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7KH�DLP� RI�WKLV�Z RUN�Z DV�WR�FRQWULEXWH�WR�WKH�NQRZ OHGJH�RI�VSDWLDO�GLVWULEXWLRQ�RI� ) XFXV�YLUVRLGHV�-��$JDUGK�� DQ
HQGHP LF�DOJD�RI�WKH�$GULDWLF�6HD��%RND�. RWRUVND�%D\� Z DV�GHILQHG�DV�RQH�RI�WKH�VRXWKHUQP RVW�OLP LWV�RI�) ��YLUVRLGHV��VR
Z H�LQYHVWLJDWHG�LWV�GLVWULEXWLRQ�LQ�WKLV�DUHD��7KH�UHVHDUFK�Z DV�FDUULHG�RXW�E\� VQRUNHOOLQJ�DQG�REVHUYLQJ�IURP� WKH�FRDVW�
��� ORFDOLWLHV�RI�) ��YLUVRLGHV�Z HUH�IRXQG�DQG�DGGLWLRQDO��� Z KLFK��KRZ HYHU��DOUHDG\� GLVDSSHDUHG�RU�Z HUH�LQ�WKH�SURFHVV
RI�GLVDSSHDULQJ�

. H\�Z RUGV��) XFXV�YLUVRLGHV��%RND�. RWRUVND�%D\ ��6RXWK�$GULDWLF
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/ R�VFRSR�GHO�SUHVHQWH�VWXGLR�HUD�TXHOOR�GL�DP SOLDUH�OH�FRQRVFHQ]H�LQ�P HULWR�DOOD�GLVWULEX] LRQH�VSD]LDOH�GHOO
DOJD
HQGHP LFD�GHOO
$GULDWLFR��) XFXV�YLUVRLGHV�-��$JDUGK��/ D�EDLD�GL�%RND�. RWRUVND�o�VWDWD�GHILQLWD�FRP H�XQR�GHL�OLP LWL�SL|
P HULGLRQDOL�GL�) ��YLUVRLGHV��SHUWDQWR�O
DXWULFH�KD�VWXGLDWR�OD�GLVWULEX] LRQH�GHOO
DOJD�LQ�WDOH�DUHD��/D�ULFHUFD�o�VWDWD�FRQ�
GRWWD�P HGLDQWH�RVVHUYD] LRQL�GDOOD�FRVWD�H�LVSH]LRQL�LQ�DFTXD�FRQ�O
DXVLOLR�GHO�ERFFDJOLR�� 6RQR�VWDWH�WURYDWH���� OR�
FDOLWi� FRORQL] ]DWH�GD�) ��YLUVRLGHV��HG�o�VWDWR�LQROWUH�RVVHUYDWR�LO�SURFHVVR�GL�UHJUHVVLRQH�LQ���ORFDOLWi �

3DUROH�FKLDYH��) XFXV�YLUVRLGHV��EDLD�GL�%RND�. RWRUVND��$GULDWLFR�P HULGLRQDOH
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7KH�P RVW�VLQXRXV�SDUW�RI�$GULDWLF�FRDVW��%RND�. RWRU�
VND�%D\ ��LV�VLWXDWHG�LQ�WKH�VRXWKHDVWHUQ�SDUW�RI�WKH�$GUL�
DWLF��) LJ��� ���,Q�FRP SDULVRQ�Z LWK�WKH�RSHQ�SDUW�RI�0 RQWH�
QHJULQ�FRDVW��WKLV�DTXDWLF�DUHD�VKRZ V�D�ODUJH�QXP EHU�RI
GLIIHUHQFHV�� %RND�. RWRUVND�%D\� �FRDVWOLQH�RI� WKH�ED\� LV
���� NP �� FRP SULVHV�LQOHWV�DQG�IRXU�VP DOOHU�ED\V��. RWRU
%D\�� 5LVDQ�%D\�� 7LYDW�%D\� DQG�+ HUFHJ�1 RYL�%D\ �� Z LWK
VSHFLILF� K\ GURJUDSKLF� FKDUDFWHULVWLFV� DQG�IHDWXUHV� RI
VXEP DULQH�UHOLHI�� %HFDXVH�RI�WKH�VSHFLILF�DELRWLF�FRQGL�
WLRQV��P DULQH�OLIH�LQ�WKH�%D\� LV�VSHFLILF�DV�Z HOO��8 QIRUWX�
QDWHO\ �� EHQWKLF� IORUD� DQG�YHJHWDWLRQ� RI� WKLV�ED\� DUH
SRRUO\�NQRZ Q��2 QH�RI�WKH�ILUVW�UHP DUNV�RQ�WKLV�WRSLF�Z DV
P DGH�E\�/ LQDUGLß������ ��LQ�WKH��6WXGLHV�RQ�WKH�$GULDWLF
) XFXV���/ DWHU��LQIRUP DWLRQ�RQ�) XFXV�YLUVRLGHV�Z DV�VSDUVH�
6ROD] ] L� ����� ��� Z KR�Z DV�WKH�ILUVW�WR�VWXG\� EHQWKLF�IORUD
LQ�%RND�. RWRUVND�%D\�� UHFRUGHG�) �� YLUVRLGHV� DW� WZ R�OR�
FDOLWLHV�LQ�. RWRU�%D\� �5DGLP LUL�DQG�,QVWLWXWH�RI� 0 DULQH
%LRORJ\ ��� $QWROLß�	� ÉSDQ������ �� SURYLGHG�LP SRUWDQW�DG�
GLWLRQDO�LQIRUP DWLRQ�RI�EHQWKLF�IORUD�RQ�WKLV�ED\ �� ) RU�WKH
) ��YLUVRLGHV�WKHUH�LV�QR�LQGLFDWLRQ�DV�WR�LWV�SUHFLVH�ORFDO�
LW\ ��EXW�P HUHO\� %RND�. RWRUVND�%D\�DV�D�Z KROH��$OWKRXJK
%RND�. RWRUVND�%D\�Z DV�GHILQHG�DV�WKH�VRXWKHUQ�OLP LW�RI

) LJ�� � �� 0 DS�RI� WKH�LQYHVWLJDWHG�DUHD�DQG�ORFDOLWLHV�RI� ) �
YLUVRLGHV��·· �œ�H[LVWLQJ�VLWHV��**�œ�GLVDSSHDUHG�VLWHV�
/HJHQG�� �� œ�,QVWLWXWH�RI�0 DULQH�%LRORJ\ �� �� œ�5DGLP LUL���
œ�' UDËLQ�9UW�� �� œ�3HUDVW� �� �� ž�3HUDVW� �� �� ž�%DQ�� �� ž�&D�
ULQH�� �� ž�6RSRW�� �� ž�6WUS�� ��� ž�/ LSFL����� ž�0 RULQM����� ž
. DP HQDUL����� ž� 7XUVNL�UW�� ��� ž� * RVSD�RG�$QáHOD�� ��� ž
$QGULÞL����� ž�. UDÉLÞL����� ž�. UDÉLÞL� ����� ž�0 DOH�5RVH�
6O��� �� =HP OMHYLG�UD] LVNDQHJD�REP RàMD�]�ORNDOLWHWDP L�YU�
VWH�) �� YLUVRLGHV�� ·· � ž� REVWRMHàH�ORNDOLWHWH�� ** � ž� L]J LQXOH
ORNDOLWHWH�
/HJHQGD�� �� ž� ,QÉWLWXW�]D� P RUVNR� ELRORJLMR�� . RWRU�� �� ž
5DGLP LUL���� ž� ' UDËLQ�9UW�� �� ž� 3HUDVW� �� �� ž� 3HUDVW� �� �� ž
%DQ�� �� ž� &DULQH�� �� ž�6RSRW�� �� ž� 6WUS�� ��� ž� / LSFL����� ž
0 RULQM����� ž� . DP HQDUL�� ��� ž� 7XUVNL�UW�� ��� ž� * RVSD�RG
$QáHOD�� ��� ž� $QGULÞL����� ž� . UDÉLÞL�� ��� ž� . UDÉLÞL� �� ��� ž
0 DOH�5RVH�

WKH�VSHFLHV¤�DUHD��/ LQDUGLß�� ���� ��� . DVKWD������ ��� �� UH�
SRUWHG� RQ� GLVMXQFWLRQ�LQ�WKH� DUHD�RI� ) �� YLUVRLGHV� DORQJ
WKH�$OEDQLDQ�FRDVW��7KH�DLP� RI�WKLV�Z RUN�Z DV�WR�H[SDQG
WKH� NQRZ OHGJH�RI� VSDWLDO�GLVWULEXWLRQ� RI� WKLV�HQGHP LF
DOJD�IRU�WKH�$GULDWLF�6HD�DW�RQH�RI�WKH�VRXWKHUQP RVW�OLP �
LWV�RI�LWV�UDQJH�
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7KH�UHVHDUFK�Z DV�FDUULHG� RXW� LQ�%RND�. RWRUVND�%D\
E\� VQRUNHOOLQJ�LQ�WKH�VXP P HU�P RQWKV�RI����� Ÿ����� DQG
E\� REVHUYDWLRQ�IURP� WKH�FRDVW�GXULQJ� WKH�HQWLUH�SHULRG�
/ RFDOLWLHV�LQ�. RWRU�DQG�5LVDQ�%D\ V�Z HUH�REVHUYHG�RFFD�
VLRQDOO\� GXULQJ�WHQ�\HDU�SHULRG��7KH�IL[ DWLRQ�RI�IHZ� VDP �
SOHV�Z DV�GRQH�Z LWK�� �� IRUP DOLQ�VHDZ DWHU�� Z KHUHDV�WKH
UHVW�RI�DOJDO�P DWHULDO�LV�SUHVHUYHG�DV�KHUEDULXP�P DWHULDO�
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' XULQJ� WKH�VWXGLHV�FDUULHG� RXW� LQ�WKH�LQYHVWLJDWHG
DUHD�� ) XFXV� YLUVRLGHV� Z DV� IRXQG�LQ� QRQ�FRQWLQXRXV
] RQH��DW���� ORFDOLWLHV��) LJ�� � ��� 7KH�DOJD�LV�Z LGHO\� GLVWULE�
XWHG�LQ�WKH�5LVDQ�%D\� ��� ORFDOLWLHV��� LQ�FRQWUDVW�WR�RWKHU
SDUWV�RI� %RND�. RWRUVND�%D\ �� 5RFN\� ERWWRP �� DV�UHTXLUHG
E\� ) XFXV�VS���LV�SUHVHQW�RQO\� RQ�WKH�VP DOO�LQWHU�WLGDO�VXU�
IDFHV�RI� WKH�%D\ �� DQG� RQH�RI� WKH�UHDVRQV�IRU�QXP HURXV
) XFXV�VLWHV�LQ�5LVDQ�%D\� LV�WKH�URFN\� VXEVWUDWH�LQ�WKH�LQ�
WHU�WLGDO�] RQH�� 5HJDUGLQJ� WKH�ORFDOLWLHV�RI� . UDÊLßL�DQG
* RVSD� RG�$QâHOD�� GLVDSSHDUDQFH� RI� ) XFXV� Z DV�RE�
VHUYHG�� 7KH�UHDVRQ�IRU�VXFK�VWDWH�RI� DIIDLUV�LV�DQWKURSR�
JHQLF�� L�H�� WKH�KDELWDW�GLVWXUEDQFH�� 7KH�UDSLG� XUEDQL]D�
WLRQ�DQG�FRQVWUXFWLRQ�RI�QXP HURXV�EXLOGLQJV�FORVH�WR�WKH
VKRUH�OLQH�FDXVHG�GLVDSSHDUDQFH�RI�WKH�WLQ\� URFN\� KDEL�
WDW�IRU�) �� YLUVRLGHV�� 7KH�GLVDSSHDUDQFH�RI�WKH�VSHFLHV�LQ
. RWRU�%D\� LV�DOVR�FDXVHG� E\� DQWKURSRJHQLF� IDFWRU�� DO�
WKRXJK�LQ�D�VOLJKWO\� GLIIHUHQW�Z D\�� 8 UEDQL] DWLRQ�LV�YHU\
UDSLG�LQ�WKLV�] RQH��WRR��EXW�KDELWDW�GLVWXUEDQFH�LV�SURED�
EO\� QRW�DV�FUXFLDO�DV�HXWURSKLFDWLRQ�� 7KH�%D\� RI� %RND
. RWRUVND�LV�D�QDWXUDO�HXWURSKLF�] RQH�� EXW�GXH�WR�LWV�QX�
P HURXV�VHZ DJH�V\ VWHP� RXWSXWV�DV�Z HOO�DV�FLW\� KDUERXUV
DQG�Z HDN�K\ GUR�G\ QDP LVP ��LW�FRXOG�QR�ORQJHU�EH�WROHU�
DWHG� E\� ) �� YLUVRLGHV�� 0 XQGD������ �� LQGLFDWHV�D�SDUWLDO
UHVWLWXWLRQ� RI� ) �� YLUVRLGHV� DW�VRP H�IDLUO\� SROOXWHG�VLWHV�
SUREDEO\� GXH�WR�WKH�LQFUHDVHG�UHVLVWDQFH�RU�JUDGXDO�DG�
DSWDWLRQ�WR�SROOXWLRQ�E\� RUJDQLF�Z DVWHV��EXW�UHVWLWXWLRQ�RI
) ��YLUVRLGHV�VLWHV�KDYH�QHYHU�EHHQ�REVHUYHG�LQ�%RND�. R�
WRUVND�%D\�� $GGLWLRQDO�UHDVRQV�IRU�WKH�GLVDSSHDUDQFH�RI
) ��YLUVRLGHV�IURP� WKH�%D\�FRXOG�EH�SDUWLDO�FKDQJHV�LQ�WKH
DELRWLF�FRQGLWLRQV��WHP SHUDWXUH�DQG�VDOLQLW\ ���) ��YLUVRLGHV
LV�D�HXU\ KDOLQH�DQG�HXU\ WKHUP DO�DOJD��EXW�WKH�LQFUHDVH�LQ
VHDZ DWHU�WHP SHUDWXUH��DLU�WHP SHUDWXUH�DQG�VDOLQLW\� �5HJ�
QHU�HW�DO��� ���� �� DW�RQH�RI� WKH�VRXWKHUQ�ORFDOLWLHV�RI� LWV
UDQJH�FRXOG�EH�WKH�IDFWRU�RI�LWV�HOLP LQDWLRQ��DOWKRXJK�H[�
SHULP HQWDO�GDWD�DUH�QHFHVVDU\� WR�FODULI\� WKLV�K\ SRWKHVLV�
5HJDUGLQJ� WKH�KDELWDW�FKDUDFWHULVWLF�� WKH�Z HOO�VKHOWHUHG
5LVDQ�%D\�LV�FHUWDLQO\� P RVW�DSSURSULDWH�QRW�RQO\� EHFDXVH
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RI�LWV�URFN\�VXEVWUDWH�EXW�DOVR�EHFDXVH�RI� JUHDW�LQSXW�RI
IUHVK�Z DWHU�� 7KLV�LV�Z K\� VDOLQLW\�YDOXHV�DUH�VLJQLILFDQWO\
ORZ HU�LQ�UHODWLRQ�WR�. RWRU�%D\� DQG�HVSHFLDOO\� WR� 7LYDW
DQG�+ HUFHJ�1 RYL�%D\ V�� / RZ HU�WHP SHUDWXUH�YDOXHV��SDU�
WLFXODUO\� LQ� WKH� VXUIDFH� OD\HUV�� DUH� DOVR� VLJQLILFDQW
�6WMHSáHYLß�� ���� �� 9XNDQLß�� ���� �� DQG�IDYRXUDEOH�IRU�) �
YLUVRLGHV�� ' HYHORSLQJ� RI� FRQFHSWDFXOHV� �UHSURGXFWLYH
RUJDQV��� Z KLFK�FRXOG� EH�IRXQG� QRW�RQO\� LQ�VSULQJ� EXW
DOVR�LQ�ODWH�VXP P HU�DQG�DXWXP Q�� DUH�WKH�SURRI� RI� ID�
YRXUDEOH�KDELWDW�FRQGLWLRQV�LQ�5LVDQ�%D\��) LJ��� ��

7KH�UDP LILFDWLRQ�RI�DOO�FROOHFWHG�VDP SOHV�LV�W\ SLFDOO\
GLFKRWRP �GLFKRSRGLDO��Z LWK�QXP HURXV�SUROLILFDWLRQV�DS�
SHDULQJ� RQ�WKH� ELWWHQ� SDUWV�� 7KHUH� DUH� DOVR� P DQ\
DQRP DORXV�IRUP DWLRQV�RQ�WKH�WKDOOXV��EXW�DV�%RND�. RWRU�
VND�%D\� LV�RQH�RI�WKH�VRXWKHUQP RVW�OLP LWV�RI�LWV�UDQJH��WKH
P RUSKRORJLFDO�YDULDELOLW\� RI� WKH� FROOHFWHG�VDP SOHV�Z DV
QRW�WDNHQ�LQWR�FRQVLGHUDWLRQ�

) LJ��� ��) ��YLUVRLGHV�LQ�WKH�5LVDQ�ED\ �
6O��� ��) ��YLUVRLGHV�Y�5LVDQVNHP� ]DOLYX�

&2 1 &/ 8 6,2 1

7KH�DLP� RI�WKLV�Z RUN�Z DV�WR�H[SDQG�WKH�NQRZ OHGJH
RI� VSDWLDO�GLVWULEXWLRQ� RI� ) XFXV�YLUVRLGHV� -�� $JDUGK�� DQ
HQGHP LF�DOJD�RI�WKH�$GULDWLF�6HD��LQ�%RND�. RWRUVND�%D\ �
RQH�RI�WKH�VRXWKHUQP RVW�OLP LWV�RI�WKH�VSHFLHV¤�UDQJH��7KH
UHVXOWV�RI�RXU�ILHOG�VWXGLHV�LQGLFDWH���� ) ��YLUVRLGHV�ORFDOL�
WLHV��Z LWK�P RVW�RI�WKHP� VLWXDWHG�LQ�5LVDQ�%D\��) DYRXUDEOH
FRQGLWLRQV�IRU�) �� YLUVRLGHV� LQ�5LVDQ�%D\� DUH�GXH�WR�WKH
JUHDW�LQSXW�RI�IUHVK�Z DWHU��ORZ HU�WHP SHUDWXUH�DQG�VDOLQLW\
YDOXHV��FRQVLGHUDEO\� GLIIHULQJ� IURP� WKRVH�RI� WKH�RSHQ
SDUW�RI�WKH�$GULDWLF�6HD��� URFN\� VXUIDFH�LQ�WKH�LQWHU�WLGDO
] RQH��DQG�UHODWLYHO\� XQGLVWXUEHG�HQYLURQP HQW�

' XULQJ� WKH�UHFHQW�VWXGLHV�� GLVDSSHDUDQFH�RI� �� VLWHV
Z DV�REVHUYHG��. UDÊLßL�DQG�* RVSD�RG�$QâHOD��� Z KLOH��
VLWHV�YLUWXDOO\� GLVDSSHDUHG�EHIRUH�WKHVH�VWXGLHV�Z HUH�FDU�
ULHG�RXW� �5DGLP LUL�DQG�,QVWLWXWH�RI� 0 DULQH�%LRORJ\ ��� 7KH
GLVDSSHDUDQFH�RI� WKHVH�VLWHV�Z DV�SUREDEO\� FDXVHG� E\
DQWKURSRJHQLF�LQIOXHQFH�� EXW�IXUWKHU�UHVHDUFK�Z RXOG�EH
QHFHVVDU\� WR� HYDOXDWH�WKH�OHYHO�RI� LP SDFW�FDXVHG� E\
KDELWDW�GLVWXUEDQFHV�� FRQFHQWUDWLRQ� RI� RUJDQLF� Z DVWHV�
WHP SHUDWXUH�DQG�VDOLQLW\� LQFUHDVH�RU�YDULDELOLW\� RI� RWKHU
FKHP LFDO�DQG�SK\ VLFDO�SDUDP HWHUV�
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32 9=( 7( .

1 DP HQ�UD]LVNDYH�MH�ELO�SULVSHYDWL�N�SR] QDYDQMX�UD]ÈLUMHQRVWL�EUDßLßD��) XFXV�YLUVRLGHV��-��$JDUGK��HQGHP LßQH�YUVWH
DOJ�Y�-DGUDQVNHP�P RUMX��NL�MH�HQR�QDMMXÊQHMÈLK�P HMD�QMHQHJD�DUHDOD��9] RUFL�UD]ÈLUMHQRVWL�EUDßLßD�VR�ELOL�SUHXßHYDQL�Y
=DOLYX�%RND�. RWRUVND��MXÊQL�-DGUDQ���WHUHQVNH�UD] LVNDYH�SD�VR�SRND] DOH��GD�Y�=DOLYX�XVSHYD�QD���� ORNDOLWHWDK��9HßLQD
L] P HG�WHK�OHÊL�Y�5LVDQVNHP� ]DOLYX��GHOX�=DOLYD�%RND�. RWRUVND��� SUHGYVHP� ]DUDGL�XJRGQLK�UD]P HU�Y�QMLK�� LQ�VLFHU
NDP QLWH�SRYUÈLQH�Y�P HGELEDYLßQHP� SDVX�� SUHFHMÈQMHJD�GRWRND�VODGNH�YRGH�� QMHQLK�QLÊMLK�YUHGQRVWL�WHP SHUDWXUH�LQ
VODQRVWL�LQ�UD] P HURP D�QHRNUQMHQHJD�RNROMD�
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0 HG�QHGDYQLP L�UD] LVNDYDP L�MH�ELOR�XJRWRYOMHQR��GD�DOJD�L]J LQMD�]�GYHK�ORNDOLWHW�LQ�GD�MH�QD�QDGDOMQMLK�GYHK�L] �
JLQLOD�ÊH�SUHG�UD] LVNDYDP L��$YWRULFD�GRP QHYD��GD�MH�WUHED�UD]ORJ�] D�L] JLQHYDQMH�WH�YUVWH�LVNDWL�Y�DQWURSRJHQLK�YSOLYLK�
LQ�GRGDMD��GD�EL�ELOH�SRWUHEQH�GRGDWQH�UD]LVNDYH��GD�EL�ODKNR�RFHQLOL�QHJDWLYQH�YSOLYH�] DUDGL�DQWURSRJHQLK�P RWHQM�LQ
SULWLVNRY�QD�QMLKRY�KDELWDW�LQ�YDULDELOQRVWL�GUXJLK�NHP LMVNLK�LQ�IL] LßQLK�SDUDP HWURY�

. OMXÞQH�EHVHGH��) XFXV�YLUVRLGHV��=DOLY�%RND�. RWRUVND��MXÌ QL�-DGUDQ

5()( 5( 1 &(6

$QWROLÜ��%�� 	� $ ��ÆSDQ������ � ��,VWUDÌLYDQMD�EHQWRVNH�IORUH
%RNRNRWRUVNRJ� ] DOLYD� �-XÌ QL� -DGUDQ��� %LRVLVWHP DWLFV�
�� �� ��� � Ÿ� �
. DVKWD�� / �� � ���� � �� � ��5UHWK�SsUKDSMHV�GKH�HNRORJMLVs�Vs
) XFXV�YLUVRLGHV� �' RQ��� -�� $JDUGK�Qs� EULJMHW�H�6KTLSsULVs
�$ERXW� WKH�' LVWULEXWLRQ�DQG�(FRORJ\� RI� ) XFXV�YLUVRLGHV
DORQJ� WKH�$OEDQLDQ�&RDVW���%XO��6KNHQF�� 6HU�� 6KNHQF�
1 DW��7LUDQH����� �� ���� Ÿ�� �
/ LQDUGLÜ�� -�� � ���� � �� 6WXGLMH�R�-DGUDQVNRP� ) XNXVX�� $FWD
%RWDQLFD��9ROV��; ,,�; ,,,������SS �
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