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7KH� IDUPLQJ�RI� WKH�EOXH�PXVVHO�0\WLOXV�JDOORSURYLQ�
FLDOLV� RQ� KDQJLQJ� ORQJOLQHV� LV� WKH�PDLQ�PDULFXOWXUH� DF�
WLYLW\�LQ�WKH�*XOI�RI�7ULHVWH��ZKHUH�LW�KDV�EHHQ�FDUULHG�RXW
WUDGLWLRQDOO\� IRU� VHYHUDO� KXQGUHG� \HDUV� DQG� LQGXVWULDOO\
IRU�PRUH� WKDQ� ��� \HDUV��0XVVHO� IDUPV� QRZDGD\V� FRYHU
DQ�DUHD����NP�ORQJ�DQG�����P�ZLGH��DORQJ�WKH�1(�FRDVW
RI� WKH�*XOI��$W� WKH�HQG�RI� WKH�����¤V��DERXW������� WRQV
\HDU���ZDV�SURGXFHG��7KHQ��WR[LF�DOJDO�EORRPV�DQG�RFFD�
VLRQDO� PXFXV� DJJUHJDWHV� GXULQJ� WKH� VXPPHU�� FRXSOHG
ZLWK� D� JHQHUDO� FULVLV� RI� WKH� ILVKHULHV� DFWLYLW\�� FDXVHG� D
GUDVWLF� SURGXFWLRQ� IDOO� UHDFKLQJ� ������ WRQV� LQ� ����
�)UDQ]RVLQL���������5HFRYHU\�KDV�EHJXQ�VLQFH��DQG�SUR�
GXFWLRQ�UHDFKHG�������WRQV�\HDU���LQ�������2UHO�	�=DP�
ERQL���������,Q�VSLWH�RI�WKH�VORZ�UHFRYHU\��PXVVHO�IDUPV
FXUUHQWO\� UHSUHVHQW�D�YHU\� LPSRUWDQW�HFRQRPLF�DVVHW� IRU
WKH�ORFDO�ILVKHU\�LQGXVWU\�

0XVVHO�FXOWXUHV�SURGXFH�ODUJH�DPRXQWV�RI�ELRGHSRV�
LWV��IDHFHV�DQG�SVHXGRIDHFHV��WKDW�FDXVH�LQFUHDVHG�GHSR�
VLWLRQ� RI� RUJDQLF�PDWHULDO� LQ� WKH� EHQWKRV� EHQHDWK� WKHP
�.DXWVN\�	�(YDQV��������+DWFKHU�HW�DO����������'DKOElFN
	�*XQQDUVVRQ� ������� HVWLPDWHG� WKH� VHGLPHQWDWLRQ� UDWH
RI�RUJDQLF�PDWWHU�XQGHU�D�FXOWXUH�WR�EH�XS�WR�WKUHH�WLPHV
KLJKHU�WKDQ�DW�D�FRQWURO�VLWH��LQYROYLQJ�FDUERQ�DQG�QLWUR�
JHQ� DFFXPXODWLRQ� LQ� WKH� VHGLPHQW� �+DOO� HW� DO��� �����
�������7KH�HQULFKPHQW�LQ�RUJDQLF�PDWWHU�FDXVHV�FKDQJHV
LQ�WKH�VHGLPHQW�FRPSRVLWLRQ��0LUWR�HW�DO���������DV�ZHOO
DV�DQ� LQFUHDVH� LQ�R[\JHQ�FRQVXPSWLRQ�� FDXVLQJ�ERWWRP
K\SR[LD� RU� DQR[LD� �0DWWVRQ� 	� /LQGpQ�� ������� ,Q� WXUQ�
WKHVH� FRQGLWLRQV� LQIOXHQFH� WKH� VWUXFWXUH� RI� WKH� PDFUR�
EHQWKLF�FRPPXQLWLHV��%UL]]L�HW�DO���������&KDPEHUODLQ�HW
DO��� ������� OHDGLQJ� WR� WKH� GRPLQDQFH� RI� RSSRUWXQLVWLF
SRO\FKDHWHV� DQG� WR� PDFURIDXQDO� ELRPDVV� GURSV� �+DU�
JUDYH� HW� DO��� ������� 7KH� VPDOOHU� EHQWKLF� FRPSRQHQWV�
VXFK� DV� PHLRIDXQDO� DQG� PLFURELDO� FRPPXQLWLHV�� DUH
GHHSO\�LQIOXHQFHG�WRR��0LUWR�HW�DO���������/D�5RVD�HW�DO��
������� 7KH� LPSDFW� FDQ� YDU\� FRQVLGHUDEO\� DPRQJ� ORFD�
WLRQV��ERWK�LQ�H[WHQW�DQG�GHJUHH��GHSHQGLQJ�RQ�WKH�HQYL�
URQPHQWDO�FKDUDFWHULVWLFV�RI�WKH�DUHD��*UDQW�HW�DO��������
6YDQH�	�6HW\REXGLDQGL��������

7KH�DLP�RI� WKLV� VWXG\�ZDV� WR� HYDOXDWH� WKH� HIIHFWV� RI
VXVSHQGHG� PXVVHO� FXOWXUHV� RQ� WKH� XQGHUO\LQJ� PDFUR�
EHQWKLF�IDXQD��E\�DQDO\VLQJ�WKH�FKDQJHV�LQ�WKH�FRPPX�
QLW\�VWUXFWXUH�GXULQJ�RQH�\HDU��7KH�PRVW�VLJQLILFDQW� IHD�
WXUHV� RI� WKH� VHGLPHQW� �UHGR[� SRWHQWLDO�� RUJDQLF� FDUERQ
DQG� QLWURJHQ�� ZHUH� DOVR� DQDO\VHG� WR� DVVHVV� WKH� GLIIHU�
HQFHV� EHWZHHQ� WKH� DUHD� XQGHUQHDWK� WKH� FXOWXUHV� DQG� D
FRQWURO�VLWH�

0$7(5,$/6�$1'�0(7+2'6

7KH�*XOI�RI�7ULHVWH�LV�D�VKDOORZ�ED\��PD[LPXP�GHSWK
���P��� FKDUDFWHUL]HG�E\�ZLGH� WHPSHUDWXUH� FKDQJHV� EH�
WZHHQ�ZLQWHU�DQG�VXPPHU��H�J��IURP�VXUIDFH�OD\HU�PLQL�
PXP�RI�DERXW����&�WR�PD[LPXP������&���7KHUPDO�VWUDWL�

ILFDWLRQ�LQ�WKH�VXPPHUWLPH�DQG�ZLQWHU�PL[LQJ��DV�ZHOO�DV
KLJK� VHGLPHQWDWLRQ� UDWHV� RI� ULYHU� VHGLPHQW� RXWSXWV� DUH
DOVR�W\SLFDO�RI�WKH�DUHD�

6DPSOLQJ�ZDV�SHUIRUPHG�PRQWKO\�IURP�0D\������WR
$SULO������DW�D�PXVVHO�IDUP�ORFDWHG�DORQJ�WKH�1(�FRDVW
RI� WKH�*XOI� �)LJ�� ���� 7KLV� IDUP� LV� RSHUDWLYH� VLQFH� �����
ZLWK�DQ�DQQXDO�SURGXFWLRQ�RI�DERXW�����WRQV��ZLWK�D�UH�
GXFWLRQ�RI�DERXW�����LQ�WKH�\HDUV�SUHFHGLQJ� WKH�VWXG\�
OLNH�DW�PDQ\� IDUPV�RI� WKH�*XOI�� ,Q� WKLV� DUHD� WKH� VXUIDFH
FXUUHQWV��DV�VKRZQ�E\�0DUWLQáLß�HW�DO����������UDQJH�IURP
��WR����FP�V����PHDQ�YDOXH�RI���FP�V����GXH�WR�WKH�WLGDO
LQIOXHQFH��EXW�ILUVW�RI�DOO�WR�WKH�HIIHFW�RI�WKH�ZLQGV�

7ZR�VWDWLRQV�ZHUH�DQDO\VHG�����VWDWLRQ�0��ORFDWHG�LQ�
VLGH�WKH�IDUP��RQ�PXGG\�VHGLPHQWV������VLOW������FOD\�
DOPRVW� FRPSOHWHO\� FRYHUHG� E\� D� �PXVVHO�FDUSHW��� FRQ�
VWLWXWHG� RI� OLYLQJ� DQG� GHDG� PXVVHOV� IDOOLQJ� IURP� WKH
URSHV�� DQG� E\� SODVWLF� QHWV� XVHG� DV� FXOWXUH� URSHV�� DW� D
GHSWK�RI����P�����VWDWLRQ�%��DV� WKH�FRQWURO� VLWH�� ORFDWHG
DERXW�����P�DZD\�IURP�WKH�FXOWXUH��QRW�LPSDFWHG�E\�WKH
PXVVHO�FXOWXUH��ZLWK�VLPLODU�GHSWK� ����P��DQG�VHGLPHQW
WH[WXUH������VLOW������FOD\���7HPSHUDWXUH��7����&���VDOLQ�
LW\� �6�� �SVX��DQG�GLVVROYHG�R[\JHQ� �'�2��� ��� VDWXUDWLRQ�
ZHUH�PHDVXUHG�RQ�YHUWLFDO�SURILOHV�XVLQJ�D�&7'�,GURQDXW
PRG������SUREH�

)LJ�����0DS�RI�WKH�VWXG\�DUHD�DQG�VDPSOLQJ�VWDWLRQV�
6O�����=HPOMHYLG�SUHXàHYDQHJD�REPRàMD�LQ�Y]RUàLÉà�

7KUHH� FRUH� VDPSOHV� IRU� UHGR[� SRWHQWLDO� PHDVXUH�
PHQWV��RUJDQLF�PDWWHU�DQG�VHGLPHQW�SDUWLFOH�VL]H�DQDO\�
VHV� ZHUH� FROOHFWHG� HYHU\� PRQWK� E\� 6&8%$�GLYHUV� E\
KDQG�FRULQJ�� 7KH� UHGR[� SRWHQWLDO� �(K�� RI� WKH� VHGLPHQW
ZDV�LPPHGLDWHO\�PHDVXUHG�DW�����FP�LQWHUYDOV�GRZQ�WR
�����FP��XVLQJ�D� UHGR[�SUREH�� VWDQGDUGL]HG� LQ�=REHOO¤V
VROXWLRQ��LQ�LQHUW�PHGLXP��6WDQGDUG�0HWKRGV���������7KH
VXUIDFH� OD\HUV� RI� WKH� VDPSOHV� ZHUH� IUHH]H�GULHG�� KR�
PRJHQL]HG� DQG� VLHYHG� WKURXJK� D� ���� µP�PHVK� VLHYH�
DIWHU�DFLGLILFDWLRQ��+HGJHV�	�6WHUQ��������WR�UHPRYH�WKH
FDUERQDWHV��$QDO\VHV�RI�RUJDQLF�FDUERQ�DQG� WRWDO� QLWUR�
JHQ�ZHUH�SHUIRUPHG�RQ� WKUHH� UHSOLFDWHV��XVLQJ�D�3HUNLQ
(OPHU� ����� &+16�2� DQDO\]HU� FDOLEUDWHG� ZLWK� DFHWDQL�
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OLGH� DW� D� FRPEXVWLRQ� WHPSHUDWXUH� RI� ����� �&�� 7KH� WH[�
WXUDO�FRPSRVLWLRQ�RI� WKH� VHGLPHQW� VDPSOHV�ZDV�GHILQHG
E\�GU\� VLHYLQJ� �VDQG\� IUDFWLRQ��DQG�E\�XVLQJ� WKH�0LFUR�
PHWULFV�6HGLJUDSK������(7�3DUWLFOH�6L]H�$QDO\]HU�IRU�VLOW
DQG�FOD\�FRPSRVLWLRQ��IROORZLQJ�SURFHGXUHV�UHSRUWHG�E\
&RYHOOL�	�)RQWRODQ��������

$W� HDFK� VWDWLRQ�� WKUHH� UHSOLFDWH� VDPSOHV� ZHUH� FRO�
OHFWHG�ZLWK�D�����P��YDQ�9HHQ�JUDE�DQG�VLHYHG�RQ�D����
PP� PHVK� VLHYH�� 7KH� UHWDLQHG� IDXQD� ZDV� SUHVHUYHG� LQ
��� EXIIHUHG� IRUPDOGHK\GH� VROXWLRQ�� VRUWHG� DQG� LGHQWL�
ILHG� WR� WKH� KLJKHVW� SRVVLEOH� WD[RQRPLFDO� OHYHO�� %LRPDVV
ZDV� GHWHUPLQHG� DV� DVK�IUHH� GU\� ZHLJKW� �$)':��� 7KH
VSHFLHV� ZHUH� JURXSHG� LQWR� ILYH� IHHGLQJ� JXLOGV�� FDUQL�
YRUHV�RPQLYRUHV�� VXVSHQVLRQ� IHHGHUV�� VXUIDFH� GHSRVLW
IHHGHUV�� VXE�VXUIDFH� GHSRVLW� IHHGHUV� DQG� KHUELYRUHV
�JUD]HUV���)DXFKDOG�	�-XPDUV��������%DFKHOHW��������

6SHFLHV� ULFKQHVV�� DEXQGDQFH�� 6KDQQRQ�:LHQHU� GL�
YHUVLW\� LQGH[� �ORJH�� DQG� HYHQQHVV� LQGH[� ZHUH� XVHG� WR
DQDO\VH� WKH� FRPPXQLW\� VWUXFWXUH�� 7KH� FOXVWHU� DQDO\VLV
DQG� WKH� QRQ�PHWULF� PXOWLGLPHQVLRQDO� VFDOLQJ� �0'6�
ZHUH�FDUULHG�RXW�RQ�VTXDUH�URRW�WUDQVIRUPHG�DEXQGDQFH
GDWD�XVLQJ� WKH�%UD\�&XUWLV� VLPLODULW\�PHDVXUH��7KH�6,0�
3(5�SURFHGXUH�ZDV�DSSOLHG� WR� GHWHUPLQH� WKH� JRRG�GLV�
FULPLQDWLQJ�VSHFLHV�IRU�GLVVLPLODULW\�EHWZHHQ�WKH�DIIHFWHG
DUHD�DQG� WKH�FRQWURO� VWDWLRQ�� 7R� GHWHFW� GLVWXUEDQFHV� RQ
WKH� EHQWKLF� FRPPXQLW\�� WKH�$EXQGDQFH�%LRPDVV� &RP�
SDULVRQ��$%&��PHWKRG��:DUZLFN��������DQG�:�VWDWLVWLFV
�&ODUNH�	�:DUZLFN��������ZHUH�DSSOLHG�

6
: ����%L���$L����>���6���@

L �

%L�DQG�$L�DUH�WKH�ELRPDVV�DQG�DEXQGDQFH�YDOXHV�IRU
HDFK� UDQN� �L�� LQ� DQ�$%&�FXUYH��DQG�6� LV� WKH� QXPEHU� RI
VSHFLHV��:� WDNHV� YDOXHV� LQ� WKH� UDQJH� IURP� ��� �VHYHUHO\
GLVWXUEHG��WR�����XQGLVWXUEHG���VR�WKH�FRPPXQLW\�VKRXOG
KDYH�D�QHJDWLYH�:�YDOXH� LI� LW� KDV� EHHQ�GLVWXUEHG��8QL�
YDULDWH�DQG�PXOWLYDULDWH� DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ
35,0(5���VRIWZDUH��&ODUNH�	�:DUZLFN��������

5(68/76

$ELRWLF�IDFWRUV

7KH� WZR� VWDWLRQV�ZHUH�FKDUDFWHUL]HG�E\�YHU\� VLPLODU
K\GURORJLFDO� IHDWXUHV��$QQXDO�PHDQ� WHPSHUDWXUHV�DW� WKH
ERWWRP�ZHUH� VOLJKWO\� KLJKHU� DW� VWDWLRQ� 0� �����±���� �&�
WKDQ�DW�VWDWLRQ�%������±�����&���UDQJLQJ�IURP�D�PLQLPXP
RI������&�WR�D�PD[LPXP�RI�������&�DW� WKH�IDUP�VLWH��DQG
IURP������&�WR�������&�DW�WKH�FRQWURO�VLWH��6DOLQLW\�YDULHG
IURP�������SVX� WR�������SVX�DW� WKH� IDUP�VLWH��DQG� IURP
������SVX� WR�������SVX�DW� WKH�FRQWURO� VLWH��7KH� VXUIDFH
OD\HU�VKRZHG�ORZ�YDOXHV�DW�ERWK�VWDWLRQV�LQ�2FWREHU�DQG
$SULO�� LQ�FRLQFLGHQFH�ZLWK�ODUJHU�ULYHU�LQSXWV�GXULQJ� WKH
UDLQLHVW�SHULRGV��'LVVROYHG�R[\JHQ�YDOXHV�DW� WKH�ERWWRP
UDQJHG�IURP��������WR���������DW�VWDWLRQ�0�DQG�IURP
�������WR���������DW�VWDWLRQ�%��7KH�ORZHVW�YDOXHV�ZHUH
UHJLVWHUHG�DW�ERWK�VWDWLRQV�LQ�6HSWHPEHU�
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)LJ�����0HDQ�YDOXHV�RI� WKH�UHGR[�SRWHQWLDO�RI� WKH� VHGL�
PHQW�RI�WKH�PXVVHO�IDUP��0��DQG�RI�FRQWURO�VWDWLRQ��%��
6O�� ��� 6UHGQMD� YUHGQRVW� UHGR[� SRWHQFLDOD� Y� VHGLPHQWX
SRG�JRMLÉàHQ�ÉNROMN��0��LQ�QD�NRQWUROQL�SRVWDML��%��

(K�PHDQ�YDOXHV�ZHUH�KLJKHU�DW�VWDWLRQ�%� LQ�DOO� VHGL�
PHQW� OHYHOV� �)LJ������EXW� WKH�PRQWKO\�SURILOHV�ZHUH�YHU\
YDULDEOH��$W� WKH� VXUIDFH� OD\HU� �������FP��� YDOXHV� UDQJHG
IURP�����P9�WR�����P9�DW�VWDWLRQ�0��DQG�IURP�����P9
WR�����P9�DW�VWDWLRQ�%��&RQVLGHULQJ�WKH�PHDQ�YDOXHV�RI
(K�LQ�WKH�GLIIHUHQW�OD\HUV��VWDWLRQ�0�VKRZHG�SRVLWLYH�YDO�
XHV�GRZQ�WR���FP�GHSWK��ZKLOH�PHDQ�YDOXHV�DW�VWDWLRQ�%
ZHUH�DOZD\V�SRVLWLYH��)LJ�����
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(OHPHQWDO� DQDO\VLV� RI� WKH� VXUIDFH� VHGLPHQW� VKRZHG
RUJDQLF�FDUERQ�DQG� WRWDO�QLWURJHQ� YDOXHV� �DV�PJ� J��� GU\
VHGLPHQW��DOZD\V�KLJKHU�EHQHDWK�WKH�PXVVHO�IDUP��)LJV����
���� EXW� WKH� W�WHVW� GHPRQVWUDWHG� VLJQLILFDQW� GLIIHUHQFHV
EHWZHHQ� WKH� WZR� VWDWLRQV� RQO\� IRU� RUJDQLF� FDUERQ� �S
��������7KH�RUJDQLF�FDUERQ�FRQWHQW�DW� VWDWLRQ�0� UDQJHG
IURP������� �±������PJ�J��� �-XQH�� WR������� �±������PJ�J��

�-XO\���$W�VWDWLRQ�%��WKH�KLJKHVW�YDOXH�PHDVXUHG�ZDV������
�±�����PJ�J��� LQ�'HFHPEHU�DQG� WKH� ORZHVW������� �±�����
PJ� J��� LQ� 1RYHPEHU�� 7KH� WRWDO� QLWURJHQ� FRQFHQWUDWLRQ
ZDV�DOZD\V�KLJKHU�DW�VWDWLRQ�0� WKDQ�DW� VWDWLRQ�%��H[FHSW
IRU�6HSWHPEHU��YDOXHV�YDULHG�IURP������ �±������PJ�J��� WR
����� �±������PJ�J���DW� VWDWLRQ�0��DQG� IURP������ �±�����
PJ�J���WR�������±������PJ�J���DW�VWDWLRQ�%��7KH�&�1�UDWLRV
DW�ERWK�VWDWLRQV�ZHUH�JHQHUDOO\�ORZHU�WKDQ�����ZLWK�KLJK�
HVW�YDOXHV�LQ�6HSWHPEHU�DW�VWDWLRQ�0�������±������DQG�LQ
0DUFK�DW� VWDWLRQ�%� ������±������ZKLOH� WKH� ORZHVW�YDOXHV
ZHUH�IRXQG�LQ�-XQH�DW�ERWK�VWDWLRQV��)LJ�����

)DXQDO�FRPSRVLWLRQ

$�WRWDO�RI����� WD[D�ZHUH� LGHQWLILHG�DW� VWDWLRQ�0�DQG
���� DW� VWDWLRQ� %�� DPRQJ� ZKLFK� ���� ZHUH� PXWXDO� WD[D
EHWZHHQ� WKH� WZR� VWDWLRQV��3RO\FKDHWHV�ZHUH�DOZD\V� WKH
ULFKHVW� JURXS�� IROORZHG� E\� PROOXVFV�� FUXVWDFHDQV� DQG
HFKLQRGHUPV��7DE������7KH�PRQWKO\�SDWWHUQ�RI� WKH�QXP�
EHU�RI�WD[D�ZDV�VLPLODU�XQGHU�WKH�PXVVHO�IDUP�DQG�DW�WKH
FRQWURO�VLWH�� ,Q�0D\�ZH�REVHUYHG�WKH�KLJKHVW�QXPEHU�DW
ERWK� VWDWLRQV��ZLWK� ��� VSHFLHV� DW� VWDWLRQ�0� DQG� ���� DW
VWDWLRQ�%��ZKHUHDV�WKH�ORZHVW�YDOXHV�ZHUH�IRXQG�LQ�ZLQ�
WHU��ZLWK���� WD[D�DW�VWDWLRQ�0��)HEUXDU\��DQG���� WD[D�DW
VWDWLRQ�%��0DUFK��UHVSHFWLYHO\��)LJ�����

7KH� WRWDO� DEXQGDQFH� ZDV� QRW� VLJQLILFDQWO\� GLIIHUHQW
EHWZHHQ� WKH� VWDWLRQV�� $W� HDFK� VLWH�� WKH� KLJKHVW� YDOXHV
ZHUH�IRXQG�LQ�0D\��GXH�WR�WKH�GRPLQDQFH�RI�WZR�SRO\�
FKDHWHV��3ULRQRVSLR�FLUULIHUD� UHSUHVHQWLQJ�����RI�DOO� LQ�
GLYLGXDOV� DW� VWDWLRQ� 0�� DQG� /XPEULQHULV� JUDFLOLV� UHSUH�
VHQWLQJ�����DW� VWDWLRQ�%��/RZ�YDOXHV�ZHUH� UHFRUGHG� LQ
ZLQWHU��)LJ�����

7DE�� ��� 1XPEHU� RI� WD[D� LQ� WKH� PDLQ� PDFUREHQWKLF
JURXSV�DW�WKH�WZR�VWDWLRQV�
7DE�����ÈWHYLOR�WDNVRQRY�Y�JODYQLK�PDNUREHQWRÉNLK�VNX�
SLQDK�QD�REHK�SRVWDMDK�

1XPEHU�RI�WD[D 6WDWLRQ�0 6WDWLRQ�%

3RO\FKDHWHV �� ��
0ROOXVFV �� ��
&UXVWDFHDQV �� ��
(FKLQRGHUPV �� ��
2WKHUV �� ��
7RWDO ��� ���

7KH� DQDO\VLV� RI� DEXQGDQFH� RI� WKH� PDLQ� WD[RQRPLF
JURXSV� �SRO\FKDHWHV�� PROOXVFV�� FUXVWDFHDQV�� HFKLQR�
GHUPV�� VKRZHG� WKDW�SRO\FKDHWHV�ZHUH� DOZD\V� GRPLQDQW
DW�ERWK�VWDWLRQV��RQ�DYHUDJH�����DW�VWDWLRQ�%�DQG�����DW
VWDWLRQ�0��DQG�LQ�DOO�VDPSOHV��&UXVWDFHDQV��PROOXVFV�DQG
HFKLQRGHUPV�ZHUH�RQ�DYHUDJH�PRUH�DEXQGDQW�DW� VWDWLRQ
0�WKDQ�DW�VWDWLRQ�%��ZLWK�������������DQG�����������
UHVSHFWLYHO\�

7KH�WHQ�PRVW�DEXQGDQW�WD[D�DW�HDFK�VWDWLRQ�DUH�OLVWHG
LQ�7DEOH����6SHFLHV�FRPSRVLWLRQ�DW�VWDWLRQ�0�ZDV�GRPL�
QDWHG�E\�WKH�SRO\FKDHWHV�3��FLUULIHUD�DQG�/��JUDFLOLV��7KH
IRUPHU�ZDV�YHU\�DEXQGDQW�RQO\� LQ�0D\� ������ LQG�P����
ZKHUHDV� WKH� ODWWHU� ZDV� DEXQGDQW� HYHU\� PRQWK�� 7KH
GRPLQDQW� VSHFLHV� DW� VWDWLRQ� %� ZHUH� WKH� SRO\FKDHWHV� /�
JUDFLOLV��$ULFLGHD�VSS��DQG�0DOGDQH�JOHELIH[��6RPH�VSH�
FLHV� ZHUH� H[FOXVLYHO\� SUHVHQW� DW� RQH� VWDWLRQ�� +DOLRWLV
ODPHOORVD� WXEHUFXODWD� DQG� 3DUDFHQWURWXV� OLYLGXV� ZHUH
IRXQG�RQO\�DW�VWDWLRQ�0��ZKHUHDV� WKUHH�SRO\FKDHWH�VSH�
FLHV��0�� JOHELIH[�� /XPEULQHULV� WHWUDXUD� DQG� 6WKHQROHSLV
\KOHQL�� ZHUH� UHFRUGHG� RQO\� DW� VWDWLRQ� %�� 7KH� PROOXVF
1XFXOD� QXFOHXV� DQG� WKH� FUXVWDFHDQV� 3LVLGLD� ORQJLPDQD
DQG�$WKDQDV�QLWHVFHQV�ZHUH�VLJQLILFDQWO\�PRUH�DEXQGDQW
DW�VWDWLRQ�0�WKDQ�%��RQ�DYHUDJH����YV����LQG�P��������YV
���LQG�P���DQG����YV���LQG�P���UHVSHFWLYHO\�

7DE�����7RS�WHQ�UDQNHG�WD[D��PHDQ�GHQVLW\�DQG�SHUFHQWDJH�DW�WKH�WZR�VWDWLRQV�
7DE�����3UYLK�GHVHW�QDMSRPHPEQHMÉLK�WDNVRQRY��QMLKRYD�VUHGQMD�JRVWRWD�LQ�GHOHËL�QD�REHK�SRVWDMDK�

6WDWLRQ�0 6WDWLRQ�%
7D[D ,QG��P�� � 7D[D ,QG��P�� �

3ULRQRVSLR�FLUULIHUD ��� ����� /XPEULQHULV�JUDFLOLV ��� �����
/XPEULQHULV�JUDFLOLV ��� ���� $ULFLGHD�VS�S� ��� �����
$ULFLGHD�VS�S� ��� ���� 0DOGDQH�JOHELIH[ ��� ����
3LVLGLD�ORQJLPDQD ��� ���� (XQLFH�YLWWDWD ��� ����
1XFXOD�QXFOHXV �� ���� 3RPDWRFHURV�WULTXHWHU �� ����
3RPDWRFHURV�WULTXHWHU �� ���� /XPEULQHULV�ODWUHLOOL �� ����
(XQLFH�YLWWDWD �� ���� /HYLQVHQLD�JUDFLOLV �� ����
/XPEULQHULV�ODWUHLOOL �� ���� 6\OOLGDH�LQGHW� �� ����
$WKDQDV�QLWHVFHQV �� ���� 3ULRQRVSLR�FLUULIHUD �� ����
*DPPDULGDH�LQGHW� �� ���� *DPPDULGDH�LQGHW� �� ����

� ����� �����
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7KH� 6KDQQRQ�:LHQHU� GLYHUVLW\� LQGH[� DQG� HYHQQHVV
LQGH[� GLG� QRW� VKRZ� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH
VWDWLRQV�� 6KDQQRQ�:LHQHU� DYHUDJH� ZDV� ����� �������� DW
VWDWLRQ�0� DQG� ����� �������� DW� VWDWLRQ� %�� DQG� HYHQQHVV
DYHUDJH�ZDV��������������DW�VWDWLRQ�0�DQG�������������
DW�VWDWLRQ�%�

,Q� RUGHU� WR� HYDOXDWH� WKH� SHUFHQWDJH� RI� VHQVL�
WLYH�WROHUDQW� VSHFLHV�� WKH� VSHFLHV� IRXQG� DW� WKH� WZR� VLWHV
ZHUH�DVVLJQHG�WR�WKH�HFRORJLFDO�JURXSV�UHSRUWHG�E\�6LP�
ERXUD�	�=HQHWRV���������2QO\�KDOI�RI�WKH�VSHFLHV�LGHQWL�
ILHG� FRXOG� EH� DVVLJQHG�� WKHUHIRUH� WKH� QXPEHU� RI� VHQVL�
WLYH�WROHUDQW� VSHFLHV�ZDV� UHSRUWHG��ZLWKRXW� WKH� SHUFHQW�
DJH�YDOXHV��7KH�UHVXOWV�VKRXOG�EH�FRQVLGHUHG�ZLWK�FDUH�
DV�RQO\�KDOI�RI� WKH�FRPPXQLW\�LV�UHSUHVHQWHG��$W�VWDWLRQ
0�� ��� VHQVLWLYH� DQG� ��� WROHUDQW� VSHFLHV� ZHUH� IRXQG�
ZKLOH� DW� VWDWLRQ�%����� VHQVLWLYH� DQG���� WROHUDQW� VSHFLHV
ZHUH�UHFRUGHG�
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)LJ�����7HPSRUDO�YDULDWLRQ�RI�&�1�UDWLR�
6O�����ßDVRYQR�YDULLUDQMH�&�1�UD]PHUMD�

%LRPDVV� �QRW� FRQVLGHULQJ�0�� JDOORSURYLQFLDOLV� IDOOHQ
IURP� WKH� URSHV��ZDV� KLJKHU� EHQHDWK� WKH�PXVVHO� FXOWXUH
ZLWK�D�PHDQ�YDOXH�RI����������������J�$)':�P���FRP�
SDUHG� WR�D�YDOXH�RI������� ��������� J�$)':�P��� DW� WKH
FRQWURO�VLWH��$W�VWDWLRQ�0��WKH�KLJKHVW�YDOXH�ZDV�UHFRUGHG
LQ�$XJXVW� ��������J�$)':�P���� DQG� WKH� ORZHVW� LQ�'H�
FHPEHU� ������J�$)':�P���� �)LJ������ZKLOH� DW� VWDWLRQ�%�
WKH�KLJKHVW�YDOXH�RI�ELRPDVV�ZDV�������J�$)':�P��� LQ

'HFHPEHU�DQG�WKH�ORZHVW�LQ�0DUFK�������J�$)':�P����
$W� ERWK� VWDWLRQV�� RQ� DYHUDJH� ���� RI� WKH� ELRPDVV� ZDV
FRPSRVHG�E\�HSLIDXQD��DERYH�DOO�DQWKR]RD�DQG�DVFLGLD�
FHD��DQG�����RI�LQIDXQDO�RUJDQLVPV�

%HQHDWK� WKH� PXVVHO� IDUP�� LQ� DGGLWLRQ� WR� DQWKR]RD
DQG�DVFLGLDFHD��7DE������WKH�PRVW�UHSUHVHQWDWLYH�VSHFLHV�
LQ�WHUPV�RI�ELRPDVV��ZHUH�WKH�SRO\FKDHWH�0DUSK\VD�VDQ�
JXLQHD� DQG� WKH�PROOXVFV�+H[DSOH[� WUXQFXOXV� DQG� /LPD
H[LOLV��ZKLOH�DW� WKH�FRQWURO� VLWH� WKH�SRO\FKDHWHV�0�� VDQ�
JXLQHD� DQG� &KDHWRSWHUXV� YDULRSHGDWXV� ZHUH� WKH� PRVW
LPSRUWDQW�

&RQVLGHULQJ� WKH� IHHGLQJ� JXLOGV�� VXVSHQVLRQ� IHHGHUV
�DQWKR]RD�� DVFLGLDFHD�� /�� H[LOLV�� &XFXPDULD� SODQFL�
GRPLQDWHG�E\�ELRPDVV�DW�VWDWLRQ�0��UHSUHVHQWLQJ�����RI
WKH�WRWDO�ELRPDVV� �7DE������ZKLOH�FDUQLYRUHV� UHSUHVHQWHG
���� LQ�ELRPDVV��PRVWO\�GXH� WR� WKH�SRO\FKDHWH�0�� VDQ�
JXLQHD�DQG�WKH�PROOXVF�+��WUXQFXOXV��6LPLODUO\��DW�VWDWLRQ
%�� VXVSHQVLRQ� IHHGHUV� GRPLQDWHG� ������� IROORZHG� E\
FDUQLYRUHV� ������� 5HJDUGLQJ� WKH� RWKHU� WURSKLF� JURXSV�
JUD]HUV�DQG�VXUIDFH�GHSRVLW�IHHGHUV�ZHUH�PRUH�LPSRUWDQW
DV� ELRPDVV� EHQHDWK� WKH� PXVVHO� IDUP�� ZKHUHDV� VXUIDFH
GHSRVLW�IHHGHUV�DQG�VXE�VXUIDFH�GHSRVLW�IHHGHUV�SOD\HG�D
PRUH�LPSRUWDQW�UROH�DW�WKH�FRQWURO�VLWH�
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)LJ�� ��� 1XPEHU� RI� WD[D� RI� WKH� PDFUREHQWKLF� IDXQD� DW
VWDWLRQ�0�DQG�VWDWLRQ�%�
6O�����ÈWHYLOR� WDNVRQRY�PDNUREHQWRÉNH� IDYQH�QD�SRVWDML
0�LQ�SRVWDML�%�

7DE�����%LRPDVV�DQG�UHODWLYH�SHUFHQWDJH�RI�WKH�PRVW�UHSUHVHQWDWLYH�VSHFLHV�
7DE�����%LRPDVD�LQ�GHOHËL�QDMEROM�UHSUH]HQDWLYQLK�YUVW�

6WDWLRQ�0 6WDWLRQ�%

7D[D J�$)':�P�� ��� 7D[D J�$)':�P�� ���

$QWKR]RD�LQGHW� ���� ���� $VFLGLDFHD�LQGHW� ���� ����
0DUSK\VD�VDQJXLQHD ���� ���� $QWKR]RD�LQGHW� ���� ����
$VFLGLDFHD�LQGHW� ���� ���� 0DUSK\VD�VDQJXLQHD ���� ����
+H[DSOH[�WUXQFXOXV ���� ���� &KDHWRSWHUXV�YDULRSHGDWXV ���� ���
/LPD�H[LOLV ���� ��� +H[DSOH[�WUXQFXOXV ���� ���
&XFXPDULD�SODQFL ���� ��� 2SKLRWKUL[�TXLQTXHPDFXODWD ���� ���
3DUDFHQWURWXV�OLYLGXV ���� ��� 1HPHUWHD�LQGHW� ���� ���
1XFXOD�QXFOHXV ���� ��� 'DV\EUDQFKXV�FDGXFXV ���� ���

�� ��
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,Q�WHUP�RI�DEXQGDQFH��VXUIDFH�GHSRVLW� IHHGHUV������
GRPLQDWHG� XQGHU� WKH� PXVVHO� IDUP� GXH� WR� VRPH� VPDOO�
VL]HG� SRO\FKDHWHV�� VXFK� DV� 3ULRQRVSLR� FLUULIHUD� DQG
$ULFLGHD� VSS��� IROORZHG�E\� FDUQLYRUHV� �������$W� VWDWLRQ
%��FDUQLYRUHV�������GRPLQDWHG��IROORZHG�E\�VXUIDFH�GH�
SRVLW� IHHGHUV� ������� ZKLOH� VXE�VXUIDFH� GHSRVLW� IHHGHUV
ZHUH�IRXQG�DOPRVW�H[FOXVLYHO\�DW�WKH�FRQWURO�VLWH�

7DE�� ��� )HHGLQJ� JXLOGV�� SHUFHQWDJH� RI� ELRPDVV� DQG
DEXQGDQFH�� 6)�� 6XVSHQVLRQ� IHHGHUV�� &�2�� &DUQL�
YRUHV�2PQLYRUHV��6')��6XUIDFH�'HSRVLW�)HHGHUV��66')�
6XE�6XUIDFH�'HSRVLW�)HHGHUV��*��*UD]HUV��KHUELYRUHV��
7DE�� ��� 3UHKUDQMHYDOQL� FHKL�� GHOHË� ELRPDVH� LQ� ÉWHYLO�
àQRVWL�� 6)�� VXVSHQ]LRIDJL�� &�2�� NDUQLYRUL�RPQLYRUL�
6')�� SRYUÉLQVNL� GHWULWRIDJL�� 66')�� SRGSRYUÉLQVNL� GHWUL�
WRIDJL��*��UDVWOLQRMHGFL�

%LRPDVV���� $EXQGDQFH����

6WDWLRQ�0 6WDWLRQ�% 6WDWLRQ�0 6WDWLRQ�%

�6) ���� ���� ���� ����
�&�2 ���� ���� ���� ����
�6') ��� ��� ���� ����
�66') ��� ��� ��� ���
�* ��� ��� ��� ���

&OXVWHU� DQDO\VLV� DQG� 0'6� SURYLGHG� D� FOHDU� VHSDUD�
WLRQ� EHWZHHQ� WKH� WZR� VLWHV��ZLWK� WKH� RQO\� H[FHSWLRQ� RI
WKH� 0D\� VDPSOH� XQGHU� WKH� IDUP�� ZKLFK� LV� LQ� WKH� GHQ�
GURJUDP�LQFOXGHG�LQ�WKH�FRQWURO�VLWH�JURXS��)LJV���D���E��
7KH� $%&� FXUYHV�� JHQHUDWHG� IURP� WKH� FRPELQDWLRQ� RI
PRQWKO\�GDWD��LQGLFDWH�D�VOLJKW�GLVWXUEDQFH�LQ�WKH�PXVVHO
VLWH��)LJ�������WKH�FXUYHV�OLH�VRPHZKDW�FORVH�WRJHWKHU�DQG
FURVV� HDFK�RWKHU��:�YDOXHV��FDOFXODWHG� IRU� HDFK�VWDWLRQ
DQG� PRQWK�� ZHUH� SRVLWLYH� IRU� ERWK� VWDWLRQV�� H[FHSW� IRU
VWDWLRQ� 0� LQ� 0D\�� ZKLFK� VKRZHG� D� VOLJKWO\� QHJDWLYH

YDOXH��7DE������7KH�YDOXHV�UDQJHG�IURP��������WR������
DW�VWDWLRQ�0��ZLWK�D�PHDQ�RI�����������������DW�VWDWLRQ�%�
WKH\�UDQJHG�IURP�������WR��������ZLWK�D�PHDQ�RI������
���������

7DEOH���VKRZV� WKH�UHVXOWV�RI�EUHDNLQJ�GRZQ�WKH�GLV�
VLPLODULWLHV�EHWZHHQ� WKH� WZR�VLWHV� LQWR� VSHFLHV�FRQWULEX�
WLRQV��WKH�GLVVLPLODULW\�EHWZHHQ�WKH�WZR�VLWHV�ZDV�PDLQO\
GXH� WR�0�� JOHELIH[��1�� QXFOHXV� DQG� /�� JUDFLOLV�� ZKLFK
ZHUH�WKH�VSHFLHV�ZLWK�KLJKHU�'LVV��6'�UDWLR��1HDUO\����
RI�WKH�FRQWULEXWLRQ�WR�GLVVLPLODULW\�ZDV�DFFRXQWHG�IRU�E\
WKH�ILUVW�HLJKW�VSHFLHV�OLVWHG�

7DE�����:�VWDWLVWLF�YDOXHV�FRUUHVSRQGLQJ�WR�WKH�PRQWKO\
$%&�FXUYHV�RI�WKH�WZR�VWDWLRQV�
7DE�����:���VWDWLVWLàQH�YUHGQRVWL��NL�XVWUH]DMR�PHVHàQLP
NULYXOMDP�$%&�REHK�SRVWDM�

VWDWLRQ�0 VWDWLRQ�%

0�
�� ������ �����
- ����� ����
- ����� ����
$ ����� �����
6 ���� �����
2 ����� �����
1 ����� �����
' ����� �����
-�� ���� �����
) ����� �����
0 ����� �����
$ ����� �����
$YHUDJH ����� �����

6' ����� �����

7DE�����%UHDNGRZQ�RI�DYHUDJH�GLVVLPLODULW\�EHWZHHQ�WKH�WZR�VWDWLRQV�LQWR�FRQWULEXWLRQV�IURP�HDFK�VSHFLHV�
7DE�����5D]àOHPED�SRYSUHàQH�UD]OLàQRVWL�PHG�GYHPD�SRVWDMDPD�QD�SULVSHYNH�YVDNH�YUVWH�

% 0
$Y��DEXQG $Y��DEXQG

$Y��GLVV 'LVV�6' &RQWULE�� &XP���

/XPEULQHULV�JUDFLOLV ������ ������ ���� ���� ����� �����
3ULRQRVSLR�FLUULIHUD ����� ������ ���� ���� ���� �����
$ULFLGHD�VS�S� ������ ������ ���� ���� ���� �����
0DOGDQH�JOHELIH[ ������ ���� ���� ���� ���� �����
'HFDSRGD ����� ������ ���� ���� ���� �����
3LVLGLD�ORQJLPDQD ����� ������ ���� ���� ���� �����
3RPDWRFHURV�WULTXHWHU ����� ����� ���� ���� ���� �����
1XFXOD�QXFOHXV ����� ����� ���� ���� ���� �����
$YHUDJH�GLVVLPLODULW\�EHWZHHQ�VWDWLRQV� ������
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7KH�DELRWLF�IDFWRUV��7��6��'�2���PHDVXUHG�LQ�WKH�ZDWHU
FROXPQ�ZHUH�VLPLODU� IRU�ERWK�VWDWLRQV��7KH�'�2�� ORZHVW
YDOXHV�ZHUH�UHJLVWHUHG�LQ�6HSWHPEHU��ZKHQ�'�2��XVXDOO\
GHFUHDVHV�LQ�PRVW�RI�WKH�ERWWRP�OD\HUV�RI�WKH�*XOI�RI�7UL�
HVWH��7KLV� LV�GXH� WR� WKH� VXPPHU� WKHUPDO� VWUDWLILFDWLRQ�RI
WKH�ZDWHU�FROXPQ������P�DW�WKH�EHJLQQLQJ�RI�VSULQJ�XQWLO
DERXW� ��� P� DW� WKH� HQG� RI� VXPPHU�� �&DUGLQ� 	� &HOLR�
������

$FFRUGLQJ� WR� PDQ\� DXWKRUV� �.DVSDU� HW� DO��� �����
+DWFKHU�HW�DO���������6WHQWRQ�'R]H\�HW�DO���������� WKHUH
LV� DQ� LQFUHDVH� RI� RUJDQLF� FDUERQ� DQG� QLWURJHQ� XQGHU
PXVVHO�FXOWXUHV��LQ�RXU�VWXG\��WKH�RUJDQLF�FDUERQ�DQG�WKH
WRWDO�QLWURJHQ�FRQFHQWUDWLRQV�ZHUH�����DQG�����KLJKHU
EHQHDWK�WKH�PXVVHO�IDUP�WKDQ�LQ�WKH�FRQWURO�VLWH�UHVSHF�
WLYHO\��7KH�&�1�UDWLR�VKRZHG�DYHUDJH�YDOXHV�≤����� LQGL�
FDWLQJ� WKH�PDULQH� RULJLQ� RI� WKH� RUJDQLF�PDWHULDO� LQ� WKH
VHGLPHQWV��:DVVPDQQ���������7KH�ORZ�&�1�UDWLR�YDOXHV
LQ� -XQH�� DW�ERWK� VWDWLRQV�� FRXOG� LQGLFDWH� WKH� SUHYDOHQFH
RI� SURWHLQ�ULFK� RUJDQLVPV� ZLWK� KLJK� QLWURJHQ� FRQWHQW
DQG�RU� PLFURELDO� DFWLYLW\�� +LJK� &�1� YDOXHV� �0D\� DQG
0DUFK�� PD\� KLJKOLJKW� WKH� SUHYDOHQFH� RI� GHJUDGDWLRQ
SURFHVVHV�RI�RUJDQLF�QLWURJHQ� LQ� WKH�ZDWHU�VHGLPHQW� LQ�
WHUIDFH�DQG� WKH�SUHVHQFH�RI�DOORFKWKRQRXV�RUJDQLF�PDW�
WHU� �)DJDQHOL�HW� DO��� ������� ,Q� WXUQ�� WKH�KLJKHU�&�1� UDWLR
YDOXHV�XQGHU�WKH�KDUYHVWLQJ�DUHD�LQ�-XO\��6HSWHPEHU�DQG
-DQXDU\� FRXOG� LQGLFDWH� DFFXPXODWLRQ� RI� UHIUDFWRU\� RU�
JDQLF�PDWHULDO��GHULYHG�PDLQO\�IURP�IDHFHV�DQG�GHFD\LQJ
PXVVHOV�DQG�IRXOHUV��6WHQWRQ�'R]H\�HW�DO���������

$W�VWDWLRQ�0��DQR[LF�FRQGLWLRQV�ZHUH�REVHUYHG�LQ�WKH
VHGLPHQW�� EXW� RQO\� LQ� WKH� OD\HUV� XQGHUO\LQJ� WKH� ILUVW� �
FP��)URP�VFXED�GLYLQJ�GLUHFW�REVHUYDWLRQV��QR�EDFWHULDO
PDWV� RU� EODFN� PXGV� ZHUH� GHWHFWHG�� 7KH� VHGLPHQW� EH�
QHDWK� WKH�PXVVHO� IDUP�ZDV� DOPRVW� FRPSOHWHO\� FRYHUHG
E\� D� �PXVVHO�FDUSHW��� FRQVWLWXWHG� RI� OLYLQJ� DQG� GHDG
PXVVHOV� IDOOLQJ�IURP�WKH�URSHV��DQG�E\�SODVWLF�QHWV�XVHG
DV� FXOWXUH� URSHV�� $� ODUJH� QXPEHU� RI�PXVVHOV� IDOO� GRZQ
IURP� WKH� RYHUO\LQJ� URSHV�� SDUWLFXODUO\� GXULQJ� WKH� ILUVW
VWDJHV� RI� GHYHORSPHQW� RU� LQ� VXPPHU�� EHIRUH� WKHLU� KDU�
YHVWLQJ�� ZKHQ� WKH� E\VVXV� WKUHDGV� EUHDN�� 7KH� PXVVHOV
FRPPRQO\� VXUYLYH�RQ� WKH�VHDEHG� IRU� D� IHZ�PRQWKV�� DO�
WKRXJK� WKUHH�\HDU�ROG� VSHFLPHQV� KDYH� RFFDVLRQDOO\
EHHQ�FROOHFWHG��%UL]]L�HW�DO����������,Q�WKLV�ZD\��WKH�PXV�
VHO�FXOWXUHV�WUDQVIHU�WR�WKH�EHQWKLF�V\VWHP�ODUJH�DPRXQWV
RI�RUJDQLF�PDWWHU�DYDLODEOH�IRU�SUHGDWRUV�DQG�VFDYHQJHUV�
DV�ZHOO� DV� IDHFHV� DQG� SVHXGRIDHFHV� IRU� GHSRVLW� IHHGHUV
�)UDQNHQEHUJ�	�6PLWK��������7HQRUH�HW�DO���������6WXDUW
HW�DO���������5RVHQEHUJ�	�/RR��������

3RO\FKDHWHV�UHSUHVHQWHG�WKH�GRPLQDQW�JURXS�DW�ERWK
VWDWLRQV��ZKLFK�ZDV�H[SHFWHG�FRQVLGHULQJ�WKDW� WKH\�QRU�
PDOO\� FRQVWLWXWH� DERXW� ���� RI� DEXQGDQFH� RQ� PXGG\
VHGLPHQWV��6RPDVFKLQL�HW�DO���������
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)LJ�����$EXQGDQFH�RI�WKH�PDFUREHQWKLF�IDXQD�DW�VWDWLRQ
0�DQG�VWDWLRQ�%�
6O�����ÈWHYLOàQRVW�PDNUREHQWRÉNH� IDYQH�QD�SRVWDML�0� LQ
SRVWDML�%�

7KH� DQDO\VLV� RI� WKH� SUHVHQFH� RI� VHQVLWLYH� DQG� WROHU�
DQW�RSSRUWXQLVWLF� VSHFLHV� KLJKOLJKWHG� DW� ERWK� VWDWLRQV� D
KLJK�QXPEHU�RI�WROHUDQW�VSHFLHV��ZKLFK�ZHUH�WKH�VDPH�DV
IRXQG�FRPPRQO\�LQ�DOO�WKH�PXGG\�VHGLPHQWV�RI�WKH�*XOI
RI� 7ULHVWH� �6ROLV�:HLVV�HW� DO��� ������ $OHIIL� HW� DO��� ������
0RUHRYHU�� LW� LV� WR�XQGHUOLQH� WKDW�RQ�PXGG\�ERWWRPV� �DV
IRXQG� DW� WKH� WZR� VWDWLRQV�� WKH� IDXQD� LV� JHQHUDOO\� GRPL�
QDWHG�E\�WROHUDQW�VSHFLHV�

7KH� SHUFHQWDJH� DEXQGDQFHV� RI� WKH�PDLQ� WD[D� ZHUH
VLPLODU� DW� ERWK� VWDWLRQV�� H[FHSW� IRU� WKH� FUXVWDFHDQV� WKDW
DSSHDUHG� WR�EH�PRUH�DEXQGDQW� XQGHU� WKH�PXVVHO� IDUP�
HVSHFLDOO\�WKH�GHFDSRG�3LVLGLD� ORQJLPDQD��$QRWKHU�VSH�
FLHV� RI� WKH� VDPH� JHQXV� 3LVLGLD� ORQJLFRUQLV� KDV� EHHQ
IRXQG�DV�GRPLQDQW� LQ� WKH�HSLIDXQD�RI� WKH�FXOWXUH� URSHV
LQ�WKH�5uD�GH�$URXVD��6SDLQ���5RPiQ�	�3pUH]��������DQG
DV�WKH�PDLQ�FRPSRQHQW�LQ�WKH�GLHW�RI�WKH�SUHGDWRU�FUXV�
WDFHDQV� OLYLQJ� WKHUH� �*RQ]iOH]�*XUULDUiQ� HW� DO��� ������
$FFRUGLQJ�WR�)UHLUH���������FXOWXUH�URSHV�FRXOG�EH�FRQ�
VLGHUHG�DQ�DGGLWLRQDO�VXEVWUDWXP�IRU�WKH�GHYHORSPHQW�RI
HSLIDXQDO�DQG�PDFURDOJDO�FRPPXQLWLHV��,Q�WKLV�FDVH��WKH
�PXVVHO�FDUSHW��XQGHU�WKH�IDUP�UHSUHVHQWV�DQ�LGHDO�KDEL�
WDW�DQG�IRRG�VXSSO\�IRU�FUXVWDFHDQV�DQG�IRU�VRPH�KHUEL�
YRUHV�OLNH�WKH�DEDORQH�+DOLRWLV�ODPHOORVD�WXEHUFXODWD�DQG
WKH�VHD�XUFKLQ�3DUDFHQWURWXV�OLYLGXV��H[FOXVLYHO\�SUHVHQW
DW� VWDWLRQ�0�� EXW� YHU\� IUHTXHQW� RQ� WKH� VHFRQGDU\� KDUG�
JURXQG�FRPPXQLW\� LQ� WKH� *XOI� RI� 7ULHVWH� �=XVFKLQ� 	
3HUYHVOHU��������

7KH�KLJK�DEXQGDQFH�DW�VWDWLRQ�0�RI�1XFXOD�QXFOHXV�
D� GHSRVLW� IHHGHU� ELYDOYH�� VKRXOG� EH� QRWHG�� SDUWO\� EH�
FDXVH� LW� LV�RQH�RI� WKH� VSHFLHV� WKDW�SURYLGHG� WKH�JUHDWHVW
FRQWULEXWLRQ� WR� GLVVLPLODULW\� EHWZHHQ� DIIHFWHG� DUHD� DQG
FRQWURO�VWDWLRQ��$QRWKHU�VSHFLHV�RI� WKH�VDPH�JHQXV��1X�
FXOD�QLWLGRVD��ZDV�UHSRUWHG�E\�0DWWVVRQ�	�/LQGpQ�������
DV�GRPLQDQW�DW�WKH�VWDUW�RI�PXVVHO�KDUYHVWLQJ��1��QXFOHXV
LV�FRQVLGHUHG�D�VSHFLHV�WKDW�VSUHDGV�WRZDUGV�RUJDQLF�HI�
IOXHQWV� �(OLDV�� ������� *UDQW� HW� DO�� ������� UHFRUGHG� DQ�
RWKHU�QXFXORLG��1XFXODQD�WHQXLVXOFDWD��DV�GRPLQDQW�XQ�
GHU�WKH�URSHV��GXH�WR�DQ�LQFUHDVHG�VXSSO\�RI�VHGLPHQWDU\
RUJDQLF�PDWWHU�EHQHDWK�WKH�IDUP�DUHD�
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7KH�DQDO\VHV�RI�VSHFLHV�ULFKQHVV��DEXQGDQFH�DQG�WKH
6KDQQRQ�:LHQHU� LQGH[�GLG� QRW� UHYHDO� VLJQLILFDQW� GLIIHU�
HQFHV�EHWZHHQ�WKH�WZR�VDPSOLQJ�VLWHV��DQG�WKH�GLYHUVLW\
YDOXHV�ZHUH�KLJK�FRPSDUHG�WR�RWKHU�DUHDV�RI�WKH�*XOI�RI
7ULHVWH� �6ROLV�:HLVV� HW� DO��� ������� 0RUHRYHU�� WKH� KLJK
SHUFHQWDJH�������RI�PXWXDO�VSHFLHV�EHWZHHQ�WKH�VWDWLRQV
RXWOLQHG�WKH�VLPLODULW\�DOVR�LQ�VSHFLHV�FRPSRVLWLRQ�
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)LJ�����%LRPDVV�RI�WKH�PDFUREHQWKLF�IDXQD�DW�VWDWLRQ�0
DQG�VWDWLRQ�%�
6O�� ��� %LRPDVD� PDNUREHQWRÉNH� IDYQH� QD� SRVWDML� 0� LQ
SRVWDML�%�

7KH�ELRPDVV��RQ�DYHUDJH��ZDV� WZLFH�DV� ODUJH�DW� VWD�
WLRQ�0��7KLV�FRUUHVSRQGV�ZHOO�ZLWK�+DWFKHU�HW�DO��������
DQG�*UDQW�HW�DO���������UHVXOWV��VLQFH�WKH\�KDYH�UHSRUWHG
ELRPDVV�YDOXHV�JHQHUDOO\�KLJKHU�XQGHU�PXVVHO�VLWHV�WKDQ
DW�WKH�FRQWURO�VLWHV�

6XVSHQVLRQ�IHHGHUV�DQG�FDUQLYRUHV�ZHUH�GRPLQDQW�LQ
ELRPDVV� DW� ERWK� VWDWLRQV��+RZHYHU�� LQ� DEXQGDQFH�� VXU�
IDFH�GHSRVLW�IHHGHUV�GRPLQDWHG�XQGHU�WKH�IDUP�DQG�FDU�
QLYRUHV� DW� WKH� FRQWURO� VLWH�� LQ� FRQWUDVW� WR� WKH� VWXG\� RI
6WHQWRQ�'R]H\�HW�DO����������ZKR�UHSRUWHG�D�GRPLQDQFH
RI�GHSRVLW�IHHGHUV��ERWK�LQ�ELRPDVV�DQG�DEXQGDQFH��IRO�
ORZHG�E\�FDUQLYRUHV�EHQHDWK�PXVVHO�FXOWXUHV�

$W�HDFK�VWDWLRQ��VXVSHQVLRQ�IHHGHUV�ZHUH�UHSUHVHQWHG
E\�VSHFLPHQV�ZLWK� UHODWLYHO\�KLJK�ELRPDVV�� VXFK�DV� WKH

DVFLGLDQV� �PRVWO\� 0LFURFRVPXV� VS���� WKH� EULWWOH� VWDU
2SKLRWKUL[�TXLQTXHPDFXODWD�DQG��DOPRVW�H[FOXVLYHO\�DW
VWDWLRQ�0��WKH�KRORWKXULDQ�&XFXPDULD�SODQFL�DQG�WKH�EL�
YDOYH� /LPD� H[LOLV�� 7KHVH� VSHFLHV� EHORQJ� WR� RQH� RI� WKH
PRVW�ZLGHVSUHDG�HSLEHQWKLF�FRPPXQLWLHV�LQ�WKH�*XOI�RI
7ULHVWH�� NQRZQ� DV� 2SKLRWKUL[�5HQLHUD�0LFURFRVPXV
FRPPXQLW\� �2�5�0�� DIWHU� WKH� QDPH� RI� WKH� WKUHH� GRPL�
QDQW�JHQHUD��)HGUD�HW�DO����������7KH�2�5�0�FRPPXQLW\
LV�FKDUDFWHULVHG�E\�PRELOH�DQG� VHVVLOH� VXVSHQVLRQ� IHHG�
HUV�� ZKLFK� DUH� DJJUHJDWHV� LQ� WKH� IRUP� RI� PXOWL�VSHFLHV
FOXPSV� �6WDFKRZLWVFK� 	� )XFKV�� ������� 2WW� 	� )HGUD
������� DQG� 2WW� ������� DVVXPHG� WKDW� WKLV� FRPPXQLW\
SOD\V�DQ� LPSRUWDQW� UROH� LQ� VWDELOL]LQJ� WKH�HQWLUH� HFRV\V�
WHP� E\� UHPRYLQJ� VXVSHQGHG� PDWHULDO� IURP� WKH� ZDWHU
FROXPQ� DQG� VWRULQJ� LW� LQ� WKH� IRUP� RI� EHQWKLF� ELRPDVV�
%HQHDWK�PXVVHO�FXOWXUHV�� WKLV�HSLIDXQDO�FRPPXQLW\�KDG
D�KLJKHU� ELRPDVV�� EHFDXVH� WKH� �PXVVHO� FDUSHW�� DQG� WKH
SODVWLF�URSHV�O\LQJ�RQ�WKH�ERWWRP�IRUP�DQ�LGHDO�VXEVWUD�
WXP�IRU�DWWDFKPHQW�

&DUQLYRUHV��ERWK�SUHGDWRUV�DQG�VFDYHQJHUV��ZHUH�JHQ�
HUDOO\�DWWUDFWHG�E\�PXVVHOV�IDOOLQJ�IURP�WKH�FXOWXUH�URSHV�
DV� DOUHDG\� QRWHG� LQ�PDQ\� VWXGLHV� �7HQRUH� HW� DO��� �����
.DVSDU�HW�DO���������*UDQW�HW�DO���������&UDZIRUG� HW� DO��
������LQFOXGLQJ�%UL]]L�HW�DO���������LQ�WKH�*XOI�RI�7ULHVWH�

5HPDUNDEO\�� VXE�VXUIDFH� GHSRVLW� IHHGHUV�ZHUH� SUHV�
HQW� H[FOXVLYHO\� DW� WKH� FRQWURO� VLWH�� DQG� PDLQO\� UHSUH�
VHQWHG�E\�WKH�SRO\FKDHWH�0DOGDQH�JOHELIH[��7KLV�VSHFLHV
KLJKO\� FRQWULEXWHG� WR� WKH� GLVVLPLODULW\� EHWZHHQ� WKH� WZR
VWDWLRQV�� LW�ZDV�DOPRVW�DEVHQW�EHQHDWK� WKH�PXVVHO� IDUP�
DV�DOUHDG\�IRXQG�XQGHU�RWKHU�PXVVHO�FXOWXUHV�LQ�WKH�*XOI
RI� 7ULHVWH�� SUREDEO\� EHFDXVH� WKH� PXVVHO� ELRGHSRVLWLRQ
DOWHUV� WKH� FRPSDFWQHVV� RI� WKH� VHGLPHQW�� SUHYHQWLQJ� WKH
EXLOGLQJ� RI� LWV� WXEH� �%UL]]L�HW� DO��� �������0RUHRYHU�� WKH
QHJDWLYH�PHDQ� (K� YDOXHV� RI� WKH� VHGLPHQW� XQGHUO\LQJ� �
FP�DW�WKH�VWDWLRQ�0�FRXOG�KDYH�FRQWULEXWHG�WR�WKH�VPDOO
SHUFHQWDJH�RI�VXE�VXUIDFH�GHSRVLW�IHHGHUV�

)LJ�� �D�� 'HQGURJUDP� RI� KLHUDUFKLFDO� FOXVWHULQJ� RI� WKH
PRQWKO\�VDPSOHV�DW�WKH�WZR�VWDWLRQV�
6O���D��'HQGURJUDP�KLHUDKLàQHJD�JUR]GLàHQMD�PHVHàQLK
Y]RUFHY�QD�REHK�SRVWDMDK�

)LJ���E��0'6�SORW� IRU�PDFUREHQWKLF� DEXQGDQFH�DW� WKH
WZR�VWDWLRQV�
6O���E��9HàGLPHQ]LRQDOQR�VNDOLUDQMH� �0'6��ÉWHYLOàQRVWL
PDNUREHQWRVD�QD�REHK�SRVWDMDK�
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%RWK�FOXVWHU�DQDO\VLV�DQG�0'6�SURYLGHG�D�FOHDU�VHSD�
UDWLRQ� EHWZHHQ� WKH� VLWHV�� OLNHO\� GXH� WR� WKH� DERYH�
PHQWLRQHG� GLIIHUHQFHV� RI� VSHFLHV� FRPSRVLWLRQ� DQG
DEXQGDQFH��7KH�$%&�PHWKRG�LQGLFDWHG�D�YHU\�VOLJKW�LP�
SDFW�RI� WKH�PXVVHO�FXOWXUH�RQ� WKH�EHQWKRV��EHFDXVH� WKH
HIIHFWV� RI�PXVVHO� ELRGHSRVLWLRQ� GLG� QRW� GULYH� WKH� FRP�
PXQLW\� WR� DQ�HDUO\� VXFFHVVLRQ� VWDJH�� WR�ZKLFK� WKH�$%&
PHWKRG� LV� PRUH� VHQVLWLYH�� &RQVLGHULQJ� WKH� :� YDOXHV�
FDOFXODWHG� PRQWKO\�� RQO\� RQH� VDPSOH� �0D\�VWDWLRQ� 0�
VKRZHG� D� VOLJKWO\� QHJDWLYH� YDOXH� SUREDEO\� GXH� WR� WKH
KLJKHU� SUHVHQFH� DQG� DEXQGDQFH� RI� VSHFLHV� ZLWK� VPDOO
ERG\�VL]H�

)LJ�� ���� $%&� SORWV� EDVHG� RQ� WKH�PRQWKO\� GDWD� IRU� WKH
WZR�VWDWLRQV�
6O������$%&�GLDJUDPD�QD�RVQRYL�PHVHàQLK�SRGDWNRY�]D
REH�SRVWDML�

7KH� SUHVHQFH� RI� VXVSHQGHG� FXOWXUHV� KDYH� LQGXFHG
VRPH�PRGLILFDWLRQV�RQ�WKH�ERWWRP�VHGLPHQWV��EXW�DV�GLV�
FXVVHG� LQ�RWKHU� VWXGLHV� �%DXGLQHW�HW� DO��� ������*UDQW�HW
DO���������&UDZIRUG�HW�DO���������0F.LQQRQ�HW�DO���������
WKH�PDFUREHQWKLF�FRPPXQLW\�GRHV�QRW�DSSHDU�WR�EH�XQ�
GHU�LQWHQVH�VWUHVV��7KH�W\SLFDO�FRQGLWLRQV�RI�WKH�FRPPX�
QLWLHV� H[SRVHG� WR� D� VWURQJ� RUJDQLF� HQULFKPHQW�� DV� GH�
VFULEHG�E\�3HDUVRQ�	�5RVHQEHUJ���������DUH�QRW�SUHVHQW�
7KH� OLPLWHG� LPSDFW� GHWHFWHG� FRXOG� EH� GXH� WR� WKH� GH�
FUHDVH�RI�SURGXFWLRQ�RI�WKLV�PXVVHO�IDUP�LQ�WKH�SUHYLRXV
\HDUV��EXW�DERYH�DOO�� WR� WKH�SUHVHQFH�� LQ� WKH�VWXG\�DUHD�
RI� FXUUHQWV� ZLWK� PHDQ� YDOXHV� RI� �� FP� V��� �PD[LPXP
YDOXH����FP�V�����0DUWLQáLß�HW�DO����������+\GURG\QDPLFV
VXVWDLQHG� DQ� HIILFLHQW� ZDWHU� FLUFXODWLRQ� DQG�� FRQVH�
TXHQWO\��D�OLPLWHG�ELRGHSRVLWLRQ�RQ�WKH�ERWWRP��$Q\ZD\�
WKH� PDFUREHQWKLF� FRPPXQLWLHV� VKRZ� VRPH� GLIIHUHQFHV
LQ� ELRPDVV� DQG� VSHFLHV� FRPSRVLWLRQ� EHWZHHQ� WKH� WZR
VLWHV��7KH�GHJUHH�DQG�H[WHQW�RI�WKH�HIIHFWV�KDYH�EHHQ�UH�
ODWHG�� LQ� PDQ\� VWXGLHV�� WR� GLIIHUHQW� IDFWRUV� VXFK� DV� WKH
DJH� RI� WKH� IDUP�� WKH� GHQVLWLHV� RI� WKH� RUJDQLVPV� RQ� WKH
URSHV� RU� WKH� K\GURORJLFDO� FKDUDFWHULVWLF� RI� WKH� DUHD
�&KDPEHUODLQ�HW�DO����������,Q�RXU�VWXG\��K\GURG\QDPLFV
VHHP� WR�SOD\�DQ� LPSRUWDQW� UROH� LQ� WKH�GLVSHUVLRQ�RI� WKH
ELRGHSRVLWV� DQG� LQ� WKH� FRQVHTXHQW� ORZ� OHYHO� RI� LPSDFW
IRXQG�

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

7KH� UHVHDUFK� ZDV� IXQGHG� E\� WKH� 5HJLRQH� )ULXOL
9HQH]LD� *LXOLD�� 2XU� WKDQNV� DUH� GXH� WR� 3URI�� 6HUHQD
)RQGD�8PDQL� IURP� WKH� 8QLYHUVLW\� RI� 7ULHVWH� IRU� KHU
KHOSIXO�FRPPHQWV�RQ�WKH�PV�
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$YWRUML�SULVSHYND�VR�SUHXßHYDOL�XßLQNH�JRMHQMD�ÈNROMN�QD�PDNUR]RREHQWRV�Y�7UÊDÈNHP�]DOLYX��VHYHUQL� -DGUDQ��� LQ
VLFHU�]�DQDOL]LUDQMHP�VSUHPHPE�Y�VWUXNWXUL�]GUXÊEH�LQ�RE�XSRÈWHYDQMX�QDMSRPHPEQHMÈLK�DELRWVNLK�SDUDPHWURY��ÇWX�
GLMD� MH�SRWHNDOD�RG�PDMD������GR�DSULOD������]�PHVHßQR� IUHNYHQFR�SRG�JRMLÈßHP�NODSDYLF� LQ�QD�NRQWUROQL�SRVWDML
NDNLK�����P�RG�JRMLÈßD��7HNVWXUD�PRUVNHJD�GQD�QD�SUHXßHYDQLK�ORNDOLWHWDK�MH�ELOD�HQDND������PXOMD������LORYLFH��
PHGWHP�NR�VR�ELOH�NRQFHQWUDFLMH�RUJDQVNHJD�RJOMLND�LQ�GXÈLND�]D�����R]������YHßMH�SRG�JRMLÈßHP�ÈNROMN��3R�ÈWHYLOX
YUVW� LQ� GLYHU]LWHWQHP� LQGHNVX� QL� ELOR� RSD]QHMÈLK� UD]OLN� QD� SUHXßHYDQLK� ORNDOLWHWDK��PHGWHP� NR� MH� ELOD� ELRPDVD� Y
SRYSUHßMX�GYDNUDW�YHßMD�SRG�JRMLÈßHP��*UR]GLßDVWD�DQDOL]D�LQ�QHPHWULßQR�YHßGLPHQ]LRQDOQR�VNDOLUDQMH��Q0'6��VWD
SRND]DOD�RßLWQR�UD]OLNR�PHG�ORNDOLWHWDPD��NULYXOML�$%&��SULPHUMDYD�PHG�ÈWHYLOßQRVWMR�LQ�ELRPDVR��SD�PDQMÈH�PRWQMH
QD�JRMLÈßX�ÈNROMN��5DKOL�XßLQHN�JRMHQMD�ÈNROMN�QD�PDNUR]RREHQWRV�EL�ODKNR�ELO�SRVOHGLFD�]PDQMÈDQHJD�REVHJD�JRMHQMD
NODSDYLF�Y�]DGQMLK�OHWLK��SUHGYVHP�SD�KLGURGLQDPLßQLK�]QDßLOQRVWL�REPRßMD��]D�NDWHUH�VH�]GL��GD�LJUDMR�SRPHPEQR
YORJR�Y�GLVSHU]LML�ELRXVHGOLQ�

.OMXÞQH�EHVHGH��JRMHQMH�ÊNROMN��PDNUR]RREHQWRV��RFHQD�PRWHQM��-DGUDQVNR�PRUMH

5()(5(1&(6

$OHIIL��)���9��6ROLV�:HLVV��1��%HWWRVR�	�/��)DUHVL��������
9DULD]LRQL� WHPSRUDOL� GHO� PDFUR]RREHQWKRV� QHOOD� ]RQD
�EXIIHU��GHOOD�5LVHUYD�0DULQD�GL�0LUDPDUH��*ROIR�GL�7UL�
HVWH��%LRO��0DU��0HGLW������������������
%DFKHOHW��*����������'RQQpHV�SUpOLPLQDLUHV�VXU�O
RUJDQL�
VDWLRQ�WURSKLTXH�G
XQ�SHXSOHPHQW�EHQWKLTXH�PDULQ��9LH
0LOLHX��������������
%DXGLQHW��'���(��$OOLRW�	�%��%HUODQG���������,QFLGHQFH�RI
PXVVHO� FXOWXUH� RQ� ELRJHRFKHPLFDO� IOX[HV� DW� WKH� VHGL�
PHQW�ZDWHU�LQWHUIDFH��+\GURELRORJLD���������������
%UL]]L�� *��� )�� $OHIIL�� )�� *RULXS�� 3�� /DQGUL� 	� *�� 2UHO
��������0RGLILFDWLRQV� LQ�EHQWKRV�XQGHU�PXVVHO�FXOWXUHV
LQ�WKH�*XOI�RI�7ULHVWH��1RUWK�$GULDWLF�6HD���$QQDOHV��6HU�
+LVW��1DW������������
&DUGLQ��9��	�0��&HOLR���������&OXVWHU�DQDO\VLV�DV�D�VWD�
WLVWLFDO�PHWKRG�IRU�LGHQWLILFDWLRQ�RI�WKH�ZDWHU�ERGLHV�SUH�
VHQW� LQ� WKH�*XOI�RI�7ULHVWH� �QRUWKHUQ�$GULDWLF�6HD���%ROO�
*HRI��7HRU��$SS���������������

&KDPEHUODLQ��-���7��)��)HUQDQGHV��3��5HDG��7��'��1LFNHOO
	�,��0��'DYLHV���������,PSDFWV�RI�ELRGHSRVLWV�IURP�VXV�
SHQGHG� PXVVHO� �0\WLOXV� HGXOLV� /��� FXOWXUH� RQ� WKH� VXU�
URXQGLQJ�VXUILFLDO�VHGLPHQWV��,&(6�-��0DU��6FL�����������
����
&ODUNH��.��5��	�5��0��:DUZLFN� ��������&KDQJH� LQ�PD�
ULQH�FRPPXQLWLHV��DQ�DSSURDFK�WR�VWDWLVWLFDO�DQDO\VLV�DQG
LQWHUSUHWDWLRQ��3ULPHU�(�/WG��3O\PRXWK��8.�
&RYHOOL�� 6�� 	� *�� )RQWRODQ� �������� $SSOLFDWLRQ� RI� QRU�
PDOL]DWLRQ� SURFHGXUH� LQ� GHWHUPLQLQJ� UHJLRQDO� JHR�
FKHPLFDO�EDVHOLQHV��*XOI�RI�7ULHVWH��,WDO\��(QYLURQ��*HRO��
����������
&UDZIRUG�� &�� 0��� &�� .�� $�� 0DFOHRG� 	� ,�� 0�� 0LWFKHOO
�������� (IIHFWV�RI� VKHOOILVK� IDUPLQJ�RQ� WKH�EHQWKLF� HQYL�
URQPHQW��$TXDFXOWXUH���������������
'DKOEjFN��%��	�/��$��+��*XQQDUVVRQ� �������� 6HGLPHQ�
WDWLRQ� DQG� VXOSKDWH� UHGXFWLRQ� XQGHU� D� PXVVHO� FXOWXUH�
0DU��%LRO���������������
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(OLDV��5�� ��������4XDQWLWDWLYH�EHQWKLF�FRPPXQLW\� VWUXF�
WXUH�LQ�%ODQFD�%D\�DQG�LWV�UHODWLRQVKLS�ZLWK�RUJDQLF�HQ�
ULFKPHQW��3�6�=�1��,���0DU��(FRO���������������
)DJDQHOL�� -��� $�� 0DOHM�� -�� 3H]GLÞ� 	� 9�� 0DODÞLÞ� �������
&�1�3�UDWLRV�DQG�VWDEOH�&� LVRWRSH�UDWLRV�DV�LQGLFDWRUV�RI
VRXUFHV�RI�RUJDQLF�PDWWHU�LQ�WKH�*XOI�RI�7ULHVWH��QRUWKHUQ
$GULDWLF���2FHDQRO��$FWD��������������
)DXFKDOG��.��	�3�� -XPDUV� ��������7KH�GLHW�RI�ZRUPV��D
VWXG\�RI�SRO\FKDHWH�IHHGLQJ�JXLOGV��2FHDQRJU��0DU��%LRO�
$QQ��5HY���������������
)HGUD��.���(��0��2OVFKHU��&��6FKHUXEHO��0��6WDFKRZLWVFK
	� 5�� 6�� :XU]LDQ� �������� 2Q� WKH� HFRORJ\� RI� D� 1RUWK
$GULDWLF�EHQWKLF�FRPPXQLW\��GLVWULEXWLRQ�� VWDQGLQJ�FURS
DQG� FRPSRVLWLRQ� RI� WKH� PDFUREHQWKRV�� 0DU�� %LRO��� ���
��������
)UDQNHQEHUJ��'��	�.��6PLWK���������&RSURSKDJ\�LQ�PD�
ULQH�DQLPDOV��/LPQRO��2FHDQRJU���������������
)UDQ]RVLQL��&����������0LWLOLFROWXUD�QHO�*ROIR�GL�7ULHVWH�
DQDOLVL�GHO�VHWWRUH�H�RSSRUWXQLWj�GL�LQQRYD]LRQH��3URJHWWR
1RYLPSUHVD���$5($�6FLHQFH�3DUN�����������
)UHLUH�� -�� �������� )HHGLQJ�HFRORJ\�RI�/LRFDUFLQXV�GHSX�
UDWRU� �'HFDSRGD�� 3RUWXQLGDH�� LQ� WKH� 5LD� GH� $URXVH
�*DOLFLD��QRUWK�ZHVW�6SDLQ���HIIHFWV�RI�KDELWDW��VHDVRQ�DQG
OLIH�KLVWRU\��0DU��%LRO����������������
*RQ]hOH]�*XUULDUhQ�� (��� -�� )UHLUH� 	� /�� )HUQhQGH]
��������)HHGLQJ�DFWLYLW\�DQG�FRQWULEXWLRQ�RI�PXVVHO� UDIW
FXOWXUH�LQ�WKH�GLHW�RI�FUDEV�LQ�WKH�5uD�GH�$URXVD��*DOLFLD�
1RUWKZHVW�6SDLQ���,&(6�0DU��6FL��6\PS���������������
*UDQW��-���$��+DWFKHU��'��%��6FRWW��3��3RFNOLQJWRQ��&��7�
6FKDIHU�	�*��9��:LQWHUV���������$�PXOWLGLVFLSOLQDU\�DS�
SURDFK�WR�HYDOXDWLQJ�LPSDFWV�RI�VKHOOILVK�DTXDFXOWXUH�RQ
EHQWKLF�FRPPXQLWLHV��(VWXDULHV��������������
+DOO��3��2��-���/��*��$QGHUVRQ��2��+ROE\��6��.ROOEHUJ�	
0�� 2�� 6DPXHOVVRQ� �������� &KHPLFDO� IOX[HV� DQG� PDVV
EDODQFHV� LQ� D� PDULQH� ILVK� FDJH� IDUP�� ,�� &DUERQ�� 0DU�
(FRO��3URJ��6HU�������������
+DOO�� 3�� 2�� -��� 2�� +ROE\�� 6�� .ROOEHUJ� 	� 0�� 2�� 6D�
PXHOVVRQ���������&KHPLFDO�IOX[HV�DQG�PDVV�EDODQFHV�LQ
D�PDULQH� ILVK�FDJH� IDUP�� ,9��1LWURJHQ��0DU�� (FRO�� 3URJ�
6HU�������������
+DUJUDYH��%��7���'��(��'XSOLVHD��(��3IHLIIHU�	�'��-��:LOG�
LVK� �������� 6HDVRQDO� FKDQJHV� LQ� EHQWKLF� IOX[HV� RI� GLV�
VROYHG� R[\JHQ� DQG� DPPRQLXP� DVVRFLDWHG� ZLWK�PDULQH
FXOWXUHG�$WODQWLF�VDOPRQ��0DU��(FRO��3URJ��6HU�����������
����
+DWFKHU��$���-��*UDQW�	�%��6FKRILHOG���������7KH�HIIHFWV
RI�VXVSHQGHG�PXVVHO�FXOWXUH��0\WLOXV�VSS���RQ�VHGLPHQ�
WDWLRQ�� EHQWKLF� UHVSLUDWLRQ� DQG� VHGLPHQW� QXWULHQW� G\�
QDPLFV� LQ�FRDVWDO�ED\��0DU��(FRO��3URJ��6HU������������
����
+HGJHV�� -�� 	� -�� +�� 6WHUQ� �������� &DUERQ� DQG� QLWURJHQ
GHWHUPLQDWLRQV� RI� FDUERQDWH� FRQWDLQLQJ� VROLGV�� /LPQRO�
2FHDQRJU���������������

.DVSDU�� +�� )��� 3�� $�� *LOOHVSLH�� ,�� &�� %R\HU� 	� $�� /�
0DF.HQ]LH���������(IIHFWV�RI�PXVVHO�DTXDFXOWXUH�RQ�WKH
QLWURJHQ� F\FOH� DQG� EHQWKLF� FRPPXQLWLHV� LQ� .HQHSXUX
6RXQG��0DUOERURXJK�6RXQGV��1HZ�=HDODQG��0DU��%LRO��
������������
.DXWVN\��1��	�6��(YDQV���������5ROH�RI�ELRGHSRVLWLRQ�E\
0\WLOXV�HGXOLV� LQ� WKH�FLUFXODWLRQ�RI�PDWWHU�DQG�QXWULHQWV
LQ�D�%DOWLF�FRDVWDO�HFRV\VWHP��0DU��(FRO��3URJ��6HU������
��������
/D� 5RVD�� 7��� 6�� 0LUWR�� $�� 0DULQR�� 9�� $ORQ]R�� 7�� /�
0DXJHUL� 	� $�� 0D]]ROD� �������� +HWHURWURSKLF� EDFWHULD
FRPPXQLW\�DQG�SROOXWLRQ� LQGLFDWRUV�RI�PXVVHO�IDUP� LP�
SDFW�LQ�WKH�*XOI�RI�*DHWD��7\UUKHQLDQ�6HD���0DU��(QYLURQ�
5HV���������������
0DUWLQÞLÜ��%���&��6DOYL�	�)��7DPEHUOLFK���������0RGHOOR
GL� FDUU\LQJ� FDSDFLW\� DSSOLFDWR� DOOH� PLWLOLFROWXUH� LQ� VR�
VSHQVLRQH�QHO�*ROIR�GL�7ULHVWH��+\GURUHV�����������
0DWWVVRQ�� -�� 	� 2�� /LQGmQ� �������� %HQWKLF� PDFURIDXQD
VXFFHVVLRQ� XQGHU� PXVVHOV��0\WLOXV� HGXOLV� /�� �%LYDOYLD��
FXOWXUHG�RQ�KDQJLQJ�ORQJ�OLQHV��6DUVLD�������������
0F.LQQRQ��/��-���*��'��3DUU\��6��&��/HSRUDWL��6��+HLVOHUV�
*��)��:HUQHU��$��6��+��*DVRQ��*��)DEULV�	�1��2¡0DKRQ\
��������7KH�HQYLURQPHQWDO�HIIHFWV�RI�EOXH�PXVVHO� �0\WL�
OXV�HGXOLV��DTXDFXOWXUH�LQ�3RUW�3KLOOLS�%D\��)LVK��9LFWRULD
5HV��5HS��6HU�����������
0LUWR�� 6��� 7�� /D� 5RVD�� 5�� 'DQRYDUR� 	� $�� 0D]]ROD
��������0LFURELDO�DQG�PHLRIDXQDO�UHVSRQVH� WR� LQWHQVLYH
PXVVHO�IDUP� ELRGHSRVLWLRQ� LQ� FRDVWDO� VHGLPHQWV� RI� WKH
ZHVWHUQ�0HGLWHUUDQHDQ��0DU��3ROO��%XOO���������������
2UHO��*��	�5��=DPERQL���������3URSRVWH�SHU�XQ�SLDQR�GL
JHVWLRQH� GHOOD� IDVFLD� FRVWLHUD� GHO� *ROIR� GL� 7ULHVWH�� ,,
HGL]LRQH� ULYHGXWD� HG� DPSOLDWD�� $5,(6� �� 3URJHWWR� 3HVFD
6)23������������������
2WW��-����������$GDSWLYH�VWUDWHJLHV�DW�WKH�HFRV\VWHP�OHYHO�
H[DPSOHV�IURP�WZR�EHQWKLF�PDULQH�V\VWHPV��3�6�=�1�� ,��
0DU��(FRO��������������
2WW��-��	�.��)HGUD���������6WDELOL]LQJ�SURSHUWLHV�RI�D�KLJK
ELRPDVV�EHQWKLF�FRPPXQLW\�LQ�D� IOXFWXDWLQJ�HFRV\VWHP�
+HOJRO��ZLVV��0HHUHV���������������
3HDUVRQ�� 7�� +�� 	� 5�� 5RVHQEHUJ� �������� 0DFUREHQWKLF
VXFFHVVLRQ�LQ� UHODWLRQ� WR�RUJDQLF�HQULFKPHQW�DQG�SROOX�
WLRQ� RI� WKH� PDULQH� HQYLURQPHQW�� 2FHDQRJU�� 0DU�� %LRO�
$QQ��5HY���������������
5RPhQ��*��	�$��3HUm]���������(VWXGLR�GHO�HPMLOOyQ�\�GH
VX�HSLIDXQD�HQ�ORV�FXOWLYRV�IORWDQWHV�GH�OD�5uD�GH�$URXVD�
,9�� (YROXFLyQ� GH� OD� FRPXQLGDG�� %RO�� ,QVW�� (VS�
2FHDQRJU��������������
5RVHQEHUJ�� 5�� 	� /�� 2�� /RR� �������� (QHUJ\� IORZ� LQ� D
0\WLOXV�HGXOLV� FXOWXUH� LQ�ZHVWHUQ�6ZHGHQ��$TXDFXOWXUH�
������������
6LPERXUD��1��	�$��=HQHWRV���������%HQWKLF�LQGLFDWRUV�WR
XVH�LQ�(FRORJLFDO�4XDOLW\�FODVVLILFDWLRQ�RI�0HGLWHUUDQHDQ
VRIW�ERWWRP�PDULQH� HFRV\VWHPV�� LQFOXGLQJ�D� QHZ�%LRWLF
,QGH[��0HGLW��0DU��6FL���������������
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6ROLV�:HLVV��9���3��5RVVLQ��)��$OHIIL��1��%HWWRVR��*��2UHO
	�%��9ULÇHU���������*XOI�RI�7ULHVWH��VHQVLWLYLW\�DUHDV�XVLQJ
EHQWKRV� DQG� *,6� WHFKQLTXHV�� ,Q�� 2]KDQ�� (�� �HG���� 3UR�
FHHGLQJV�)LIWK� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ� WKH�0HGLWHU�
UDQHDQ� &RDVWDO� (QYLURQPHQW�� 0('&2$67� ���� �����
2FWREHU�������+DPPDPHW��7XQLVLD��S������������
6RPDVFKLQL�� $��� *�� '�� $UGL]]RQH� 	� 0�� )� *UDYLQD
��������5DSSUHVHQWDWLYLWj�GL�DOFXQL�JUXSSL�]RREHQWRQLFL
QHO�FDPSLRQDPHQWR�GHL�IRQGL�PRELOL��%LRO��0DU��0HGLW��
���������
6WDFKRZLWVFK��0��	�$��)XFKV���������/RQJ�WHUP�FKDQJHV
LQ�WKH�EHQWKRV�RI�WKH�QRUWKHUQ�$GULDWLF�6HD��$QQDOHV��6HU�
+LVW��1DW�����������
6WDQGDUG�0HWKRGV���������6WDQGDUG�PHWKRGV�IRU�WKH�H[�
DPLQDWLRQ�RI�ZDWHU�DQG�ZDVWH�ZDWHU���WK�(G�� ,Q��*UHHQ�
EHUJ��(���/��6��&OHVFHUL�	�$��'��(DWRQ��HGV����:DVKLQJWRQ
'&�
6WHQWRQ�'R]H\�� -�� 0�� (��� /�� )�� -DFNVRQ� 	� $�� -�� %XVE\
�������� ,PSDFW� RI� PXVVHO� FXOWXUH� RQ� PDFUREHQWKLF
FRPPXQLW\� VWUXFWXUH� LQ� 6DOGDQKD� %D\�� 6RXWK� $IULFD�
0DU��3ROO��%XOO���������������
6WHQWRQ�'R]H\��-��0��(���7��3URE\Q�	�$��%XVE\� �������
,PSDFW� RI�PXVVHO� �0\WLOXV� JDOORSURYLQFLDOLV�� UDIW�FXOWXUH
RQ�EHQWKLF�PDFURIDXQD��LQ�VLWX�R[\JHQ�XSWDNH�DQG�QXWUL�
HQW� IOX[HV� LQ� VDOGDQKD� %D\�� 6RXWK� $IULFD�� &DQ�� -�� )LVK�
$TXDW��6FL�����������������
6WXDUW��9���5��&��1HZHOO�	�0�� ,��/XFDV� ��������&RQYHU�
VLRQ�RI�NHOS�GHEULV�DQG� IDHFDO�PDWHULDO� IURP� WKH�PXVVHO
$XODFRP\D� DWHU� E\�PDULQH�PLFURRUJDQLVPV��0DU�� (FRO�
3URJ��6HU������������

6YDQH��,��	�,��6HW\REXGLDQGL���������'LYHUVLW\�RI�DVVRFL�
DWHG�IDXQD�LQ�EHGV�RI� WKH�EOXH�PXVVHO�0\WLOXV�HGXOLV�/��
HIIHFWV� RI� ORFDWLRQ�� SDWFK� VL]H� DQG� SRVLWLRQ� ZLWKLQ� D
SDWFK��2SKHOLD������������
7HQRUH��.��5���-��&��*ROGPDQ�	�-��3��&ODUQHU���������7KH
IRRG�FKDLQ�G\QDPLFV�RI� WKH�R\VWHU��FODP�DQG�PXVVHO� LQ
DTXDFXOWXUH� IRRG� FKDLQ�� -�� ([S�� 0DU�� %LRO�� (FRO��� ���
��������
7HQRUH��.��5���/��)��%R\HU��5��0��&DO��-��&RUUDO��&��*DU�
FLD�)HUQhQGH]��1��*RQ]hOH]��(��*RQ]hOH]�*XUULDUhQ��5�
%�� +DQVRQ�� -�� ,JOHVLDV�� 0�� .URP�� (�� /RSH]�-DPDU�� -�
0F&ODLQ��0��0��3DPDWPDW��$��3mUH]��'��&��5KRDGV��*�
6DQWLDJR��-��7LHWMHQ��-��:HVWULFK�	�+��/��:LQGRQ��������
&RDVWDO� XSZHOOLQJ� LQ� WKH� 5LDV� %DMDV�� 1:� 6SDLQ�� FRQ�
WUDVWLQJ�WKH�EHQWKLF�UHJLPHV�RI�WKH�5LDV�GH�$URVD�DQG�GH
0XURV��-��0DU��5HV���������������
:DUZLFN�� 5�� 0�� �������� $� QHZ� PHWKRG� IRU� GHWHFWLQJ
SROOXWLRQ�HIIHFWV�RQ�PDULQH�PDFUREHQWKLF�FRPPXQLWLHV�
0DU��%LRO���������������
:DVVPDQQ��3�� �������� 6HGLPHQWDWLRQ�DQG�EHQWKLF�PLQ�
HUDOL]DWLRQ�RI�RUJDQLF�GHWULWXV�LQ�D�1RUZHJLDQ�IMRUG��0DU�
%LRO�������������
=XVFKLQ�� 0�� 	� 3�� 3HUYHVOHU� �������� 6HFRQGDU\� KDUG�
JURXQG�FRPPXQLW\�LQ�WKH�QRUWKHUQ�*XOI�RI�7ULHVWH��$GUL�
DWLF�6HD��6HQFN��0DULW�������������


