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$EVWUDFW��,�VWXGLHG�D�UHPQDQW�QDWLYH�OLPHVWRQH�IRUHVW�LQ�WKH�0DUSL�UHJLRQ��6DLSDQ��WR�FKDUDFWHUL]H�
WKH�VSHFLHV�FRPSRVLWLRQ��UHODWLYH�VSHFLHV�LPSRUWDQFH��WUHH�EDVDO�DUHD��DQG�WUHH�GHQVLW\�LQ�WKDW�KDE�
LWDW�� � 8VLQJ� WKH� SRLQW-TXDUWHU� VDPSOLQJ� WHFKQLTXH� RQ� ���� FDQRS\� DQG� XQGHUVWRU\� WUHHV� HDFK�� ,�
IRXQG�WKDW�PHDQ�FDQRS\�DQG�XQGHUVWRU\�EDVDO�DUHD�ZHUH��UHVSHFWLYHO\��������������DQG�����������
P��WUDQVHFW���0HDQ�WUHHV�KD�LQ�WKH�FDQRS\�DQG�XQGHUVWRU\�ZHUH��UHVSHFWLYHO\����������������DQG�
������� �� ������� � 3LVRQLD� JUDQGLV� RYHUZKHOPLQJO\� GRPLQDWHG� LQ� FDQRS\� EDVDO� DUHD�� ZKHUHDV�
&\QRPHWUD� UDPLIORUD��3RXWHULD� RERYDWD�� DQG�*XDPLD�PDULDQQDH�GRPLQDWHG� LQ� WKH� XQGHUVWRU\���
&\QRPHWUD�UDPLIORUD�RFFXUUHG�PRVW�GHQVHO\�LQ�WKH�FDQRS\�DQG�&��UDPLIORUD�DQG�*��PDULDQQDH�
KDG� WKH�KLJKHVW�GHQVLWLHV� LQ� WKH�XQGHUVWRU\�� �7KH�UHODWLYH�PHDVXUH�RI� IRUHVW�SUHYDOHQFH�� WKH� LP�
SRUWDQFH�YDOXH��VKRZHG�WKDW�3��JUDQGLV�DQG�&��UDPLIORUD�ZHUH�WKH�SULQFLSDO�FDQRS\�VSHFLHV�DQG�
&��UDPLIORUD�DQG�*��PDULDQQDH�ZHUH�WKH�PDMRU�XQGHUVWRU\�VSHFLHV���$�PRGHO�RI�IRUHVW�G\QDPLFV�
LV�SURSRVHG�LQ�ZKLFK�3��JUDQGLV�DQG�RWKHU�VSHFLHV�ODUJHO\�DEVHQW�IURP�WKH�XQGHUVWRU\�DUH�PDLQ�
WDLQHG�LQ�WKH�IRUHVW�WKURXJK�GLVWXUEDQFH��ZKLFK�PLJKW�IDFLOLWDWH�YHJHWDWLYH�SURSDJDWLRQ��IORZHULQJ�
RU� VXUYLYDO� RI� VHHGOLQJV�� � &RPPRQO\� IUXLWLQJ�� VKDGH� WROHUDQW� VSHFLHV� OLNH�&�� UDPLIORUD�� ZKLFK�
ZHUH�IUHTXHQW�LQ�ERWK�WKH�FDQRS\�DQG�XQGHUVWRU\��PD\�FRPH�WR�SUHGRPLQDWH�XQGHU�FRQGLWLRQV�RI�
ORZ� IRUHVW� GLVWXUEDQFH�� � 'HVSLWH� FHQWXULHV� RI� KXPDQ-UHODWHG� GLVUXSWLRQ�� IRUHVW� FRPSRVLWLRQ� UH�
PDLQV�RYHUZKHOPLQJO\�QDWLYH��VXJJHVWLQJ�WKDW�QDWLYH�IRUHVW�LV�UHVLVWDQW�WR�LQYDVLRQ�E\�DOLHQ�VSH�
FLHV�� 

:LWK� WKH� H[FHSWLRQ� RI� WKH� +DZDLLDQ� ,VODQGV�
�VXPPDULHV� LQ� 0XHOOHU-'RPERLV� ������ *HUULVK�
������� WKH� TXDQWLWDWLYH� HFRORJ\� RI� WURSLFDO� 3DFLILF�
LVODQG� IRUHVWV� UHPDLQV� ODUJHO\�XQVWXGLHG�� �3ODQW� HFR�
ORJLFDO� LQYHVWLJDWLRQV� RIWHQ� KDYH� EHHQ� GHVFULSWLYH�
DFFRXQWV�RI�GLVWULEXWLRQV�DQG�SODQW�DVVRFLDWLRQV��H�J��
0D[ZHOO� ������ :RRGURIIH� ������ ������� DOWKRXJK�
$VK� ��������0HUOLQ� �������� DQG�)UDQNOLQ�DQG�6WHDG�
PDQ� ������� SURYLGHG� TXDQWLWDWLYH� GDWD� RQ� 3DFLILF�
LVODQGV�VRXWK�RI� WKH�HTXDWRU�� �0RVW�ERWDQLFDO�VWXGLHV�
WKDW� LQFOXGH� WKH� 0DULDQD� ,VODQGV�� 0LFURQHVLD�� KDYH�
FRQFHUQHG�SODQW�V\VWHPDWLFV�DQG�IORULVWLFV��H�J��6WRQH�
������)RVEHUJ� HW� DO�� ������ ������� � ,Q� DGGLWLRQ��)RV�
EHUJ� ������� JDYH� GHVFULSWLRQV� RI� WKH� SULQFLSDO� SODQW�
DVVRFLDWLRQV� RI� 0LFURQHVLD� DQG� 0RRUH� ������� DQG�
0XQLDSSDQ� ������� HDFK� FKDUDFWHUL]HG� QDWLYH� IRUHVW�
IRXQG�DORQJ�VLQJOH�WUDQVHFWV�RQ�*XDP� 

7R�EHJLQ�SURYLGLQJ�FRPSUHKHQVLYH�TXDQWLWDWLYH�
GDWD� RQ�0DULDQD� ,VODQG� IRUHVWV�� ,� VWXGLHG� WKH� QDWLYH�

OLPHVWRQH�IRUHVWV�RI�6DLSDQ���,�FKDUDFWHUL]HG�WKH�VSH�
FLHV� FRPSRVLWLRQ�� UHODWLYH� VSHFLHV� LPSRUWDQFH�� WUHH�
EDVDO� DUHD�� DQG� WUHH� GHQVLW\� LQ� WKLV� KDELWDW�� � )URP�
FRPSDUDWLYH�GDWD�RQ�WKH�FDQRS\�DQG�XQGHUVWRU\�FRP�
SRQHQWV� RI� WKH� IRUHVW�� ,� PDGH� LQIHUHQFHV� FRQFHUQLQJ�
IXWXUH� WUHQGV� LQ� IRUHVW� FRPSRVLWLRQ�� � )XUWKHUPRUH�� ,�
PDGH�TXDOLWDWLYH�FRPSDULVRQV�RI�WKLV�VWXG\�DUHD�ZLWK�
RWKHU�WUDFWV�RI�OLPHVWRQH�IRUHVW�WR�DVVHVV�WKH�JHQHUDOL�
W\�RI�P\�ILQGLQJV��� 

1DWLYH� IRUHVW� RQ� 6DLSDQ� LV� HVWLPDWHG� WR� FRYHU�
ILYH��(QJEULQJ�HW�DO��������WR������<RXQJ�������RI�
WKH� LVODQG�� � 0RVW� VXUYLYLQJ� QDWLYH� IRUHVW� RFFXUV� RQ�
VWHHS�OLPHVWRQH�HVFDUSPHQWV�DQG�PD\�EH�FODVVLILHG�DV�
OLPHVWRQH� IRUHVW� �IRUHVW� WKDW� JURZV� RQ� OLPHVWRQH-
GHULYHG� VRLO��� DOWKRXJK� H[DPSOHV� RI� UDYLQH� IRUHVW�
JURZLQJ� RQ� YROFDQLF� VRLO�� &DVXDULQD-3DQGDQXV� VD�
YDQQDK�� PDQJURYH� VZDPS�� IUHVKZDWHU� VZDPS� DQG�
VWUDQG�IRUHVW�DUH�DOVR�SUHVHQW��)RVEHUJ������� 

%HFDXVH�WKH�QDWLYH�IRUHVWV�RI�6DLSDQ�KDYH�EHHQ�
VXEMHFWHG� WR� FHQWXULHV� RI� KXPDQ-UHODWHG� DOWHUDWLRQ��
LQFOXGLQJ� FXWWLQJ�� EXUQLQJ�� EURZVLQJ� E\� IHUDO� XQJX�
ODWHV��ZDU-UHODWHG�GDPDJH�DQG� WKH�YLUWXDO�H[WLUSDWLRQ�

��&RUUHVSRQGLQJ�DXWKRU���(-PDLO�DGGUHVV��
PDLO#ELUGFRQVHUYDWLRQUHVHDUFK��RUJ� 
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),*�����7KH�0DUSL�OLPHVWRQH�IRUHVW��ZLWK�3L�
VRQLD�JUDQGLV�LQ�WKH�IRUHJURXQG�DQG�3DQGDQXV�GX�
ELXV�LQ�WKH�EDFNJURXQG� 

RI� VHHG-GLVSHUVLQJ� 0DULDQDV� )UXLW� %DWV� �3WHURSXV�
PDULDQQXV�� )RVEHUJ� ������:LOHV� HW� DO�� ������� WKH�
SUHVHQW�DSSHDUDQFH�RI�6DLSDQ
V�OLPHVWRQH�IRUHVW�OLNH�
O\� UHIOHFWV� WKH� FRPELQHG� HIIHFWV� RI� WKHVH� IDFWRUV���
+HQFH��WKH�IROORZLQJ�DQDO\VLV�PXVW�EH�FRQVLGHUHG�LQ�
OLJKW�RI�DQWKURSRJHQLF�DOWHUDWLRQV���,Q�WKLV�VWXG\��WKH�
WD[RQRPLF�QRPHQFODWXUH�RI�5DXOHUVRQ�DQG�5LQHKDUW�
�������KDV�EHHQ�IROORZHG� 
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7KH�0DUSL� UHJLRQ�RI�6DLSDQ� KDV� WKH�PRVW� H[�

WHQVLYH�DQG�DPRQJ�WKH�EHVW�GHYHORSHG�QDWLYH�IRUHVW�
UHPDLQLQJ� RQ� 6DLSDQ� �)LJ�� ���� � +RZHYHU�� EHIRUH�
:RUOG�:DU�,,��OHYHO�DUHDV�ZHUH�FXOWLYDWHG�IRU�VXJDU�
FDQH� �6DFFKDUXP� RIILFLQDUXP�� )RVEHUJ� �������
ZKLFK� ODUJHO\� LVRODWHG� WKH�0DUSL� IRUHVW� IURP� RWKHU�
WUDFWV�RI�QDWLYH�IRUHVW���7KHUH�DUH�DUH�QR�IHUDO�XQJX�
ODWHV�LQ�WKLV�DUHD��LQFOXGLQJ�QR�6DPEDU�'HHU��&HUYXV�
XQLFRORU��� EXW� ORFDO� UHVLGHQWV� UHSRUW� WKDW� SLJV� �6XV�
VFURID��ZHUH�SUHVHQW�FD������� 

7R� REWDLQ� GDWD� RQ� WKH� VWUXFWXUH� DQG� VSHFLHV�
FRPSRVLWLRQ� RI� WKH� 0DUSL� IRUHVW�� ,� HVWDEOLVKHG� ���
WUDQVHFWV� ZLWK� VWDUWLQJ� SRLQWV� DERXW� ���� P� DSDUW���
7KH�ILUVW�WUDQVHFW�ZDV�ORFDWHG�QHDU�WKH�QRUWKHUQ�FRU�
QHU� RI� WKH� VWHHS� OLPHVWRQH� HVFDUSPHQW� NQRZQ� DV�
6XLFLGH� &OLII�� � ,� SODFHG� RWKHUV� VRXWK� DORQJ� WKH� HV�
FDUSPHQW
V�ZHVW�VORSH�DQG�WKH�ODVW�QHDU�LWV�VRXWKHUQ�
HQG���7UDQVHFWV�ZHUH�SDUDOOHO�WR�WKH�VORSH�FRQWRXUV�DW�
PLG-� WR� ORZHU� HOHYDWLRQV��ZKHUH� IRUHVW�ZDV� XVXDOO\�
EHVW� GHYHORSHG�� � +LJK� HOHYDWLRQ� IRUHVW� RQ� VWHHS�
VORSHV�ZDV�RIWHQ�FKDUDFWHUL]HG�E\� VWXQWHG��H[SRVHG�
JURZWK���2Q�HDFK�WUDQVHFW��,�SODFHG����VDPSOH�SRLQWV�
SDFHG� DERXW� ��� P� DSDUW� �����P� WRWDO��� ZKLFK� ZDV�
VXIILFLHQW� WR� PDNH� HDFK� SRLQW� LQGHSHQGHQW� �L�H�� QR�
RYHUODS�LQ�WUHHV�EHWZHHQ�SRLQWV����)RU�FRPSDULVRQ��O�
VWXGLHG�OLPHVWRQH�IRUHVWV�TXDOLWDWLYHO\�HOVHZKHUH�RQ�
6DLSDQ�� SDUWLFXODUO\� DW� 7DSRWFKDX�� *XDOR� 5DL��
1DIWDQ��'DQGDQ��7DOXIRIR�� DQG�.DJPDQ��DV�ZHOO� DV�
RQ�*XDP��5RWD�DQG�7LQLDQ��� 

,�XVHG�WKH�SORWOHVV�SRLQW-TXDUWHU�VDPSOLQJ�WHFK�
QLTXH� �&RWWDP� DQG� &XUWLV� ������ WR� PHDVXUH� IRXU�
FDQRS\�DQG�IRXU�XQGHUVWRU\�WUHHV�SRLQW���7KLV�PHWK�
RG�DVVXPHV�WKDW�WUHHV�DUH�UDQGRPO\�GLVSHUVHG�LQ�WKH�
IRUHVW—DQ�DVVXPSWLRQ� WKDW�DSSHDUHG� WR�EH�PHW� UHD�
VRQDEO\���&DQRS\�WUHHV�ZHUH�WKRVH�ILUVW�LQWHUFHSWLQJ�
VXQOLJKW� DQG� XQGHUVWRU\� WUHHV� ZHUH� WKRVH� JURZLQJ�
EHORZ� WKH� FDQRS\�EXW� WDOOHU� WKDQ� WZR�P�� �)RU� HDFK�
WUHH��,�PHDVXUHG�WKH�GLVWDQFH�IURP�WKH�VDPSOH�SRLQW�
WR� WKH� FHQWHU� RI� WKH� WUHH� DQG� WKH�GLDPHWHU� DW� EUHDVW�
KHLJKW� �GEK��� �)RU� WKH�YDULHW\�RI� WUHH�JURZWK� IRUPV�
HQFRXQWHUHG�LQ�WKH�OLPHVWRQH�IRUHVW��GEK�SURYHG�WKH�
PRVW�HTXLWDEOH�PHDVXUH�RI�GLDPHWHU� 

3RLQW-TXDUWHU�DQDO\VLV� \LHOGV�GDWD�RQ� WKH�KRUL�
]RQWDO�DUHD�FRYHUHG�E\�WUHH�VWHPV��EDVDO�DUHD���QXP�
EHU� RI� VWHPV�XQLW� DUHD� �GHQVLW\�� DQG� GLVSHUVLRQ� RI�
WUHHV� LQ� WKH� IRUHVW� �IUHTXHQF\��� � )URP� WKHVH� WKUHH�
PHDVXUHV�� ,� FRPSXWHG� D� UHODWLYH� LPSRUWDQFH� LQGH[�
IRU� HDFK� VSHFLHV� NQRZQ� DV� WKH� LPSRUWDQFH� YDOXH�
�UHYLHZHG� E\� 0XHOOHU-'RPERLV� DQG� (OOHQEHUJ�
������� � )RU� EURDG-OHDYHG� IRUHVWV�� WKH� LPSRUWDQFH�
YDOXH� LV� UHODWHG� WR� SURSRUWLRQDWH� FRQWULEXWLRQ� RI� D�
VSHFLHV� WR� IRUHVW� IROLDJH�YROXPH��+ROPHV�DQG�5RE�
LQVRQ���������,�DOVR�H[DPLQHG�WUHH�GHQVLW\�DQG�EDVDO�
DUHD� VHSDUDWHO\�� EHFDXVH� WKH\� DUH� GLVWLQFW�� DEVROXWH�
PHDVXUHV�RI�RYHUDOO�WUHH�RFFXUUHQFH� 

)RU� HDFK� VSHFLHV�� ,� FRPSXWHG� D� UDWLR� RI� LP�
SRUWDQFH�YDOXHV�LQ�WKH�FDQRS\�YHUVXV�WKH�XQGHUVWRU\�
E\�GLYLGLQJ�WKH�VPDOOHU�YDOXH�E\�WKH�ODUJHU�DQG�VXE�
WUDFWLQJ�WKH�TXRWLHQW�IURP�RQH���)RU�JUDSKLFDO�FODUL�
W\��,�DVVLJQHG�SRVLWLYH�YDOXHV�WR�VSHFLHV�SUHGRPLQDW�
LQJ�LQ�WKH�FDQRS\�DQG�QHJDWLYH�YDOXHV�WR�WKRVH�SUH�
GRPLQDWLQJ�LQ�WKH�XQGHUVWRU\���7KH�PRUH�VWURQJO\�D�
VSHFLHV�ZDV�UHSUHVHQWHG�LQ�WKH�FDQRS\��WKH�FORVHU�LWV�
UDWLR� ZDV� WR� �� DQG�� VLPLODUO\�� WKH� PRUH� VWURQJO\� LW�
ZDV� UHSUHVHQWHG� LQ� WKH� XQGHUVWRU\�� WKH� FORVHU� LWV�
YDOXH�ZDV�WR�í��� �7KH�LPSRUWDQFH�YDOXH�UDWLR�KLJK�
OLJKWV� WKRVH� VSHFLHV� WKDW� SUHGRPLQDWH� LQ� HLWKHU� WKH�
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7$%/(�����2FFXUUHQFH�RI�FDQRS\�WUHHV�LQ�WKH�0DUSL�IRUHVW��FRPSXWHG�IURP�DOO�WUHHV�VDPSOHG�DQG�
DUUDQJHG�LQ�GHVFHQGLQJ�RUGHU�E\�LPSRUWDQFH�YDOXHV� 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
 6SHFLHV �� ������7RWDO�EDVDO�DUHD� 7UHHV�KD  ��,PSRUWDQFH  
   �����������������P��   � ������YDOXH 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
3LVRQLD�JUDQGLV�   ������  �������  �����������  
&\QRPHWUD�UDPLIORUD�  ������� � ������  ����������� 
,QWVLD�ELMXJD�   �������  �������  ������������ 
'HQGURFQLGH�ODWLIROLD� �� �������  �������  ����������� 
)LFXV�WLQFWRULD�   ��������  �������  �����������  
3UHPQD�REWXVLIROLD� � ��������  �������  ����������� 
0HODQROHSVLV�PXOWLJODQGXORVD ��������  �������  ����������� 
(U\WKULQD�YDULHJDWD�  �������  �������  ������������ 
*XDPLD�PDULDQQDH�  ��������  �������  ������������ 
3RXWHULD�RERYDWD�  ��������  �������  ������������  
)LFXV�SUROL[D�   ��������  �������  ������������ 
&DULFD�SDSD\D�   ��������  �������  ������������ 
2FKURVLD�PDULDQQHQVLV�  ��������  �������  ������������ 
$JODLD�PDULDQQHQVLV�  ��������  �������  ������������ 
1HLVRVSHUPD�RSSRVLWLIROLD�� ��������  �������  ������������ 
$OEL]LD�OHEEHFN�   ��������  ������� �� ������������ 
/HXFDHQD�OHXFRFHSKDOD�  ��������  �������  ������������  
3V\FKRWULD�PDULDQD� �� ��������  ��������  ������������ 
3DQGDQXV�GXELXV�   ��������  ��������  ������������ 
$FDFLD�FRQIXVD�   ��������  ��������  ������������ 
0RULQGD�FLWULIROLD�  ��������  ��������  ������������ 
3DQGDQXV�WHFWRULXV�  ��������  ��������  ������������ 
$UWRFDUSXV�DOWLOLV�  ��������  ��������  ������������ 
$UWRFDUSXV�PDULDQQHQVLV�  ��������  ��������  ������������  
'U\SHWHV�GROLFKRFDUSD�  ��������  ��������  ������������� 
&RUGLD�VXEFRUGDWD�  ��������  ��������  ������������� 
$LGLD�FRFKLQFKLQHQVLV�  �������� � ��������  ������������ 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
 

FDQRS\�RU�XQGHUVWRU\�� WKHUHE\�SURYLGLQJ�LQVLJKWV�
LQWR� SRWHQWLDO� WHPSRUDO� VKLIWV� LQ� IRUHVW� VSHFLHV�
FRPSRVLWLRQ� 

 
5(68/76�$1'�',6&866,21 

 
7KH� WZR� DEVROXWH� PHDVXUHV� RI� RYHUDOO� WUHH�

RFFXUUHQFH� LQ� WKH� 0DUSL� OLPHVWRQH� IRUHVW�� EDVDO�
DUHD��)LJ�����DQG�GHQVLW\��)LJ������YDULHG�VXEVWDQ�
WLDOO\�DPRQJ�WUDQVHFWV��ZLWK�WKH�UHODWLYH�YDULDQFH�
�DV�PHDVXUHG�E\�WKH�FRHIILFLHQW�RI�YDULDWLRQ��&9��
VLPLODU� LQ� WKH� FDQRS\� DQG� XQGHUVWRU\�� � &DQRS\�
WUHHV� GRPLQDWHG� LQ� EDVDO� DUHD�� EXW� XQGHUVWRU\�
WUHHV�KDG� WKH�JUHDWHVW�GHQVLW\� �FDQRS\�EDVDO�DUHD�
�P��WUDQVHFW���PHDQ� ���6'� ��������������&9� �
����XQGHUVWRU\�������������&9� �����FDQRS\�WUHHV�
KD��PHDQ� ����������������&9� �����XQGHUVWRU\���
����������������&9� ����� 

7KH�VXP�RI�EDVDO�DUHDV��WRWDO�EDVDO�DUHD��IRU�
3LVRQLD�JUDQGLV�VKRZHG� LWV�RYHUZKHOPLQJ�FDQR�
S\�GRPLQDQFH�DPRQJ�WUHHV��7DEOH������,W�ZDV�WKH�

ODUJHVW� VSHFLHV� LQ� WKH� IRUHVW��ZLWK�PDVVLYH� LQGL�
YLGXDOV� WR�����FP�GEK�SUHVHQW�� � ,Q�FRQWUDVW�� WKH�
DEXQGDQW� EXW� VOHQGHU-WUXQNHG�&\QRPHWUD� UDPL�
IORUD� KDG� FRPSDUDWLYHO\� ORZ� EDVDO� DUHD�� � 7KH�
LUUHJXODUO\� GLVWULEXWHG� 'HQGURFQLGH� ODWLIROLD�
GRPLQDWHG�DW�RQO\�RQH�WUDQVHFW���,Q�WKH�XQGHUVWR�
U\��&��UDPLIORUD�DQG�WKH�0DULDQDV�HQGHPLF�*XD�
PLD� PDULDQQDH� SUHGRPLQDWHG�� DOWKRXJK� WKH� LU�
UHJXODUO\� GLVWULEXWHG�3RXWHULD� RERYDWD� DOVR� KDG�
D�FRPSDUDWLYHO\�KLJK�EDVDO�DUHD��7DEOH���� 

&DQRS\�WUHH�GHQVLWLHV�H[KLELWHG�D�GLYHUJHQW�
SDWWHUQ� IURP� EDVDO� DUHDV� �7DEOH� ����&\QRPHWUD�
UDPLIORUD� KDG� WKH� KLJKHVW� GHQVLW\�� ZKHUHDV� 3��
JUDQGLV� ZDV� OHVV� FRPPRQ�� � ,QWVLD� ELMXJD� RF�
FXUUHG�FRPPRQO\�DW� WKH�VRXWKHUQPRVW� ILYH�WUDQ�
VHFWV� EXW� ZDV� YLUWXDOO\� DEVHQW� LQ� WKH� QRUWKHUQ�
SRUWLRQ� RI� WKH� VWXG\� DUHD�� � 6WXPSV� RI� ORJJHG� ,��
ELMXJD�WUHHV�VXJJHVWHG�WKDW�LWV�GLVWULEXWLRQ�ZDV�DW�
OHDVW� LQ� SDUW� DQ� DUWLIDFW� RI� ORJJLQJ�� � ,W� ZDV� WKH�
RQO\� QDWLYH� VSHFLHV� LQ� WKH�0DUSL� IRUHVW� WKDW� DS�
SHDUHG� WR�KDYH�EHHQ� ORJJHG�� � ,Q� WKH�XQGHUVWRU\��
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),*�����7KH�VXP�RI�EDVDO�DUHDV�RI�FDQRS\�DQG�XQGHUVWRU\�WUHHV�DW�HDFK�RI����WUDQVHFWV�DUUDQJHG�IURP�QRUWK��D��
WR�VRXWK��M��� 

&��UDPLIORUD�DQG�*��PDULDQQDH�HYHQ�PRUH�VWURQJO\�
SUHGRPLQDWHG�LQ�GHQVLW\�WKDQ�WKH\�KDG�LQ�EDVDO�DUHD�
�7DEOH���� 

7KH�UHODWLYH�PHDVXUH�RI�IRUHVW�SUHYDOHQFH�� WKH�
LPSRUWDQFH� YDOXH�� VKRZHG� WKDW� 3�� JUDQGLV� DQG� &��
UDPLIORUD�ZHUH�WKH�SULQFLSDO�FDQRS\�VSHFLHV��7DEOH�
���� DQG� &�� UDPLIORUD� DQG� *�� PDULDQQDH�ZHUH� WKH�
PDMRU� XQGHUVWRU\� VSHFLHV� �7DEOH� ���� � %HFDXVH� 3��
JUDQGLV�ZDV�QRW�DEXQGDQW��LWV�LPSRUWDQFH�YDOXH�ZDV�
ODUJHO\�D�UHIOHFWLRQ�RI�LWV�EDVDO�DUHD��)LJ�������&DQR�
S\�KHWHURJHQHLW\� LQ�EDVDO�DUHD��)LJ����� ODUJHO\�PLU�
URUHG�LWV�XQHYHQ�EDVDO�DUHD�GLVWULEXWLRQ���,Q�FRQWUDVW�
WR� LWV� FDQRS\�GRPLQDQFH�� ,� HQFRXQWHUHG� �QR�XQGHU�
VWRU\�3��JUDQGLV�RQ�WUDQVHFW�SRLQWV���,�REVHUYHG�VDS�
OLQJV� DQG� VHHGOLQJV� LQ� WKH� VWXG\� DUHD�� VRPHWLPHV�
DSSHDULQJ� WR� EH� EURNHQ� EUDQFKHV� WKDW� KDG� URRWHG��
EXW�RQO\�LQIUHTXHQWO\���$�PLQLPXP�DJH�IRU�VRPH�RI�
WKH� ODUJHU� 3�� JUDQGLV� VSHFLPHQV� ZDV� SURYLGHG� E\�
:RUOG� :DU� ,,� VKUDSQHO� LPEHGGHG� LQ� WKHLU� WUXQNV��
LQGLFDWLQJ�DQ�DJH�!���\U�DQG�SRVVLEO\�!����\U� 

,Q�ERWK�WKH�FDQRS\�DQG�XQGHUVWRU\��&��UDPLIOR�
UD�VKRZHG�VRPH�WHQGHQF\� WR� LQFUHDVH� LQ�EDVDO�DUHD�
IURP� QRUWK� WR� VRXWK�� EXW� LWV� EDVDO� DUHD� GHFOLQHG�
VKDUSO\�QHDU�WKH�VRXWKHUQ�HQG�RI�WKH�VWXG\�DUHD��)LJ��
���� � +RZHYHU�� WKH� EDVDO� DUHDV� RI� WKH� FDQRS\� DQG�
XQGHUVWRU\� WUHHV� VKRZHG� OLWWOH� UHODWLRQVKLS� WR� HDFK�
RWKHU� �U��  � ������ GI�  � ���3�  � ������� �&�� UDPLIORUD�
DYHUDJHG� KLJKHVW� LQ� FDQRS\� FRPSDUHG� ZLWK� XQGHU�
VWRU\� EDVDO� DUHD� �FDQRS\��PHDQ�  � ����� �� �����P���
XQGHUVWRU\�� ������� �����P��� W� � ������ GI�  � ��� 3� ��
�������� 

*��PDULDQQDH�DOVR�KDG�LWV�KLJKHVW�EDVDO�DUHD�LQ�

WKH� FDQRS\� �DOWKRXJK� QRW� VLJQLILFDQWO\� VR�� FDQRS\��
PHDQ� �������������P���XQGHUVWRU\��������������P���
W� �������GI� ����3� ���������$JDLQ��OLWWOH�UHODWLRQVKLS�
H[LVWHG�EHWZHHQ�WKH�EDVDO�DUHD�RI�FDQRS\�DQG�XQGHU�
VWRU\�*��PDULDQQDH��U�� �������GI� ����3� �������DQG�
WKH� GLVWULEXWLRQ� RI� EDVDO� DUHDV� LQ� WKH� VWXG\� DUHD�
VKRZHG�QR�FRQVLVWHQW�SDWWHUQ��)LJ����� 

7KH�UDWLR�RI�LPSRUWDQFH�YDOXHV�IRU�FDQRS\�DQG�
XQGHUVWRU\�WUHHV��)LJ�����VKRZHG�WKDW�,�GHWHFWHG�WZR�
FRPPRQ� VSHFLHV��3�� JUDQGLV� DQG� ,�� ELMXJD�� RQO\� LQ�
WKH� FDQRS\�� � 3�� JUDQGLV� IORZHUV� RQO\� UDUHO\�
�DOWKRXJK� LW� IORZHUHG� KHDYLO\� LQ� )HE�í0DU�� �������
DQG� SURSDJDWHV� YHJHWDWLYHO\� IURP� EURNHQ� EUDQFKHV�
�6WRQH���������)XUWKHUPRUH��,��ELMXJD�DOVR�DSSHDUV�WR�
IORZHU� LQIUHTXHQWO\� RQ� 6DLSDQ�� DOWKRXJK� ,� IRXQG�
VRPH� IUXLWV� DQG� VHHGOLQJV� GXULQJ� WKH� VWXG\�� � 7KH�
UDULW\� RI� WKHVH� VSHFLHV� LQ� WKH� XQGHUVWRU\�PD\� LQGL�
FDWH�WKDW�UHSURGXFWLRQ�RFFXUV�SULPDULO\�DIWHU�GLVWXUE�
DQFH�� VXFK� DV� DIWHU� W\SKRRQV�� RU� DIWHU� VRPH� RWKHU�
XQXVXDO� FLUFXPVWDQFH�� �7KH� UDULW\�RI�'�� ODWLIROLD� LQ�
WKH�XQGHUVWRU\��HYHQ�WKRXJK�LW�DSSHDUV�WR�IORZHU�DQG�
IUXLW�UHJXODUO\��VXJJHVWV�WKDW�WKLV�DQG�RWKHU�UHJXODUO\�
IUXLWLQJ�FDQRS\�VSHFLHV�ZLWK�LPSRUWDQFH�YDOXH�UDWLRV�
DSSURDFKLQJ� RQH� PD\� KDYH� VHHGV� WKDW� JHUPLQDWH�
SRRUO\�LQ�VKDGH�DQG�VR�PD\�DOVR�SURILW�IURP�GLVWXUE�
DQFH�RU�RWKHU�XQXVXDO�FLUFXPVWDQFHV� 

,� REWDLQHG� VXSSRUW� IRU� WKH� QRWLRQ� RI� GLVWXUE�
DQFH-UHODWHG� UHSURGXFWLRQ� E\� FHUWDLQ� WUHH� VSHFLHV�
DIWHU� D� 6HSWHPEHU�� ����� W\SKRRQ�� ZKHQ� WKH� IRUHVW�
IORRU�DW�0DUSL�ZDV�OLWWHUHG�ZLWK�QXPHURXV�EUDQFKHV�
RI�3��JUDQGLV�DQG�'��ODWLIROLD���0DQ\�EUDQFKHV�IURP�
ERWK� VSHFLHV� URRWHG�� VSURXWHG� OHDYHV� DQG� IORZHUHG�
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7$%/(�����2FFXUUHQFH�RI�XQGHUVWRU\�WUHHV�LQ�WKH�0DUSL�IRUHVW��FRPSXWHG�IURP�DOO�WUHHV�VDPSOHG� 
DQG��DUUDQJHG�LQ�GHVFHQGLQJ�RUGHU�E\�LPSRUWDQFH�YDOXHV� 
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 6SHFLHV �� ������������7RWDO�EDVDO�DUHD� ��������7UHHV�KD  �,PSRUWDQFH 
   ��� �������P��    � ������YDOXH 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
&\QRPHWUD�UDPLIORUD  ���������� �� ���������������  �����������  
*XDPLD�PDULDQQDH  ����������  ���������������  ����������� 
3RXWHULD�RERYDWD   ����������  ���������������  ����������� 
$LGLD�FRFKLQFKLQHQVLV  ����������  ���������������  ����������� 
(XJHQLD�SDOXPELV�  ����������  ���������������  ����������� 
$JODLD�PDULDQQHQVLV  ����������  ����������������  ������������ 
2FKURVLD�PDULDQQHQVLV  ����������  ����������������  ������������ 
)LFXV�WLQFWRULD   ����������  ����������������  ������������ 
3DQGDQXV�GXELXV   ����������  ����������������  ������������  
0RULQGD�FLWULIROLD  ����������  ����������������  ������������ 
&DULFD�SDSD\D   ����������  ����������������  ������������ 
3V\FKRWULD�PDULDQD  ����������  ����������������  ������������� 
3UHPQD�REWXVLIROLD  ����������  ����������������  ������������ 
0D\WHQXV�WKRPSVRQLL�  ����������  ����������������  ������������ 
$OEL]LD�OHEEHFN   ����������  ����������������  ������������  
1HLVRVSHUPD�RSSRVLWLIROLD  ����������  ���������������� ��� ������������ 
(U\WKULQD�YDULHJDWD  ����������  ����������������  ������������ 
0HODQROHSVLV�PXOWLJODQGXORVD ����������  ���������������� �� ������������ 
)LFXV�SUROL[LD   ����������  �����������������  ������������� 
3DQGDQXV�WHFWRULXV  ����������  ����������������� �� ������������ 
'HQGURFQLGH�ODWLIROLD  ����������  �����������������  ������������� 
/HXFDHQD�OHXFRFHSKDOD  ����������  �����������������  ������������ 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
 

GXULQJ� 2FW�í1RY�� � ,� GLG� QRW� REVHUYH� RWKHU� QDWLYH�
WUHH�VSHFLHV��LQFOXGLQJ�,��ELMXJD��WR�SURSRJDWH�YHJH�
WDWLYHO\��KRZHYHU�� �,��ELMXJD�PD\�PDLQWDLQ�LWVHOI� LQ�
WKH�IRUHVW�E\�VRPH�RWKHU�PHFKDQLVP��VXFK�DV�IUXLW�
LQJ�DIWHU�D�SHULRG�RI�XQXVXDO�ZHDWKHU� 

,Q� FRQWUDVW� WR� WKHVH� VSHFLHV�� KHDYLO\� IUXLWLQJ��
FRPPRQ�FDQRS\�VSHFLHV�OLNH�)LFXV�WLQFWRULD�Y��QHR-
HEXGDUXP� DQG�&�� UDPLIORUD� UHSURGXFHG� UHDGLO\� LQ�
VKDGH� DV� GHPRQVWUDWHG� E\� WKHLU� LPSRUWDQFH� YDOXH�
UDWLRV�DSSURDFKLQJ�RU������,Q�IDFW��VHHGOLQJ�&��UDPL�
IORUD�ZHUH�RQH�RI�WKH�PRVW�DEXQGDQW�FRPSRQHQWV�RI�
WKH� IRUHVW� KHUEDFHRXV� OD\HU� LQ� WKH� ZHW� VHDVRQ�
�-XQHí1RY�����$OWKRXJK�WKHVH�VXIIHU�KLJK�PRUWDOLW\�
LQ� WKH� GU\� VHDVRQ�� FOHDUO\� HQRXJK� VXUYLYH� WR� SUR�
GXFH�UHFUXLWPHQW�LQWR�WKH�XQGHUVWRU\���6XFK�VSHFLHV�
OLNHO\�LQFUHDVH�LQ�DEXQGDQFH�GXULQJ�SHULRGV�RI�ORZ�
IRUHVW�GLVWXUEDQFH� 

2I�WKRVH�VSHFLHV�SUHGRPLQDWLQJ� LQ� WKH�XQGHU�
VWRU\��)LJ������*��PDULDQQDH��$LGLD�FRFKLQFKLQHVLV��
(XJHQLD� SDOXPELV� DQG� 0D\WHQXV� WKRPSVRQLL� DUH�
VPDOO�WUHHV�WKDW�UDUHO\�JURZ�ODUJH�HQRXJK�WR�LQYDGH�
WKH� FDQRS\� �6WRQH� ������ 5DXOHUVRQ� DQG� 5LQHKDUW�
��������2WKHU�PRUH�UREXVW��FRPPRQO\�IUXLWLQJ�VSH�
FLHV�� VXFK� DV� 3�� RERYDWD�� 2FKURVLD� PDULDQQHQVLV�
DQG�$JODLD�PDULDQQHQVLV��PD\��EDVHG�RQ�WKHLU�QHJ�

DWLYH� LPSRUWDQFH� YDOXH� UDWLR�� LQFUHDVH� LQ� WKH� IRUHVW�
FDQRS\�XQGHU�FRQGLWLRQV�RI�ORZ�GLVWXUEDQFH��� 

7KHVH� DUH� RQO\� SUHOLPLQDU\� GDWD� RQ� UHFUXLW�
PHQW� G\QDPLFV� LQ� OLPHVWRQH� IRUHVW�� IRU� D� WKRURXJK�
DVVHVVPHQW��GDWD�RQ�VXFK�SDUDPHWHUV�DV�VHHG�YLDELO�
LW\��GLVSHUVDO��VXUYLYRUVKLS��DQG�LPSRUWDQFH�RI�YHJH�
WDWLYH� SURSRJDWLRQ� DUH� QHHGHG�� �+RZHYHU�� WKH� GDWD�
SURYLGH� LQLWLDO� LQVLJKWV� LQWR� WKH�PHFKDQLVPV�RI� IRU�
HVW�PDLQWHQDQFH� LQ� WKLV�V\VWHP�� � ,�SURSRVH�D�PRGHO�
IRU� OLPHVWRQH� IRUHVW� G\QDPLFV�� IRUHVW� VSHFLHV� FRP�
SRVLWLRQ�LV�UHJXODWHG�E\�WKH�IUHTXHQF\�DQG�LQWHQVLW\�
RI� H[WHUQDO� �L�H�� W\SKRRQ�� GLVWXUEDQFH�� � $� VXLWH� RI�
YHJHWDWLYHO\� UHSURGXFLQJ� VSHFLHV� WKDW� DOVR� IORZHU�
DIWHU� PHFKDQLFDO� LQMXU\� DUH� PDLQWDLQHG� LQ� WKH� V\V�
WHP�E\�GLVWXUEDQFH�� DQG� D� VXLWH� RI�PRVWO\� VH[XDOO\�
UHSURGXFLQJ�� VKDGH� WROHUDQW� VSHFLHV� DUH�PDLQWDLQHG�
GXULQJ�WLPHV�DQG�LQ�DUHDV�RI�OLPLWHG�GLVWXUEDQFH� 

7KH� LQWURGXFHG� /HXFDHQD� OHXFRFHSKDOD� DQG�
$FDFLD�FRQIXVD�RFFXUUHG�SUHGRPLQDQWO\�LQ�WKH�FDQR�
S\� �)LJ�� ���� DQG�� WKHUHIRUH�� DSSHDUHG� WR� KDYH� OLWWOH�
UHSURGXFWLYH� VXFFHVV� LQ� WKLV� IRUHVW�� � +RZHYHU�� WKH�
LQWURGXFHG�&DULFD�SDSD\D�ZDV�UHJXODU�LQ�WKH�XQGHU�
VWRU\�� � 1RWDEO\�� RI� WKHVH� LQWURGXFHG� VSHFLHV�� RQO\�
WKH�IOHVK\-IUXLWHG�&��SDSD\D�LV�IHG�XSRQ�DQG�SURED�
EO\�GLVSHUVHG�E\�ELUGV���$OEL]LD�OHEEHFN��LQWURGXFHG��
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),*�����'HQVLW\�RI�FDQRS\�DQG�XQGHUVWRU\�WUHHV�DUUDQJHG�DW����WUDQVHFWV�DUUDQJHG�IURP�QRUWK��D��WR�VRXWK��M��� 

ZDV�OLPLWHG�WR�RQH�WUDQVHFW��DQG�ZDV�� WKHUHIRUH�� WRR�
XQFRPPRQ�IRU�DQ\�GHILQLWLYH�VWDWHPHQW�WR�EH�PDGH�
FRQFHUQLQJ�LWV�UHSURGXFWLRQ� 

5HFHQWO\� LQWURGXFHG� VSHFLHV� �QRW� LQFOXGLQJ�
SUHKLVWRULFDOO\� LQWURGXFHG� VSHFLHV� OLNH� $UWRFDUSXV�
DOWLOLV�� DOWKRXJK� QRZ� RI� OLPLWHG� VLJQLILFDQFH� LQ� WKH�
OLPHVWRQH� IRUHVW� EDVHG� RQ� WKHLU� LPSRUWDQFH� YDOXHV�
�7DEOH��������UHTXLUH�IXUWKHU�VWXG\�WR�GHWHUPLQH�WKHLU�
SRWHQWLDO� UROH� LQ� IXWXUH� IRUHVW� FRPSRVLWLRQ�� � %DVHG�
RQ�LPSRUWDQFH�YDOXHV��WKH\�SUHVHQWO\�FRPSULVH������
RI�WKH�FDQRS\�DQG������RI�WKH�XQGHUVWRU\���/LNH�WKH�
VLPLODUO\�KLJK�SHUFHQW�QDWLYH�FRYHU�IRXQG�E\�0HUOLQ�
�������IRU�WKH�QDWLYH�ZRRG\�YHJHWDWLRQ�RI�0DQJDLD��
&RRN�,VODQGV��WKLV�ILQGLQJ�VXJJHVWV�WKDW�QDWLYH�IRUHVW�
LV� UHVLVWDQW� WR� LQYDVLRQ� E\� DOLHQ� VSHFLHV�� �2QO\� WKH�
WUDQVHFW� DW� WKH� QRUWKHUQ� HQG� RI� WKH� VWXG\� DUHD� KDG�
UHODWLYHO\�KLJK�FRYHU�E\� LQWURGXFHG�VSHFLHV� �������
RI� WKH� FDQRS\� LPSRUWDQFH� YDOXHV��� �7KH� YLFLQLW\�RI�
WKLV�WUDQVHFW��QHDU�WKH�-DSDQHVH�/DVW�&RPPDQG�3RVW�
RI�:RUOG�:DU� ,,�� ZDV� KHDYLO\� ERPEHG� GXULQJ� WKH�
$PHULFDQ�LQYDVLRQ�RI�6DLSDQ���$�FLUFXODU�SDWFK�RI�/��
OHXFRFHSKDOD�RQ�WKH�FOLIIV�DERYH�WKH�/DVW�&RPPDQG�
3RVW�� DQ� DUHD� QHYHU� FXOWLYDWHG�� LV� D� OLNHO\� FRQVH�
TXHQFH�RI�D�YHU\�ODUJH�H[SORVLRQ� 

,Q�DGGLWLRQ�WR�WKRVH�ORFDWHG�GXULQJ�VDPSOLQJ��,�
IRXQG�WKH�IROORZLQJ�WUHH�VSHFLHV�LQ�WKH�0DUSL�VWXG\�
DUHD��$QQRQD�UHWLFXODWD� �LQWURGXFHG��VFDWWHUHG� LQGL�
YLGXDOV���&HUEHUD�GLODWDWD��QDWLYH��VFDWWHUHG�LQGLYLG�
XDOV���&DVXDULQD� HTXLVHWLIROLD� �QDWLYH�� VFDWWHUHG� LQ�
GLYLGXDOV��� ([FRHFDULD� DJDOORFKD� Y�� RUWKRVWLFKDOLV��
�QDWLYH�� VFDWWHUHG� LQGLYLGXDOV��� +HUQDQGLD� VRQRUD�
�QDWLYH��VHYHUDO�DW�VORSH�EDVH���%DUULQJWRQLD�DVLDWLFD�
�QDWLYH�� LQ� LQWHUPLWWDQW� VWUHDP� YDOOH\V��� +LELVFXV�
WLOLDFHXV� �QDWLYH�� LQ� LQWHUPLWWDQW� VWUHDP� YDOOH\���

*XHWWDUGD� VSHFLRVD� �QDWLYH�� VFDWWHUHG� LQGLYLGXDOV���
3RO\VFLDV� JUDQGLIORUD� �QDWLYH�� VFDWWHUHG� LQGLYLGX�
DOV���0XQWLQJLD� FDODEXUD� �LQWURGXFHG�� IRUHVW� HGJH���
'HORQL[�UHJLD��LQWURGXFHG��VLQJOH�WUHH�DW�KLJK�HOHYD�
WLRQ��� 7UHPD� RULHQWDOLV� Y�� DUJHQWHD� �QDWLYH�� IRUHVW�
HGJH��� �&DOOLFDUSD� FDQGLFDQV� �QDWLYH�� IRUHVW� HGJH���
6WUHEOXV� SHQGXOLQXV� �QDWLYH�� VRXWKHUQ� HQG� RI� VWXG\�
DUHD� RQO\���$OORSK\OXV� WLPRUHQVLV� �QDWLYH�� VFDWWHUHG�
LQGLYLGXDOV��� %DXKLQLD� PRQDQGUD� �LQWURGXFHG�� VLQ�
JOH� FOXPS� RI� LQGLYLGXDOV��� DQG� 3LSWXUXV� DUJHQWHXV�
�QDWLYH��IRUHVW�HGJH�DQG�RSHQLQJV���� 

%HVLGHV� WKHVH� VSHFLHV�� ,� HQFRXQWHUHG� YHJHWD�
WLYH� VSHFLPHQV� LGHQWLILHG� WHQWDWLYHO\� DV� 3V\FKRWULD�
KRPEURQLDQD��QDWLYH��VFDWWHUHG�LQGLYLGXDOV����2Q�WKH�
VWXG\� WUDQVHFWV�� ,� FRPELQHG� WZR� SRVVLEOH� 3�� KRP�
EURQLDQD�XQGHUVWRU\�VSHFLPHQV�ZLWK�3��PDULDQD� LQ�
DQDO\VHV���)XUWKHUPRUH��EHFDXVH�,�REVHUYHG�QR�IORZ�
HULQJ� RU� IUXLWLQJ� GXULQJ� WKH� VDPSOLQJ� SHULRG�� ,� GLG�
QRW�GLVWLQJXLVK�EHWZHHQ�(XJHQLD�UHLQZDUGWLDQD�DQG�
(�� SDOXPELV�� � 0RVW� LQGLYLGXDOV�� DV� YHULILHG� GXULQJ�
WKHLU�-XO\�IORZHULQJ��DSSHDUHG�WR�EH�(��SDOXPELV�DQG�
DUH�UHSRUWHG�DV�VXFK�LQ�WDEOHV�DQG�WH[W��� 

4XDOLWDWLYH� FRPSDULVRQ� RI� WKH� 0DUSL� IRUHVW�
ZLWK�RWKHU�OLPHVWRQH�IRUHVWV�LQGLFDWHG�D�JHQHUDO�VLP�
LODULW\�LQ�DSSHDUDQFH�ZLWK�ORZ�WR�PLG-HOHYDWLRQ�IRU�
HVW� HOVHZKHUH� RQ� 6DLSDQ� DQG� 7LQLDQ�� � 6SHFLHV� SUR�
SRUWLRQV�YDULHG�EHWZHHQ�VLWHV��EXW�D� VLPLODU� VSHFLHV�
DVVHPEODJH� ZDV� IRXQG� WKURXJKRXW�� � 7KH� H[LVWLQJ�
IRUHVW� FKDUDFWHULVWLFV� DUH� OLNHO\� LQ� SDUW� D� E\SURGXFW�
RI� KXPDQ� DQG� IHUDO� DQLPDO� DFWLYLW\�� SDUWLFXODUO\� LQ�
WHUPV� RI� VSHFLHV� GLVWULEXWLRQV� DQG� UHODWLYH� DEXQ�
GDQFH�� EXW� WKH� XQLIRUPLW\� RI� LWV� DSSHDUDQFH� HYHQ�
EHWZHHQ�LVODQGV�VXJJHVWV�WKDW� WKH�SUHVHQW�OLPHVWRQH�
IRUHVW�V\VWHP�UHWDLQV�VRPH�RI�LWV�RULJLQDO�IHDWXUHV� 
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),*�����%DVDO�DUHDV�DQG�LPSRUWDQFH�YDOXHV�RI�3LVRQLD�JUDQGLV�DW����WUDQVHFWV�DUUDQJHG�IURP�QRUWK��D��WR�VRXWK�
�M��� 

,Q�FRQWUDVW�WR�WKHVH�IRUHVWV��UHPQDQW�OLPHVWRQH�
IRUHVW� DW� WKH� KLJKHVW� HOHYDWLRQV� RI� 0W�� 7DSRWFKDX��
6DLSDQ�DQG�WKH�KLJK�HOHYDWLRQ�SODWHDX�IRUHVW�RI�5RWD�
H[KLELWHG� VWURQJ� GLIIHUHQFHV� LQ� DSSHDUDQFH�� � 7KHVH�
IRJ� SURQH� DUHDV� ZHUH� FRROHU� DQG� ZHWWHU� �)RVEHUJ�
������<RXQJ�������WKDQ�WKH�ORZHU�HOHYDWLRQ�IRUHVWV�
DQG�KDG�KLJK�GHQVLWLHV�RI�HSLSK\WLF�OLFKHQV��PRVVHV��
IHUQV�DQG�RUFKLGV���7KH�IRUHVW�IORRU�ZDV�DOVR�W\SLFDO�
O\�PRVV-FRYHUHG�DQG�WUHH�VSHFLHV�VXFK�DV�3DQGDQXV�
VSS���3LVRQLD�XPEHOOLIHUD�DQG�&ODR[\ORQ�PDULDQXP�
ZHUH�FKDUDFWHULVWLF���0RUHRYHU��D�VSHFLHV�RI�0HU\WD�
DV�\HW�XQGHVFULEHG�LQ������EXW�VLQFH�FODVVLILHG�DV�0��
VHQIIWLDQD� �*RYDHUWV� �������ZDV� SUHVHQW� ORFDOO\� RQ�
WKH�XSSHU�HDVWHUQ�VORSHV�RI�0W��7DSRWFKDX��)LJ�������
2Q�5RWD��*XHWWDUGD�VSHFLRVD��+HUQDQGLD�ODEU\QWKL�
FD��)DJUDHD�JDOLODL��0DFDUDQJD�WKRPSVRQLL��&\FDV�
FLUFLQDOLV� DQG� (ODHRFDUSXV� MRJD� MRLQHG� WKHVH� DV�
FRPPRQ� WUHH� VSHFLHV�� � 7KH� ODWWHU� WKUHH� DUH� UDUH� RQ�
6DLSDQ� DQG� ,� KDYH� QRW� IRXQG�)�� JDOLODL�RQ� 6DLSDQ���
$QRWKHU� QRWDEOH� VSHFLHV� IRXQG� RQO\�� DOEHLW� ORFDOO\�
FRPPRQO\�� LQ� WKH�QDWLYH�IRUHVWV�RI� WKH�1DIWDQ�SHQ�
LQVXOD� ZDV� WKH�0DULDQDV� HQGHPLF�+HULWLHUD� ORQJL�
SHWLRODOD��ZKLFK�DOVR�RFFXUV� UHJXODUO\� LQ� WKH�QDWLYH�
IRUHVWV�RI�DGMDFHQW�7LQLDQ� 

,Q�FRQWUDVW� WR� WKLV� VWXG\��0RRUH� ������� IRXQG�
WKDW� OLPHVWRQH� IRUHVW� GRPLQDQWV� DW� 3DJDW� 3RLQW��
*XDP� ZHUH�0DPPHD� RGRUDWD� DQG� (XJHQLD� UHLQ�
ZDUGWLDQD�� � 6LPLODU�0�� RGRUDWD-GRPLQDWHG� IRUHVWV�
DOVR�PD\�EH� LQ� VWUDQG� FRPPXQLWLHV� RQ�6DLSDQ�� �$W�
+LODDQ� %HDFK�� *XDP� 0XQLDSSDQ� ������� IRXQG�
$JODLD�PDULDQHQQVLV�DQG�*XDPLD�PDULDQQDH� WR�EH�
WKH�GRPLQDQW� OLPHVWRQH� IRUHVW� VSHFLHV�� � ,Q� JHQHUDO��
WKH�PRUH�VRXWKHUO\��DSSDUHQWO\�OHVV�[HURSK\WLF�OLPH�

VWRQH�IRUHVWV�RI�5RWD�DQG�*XDP�VHHP�PRUH�GLYHUVH�
WKDQ�WKRVH�RI�6DLSDQ��EXW�ZKHWKHU�WKLV�UHSUHVHQWV�WKH�
RULJLQDO�FRQGLWLRQ�RI�WKH�IRUHVWV�LV�XQFHUWDLQ��� 

7KH� QDWLYH� OLPHVWRQH� IRUHVW� RI� WKH� 0DUSL� UH�
JLRQ�PD\�EH�FKDUDFWHUL]HG�DV�KDYLQJ�D�FDQRS\�GRP�
LQDWHG�E\�WZR�ZLGHVSUHDG��6WRQH�������,QGR-3DFLILF�
VSHFLHV��DQG�DQ�XQGHUVWRU\�GRPLQDWHG�E\�DQ�HQGHP�
LF��6WRQH�������0DULDQDV�JHQXV���6RPH�VSHFLHV�PD\�
EH�PDLQWDLQHG�LQ�WKH�V\VWHP�E\�GLVWXUEDQFH��ZKHUH�
DV�RWKHUV�DSSHDU�WR�UHFUXLW�VXFFHVVIXOO\�LQWR�D�FORVHG�
IRUHVW� FDQRS\�� � ,Q� WKH� DEVHQFH� RI� KXPDQ� DQG� IHUDO�
XQJXODWH� GLVWXUEDQFH�� WKH� UHODWLYH� SURSRUWLRQV� RI�
WKHVH�VSHFLHV�PD\�EH�DIIHFWHG�E\�WKH�IUHTXHQF\�DQG�
VHYHULW\�RI� W\SKRRQV�DQG�RWKHU�QDWXUDO�GLVWXUEDQFH���
'HVSLWH� FHQWXULHV� RI� KXPDQ-UHODWHG�GLVUXSWLRQ�� IRU�
HVW� FRPSRVLWLRQ� UHPDLQV� RYHUZKHOPLQJO\� QDWLYH��
VXJJHVWLQJ�WKDW�QDWLYH�IRUHVW�LV�UHVLVWDQW�WR�LQYDVLRQ�
E\�DOLHQ�VSHFLHV� 
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,�WKDQN�0��/HIRU��/��5DXOHUVRQ��'��6WHDGPDQ��

6��9LOODJRPH]�DQG�*��:LOHV� IRU� WKHLU� LQVLJKWV�FRQ�
FHUQLQJ� WKLV� VWXG\�� �/��5DXOHUVRQ�YHULILHG�P\�SODQW�
LGHQWLILFDWLRQV� DQG� 9�� &DPDFKR� DQG� .�� .UDXVND�
DVVLVWHG� ZLWK� ILHOG� ZRUN�� � ,� HVSHFLDOO\� WKDQN� P\�
ZLIH�� %DUEDUD�� IRU� KHU� VXSSRUW� DQG� HQFRXUDJHPHQW�
RQ� DOO� P\� VWXGLHV� LQ� WKH� 3DFLILF�� � 7KLV� ZRUN� ZDV�
IXQGHG�E\�WKH�&RPPRQZHDOWK�RI�WKH�1RUWKHUQ�0DU�
LDQD�,VODQGV��'LYLVLRQ�RI�)LVK�DQG�:LOGOLIH��LQ�FRQ�
MXQFWLRQ� ZLWK� 3LWWPDQ-5REHUWVRQ� )HGHUDO� $LG� WR�
:LOGOLIH� 
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$ඌඁ�� -�� � ������ � 6WXQWHG� FORXG� IRUHVW� LQ� 7DYHXQL��

)LML��3DFLILF�6FLHQFH�������í���� 
&ඈඍඍൺආ�� *�� DQG� -�7�� &ඎඋඍංඌ�� � ������ � 7KH� XVH� RI�

GLVWDQFH� PHDVXUHV� LQ� SK\WRVRFLRORJLFDO� VDP�
SOLQJ��(FRORJ\�������í���� 

(ඇൻඋංඇ�� -��� )�/�� 5ൺආඌൾඒ� DQG� 9�-�� :ංඅൽආൺඇ���
������ �0LFURQHVLDQ� IRUHVW� ELUG� VXUYH\�� ������
6DLSDQ��7LQLDQ��$JLJXDQ��DQG�5RWD��8�6��)LVK�
	�:LOGOLIH�6HUYLFH�5HSRUW� 

)ඈඌൻൾඋ��)�5����������7KH�YHJHWDWLRQ�RI�0LFURQH�
VLD���%XOOHWLQ�RI�WKH�$PHULFDQ�0XVHXP�RI�1DW�
XUDO�+LVWRU\����� 

)ඈඌൻൾඋ�� )�5���0�9�&�� )ൺඅൺඇඋඎඐ� DQG�0�+�� 6ൺ�
ർඁൾඍ�� � ������ �9DVFXODU� IORUD� RI� WKH�1RUWKHUQ�
0DULDQDV��6PLWKVRQLDQ�&RQWULEXWLRQV�WR�%RWD�
Q\�����í��� 

)ඈඌൻൾඋ�� )�5���0�9�&�� )ൺඅൺඇඋඎඐ� DQG�0�+�� 6ൺ�
ർඁൾඍ�� ������� �6\VWHPDWLF� VWXGLHV�RI�0LFURQH�
VLDQ� SODQWV�� 6PLWKVRQLDQ� &RQWULEXWLRQV� WR�
%RWDQ\�����í��� 

)උൺඇඅංඇ�� -�� DQG� '�:�� 6ඍൾൺൽආൺඇ�� � ������ � 7KH�
SRWHQWLDO�IRU�FRQVHUYDWLRQ�RI��3RO\QHVLDQ�ELUGV�
WKURXJK� KDELWDW� PDSSLQJ� DQG� VSHFLHV� WUDQVOR�
FDWLRQ��&RQVHUYDWLRQ�%LRORJ\������í���� 

*ൾඋඋංඌඁ�� *�� � ������ � 5HODWLQJ� FDUERQ� DOORFDWLRQ�
SDWWHUQV� WR� WUHH� VHQHVFHQFH� LQ� 0HWURVLGHURV�
IRUHVWV��(FRORJ\��������í����� 

*ඈඏൺൾඋඍඌ��5�� ������� �:RUOG�FKHFNOLVW�RI� VHOHFWHG�
SODQW� IDPLOLHV�� 5R\DO� %RWDQLF� *DUGHQV� .HZ��
5LFKPRQG��6XUUH\��8.�� 

+ඈඅආൾඌ�� 5�7�� DQG� 6�.�� 5ඈൻංඇඌඈඇ�� � ������ � 7UHH�
VSHFLHV� SUHIHUHQFH� RI� IRUDJLQJ� LQVHFWLYRURXV�

ELUGV�LQ�D�QRUWKHUQ�KDUGZRRG�IRUHVW��2HFRORJL�
FD������í��� 

0ൺඑඐൾඅඅ��%�'����������)ORULVWLF�GHVFULSWLRQ�RI�WKH�
QDWLYH�XSODQG�IRUHVWV�RQ�.RVUDH��HDVWHUQ�&DUR�
OLQH�,VODQGV��0LFURQHVLFD�������í���� 

0ൾඋඅංඇ�� 0�'�� � ������ � :RRG\� YHJHWDWLRQ� RQ� WKH�
UDLVHG� FRUDO� OLPHVWRQH� RI� 0DQJDLD�� VRXWKHUQ�
&RRN�,VODQGV��3DFLILF�6FLHQFH�������í���� 

0ඈඈඋൾ��3�+�� � ������ �&RPSRVLWLRQ�RI� D� OLPHVWRQH�
IRUHVW�FRPPXQLW\�RQ�*XDP�� 0LFURQHVLFD� ���
��í��� 

0ඎൾඅඅൾඋ-'ඈආൻඈංඌ�� '�� � ������ � 2KLD� GLHEDFN� LQ�
+DZDLL�������V\QWKHVLV�DQG�HYDOXDWLRQ��3DFLILF�
6FLHQFH�������í���� 

0ඎൾඅඅൾඋ-'ඈආൻඈංඌ��'��DQG�+��(අඅൾඇൻൾඋ�� ��������
$LPV� DQG� PHWKRGV� RI� YHJHWDWLRQ� HFRORJ\��
:LOH\��1HZ�<RUN��1HZ�<RUN� 

0ඎඇංൺඉඉൺඇ��6����������7KH�GHWHUPLQDWLRQ�RI�SODQW�
FRPPXQLWLHV� DORQJ� D� FRPSOH[� HQYLURQPHQWDO�
JUDGLHQW�DW�+LODDQ�%HDFK��*XDP��0LFURQHVLFD�
������í���� 

5ൺඎඅൾඋඌඈඇ�� /�� DQG� $�� 5ංඇൾඁൺඋඍ�� � ������ � 7UHHV�
DQG� VKUXEV� RI� WKH� 1RUWKHUQ� 0DULDQD� ,VODQGV��
'HSDUWPHQW� RI� 1DWXUDO� 5HVRXUFHV�� &RPPRQ�
ZHDOWK�RI�WKH�1RUWKHUQ�0DULDQD�,VODQGV� 

6ඍඈඇൾ�� %�&�� � ������ � 7KH� IORUD� RI�*XDP�� �0LFUR�
QHVLFD����í���� 

:ඈඈൽඋඈൿൿൾ��&�'�� ��������9HJHWDWLRQ�DQG�IORUD�RI�
1XL� $WROO�� 7XYDOX�� $WROO� 5HVHDUFK� %XOOHWLQ�
�����í��� 

:ඈඈൽඋඈൿൿൾ�� &�'�� � ������ � 3DFLILF� LVODQG� PDQ�
JURYHV��GLVWULEXWLRQ�DQG�HQYLURQPHQWDO� VHW�
WLQJV��3DFLILF�6FLHQFH�������í���� 

:ංඅൾඌ��*�-���7�2��/ൾආൾ��DQG�1�+��3ൺඒඇൾ�� ��������
3RSXODWLRQ� HVWLPDWHV� RI� IUXLW� EDWV� �3HURSXV�

),*�����5DWLR�RI�FDQRS\�DQG�XQGHUVWRU\�LPSRUWDQFH�YDOXHV�IRU�WUHH�VSHFLHV�LQ�WKH�0DUSL�OLPHVWRQH�IRUHVW��� 



&UDLJ�ā�1$7,9(�/,0(6721(�)25(67 

�� 

 

 

PDULDQQXV�� LQ�WKH�0DULDQD�,VODQGV��&RQVHUYD�
WLRQ�%LRORJ\�����í��� 

<ඈඎඇ��)�-�� ������� �6RLO� VXUYH\�RI� WKH� LVODQGV�RI�
$JXLMDQ��5RWD��6DLSDQ��DQG� 7LQLDQ�� &RP�
PRQZHDOWK� RI� WKH� 1RUWKHUQ� 0DULDQD� ,VODQGV��
8�6��6RLO�&RQVHUYDWLRQ�6HUYLFH� 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

),*�����)ORZHULQJ�0HU\WD��DQ�XQGHVFULEHG�VSHFLHV�
LQ�������SKRWRJUDSKHG�RQ�WKH�HDVW�VORSH�RI�0W��7D�
SRWFKDX�LQ������ 


