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7ZHQW\�FUXVWDFHDQ�VSHFLHV�DVVRFLDWHG�ZLWK� WKH�0HGLWHUUDQHDQ�PXVVHO� �0\WLOXV�JDOORSURYLQFLDOLV�/DPDUFN�������
EHGV�ZHUH� UHFRUGHG� LQ� WKH� XSSHU� LQIUDOLWWRUDO� ]RQH� RI� WKH� %RVSKRUXV�� 7ZR� VSHFLHV��0LFURGHXWRSXV� DOJLFROD� 'HOOD
9DOOH�������DQG�6WHQRWKRH�WHUJHVWLQD�1HEHVNL��������ZHUH�UHFRUGHG�IRU�WKH�ILUVW�WLPH�LQ�WKLV�DUHD�

.H\�ZRUGV��&UXVWDFHD��0\WLOXV�JDOORSURYLQFLDOLV��%RVSKRUXV
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9HQWL� VSHFLH�GL�FURVWDFHL�DVVRFLDWH�D�EDQFKL�GHO�PLWLOR�FRPXQH� �0\WLOXV�JDOORSURYLQFLDOLV� /DPDUFN�������� VRQR
VWDWH�GHWHUPLQDWH�QHOO¢LQIUDOLWRUDOH� VXSHULRUH� GHO� %RVIRUR��'XH� VSHFLH��0LFURGHXWRSXV� DOJLFROD�'HOOD�9DOOH�� ����� H
6WHQRWKRH�WHUJHVWLQD�1HEHVNL��������YHQJRQR�VHJQDODWH�SHU�OD�SULPD�YROWD�LQ�TXHVW¢DUHD�

3DUROH�FKLDYH��&UXVWDFHD��0\WLOXV�JDOORSURYLQFLDOLV��%RVIRUR

7KLV�DUWLFOH�LV�GHGLFDWHG�WR�WKH�PHPRU\�RI�RXU�SURIHVVRU�(UGRJÙDQ�2NXÝ�
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7KH� %RVSKRUXV� LV� D� SDVVDJH� EHWZHHQ� WKH� %ODFN� 6HD
DQG�WKH�6HD�RI�0DUPDUD�DQG�LV�WKH�QRUWKHUQPRVW�SDUW�RI
WKH�7XUNLVK�6WUDLWV�6\VWHP��ZKLFK�SOD\V� VLJQLILFDQW� UROHV
LQ� WKH� ELRORJ\� RI� WKH�0HGLWHUUDQHDQ� DQG� WKH� %ODFN� 6HD
EDVLQV��7KH�6WUDLW�DFWV�DV�D�ELRORJLFDO�EDUULHU�EHWZHHQ�WKH
6HD�RI�0DUPDUD�DQG�WKH�%ODFN�6HD��OLPLWLQJ�WKH�SHQHWUD�
WLRQ� RI� JLYHQ� VSHFLHV� EHWZHHQ� ERWK� VHDV�� %\� PHDQV� RI
WZR�OD\HUHG�FXUUHQW�UHJLPH�RI� WKH�%RVSKRUXV��D�QXPEHU
RI�VSHFLHV�SHQHWUDWH�WKH�%ODFN�6HD�IURP�WKH�6HD�RI�0DU�
PDUD�DQG�YLFH�YHUVD��WKXV�WKH�6WUDLW�VHUYHV�DV�D�ELRORJLFDO
FRUULGRU��7KH�%RVSKRUXV�LV�DOVR�DQ�DFFOLPDWL]DWLRQ�]RQH
IRU�WKH�0HGLWHUUDQHDQ�VSHFLHV��g]W�UN�	�g]W�UN��������

3ULRU� WR� WKLV� VWXG\�� +HOOHU� �������� &RORPER� �������
2VWURXPRII� �������� 0DULRQ� �������� 'HYHGMLDQ� �������
'HPLU� �������� 7RUWRQHVH� �������� &DVSHUV� �������
7RSDORJÙ OX� 	� .LKDUD� �������� %DONÕV� 	� $OED\UDN� ������
DQG�8\VDO� HW� DO�� ������� UHFRUGHG� VRPH� EHQWKLF� FUXVWD�
FHDQV� IURP� WKH� %RVSKRUXV�� $PRQJ� WKHP�� WKH� ZRUN� RI
7RSDORJÙ OX� 	� .LKDUD� ������� DOVR� FRQVLGHUHG� WKH� FUXVWD�
FHDQ�VSHFLHV�DVVRFLDWHG�ZLWK�WKH�PXVVHO�EHGV�LQ�D�VPDOO
DUHD�RI�WKH�%RVSKRUXV�

7KH�SXUSRVH�RI�WKLV�VWXG\�LV� WR�GHWHUPLQH�WKH�FUXVWD�
FHDQV� DVVRFLDWHG� ZLWK� WKH� 0HGLWHUUDQHDQ� PXVVHO� EHGV
DQG� WR� FRQWULEXWH� WR� WKH� UHFRJQLWLRQ� RI� ]RREHQWKLF� DV�
VHPEODJHV� LQ� WKH� %RVSKRUXV�� ZKHUH� WKH� ZDWHUV� RI� WKH
0HGLWHUUDQHDQ�DQG�WKH�%ODFN�6HD�PL[�

0$7(5,$/�$1'�0(7+2'6

6DPSOLQJ� RI� WKH� FUXVWDFHDQV� IURP�PXVVHO� EHGV� ZDV
FDUULHG�RXW�LQ�-DQXDU\������DW����VWDWLRQV�ORFDWHG�DW�ERWK
FRDVWV�RI�WKH�%RVSKRUXV��)LJ������6DPSOHV�ZHUH�FROOHFWHG
IURP�WKH�XSSHU�LQIUDOLWWRUDO�]RQH�DW�GHSWK�UDQJH�RI������
P��$OO�EHQWKLF�RUJDQLVPV�RI�WKH�PXVVHO�FRPPXQLW\�ZHUH
UHPRYHG� IURP� WKH� KDUG� VXEVWUDWXP� E\� D� VSDWXOD� DQG
IL[HG�LQ����QHXWUDO�IRUPDOLQ�VROXWLRQ��,Q�DGGLWLRQ��VRPH
HQYLURQPHQWDO� SDUDPHWHUV� VXFK� DV� VDOLQLW\�� WHPSHUDWXUH
DQG�GLVVROYHG�R[\JHQ�ZHUH�PHDVXUHG�DW�HDFK�VDPSOLQJ
VWDWLRQ��,Q�WKH�ODERUDWRU\��WKH�VDPSOHV�ZHUH�VLIWHG�LQ�D��
PP�PHVK�VLHYH�ZLWK� IUHVK�ZDWHU�DQG�FUXVWDFHDQV� VHSD�
UDWHG� IURP� WKH� UHWDLQHG� PDWHULDO�� 6HSDUDWHG� VSHFLPHQV
ZHUH� SUHVHUYHG� LQ� ���� HWKDQRO�� 7KH� FUXVWDFHDQV� ZHUH
LGHQWLILHG� WR� WKH� VSHFLHV� OHYHO� XVLQJ� VWHUHR� DQG� FRP�
SRXQG�PLFURVFRSHV�� 7KH� VSHFLPHQV� ZHUH� GHSRVLWHG� LQ
WKH�ILUVW�DXWKRU¤V�SHUVRQDO�FROOHFWLRQ�

5(68/76�$1'�',6&866,21

(QYLURQPHQWDO�SDUDPHWHUV�

7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH� LQ�HDFK�YDULDEOH
RI� VXUIDFH� WHPSHUDWXUH�� GLVVROYHG� R[\JHQ� DQG� VDOLQLW\
DPRQJ� WKH� VWDWLRQV� �'LVSHUVLRQ� LQGH[� DQG� χ

�� WHVW�� S
�������� 7KH� PHDQ� VDOLQLW\� RI� WKH� VWXG\� DUHD� ZDV

����������SVX��WKH�PHDQ�WHPSHUDWXUH�ZDV���������� �&�
DQG� WKH�PHDQ�GLVVROYHG�R[\JHQ������������PJ� O���ZLWK
����FRQILGHQFH�OHYHO�

)LJ�����/RFDWLRQ�RI�VDPSOLQJ�VWDWLRQV�LQ�WKH�%RVSKRUXV�
6O�����/RNDFLMH�Y]RUàLÉà�Y�%RVSRUVNL�RËLQL�

)DXQD

$� WRWDO� RI� ��� VSHFLHV� UHSUHVHQWLQJ� ��� JHQHUD� DQG� �
RUGHUV�ZHUH�UHFRUGHG�LQ�WKH�DUHD��7KH�DPSKLSRGV�0LFUR�
GHXWRSXV� DOJLFROD� 'HOOD� 9DOOH�� ����� DQG� 6WHQRWKRH
WHUJHVWLQD� 1HEHVNL�� ����� DUH� QHZ� UHFRUGV� IRU� WKH� %RV�
SKRUXV��7DE�����

$SSO\LQJ�SUHVHQFH�DEVHQFH�GDWD�RI�WKH�FRPPXQLW\�WR
WKH�0F&RQQDXJKH\� VLPLODULW\� LQGH[�� WZR�GLIIHUHQW� FOXV�
WHUV�RI�WKH�VWDWLRQV�ZHUH�REWDLQHG�DW�D�WUXQFDWLRQ�OHYHO�RI
§� ����� *URXS� �� HPEUDFHG� VWDWLRQV� ��� ��� ���� ZKHUHDV
*URXS���LQFOXGHG� WKH�UHPDLQLQJ�VWDWLRQV��+RZHYHU�� WKH
RQH�ZD\�$126,0� WHVW� VKRZV� WKDW� WKHUH�ZDV� QRW� D� VLJ�
QLILFDQW� GLVVLPLODULW\� EHWZHHQ�*URXSV� �� DQG� �� �S� �����
0RUHRYHU�� WKH�0'6� SORW� FRQILUPHG� LQVLJQLILFDQW� UHSUH�
VHQWDWLRQ�RI�WKH�VWDWLRQV��VWUHVV� ��������

%HIRUH�WKH�SUHVHQW�VWXG\��WKH�RQO\�UHVHDUFK�FRQFHUQ�
LQJ�WKH�PDFUREHQWKRV�DVVRFLDWHG�ZLWK�WKH�0HGLWHUUDQHDQ
PXVVHO� EHGV� LQ� WKH� %RVSKRUXV� KDV� EHHQ� FDUULHG� RXW� E\
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7DE�����/LVW�RI�VSHFLHV�IRXQG�DW�HDFK�VWDWLRQ�
7DE�����6H]QDP�YUVW��XJRWRYOMHQLK�QD�SRVDPH]QLK�Y]RUàLÉàLK�

67$7,216
63(&,(6

� � � � � � � � � ��
&,55,3(',$
%DODQXV�LPSURYLVXV�'DUZLQ������ � � � � � � � � � �
'(&$32'$
3LVLGLD�ORQJLPDQD��5LVVR������� � � � � � � � � � �
;DQWKR�SRUHVVD��2OLYL������� � � � � � � � � � �
3LOXPQXV�KLUWHOOXV��/LQQDHXV������� � � � � � � � � � �
7$1$,'$&($
7DQDLV�GXORQJLL��$XGRXLQ�������� � � � � � � � � � �
,6232'$
-DHUD�QRUGPDQQL��5DWKNH������� � � � � � � � � � �
'\QDPHQH�ELGHQWDWXV��$GDPV������� � � � � � � � � � �
6SKDHURPD�VHUUDWXP��)DEULFLXV������� � � � � � � � � � �
,GRWHD�EDOWKLFD��3DOODV������� � � � � � � � � � �
6\QLVRPD�FDSLWR��5DWKNH������� � � � � � � � � � �
$03+,32'$
&DSUHOOD�OLSDURWHQVLV�+DOOHU������ � � � � � � � � � �
$PSLWKRH�UDPRQGL�$XGRXLQ����� � � � � � � � � � �
0LFURGHXWRSXV�DOJLFROD�'HOOD�9DOOH���������� � � � � � � � � � �
*DPPDUHOOXV�DQJXORVXV��5DWKNH������� � � � � � � � � � �
(FKLQRJDPPDUXV�ROLYLL��0LOQH�(GZDUGV������� � � � � � � � � � �
+\DOH�SHULHUL��/XFDV������� � � � � � � � � � �
-DVVD�PDUPRUDWD��+ROPHV������� � � � � � � � � � �
-DVVD�RFLD��%DWH������� � � � � � � � � � �
0HOLWD�SDOPDWD��0RQWDJX������� � � � � � � � � � �
6WHQRWKRH�WHUJHVWLQD�1HEHVNL���������� � � � � � � � � � �

�1HZ�UHFRUG�IRU�WKH�PXVVHO�DVVRFLDWHG�FUXVWDFHDQ�IDXQD�RI�WKH�%RVSKRUXV�
��1HZ�UHFRUG�IRU�WKH�%RVSKRUXV�

7RSDORJÙ OX�	�.LKDUD���������$FFRUGLQJ� WR� WKHVH�DXWKRUV�
&UXVWDFHD�LV�WKH�GRPLQDQW�WD[RQ�LQ�WKH�DUHD�LQYHVWLJDWHG�
ZKHUH� D� WRWDO� RI� ��� FUXVWDFHDQ� VSHFLHV� KDYH� EHHQ� UH�
FRUGHG�

7KH� SUHVHQW� VWXG\� KDV� FRQWULEXWHG� ��� QHZ� UHFRUGV
�7DE����� WR� WKH�PXVVHO� DVVRFLDWHG�FUXVWDFHDQ� IDXQD�SUH�
YLRXVO\� H[DPLQHG� E\� 7RSDORJÙ OX� 	� .LKDUD� �������� DQG
WZR�RI�WKHP��0��DOJLFROD�DQG�6��WHUJHVWLQD��DUH�QHZ�UHF�
RUGV� IRU� WKH� %RVSKRUXV�� $V� D� UHVXOW�� WKH� QXPEHU� RI� WKH
FUXVWDFHDQ� VSHFLHV� KDV� QRZ�EHHQ� LQFUHDVHG� WR� ���� 7KH
QXPEHU�RI�FUXVWDFHDQ�VSHFLHV�DVVRFLDWHG�ZLWK�WKH�PXVVHO
DVVHPEODJHV� YDULHV� IURP� �� �6LFLO\�� ,WDO\�� '¤$QQD� HW� DO��
������ WR���� �,]PLU�%D\��7XUNH\��.RFDWDÝ�������� DW�YDUL�

RXV�VLWHV� LQ� WKH�0HGLWHUUDQHDQ� LQIUDOLWWRUDO� �&KLQWLURJORX
HW�DO����������7KH�QXPEHU�RI�VSHFLHV�VHHPV�WR�GHSHQG�RQ
WKH� VSHFLILF� IHDWXUHV� RI� HDFK� VWXG\� DUHD� �SROOXWHG�QRQ�
SROOXWHG��PLGOLWWRUDO�LQIUDOLWWRUDO�� �7KLHO�	�8OOULFK�������
&KLQWLURJORX�HW�DO����������7KH�SUHVHQW�VWXG\�FDQ�EH�DF�
FHSWHG�DV�DQ�H[DPSOH�IRU�D�PRGHUDWHO\�SROOXWHG�LQIUDOLW�
WRUDO� DUHD� ORFDWHG� EHWZHHQ� WKH� 0HGLWHUUDQHDQ� DQG� WKH
%ODFN�6HDV�

,Q�FRQFOXVLRQ��WKH�FXUUHQW�VWDWXV�RI� WKH�VSHFLHV�FRP�
SRVLWLRQ�RI�EHQWKLF�FRPPXQLWLHV�H[LVWLQJ�LQ�WKH�%RVSKR�
UXV�LV�IDU�IURP�FRPSOHWH�DQG�LW�LV�REYLRXV�WKDW�IXUWKHU�UH�
VHDUFK�ZLOO�LQFUHDVH�WKLV�QXPEHU�
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'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFH��,QVWLWXWH�RI�(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\��%R JÙD]LoL�8QLYHUVLW\��+LVDU�&DPSXV�

75�������%HEHN��,VWDQEXO��7XUNH\
(�PDLO��HYULPNDONDQ#\DKRR�FRP

6HODKDWWLQ�gQVDO�.$5+$1
'HSDUWPHQW�RI�0DULQH�%LRORJ\��,QVWLWXWH�RI�0DULQH�6FLHQFHV�DQG�0DQDJHPHQW��,VWDQEXO�8QLYHUVLW\�

0�ÝN�OH�6RN���1R����75�������9HID��,VWDQEXO��7XUNH\

(UKDQ�087/8
,QVWLWXWH�RI�0DULQH�6FLHQFHV��0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\��3�2��%R[�����75�������(UGHPOL��0HUVLQ��7XUNH\

329=(7(.

9� JRUQMHP� LQIUDOLWRUDOQHP� SDVX� %RVSRUVNH� RÊLQH� MH� ELOR� ]DEHOHÊHQLK� ��� YUVW� UDNRY�� ÊLYHßLK� Y� KDELWDWLK� XÊLWQH
NODSDYLFH� �0\WLOXV�JDOORSURYLQFLDOLV�/DPDUFN���������'YH� L]PHG�YUVW��0LFURGHXWRSXV�DOJLFROD�'HOOD�9DOOH������� LQ
6WHQRWKRH�WHUJHVWLQD�1HEHVNL�������VWD�ELOL�Y�WHP�REPRßMX�XJRWRYOMHQL�SUYLß�

.OMXÞQH�EHVHGH��&UXVWDFHD��0\WLOXV�JDOORSURYLQFLDOLV��%RVSRU

5()(5(1&(6

%DONÕV��1��	�6��$OED\UDN� ��������%HQWKLF�DPSKLSRGV�RI
WKH�%RVSKRUXV��3URFHHGLQJV�RI�WKH�;,,WK�1DWLRQDO�%LRORJ\
&RQJUHVV������-XO\�������(GLUQH��7XUNH\��S������������,Q
7XUNLVK�
&DVSHUV��+�� �������� /D�PDFURIDXQH� EHQWKLTXH� GX� %RV�
SKRUH� HW� OHV� SUREOqPH� GH� O¤LQILOWUDWLRQ� GHV� pOpPHQWV
PpGLWHUUDQpHQV� GDQV� OD� PHU� 1RLUH�� 5DSS�� &RPP�� ,QW�
0HU�0pGLW���������������
&KLQWLURJORX�� &�&��� 3�� 'DPLDQLGLV�� &�� $QWRQLDGRX�� 0�
/DQW]RXQL�	�'��9DILGLV���������0DFURIDXQD�ELRGLYHUVLW\
RI�PXVVHO�EHG�DVVHPEODJHV�LQ�7KHUPDLNRV�*XOI��QRUWKHUQ
$HJHDQ�6HD���+HOJRO��0DU��5HV�������������
&RORPER�� $�� �������� 5DFFROWH� ]RRORJLFKH� HVHJXLWH� GDO
5��3LUDVFDIR�:DVKLQJWRQ�QHOOD�FDPSDJQD�DELVVDOH�WDOODV�
VRJUDILFD�GHOO¤DQQR�������5LYLVWD�0DULWWLPD��S��������
'¡$QQD�� *��� *�� *LDFFRQH� 	� 6�� 5LJJLR� �������� /LQHD�
PHQWL�ELRQRPLFL�GHL�EDQFKL�GL�PLWLOL�GL�%DOHVWUDWH��6LFLOLD
2FFLGHQWDOH���2HEDOLD��������������
'HPLU��0����������%HQWKLF�LQYHUWHEUDWHV�RI�WKH�FRDVWV�RI
WKH�%RVSKRUXV� DQG� WKH�3ULQFH� ,VODQGV��3XEO��+\GURELRO�
5HV�� ,QVW��)DFXOW\�RI�6FLHQFH�� ,VWDQEXO�8QLYHUVLW\��1U����
����SS���,Q�7XUNLVK�
'HYHGMLDQ�� .�� �������� 3rFKH� HW� 3pFKHULHV� HQ� 7XUTXLH�
,PSULPHULH� GH� O¤$GPLQLVWUDWLRQ� GH� OD� 'HWWH� 3XEOLTXH
2WWRPDQH��,VWDQEXO������SS�
+HOOHU�� &�� �������� &UXVWDFHHQ� GHV� V�GOLFKHQ� (XURSD�
&UXVWDFHD�3RGRSKWKDOPLD��0LW�HLQHU�8HQHUVLFKW��EHU�GLH

KRUL]RQWDOH� 9HUEUHLWXQJ� VlPWOLFKHU� HXURSlLVKHU� $UWHQ�
:LOKHOP�%UDXP�OOHU��:LHQ������SS�
.RFDWDV�� $�� ��������&RQWULEXWLRQ� j� O¤pWXGH� GHV� SHXSOH�
PHQWV� GHV� KRUL]RQV� VXSpULHXUV� GH� VXEVWUDW� URFKHX[� GX
*ROIH� '¤,]PLU� �7XUTXLH��� (JH� hQLYHUVLWHVL� )HQ� )DN�OWHVL
0RQRJUDILOHU�6HULVL�����������
0DULRQ��$��)����������1RWHV�VXU�OD�IDXQH�GHV�'DUGDQHOOHV
HW�GX�%RVSKRUH��$QQ��0XV��+LVW��1DW��0DUVHLOOH���������
����
2VWURXPRII��$����������&RPSGHV�UHQGXV�GHV�GUDJDJHV�HW
GX� SODQFWRQ� GH� O¤H[SpGLWLRQ� GH� �6HOLDQLN��� %XOOHWLQ� GH
O¤$FDGpPLH�,PSpULDOH�GHV�6FLHQFHV�GH�6W��3HWHUVERXUJ����
������
e]W}UN��%��	�$��$��e]W}UN���������2Q�WKH�ELRORJ\�RI�WKH
7XUNLVK�VWUDLWV�V\VWHP��%XOO�� ,QVW��2FpDQRJU���QR�� VSpFLDO
������������
7KLHO�� 0�� 	� 1�� 8OOULFK�� ��������+DUG� URFN� YHUVXV� VRIW
ERWWRP��WKH�IDXQD�DVVRFLDWHG�ZLWK�LQWHUWLGDO�PXVVHO�EHGV
RQ�KDUG�ERWWRPV�DORQJ�WKH�FRVW�RI�&KLOH��DQG�FRQVLGHUD�
WLRQV�RQ�WKH�IXQFWLRQDO�UROH�RI�PXVVHO�EHGV��+HOJRO��0DU�
5HV�������������
7RSDORJÙOX��%��	�$��.LKDUD���������&RPPXQLW\�RI�0HGL�
WHUUDQHDQ� PXVVHO� 0\WLOXV� JDOORSURYLQFLDOLV� /DPDUFN�
����� LQ� WKH� %RVSKRUXV� 6WUDLW�� -�� 7RN\R�8QLY�� )LVK��� ���
��������
7RUWRQHVH��(����������2VVHUYD]LRQL�VXO�EHQWRV�GHO�0DU�GL
0DUPDUD�H�GHO�%RVIRUR��1DWXUD������������
8\VDO�� $��� $�� <}NVHN�� (�� 2NXÚ� 	� 1�� <ÕOPD]� �������
%HQWKLF�FRPPXQLW\�VWUXFWXUH�RI� WKH�%RVSKRUXV�DQG�VXU�
URXQGLQJ�DUHD��:DWHU�6FL��7HFKQRO�������������


