RI� DFRXVWLF� DQG� YLGHR� PHWKRGV� WR� HVWLPDWH
WKH� DEXQGDQFH� DQG� YHUWLFDO� GLVWULEXWLRQ� RI� MHOO\ILVK�� -�
3ODQNWRQ�5HV�����������������
%HQRYLÜ��$��'��/XÞLÜ��9��2QRIUL��0��3HKDUGD��0��&DULÜ�
1�� -DVSULFD� 	� 6�� %REDQRYLÜ�ÛROLÜ� �������� (FRORJLFDO
FKDUDFWHULVWLFV� RI� WKH� 0OMHW� ,VODQG� 6HD� ZDWHU� ODNHV
�6RXWKHUQ� $GULDWLF� 6HD�� ZLWK� VSHFLDO� UHIHUHQFH� WR� WKHLU
UHVLGHQW� SRSXODWLRQV� RI� PHGXVDH�� 6FL�� 0DU��� ���� ����
����
%ULHUOH\��$���'��%R\HU��%��$[HOVHQ��&��/\QDP��&��6SDUNV�
+�� %R\HU� 	�0��*LEERQV� �������� 7RZDUGV� WKH� DFRXVWLF
HVWLPDWLRQ�RI� MHOO\ILVK�DEXQGDQFH��0DU��(FRO��3URJ��6HU��
�������������
%XOMDQ��0��	�-��ÆSDQ���������+\GURJUDSKLFDO�SURSHUWLHV
RI� WKH� VHD�ZDWHU� �ODNHV�� RQ� WKH� LVODQG� RI�0OMHW� DQG� WKH
DGMRLQLQJ�VHD�LQ�(DVWHUQ�6RXWK�$GULDWLF�6HD��$FWD�$GULDW��
���������������,Q�&URDWLDQ�
'DZVRQ��0���$��6��*XSWD�	�0��+��(QJODQG���������&RX�
SOHG�ELRSK\VLFDO�JOREDO�RFHDQ�PRGHO�DQG�PROHFXODU�JH�
QHWLF�DQDO\VHV� LGHQWLI\�PXOWLSOH� LQWURGXFWLRQV�RI� FU\SWR�
JHQLF�VSHFLHV��3URF��1DW��$FDG��6FL��������������������
)RRWH��.��*���+��3��.QXGVHQ��*��9HVWQHV��'��1��0DF/HQ�
QDQ�	�(��-��6LPPRQGV���������&DOLEUDWLRQ�RI�DFRXVWLF�LQ�
VWUXPHQWV� IRU� ILVK� GHQVLW\� HVWLPDWLRQ�� D� SUDFWLFDO� JXLGH�
,&(6�&RRS��5HV��5HS�����������S�
)RRWH�� .�� *��� +�� 3�� .QXGVHQ�� 	� 5�� -�� .RUQHOLXVVHQ
��������3RVWSURFHVVLQJ�V\VWHP�IRU�HFKR�VRXQGHU�GDWD�� -�
$FRXVW��6RF��$P�������������

*UDKDP��:�� 0�� �������� 1XPHULFDO� LQFUHDVHV� DQG� GLV�
WULEXWLRQDO�VKLIWV�RI�&KU\VDRUD�TXLQTXHFLUUKD��'HVRU��DQG
$XUHOLD�DXULWD��/LQQ­���&QLGDULD��6F\SKR]RD��LQ�WKH�QRUWK�
HUQ�*XOI�RI�0H[LFR��+\GURELRORJLD��������������
+DQ�� &��+��� 	� 6�� 8\H� �������� 4XDQWLILFDWLRQ� RI� WKH
DEXQGDQFH� DQG� GLVWULEXWLRQ� RI� WKH� FRPPRQ� MHOO\ILVK
$XUHOLD� DXULWD� V�O�� ZLWK� D� 'XDO�IUHTXHQF\� ,'HQWLILFDWLRQ
621DU��','621���-��3ODQNWRQ�5HV������������������
+D\��6��-����������*HODWLQRXV�%HOOV�0D\�5LQJ�&KDQJH�LQ
0DULQH�(FRV\VWHPV��&XUU��%LRO�������������������
-XUDÞLÜ�� 0��� ,�� 6RQGL�� '�� %DULÇLÜ�� 1�� 9LGRYLÜ� 	� 9�
3UDYGLÜ� �������� 6HGLPHQWL� L� VHGLPHQWDFLMD� X� POMHWVNLP
MH]HULPD��+UYDWVND���,Q��'XUEHÊLß��3��	�$��%HQRYLß��HGV���
6LPSR]LM� �3ULURGQH� ]QDáDMNH� L� GUXÊWYHQD� YDORUL]DFLMD
RWRND� �0OMHWD��� �����������3RPHQD��+UYDWVNR�HNRORÊNR
GUXÊWYR��=DJUHE��SS����������
.OHYMHU�� 7�� $��� 6�� .DDUWYHGW� 	� 8�� %½PVWHGW� �������� ,Q
VLWX�EHKDYLRXU�DQG�DFRXVWLF�SURSHUWLHV�RI�WKH�GHHS�OLYLQJ
MHOO\ILVK� 3HULSK\OOD� SHULSK\OOD�� -�� 3ODQNWRQ� 5HV��� ������
��������
/\QDP��&��3���0��*LEERQV��%��$[HOVHQ��&��$��-��6SDUNV��-�
&RHW]HH��%��*��+H\ZRRG�	�$��6��%ULHUOH\��������� -HOO\�
ILVK� RYHUWDNH� ILVK� LQ� D� KHDYLO\� ILVKHG� HFRV\VWHP�� &XUU�
%LRO���������������
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����������������
0HGZLQ�� +�� �������� 6RXQGV� LQ� WKH� VHD�� IURP� 2FHDQ
DFRXVWLFV� WR� DFRXVWLFDO� RFHDQRJUDSK\�� &DPEULGJH� 8QL�
YHUVLW\�3UHVV������S�
0LDQ]DQ��+���0�� 3gMDUR��*�� /�� $OYDUH]� &RORPER� 	� $�
0DGLURODV� �������� )HHGLQJ� RQ� VXUYLYDO�IRRG�� JHODWLQRXV
SODQNWRQ�DV�D�VRXUFH�RI�IRRG�IRU�DQFKRYLHV��+\GURELROR�
JLD����������������
3XUFHOO�� -��� 6�� 8\H� 	� :�� /R� �������� $QWKURSRJHQLF
FDXVHV�RI� MHOO\ILVK�EORRPV�DQG� WKHLUGLUHFW�FRQVHTXHQFHV
IRU�KXPDQV�� D� UHYLHZ��0DU�� (FRO��3URJ��6HU��� ���������
����
6FKURWK�� :��� *�� -DUPV�� %�� 6WUHLW� 	� %�� 6FKLHUZDWHU
�������� 6SHFLDWLRQ� DQG� SK\ORJHRJUDSK\� LQ� WKH� FRVPR�
SROLWDQ� PRRQ� MHOO\�� $XUHOLD� VS�� %LR0HG� &HQWUDO� (YRO�
%LRO�����������


