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$�KXJH�IHPDOH�VKRUWILQ�PDNR�VKDUN��,VXUXV�R[\ULQFKXV��ZDV�FDXJKW�LQ�WKH�ODWH�����V�RII�0DUPDULV��6(�$HJHDQ�6HD�
7XUNH\���E\�D�FRPPHUFLDO�ILVKHUPDQ��3KRWRJUDSKLF�GRFXPHQWDWLRQ�KDV�EHHQ�XVHG�E\�WKH�DXWKRUV�WR�HVWLPDWH�WKH�WRWDO
OHQJWK�RI�WKLV�VSHFLPHQ�DW�����FP��UDQJH�IURP�����WR�����FP���7KLV�VL]H�JUHDWO\�H[FHHGV�WKH�SUHYLRXV�PD[LPXP�VL]H
UHFRUGHG�IRU�WKH�VSHFLHV��D�����FP�ORQJ�IHPDOH�FDXJKW�LQ�6HSWHPEHU�������RII�6L[�)RXUV�OHV�3ODJHV��)UDQFH���,W�LV�EH�
OLHYHG�WKDW�WKH�0DUPDULV�VSHFLPHQ�LV�WKH�ODUJHVW�VKRUWILQ�PDNR�HYHU�UHFRUGHG�ZRUOGZLGH�

.H\�ZRUGV��VKRUWILQ�PDNR�VKDUN��,VXUXV�R[\ULQFKXV��PD[LPXP�VL]H��ODUJHVW�VSHFLPHQ��7XUNH\��$HJHDQ�6HD
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HQRUPH�IHPPLQD�GL�VTXDOR�PDNR�GDOOH�SLQQH�FRUWH��,VXUXV�R[\ULQFKXV��YHQQH�FDWWXUDWD�DOOD�ILQH�GHJOL�DQQL�
��
DO� ODUJR�GL�0DUPDULV� �0DU�(JHR�1RUG�2ULHQWDOH��7XUFKLD���GD�XQ�SHVFDWRUH�SURIHVVLRQLVWD��/D�GRFXPHQWD]LRQH� IRWR�
JUDILFD�o�VWDWD�XVDWD�GDJOL�DXWRUL�SHU�VWLPDUH�OD�OXQJKH]]D�WRWDOH�GL�WDOH�HVHPSODUH�SDUL�D�����FP��UDQJH�FRPSUHVR�WUD
����H�����FP���7DOH�PLVXUD�VXSHUD�DPSLDPHQWH�OH�GLPHQVLRQL�PDVVLPH�UHJLVWUDWH�LQ�SUHFHGHQ]D�SHU�OD�VSHFLH��XQD
IHPPLQD�GL�����FP�SUHVD�QHO�6HWWHPEUH������D�6L[�)RXUV�OHV�3ODJHV��)UDQFLD���3HUWDQWR�O
HVHPSODUH�GL�0DUPDULV�o�LO
SL|�JUDQGH�GHOOD�VXD�VSHFLH�PDL�UHJLVWUDWR�D�OLYHOOR�PRQGLDOH�

3DUROH�FKLDYH��VTXDOR�PDNR�GDOOH�SLQQH�FRUWH��,VXUXV�R[\ULQFKXV��GLPHQVLRQL�PDVVLPH��7XUFKLD��0DU�(JHR
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7KH�SHUHJULQH�IDOFRQ�RI�WKH�VKDUN�ZRUOG�� WKH�VKRUWILQ
PDNR�� ,VXUXV�R[\ULQFKXV�5DILQHVTXH�������� LV�D�FRVPR�
SROLWDQ� VSHFLHV� LQ� WHPSHUDWH� DQG� WURSLFDO�ZDWHUV� RI� WKH
$WODQWLF��3DFLILF�DQG�,QGLDQ�2FHDQV��,W�LV�SHODJLF��FRDVWDO
DQG�RFHDQLF��RFFXUULQJ�DW�D�GHSWK�UDQJH�IURP�WKH�VXUIDFH
WR�����P��&RPSDJQR���������7KH�VKRUWILQ�PDNR�LV�SUHV�
HQW� LQ� WKH� HQWLUH� 0HGLWHUUDQHDQ� �'H� 0DGGDOHQD� 	
%DHQVFK�� ������� ZKHUH� LW� LV� FDXJKW�PDLQO\� LQ� WKH� WXQD
ORQJOLQH�ILVKHU\�DQG�RFFDVLRQDOO\�LQ�WKH�VZRUGILVK�ILVKHU\
XVLQJ� ORQJOLQHV� DQG� GULIWQHWV� �&HORQD� HW� DO��� �����
0HJDORIRQRX�HW�DO���������

)LJ�����7KLV�HVWLPDWHG�����FP�7/�IHPDOH�VKRUWILQ�PDNR
VKDUN� ,VXUXV� R[\ULQFKXV�� FDXJKW� LQ� WKH� ODWH� ����V� RII
0DUPDULV�� 7XUNH\�� LV� EHOLHYHG� WR� EH� WKH� ODUJHVW� RI� LWV
VSHFLHV�HYHU�UHFRUGHG�ZRUOGZLGH�
6O�� ��� 7D�� SR�QDÉLK�RFHQDK����� FP�GROJD� VDPLFD�YUVWH
DWODQWVNL�PDNR�,VXUXV�R[\ULQFKXV��XMHWD�Y�SR]QLK�����LK
RE� REDOL� NUDMD� 0DUPDULV�� 7XUàLMD�� MH� YHUMHWQR� QDMYHàML
NDGDUNROL�]DEHOHËHQ�SULPHUHN�VYRMH�YUVWH�

7KH� SUHVHQFH� RI� ,�� R[\ULQFKXV� LQ� 7XUNLVK� ZDWHUV� LV
NQRZQ�GXH� WR� WKH�SLRQHHULQJ�ZRUN�RI�$NÝuUD\� ������� LQ
%LOHFHQRçOX�HW�DO����������$IWHU�WKH�ILUVW�UHFRUG�RI�WKH�VSH�
FLHV� LQ� WKH� VHDV� RI� 7XUNH\�� WKHUH� KDYH� EHHQ� QXPHURXV
VXEVHTXHQW� DFFRXQWV� RI� LWV� RFFXUUHQFH� RII� WKH� 7XUNLVK
FRDVW��PDGH� E\� VHYHUDO� DXWKRUV� UHYLHZHG� LQ� .DEDVDNDO
������� ������� ,Q� WKH� SUHVHQW� DUWLFOH�� ZH� UHSRUW� RQ� D
KLVWRULFDO� UHFRUG� RI� D� KXJH� VKRUWILQ�PDNR� IURP� 7XUNLVK
ZDWHUV�

0$7(5,$/6�$1'�0(7+2'6

$�VKRUWILQ�PDNR��)LJ�����ZDV�FDXJKW�LQ� WKH� ODWH�����V
RII�0DUPDULV� �6(�$HJHDQ�6HD��7XUNH\��)LJ������E\�D�FRP�
PHUFLDO�ILVKHUPDQ�XVLQJ�DQ�XQNQRZQ�W\SH�RI� ILVKLQJ�QHW�
$GGLWLRQDO�GHWDLOV�RI�WKLV�FDSWXUH�DUH�XQNQRZQ��7KH�FDS�
WXUHG�VSHFLPHQ�ZDV�KXQJ�RQ�D�SROH� IURP�D�EDWWOHVKLS�RI
WKH� 7XUNLVK� 1DY\�� DQFKRUHG� QHDU� 0DUPDULV�� 6SHFLHV
LGHQWLILFDWLRQ� LV� EDVHG� RQ� WKH� SKRWRJUDSK�� ZKLFK� ZDV
WDNHQ�E\�WKH�VDLORUV��DQG�LV�EDVHG�RQ�'H�0DGGDOHQD�HW�DO�
�������� $V� LW� ZDV� SRLQWHG� RXW� LQ� 'H�0DGGDOHQD� HW� DO�
��������SKRWRV�PXVW�EH�XVHG�ZLWK�JUHDW�FDXWLRQ�ZKHQ�HV�
WLPDWLQJ� WKH� VL]H� RI� D� ODUJH� VKDUN� VLQFH� WKHUH� LV� D� KLJK
SUREDELOLW\�RI�LQDFFXUDWH�UHVXOWV��,W�LV�DEVROXWHO\�QHFHVVDU\
WKDW�ZH� XVH� RQO\� SLFWXUHV� RI� WKH�ZKROH� VSHFLPHQ� RU� D
ZLGH�SDUW�RI� LW� WKDW� LV�QRW�GHIRUPHG�E\� LPSHUIHFWLRQV� LQ
WKH�FDPHUD�OHQV�RU�E\�WKH�SHUVSHFWLYH�RI�WKH�VKRW��,W�LV�DOVR
HVVHQWLDO� WKDW�D� ODUJH�REMHFW�RI� NQRZQ� VL]H� LV� ORFDWHG� LQ
WKH�SODQH�RI�WKH�VKDUN�LQ�WKH�SKRWRJUDSK��7KH�SKRWR�SRU�
WUD\LQJ� WKH�0DUPDULV� VSHFLPHQ�PHHWV� WKHVH� FULWHULD� DQG
KDV� EHHQ� FRQVLGHUHG� VXLWDEOH� IRU� SURGXFLQJ� D� YDOLG
HVWLPDWH� RI� WKH� VSHFLPHQ� VL]H�� 7KH� SKRWRJUDSK� RI� WKH
VSHFLPHQ� LV� VWRUHG� LQ� WKH� DUFKLYHV�RI� WKH� ,FKWK\RORJLFDO
5HVHDUFK�6RFLHW\��,56��

5(68/76�$1'�',6&866,21

7KH�IROORZLQJ�PRUSKRORJLFDO�IHDWXUHV�RI�WKH�VSHFLPHQ
SRUWUD\HG� LQ� WKH�SKRWR� DOORZHG� WKH� DXWKRUV� WR�PDNH� DQ
LPPHGLDWH� LGHQWLILFDWLRQ� RI� WKH� VSHFLPHQ� DV� ,VXUXV
R[\ULQFKXV��VWURQJO\�VSLQGOH�VKDSHG�ERG\��SRLQWHG�FRQL�
FDO�VQRXW��SUHVHQFH�RI�FDXGDO�NHHO��ORQJ�JLOO�VOLWV��RULJLQ�RI
GRUVDO�ILQ�SRVWHULRU�WR�SHFWRUDO�ILQ�IUHH�UHDU�WLSV��UHODWLYHO\
VKRUW�SHFWRUDO�ILQV��KLJK�DQG�HUHFW� ILUVW�GRUVDO� ILQ��QDUURZ
DQG�FXUYHG�WHHWK��QR�EODFN�VSRW�RQ�WKH�YHQWUDO�VXUIDFH�RI
WKH�DSH[�RI�SHFWRUDO�ILQV��'H�0DGGDOHQD�HW�DO���������

7KH� VL]H�RI� WKH� VKDUN�ZDV�QRW� UHSRUWHG�DQG� LW� LV�QRW
NQRZQ�ZKHWKHU� LW�ZDV�PHDVXUHG�DW� WKH� WLPH�RI� FDSWXUH
RU�QRW��+RZHYHU��WKH�H[FHSWLRQDO�VL]H�RI�WKLV�VSHFLPHQ�LV
FOHDUO\� GHPRQVWUDWHG� E\� WKH� SKRWRJUDSKLF� GRFXPHQWD�
WLRQ��7KH�DXWKRUV�XVHG�WKH�SKRWR�RI� WKH�0DUPDULV�PDNR
WR� SURGXFH� DQ� DFFXUDWH� HVWLPDWH� RI� WKH� VL]H� RI� WKLV
VSHFLPHQ��:H�XVHG�WKH�ILUVW�VDLORU�VWDQGLQJ�DW�WKH�WRS�RI
WKH� VWDLUV� RI� WKH� EDWWOHVKLS� DV� D� UHIHUHQFH�� 6LQFH� WKH
7XUNLVK�1DY\� LV� NQRZQ� WR� WDNH� VDLORUV� WKDW� DUH� DW� OHDVW
����FP�WDOO��ZH�RQ�DVVXPHG�WKH�VDLORU�XVHG�DV�WKH�UHIHU
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)LJ�����&DSWXUH�ORFDWLRQ��0DUPDULV��7XUNH\��RI�WKH�HVWLPDWHG�����FP�7/�IHPDOH�VKRUWILQ�PDNR�VKDUN
,VXUXV�R[\ULQFKXV��SKRWRJUDSK�FRXUWHV\�RI�$WHÜ�(YLUJHQ��

6O�����/RNDFLMD��0DUPDULV��7XUàLMD���NMHU�MH�ELOD�XMHWD�����FP�GROJD�VDPLFD�DWODQWVNHJD�PDNRMD
,VXUXV�R[\ULQFKXV��IRWRJUDILMD�ODVW�$WHÜD�(YLUJHQD��

HQFH�ZDV�RI�WKDW�KHLJKW��+RZHYHU��WKH�VDLORU�LV�QRW�LQ�WKH
VDPH� SODQH� DV� WKH� VKDUN�� EHLQJ� IXUWKHU� DZD\� IURP� WKH
SKRWRJUDSKHU�� 7KHUHIRUH�� ZH� QHHGHG� WR� FDOFXODWH� KRZ
PXFK� WKH� VDLORU
V� KHLJKW� KDV� EHHQ� UHGXFHG� E\� WKH� SHU�
VSHFWLYH�FRPSDUHG�WR�KLV�VL]H�LI�KH�KDG�EHHQ�ORFDWHG�LQ
WKH�VDPH�SODQH�DV�WKH�VKDUN��:H�FRPSDUHG�WKH�KHLJKW�RI
WKH� VWHSV� DW� WKH� EDVH� RI� WKH� VWDLUV� QHDU� WKH� VKDUN� ZLWK
WKRVH�DW� WKH� WRS��7KH�SKRWR�ZDV� VFDQQHG�DQG�HQODUJHG�
DQG�WKH�VWHSV�ZHUH�PHDVXUHG�DV�DFFXUDWHO\�DV�SRVVLEOH�WR
REWDLQ� D� VFDOLQJ� IDFWRU�� :H� FRQFOXGHG� WKDW� WKH� VDLORU
ZRXOG�DSSHDU������RI�KLV�VL]H�ZKHQ� WUDQVSRVHG� WR� WKH
VDPH�SODQH�DV� WKH� VKDUN��7KH������VFDOLQJ� IDFWRU�PD\
KDYH� D� PLQRU� GHJUHH� RI� HUURU�� EHFDXVH� ZKHQ� HQODUJHG
WKH�ROG�SKRWR�LV�QRW�VKDUS��ZKLFK�PDNHV�LW�LPSRVVLEOH�WR
REWDLQ� D� PRUH� DFFXUDWH� PHDVXUHPHQW�� 7KHQ� ZH� HDVLO\
FDOFXODWHG� WKH� VL]H� RI� WKH� VKDUN� DW� ���� FP� SUHFDXGDO
OHQJWK��3&/���7KH�IROORZLQJ�UHODWLRQVKLSV�ZHUH�WKHQ�XVHG
WR�FDOFXODWH�WKH�WRWDO�OHQJWK�RI�WKH�VKDUN�IURP�WKH�3&/�

8&/� �XSSHU� FDXGDO� OHQJWK��  � ������ 3&/� �� �����
�&OLII�HW�DO���������

7/��WRWDO�OHQJWK�� �3&/�������8&/��%DVV�HW�DO���������
:H�WKHUHIRUH�REWDLQHG�D�PHDVXUHPHQW�RI�����FP�7/

IRU�WKH�0DUPDULV�VSHFLPHQ�
$FFRUGLQJ� WR� 'H� 0DGGDOHQD� HW� DO�� �������� VKRUWILQ

PDNR
V�3&/�UDQJHV�IURP������WR�������RI�7/��VR�D�UDQJH
IRU� WKH� 0DUPDULV� VSHFLPHQ� ZRXOG� EH� IURP� ������� WR
�������FP�7/�

:H� EHOLHYH� WKDW� WKH� VKRUWILQ� PDNR� UHSRUWHG� LQ� WKLV
ZRUN�LV�WKH�ODUJHVW�VSHFLPHQ�HYHU�UHFRUGHG��ZRUOGZLGH�

$�UHFHQW�VWXG\�RI�����VSHFLPHQV�VKRZHG�WKDW�WKH�DY�
HUDJH� WRWDO� OHQJWK� LV� ���� FP� �.RKOHU� HW� DO��� ������� 7KH
SUHYLRXV�PD[LPXP�UHSRUWHG�OHQJWK�IRU�,��R[\ULQFKXV�ZDV

���� FP�� IRU� D� KXJH� VSHFLPHQ� FDXJKW� RII� 6L[�)RXUV� OHV�
3ODJHV��)UDQFH�LQ�6HSWHPEHU�������&DSDSp���������2WKHU
ODUJH� VSHFLPHQV� KDYH� EHHQ� UHFRUGHG� LQ� WKH�0HGLWHUUD�
QHDQ�DUHD��$�ODUJH�����FP�VKRUWILQ�PDNR�ZDV�FDXJKW�RII
/D�*DOLWH�,VODQG��7XQLVLD��RQ�6HSWHPEHU�����������DQG�LWV
MDZV� DUH� SUHVHUYHG� LQ� WKH� 1DWXUDO� +LVWRU\� 0XVHXP� RI
*HQRD�� ,WDO\� �'RULD� 	� *HVWUR�� ������� /DZOH\� ������
UHSRUWHG�RQ�D���P�ORQJ�VSHFLPHQ�WKDW�ZHLJKHG������NJ�
ZKLFK�ZDV�REVHUYHG� LQ�D�ZDUHKRXVH�RI�D� ILVKPRQJHU� LQ
/LYRUQR�DQG�ZDV�FDXJKW�RII�3LRPELQR��,WDO\��$QRWKHU����
FP�ORQJ�VKRUWILQ�PDNR�ZDV�FDSWXUHG�RII�&DVND��1RYDOMD�
&URDWLD��RQ�0D\�����������DQG�ZDV� UHSRUWHG�E\�%UXVLQD
��������0RUH�UHFHQWO\��D�����FP�ORQJ�VKRUWILQ�PDNR�ZDV
FDXJKW�RQ�1RYHPEHU�����������RII�%DJQDUD�&DODEUD��,WDO\
�6WRUDL� HW� DO��� ������� $QRWKHU� ���� FP� ORQJ� VSHFLPHQ�
ZHLJKLQJ�����NJ��ZDV�FDXJKW�RQ�6HSWHPEHU����������RII
3XQWD�$OLFH��,WDO\��6WRUDL�HW�DO����������$�����FP�ORQJ�IH�
PDOH�ZDV�FDXJKW�RQ� -XO\����������RII�6FDOHWWD�=DQFOHD�
,WDO\�� DQG� DQRWKHU� IHPDOH��PHDVXULQJ� ���� FP� 7/�� ZDV
FDXJKW�EHWZHHQ�3RUWRSDOR�GL�&DSR�3DVVHUR� DQG�0DU]D�
PHPL��,WDO\��RQ�-XQH�����������&HORQD�HW�DO���������

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

7KH�DXWKRUV�ZLVK�WR�WKDQN�0U��$WHÝ�(YLUJHQ��DQ� ,VWDQ�
EXO�EDVHG�XQGHUZDWHU�SKRWRJUDSKHU�� IRU� WKH�SKRWRJUDSK
DQG� FDWFK� GDWD� RI� WKH� VKRUWILQ�PDNR� VKDUN�� DQG�:DOWHU
+HLP��ZKR� WRRN� WKH� WLPH� WR�HGLW� WKH�PDQXVFULSW��+DNDQ
.DEDVDNDO�H[WHQGV�SURIRXQG�JUDWLWXGH�WR�KLV�ZLIH��g]J�U�
DQG� WR�KLV�VRQ��'HULQ��$OHVVDQGUR�'H�0DGGDOHQD� WKDQNV
KLV�ZLIH�$OHVVDQGUD�DQG�KLV�VRQ�$QWRQLR�IRU�WKHLU�VXSSRUW
DQG�ORYH�
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,FKWK\RORJLFDO�5HVHDUFK�6RFLHW\��7DQWDYL�PDKDOOHVL��0HQWHÝR çOX�FDGGHVL��îGLO�DSW���1R������'�����hPUDQL\H��75������� îVWDQEXO��7XUNH\

(�PDLO��KDNDQNDEDVDNDO#VXSHUSRVWD�FRP

$OHVVDQGUR�'(�0$''$/(1$
,WDOLDQ�*UHDW�:KLWH�6KDUN�'DWD�%DQN��YLD�/��$ULRVWR����,�������0LODQR��,WDO\

329=(7(.

2UMDÈNR�VDPLFR�YUVWH�DWODQWVNL�PDNR�,VXUXV�R[\ULQFKXV�MH�Y�SR]QLK�����LK�SUL�NUDMX�0DUPDULV��-9�(JHMVNR�PRUMH�
7XUßLMD��XMHO�NRPHUFLDOQL� ULELß��$YWRUML� VR�QD�SRGODJL� IRWRJUDIVNH�GRNXPHQWDFLMH�RFHQLOL�� GD� MH�ELOD� FHORWQD�GROÊLQD
WHJD� SULPHUND� ���� FP� �RG� ���� GR� ���� FP��� 2FHQMHQD� YHOLNRVW� ]HOR� SUHVHJD� GR� VHGDM� ]DEHOHÊHQR� PDNVLPDOQR
YHOLNRVW� SULPHUND� WH� YUVWH� ����� FP� GROJH� VDPLFH�� XMHWH� VHSWHPEUD� ����� SUL� NUDMX� 6L[�)RXUV� OHV�3ODJHV�� )UDQFLMD��
3ULPHUHN�L]�0DUPDULVD�MH�WDNR�YHUMHWQR�QDMYHßML�NDGDUNROL�]DEHOHÊHQ�DWODQWVNL�PDNR�

.OMXÞQH�EHVHGH��DWODQWVNL�PDNR��,VXUXV�R[\ULQFKXV��PDNVLPDOQD�YHOLNRVW��QDMYHáML�SULPHUHN��7XUáLMD��(JHMVNR�PRUMH

5()(5(1&(6

$NÚuUD\�� )�� �������� 7�UNL\H�'HQL]� %DOuNODUu� 7D\LQ� $QD�
KWDUu��+LGUREL\RORML�$UDÝWuUPD�(QVWLW�V��<D\uQODUu��6D\u���
îVWDQEXO�
%DVV�� $�� -��� -�� '�� '¡$XEUH\� 	� 1�� .LVWQDVDP\� �������
6KDUNV�RI� WKH�(DVW�&RDVW�RI�6RXWKHUQ�$IULFD�� ,9��7KH� )D�
PLOLHV� 2GRQWDVSLGLGDH�� 6FDSDQRUK\QFKLGDH�� ,VXULGDH�
&HWRUKLQLGDH��$ORSLLGDH��2UHFWRORELGDH�DQG�5KLQLRGRQ�
WLGDH��,QY��5HS��2FHDQRJU��5HV��,QVW�������������
%LOHFHQRçOX�� 0��� (�� 7DVNDYDN�� 6�� 0DWHU� 	� 0�� .D\D
��������&KHFNOLVW�RI�WKH�PDULQH�ILVKHV�RI�7XUNH\��=RRWD[D�
�����������
%UXVLQD��6�� ��������0RUVNL�SVL�6UHGR]HPQRJD� L�&UOMHQRJ
PRUD� �6KDUNV�RI� WKH�$GULDWLF�DQG� WKH�%ODFN�6HD���*ODVQLN
KUYDWVNRJD�QDUDYRVORYQRJD�GUXÌWYD��,,,����������
&DSDSm��&����������/LVWH�FRPPHQWpH�GHV�VpODFKLHQV�GH�OD
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