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� (UXSWLRQ�RI �0RXQW�0HUDSL�LQ������FDXVHG�D�GHQVH�FRYHU�RI �$FDFLD�GHFXUUHQV�:LOOG���ZKLFK�LV�DQ�,QYDVLYH�$OLHQ�3ODQW�
6SHFLHV��,$36����7KH�GHQVH�FRYHU�KDSSHQHG�LQ�DOO�DUHDV�RI �0RXQW�0HUDSL�1DWLRQDO�3DUN��0013��LQ�-DYD��,QGRQHVLD��
7KLV�VWXG\�ZDV�DLPHG� WR�GHVFULEH� WKH�UHODWLRQVKLS�EHWZHHQ�PDMRU�QDWXUDO�GLVWXUEDQFH� IURP�YROFDQLF�HUXSWLRQ� LQ�
WULJJHULQJ�WKH�LQYDVLRQ�RI �$��GHFXUUHQV� LQ�0RXQW�0HUDSL�1DWLRQDO�3DUN��9HJHWDWLRQ�GDWD�ZHUH�FROOHFWHG�XVLQJ�OLQH�
WUDQVHFW�LQ�WZR�GLIIHUHQW�VLWHV��7KH�ILUVW�VLWH�ZDV�&DQJNULQJDQ�ZKLFK�ZDV�DIIHFWHG�E\�S\URFODVWLF�IORZ�DQG�WKH�VHFRQG�VLWH�
ZDV�6HOR�ZKLFK�ZDV�QRW�DIIHFWHG�E\�S\URFODVWLF�IORZ��'LVWULEXWLRQ�SDWWHUQV�DQG�DVVRFLDWLRQ�RI �$��GHFXUUHQV�ZLWK�RWKHU�
VSHFLHV�LQ�HDFK�ORFDWLRQ�ZDV�DQDO\]HG�XVLQJ�RUGLQDWLRQ�DQDO\VLV�RI �WKH�1RQ�0HWULF�0XOWLGLPHQVLRQDO�6FDOLQJ��10'6���
0LFURFOLPDWH�VXFK�DV�WHPSHUDWXUH��KXPLGLW\��OLJKW�GHQVLW\�DQG�VRLO�KXPLGLW\�ZDV�UHFRUGHG�LQ�HDFK�ORFDWLRQ��&RUUHODWLRQ�
EHWZHHQ�VSHFLHV�DEXQGDQFH�DQG�PLFURFOLPDWH�GDWD�ZDV�DVVHVVHG�XVLQJ�&DQRQLFDO�&RUUHVSRQGHQFH�$QDO\VLV��&&$���
7KH� UHVXOWV� VKRZHG� WKDW� WKH� SRSXODWLRQ� RI �$�� GHFXUUHQV� ZDV�PRUH� GRPLQDQW� LQ� &DQJNULQJDQ� WKDQ� LQ� 6HOR� VLWH��
&DQJNULQJDQ�VLWH�ZDV�LPSDFWHG�ZLWK�S\URFODVWLF�IORZ�GXULQJ�0RXQW�0HUDSL�HUXSWLRQ�LQ�������ZKLOH�6HOR�VLWH�ZDV�QRW�
DIIHFWHG��,Q�&DQJNULQJDQ�� � �$��GHFXUUHQV�ZDV�GLVWULEXWHG�LQ�FOXPS��ZKLOH�LQ�6HOR�WKH�SODQW�ZDV�UDQGRPO\�GLVWULEXWHG��
2UGLQDWLRQ�DQDO\VLV�XVLQJ�10'6�VKRZHG�WKDW�WKHUH�ZDV�SRVLWLYH�DVVRFLDWLRQ�EHWZHHQ�$��GHFXUUHQV�DQG�KHUEDFHRXV�
SODQW��1HJDWLYH�DVVRFLDWLRQ�ZDV�REVHUYHG�EHWZHHQ�$��GHFXUUHQV�DQG�RWKHU� WUHH�VSHFLHV��&&$�DQDO\VLV�VKRZHG�WKDW�
WHPSHUDWXUH�DQG�OLJKW�GHQVLW\�ZDV�SRVLWLYHO\�FRUUHODWHG�ZLWK�$��GHFXUUHQV�DEXQGDQFH��7KLV�VWXG\�VKRZHG�WKDW�WKH�,$36�
LQYDVLRQ�LQ�0013�ZDV�FRUUHODWHG�ZLWK�WKH�HUXSWLRQ�RI �0RXQW�0HUDSL��
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0RXQW� 0HUDSL� 1DWLRQDO� 3DUN� �0013�� LV� D�
SURWHFWHG�IRUHVW��ULFK�ZLWK�YDULRXV�IORUD�DQG�IDXQD��
0RXQW�0HUDSL��ORFDWHG�LQ�WKH�0013��LV�WKH�PRVW�
DFWLYH� YROFDQR� LQ� ,QGRQHVLD�� 7KH� HUXSWLRQ� RI �
0RXQW�0HUDSL�IURP����2FWREHU�WR���1RYHPEHU�
�����ZDV�UHFRUGHG�DV�WKH�ZRUVW�GLVDVWHU�VLQFH�LWV�
HUXSWLRQ� LQ� ����� �%13%� �������0RXQW�0HUDSL�
HUXSWLRQ�LQ������ZDV�FKDUDFWHUL]HG�E\�S\URFODVWLF�
IORZ��D�IDVW�PRYLQJ�IORZ�FRQWDLQLQJ�KLJK�GHQVLW\�
PL[WXUH� RI � KRW� ODYD� EORFNV�� SXPLFH�� DVK� DQG�
YROFDQLF� JDV�� ZKLFK� UHDFKHG� WHPSHUDWXUH� RI �

R
����²� ���� &� DQG� VSHHG�RI � ����NP�K�� FDXVLQJ�
YHJHWDWLRQ�GHVWUXFWLRQ��DPRQJ�RWKHUV� 9HJHWDWLRQ��
VXFFHVVLRQ�DIWHU�WKH�HUXSWLRQ�VKRZHG�D�GHFOLQH�LQ�

WKH�GLYHUVLW\�RI �DOSLQH�YHJHWDWLRQ��7KH�QDWLYH�SODQW�
ZDV� UHSODFHG� E\� ,QYDVLYH� $OLHQ� 3ODQW� 6SHFLHV�
�,$36�� ZKLFK� EHFDPH� GRPLQDQW� LQ� VHYHUDO�
ORFDWLRQV� DIIHFWHG� E\� WKH� HUXSWLRQ� RI � 0RXQW�
0HUDSL��'DGDS�� �DQG�SLQH��(U\WKULQD�ORQJLIROLD� 3LQXV�
PHUNXVLL���ZKLFK�ZHUH�LQLWLDOO\�WKH�PRVW�FRPPRQ�
SODQW�VSHFLHV�LQ�WKLV�DUHD��ZHUH�QRW�UHFRUGHG�DIWHU�
WKH� HUXSWLRQ��3LQH� LV� QRW� D� ORFDO� VSHFLHV� LQ� WKLV�
PRXQWDLQ� DUHD�� KRZHYHU�� WKLV� SODQW� PLJKW� KDYH�
EHHQ� HVFDSHG� IURP� WKH� QHLJKERULQJ� SODQWDWLRQ�
IRUHVW�PDQDJHG�E\�VWDWH�IRUHVW�HQWHUSULVHV�
,QYDVLYH�$OLHQ�6SHFLHV��,$6��LV�D�FRPELQDWLRQ�

RI �DOLHQ�VSHFLHV�DQG�WKHLU�LQYDVLYH�FKDUDFWHULVWLFV��
$Q�DOLHQ�VSHFLHV�LV�D�VSHFLHV��DW�WKH�OHYHO�RI �VSHFLHV��
VXEVSHFLHV��YDULHWLHV��WKDW�KDG�EHHQ�LQWHQWLRQDOO\�
RU�XQLQWHQWLRQDOO\�LQWURGXFHG��DV�ZKROH�RUJDQLVP��
SDUW� RI � WKH� ERG\�� JDPHWHV�� VHHGV�� HJJV� RU�
SURSDJXOHV�WKDW�DUH�DEOH�WR�OLYH�DQG�UHSURGXFH�LQ�
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WKH�QHZ�KDELWDW��LQWR�DUHDV�RXWVLGH�RI �LWV�QDWXUDO�
GLVWULEXWLRQ�UDQJH��,QYDVLYH�VSHFLHV��HLWKHU�QDWLYH�
RU�LQWURGXFHG�VSHFLHV��EHFRPH�GHQVHO\�HVWDEOLVKHG�
DQG� EURDGO\� DIIHFW� WKH� KDELWDW� DQG� ODQG� XVHV�
UHVXOWLQJ� WR� VHULRXV� HQYLURQPHQWDO�� VRFLDO� DQG�
HFRQRPLF�LPSDFWV��&%'�81(3�������

$FDFLD�GHFXUUHQV�LV�RQH�RI �VHULRXV�,QYDVLYH�$OLHQ�
3ODQW� 6SHFLHV� �,$36�� LQ� 0013�� � 7KH� SODQW�
EHFDPH� GRPLQDQW� LQ� WKH� DUHDV� DIIHFWHG� E\�
S\URFODVWLF� IORZ�� 7KLV� SODQW�� RULJLQDWHG� IURP�
$XVWUDOLD�� EHORQJV� WR� IDPLO\� RI � )DEDFHDH��
VXEIDPLO\� RI �0LPRVRLGDH� DQG� JHQXV�RI � �� �$FDFLD
:LWKLQ� WKHLU� QDWLYH� GLVWULEXWLRQ� UDQJH�� $FDFLD�
GHFXUUHQV� LV� FRQVLGHUHG� DV� IDVW� JURZLQJ� SLRQHHU�
VSHFLHV�DQG�RIWHQ�FDXVHV�VHULRXV�FRQFHUQ�GXH�WR�LWV�
SRWHQWLDO�LQYDVLRQ�WR�WKHLU�QHZ�KDELWDW��,$36�FDQ�
HVWDEOLVK� WKHPVHOYHV� LQ� D� GLVWXUEDQFH� DUHD� DQG�
EHJLQ�WR�GRPLQDWH�QDWLYH�YHJHWDWLRQ�
,QYDVLRQ�E\�DQ�DOLHQ� VSHFLHV�FDQ�RFFXU� LQ� DQ�

DUHD� LI � WKH� QDWLYH� VSHFLHV� DUH� XQDEOH� WR� TXLFNO\�
DGDSW�WR�WKH�FKDQJH�RI �HQYLURQPHQWDO�FRQGLWLRQV��
,$36�FDQ�VLJQLILFDQWO\�VXSSUHVV�WKH�QDWLYH�SODQW��
LQYHUWHEUDWH� DQG� YHUWHEUDWH� SRSXODWLRQ� DQG�
FRPPXQLWLHV�� )RU� H[DPSOH�� �/DQWDQD� FDPDUD
LQYDGHG�ODUJH�DUHDV�RI �WURSLFDO�$VLD�DQG�$XVWUDOLD�
DV�ZHOO�DV�FRQWULEXWHG�WR�WKH�GHFOLQHV�RI �VHYHUDO�
HQGDQJHUHG�VSHFLHV�LQ�$XVWUDOLD��&RXWWV�6PLWK�	�
'RZQH\��������7KH�LQYDVLRQ�RI � �LQ�$FDFLD�QLORWLFD
%DOXUDQ�1DWLRQDO�3DUN�KDV�FKDQJHG�WKH�VDYDQQD�
LQWR� D� VKUXE� RI � � DQG� FRQWULEXWHG� WR� WKH�$FDFLD
GHFUHDVLQJ� QXPEHU� RI � EDQWHQJ� � ��%RV� MDYDQLFXV
SRSXODWLRQ��6HWLDEXGL�HW�DO���������3ODQW�LQYDVLRQ�
FDQ� RFFXU� GXH� WR� QDWXUDO� GLVDVWHUV�� FOLPDWH� DQG�
HQYLURQPHQW� FKDQJHV�� 7KH� LQYDVLRQ� FDQ� DOVR�
KDSSHQ�LQ�GLVWXUEHG�KDELWDWV�
7KHUH�DUH�RQO\�D� IHZ�VWXGLHV� IRFXVHG�RQ� WKH�

LPSDFW� RI � QDWXUDO� GLVWXUEDQFH� IURP� YROFDQR�
HUXSWLRQ� WR� WKH� LQYDVLRQ� RI � ,$36�� 7KHUHIRUH��
VWXG\LQJ�ELRORJLFDO�LQYDVLRQV�LQ�PRXQWDLQV�KDYLQJ�
QDWXUDO�GLVWXUEDQFH�LV�VFLHQWLILFDOO\�LPSRUWDQW�IRU�
QDWXUH� FRQVHUYDWLRQ�� 7KLV� VWXG\� ZDV� DLPHG� DW�
GHWHUPLQLQJ�FRUUHODWLRQ�EHWZHHQ�0RXQW�0HUDSL�
HUXSWLRQ� DQG� WKH� LQYDVLRQ� RI � � LQ�$�� GHFXUUHQV
0013� DQG� DW� GHWHUPLQLQJ� WKH� DXWHFRORJ\� RI �
$�� GHFXUUHQV� DV� EDVLF� LQIRUPDWLRQ� IRU� PDQDJLQJ�
SODQW�LQYDVLRQ�LQ�0013��,W�ZDV�DVVXPHG�WKDW�WKH�
HUXSWLRQ�RI �0RXQW�0HUDSL�ZLWK� WKH�S\URFODVWLF�
IORZ�KDV�SRVLWLYH�FRUUHODWLRQ�ZLWK�WKH�DEXQGDQFH�
SRSXODWLRQ�RI � �LQ�0RXQW�0HUDSL��7KH�$��GHFXUUHQV
DXWHFRORJ\� VWXG\�ZDV� SHUIRUPHG� WR� H[SODLQ� WKH�
FKDUDFWHULVWLF�� G\QDPLF�SRSXODWLRQ�RI � LQGLYLGXDO�

VSHFLHV��OLIH�F\FOH�DQG�HFRORJLFDO�IDFWRUV��LQFOXGLQJ�
SK\VLFDO��ELRORJLFDO�DQG�HQYLURQPHQWDO�IDFWRUV�

0$7(5,$/6�$1'�0(7+2'6

6WXG\�6LWH

� 7KH� UHVHDUFK�ZDV�FRQGXFWHG� IURP�0DUFK� WR�
'HFHPEHU�������7KH�UHVHDUFK�ZDV�FRQGXFWHG�LQ�
0RXQW� 0HUDSL� 1DWLRQDO� 3DUN� �0013��� 7KH�
UHVHDUFK� ORFDWLRQ� ZDV� GLYLGHG� LQWR� WZR� VLWHV��
7KH� ILUVW� VLWH� ZDV� &DQJNULQJDQ� ORFDWHG� DW�
R R
� ������µ� ²� ��� ������µ� �����P� DVO��� 7KLV� VLWH� � � � � � �
ZDV� DIIHFWHG� E\� S\URFODVWLF� IORZ� GXULQJ� WKH�
HUXSWLRQ�LQ�������7KH�VHFRQG�VLWH�ZDV�6HOR�ORFDWHG�

R R
DW�� ������µ�²���� ������µ��������P�DVO���7KLV�VLWH�
ZDV�QRW�DIIHFWHG�E\�WKH�S\URFODVWLF�IORZ��7KH�VWXG\�
DW� HDFK� VLWH� ZDV� FRQGXFWHG� DW� WKUHH� GLIIHUHQW�
DOWLWXGH�]RQHV�L�H��KLJK�]RQH��������²�������P�DVO���
PLGGOH�]RQH��������²�������P�DVO��DQG�ORZHU�]RQH�
�����²�������P�DVO��

6DPSOLQJ�'HVLJQ�DQG�'DWD�$QDO\VLV

� 9HJHWDWLRQ� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� D�
V\VWHPDWLF� VDPSOLQJ� ZLWK� WUDQVHFW� OLQH� DORQJ�
����P�IRU�HDFK�]RQH�LQ�WKH�WZR�VWXG\�VLWHV��(DFK�
WUDQVHFW� OLQH� FRQVLVWHG� RI � ��� TXDGUDWV� RI � ��� [�
���P��IRU�WUHH�VSHFLHV������TXDGUDWV�RI ���[���P�
�IRU�VDSOLQJ�VSHFLHV��DQG����TXDGUDWV�RI � ���[���P�
�IRU�KHUE� VSHFLHV�� �&URSSHU�������.UHEV�������� �
+HLJKW� DQG� GLDPHWHU� GDWD� RI�$�� GHFXUUHQV� WUHHV�
ZHUH� FROOHFWHG� DW� HDFK� VLWH�� 7KHVH� GDWD� ZHUH�
FROOHFWHG� IURP���� WUHHV� WKDW�ZHUH� LQVLGH� WKH����
TXDGUDW�SORWV�RI �����ï����P��(QYLURQPHQWDO�GDWD�
FROOHFWHG� DW� HDFK� VLWH� ZHUH� VRLO� SK\VLFDO� DQG�
FKHPLFDO� SURSHUWLHV�� DLU� WHPSHUDWXUH�� KXPLGLW\��
OLJKW�LQWHQVLW\�DQG�ZLQG�VSHHG�
� ,PSRUWDQFH�9DOXH�,QGH[��,9,��ZDV�FDOFXODWHG�
WR� GHWHUPLQH� WKH� RYHUDOO� LPSRUWDQFH� RI � HDFK�
VSHFLHV�LQ�WKH�FRPPXQLW\�VWUXFWXUH��,Q�FDOFXODWLQJ�
WKLV� LQGH[��WKH�SHUFHQWDJH�YDOXHV�RI �WKH�UHODWLYH�
IUHTXHQF\��UHODWLYH�GHQVLW\�DQG�UHODWLYH�GRPLQDQFH�
ZHUH�VXPPHG�XS�WRJHWKHU ����.HQW�	�3DGG\������
6SHFLHV�GLYHUVLW\�ZDV�GHWHUPLQHG�XVLQJ�6KDQQRQ�
:LHQHU� 'LYHUVLW\� ,QGH[� �+��� ZKLOH� VSHFLHV�
GRPLQDQFH� ZDV� GHWHUPLQHG� XVLQJ� 6LPSVRQ
V�
'RPLQDQFH�,QGH[��'��
� 6KDQQRQ�:LHQHU� 'LYHUVLW\� ,QGH[� �+�� LV� DQ�
LQGH[� WKDW� LV� FRPPRQO\� XVHG� WR� FKDUDFWHUL]H�
VSHFLHV� GLYHUVLW\� LQ� D� FRPPXQLW\�� 6KDQQRQ�
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� �� �VXP�RI �WKH�TXDGUDW�FRXQW;L

�  �VXP�RI �WKH�TXDGUDW�FRXQW�IURP�WKH�WRWDO�RI �
���

;L

VSHFLHV�LQ�WKH�FRPPXQLW\

� 7KH�GHYLDWLRQ�IURP�UDQGRP�H[SHFWDWLRQ�FDQ�
EH�WHVWHG�XVLQJ�FULWLFDO�YDOXHV�RI �WKH�&KL�VTXDUH�
GLVWULEXWLRQ� ZLWK� Q��� GHJUHHV� RI � IUHHGRP��
&RQILGHQFH�LQWHUYDO�DURXQG���FDQ�EH�FDOFXODWHG�E\�
WKH� XQLIRUP� �0X�� DQG� FOXPSHG� �0F�� LQGLFHV�
�.UHEV�������

ZKHUH�
�
[ ������� �YDOXH� RI � FKL�VTXDUH� IURP� WKH� WDEOH�

ZLWK� �Q����� GHJUHH� RI � IUHHGRP� WKDW�
KDV��������RI �WKH�DUHD�WR�ULJKW

�
[ ������� �YDOXH� RI � FKL�VTXDUH� IURP� WKH� WDEOH�

ZLWK� �Q����� GHJUHH� RI � IUHHGRP� WKDW�
KDV�������RI �WKH�DUHD�WR�ULJKW

[L� �  �QXPEHU�RI �LQGLYLGXDO�RI �VSHFLHV�LQ�D�
VHW�RI �TXDGUDW

Q� �  �QXPEHU�RI �TXDGUDW

� 6WDQGDUGL]HG� 0RULVLWD� ,QGH[� ZDV� FDOFXODWHG�
XVLQJ�WKH�IROORZLQJ�IRXU�IRUPXODV�

� 6WDQGDUGL]HG� 0RULVLWD� ,QGH[� RI � 'LVSHUVLRQ�
�,S�� UDQJHV� IURP� ����� WR� ����� ZLWK� ����
FRQILGHQFH�OLPLW�DW������� �,S� ���PHDQV�WKDW�WKH�
SODQWV�DUH�LQ�UDQGRP�GLVSHUVLRQ��,S�!���PHDQV�WKDW�
WKH�SODQWV�DUH�LQ�FOXPSHG�GLVSHUVLRQ�DQG�,S�����
PHDQV�WKDW�WKH�SODQWV�DUH�LQ�XQLIRUP�GLVSHUVLRQ�
� &RUUHODWLRQ� EHWZHHQ� HQYLURQPHQWDO� IDFWRUV�
DQG�DEXQGDQFH�RI �$��GHFXUUHQV�ZDV�DQDO\]HG�XVLQJ�
&DQRQLFDO� &RUUHVSRQGHQFH� $QDO\VLV� �&&$�� RI �
WKH�3$67�9���6RIWZDUH� �/HJHQGUH�	�/HJHQGUH�
������ +DPPHU� HW� DO�� ������� � 'LVWULEXWLRQ� DQG�
DVVRFLDWLRQ�EHWZHHQ�$��GHFXUUHQV�DQG�RWKHU�VSHFLHV�
LQ�WKH�FRPPXQLW\�ZHUH�GHWHUPLQHG�XVLQJ�VSHFLHV�
RUGLQDWLRQ�RI �WKH�1RQ�0HWULF�0XOWLGLPHQVLRQDO�
6FDOLQJ� DQG� FDOFXODWHG� XVLQJ� 35,0(5� Y���
6RIWZDUH��&ODUNH�	�*RUOH\��������

:LHQHU� 'LYHUVLW\� ,QGH[� �+�� DFFRXQWV� IRU� ERWK�
DEXQGDQFH�DQG�HYHQQHVV�RI �WKH�H[LVWLQJ�VSHFLHV��
DV�LV�VKRZQ�LQ�WKLV�IRUPXOD�

ZKHUH���
+�  � 6KDQQRQ�:LHQHU�'LYHUVLW\�,QGH[
3L� � SURSRUWLRQ�RI �VSHFLHV
Q �  � QXPEHU�RI �VSHFLHVL

1� � QXPEHU�RI �TXDGUDW

� 6LPSVRQ
V�'RPLQDQFH� ,QGH[� �'�� LV� D� VLPSOH�
PDWKHPDWLFDO�PHDVXUH�WKDW�FKDUDFWHUL]HV�VSHFLHV�
GLYHUVLW\� LQ� D� FRPPXQLW\�� 7KH� SURSRUWLRQ� RI �
VSHFLHV��QL��UHODWLYH�WR�WKH�WRWDO�QXPEHU�RI �VSHFLHV�
�1�� LV� FDOFXODWHG� DQG� VTXDUHG�� 7KH� VTXDUHG�
SURSRUWLRQV�IRU�DOO�WKH�VSHFLHV�DUH�VXPPHG��DQG�
WKH�UHFLSURFDO�LV�WDNHQ�

ZKHUH�
'�� �6LPSVRQ
V�'RPLQDQFH�,QGH[
Q �� �QXPEHU�RI �VSHFLHVL

1�� �QXPEHU�RI �TXDGUDW

7KH�6LPSVRQ
V�LQGH[�UDQJHV�
� ��� ,I �'� ���²�����WKLV�PHDQV�WKDW�QRQH�VSHFLHV�

ZHUH�GRPLQDQW
� ��� ,I �'� �����²��� WKLV�PHDQV� WKDW� WKHUH� LV�D�

GRPLQDQW�VSHFLHV

� (YHQQHVV� ,QGH[� �(�� FDQ� EH� FDOFXODWHG� E\�
GLYLGLQJ�+�E\�+ ��ZKHUH�+ � �OQ ���(TXLWDELOLW\�6PD[ PD[

DVVXPHV� D� YDOXH� EHWZHHQ� �� DQG� ��ZLWK� �� EHLQJ�
FRPSOHWH�HYHQQHVV�

ZKHUH�
(�� ��(YHQQHVV�,QGH[
+�� ��6KDQQRQ�:LHQHU�YDOXH
6��  ��WRWDO�QXPEHU�RI �VSHFLHV�LQ�WKH�FRPPXQLW\

� 3ODQW�GLVWULEXWLRQ�SDWWHUQ�ZDV�DQDO\]HG�XVLQJ�
0RULVLWD�,QGH[�RI �'LVSHUVLRQ��,é���DV�LV�VKRZQ�E\�
WKLV�IRUPXOD�

ZKHUH�
,é�  �0RULVLWD�,QGH[�RI �'LVSHUVLRQ
1�  �VDPSOH�VL]H

��

,QYDVLRQ�RI �$FDFLD�GHFXUUHQV��DIWHU�HUXSWLRQ�RI �0RXQW�0HUDSL�²�6XQDUGL�HW�DO�
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� 6SHFLHV� FRPSRVLWLRQ� RI � WKH� YHJHWDWLRQ� DW�
&DQJNULQJDQ� DQG� 6HOR� VLWHV� LQ� WHUPV� RI �
,PSRUWDQFH� 9DOXH� ,QGH[� �,9,�� DQG� 0RULVLWD�
,QGH[� RI � 'LVSHUVLRQ� IRU� KHUEV�� VDSOLQJ� DQG�
WUHH�IRU�HDFK�DOWLWXGH�]RQH�DUH�VKRZQ�LQ�7DEOH���
DQG� ��� 9HJHWDWLRQ� DW� &DQJNULQJDQ� VLWH� ZDV�
GRPLQDWHG� E\� KHUEV� VSHFLHV� RI � ,PSHUDWD�

F\OLQGULFD��&HQWHOOD� DVLDWLFD�� ,PSDWLHQV� EDOVDPLQD� DQG�
E\� VDSOLQJ� DQG� WUHH� VSHFLHV� RI � $�� GHFXUUHQV�
�7DEOH����
� 9HJHWDWLRQ� DW� 6HOR� VLWH� ZDV� GRPLQDWHG� E\�
VSHFLHV� RI � �� ��&�� DVLDWLFD (XSDWRULXP� RGRUDWXP

(XSDWRULXP� ULSDULXP 3HQQLVHWXP� SXUSXUHXP�� ��
3RJRQDWXP�VS���DQG�E\�VDSOLQJ�DQG�WUHH�VSHFLHV�RI �
$��GHFXUUHQV 9DFFLQLXP�YDULQJLDHIROLXP $OEL]LD��� � DQG�
ORSKDQWKD��7DEOH����
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� +HUEV�DW�&DQJNULQJDQ�VLWH�ZHUH�GRPLQDWHG�E\�
$VWHUDFHDH� IDPLO\�� ZKLOH� DW� 6HOR� VLWH� ZHUH�
GRPLQDWHG� E\� $VWHUDFHDH� DQG� 9HUEHQDFHDH�
IDPLOLHV� 7KH� GRPLQDWLRQ� RI � $VWHUDFHDH� IDPLO\��

RFFXUUHG�EHFDXVH�WKLV�IDPLO\�FDQ�ZHOO�DGDSW�WR�WKH�
PRXQWDLQ�VORSH�FRQGLWLRQV��7KLV�IDPLO\�DOVR�KDV�
UROH� LQ�HFRV\VWHP�IXQFWLRQV��VXFK�DV�SUHYHQWLQJ�
HURVLRQ� DQG� HQULFKLQJ� VRLO� RUJDQLF� PDWWHU�
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�.XPROR�	�8WDPL��������7KH\�DUH�RIWHQ�FODVVLILHG�
DV�ZHHG�RQ�DJULFXOWXUDO�ODQG��2QH�VSHFLHV�PHPEHU�
L�H�� � ZDV� UHSRUWHG� E\� 6XQDU\R� �(�� RGRUDWXP HW� DO�
������� DQG� 8ML� ������� IRU� LQYDGLQJ� VHYHUDO�
ORFDWLRQV� LQ� WKH�0RXQW� 6DODN� DQG�0RXQW�*HGH�
3DQJUDQJR�1DWLRQDO�3DUN��%DVHG�RQ�GDWDEDVH�IURP�
,QYDVLYH� 6SHFLHV� 6SHFLDOLVW�*URXS� �,66*� �������
QXPEHUV�RI �KHUEV�DQG�WUHH�VSHFLHV�LQ�WKH�WZR�VWXG\�
VLWHV�ZHUH� OLVWHG� DV� ,QYDVLYH�$OLHQ�3ODQW� 6SHFLHV�
�,$36��� �2QO\�IHZ�QXPEHUV�RI �QDWLYH�SODQWV�ZHUH�
IRXQG�DIWHU�WKH�HUXSWLRQ���1DWLYH�SODQWV�FDQ�DGDSW�
WR�D�YHU\�ORZ�IUHTXHQF\�RI �GLVWXUEDQFH�DQG�WDNH�D�
ORQJ�WLPH�WR�UHFRYHU�LQWR�WKH�VDPH�SRSXODWLRQ�VL]H�
DV�EHIRUH�WKH�GLVWXUEDQFH��6PLWK�	�7XQLVRQ���������
$��GHFXUUHQV�LV�WKH�PRVW�GRPLQDQW�DQG�KDV�KLJK�ULVN�
WR� WKH� HQYLURQPHQW� LQ� 0RXQW�0HUDSL� 1DWLRQDO�
3DUN��7KLV�VSHFLHV�GHQVHO\�FRYHUHG�WKH�YHJHWDWLRQ�
DW�&DQJNULQJDQ�VLWH�
� 0RULVLWD�,QGH[�RI �'LVSHUVLRQ�VKRZHG�WKDW�WKH�
$�� GHFXUUHQV� ZDV� GLVSHUVHG� LQWR� FOXPSHG� SDWWHUQ�
�7DEOH� �� 	� ���� ,Q� QDWXUDO� HFRV\VWHP�� SODQW�
GLVWULEXWLRQ� RU� GLVSHUVLRQ� ZDV� FRUUHODWHG� ZLWK�
HQYLURQPHQWDO� FRQGLWLRQ� DQG� FRPSHWLWLRQ� ZLWK�
RWKHU� VSHFLHV� LQ� WKH� FRPPXQLW\�� 5DQGRP�
GLVSHUVLRQ� RI � SODQW� LQ� WKH� FRPPXQLW\� LV� UDUHO\�
IRXQG�LQ�WKH�WURSLF�HFRV\VWHP��&DOO�	�1LOVHQ��������
&OXPS�GLVWULEXWLRQ�RI �WKH�SODQW�ZDV�DOVR�FDXVHG�E\�

KLJK� VHHG� UHSURGXFWLRQ�RI �PDWXUH� SODQWV�ZKLFK�
VHHGV� IDOO� VXUURXQGLQJ� WKH� SDUHQW� SODQW��
(QYLURQPHQWDO�IDFWRUV�VXFK�DV�FOLPDWH��ZLQG��VRLO�
QXWULHQWV�PD\�LQIOXHQFH�SODQW�GLVWULEXWLRQ�
� &OXPS�GLVWULEXWLRQ�RI �SODQW�VSHFLHV�DIIHFWHG�
VSHFLHV� GLYHUVLW\� DQG� HYHQQHVV� RI � SODQW�
FRPPXQLW\��6RHULDQHJDUD�	�,QGUDZDQ��������7KH�
UHVXOWV� VKRZHG� WKDW� DW� &DQJNULQJDQ� VLWH�
SRSXODWLRQ�RI � ZDV�FOXPS�GLVWULEXWLRQ�$��GHFXUUHQV�
�7DEOH����ZLWK�ORZHU�GLYHUVLW\�LQGH[�FRPSDUHG�WR�
WKH�LQGH[�DW�6HOR�VLWH��7DEOH����
� $�� GHFXUUHQV� DW� 6HOR� VLWH� ZDV� UDQGRPO\�
GLVWULEXWHG��7DEOH�����6SHFLHV�GLYHUVLW\�LQ�D�SODQW�
FRPPXQLW\� ZDV� DIIHFWHG� E\� GHQVLW\� RI � WKH�
LQGLYLGXDO� VSHFLHV�� WKH� ODUJHU� QXPEHU� RI � WKH�
VSHFLHV� DQG� WKH� VSUHDG� RI � HDFK� VSHFLHV�� � $W�
&DQJNULQJDQ�VLWH�WKH�HYHQQHVV�LQGH[�VKRZHG�WKDW�
WKH�KHUEV�ZHUH�PRUH�VWDEOH�WKDQ�WKH�SROH�RU�WUHH�
SODQW�GXH� WR� WKH� LQYDVLRQ�RI � �ZKLFK�$��GHFXUUHQV
GHQVHO\� GLVWULEXWHG� LQ� FOXPSV� 6LPSVRQ
V��
'RPLQDQFH�,QGH[��'��VKRZHG�WKDW�VRPH�VSHFLHV�
GRPLQDWHG�SODQW�FRPPXQLW\�ERWK�DW�&DQJNULQJDQ�
DQG� 6HOR� VLWHV� 3ROH� DQG� WUHH� YHJHWDWLRQV� DW��
&DQJNULQJDQ�VLWH�KDG�ORZ�GRPLQDQFH�LQGLFHV�WKDQ�
WKRVH� DW� 6HOR� VLWH�� 6PDOOHU� GRPLQDQFH� LQGH[�
LQGLFDWHG� WKDW� WKHUH� ZDV� D� VSHFLHV� VSUHDG� DQG�
GRPLQDWHG�WKH�FRYHUDJH�RI �DQ�DUHD��.UHEV�������
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� ,QYDVLRQ�RI �$��GHFXUUHQV��IRUPLQJ�PRQRFXOWXUH�
WKLFNHWV�� PD\� UHGXFH� WKH� DEXQGDQFH� RI � QDWLYH�
SODQW� VSHFLHV�� )HZ� QDWLYH� VSHFLHV� IRXQG� DW�
WKH� &DQJNULQJDQ� VLWH� ZDV� KLJKO\� LQYDGHG� E\�
$��GHFXUUHQV��5HGXFWLRQ�RI �VSHFLHV�GLYHUVLW\�PD\�EH�
FDXVHG�E\�FRPSHWLWLRQ�IRU�VRLO�QXWULHQWV�EHWZHHQ�
QDWLYH� VSHFLHV� DQG� ,$36�� �2WKHU�SRVVLEOH� FDXVH�
ZDV�WKH�DELOLW\�RI �$��GHFXUUHQV��/HJXPH�IDPLO\��WR�
LQFUHDVH� VRLO� QLWURJHQ� FRQWHQW� �QLWURJHQ� IL[LQJ���
&KDQJHV� LQ� YHJHWDWLRQ� FRPSRVLWLRQ� DQG� ORVV�RI �
GLYHUVLW\� DUH� FRQVLGHUHG� WR� QHJDWLYHO\� DIIHFW�
ZLOGOLIH�WKURXJK�TXDOLW\�DQG�TXDQWLW\�RI �HFRV\VWHP�
VHUYLFHV��0F��'RQDOG�HW�DO��������

$XWHFRORJ\

� 3HUKXWDQL��6WDWH�)RUHVW�(QWHUSULVH��LQWURGXFHG�
$�� GHFXUUHQV� LQWR� 0013� DURXQG� ����V�� EHIRUH�
WKH� UHJLRQ�ZDV� GHFODUHG� DV� D� FRQVHUYDWLRQ� DUHD��
$��GHFXUUHQV�ZDV�XVHG�DV�GLYLGHU�EHWZHHQ�SODQWDWLRQ�
DUHD�ZLWK�DJULFXOWXUH�ODQG��2YHU�WLPH�� �ZDV�$FDFLD
ZLGHVSUHDG�LQ�VHYHUDO�UHJLRQV�DURXQG�WKH�QDWLRQDO�
SDUN�� 6LJQLILFDQW� KLJK� QXPEHU� RI � �$�� GHFXUUHQV
SRSXODWLRQ�ZDV�UHFRUGHG�LQ�������D�IHZ�PRQWKV�
DIWHU� WKH� HUXSWLRQ� RI � 0RXQW� 0HUDSL� ZKLFK�
RFFXUUHG�IURP�2FWREHU�WR�1RYHPEHU������� �$FDFLD
KDV�KDUG�DQG�WKLFN�VHHG�FRDW�WR�UHPDLQ�GRUPDQW�LQ�
FHUWDLQ� FLUFXPVWDQFHV�� $OVR�� WKH� VHHG� VWUXFWXUH�
PDNHV� LW�SRVVLEOH� IRU� WR�JHUPLQDWH�XQGHU�$FDFLD�
XQVXLWDEOH� FRQGLWLRQ� FDXVHG� E\� PDMRU�
GLVWXUEDQFHV�� ,QYDVLYH� VSHFLHV� WHQG� WR� KDYH�
JHQHUDOLVW� SROOLQDWLRQ�� PDVV� VHHG� SURGXFWLRQ��
HIILFLHQW�VHHG�GLVSHUVDO�DQG�SHUVLVWHQW�VHHG�EDQN�
ZKLFK� FDQ� HQGXUH� KHDW� FDXVHG� E\� ILUH� RU�
GLVWXUEDQFH� WKDW� WULJJHUHG� VHHG� JHUPLQDWLRQ�
�*LEVRQ� ��������7KLV�VWXG\�LQGLFDWHG�WKDW�WKH�HW�DO�
S\URFODVWLF� IORZ� EURNH� WKH� GRUPDQF\� RI � VHHG�
VWRUHG�LQ�WKH�VRLO��VRLO�VHHG�EDQN���� �LQYDVLRQ�$FDFLD
LQ� 0013� ZDV� FDXVHG� E\� PDMRU� GLVWXUEDQFHV�
UHVXOWHG� IURP� 0RXQW� 0HUDSL� HUXSWLRQ�� � 7KH�
LQYDVLRQ�RFFXUUHG�LQ�VHYHUDO�DUHDV�LPSDFWHG�E\�WKH�
S\URFODVWLF� IORZ��7KH�S\URFODVWLF� IORZ�FRQWDLQHG�
PDWHULDOV�WKDW�FDQ�VWLPXODWH�ELRORJLFDO�SURGXFWLRQ�
LQ�WKH�LPSDFWHG�HQYLURQPHQW�� �7KH�PDWHULDOV�FDQ�
EH�XVHG�DV� IHUWLOL]HU�DQG�FRQWDLQ�PDQ\�HOHPHQWV�
WKDW�FDQ�LQFUHDVH�VRLO�IHUWLOLW\�
� 7KHUH� LV� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ�
$��GHFXUUHQV�LQYDVLRQ�DQG�0RXQW�0HUDSL�HUXSWLRQ��
DFFRPSDQLHG�E\�S\URFODVWLF� IORZ��)LUH� LV�RQH�RI �
QDWXUDO�GLVWXUEDQFHV�DQG�LPSRUWDQW�SURFHVVHV�IRU�

PDLQWDLQLQJ�VSHFLHV�GLYHUVLW\�LQ�IRUHVW�HFRV\VWHP�
�:DONHU� 	� GHO� 0RUDO� ������� 1RQ�QDWLYH� SODQW�
VSHFLHV� ZLWK� DQ� HVWDEOLVKHG� VHHG� EDQN� WHQG� WR�
UHVSRQG�SRVLWLYHO\�WR�SRVW�ILUH�FRQGLWLRQV��VXFK�DV�
LQFUHDVHG�VRLO�WHPSHUDWXUHV��LQFUHDVHG�OLJKW�OHYHOV��
UHGXFHG� FRPSHWLWLRQV� DQG� LQFUHDVHG� DYDLODEOH�
QLWURJHQ��:DJQHU�	�)UDWHUULJR��������$��GHFXUUHQV�
LV� NQRZQ� IRU� WKHLU� KLJK� IODPPDELOLW\� DQG� KDV�
WHQGHQF\� WR� TXLFNO\� UHFRYHU� IURP� GLVWXUEDQFH�
FRPSDUHG�WR�QDWLYH�VSHFLHV��%URRNV�HW�DO��������
� $�� GHFXU U HQV+LJK� SRSXODWLRQ� RI � � DW�
&DQJNULQJDQ� VLWH� ZDV� DQ� H[DPSOH� VKRZLQJ�
FRUUHODWLRQ�EHWZHHQ�DUHD�LPSDFWHG�E\�S\URFODVWLF�
IORZ�DQG� �LQYDVLRQ�LQ�WKH�DUHD��6HOR�VLWH�KDG�$FDFLD
ORZ�SRSXODWLRQ�RI � �EHFDXVH�6HOR�VLWH�ZDV�$FDFLD
QRW�LPSDFWHG�E\�S\URFODVWLF�IORZ��7DEOH���	�����
,QYDVLYH� VSHFLHV� UHVSRQGHG� TXLFNHU� WR�
GLVWXUEDQFH�WKDQ�QRQ�LQYDVLYH�VSHFLHV��*LEVRQ�HW�
DO���������,QYDVLYH�DOLHQ�SODQW�VSHFLHV�FDQ�ZLGHO\�
VSUHDG�� KDYH� KLJK� JURZWK� UDWH� DQG� KDYH� KLJK�
WROHUDQFH� WR� SK\VLFDO� FRQGLWLRQV� VXFK� DV� ILUH��
IORRG�� GURXJKW� DQG� RWKHU� QDWXUDO� GLVWXUEDQFHV�� �
7KHVH�SK\VLFDO�FRQGLWLRQV�DUH�WKH�PDMRU�IDFWRUV�
IRU�DOLHQ�SODQW�VSHFLHV�WR�LQYDGH�D�QHZ�DUHD��9HOGH�
HW�DO���������7KHUH�DUH�IRXU�IDFWRUV�LQIOXHQFLQJ�WKH�
VXFFHVV� RI � VSHFLHV� LQYDVLRQ� L�H�� � GLVWXUEDQFHV�
RFFXUUHG� LQ�HFRV\VWHP��ILUH�RU�QDWXUDO�GLVDVWHU���
DELOLW\� WR�FRPSHWH��DYDLODELOLW\�RI �UHVRXUFHV�DQG�
SUHVVXUH� RI � SURSDJXOHV� �0RVHU� � �������HW� DO�
6SHFLHV� LQYDVLRQ� LV� WKH� UHVXOW� RI � LQWHUDFWLRQV�
EHWZHHQ� KDELWDW� VXLWDELOLW\� DQG� SUHVVXUH� RI �
SURSDJXOHV� �5HMPjQHN� � ������� &KDQJHV� LQ�HW� DO�
HQYLURQPHQWDO�FRQGLWLRQV�PD\�DIIHFW�WKH�OHYHO�RI �
VSHFLHV� LQYDVLRQ�� &KDQJHV� LQ� HQYLURQPHQWDO�
FRQGLWLRQV� LQWHUIHUH� ZLWK� WKH� EDODQFH� RI �
FRPSHWLWLRQ� EHWZHHQ� QDWLYH� SODQWV� DQG� IRUHLJQ�
SODQWV��$PRQJ�FKDQJHV� LQ� WKH� HQYLURQPHQW� DUH�
OLPLWHG� PHWDEROLVP�� KLJK� WHPSHUDWXUH� DQG�
SUHVHQFH�RI �WR[LQ��$OSHUW� �������HW�DO�
� $��GHFXUUHQV&OXVWHU�DQDO\VLV�VKRZHG�WKDW� �KDV�
SRVLWLYH� FRUUHODWLRQ� RQO\� ZLWK� KHUEV�� +LJK�
QXPEHUV�RI �FRUUHODWLRQ�ZHUH�REVHUYHG�EHWZHHQ�
$��GHFXUUHQV &��DVLDWLFD (�� ULSDULXP ,PSDWLHQV��DQG� �� ��
SODW\SHWDOD 3HQQLVHWXP� SXUSXUHXP� DQG� � �)LJ�����
1HJDWLYH� FRUUHODWLRQV� RFFXUUHG� EHWZHHQ�
$��GHFXUUHQV� DQG�QDWLYH� VSHFLHV��7KH� UHVXOWV� DOVR�
VKRZHG� WKDW� DW� &DQJNULQJDQ� VLWH� WKHUH� ZDV� D�
GHFUHDVH�LQ�WKH�QXPEHU�RI �QDWLYH�WUHH�VSHFLHV�GXH�
WR�KLJK�QXPEHUV�RI � �)LJ����$��GHFXUUHQV� �

��

,QYDVLRQ�RI �$FDFLD�GHFXUUHQV��DIWHU�HUXSWLRQ�RI �0RXQW�0HUDSL�²�6XQDUGL�HW�DO�



� %HLQJ�WUHH�DQG�ZRRG\�VSHFLHV��$��GHFXUUHQV�LV�D�
FRPSHWLWRU�WR�RWKHU�WUHH�VSHFLHV��7KH�GRPLQDQFH�
RI �$��GHFXUUHQV�SUHVHQWV�DQ�H[WUHPH�FKDOOHQJH�IRU�
WKH�QDWLYH�SODQW� FRPPXQLWLHV�EHFDXVH� WKH� UDSLG�
FDQRSLHV� JURZWK� RI �$�� GHFXUUHQV� KLQGHUHG� RWKHU�
SODQWV�IURP�REWDLQLQJ�OLJKW�
� ,W�LV�YHU\�LPSRUWDQW�WR�XQGHUVWDQG�WKDW�LQYDVLRQ�
SURFHVV�YDULHV�DORQJ�ELRWLF�DQG�DELRWLF�JUDGLHQWV�
ZLWKLQ�D�ORFDO�HQYLURQPHQW��$ELRWLF�YDULDEOH�LV�WKH�
PRVW� LPSRUWDQW� IDFWRU� WR� VWXG\� WKH� SODQW�
DXWHFRORJ\� �6ZDP\� HW� DO�� ������� 7KH� VWXG\� RI �
DELRWLF�JUDGLHQW�DQDO\VLV�VKRZHG�WKDW�WKH�LQYDVLRQ�

RI �$��GHFXUUHQV�FRUUHODWHG�ZLWK�DYDLODEOH�OLJKW�DQG�
ZHDWKHU�WHPSHUDWXUH��)LJ�����
� &KDQJHV� LQ� DYDLODEOH� OLJKW�� ZLQG� VSHHG��
KXPLGLW\��WHPSHUDWXUH�DQG�VRLO�PRLVWXUH�LQGXFHG�
E\�IUDJPHQWDWLRQ�RI �IRUHVW�HFRV\VWHPV�RIWHQ�DGG�
WR� FRPSHWLWLYH� DGYDQWDJHV� RI � LQYDVLYH� VSHFLHV�
RYHU� QDWLYH� VSHFLHV� �(PLO\� HW� DO�� ������� �0RXQW�
0HUDSL� HUXSWLRQ� KDV� EXUQHG� GRZQ� DOO� RI � WKH�
QDWLYH�YHJHWDWLRQ�DQG�WUDQVIRUP�LW�LQWR�WKH�RSHQ�
DUHD�� $V� WKH� RSHQ� DUHD�� DXWRPDWLFDOO\� WKH� OLJKW�
GHQVLW\�ZDV�LQFUHDVHG�OLJKW�LQWHQVLW\�DQG�DOVR�WKH�
LQFUHDVH� RI � WKH� WHPSHUDWXUH� DIWHU� WKH� HUXSWLRQ��

��
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)LJXUH� �� �10'6� RUGLQDWLRQ� UHVXOW� ��'� VWUHVV� � ������PHDVXUHG� IURP� UHODWLRQVKLS� EHWZHHQ� DFWXDO� GLVVLPLODULWLHV� DQG�
GLVWDQFHV�� ZKLFK� VKRZV� VSHFLHV� FRPSRVLWLRQ� GLIIHUHQFH� LQ� HDFK� VDPSOH� SORW� DQG� FKDQJH� LQ� DEXQGDQFH� RI �
$��GHFXUUHQV

)LJXUH���� 10'6� RUGLQDWLRQ� UHVXOW� ��'� VWUHVV� � ������PHDVXUHG� IURP� UHODWLRQVKLS� EHWZHHQ� DFWXDO� GLVVLPLODULWLHV� DQG�
GLVWDQFHV��ZKLFK�VKRZV�DVVRFLDWLRQ�FOXVWHUV�RI �SODQW�FRPPXQLW\�LQFOXGLQJ�$��GHFXUUHQV�DW�VDPSOLQJ�ORFDWLRQV



)LJXUH��� 7KH�LQIOXHQFH�RI �HQYLURQPHQWDO�IDFWRUV�LQ�WKH�WZR�VWXG\�VLWHV�WRZDUGV�$��GHFXUUHQV�SRSXODWLRQ�XVLQJ�&DQRQLFDO�
&RUUHVSRQGHQFH�$QDO\VLV��&&$�

����������������1RWHV���&� �&DQJNULQJDQ���6� �6HOR���� �=RQH������ �=RQH������ �=RQH���

7KH�LQFUHDVH�RI �WHPSHUDWXUH�DQG�WKH�OLJKW�GHQVLW\�
ZDV�WULJJHUHG�WKH�VHHG�EDQN�WR�JHUPLQDWH�� �,$36�
FDQ� HQGXUH� H[WUHPH� WHPSHUDWXUH� ZKLFK� PDNHV�
WKHP� FRPSHWLWRU� WR� WKH� QDWLYH� YHJHWDWLRQ�
�+HOOPDQQ� HW�DO��������2UGRQH]� HW�DO��������9DQ�
.OHXQHQ�HW�DO���������6RQJ�HW�DO���������VWXGLHG�WKH�
HIIHFW� RI � H[WUHPH� KLJK� WHPSHUDWXUHV� IRU� WKH�
LQYDVLYH�:HGHOLD�WULOREDWD��DQG�IRXQG�RXW�WKDW�LQ�WKH�
H[WUHPH�KLJK�WHPSHUDWXUH�FRQGLWLRQ��:��WULOREDWD�
H[SHULHQFHG�OHVV�LQKLELWLRQ�RI �UHODWLYH�JURZWK�UDWH�
�5*5�� DQG�ELRPDVV�SURGXFWLRQ� WKDQ� WKH�QDWLYH�
SODQW�:HGHOLD�FKLQHQVLV�

� 2XU�VWXG\�FRPSDUHG�GLDPHWHU�DQG�KHLJKW�RI �
$��GHFXUUHQV�ORFDWHG�LQ�DUHD�DIIHFWHG�E\�S\URFODVWLF�
IORZ��&DQJNULQJDQ��DQG�WKRVH�ORFDWHG�LQ�DUHD�QRW�
DIIHFWHG�E\�S\URFODVWLF�IORZ��6HOR�����'LDPHWHU�RI �
$��GHFXUUHQV� DW�&DQJNULQJDQ� VLWH�ZDV� ORZHU� WKDQ�
WKDW�DW�6HOR�VLWH�� �,QYHUVH�HIIHFW�REVHUYHG�IRU�WKH�
KHLJKW�RI �$��GHFXUUHQV��)LJ����	������7UHH�KHLJKW�RU�
GLDPHWHU� ZDV� DOVR� DIIHFWHG� E\� VSHFLHV�
FRPSRVLWLRQ�RI �XQGHUVWRU\��6XU\DQWR�HW�DO����������
,$36�DOVR�SURGXFH�ODUJH�DPRXQW�RI �OLWWHU�XQGHU�
WKH� FDQRSLHV�� ZKLFK� PD\� LQIOXHQFH� XQGHUVWRU\�
VSHFLHV��:LOOLDPV�	�:DUGOH���������5HVXOWV�RI �WKLV�

)LJXUH�����'LDPHWHU�RI �$��GHFXUUHQV�DW�&DQJNULQJDQ�VLWH��LQYDGHG��DQG�6HOR�VLWH��XQLQYDGHG�

��
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)LJXUH������+HLJKW�RI �$��GHFXUUHQV�DW�&DQJNULQJDQ�VLWH��LQYDGHG��DQG�6HOR�VLWH��XQLQYDGHG�

VWXG\�UHYHDOHG�WKDW�WKHUH�ZHUH� �GLIIHUHQW�VL]HV�RI �
GLDPHWHUV� DV� ZHOO� DV� GLVVLPLODULW\� LQ� QDWLYH�
XQGHUVWRU\� SODQW� FRPSRVLWLRQ� EHWZHHQ� WKRVH�
ORFDWHG� DW� &DQJNULQJDQ� VLWH� �LQYDGHG� E\�
$�� GHFXUUHQV�� DQG� WKRVH� ORFDWHG� DW� 6HOR� VLWH� �QRW�
LQYDGHG� E\�$�� GHFXUUHQV��� � 'HQVH� SRSXODWLRQ� DW�
&DQJNULQJDQ� �LQYDGHG� VLWH�� ZRXOG� OHDG� WR�
LQWUDVSHFLILF� FRPSHWLWLRQ� LQ� REWDLQLQJ� UHVRXUFHV�
IURP�WKH�HQYLURQPHQW�
� $�� GHFXUUHQV� LQYDGHG� IURP� ORZ� HOHYDWLRQ� WR�
KLJKHU�HOHYDWLRQ��WKHUHIRUH��LW�ZDV�DGDSWHG�WR�WKH�
FOLPDWH�RI �0RXQW�0HUDSL�� �7KH�PDQDJHPHQW�RI �
0013�KDV�WR�EH�DZDUH�RI �WKH�LQYDVLYH�DELOLW\�RI �
$��GHFXUUHQV�LQ�RUGHU�WR�FRQWURO�WKH�VSUHDGLQJ�RI �
WKLV�SODQW�VSHFLHV���$PRQJ�HIIHFWLYH�WUHDWPHQWV�WR�
HUDGLFDWH� � SRSXODWLRQ� DUH� FXW� VWXPS�$�� GHFXUUHQV
PHWKRG��KHUELFLGH�WUHDWPHQW�DQG�VHHG�SURGXFWLRQ�
GHFUHDVH�
� :H�VXJJHVW�FRQGXFWLQJ�D�VWXG\�IRU�GHWHUPLQLQJ�
WKH� PRVW� IHDVLEOH� DQG� PRVW� HFRQRPLFDO�
PDQDJHPHQW� VWUDWHJ\� WR� HUDGLFDWH� WKLV� LQYDVLYH�
VSHFLHV����$PRQJ�FKDUDFWHULVWLFV�RI � �DUH�$��GHFXUUHQV
KDYLQJ�PDVV� VHHG�SURGXFWLRQ�� VHHG�JHUPLQDWLRQ�
WULJJHUHG�E\�KLJK�WHPSHUDWXUH��KLJK�SRWHQWLDO� WR�
VSUHDG� DQG� DELOLW\� WR�SURGXFH� URRW� VXFNHU�� � � ,Q�
PDQDJLQJ� WKH� LQYDVLRQ�� LW� LV� QRW� LPPHGLDWHO\�
DSSDUHQW� ZKHWKHU� WKH� HUDGLFDWLRQ� PHWKRG� XVHG�
ZLOO�EH�FRVW�HIIHFWLYH�RU�QRW�� �7KHUHIRUH��LW�LV�YHU\�
LPSRUWDQW�WR�KDYH�D�JRRG�XQGHUVWDQGLQJ�RI �WKH�
LQYDGHG� VLWH�� WKH� LQYDVLYH� SODQW� VSHFLHV�
FKDUDFWHULVWLFV�� WKH� ELRORJLFDO� LPSDFWV� DQG� WKH�
PDQDJHPHQW� VWUDWHJ\� WR� FRQWURO� LQYDVLYH� SODQW�
VSHFLHV��0RRUH� �������HW�DO�

&21&/86,216

� 0RXQW�0HUDSL�HUXSWLRQ�WULJJHUHG�WKH�VSUHDG�
RI �$��GHFXUUHQV�LQ�0013��7KH�,PSRUWDQFH�9DOXH�
,QGH[�VKRZHG�WKDW�WKH�LQYDVLRQ�RI �$��GHFXUUHQV�ZDV�
PRUH�GRPLQDQW�LQ�&DQJNULQJDQ�VLWH��DIIHFWHG�E\�
WKH�HUXSWLRQ��WKDQ�LQ�6HOR�VLWH��QRW�DIIHFWHG�E\�WKH�
HUXSWLRQ��� 10'6� RUGLQDWLRQ� VKRZHG� WKH�
GLIIHUHQFHV�LQ�WKH�FRPSRVLWLRQ�DQG�DEXQGDQFH�RI �
$�� GHFXUUHQV� EHWZHHQ�&DQJNULQJDQ� VLWH� DQG� 6HOR�
VLWH��$��GHFXUUHQV�VKRZHG�D�FOXPS�GLVSHUVDO�SDWWHUQ�
DW� &DQJNULQJDQ� 6LWH� DQG� D� UDQGRP� GLVSHUVDO�
SDWWHUQV� DW� 6HOR� VLWH�� � (QYLURQPHQWDO� IDFWRUV�
SRVLWLYHO\� FRUUHODWHG� ZLWK� WKH� DEXQGDQFH� RI �
$��GHFXUUHQV�ZHUH�WHPSHUDWXUH�DQG�OLJKW�LQWHQVLW\�

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

� :H� DUH� WKDQNIXO� WR� 81(3�*()� 3URMHFW�
´5HPRYLQJ� %DUULHUV� WR� ,QYDVLYH� 6SHFLHV�
PDQDJHPHQW�LQ�3URGXFWLRQ�DQG�3URWHFWLRQ�)RUHVW�
LQ� 6RXWK� (DVW� $VLD� �)25,6�� ²� ,QGRQHVLD� ZKR�
IXQGHG� WKLV� UHVHDUFK�� 0DQ\� WKDQNV� WR� WKH�
PDQDJHPHQW�RI �0RXQW�0HUDSL�1DWLRQDO�3DUN�IRU�
DVVLVWDQFH�LQ�FROOHFWLQJ�ILHOG�GDWD�

5()(5(1&(6

$OSHUW� 3�� %RQH� (�� +RO]DSIHO� &�� ������ ,QYDVLYHQHVV��
LQYLVLELOLW\�DQG�WKH�UROH�RI �HQYLURQPHQWDO�VWUHVV�LQ�
WKH�VSUHDG�RI �QRQ�QDWLYH�SODQWV��3HUVSHFW�3ODQW�(FRO�
(YRO�6\VW������������

��
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%DGDQ�1DVLRQDO�3HQDQJJXODQJDQ�%HQFDQD� >%13%@��������
,PSDFW�RI �0RXQW�0HUDSL�(UXSWLRQ��*HPD�%13%��
�����������

%URRNV� 0/�� '
$QWRQLR� &0�� 5LFKDGVRQ� '0�� *UDFH� -%��
.HHOH\� -(��'L7RPDVVR� -0��+REVV� 5-�� 3HOODQW�0��
3\NH�'��������(IIHFW�RI �LQYDVLYH�DOLHQ�SODQW�RQ�ILUH�
JHULPHV��%LRVFLHQFH������������

&DOO�/-��1LOVHQ�(7��������$QDO\VLV�RI �VSDWLDO�SDWWHUQV�DQG�
VSDWLDO� DVVRFLDWLRQ� EHWZHHQ� WKH� LQYDVLYH� 7UHH�RI�
+HDYHQ� � �� DQG� WKH� QDWLYH� %ODFN�$LODQWKXV� DOWLVVLPD
/RFXVW�� ���$P�0LGO�1DW����������5RELQLD�SVHXGRDFDFLD

&ODUNH�.5��*RUOH\�51����� ��35,0(5��3O\PRXWK�5RXWLQHV��
LQ�0XOWLYDULDWH�(FRORJLFDO�5HVHDUFK��3O\PRXWK��8.���
35,0(5�(�/WG������S�

&RQYHQWLRQ� RQ� %LRORJLFDO� 'LYHUVLW\�8QLWHG� 1DWLRQV�
(QYLURQPHQW� 3URJUDP� &%' ������> �81(3@��
,QYDVLYH�$OLHQ�6SHFLHV $YDLODEOH�IURP ��� �KWWS���ZZZ�
FEG�LQW��KWPO� ����5HWULHYHG�RQ����)HEUXDUL� ��

&RXWWV�6PLWK� $-�� 'RZQH\� 32�� ������ ,PSDFW� RI � ZHHGV� RQ�
WKUHDWHQHG� ELRGLYHUVLW\� LQ� 1HZ� 6RXWK� :DOHV�� $GHODLGH�
�$8��� &5&� IRU� $XVWUDOLDQ� :HHG� 0DQDJHPHQW��
7HFKQLFDO�6HULHV�QR�����

&URSSHU�6&��������0DQDJHPHQW�RI �HQGDQJHUHG�SODQWV��(DVW�
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