
�
,QYDVLRQ�RI �D�7DOO�8SODQG�)RUHVW�LQ�6RXWKHDVW�
)ORULGD�E\�WKH�([RWLF�7UHH�6\]\JLXP�FXPLQL�
�/���6NHHOV³�6WDQG�&KDUDFWHULVWLFV�DQG��
(IIHFWV�RQ�1DWLYH�6KUXEV�
�

�
�
�
'RXJODV�*��6FRILHOG�
'HSDUWPHQW�RI�%LRORJ\��3�2��%R[���������8QLYHUVLW\�RI�0LDPL��&RUDO�*DEOHV��)ORULGD�������� VFRILHOG#ILJ�FR[�
PLDPL�HGX�
�
�
�
$EVWUDFW�
�

:KLOH� PDQ\� H[RWLF� SODQWV� LQYDGH� KLJKO\� GLVWXUEHG� HFRV\VWHPV�� ZKDW� PD\� EH� OHVV� ZLGHO\�
NQRZQ�LV�WKH�H[FHSWLRQDO�DELOLW\�RI�VRPH�H[RWLF�ZRRG\�SODQWV�WR�LQYDGH�WKH�XQGHUVWRU\�RI�UHOD�
WLYHO\� LQWDFW�� WDOO�FDQRS\� IRUHVWV�� � 6WDQG� FKDUDFWHULVWLFV� RI� WKH� WUHH� 6\]\JLXP� FXPLQL� �/���
6NHHOV�LQ�SDUWV�RI�)HUQ�)RUHVW�1DWXUH�&HQWHU��%URZDUG�&RXQW\��DUH�UHSRUWHG�KHUH���,Q�FRQWUDVW�
WR����QDWLYH�WUHH�DQG�VKUXE�VSHFLHV�UHDFKLQJ�EUHDVW�KHLJKW��6��FXPLQL�KDG�KLJK�VWHP�GHQVLW\�
DQG� IUHTXHQF\�� DQG� WKH�PRVW� VXFFHVVIXO�GHJUHH�RI� UHFUXLWPHQW� LQWR� ODUJHU�GLDPHWHU� FODVVHV���
)XUWKHUPRUH�� WKHUH� LV� VRPH� LQGLFDWLRQ� WKDW� WKH�SUHVHQFH�RI� LQGLYLGXDOV�RI�6�� FXPLQL� � LV� DG�
YHUVHO\�DIIHFWLQJ�WKH�UHJHQHUDWLRQ�RI�QDWLYH�WUHH�DQG�VKUXE�VSHFLHV��
�
�
�
,QWURGXFWLRQ�
�
6\]\JLXP�FXPLQL���/���6NHHOV�LV�D�ODUJH�$VLDQ�WUHH�EHORQJLQJ�WR�WKH�IDPLO\�0\UWDFHDH���
7KH� ODUJH� OHDYHV�DUH�RSSRVLWH�� HOOLSWLF� WR�RYDWH�ODQFHRODWH� LQ� VKDSH�� DQG�ERUQH�RQ�
FUHDP�FRORUHG�WZLJV���7KH�VPDOO��ZKLWH�IORZHUV�DUH�ERUQ�RQ�VSUHDGLQJ�SDQLFOHV�DS�
SUR[LPDWHO\����FP�LQ�OHQJWK���7KH�HGLEOH�IUXLWV��IRU�ZKLFK�WKH�VSHFLHV�LV�RIWHQ�FXOWL�
YDWHG��DUH�EURDGO\�HOOLSVRLG��DERXW���WR���FP�ORQJ��ULSHQ�SXUSOH��DQG�EHDU�D�SURPL�
QHQW�FDO\[�ULP���/DUJH�VSHFLPHQV�RI�WKH�WUHH�KDYH�D�WKLFN�WUXQN�ZLWK�\HOORZ�EURZQ��
IODN\�EDUN���VPDOOHU�RQHV�PD\�KDYH�VPRRWK��OLJKW�JUD\�EDUN���
�
7KH�VSHFLHV�LV�IRXQG�IURP�,QGLD�DQG�&H\ORQ�WR�VRXWK�&KLQD��0DOD\VLD��DQG�WKH�3D�
FLILF� ,VODQGV�� DQG� LV� D� FRPPRQ�� ODUJH� WUHH� LQ� GU\� ]RQHV� WKURXJKRXW� LWV� UDQJH�
�'DVVDQD\HNH�DQG�)RVEHUJ�������� �,Q�VRXWKHUQ�)ORULGD��6��FXPLQL� �MDPERODQ�SOXP���
LV� W\SLFDOO\� IRXQG� DV� D� YHU\� ODUJH� VWUHHW� WUHH�� WR� ��� P� LQ� KHLJKW� �%URVFKDW� DQG�
0HHURZ�������� �7KH�PRVW� UHFHQW� IORUD�RI� WKH�VWDWH�FRQVLGHUV� LW� UDUHO\�QDWXUDOL]HG�
ZLWKLQ�GLVWXUEHG�KDPPRFNV��:XQGHUOLQ���������,W�LV�FODVVLILHG�DV�D�&DWHJRU\�,�LQYD�

���
�

�
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VLYH�H[RWLF�VSHFLHV��´SRWHQWLDO�WR�LQYDGH�DQG�GLVUXSW�QDWLYH�SODQW�FRPPXQLWLHVµ��E\�
WKH�)ORULGD�([RWLF�3HVW�3ODQW�&RXQFLO��)ORULGD�([RWLF�3HVW�3ODQW�&RXQFLO��������
�
�
6WXG\�6LWH�DQG�0HWKRGV�
�
)HUQ�)RUHVW�1DWXUH�&HQWHU� LV� D� FRXQW\� SDUN� RI� ���� KD�ZLWKLQ� KHDYLO\� XUEDQL]HG�
QRUWK�FHQWUDO�%URZDUG�&RXQW\�� � ,W� HQFRPSDVVHV� D� SRUWLRQ� RI� WKH�&\SUHVV�&UHHN�
GUDLQDJH� V\VWHP� �6WHLQEHUJ� ������� RQH� RI� VHYHUDO� VKRUW� ULYHUV� WKDW� IRUPHUO\�
EUHDFKHG�WKH�$WODQWLF�&RDVWDO�5LGJH�DQG�GUDLQHG�IUHVK�ZDWHU�IURP�WKH�HDVWHUQ�HGJH�
RI�WKH�(YHUJODGHV��/RGJH�������� �7KH�SDUN� LV�UHFRJQL]HG�DV�D�FHQWHU�RI�ERWDQLFDO�
GLYHUVLW\� �$XVWLQ� HW� DO�� ������ DQG� FRQWDLQV� VHYHUDO� SODQW� FRPPXQLWLHV�� LQFOXGLQJ�
VXEWURSLFDO�KDUGZRRG�KDPPRFN��EDOG�F\SUHVV�VZDPS��UHG�PDSOH�VZDPS��DQG�ODX�
UHO�RDN�FDEEDJH�SDOP�IRUHVW��
 
7KH�ODXUHO�RDN�FDEEDJH�SDOP�FRPPXQLW\�LQYHVWLJDWHG�LQ�WKLV�VWXG\�FRYHUV�DSSUR[L�
PDWHO\� ���� �DERXW� ��� KD�� RI� WKH� DUHD� RI� WKH� SDUN�� � 7KH� IRUHVW� FDQRS\� DYHUDJHV�
DERXW����P�LQ�KHLJKW��FDQRS\�VSHFLHV�DUH�WHPSHUDWH�DQG�FKLHIO\�HYHUJUHHQ���6KUXEV�
DUH�SULPDULO\�WURSLFDO�KDUGZRRGV��DQG�VZDPS�IHUQ��%OHFKQXP�VHUUXODWXP�5LFK���IRUPV�
D�VFDQW\�KHUE� OD\HU�� �7KH�VRLO� LV�VDQG\�DQG�ZHOO�GUDLQHG��ZLWK�D�WKLQ� OLWWHU� OD\HU�RI�
GU\�OHDYHV�YDU\LQJ�LQ�WKLFNQHVV�IURP�RQH�WR�D�IHZ�FHQWLPHWHUV��7KH�FRPPXQLW\�LV�
VLPLODU�WR�WKH�PRUH�VRXWKHUO\�W\SH�RI�WHPSHUDWH�EURDG�OHDYHG�HYHUJUHHQ�IRUHVW�GH�
VFULEHG�E\�3ODWW�DQG�6FKZDUW]����������7KH�DUHD�LQYHVWLJDWHG�ERUGHUV�VHYHUDO�KRXV�
LQJ�GHYHORSPHQWV�RYHU����\U�ROG�DQG�ZDV�NQRZQ�WR�FRQWDLQ�6\]\JLXP�FXPLQL��
�
7R�DVVHVV�WKH�FRPSRVLWLRQ�DQG�GLDPHWHU�FODVV�GLVWULEXWLRQ�RI�WUHH�DQG�VKUXE�VSH�
FLHV��ILYH���[����P�SORWV�ZHUH�UDQGRPO\�ORFDWHG�ZLWKLQ�WKH�VWXG\�DUHD���(DFK�SORW�
ZDV�VXEGLYLGHG�LQWR�IRXU���[���P�VXESORWV���:LWKLQ�HDFK�VXESORW��HYHU\�VWHP�RULJL�
QDWLQJ�DW�JURXQG� OHYHO�ZDV� LGHQWLILHG� WR� VSHFLHV� DQG� LWV� GLDPHWHU� DW� EUHDVW�KHLJKW�
�GEK��EUHDVW�KHLJKW� �����P��PHDVXUHG���6WHPV�WKDW�GLG�QRW�UHDFK�EUHDVW�KHLJKW��LQ�
FOXGLQJ�VHHGOLQJV�OHVV�WKDQ����FP�LQ�KHLJKW��ZHUH�LGHQWLILHG�DQG�VFRUHG�DV�VDSOLQJV�
DQG�QRW� RWKHUZLVH�PHDVXUHG�� �7KH� WHUP� ´VWHPµ�ZLOO� EH� XVHG� WR� LQGLFDWH� D� SODQW�
VWHP�WKDW�UHDFKHG�EUHDVW�KHLJKW�DQG�ZDV�PHDVXUHG��´VDSOLQJµ�ZLOO�EH�XVHG�WR�LQGL�
FDWH�D�SODQW�VWHP�WKDW�GLG�QRW�UHDFK�EUHDVW�KHLJKW��
�
�
6SHFLHV�&RPSRVLWLRQ�
�
&XPXODWLYH�GDWD�FXUYHV�VKRZLQJ�UHODWLRQVKLSV�RI�VSHFLHV�QXPEHUV��VWHP�GHQVLWLHV��
DQG�EDVDO�DUHD�WR�DUHD�VDPSOHG�DUH�JLYHQ�LQ�)LJ������$�WRWDO�RI����VSHFLHV�RI�QDWLYH�
DQG� H[RWLF� WUHHV�� VKUXEV�� DQG� SDOPV� ZHUH� UHFRUGHG� LQ� WKH� ILYH� �� [� ��� P� SORWV���
+RZHYHU��RWKHU�QDWLYH�DQG�H[RWLF�VSHFLHV�DUH�NQRZQ�IURP�WKH�VWXG\�DUHD��DQG�WKH�
SDUN�DV�D�ZKROH�FRQWDLQV�DW� OHDVW���� WUHH� DQG�VKUXE�VSHFLHV� �'��6FRILHOG��XQSXEO��
GDWD����6WHPV�ZHUH�GRPLQDWHG�E\�WKH�QDWLYH�WUHH�4XHUFXV�ODXULIROLD��WKH�QDWLYH�VKUXEV�
$UGLVLD�HVFDOORQLRLGHV�DQG�3V\FKRWULD�QHUYRVD�� WKH�H[RWLF�WUHH�6\]\JLXP�FXPLQL��DQG�WKH�QD�
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&XPXODWLYH�DUHD�VDPSOHG���P��
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)LJXUH����&XPXODWLYH�VWHP�GDWD�FXUYHV�IRU�WKH�ILYH�����P��
SORWV��

WLYH�SDOP�6DEDO�SDOPHWWR� �7DEOH����� �6DSOLQJV�ZHUH�GRPLQDWHG�E\�6DEDO�SDOPHWWR��3V\�
FKRWULD�QHUYRVD��3��VXO]QHUL��$UGLVLD�HVFDOORQLRLGHV��DQG�4XHUFXV�ODXULIROLD��7DEOH�����
�
1DWLYH�VSHFLHV�ZLWK�D�KLJK�VWHP�LPSRUWDQFH�YDOXH�DOVR�KDG�D�KLJK�VDSOLQJ� LPSRU�
WDQFH�YDOXH���6\]\JLXP�FXPLQL�VDSOLQJV��KRZHYHU��KDG�PXFK�ORZHU�LPSRUWDQFH�YDOXHV�
WKDQ�VWHPV���7KLV�PD\�LQGLFDWH�WKDW��LQ�FRQWUDVW�WR�QDWLYH�VSHFLHV��VDSOLQJV�RI�6��FX�
PLQL�DUH�PRUH�VXFFHVVIXOO\�UHFUXLWHG�LQWR�ODUJHU�VL]H�FODVVHV��
�
�
)RUHVW�6WUXFWXUH�
�
)RUHVW� VWHP� VWUXFWXUH�ZDV� VWURQJO\� WZR�WLHUHG� �)LJ�� ���� �6\]\JLXP�FXPLQL� VKRZHG� D�
SDUWLFXODUO\�VWURQJ�SUHVHQFH�UHODWLYH�WR�RWKHU�VWHPV�RI�RWKHU�VSHFLHV�EHWZHHQ���DQG�
��FP�GEK���7KH�RULJLQ�RI�WKH�WLHUHG�HIIHFW�LV�PDGH�FOHDU�ZKHQ�YLHZLQJ�WKH�UHODWLYH�
GLDPHWHU�GLVWULEXWLRQV�RI�VWHPV�EHORQJLQJ�WR�GLIIHUHQW�JURZWK�IRUPV��)LJ�������7KH�
JUHDWHVW� QXPEHU� RI� VPDOOHU� VWHPV� EHORQJHG� WR� QDWLYH� VKUXE� VSHFLHV�� ZLWK� DERXW�
����RI�VWHPV�OHVV�WKDQ���FP�GEK���1DWLYH�WUHH�VSHFLHV�KDG�URXJKO\�KDOI�WKH�QXP�
EHU� RI� VWHPV� DV� QDWLYH� VKUXEV�� � WZR�WKLUGV� RI� WKH� WUHHV� KDG� D� GEK� RI� ��� FP� RU�

6FRILHOG�
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�

6SHFLHV�
�

�

*URZWK�
IRUP�

�

�

,�9����
�

��RI�
WRWDO�

�

�

5HODWLYH�
�

� � � � �

IUHTXHQF\�
�

�

GHQVLW\�
�

GRPLQDQFH�
�

4XHUFXV�ODXULIROLD�0LFK[�� 7UHH� ������ ����� ����� ����� �����

$UGLVLD�HVFDOORQLRLGHV����
���6FKOGO��	�&KDP��

6KUXE� ����� ����� ���� ����� ����

3V\FKRWULD�QHUYRVD�6Z�� 6KUXE� ����� ���� ���� ����� ����

6\]\JLXP�FXPLQL��/���6NHHOV��� 7UHH� ����� ���� ����� ����� ����

6DEDO�SDOPHWWR��:DOWHU��6FKXOWHV��������
	�6FKXOWHV�I��

3DOP� ����� ���� ���� ���� �����

3LQXV�HOOLRWWLL�(QJHOP�� 7UHH� ����� ���� ���� ���� ����

6LPDURXED�JODXFD�'&�� 7UHH� ����� ���� ���� ���� ����

0\UFLDQWKHV�IUDJUDQV�����
����6Z���0F9DXJK�

7UHH� ���� ���� ���� ���� ����

(XJHQLD�XQLIORUD�/���� 6KUXE� ���� ���� ���� ���� ����

&KU\VDOLGRFDUSXV�OXWHVFHQV���
���+��:HQGO���

3DOP� ���� ���� ���� ���� ����

(ULRERWU\D�MDSRQLFD��7KXQE���
/LQGO���

7UHH� ���� ���� ���� ���� ����

$FHU�UXEUXP�/�� 7UHH� ���� ���� ���� ���� ����

(XJHQLD�D[LOODULV��6Z���:LOOG�� 6KUXE� ���� ���� ���� ���� ����

0RUXV�UXEUD�/�� 7UHH� ���� ���� ���� ���� ����

1HFWDQGUD�FRULDFHD��6Z���*ULVHE� 7UHH� ���� ���� ���� ���� ����

%XUVHUD�VLPDUXED��/���6DUJ�� 7UHH� ���� ���� ���� ���� ����

3HUVHD�ERUERQLD��/���6SUHQJ��
�

7UHH� ���� ���� ���� ���� ����

� � � � � � �

7DEOH����,PSRUWDQFH�9DOXHV��,�9���IRU�WUHH��VKUXE��DQG�SDOP�VWHPV�LQ�WZHQW\����P��
VXESORWV��6SHFLHV�DUH�DUUDQJHG�E\�,�9���KLJKHVW�WR�ORZHVW���

��1DWXUDOL]HG�H[RWLF�VSHFLHV��
��6XP�RI�UHODWLYH�IUHTXHQF\��GHQVLW\��DQG�GRPLQDQFH��



���������

7DEOH����,PSRUWDQFH�9DOXHV��,�9���DQG�GHQVLWLHV�IRU�WUHH��VKUXE��DQG�SDOP�VDSOLQJV�
LQ�WZHQW\����P��VXESORWV��6SHFLHV�DUH�DUUDQJHG�E\�,�9���KLJKHVW�WR�ORZHVW����

�

�

6SHFLHV�
�

,��9���
�

��RI��
WRWDO�

�

5HODWLYH�
�

�

6DSOLQJV�
SHU�KD�

�

�
� �

�
�

�

�

� � � � � �

3V\FKRWULD�QHUYRVD�6Z�� ������ ������ ������ ������ �����

$UGLVLD�HVFDOORQLRLGHV�6FKOGO��	�&KDP�� ������ ������ ������ ������ �����

4XHUFXV�ODXULIROLD�0LFK[�� ������ ������ ������ ������ �����

3V\FKRWULD�VXO]QHUL�6PDOO��� ������ ������ ������ ������ ����

&XSDQLRSVLV�DQDFDUGLRLGHV��$��5LFK���
���5DGON������

������ ������ ������ ������ ����

6\]\JLXP�FXPLQL��/���6NHHOV��� ������ ������ ������ ������ ����

(XJHQLD�XQLIORUD�/���� ������ ������ ������ ������ ����

(XJHQLD�D[LOODULV��6Z���:LOOG�� ������ ������ ������ ������ ���

6LGHUR[\ORQ�VDOLFLIROLXP��/���/DP���� ������ ������ ������ ������ ���

3VLGLXP�JXDMDYD�/������ ������ ������ ������ ������ ���

&DOOLFDUSD�DPHULFDQD�/���� ������ ������ ������ ������ ���

(ULRERWU\D�MDSRQLFD�/LQGO���� ������ ������ ������ ������ ���

6FKLQXV�WHUHELQWKLIROLXV�5DGGL����� ������ ������ ������ ������ ���

,WHD�YLUJLQLFD�/���� ������ ������ ������ ������ ���

$FHU�UXEUXP�/�� ������ ������ ������ ������ ���

=DQWKR[\OXP�IDJDUD��/���6DUJ���� ������ ������ ������ ������ ���

6LPDURXED�JODXFD�'&�� ������ ������ ������ ������ ���

3HUVHD�ERUERQLD��/���6SUHQJ�� ������ ������ ������ ������ ���

%LVFKRILD�MDYDQLFD�%OXPH����� ������ ������ ������ ������ ���

0RUXV�UXEUD�/�� ������ ������ ������ ������ ���

)LFXV�DXUHD�1XWW���� ������ ������ ������ ������ ���

6FKHIIOHUD�DFWLQRSK\OOD��(QGO���+DUPV����� ������ ������ ������ ������ ���

0\UFLDQWKHV�IUDJUDQV��6Z���0F9DXJK�
�

������ ������ ������ ������ ���

�

IUHTXHQF\���
�

GHQVLW\�

6DEDO�SDOPHWWR��:DOWHU��6FKXOWHV�	��
���6FKXOWHV�I��

������ ������ ������ ������ �����

��1DWXUDOL]HG�H[RWLF�VSHFLHV����
��3UHVHQW�LQ�VWXG\�DUHD�DV�VDSOLQJ�RQO\��
��6XP�RI�UHODWLYH�IUHTXHQF\�DQG�GHQVLW\��

6FRILHOG�
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JUHDWHU���
�
7KH� UHODWLYH� GLDPHWHU� GLVWULEXWLRQ� RI�6��FXPLQL� VWHPV� GLG� QRW� UHVHPEOH� HLWKHU� WKH�
QDWLYH�WUHH�RU�QDWLYH�VKUXE�GLVWULEXWLRQ��)LJ�������,WV�ODUJHVW�VWHP�ZDV�QHDUO\�WZLFH�
WKH�GLDPHWHU�RI�WKH�ODUJHVW�QDWLYH�VKUXE�VWHP��DQG�LWV�QXPEHU�RI�VWHPV�LQ�WKH�PLG�
GOH�VL]H�FODVVHV�H[FHHGHG�WKDW�RI�QDWLYH�WUHHV���:KLOH�QR�VWHP�PHDVXUHG�DSSURDFKHG�
WKH� VL]H� RI� WKH� ODUJHU� QDWLYH� WUHHV�� DW� OHDVW� RQH� 6��FXPLQL� LQGLYLGXDO� LQ� WKH� IRUHVW�
UHDFKHG����P�WDOO���:KHQ�FRQVLGHUHG�WRJHWKHU��WKH�QDWLYH�WUHH�DQG�6��FXPLQL�GLDPH�
WHU�GLVWULEXWLRQV�DSSHDU�VLPLODU�WR�WKRVH�LQ�IRUHVWV�ZKHUH�D�YLJRURXV�XQGHUVWRU\��LQ�
WKLV� FDVH�� RI� 6��FXPLQL�� HYHQWXDOO\� RYHUWDNHV� WKH� H[LVWLQJ� FDQRS\� �%DUERXU� HW� DO��
��������7KLV�SURJUHVVLRQ�PD\�EH�LQWHUUXSWHG�LI�FDQRS\�VSHFLHV�KDYH�VSRUDGLF�UHSUR�
GXFWLYH�VXFFHVV��VXFK�DV�WKDW�IDFLOLWDWHG�E\�GLVWXUEDQFH��%DUERXU�HW�DO����������)LUH�
LV�QRW�D�W\SLFDO�GLVWXUEDQFH�IRU�WKLV�W\SH�RI�IRUHVW��3ODWW�DQG�6FKZDUW]��������DQG�
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'LDPHWHU�FODVV����FP�
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$OO�RWKHU�VWHPV

6\]\JLXP�FXPLQL

)LJXUH����'LVWULEXWLRQ�RI� VWHP�GLDPHWHUV� IRU� WUHHV�� VKUXEV�� DQG�SDOPV� LQ� WKH� ILYH�
����P��SORWV��



���������

DQ\�UHFRYHU\�IURP�KXUULFDQH�OHYHO�GLVWXUEDQFH�LV�OLNHO\�WR�EH�FRQIRXQGHG�E\�PDQ\�
RWKHU�H[RWLF�VSHFLHV��+RUYLW]�HW�DO����������
�
�
(IIHFWV�RI�6\]\JLXP�FXPLQL�RQ�6WHP�DQG�6DSOLQJ�'HQVLW\�DQG�'LYHUVLW\�
�
7KH�SUHVHQFH�RI�D� ODUJH�6\]\JLXP�FXPLQL� LQGLYLGXDO� �GEK�����FP�� LQ�D�VXESORW�ZDV�
FRUUHODWHG�ZLWK�D�GHFUHDVH�LQ�QDWLYH�VKUXE�VWHP�GHQVLW\��VDSOLQJ�GHQVLW\��DQG�D�GH�
FUHDVH�LQ�VSHFLHV�ULFKQHVV�RI�ERWK�QDWLYH�VKUXE�VWHPV�DQG�VDSOLQJV��ZLWKLQ�WKDW�VXE�
SORW��ZKHQ�FRPSDUHG�WR�QHLJKERULQJ�VXESORWV�LQ�WKH�VDPH�SORW��)LJV����DQG������3V\�
FKRWULD�QHUYRVD�DQG�$UGLVLD�HVFDOORQLRLGHV�ZHUH�ZHOO�UHSUHVHQWHG�E\�ERWK�VWHPV�DQG�VDS�
OLQJV�DQG�H[KLELWHG�WKLV�GHFUHDVH�DW�ERWK�VL]HV���5HGXFWLRQ�LQ�VSHFLHV�ULFKQHVV�ZDV�
PRVW�VWULNLQJ�DW� WKH�VDSOLQJ� OHYHO�� �6XESORWV�FRQWDLQLQJ�QR�RU�VPDOO�6��FXPLQL� LQGL�
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6\]\JLXP�FXPLQL��Q ���

)LJXUH����5HODWLYH�GLVWULEXWLRQ�RI�VWHP�GLDPHWHUV� IRU�QDWLYH� WUHHV�� VKUXEV�� DQG�
6\]\JLXP�FXPLQL�LQ�WKH�ILYH�����P��SORWV��SDOPV�KDYH�EHHQ�H[FOXGHG���
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6XESORWV�LQ�ZKLFK�DOO�6\]\JLXP�GEK�������FP
6XESORWV�LQ�ZKLFK�DW�OHDVW�RQH�6\]\JLXP�GEK�! �����FP

)LJXUH�����0HDQ�SURSRUWLRQ�RI�QDWLYH�VWHPV�ZLWKLQ�D�SORW�WKDW�RFFXU�ZLWKLQ�D�VXE�
SORW�HLWKHU�ODFNLQJ��Q ���EODFN�EDUV��RU�FRQWDLQLQJ��Q ���JUD\�EDUV��D�ODUJH�GEK�!���
FP��6\]\JLXP�FXPLQL��3URSRUWLRQV�ZHUH� FRPSXWHG�ZLWKLQ� HDFK� WUDQVHFW�� WKHQ� DYHU�
DJHG��0HDQV�DUH�VKRZQ�ZLWK�WKH�WRWDO�QXPEHU�RI�VWHPV�LQ�WKDW�W\SH�RI�VXESORW��$Q�
HYHQ�GLVWULEXWLRQ�ZRXOG�KDYH�D�SURSRUWLRQ�RI�����

YLGXDOV�FRQWDLQHG�VHYHQ�QDWLYH�VKUXE�VSHFLHV��ZKLOH�QHLJKERULQJ�VXESORWV�FRQWDLQ�
LQJ�ODUJH�6��FXPLQL�LQGLYLGXDOV�FRQWDLQHG�RQO\�WKUHH�QDWLYH�VKUXE�VSHFLHV��
�
/DUJHU� 6��FXPLQL� LQGLYLGXDOV� JURZLQJ� LQ� WKLV� IRUHVW� KDG� D� QDUURZ�� GHQVH�� FRQH�
VKDSHG�FURZQ�WKDW�EHJDQ�ZLWKLQ�����P�RI�WKH�JURXQG���7KH�GHQVLW\�DQG�ORZ�H[WHQ�
VLRQ�RI� WKH� FURZQ�PD\�KDYH�SK\VLFDOO\� LQKLELWHG� GLVSHUVDO� RI� VHHGV� LQWR� WKH� DUHD�
DURXQG�WKH�WUHH���$GGLWLRQDOO\��WKH�VKDGH�FDVW�E\�D�ODUJH�WUHH�DSSHDUHG�GHHSHU�WKDQ�
WKH�VKDGH�EHQHDWK�DQ\�QDWLYH�WUHH�RU�VKUXE��SHUV��REV�����7KLV�FRQGLWLRQ�PD\�KDYH�
LQKLELWHG�JHUPLQDWLRQ�DQG�RU�VXEVHTXHQW�JURZWK�RI�DQ\�VHHGV�GLVSHUVHG� LQWR� WKH�
DUHD� DURXQG� WKH� WUHH�� � 7KH� DSSDUHQW� UDSLG� JURZWK� RI�6��FXPLQL�� DQG� WKH� UHVXOWLQJ�
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6XESORWV�LQ�ZKLFK�DOO�6\]\JLXP�GEK�������FP

6XESORWV�LQ�ZKLFK�DW�OHDVW�RQH�6\]\JLXP�GEK�! �����FP

)LJXUH����0HDQ�SURSRUWLRQ�RI�QDWLYH�VDSOLQJV�ZLWKLQ�D�WUDQVHFW�WKDW�RFFXU�ZLWKLQ�D�
VXESORW�HLWKHU�ODFNLQJ��Q ���EODFN�EDUV��RU�FRQWDLQLQJ��Q ���JUD\�EDUV��D�ODUJH��GEK��
!� �� FP�� 6\]\JLXP�FXPLQL��3URSRUWLRQV� ZHUH� FRPSXWHG� ZLWKLQ� HDFK� WUDQVHFW�� WKHQ�
DYHUDJHG��0HDQV�DUH�VKRZQ�ZLWK�WKH�WRWDO�QXPEHU�RI�VDSOLQJV�LQ�WKDW�W\SH�RI�VXE�
SORW��$Q�HYHQ�GLVWULEXWLRQ�ZRXOG�KDYH�D�SURSRUWLRQ�RI������

GHHS�VKDGH�EHORZ�LW��PD\�KDYH�VXSSUHVVHG�JURZWK�RI�VKUXEV�DQG�VDSOLQJV�DOUHDG\�
IRXQG�LQ�WKH�DUHD���7KHVH�FKDUDFWHULVWLFV�DUH�FRQVLVWHQW�ZLWK�WKH�FODVVLILFDWLRQ�RI�6��
FXPLQL�DV�D�´VHHGOLQJ� OD\HU� ¶RVNDU·�ZLQQHUµ��+RUYLW]�HW�DO���������D�QRQ�LQGLJHQRXV�
LQYDVLYH�SODQW�WKDW�HVWDEOLVKHV�LQ�VKDGH��GRPLQDWHV�WKH�¶RVNDU·��ORZ�SHUVLVWHQW�VDS�
OLQJ��OD\HU��DQG�RXW�FRPSHWHV�VKUXEV�DQG�VDSOLQJV�LQ�WKLV�HQYLURQPHQW����
�
�
&RQFOXVLRQ�
�
:LWKRXW�FRQWURO�HIIRUWV��LW�VHHPV�OLNHO\�WKDW�6\]\JLXP�FXPLQL�ZLOO�VRRQ�UHDFK�WKH�FDQ�
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RS\�RI�WKH�VWXG\�DUHD�DQG�HYHQWXDOO\�GRPLQDWH�WKH�IRUHVW���$W�DYDLODEOH�OLJKW��ZDWHU��
DQG�QXWULHQW�OHYHOV��DQG�LQ�WKH�DEVHQFH�RI�VLJQLILFDQW�UHFHQW�GLVWXUEDQFH�WR�WKH�VLWH��
PDQ\�LQGLYLGXDOV�RI�WKLV�VSHFLHV�KDYH�JURZQ�YLJRURXVO\�LQ�WKH�IRUHVW�XQGHUVWRU\���$�
6��FXPLQL�VDSOLQJ�DSSHDUV�WR�KDYH�D�EHWWHU�FKDQFH�RI�JURZLQJ�ODUJHU�WKDQ�D�VDSOLQJ�RI�
DQ\�QDWLYH�WUHH�VSHFLHV��DQG�WKH�WUHH�LW�JURZV�LQWR�ZLOO�VXSSUHVV�SRWHQWLDO�FRPSHWL�
WRUV�DQG�IXUWKHU�UHGXFH�QDWLYH�VSHFLHV�GLYHUVLW\���,W�LV�GLVWXUELQJ�WKDW�WKLV�FDQ�RFFXU�
ZLWKLQ�DQ�LQWDFW�IRUHVW�WKDW�DSSHDUV�KHDOWK\�DQG�QRW�LQ�QHHG�RI�PDQDJHPHQW��
�
/LWHUDWXUH�&LWHG�
�
$XVWLQ��'��)���*��%��,YHUVRQ��DQG�&��(��1DXPDQ����������$�WURSLFDO�IHUQ�JURWWR�LQ�%URZDUG�&RXQW\��

)ORULGD���$PHULFDQ�)HUQ�-RXUQDO���������������
%DUERXU��0��*���-��+��%XUN��DQG�:��'��3LWWV����������7HUUHVWULDO�3ODQW�(FRORJ\����G�HG���0HQOR�3DUN��&DOLI���

%HQMDPLQ�&XPPLQJV�3XEOLVKLQJ���
%URVFKDW��7��.��� DQG�$��:��0HHURZ�� � ������ �%HWURFN·V�5HIHUHQFH�*XLGH�WR�)ORULGD�/DQGVFDSH�3ODQWV��+ROO\�

ZRRG��)OD���%HWURFN�,QIRUPDWLRQ�6HUYLFHV��
'DVVDQD\DNH��0�� '��� DQG� )�� 5�� )RVEHUJ�� HGV�� � ������ �$�5HYLVHG�+DQGERRN�WR�WKH�)ORUD�RI�&H\ORQ�� �1HZ�

'HOKL��,QGLD��$PHULQG�3XEOLVKLQJ���
)ORULGD�([RWLF�3HVW�3ODQW�&RXQFLO�������� �)ORULGD�([RWLF�3HVW�3ODQW�&RXQFLO·V������/LVW�RI�)ORULGD·V�

0RVW�,QYDVLYH�6SHFLHV��85/��KWWS���ZZZ�IOHSSF�RUJ���OLVW�KWP��
+RUYLW]��&��&���-��%��3DVFDUHOOD��6��0F0DQQ��$��)UHHGPDQ��DQG�5��+��+RIVWHWWHU�� ������� �)XQFWLRQDO�

UROHV�RI�LQYDVLYH�QRQ�LQGLJHQRXV�SODQWV�LQ�KXUULFDQH�DIIHFWHG�VXEWURSLFDO�KDUGZRRG�IRUHVWV���
(FRORJLFDO�$SSOLFDWLRQV���������������

/RGJH��7��(�� ��������7KH�(YHUJODGHV�+DQGERRN��8QGHUVWDQGLQJ�WKH�(FRV\VWHP�� �'HOUD\�%HDFK��)OD��� 6W��/XFLH�
3UHVV��

3ODWW��:���-���DQG�0��:��6FKZDU]����������7HPSHUDWH�KDUGZRRG�IRUHVWV���,Q�5��/��0\HUV�DQG�-��-��(ZHO�
�HGV�����(FRV\VWHPV�RI�)ORULGD��2UODQGR��8QLYHUVLW\�RI�&HQWUDO�)ORULGD�3UHVV��

6WHLQEHUJ��%����������9HJHWDWLRQDO�DQDO\VLV�RI�WKH�$WODQWLF�&RDVWDO�5LGJH�RI�%URZDUG�&RXQW\��)ORULGD���
0DVWHUV�WKHVLV��)ORULGD�$WODQWLF�8QLYHUVLW\��

:XQGHUOLQ��5��3�� ������� �*XLGH�WR�WKH�9DVFXODU�3ODQWV�RI�)ORULGD�� �*DLQHVYLOOH��8QLYHUVLW\�3UHVVHV�RI�)ORU�
LGD��
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