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

��

VKRUW�VFLHQWLILF�DUWLFOH �8'&��������������������
UHFHLYHG������������

3217,&�2&&855(1&(�2)�7+(�%/817126(�6,;*,//�6+$5.��+(;$1&+86
*5,6(86��%211$7(55(���������&+21'5,&+7+<(6��+(;$1&+,'$(�

+DNDQ�.$%$6$.$/
,FKWK\RORJLFDO�5HVHDUFK�6RFLHW\��$WDW�UN�PDKDOOHVL��0HQWHÝR JÙ OX�FDGGHVL��øGLO�DSW���1R��������hPUDQL\H��75������� øVWDQEXO��7XUNH\

(�PDLO��KDNDQNDEDVDNDO#KRWPDLO�FRP

$%675$&7

2Q����1RYHPEHU�������RQH�PDOH� VSHFLPHQ�RI�+H[DQFKXV�JULVHXV� RI�����FP�727�DQG�ZHLJKLQJ�����NJ�ZDV
FDSWXUHG�E\�D�FRPPHUFLDO�JLOO�QHWWHU�QHDUO\���PLOHV�RII�WKH�FRDVW�RI�$PDVUD��6:�%ODFN�6HD��ZHVWHUQ�$QDWROLDQ�FRDVW��
7KLV�VLQJOH�FDSWXUH�H[WHQGV�WKH�0HGLWHUUDQHDQ�GLVWULEXWLRQ�RI�+��JULVHXV�WR�WKH�%ODFN�6HD�DQG�FRQILUPV�LWV�SRQWLF�RF�
FXUUHQFH�

.H\�ZRUGV��+H[DQFKXV�JULVHXV��VL[JLOO�VKDUN��KH[DQFKLGDH��%ODFN�6HD��GLVWULEXWLRQ

35(6(1=$�3217,&$�',�648$/2�&$323,$772�+(;$1&+86�*5,6(86
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6,17(6,

,O����QRYHPEUH������XQ�HVHPSODUH�PDVFKLR�GL�+H[DQFKXV�JULVHXV��GL�����FP�GL�727�H�����NJ�GL�SHVR��o�VWDWR
FDWWXUDWR�FRQ�XQD�UHWH�FRPPHUFLDOH�SHU�SLFFROL�SHVFL�FDUWLODJLQHL��WUH�PLJOLD�DO�ODUJR�GHOOD�FRVWD�GL�$PDVUD��0DU�1HUR
VXG�RFFLGHQWDOH��FRVWD�DQDWROLFD�RFFLGHQWDOH���4XHVWD�VLQJROD�FDWWXUD�HVWHQGH�DO�0DU�1HUR�OD�GLVWULEX]LRQH�PHGLWHU�
UDQHD�GL�+��JULVHXV�H�FRQIHUPD�OD�VXD�SUHVHQ]D�SRQWLFD�

3DUROH�FKLDYH��+H[DQFKXV�JULVHXV��VTXDOR�FDSRSLDWWR��+H[DQFKLGDH��0DU�1HUR��GLVWULEX]LRQH
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+H[DQFKXV� JULVHXV� �%RQQDWHUUH�� ������ LV� D� ZLGH
UDQJLQJ�VSHFLHV�LQ�WHPSHUDWH�DQG�WURSLFDO�VHDV��LQFOXGLQJ
0HGLWHUUDQHDQ�DQG�DGMDFHQW�ZDWHUV��OLYLQJ�DW�GHSWKV�IURP
WKH� VXUIDFH� WR� DW� OHDVW� �����P� �%RHVHPDQ�� ������&RP�
SDJQR��������%DXFKRW��������&DSDSH�HW�DO����������2F�
FXUUHQFH�RI� WKH�EOXQWQRVH� VL[JLOO� VKDUN� LQ� WKH�%ODFN� 6HD
KDV�DOZD\V�EHHQ�D�SRLQW�RI�GLVFXVVLRQ�� ,Q�D�YHU\�ROG�DQG
TXHVWLRQDEOH�UHFRUG�E\�*HOGLD\� ������� LQ�%LOHFHQRJÙ OX�HW
DO��� ������� WKH� DXWKRU� UHSRUWHG� RQ� WKH� SUHVHQFH� RI� +�
JULVHXV� IURP� WKH�%ODFN�6HD��ZLWKRXW�JLYLQJ�DQ\� LQIRUPD�
WLRQ�RQ�WKH�ILVKLQJ�ORFDOLW\�RI�WKH�H[DPLQHG�VSHFLPHQ��RU
WKH�QDPH�RI� WKH� LQVWLWXWLRQ��ZKHUH� WKH� VSHFLPHQ� LV� SUH�
VHUYHG� IRU� IXUWKHU� LQVSHFWLRQ�� 'XH� WR� WKH� ODFN� RI� DGH�
TXDWH� LQIRUPDWLRQ��%LOHFHQRJÙ OX�HW�DO�� �������FRQVLGHUHG
WKLV�SRQWLF�UHFRUGLQJ�RI�+��JULVHXV�E\�*HOGLD\��������DV
£TXHVWLRQDEOH¤� DQG� UHTXLULQJ� FRQILUPDWLRQ�� ,Q� WKH
PRQXPHQWDO� ZRUNV� E\� 6ODVWHQHQNR� ������� DQG� $NÝgUD\
�������� WKH� DXWKRUV� GLG� QRW� UHSRUW� RQ� WKH� SUHVHQFH� RI
EOXQWQRVH� VL[JLOO� VKDUN� IURP� WKH� %ODFN� 6HD�� ,Q� D� UHFHQW
VWXG\� E\� .DEDVDNDO� �������� WKH� DXWKRU� UHSRUWHG� RQ� D
FDSWXUH�RI�D�VLQJOH�VSHFLPHQ�RI�+��JULVHXV�LQ�WKH�SUHERV�
SKRULF�%ODFN�6HD�ZDWHUV��ZKHUH�WKHLU�SK\VLFDO�FRQGLWLRQV
DUH�SUDFWLFDOO\�XQGHU�WKH�LQIOXHQFH�RI�WKH�0DUPDULF�FXU�
UHQW�� %HFDXVH� RI� WKLV� UHDVRQ�� .DEDVDNDO� ������� HPSKD�
VL]HG�WKH�QHFHVVLW\�RI�IXUWKHU�UHVHDUFK�LQ�RUGHU�WR�UHYHDO
ZKHWKHU� WKH� SRQWLF� GLVWULEXWLRQ� RI� +�� JULVHXV� H[WHQGV
WKURXJKRXW�WKH�HQWLUH�%ODFN�6HD�

,Q�WKLV�VKRUW�FRPPXQLFDWLRQ�SDSHU��QHZ�GDWD�RQ�WKH
FDSWXUH� RI� D� EOXQWQRVH� VL[JLOO� VKDUN� RII� WKH� $QDWROLDQ
FRDVW�RI�WKH�VRXWKZHVWHUQ�%ODFN�6HD�LV�SUHVHQWHG�DQG�LWV
SRQWLF�GLVWULEXWLRQ�GLVFXVVHG�

0$7(5,$/�$1'�0(7+2'6

7KLV� VWXG\� LV�SDUW� RI� DQ� H[WHQVLYH� RQJRLQJ� UHVHDUFK�
ZKLFK�ZDV�ODXQFKHG�LQ�������LQ�RUGHU�WR�LQYHVWLJDWH�WKH
GLVWULEXWLRQ� RI� +H[DQFKXV� JULVHXV� LQ� 7XUNLVK� ZDWHUV�
'DWD�KDYH�EHHQ�FROOHFWHG�IURP�WKH�IROORZLQJ�VRXUFHV����
ILVKLQJ� ORJV� RI� FRPPHUFLDO� YHVVHOV�� ��� UHFRUGV� RI� ORFDO
ILVK�PDUNHWV����� ILHOG�VXUYH\V��DQG����QRWHV�DSSHDULQJ� LQ
GDLO\� QHZVSDSHUV�� ILVKLQJ� PDJD]LQHV�� HWF�� 7KH� DXWKRU
ZDV� LQIRUPHG� DERXW� WKH� FDSWXUH� RI� D� VSHFLPHQ� RI�+�
JULVHXV� RII� WKH� FRDVW� RI� $PDVUD� �6:� %ODFN� 6HD�� RQ� ��
1RYHPEHU� ������ DIWHU� UHDGLQJ� DQ� DUWLFOH� LQ� D� ORFDO
QHZVSDSHU��$OWKRXJK� WKH� VL[JLOO� VKDUN�ZDV� LPPHGLDWHO\
HYLVFHUDWHG�DQG�VROG�DW�D�ORFDO�ILVK�PDUNHW��WKH�ILVKHUPDQ
SURYLGHG�D�SKRWRJUDSK�RI� WKH�FDSWXUHG� VSHFLPHQ� WDNHQ
IURP� LWV� OHIW� VLGH�� ,GHQWLILFDWLRQ� RI� WKLV� VSHFLPHQ� ZDV
PDGH�RQ� WKH�EDVLV�RI� WKLV�SKRWRJUDSK��QRZ�NHSW� LQ� WKH
DXWKRU¤V� SHUVRQDO� DUFKLYH�� 7KH� VSHFLHV� LGHQWLILFDWLRQ
IROORZV� &RPSDJQR� �������� 7RWDO� OHQJWK� �727�� DQG
ZHLJKW�GDWD�ZHUH�SURYLGHG�E\�WKH�ILVKHUPDQ�

)LJ�����0DOH�VSHFLPHQ�RI�+H[DQFKXV�JULVHXV�RI�����FP
727� DQG� ZHLJKLQJ� ���� NJ�� FDSWXUHG� RII� WKH� FRDVW� RI
$PDVUD��6:�%ODFN�6HD��
6O�����6DPHF�ÉHVWHURÉNUJDUMD�+H[DQFKXV�JULVHXV������FP
FHORWQH� L]WHJQMHQH� GROËLQH� LQ� WHËDN� ���� NJ�� XMHW� Y
PUHËR�VODEH���PLOMH�RG�REDOH�$PDVUH��-=�ßUQR�PRUMH��

5(68/76�$1'�',6&866,21

2Q����1RYHPEHU�������RQH�PDOH�VSHFLPHQ�RI�+H[�
DQFKXV� JULVHXV� RI� ���� FP� 727� DQG� ZHLJKLQJ� ���� NJ
�)LJ�����ZDV�FDSWXUHG�E\�D�FRPPHUFLDO�JLOO�QHWWHU�QHDUO\
��PLOHV�RII� WKH�FRDVW�RI�$PDVUD��6:�%ODFN�6HD��ZHVWHUQ
$QDWROLDQ�FRDVW��)LJ������2Q�WKH�SKRWRJUDSK�WDNHQ�RI�WKH
VSHFLPHQ��)LJ��������JLOO�VOLWV�DUH�FOHDUO\�YLVLEOH�RQ�WKH�OHIW
VLGH� RI� WKH� KHDG��ZKLFK� HQDEOHG� WKH� DXWKRU� WR� LGHQWLI\
WKH� FDSWXUHG� VSHFLPHQ� DV�+�� JULVHXV��8QIRUWXQDWHO\�� DV
WKH�VL[JLOO�VKDUN�ZDV�LPPHGLDWHO\�HYLVFHUDWHG�DQG�VROG�DW
D�ORFDO�ILVK�PDUNHW��QR�ELRPHWULFDO�PHDVXUHPHQWV�RI�WKLV
SRQWLF�VSHFLPHQ�FRXOG�EH�PDGH�

)LJ�� ��� 0DS� VKRZLQJ� WKH� FDSWXUH� ORFDOLWLHV� RI� SUHERV�
SKRULF��ll��DQG�$PDVUD�VSHFLPHQV��ss��RI�+��JULVHXV�
6O�� ��� =HPOMHYLG� ]� ORNDOLWHWDPL� XMHWLK� SUHGERVSRUVNLK
SULPHUNRY� YUVWH�+�� JULVHXV� �ll�� LQ� SULPHUND�� XMHWHJD� Y
EOLËLQL�$PDVUH��ss��
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$OWKRXJK��+��JULVHXV� FDQ�SHQHWUDWH� WR� VKDOORZ�DUHDV
DQG� HYHQ� ULVH� WR� VXUIDFH� ZDWHUV�� SDUWLFXODUO\� DW� QLJKW
�%RHVHPDQ�� ������'XQEUDFN�	�=LHOLQVNL�� ������� LW� QRU�
PDOO\�LQKDELWV�GHHS�ZDWHU�RYHU�WKH�FRQWLQHQWDO�VKHOI�DQG
XSSHU� VORSH� WR�DW� OHDVW������P� �&RPSDJQR���������5H�
JDUGLQJ� WKH�FKHPLFDO�SURSHUWLHV�RI�VHD�ZDWHU� LQ�EDWK\DO
]RQH� RI� WKH� %ODFN� 6HD�� WKH� ZDWHU� FROXPQ� EHORZ� ���
PHWHU�LV�FRQWDPLQDWHG�ZLWK�K\GURJHQ�VXOSKXU��3URGDQRY
HW� DO��� ������� D� WR[LF� VXEVWDQFH�ZKLFK� NLOOV� DQ\�PDULQH
RUJDQLVP�GHSHQGLQJ�DHURELF�FRQGLWLRQV��7KHUHIRUH�� LW� LV
SRVVLEOH�WR�VXSSRVH�WKDW�LQ�WKH�%ODFN�6HD��EOXQWQRVH�VL[�
JLOO� VKDUN� FDQ� QRW� VXUYLYH� DW� GHSWKV� EHORZ� ����PHWUHV

GXH�WR�WKH�DQDHURELF�FRQGLWLRQV�SUHYDLOLQJ�LQ�WKH�EDWK\DO
SRQWLF�ZDWHUV�� 7KLV� FLUFXPVWDQFH� VHHPV� WR�EH�D� FULWLFDO
IDFWRU�� ZKLFK� FDQ� UHVWULFW� WKH� GHSWK� GLVWULEXWLRQ� RI� +�
JULVHXV�LQ�WKH�%ODFN�6HD�WR�D�VLJQLILFDQWO\�VKDOORZHU�]RQH
WKDQ�RWKHU� VHDV�RI� WKH�ZRUOG�� )RU� WKH�PRPHQW�� QR� DGH�
TXDWH� GDWD� LV� DYDLODEOH� WR� YDOLGDWH� WKH� K\SRWKHVHV� WKDW
WKH�EOXQWQRVH�VL[JLOO�VKDUN�LQKDELWV�D�QDUURZ�GHSWK�UDQJH
IURP� WKH� VXUIDFH� WR�����PHWUHV� LQ� WKH�%ODFN�6HD��+RZ�
HYHU�� WKLV�VLQJOH�FDSWXUH�H[WHQGV� WKH�0HGLWHUUDQHDQ�GLV�
WULEXWLRQ�RI�+��JULVHXV� WR�WKH�%ODFN�6HD�DQG�FRQILUPV�LWV
SRQWLF�RFFXUUHQFH�
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'QH�����QRYHPEUD������VH�MH�VNRUDM���PLOMH�RG�REDOH�$PDVUH��-=�ÞUQR�PRUMH��]DKRGQD�REDOD�$QDWROLMH��Y�VWRMHßR
PUHÊR�QHNHJD�SRNOLFQHJD�ULELßD�XMHO�VDPHF�ÈHVWHURÈNUJDUMD�+H[DQFKXV�JULVHXV� �FHORWQD�L]WHJQMHQD�GROÊLQD�����FP�
WHÊD�����NJ���7D�HGLQL�SULPHUHN�SRWUMXMH�SRMDYOMDQMH�WH�YUVWH�Y�ÞUQHP�PRUMX�LQ�KNUDWL�SRGDOMÈXMH�QMHJRYR�VUHGR]HPVNR
UD]ÈLUMHQRVW�GR�ßUQRPRUVNLK�YRGD�

.OMXÞQH�EHVHGH��+H[DQFKXV�JULVHXV��ÊHVWHURÊNUJDU��+H[DQFKLGDH��àUQR�PRUMH��UD]ÊLUMHQRVW

5()(5(1&(6
g
$NÚggUD\�� )�� �������� 7�UNL\H� 'HQL]� %DOgNODUg� YH� 7D\LQ
$QDKWDUÕ���QG�(GLWLRQ��3XEOLFDWLRQV�RI�,VWDQEXO�8QLYHUVLW\�
QR��������,VWDQEXO������SS�
%DXFKRW�� 0�� �/�� �������� 5HTXLQV�� ,Q�� )LVFKHU�� :��� 0�
6FKQHLGHU� 	� 0�� �/�� %DXFKRW� �HGV���� )LFKHV� )$2
G¤LGHQWLILFDWLRQ� GHV� HVSqFHV� SRXU� OHV� EHVRLQV� GH� OD
SrFKH���5pYLVLRQ�����0pGLWHUUDQpH�HW�PHU�1RLUH��=RQH�GH
SrFKH�����9RO��,,��9HUWHEUHV��)$2��5RPD��S����������
%LOHFHQRJÙOX�� 0��� (�� 7DVNDYDN�� 6�� 0DWHU� 	� 0�� .D\D
��������&KHFNOLVW�RI�WKH�PDULQH�ILVKHV�RI�7XUNH\��=RRWD[D
�����0DJQROLD�3UHVV��$XFNODQG������SS�
%RHVHPDQ��0�� ��������+H[DQFKLGDH�� ,Q��:KLWHKHDG�� 3�
-��3���0���/��%DXFKRW��-���&��+XUHDX��-��1LHOVHQ�	�(��7RU�
WRQHVH� �HGV���� )LVKHV� RI� WKH� 1RUWK�HDVWHUQ� $WODQWLF� DQG
WKH�0HGLWHUUDQHDQ��9RO��,��81(6&2��3DULV��S��������

&DSDSm�� &��� 2�� *XmORUJHW�� -�� %DUUXOO�� ,�� 0DWH�� )�
+HPLGD�� 5�� 6HULGML�� -�� %HQVDFL� 	�0��1�� %UDGDt� �������
5HFRUGV� RI� WKH� %OXQWQRVH� VL[�JLOO� VKDUN�� +H[DQFKXV
JULVHXV� �%RQQDWHUUH�� ������ �&KRQGULFKWK\HV�� +H[DQFKL�
GDH�� LQ� WKH�0HGLWHUUDQHDQ�6HD��$�KLVWRULFDO� VXUYH\��$Q�
QDOHV�6HU��+LVW��1DW������������������
&RPSDJQR��/��-��9����������)$2�VSHFLHV�FDWDORJXH��9RO�
��� 6KDUNV� RI� WKH� ZRUOG�� $Q� DQQRWDWHG� DQG� LOOXVWUDWHG
FDWDORJXH�RI� VKDUN� VSHFLHV�NQRZQ� WR�GDWH��3DUW����+H[�
DQFKLIRUPHV�WR�/DPQLIRUPHV��)$2�)LVK��6\QRS����������
������
'XQEUDFN��5��	�5��=LHOLQVNL� �������� 6HDVRQDO�DQG�GLXU�
QDO� DFWLYLW\� RI� VL[JLOO� VKDUNV� �+H[DQFKXV� JULVHXV�� RQ� D
VKDOORZ�ZDWHU� UHHI� LQ� WKH� 6WUDLW� RI� *HRUJLD�� %ULWLVK� &R�
OXPELD��&DQ��-��=RRO��������������������
*HOGLD\��5����������,PSRUWDQW�ILVKHV�IRXQG�LQ�WKH�%D\�RI
,]PLU� DQG� WKHLU� SRVVLEOH� LQYDVLRQV�� 0RQRJUDSKV�� (JH
8QLYHUVLW\��)DFXOW\�RI�6FLHQFHV��,]PLU������SS�



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

+DNDQ�.$%$6$.$/��3217,&�2&&855(1&(�2)�7+(�%/817126(�6,;*,//�6+$5.��+(;$1&+86�*5,6(86��%211$7(55(������������������

��

.DEDVDNDO�� +�� �������� 3UHOLPLQDU\� REVHUYDWLRQV� RQ� WKH
UHSURGXFWLYH� ELRORJ\� DQG� GLHW� RI� WKH� %OXQWQRVH� VL[JLOO
VKDUN�� +H[DQFKXV� JULVHXV� �%RQQDWHUUH�� ������ �&KRQ�
GULFKWK\HV��+H[DQFKLGDH���LQ�7XUNLVK�6HDV��$FWD�$GULDW��
�����������������LQ�SUHVV�
3URGDQRY��.���.��0LNKDLORY��*��'DVNDORY��&��0D[LP��$�
&KDVFKLQ�� $�� $UNKLSRY�� 9�� 6KO\DNKRY� 	� (�� e]GDPDU

��������(QYLURQPHQWDO�PDQDJHPHQW�RI� ILVK�UHVRXUFHV� LQ
WKH� %ODFN� 6HD� DQG� WKHLU� H[SORLWDWLRQ�� 6WXGLHV� DQG� 5H�
YLHZV��*HQHUDO�)LVKHULHV�&RXQFLO�IRU�WKH�0HGLWHUUDQHDQ�
1R������5RPH��)$2������SS�
6ODVWHQHQNR��(����������.DUDGHQL]�+DY]DVÕ�%DOÕNODUÕ��7KH
)LVKHV�RI�WKH�%ODFN�6HD�%DVLQ���(W�YH�%DOÕN�.XUXPX�<D\�
ÕQODUÕQGDQ��øVWDQEXO������SS���LQ�7XUNLVK�


