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$%675$&7

� 3DSXD�KDV�EHHQ�H[SHULHQFLQJ�KHDY\� ORJJLQJ�DFWLYLW\� LQ� LWV�IRUHVWV�IRU�GHFDGHV�� �+RZHYHU��RQO\�VHYHUDO�VWXGLHV�
IRFXVHG�RQ�WKH�HIIHFW�RI �ORJJLQJ�LQ�WKH�IRUHVW�HFRV\VWHP���7KLV�UHVHDUFK�ZDV�DLPHG�WR�DQDO\]H�UHFRYHU\�SURFHVVHV�RI �WKH�
IRUHVW�HFRV\VWHP��7KH�UHVHDUFK�ZDV�FRQGXFWHG� LQ� WKH� ORJJHG� WURSLFDO� UDLQIRUHVW� LQ�6RXWK�3DSXD�XVLQJ�HFRORJLFDO�
DSSURDFK�ZKLFK�XVHG�WUHH�FRPPXQLWLHV�DV�ELRWLF�DQG�VRLO�FRQGLWLRQ�DV�DELRWLF�LQGLFDWRUV�� �'DWD�ZHUH�FROOHFWHG�LQ�WKH�
ORJJLQJ�DUHD�RI �37�7XQDV�7LPEHU�/HVWDUL�ORFDWHG�LQ�WKH�WURSLFDO�UDLQIRUHVW�RI �6RXWK�3DSXD��7KHUH�ZHUH�ILYH�JURXSV�RI �
IRUHVWV�XVHG�LQ�WKLV�UHVHDUFK�L�H��XQORJJHG��RQH�\HDU�SRVW�VHOHFWLYHO\�ORJJHG��ILYH�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG��WHQ�\HDUV�
SRVW�VHOHFWLYHO\�ORJJHG�DQG�ILIWHHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVWV�� �7KLUW\�QHVWHG�SORWV�ZHUH�ODLG�RQ�HDFK�IRUHVW�
JURXS��&DQRQLFDO�&RUUHVSRQGHQFH�$QDO\VLV� �&&$��ZDV� DSSOLHG� WR� DQDO\]H� WKH� XQGHUVWRU\� DQG� XSSHUVWRU\� SODQW�
FRPPXQLWLHV�� �8QGHUVWRU\� DQG�XSSHUVWRU\� SODQW� FRPPXQLWLHV� IRUPHG� GLIIHUHQW� SDWWHUQV� GXH� WR� ORJJLQJ�� � 3ODQW�
FRPPXQLWLHV�LQ�WKH�WHQ�DQG�ILIWHHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVWV�ZHUH�QRW�VLPLODU�WR�WKRVH�LQ�WKH�XQORJJHG�
IRUHVW��6RLO�RUJDQLF�PDWWHU��620��FRQWHQW�LQ�WKH�VHOHFWLYHO\�ORJJHG�IRUHVWV�ZDV�ORZHU�WKDQ�WKDW�LQ�WKH�XQORJJHG�IRUHVW��
7KHVH�RFFXUUHQFHV�LQGLFDWHG�WKDW�WKH�VHOHFWLYHO\�ORJJHG�IRUHVWV�ZHUH�VWLOO�UHFRYHULQJ�DQG�UHTXLUHG�PRUH�WKDQ�ILIWHHQ�
\HDUV�WR�EH�IXOO\�UHFRYHUHG��

� .H\ZRUGV��&DQRQLFDO�FRUUHVSRQGHQFH�DQDO\VLV��HGDSKLF�IDFWRU�� ORJJHG�WURSLFDO�IRUHVW��SODQW�FRPPXQLW\��VRLO�
RUJDQLF�PDWWHU

,1752'8&7,21

7URSLFDO�UDLQIRUHVWV�SOD\�DQ�LPSRUWDQW�UROH�LQ�
HFRV\VWHP� VHUYLFHV�� VXFK� DV� ORJJLQJ� SURGXFWLRQ�
�:KLWIHOG�HW�DO��������3XW]�	�5RPHUR�������� �7KH�
SURFHVV�RI �SURGXFWLRQ�PHFKDQLVP�LQ�WKH�WURSLFDO�
UDLQIRUHVW�KDV�D�VLJQLILFDQW�LPSDFW�RQ�DELRWLF�DQG�
ELRWLF� HOHPHQWV� �=DPEUDQR� HW� DO�� ������� 7KRVH�
FRQGLWLRQV� UHVXOW� LQ� WKH� FKDQJH� LQ� WKH� WURSLFDO�
UDLQIRUHVW� DV� DQ� HFRV\VWHP� DQG� VRPH�
FLUFXPVWDQFHV� RI � WKH� VHFRQGDU\� VXFFHVVLRQDO�
SURFHVV� WDNH� SODFH� DV� D� UHVSRQVH� WR� HFRORJLFDO�
DOWHUDWLRQV�� � )XUWKHUPRUH��PRVW� RI � WKH� WURSLFDO�
UDLQIRUHVWV�DUH�H[SHULHQFLQJ�WKH�DOWHUDWLRQV�DQG�WKH�
VHOHFWLYH� ORJJLQJ� KDV� D� VLJQLILFDQW� LPSDFW� RQ�

HFRORJLFDO� IDFWRUV� �&RUULj�$LQVOLH� �� ������HW� DO
)ORUHV� �� ������� +HQFH�� WKH� ORJJHG� WURSLFDO�HW� DO
UDLQIRUHVWV�DUH�FRXQWLQJ�RQ�WKH�DELOLW\�RI � IRUHVW�
UHFRYHU\�LWVHOI��0RVW�LQGLFDWRUV�WR�DQDO\VH�IRUHVW�
UHFRYHU\� DUH� EDVHG� RQ� WUHH� GHQVLW\�� EDVDO� DUHD�
�:KLWIHOG� �� ������ 5XWWHQ� �� ������ DQG�HW� DO HW� DO
JURZWK� UDWH� RI � UHVLGXDO� WUHHV� �'R� �� ������HW� DO
+RDQJ� �� ������ :HVW� �� ������ 6LVW� ��HW� DO HW� DO HW� DO
������6XVDQW\� �������� LQ� WKH� ORJJHG� IRUHVWV��HW� DO
+RZHYHU�� WKH� UHFRYHU\� RI � GLVWXUEHG� IRUHVWV�
VKRXOG� QRW� RQO\� EH� FRQVLGHUHG� EDVHG� RQ�
VXVWDLQDEOH�WLPEHU�SURGXFWLRQ��EXW�WKH�HFRORJLFDO�
HOHPHQWV�VXFK�DV�VRLO�FRQGLWLRQV�DQG�UHVLGXDO�WUHHV�
VKRXOG� DOVR� EH� WDNHQ� LQWR� DFFRXQW� DV� IRUHVW�
UHFRYHU\�LQGLFDWRUV�
6RPH�DUHDV�LQ�ORZODQG�WURSLFDO�IRUHVWV�LQ�6RXWK�

3DSXD�ZHUH� LQWHQGHG� DV� ORJJLQJ� FRQFHVVLRQ� IRU�
GHFDGHV��.XVZDQGL�	�0XUGMRNR�������0XUGMRNR�

&RUUHVSRQGLQJ�DXWKRU�
DJXVWLQXV�PXUGMRNR�SDSXD#JPDLO�FRP
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������.XVZDQGL� ����� ��)HZ� VWXGLHV� FRQFHUQLQJ�
WKH� HIIHFWV� RI � ORJJLQJ� LQ� 3DSXD� ORJJHG� IRUHVWV�
ZHUH�FRQGXFWHG�� �6RPH�VWXGLHV�IRFXVHG�RQO\�RQ�
GDPDJHV�� FKDQJHV� LQ� EDVDO� DUHD� �*DQGKL� 	�
0LWO|KQHU� ������� SRSXODWLRQ� G\QDPLFV� RI �
UHPDLQLQJ� WUHHV� �0XUGMRNR� ���� �� .XVZDQGL� 	�
0XUGMRNR� ������ 0XUGMRNR� � ����E�� DQG�HW� DO�

ELRPDVV� VWRFN� FKDQJH� �+HQGUL� HW� DO�� ������� �
7KHUHIRUH�� LW� LV� QHFHVVDU\� WR� DQDO\]H� IRUHVW�
UHFRYHU\�XVLQJ�WKH�HFRORJLFDO�DSSURDFK�LQ�6RXWK�
3DSXD�� � ,Q� WKLV� DQDO\VLV�� WKH�SULPDU\� IRUHVW�ZDV�
FRQVLGHUHG� DV� D� VWDEOH� IRUHVW� HFRV\VWHP�
�3HQQLQJWRQ�HW�DO��������
(FRORJLFDO�DSSURDFK�WRRN�WUHH�FRPPXQLWLHV�DV�

ELRWLF�IDFWRUV�ZKHUH�PDQ\�SURFHVVHV�VXFK�DV�WUHH�
DVVRFLDWLRQV��HFRORJLFDO� UHVSRQVHV�RI � WKH�WUHH�WR�
HFRORJLFDO� FKDQJH� DV� ZHOO� DV� VXFFHVVLRQDO�
GHYHORSPHQW�FDQ�EH�DQDO\]HG�EDVHG�RQ�SDWWHUQV�
RI �WUHH�FRPPXQLWLHV���%HVLGHV�WKDW��VRLO�FRQGLWLRQ�
DOWHUV�DIWHU�VHOHFWLYH� ORJJLQJ��+DWWRUL� ��������HW�DO

PDLQO\� WKH� DPRXQW� RI � VRLO� SURSHUWLHV� GHFUHDVH�
VXFK�DV�1LWURJHQ�FRQWHQW��$VDVH� ���������VRLO�HW�DO

RUJDQLF�PDWWHU��620���3UDVHW\R� ��������DQG�HW�DO

RWKHU�QXWULHQWV��'XDK�*\DPIL� ��������:DVULQ�HW�DO

	�3XWHUD� ������(GZDUGV� �� ������ ,PDL� ��HW� DO HW� DO

�������&RQVHTXHQWO\��WKH�HGDSKLF�FRQGLWLRQV�ZHUH�
FRQVLGHUHG� DV� DELRWLF� LQGLFDWRUV� WR� VXSSRUW� WKH�
H[SODQDWLRQ�RI �WKH�FKDQJH�LQ�WUHH�FRPPXQLWLHV�
7KLV�UHVHDUFK�ZDV�DLPHG�WR�DQDO\]H�UHFRYHU\�

SURFHVV�RI � VHOHFWLYHO\� ORJJHG� WURSLFDO� UDLQIRUHVW�
HFRV\VWHP� LQ� 6RXWK� 3DSXD� XVLQJ� HFRORJLFDO�
DSSURDFK�� 2XU� K\SRWKHVHV� ZHUH�� ��� WUHH�
FRPPXQLWLHV� LQ� D� VHOHFWLYHO\� ORJJHG� WURSLFDO�
UDLQIRUHVW�ZHUH�FRQVLGHUHG�WR�EH�UHFRYHUHG�ZKHQ�
WUHH�FRPPXQLWLHV�LQ�WKH�UDLQIRUHVW�ZHUH�VLPLODU�WR�
WKRVH� LQ� WKH� SULPDU\� IRUHVW�� ��� WKH� VHOHFWLYHO\�
ORJJHG� WURSLFDO� UDLQIRUHVW�ZDV�FRQVLGHUHG� WR�EH�
UHFRYHUHG� ZKHQ� WKH� HGDSKLF� LQGLFDWRUV� LQ� WKH�
UDLQIRUHVW� ZHUH� VLPLODU� WR� WKRVH� LQ� WKH� SULPDU\�
IRUHVW�

0$7(5,$/6�$1'�0(7+2'6

6WXG\�$UHD

� 5HVHDUFK�ZDV�FRQGXFWHG�LQ�WKH�ORJJLQJ�DUHD�RI �
37�7XQDV�7LPEHU�/HVWDUL�ORFDWHG�LQ�WKH�WURSLFDO�
UDLQIRUHVW� RI � 6RXWK� 3DSXD� ZLWK� JHRJUDSKLFDO�
SRVLWLRQ�EHWZHHQ���� ��C�²���� ��C�(�DQG��� ��C�R R R

²��� ��C�6��)LJ���� 7KH�DQQXDO�UDLQIDOO�ZDV�EHWZHHQ�R �

���

5HFRYHU\�RI �UHVLGXDO�IRUHVW�HFRV\VWHP��LPSDFW�RI �VHOHFWLYH�ORJJLQJ

)LJXUH�����6WXG\�DUHD�LQ�ORJJLQJ�FRQFHVVLRQ�RI �37�7XQDV�7LPEHU�/HVWDUL��0XUGMRNR�HW�DO������F�
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ZHUH�FRPSDUHG�WR�WKH�XQORJJHG�IRUHVW�WR�REVHUYH�
WKH�UHFRYHU\�SURFHVV�� �7KH�VHOHFWLYH�ORJJLQJ�ZDV�
FDUULHG�RXW�E\�VHOHFWLYHO\�FXWWLQJ�FRPPHUFLDO�WUHHV�
KDYLQJ�GLDPHWHU�RI ������FP�

6DPSOLQJ�DQG�'DWD�&ROOHFWLRQ

� 6DPSOHV�ZHUH�FROOHFWHG� LQ�HDFK� IRUHVW�JURXS�
XVLQJ�V\VWHPDWLF�VDPSOLQJ�SORWV�� �7KH� ILUVW�SORW�
ZDV�SODFHG�DW�����P�IURP�WKH�PDLQ�URDG�WR�DYRLG�
HGJH� HIIHFW�� 7KH� SORWV� ZHUH� UHFWDQJXODU� ZLWK�
YDULRXV�VL]HV�L�H���������[����P�IRU�WUHHV��'��KDYLQJ�
'%+��GLDPHWHU�DW�EUHDVW�KHLJKW��RI ������FP����� �
���[����P�IRU�SROHV��&��KDYLQJ�'%+�RI ����WR������
FP����� ���[���P�IRU�VDSOLQJV��%��KDYLQJ�KHLJKW�RI �
!�����P�DQG�'%+�RI ������FP��DQG���[���P�IRU�
VHHGOLQJV��$��KDYLQJ�KHLJKW�RI �������P��7KH�IRXU�
SORWV� ZHUH� VHW� DV� QHVWHG� SORW� �)LJ�� �D��� 7KLUW\

������DQG�������PP�ZLWK�GDLO\�PRLVWXUH�UDQJH�RI �
������������7KH�HGDSKLF�FRQGLWLRQ�ZDV�W\SLILHG�DV�
ORZODQG�IRUHVW�ZLWK�DOPRVW�IODW�WRSRJUDSK\�ZLWK�
VRLO�IRUPHG�E\�DOOXYLDO�SURFHVV��3HWRF]���������7KH�
YHJHWDWLRQ� ZDV� GRPLQDWHG� E\� WUHHV� EHORQJ� WR�
'LSWHURFDUSDFHDH /DXUDFHDH 0\UWDFHDH�� � DQG� � IDPLOLHV�

HW�DO�����������*DQGKL�	�0LWO|KQHU�������.XVZDQGL�
6HYHUDO�RWKHU�SODQWV�VXFK�DV�OLDQDV��UDWWDQV��IHUQV��
SDOPV�� KHUEV�� RUFKLGV� DQG� SDQGDQXV� JUHZ� DQG�
LQWHUDFWHG�ZLWK�WUHHV�LQ�WKLV�IRUHVW��0XUGMRNR�HW�DO��
����D��
� )LYH� JURXSV� RI � IRUHVWV� ZHUH� XVHG� LQ� WKLV�
UHVHDUFK�L�H�� �XQORJJHG��RQH�\HDU�SRVW�VHOHFWLYHO\�
ORJJHG�� ILYH� \HDUV� SRVW� VHOHFWLYHO\�ORJJHG�� WHQ�
\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�DQG�ILIWHHQ�\HDUV�SRVW�
VHOHFWLYHO\�ORJJHG� IRUHVWV�� �7KH�XQORJJHG� IRUHVW�
ZDV�WDNHQ�DV�D�SULPDU\�IRUHVW�ZKLFK�ZDV�D�VWDEOH�
IRUHVW� HFRV\VWHP��7KH� VHOHFWLYHO\� ORJJHG� IRUHVWV�

)LJXUH��� 1HVWHG�SORWV�WR�PHDVXUH�LQGLYLGXDO�SODQW�LQ�ERWK�XQORJJHG�DQG�VHOHFWLYHO\�ORJJHG�IRUHVWV
� 1RWH���$� �SORW�IRU�VHHGOLQJV��%� �SORW�IRU�VDSOLQJV��&� �SORW�IRU��IRU�SROHV��'� �SORW�IRU�WUHHV����D��'LVWDQFH�EHWZHHQ�

SORWV� �����P���E���7KH����QHVWHG�SORWV�ZHUH�ODLG�RQ�HDFK�IRUHVW�JURXS��XQORJJHG��RQH�\HDU��ILYH�\HDUV��WHQ�
\HDUV�DQG�ILIWHHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVWV�
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5HFRYHU\�RI �UHVLGXDO�IRUHVW�HFRV\VWHP��LPSDFW�RI �VHOHFWLYH�ORJJLQJ

QHVWHG� SORWV� ZHUH� ODLG� LQ� HDFK� IRUHVW� �)LJ�� �E��
PDNLQJ�D�WRWDO�RI �����QHVWHG�SORWV�IRU�WKH���IRUHVW�
JURXSV��XQORJJHG��RQH�\HDU��ILYH�\HDUV��WHQ�\HDUV�
DQG�ILIWHHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVWV��� �
6HHGOLQJV� DQG� VDSOLQJV� ZHUH� VDPSOHG� DV�
XQGHUVWRU\��ZKLOH�SROHV�DQG�WUHHV�ZHUH�VDPSOHG�DV�
XSSHUVWRU\� LQ� ERWK� XQORJJHG� DQG� VHOHFWLYHO\�
ORJJHG�IRUHVWV�
� 'DWD�FROOHFWHG�IURP�VHHGOLQJV��VDSOLQJV��SROHV�
DQG� WUHHV� FRQVLVWHG� RI � QXPEHUV� RI � LQGLYLGXDOV��
GLDPHWHU�RI �LQGLYLGXDOV�IRU�WKRVH�KDYLQJ�'%+���
���FP�DQG�VSHFLHV�QDPH�RI �LQGLYLGXDOV�� �6SHFLHV�
LGHQWLILFDWLRQ�ZDV�FDUULHG�RXW�E\� WZR�KHUEDULXP�
WHFKQLFLDQV�� � 8QLGHQWLILHG� VDPSOHV� ZHUH� VHW� DV�
YRXFKHU�VSHFLPHQV�DQG�VHQW�WR�WKH�KHUEDULXP�RI �
�%DODL�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�/LQJNXQJDQ�+LGXS�
GDQ� .HKXWDQDQ� �%3�/+.�� 0DQRNZDUL�� DQG�
+HUEDULXP� 0DQRNZDULHQVH� �0$1�� 3XVDW�
3HQHOLWLDQ�.HDQHNDUDJDPDQ�+D\DWL�8QLYHUVLWDV� 3DSXD�
�33.+�81,3$���0DQRNZDUL�� � 9DOLGDWLRQ� RI � WKH�
VSHFLHV� QDPHV� RI � WKH� LQGLYLGXDOV� ZDV� FKHFNHG�
RQOLQH� DW� KWWS���ZZZ�WKHSODQWO LVW �RUJ���
KWWS���SODQWV�MVWRU�RUJ�DQG�ZZZ�LSQL�RUJ�LSQL��
� 6RLO� VDPSOHV�ZHUH�WDNHQ�IURP�WKH�FHQWHU�DQG�
IRXU�FRUQHUV�RI �WKH����[����P�SORW���7KH�OLWWHUIDOO�
VDPSOHV�ZHUH�FROOHFWHG�IURP�HDFK�SORW�E\�PDNLQJ���
[���P�UHFWDQJXODU�VXESORWV�LQ�HDFK�SORW�� �7KH�VRLO�
DQG�OLWWHUIDOO�VDPSOHV�ZHUH�VHQW�WR�WKH�ODERUDWRU\�
RI �%DODL� 3HQJNDMLDQ� 7HNQRORJL� 3HUWDQLDQ� <RJ\DNDUWD�
IRU�GHWHUPLQLQJ�WKH�FRQWHQW�RI �VRLO�RUJDQLF�PDWWHU�
�620�� IRU� VRLO� VDPSOHV� DV� ZHOO� DV� &DUERQ� �&��
FRQWHQW��1LWURJHQ��1��FRQWHQW�DQG�GU\�ZHLJKW�IRU�
OLWWHUIDOO�VDPSOHV�

'DWD�DQG�6WDWLVWLFDO�$QDO\VLV

� &DQRQLFDO� &RUUHVSRQGHQFH� $QDO\VLV� �&&$��
ZDV�DSSOLHG�WR�VKRZ�WKH�UHODWLRQVKLS�DPRQJ�WUHH�
VSHFLHV� XVLQJ� VWHP� GHQVLW\� DQG� HQYLURQPHQWDO�
IDFWRUV��620��&��1�FRQWHQWV�DQG�GU\�ZHLJKW�RI �
OLWWHUIDOO���WHU�%UDDN�������WHU�%UDDN�������.KDLULO�
HW�DO����������3ODQWV�FRPPXQLWLHV�ZHUH�JURXSHG�DV��
D�� XQGHUVWRU\� FRQVLVWHG� RI � VPDOO� LQGLYLGXDOV�
�VHHGOLQJV� DQG� VDSOLQJV��� DQG� E�� XSSHUVWRU\�
FRQVLVWHG�RI � ODUJH� LQGLYLGXDOV� �SROHV� DQG� WUHHV��� �
7UHH� FRPPXQLWLHV� ZHUH� IRUPHG� DV� D� UHVXOW� RI �
LQWHUDFWLRQ�DPRQJ�WUHH�VSHFLHV��620��&�FRQWHQW��
1� FRQWHQW�� GU\� ZHLJKW� RI � OLWWHUIDOO� DQG� IRUHVW�
JURXSV��XQORJJHG��RQH�\HDU��ILYH�\HDUV��WHQ�\HDUV�
DQG� ILIWHHQ� \HDUV� SRVW� VHOHFWLYHO\�ORJJHG��� � 7KH�
&&$�ZDV�FRPSXWHG�XVLQJ�5� VRIWZDUHVWDWLVWLFDO� �
YHUVLRQ� ������ �5� &RUH�� ZLWK� 9(*$1� SDFNDJH�
7HDP� ������ 2NVDQHQ� � ������� � 7KH� WUHH�HW� DO�
FRPPXQLWLHV� ZHUH� JURXSHG� XVLQJ� (XFOLGHDQ�
GLVWDQFH� DPRQJ� WUHH� VSHFLHV 7KH� (XFOLGHDQ��� �
GLVWDQFH�DPRQJ�WUHH�FRPPXQLWLHV�ZDV�FDOFXODWHG�
DV�WKH�DYHUDJH�DQG�FRQILGHQFH�LQWHUYDO�RI �����

5(68/76�$1'�',6&866,21

7UHH�&RPPXQLWLHV

� 7RWDO�WUHH�VSHFLHV�LQ�WKH�VWXG\�DUHD�ZHUH�����
VSHFLHV�DQG�FODVVLILHG�DV�XQGHUVWRU\������VSHFLHV��
DQG�XSSHUVWRU\������VSHFLHV���7DEOH����� �:LWKLQ�
WUHH�VSHFLHV��WKHUH�ZHUH�����VSHFLHV�FRQVLVWHG�RI �
ERWK�XQGHUVWRU\�DQG�XSSHUVWRU\�

7DEOH��� 8QGHUVWRU\��D��DQG�XSSHUVWRU\��E���WUHH�FRPPXQLWLHV�IRUPHG�GXH�WR�ORJJLQJ�DFWLYLWLHV

1RWH��3)� �XQORJJHG�IRUHVW��;�/)� �RQH�\HDU�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVW��;�/)� �ILYH�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�
IRUHVW��;��/)� �WHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVW��;��/)� �ILIWHHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVW��$//� �
SUHVHQW�LQ�DOO�IRUHVW�JURXSV��121B$&� �QRW�DVVRFLDWHG
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7DEOH��� &RQWLQXHG
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5HFRYHU\�RI �UHVLGXDO�IRUHVW�HFRV\VWHP��LPSDFW�RI �VHOHFWLYH�ORJJLQJ

7DEOH��� &RQWLQXHG
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7DEOH��� &RQWLQXHG



� 7KRVH� VSHFLHV� H[LVWHG� LQ� HDFK� IRUHVW� JURXS�
�XQORJJHG�� RQH� \HDU�� ILYH� \HDUV�� WHQ� \HDUV� DQG�
ILIWHHQ� \HDUV� SRVW� VHOHFWLYHO\�ORJJHG��� � 3DWWHUQV�
RI � WUHH� FRPPXQLWLHV� ZHUH� IRUPHG� IRU� HDFK�
IRUHVW� JURXS�� HVSHFLDOO\� IRU� XQGHUVWRU\� PRVWO\�
RFFXUUHG� DIWHU� ORJJLQJ� DFWLYLWLHV�� � 8SSHUVWRU\�
ZHUH� PDLQO\� UHFUXLWHG� IURP� XQGHUVWRU\� RI �
UHPQDQW� WUHHV�� �6HYHUDO�XSSHUVWRU\�VSHFLHV�ZHUH�
SUHVHQW�EHIRUH�ORJJLQJ�DFWLYLWLHV�RFFXUUHG�LQ�WKH�
IRUHVWV�� � 2XU� VWXG\� SUHVHQWHG� WKH� UHVXOWV� RI �
XQGHUVWRU\� DQG� XSSHUVWRU\� FRPPXQLWLHV�
LQIOXHQFHG� E\� ORJJLQJ� DFWLYLWLHV� DQG� HGDSKLF�
FRQGLWLRQV�
� 7KHUH�ZHUH� WKUHH�SDWWHUQV� HVWDEOLVKHG� LQ�RXU�
VWXG\�L�H�����WUHH�VSHFLHV�IRUPHG�D�WUHH�FRPPXQLW\�

LQ� D� IRUHVW� JURXS�� ��� WUHH� VSHFLHV� SUHVHQW� LQ� DOO�
IRUHVW�JURXSV��DQG���� WUHH�VSHFLHV�GLG�QRW� IRUP�
D� FRPPXQLW\�� 3UHVHQFH� RI � FHUWDLQ� WUHH�
VSHFLHV� DV� XQGHUVWRU\� LQ� DOO� IRUHVW� JURXSV� ZDV�
IDFLOLWDWHG� E\� HFRORJLFDO� DOWHUDWLRQV�� LQFOXGLQJ�
ORJJLQJ� DFWLYLWLHV�� 6HYHUDO� WUHH� VSHFLHV� H[LVWHG�
LQ� DOO� IRUHVW� JURXSV� LQGLFDWLQJ� WKDW� WKRVH� WUHH�
VSHFLHV� ZHUH� QRW� LQIOXHQFHG� E\� HFRORJLFDO�
DOWHUDWLRQV�
� 'LVWULEXWLRQ� RI � XQGHUVWRU\� WUHH� FRPPXQLW\�
ZDV�GHSLFWHG�XVLQJ�&&$�KDYLQJ��������RI �WKH�
YDULDWLRQ� IRU� WZR� D[HV�� YDULDWLRQ� IRU� D[LV� ��ZDV�
����DQG�YDULDWLRQ�IRU�D[LV���ZDV����������)LJ�����
7DEOH����� �$129$�VKRZHG�WKDW�WKH�PRGHO�ZDV�
VLJQLILFDQW�ZLWK� ��������S

���

5HFRYHU\�RI �UHVLGXDO�IRUHVW�HFRV\VWHP��LPSDFW�RI �VHOHFWLYH�ORJJLQJ

7DEOH��� &RQWLQXHG

)LJXUH��� 8QGHUVWRU\�RI �IRXU�WUHH�FRPPXQLWLHV�IRUPHG�GXH�WR�ORJJLQJ�DFWLYLWLHV�V\PEROL]HG�DV�JUH\��VSHFLHV�JURZQ�LQ�3)���
JUHHQ��VSHFLHV�JURZQ�LQ�;�/)���\HOORZ��VSHFLHV�JURZQ�LQ�;�/)��DQG�EOXH��VSHFLHV�JURZQ�LQ�;��/)�;��/)�

� 1RWH��3)� �XQORJJHG�IRUHVW��;�/)� �RQH�\HDU�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVW��;�/)� �ILYH�\HDUV�SRVW�VHOHFWLYHO\�
ORJJHG�IRUHVW���;��/)�� �WHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVW���;��/)� �ILIWHHQ�\HDUV�SRVW�VHOHFWLYHO\�
ORJJHG�IRUHVW��620� �6RLO�2UJDQLF�0DWWHU������/)B&� �&DUERQ�FRQWHQW�LQ�OLWWHUIDOO�������/)B1� �1LWURJHQ�
FRQWHQW�LQ�OLWWHUIDOO������/)B':� �GU\�ZHLJKW�RI �OLWWHUIDOO��J���



� &DQRQLFDO� &RUUHVSRQGHQFH� $QDO\VLV� �&&$��
JURXSHG�WKH�XQGHUVWRU\�WUHH�VSHFLHV�LQWR�IRXU�WUHH�
FRPPXQLWLHV�L�H�����VSHFLHV�LQ�WKH�XQORJJHG�IRUHVW��
���VSHFLHV�LQ�WKH�RQH�\HDU�SRVW�VHOHFWLYHO\�ORJJHG�
IRUHVW�����VSHFLHV�LQ�WKH�ILYH�\HDUV�SRVW�VHOHFWLYHO\�
ORJJHG�IRUHVW�DQG����VSHFLHV�LQ�WKH�WHQ�DQG�ILIWHHQ�
\HDUV� SRVW� VHOHFWLYHO\�ORJJHG� IRUHVW� �7DEOH� �D��� �
'LVWULEXWLRQ�RI �XSSHUVWRU\� WUHH�FRPPXQLW\�ZDV�
VKRZQ�RI �KDYLQJ�YDULDWLRQ�RI �WZR�D[HV�RI ���������
ZLWK� ������� YDULDWLRQ� IRU� D[LV� �� DQG� �������
YDULDWLRQ� IRU� D[LV� �� �)LJ�� ��� 7DEOH� ���� 7KH�&&$�
PRGHO�ZDV�VLJQLILFDQW�DW�S��������

(GDSKLF�)DFWRUV

� ,QWHUDFWLRQV� DPRQJ� 620�� &� FRQWHQW�� 1

7DEOH����6XPPDU\�RI �&DQRQLFDO�&RUUHVSRQGHQFH�$QDO\VLV��&&$��IRU�XQGHUVWRU\�WUHH�FRPPXQLW\

,PSRUWDQFH�RI �FRPSRQHQWV �
$[HV � 7RWDO�,QHUWLD

&&$� � &&$� �
(LJHQYDOXH � ������ � ������ � ������
3URSRUWLRQ�H[SODLQHG � ��� � ������ �
&XPXODWLYH�SURSRUWLRQ � ��� � ������ �

)LJXUH��� 8SSHUVWRU\��RI �IRXU�WUHH�FRPPXQLWLHV�IRUPHG�GXH�WR�ORJJLQJ�DFWLYLWLHV�V\PEROL]HG�DV�JUH\��VSHFLHV�JURZQ�LQ�3)���
JUHHQ��VSHFLHV�JURZQ�LQ�;�/)���\HOORZ��VSHFLHV�JURZQ�LQ�;�/)��DQG�EOXH��VSHFLHV�JURZQ�LQ�;��/)�;��/)�

� 1RWH��3)� �XQORJJHG�IRUHVW��;�/)� �RQH�\HDU�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVW��;�/)� �ILYH�\HDUV�SRVW�VHOHFWLYHO\�
ORJJHG�IRUHVW�� �;��/)�� �WHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVW�� �;��/)� �ILIWHHQ�\HDUV�SRVW�VHOHFWLYHO\�
ORJJHG�IRUHVW��620� �6RLO�2UJDQLF�0DWWHU������/)B&� �&DUERQ�FRQWHQW�LQ�OLWWHUIDOO�������/)B1� �1LWURJHQ�
FRQWHQW�LQ�OLWWHUIDOO������/)B':� �GU\�ZHLJKW�RI �OLWWHUIDOO��J��

7DEOH�����6XPPDU\�RI �&DQRQLFDO�&RUUHVSRQGHQFH�$QDO\VLV��&&$��IRU�XSSHUVWRU\�WUHH�FRPPXQLW\

,PSRUWDQFH�RI �FRPSRQHQWV�
$[HV � 7RWDO�,QHUWLD

&&$� � &&$� �
(LJHQYDOXH � ������ � ������ � ������
3URSRUWLRQ�H[SODLQHG � ������ � ������ �&XPXODWLYH�SURSRUWLRQ ������ ������

FRQWHQW��GU\�ZHLJKW�RI �OLWWHUIDOO�DQG�IRUHVW�JURXSV�
�XQORJJHG�� RQH� \HDU�� ILYH� \HDUV�� WHQ� \HDUV� DQG�
ILIWHHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVWV��ZHUH�
DQDO\]HG� XVLQJ� &&$� WR� ILJXUH� RXW� WKH� ILWWLQJ�
HGDSKLF�IDFWRUV�DV�WKH�LQGLFDWRUV�RI �ORJJHG�IRUHVW�
UHFRYHU\�� 5HVXOWV� RI � &&$� VKRZHG� WKDW� 620�
WHQGHG�WR�EH�KLJKHU�LQ�WKH�XQORJJHG�IRUHVW��GU\�
ZHLJKW�RI �OLWWHUIDOO�WHQGHG�WR�EH�KLJKHU�LQ�WKH�ILYH�
\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVW�DQG�&�FRQWHQW�
RI � OLWWHUIDOO� ZDV� KLJKHU� LQ� WKH� RQH�\HDU� SRVW�
VHOHFWLYHO\�ORJJHG�IRUHVW��)LJ����	����7DEOH����
� %DVHG�RQ�WKLV�DQDO\VLV��WKH�WHQ�DQG�ILIWHHQ�\HDUV�
SRVW� VHOHFWLYHO\�ORJJHG� IRUHVWV� ZHUH� VWLOO� LQ� WKH�
UHFRYHU\� SURFHVV�� LQGLFDWHG� E\� ORZHU� 620�
FRQWHQW�LQ�WKRVH�WZR�ORJJHG�IRUHVWV�FRPSDUHG�WR�
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WKH�XQORJJHG�IRUHVW�� �,Q�FRQWUDVW��GU\�ZHLJKW�RI �
OLWWHUIDOO�WHQGHG�WR�EH�KLJKHU�LQ�DOO�ORJJHG�IRUHVWV�� �
7KHVH�UHVXOWV�ZHUH�QRW�LQ�OLQH�ZLWK�UHVHDUFK�UHVXOWV�
REWDLQHG� IURP� ORJJHG� %RUQHDQ� UDLQIRUHVW�� LQ�
ZKLFK�RQH�\HDU�SRVW�ORJJHG�IRUHVW�SURGXFHG�OHVV�
OLWWHUIDOO�FRPSDUHG�WR�WKDW�LQ�WKH�%RUQHDQ�SULPDU\�
IRUHVW�� � 7KH� DPRXQW� RI � OLWWHUIDOO� LQ� %RUQHDQ�
SULPDU\�IRUHVW�ZDV�VLPLODU�WR�WKRVH�LQ�WKH�%RUQHDQ�
ILYH�\HDUV�SRVW�ORJJHG�IRUHVW��3UDVHW\R�HW�DO����������
7KLV� FRQGLWLRQ� VXJJHVWHG� WKDW� UHVSRQVHV� RI �
ORJJHG� IRUHVWV� ZHUH� GHSHQGHG� RQ� HFRORJLFDO�
FLUFXPVWDQFHV���)XUWKHUPRUH��VSHFLILF�VLOYLFXOWXUDO�
WUHDWPHQWV� VKRXOG� EH� GHVLJQHG� FDUHIXOO\� E\�
FRQVLGHULQJ�IRUHVW�FRQGLWLRQ�

(FRORJLFDO� &KDQJHV� DV� D� 5HVSRQVH� WR�
6HOHFWLYH�/RJJLQJ

� 7UHH�FRPPXQLWLHV�LQ�WKH�XQORJJHG�IRUHVW�ZHUH�
GLIIHUHQW�IURP�WKRVH�LQ�WKH�ORJJHG�IRUHVWV�� �7KH�
GLIIHUHQFHV�ZHUH�GXH�WR�HFRORJLFDO�FKDQJHV�FDXVHG�
E\� ORJJLQJ� DFWLYLWLHV� UHVXOWHG� LQ� DOWHUDWLRQ� RI �
VSHFLHV� FRPSRVLWLRQ� �$UEDLQV\DK� �� ������HW� DO
9HUEXUJ�	�YDQ�(LMN�%RV�������/R]DGD� ���������HW�DO
WUHH�GHQVLW\��'HFRFT� ���������WUHH�JURZWK�UDWH�HW�DO
�0XUGMRNR� �����E��DQG�DVVRFLDWLRQ�SDWWHUQV�HW�DO�
DPRQJ� ELRWLF� IDFWRUV�� OLJKW� DYDLODELOLW\�� DPELHQW�
PRLVWXUH�� WHPSHUDWXUH�� VRLO� SURSHUWLHV� DQG�
OLWWHUIDOO�VWRFN�DV�DELRWLF�IDFWRUV��0XUGMRNR� �HW�DO�
����F��� 7UHH� FRPPXQLWLHV� ZHUH� IRUPHG� DV�
UHVSRQVHV� RI � HDFK� WUHH� FKDUDFWHULVWLFV� WRZDUG�
GLIIHUHQW� HFRORJLFDO� FLUFXPVWDQFHV� LQ� ORJJHG�
IRUHVWV�� 8QGHUVWRU\� DQG� XSSHUVWRU\� WUHH�
FRPPXQLWLHV� KDG� GLIIHUHQW� UHDFWLRQV� WRZDUG�
HFRORJLFDO� FKDQJHV� �0XUGMRNR� HW� DO�� ����D��=KX�

������E��� �7KHUHIRUH�� WKHUH�ZHUH�XQGHUVWRU\�HW�DO
DQG�XSSHUVWRU\�WUHH�FRPPXQLWLHV�FRQVLVWHG�RI �WKH�
VDPH� VSHFLHV�� � 7UHH� FRPPXQLWLHV� FRQVLVWHG� RI �
VHHGOLQJV�DQG�VDSOLQJV�VWDJHV�WKDW�UHTXLUHG�PRUH�
OLJKW� �.DUVWHQ� �� ������ )ORUHV� �� �������HW� DO HW� DO

7KLV�LV�WKH�UHDVRQ�ZK\�ORJJHG�IRUHVWV�KDG�DOWHUHG�
WUHH� FRPSRVLWLRQV� FRPSDUHG� WR� WKRVH� LQ� WKH�
SULPDU\�IRUHVW����(DFK�ORJJHG�IRUHVW�KDV�GLIIHUHQW�
VSHFLHV� FRPSRVLWLRQ� RI � WKH� XQGHUVWRU\� WUHH�
FRPPXQLW\�� 6SHFLHV� FRPSRVLWLRQ� RI � WKH�
XQGHUVWRU\�WUHH�FRPPXQLW\�ZDV�GLIIHUHQW�DPRQJ�
WKH�ORJJHG�IRUHVWV���8QGHUVWRU\�WUHH�FRPPXQLW\�LQ�
WKH� RQH� \HDU� SRVW� VHOHFWLYHO\�ORJJHG� IRUHVW� KDG�
YHU\�GLIIHUHQW�VSHFLHV�FRPSRVLWLRQ�FRPSDUHG�WR�
WKRVH�LQ�WKH�XQORJJHG�IRUHVW��)LJ�������8QGHUVWRU\�
WUHH�FRPPXQLW\�LQ�WKH�ILYH�\HDUV�SRVW�VHOHFWLYHO\�
ORJJHG� IRUHVW� KDG� YHU\� GLIIHUHQW� VSHFLHV�
FRPSRVLWLRQ� FRPSDUHG� WR� WKRVH� LQ� WKH� WHQ� DQG�
ILIWHHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVWV��)LJ��
����7KHVH�GLIIHUHQFHV�LQ�VSHFLHV�FRPSRVLWLRQ�ZHUH�
LQIOXHQFHG� E\� FKDQJHV� LQ� HQYLURQPHQWDO�
FRQGLWLRQV��&RUULj�$LQVOLH� ��������6FKQLW]HU�	�HW�DO
:DOWHU�������'XDK�*\DPIL� ����������HW�DO
� 7KH� &&$� VKRZHG� WKDW� XQGHUVWRU\� WUHH�
FRPPXQLW\�LQ�WKH�RQH�\HDU�SRVW�VHOHFWLYHO\�ORJJHG�
IRUHVW�ZDV�PDLQO\�LQIOXHQFHG�E\�&DUERQ�FRQWHQW�
RI � OLWWHUIDOO�� 8QGHUVWRU\� WUHH� FRPPXQLW\� LQ� WKH�
ILYH� \HDUV� SRVW� VHOHFWLYHO\�ORJJHG� IRUHVW� ZDV�
IRUPHG� DV� D� UHVSRQVH� WRZDUG� GU\� ZHLJKW� RI �
OLWWHUIDOO�� 7KH� QLWURJHQ� FRQWHQW� RI � OLWWHUIDOO�
DIIHFWHG� WKH� HVWDEOLVKPHQW� RI � XQGHUVWRU\� WUHH�
FRPPXQLW\� LQ� WKH� WHQ� DQG� ILIWHHQ� \HDUV� SRVW�
VHOHFWLYHO\�ORJJHG� IRUHVWV�� 8QGHUVWRU\� WUHH�
FRPPXQLW\�LQ�WKH�XQORJJHG�IRUHVW�ZDV�LQIOXHQFHG�
E\� 620� FRQWHQW�� $OWHUDWLRQV� RI � VRLO �
FKDUDFWHULVWLFV�LQ�WKH�ORJJHG�IRUHVWV�ZHUH�FDXVHG�
E\�WKH�FKDQJH�RI �PLFURFOLPDWH�FRQGLWLRQV��$VDVH�
HW�DO� HW�DO�������� ,PDL� �������� �/RJJLQJ�DFWLYLWLHV�
ZHUH� UHVSRQVLEOH� IRU� WKH� ZLGHQLQJ� FDQRS\� JDS�
OHDGLQJ�WR�WKH�LQFUHDVH�RI �OLJKW�DYDLODELOLW\�WRZDUG�
XQGHUVWRU\� WUHH� FRPPXQLW\� �6FKZDUW]� ������� �
/RJJLQJ�DFWLYLWLHV�ZHUH�DOVR� UHVSRQVLEOH� IRU� WKH�
GHFUHDVH�RI � WUHH�GHQVLW\�FDXVLQJ� WKH�FKDQJHV� LQ�
WUHH�JURZWK�UDWHV��9HUEXUJ�	�YDQ�(LMN�%RV�������
&DQQRQ� �� ������ 'R� �� ������� 7KHVH�HW� DO HW� DO

7DEOH���{����$129$�RI�&&$�WR�DQDO\]H�LQWHUDFWLRQV�DPRQJ�620��&�FRQWHQW��1�FRQWHQW��GU\�ZHLJKW��RI�OLWWHUIDOO�DQG�IRUHVW�
JURXSV��XQORJJHG��RQH�\HDU��ILYH�\HDUV��WHQ�\HDUV�DQG�ILIWHHQ�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVWV�

(GDSKLF�IDFWRUV � 'I � 6XPV�RI �VTXDUH � 0HDQ �VTXDUH �)�0RGHO � 5� � 3 �
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FRQGLWLRQV�WULJJHUHG�VSDFH�DQG�OLJKW�FRPSHWLWLRQV�
DPRQJ�WUHH�VSHFLHV��HVSHFLDOO\�LQ�WKH�VHHGOLQJV�DQG�
VDSOLQJV�VWDJHV�/DXUDQV� ��������HW�DO
� 8SSHUVWRU\� WUHH� FRPPXQLW\� KDG� GLIIHUHQW�
SDWWHUQV� IURP� WKH� XQGHUVWRU\� WUHH� FRPPXQLW\��
,Q� WKH�XQORJJHG� IRUHVW�� VSHFLHV� FRPSRVLWLRQ�RI �
XQGHUVWRU\�ZDV�GLIIHUHQW�IURP�WKDW�RI �XSSHUVWRU\�
WUHH�FRPPXQLW\��&RQVSHFLILF�DVVRFLDWLRQ�RFFXUUHG�
LQ�WKH�XQORJJHG�IRUHVW��1RW�DOO�VSHFLHV�JURZQ�LQ�
WKH� XQGHUVWRU\� WUHH� FRPPXQLW\� JUHZ� LQ� WKH�
XSSHUVWRU\� WUHH� FRPPXQLW\� RI � XQORJJHG� IRUHVW�
�0XUGMRNR� HW� DO�� ����D��� (FRORJLFDO� FRQGLWLRQ�
RFFXUUHG�LQ�WKH�XSSHUVWRU\�WUHH�FRPPXQLW\�ZDV�
VLPLODU�WR�WKDW�LQ�WKH�XQGHUVWRU\�WUHH�FRPPXQLW\�� �
7UHHV� LQ� WURSLFDO� IRUHVW� H[SHULHQFHG� PRUH�
GLDPHWHU� JURZWK� LQ� WKH� XSSHUVWRU\� WUHH�
FRPPXQLW\��=KX� HW�DO������D��� �8SSHUVWRU\�WUHH�
FRPPXQLW\� LQ� WKH� XQORJJHG� IRUHVW� KDG� YHU\�
GLIIHUHQW�VSHFLHV�FRPSRVLWLRQ�FRPSDUHG�WR�WKRVH�
LQ�WKH�ILYH�\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVW��)LJ��
���� +RZHYHU�� VLPLODU� VSHFLHV� FRPSRVLWLRQ� ZDV�
REVHUYHG�DPRQJ�XSSHUVWRU\�WUHH�FRPPXQLWLHV�LQ�
WKH� XQORJJHG� IRUHVW�� RQH� \HDU� SRVW� VHOHFWLYHO\�
ORJJHG� IRUHVW�� WHQ� DQG� ILIWHHQ� \HDUV� SRVW�
VHOHFWLYHO\�ORJJHG� IRUHVWV� �)LJ�� ���� �7UHH� VSHFLHV�
ORFDWHG� LQ� WKH� ILYH� \HDUV� SRVW� VHOHFWLYHO\�ORJJHG�
IRUHVW� ZDV� WKH� UHVXOWV� RI � VSHFLHV� FRPSHWLWLRQ�
FDXVHG� E\� WKH� FKDQJH� RI � HFRORJLFDO� FRQGLWLRQV�� �
7KXV��WKH�FXUUHQW�VSHFLHV�ZHUH�QRW�WKH�VDPH�DV�WKH�
SUHYLRXV�VSHFLHV�EHFDXVH�RI �WKH�GXUDWLRQ�RI �WKH�
HFRORJLFDO�SURFHVV��8SSHUVWRU\�WUHH�FRPPXQLW\�LQ�
WKH� ORJJHG� IRUHVWV� VKRZHG� D� G\QDPLF�
HVWDEOLVKPHQW�RI �WUHH�FRPPXQLW\�� �(DFK�VSHFLHV�
KDG�GLIIHUHQW�JURZWK�UDWH�DV�D�UHVSRQVH�WR�ORJJLQJ�
LPSDFW� �0XUGMRNR� HW� DO�� ����E��� � 6RPH� VSHFLHV�
KDG� KLJKHU� SRSXODWLRQ� JURZWK� UDWH� WKDQ� RWKHUV�
OHDGLQJ� WR�KLJKHU�VXUYLYDO� UDWH� �0XUGMRNR�������
=XLGHPD�HW�DO��������� �$OWKRXJK�UHFRYHU\�SURFHVV�
ZDV�VHHQ�WR�EH�KDSSHQLQJ�LQ�WKH�WHQ�DQG�ILIWHHQ�
\HDUV�SRVW�VHOHFWLYHO\�ORJJHG�IRUHVWV��WKH�SURFHVV�
VWLOO� UHTXLUHV� PRUH� WLPH� WR� UHDFK� WKH� IXOO\�
UHFRYHUHG�VWDJH�

,PSOLFDWLRQ� RI � (FRORJLFDO� $SSURDFK� IRU�
6XVWDLQDEOH�)RUHVW�0DQDJHPHQW

� 7KLV�VWXG\�SURSRVHG�DQ�HFRORJLFDO�DSSURDFK�WR�
GHWHUPLQH�ZKHWKHU�ORJJHG�IRUHVWV�ZHUH�UHFRYHUHG�
LQ�ILIWHHQ�\HDUV�� �([LVWLQJ�WUHH�FRPPXQLWLHV�DQG�
HGDSKLF�IDFWRUV��HVSHFLDOO\�620��LQ�WKH�XQORJJHG�
IRUHVW�ZHUH�XVHG�DV�D�UHIHUHQFH�RI �ORJJHG�IRUHVW�
UHDFKLQJ� UHFRYHUHG� FRQGLWLRQ�� 620� SOD\V� DQ�

LPSRUWDQW�UROH�WR�VXSSRUW�QXWULHQW�DEVRUSWLRQ�LQ�
VRLO��0XWLVR� �����������7KH�VRLO�RI �6RXWK�3DSXD�HW�DO�
LV�PDLQO\�FODVVLILHG�DV�8OWLVROV��VR�WKH�FKDUDFWHULVWLF�
RI � VRLO� LV� LQIHUWLOH� �0DUVKDOO� 	� %HHKOHU� ������� �
6HOHFWLYH�ORJJLQJ�DFWLYLWLHV�GLG�QRW�VHHP�WR�WRWDOO\�
FKDQJH� HFRORJLFDO� FRQGLWLRQ��7KH� ORJJHG� IRUHVW�
ZDV� GHFODUHG� WR� EH� IXOO\� UHFRYHUHG� ZKHQ� LWV�
FRQGLWLRQV�KDG�UHDFKHG�VLPLODU�FRQGLWLRQ�DV�WKRVH�
LQ�XQORJJHG��SULPDU\��IRUHVW��HVSHFLDOO\�LQ�WHUPV�
RI �HFRORJLFDO�DVSHFWV�VXFK�DV�WKH�FRQWHQW�RI �620��
VWHP� GHQVLW\� DQG� VSHFLHV� FRPSRVLWLRQ�� �
7KHUHIRUH�� LW� LV� LPSHUDWLYH� WR� VHW� SHUPDQHQW�
VDPSOH� SORWV� LQ� WKH� XQORJJHG� �SULPDU\�� DQG�
ORJJHG� IRUHVWV�� WR� FRQGXFW� LQWHQVLYH� DQG�
SHUVLVWHQW� PRQLWRULQJ� RI � HFRORJLFDO� FRQGLWLRQV�
DQG� WUHH� JURZWK� �.ULVQDZDWL�	�:DKMRQR� ������
5XVODQGL�HW�DO������D��5XVODQGL�HW�DO������E��� �7KH�
PRQLWRULQJ� UHVXOWV� ZRXOG� EH� YDOXDEOH� DV� EDVLF�
LQIRUPDWLRQ� WR� IXUWKHU� HYDOXDWH� WKH� VLOYLFXOWXUH�
SURWRFRO� 8VHIXO�PRGLILFDWLRQV�FRXOG�EH�GHVLJQHG��
E\�WDNLQJ�HFRORJLFDO�SHUVSHFWLYH�LQWR�DFFRXQW�

&21&/86,216

� 8QGHUVWRU\�DQG�XSSHUVWRU\�WUHH�FRPPXQLWLHV�
IRUPHG� GLIIHUHQW� SDWWHUQV� GXH� WR� ORJJLQJ�
DFWLYLWLHV���6SHFLHV�FRPSRVLWLRQ�H[LVWHG�LQ�WKH�WUHH�
FRPPXQLWLHV� LQ� WKH� WHQ� DQG� ILIWHHQ� \HDUV� SRVW�
VHOHFWLYHO\�ORJJHG�IRUHVWV�ZHUH�QRW�VLPLODU�WR�WKDW�
LQ�WKH�XQORJJHG�IRUHVW��PHDQLQJ�WKDW�WKH�ORJJHG�
IRUHVWV�ZHUH�VWLOO�LQ�WKH�UHFRYHU\�SURFHVV�� �620�
FRQWHQW�LQ�WKH�ORJJHG�IRUHVW�ZDV�ORZHU�FRPSDUHG�
WR�WKDW�LQ�WKH�XQORJJHG�IRUHVW��LQGLFDWLQJ�WKDW�WKH�
ORJJHG�IRUHVWV�ZHUH�QRW�IXOO\�UHFRYHUHG�� �7KHVH�
RFFXUUHQFHV� LQGLFDWHG� WKDW� LW� WRRN� PRUH� WKDQ�
ILIWHHQ� \HDUV� IRU� WKH� ORJJHG� IRUHVWV� WR� EH� IXOO\�
UHFRYHUHG�� �/RQJ�WHUP�VWXGLHV�DUH�QHFHVVDU\� WR�
FRQWLQXRXVO\�PRQLWRU� WKH� HFRORJLFDO� SURFHVV� LQ�
WKH�ORJJHG�IRUHVW�LQ�UHDFKLQJ�WKH�UHFRYHU\�VWDJH�� �
7KH� UHFRUGHG� LQIOXHQWLDO� HFRORJLFDO� IDFWRUV�
REWDLQHG�IURP�WKLV�VWXG\�FDQ�EH�XVHG�DV�LQGLFDWRUV�
IRU�ORJJHG�IRUHVW�UHFRYHU\�

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

� 7KH� UHVHDUFK� ZDV� IXQGHG� E\� %HDVLVZD�
3HQGLGLNDQ� 3DVFDVDUMDQD� 'DODP� 1HJHUL� �%33�
'1��������0DQRNZDUL�5HJHQF\�DQG�:HVW�3DSXD�
3URYLQFH�� 7KH� DXWKRUV� DUH� WKDQNIXO� WR� WKH�

%,27523,$�9RO�����1R���������

���



IROORZLQJ� SHRSOH� IRU� DVVLVWLQJ� LQ� ILHOGZRUN� DQG�
VSHFLHV� YHJHWDWLRQ� LGHQWLILFDWLRQ� DV� ZHOO� DV�
SURYLGLQJ� XVHIXO� LQSXWV�� 1LWKDQHO� 0�� +�� %HQX�
�%DODL�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�/LQJNXQJDQ�
+LGXS� GDQ� .HKXWDQDQ� 0DQRNZDUL��� 'U�
3XUQRPR� �)DFXOW\� RI � %LRORJ\�� *DGMDK� 0DGD�
8QLYHUVLW\���3URI ��'U��,U��6XU\R�+DUGLZLQRWR��0��
$JU�� �)DFXOW\� RI � )RUHVWU\�� *DGMDK� 0DGD�
8QLYHUVLW\���'U� �6HQD�$GL�6XEUDWD��0�6F��)DFXOW\�
RI � )RUHVWU\�� *DGMDK� 0DGD� 8QLYHUVLW\��� 'U� ,U�
6RHZDUQR�+DVDQEDKUL��0�6���)DFXOW\�RI �)RUHVWU\��
*DGMDK�0DGD�8QLYHUVLW\���'U� ,U� (NR�+DQXGLQ��
0�6F� �)DFXOW\� RI � $JULFXOWXUH�� *DGMDK� 0DGD�
8QLYHUVLW\��� 3URI �'U� &KDUOLH�'DQQ\�+HDWXEXQ��
6�+XW�� 0�6L�� )/6� �)DFXOW\� RI � )RUHVWU\�� 3DSXD�
8QLYHUVLW\���'U�,U�5HODZDQ�.XVZDQGL��0�6F��'DXG�
%DQR��'HG\� 6XEUDWD�0D\��9LQRED�&KDQGUD��$UL�
:LERZR��$QWRQ�%RQJJD��6UL�(P\�5DKD\X�DQG�DOO�
VWDII �RI �37�7XQDV�7LPEHU�/HVWDUL�� �:H�DUH�DOVR�
JUDWHIXO� WR� DQRQ\PRXV� UHYLHZHUV� IRU� YDOXDEOH�
FRPPHQWV��

5()(5(1&(6

$UEDLQV\DK��GH�,RQJK�++��.XVWLDZDQ�:��GH�6QRR�*5��������
6WUXFWXUH�� FRPSRVLWLRQ� DQG� GLYHUVLW\� RI � SODQW�
FRPPXQLWLHV� LQ� )6&�FHUWLILHG�� VHOHFWLYHO\� ORJJHG�
IRUHVWV�RI �GLIIHUHQW�DJHV�FRPSDUHG�WR�SULPDU\�UDLQ�
IRUHVW��%LRGLYHUV�&RQVHUY��������²���

$VDVH�$��$VLDWRNRU�%.��2IRUL�)ULPSRQJ�.��������(IIHFWV�
RI �VHOHFWLYH�ORJJLQJ�RQ�WUHH�GLYHUVLW\�DQG�VRPH�VRLO�
FKDUDFWHULVWLFV� LQ� D� WURSLFDO� IRUHVW� LQ� 6RXWKZHVW�
*KDQD��-�)RU�5HV�������²��

&DQQRQ� &+�� 3HDUW�'5�� /HLJKWRQ�0�� ������ 7UHH� VSHFLHV�
GLYHUVLW\�LQ�FRPPHUFLDOO\�ORJJHG�%RUQHDQ�UDLQIRUHVW��
6FLHQFH��������²��

&RUH�7HDP�5��������5��$� ODQJXDJH�DQG�HQYLURQPHQW� IRU�
VWDWLVWLFDO� FRPSXWLQJ�� 9LHQQD� �$7��� 5� )RXQGDWLRQ�
IRU�6WDWLVWLFDO�&RPSXWLQJ�

&RUULj�$LQVOLH� 5�� -XOLR�&DPDUHUR� -�� 7ROHGR� 0�� ������
(QYLURQPHQWDO� KHWHURJHQHLW\� DQG� GLVSHUVDO�
SURFHVVHV� LQIOXHQFH� SRVW�ORJJLQJ� VHHGOLQJ�
HVWDEOLVKPHQW� LQ� D� &KLTXLWDQR� GU\� WURSLFDO� IRUHVW��
)RU�(FRO�0DQDJH���������²���

'HFRFT�*��%HLQD�'��-DPRQHDX�$��*RXUOHW�)OHXU\�6��&ORVVHW�
.RSS�'��������'RQ
W�PLVV�WKH�IRUHVW�IRU�WKH�WUHHV��
(YLGHQFH�IRU�YHUWLFDO�GLIIHUHQFHV�LQ�WKH�UHVSRQVH�RI �
SODQW�GLYHUVLW\�WR�GLVWXUEDQFH�LQ�D�WURSLFDO�UDLQ�IRUHVW��
3HUVSHFW�3ODQW�(FRO�(YRO�6\VW�������²���

'R�79��&DP�19��6DWR�7��%LQK�17��.R]DQ�2��7KDQJ�17��
0LWO|KQHU�5�� ������ 3RVW�ORJJLQJ� UHJHQHUDWLRQ� DQG�
JURZWK� RI � FRPPHUFLDOO\� YDOXDEOH� WUHH� VSHFLHV� LQ�

HYHUJUHHQ�EURDGOHDI �IRUHVW��9LHWQDP��-�7URS�)RU�6FL�
������²���

'XDK�*\DPIL� $�� 6ZDLQH� (.�� $GDP� .$�� 3LQDUG� 0$��
6ZDLQH� 0'�� ������ &DQ� KDUYHVWLQJ� IRU� WLPEHU� LQ�
WURSLFDO� IRUHVW� HQKDQFH� WLPEHU� WUHH� UHJHQHUDWLRQ"�
)RU�(FRO�0DQDJH��������²���

(GZDUGV�'3��7RELDV�-$��6KHLO�'��0HLMDDUG�(��/DXUDQFH�:)��
������0DLQWDLQLQJ�HFRV\VWHP�IXQFWLRQ�DQG�VHUYLFHV�
LQ� ORJJHG� WURSLFDO� IRUHVWV�� 7UHQGV� (FRO� (YRO�
������²���

)ORUHV� 2�� +pUDXOW� %�� 'HOFDPS� 0�� *DUQLHU� e�� *RXUOHW�
)UHXU\�6��������)XQFWLRQDO�WUDLWV�KHOS�SUHGLFW�SRVW�
GLVWXUEDQFH� GHPRJUDSK\� RI � WURSLFDO� WUHHV� 3/R6�
21(� � �� � � � H ������ � � $YD L O DE O H � I URP � �
KWWSV���GRL�RUJ���������MRXUQDO�SRQH��������

*DQGKL�<��0LWO|KQHU�5��������7UHH� VSHFLHV�FRPSRVLWLRQ��
GLYHUVLW\�DQG�VWUXFWXUH�LQ�7XQDV�ORJJLQJ�FRQFHVVLRQ�
DUHD�RI �3DSXD�,QGRQHVLD��7UHH�������

+DWWRUL�'��.HQ]R�7��,ULQR�.2��.HQGDZDQJ�--��1LQRPL\D�,��
6DNXUDL�.��������(IIHFWV�RI �VRLO�FRPSDFWLRQ�RQ�WKH�
JURZWK� DQG� PRUWDOLW\� RI � SODQWHG� 'LSWHURFDUS�
VHHGOLQJV� LQ� D� ORJJHG�RYHU� WURSLFDO� UDLQIRUHVW� LQ�
6DUDZDN��0DOD\VLD��)RU�(FRO�0DQDJH��������²��

+HQGUL��<DPDVKLWD�7��.XQWRUR�$$��/HH�+6��������&DUERQ�
VWRFN�PHDVXUHPHQWV�RI �D�GHJUDGHG�WURSLFDO�ORJJHG�
RYHU�VHFRQGDU\�IRUHVW�LQ�0DQRNZDUL�5HJHQF\��:HVW�
3DSXD��,QGRQHVLD��)RU�6WXG�&KLQD�����²���

+RDQJ�96��%DDV�3��.H�OHU�3-$��6OLN�-:)��6WHHJH�+7��5DHV�
1��������+XPDQ�DQG�HQYLURQPHQWDO�LQIOXHQFHV�RQ�
SODQW�GLYHUVLW\�DQG�FRPSRVLWLRQ�LQ�%HQ�(Q�1DWLRQDO�
3DUN��9LHWQDP��-�7URS�)RU�6FL�������²���

,PDL�1��.LWD\DPD�.��7LWLQ�-��������(IIHFWV�RI �ORJJLQJ�RQ�
SKRVSKRUXV�SRROV�LQ�D�WURSLFDO�UDLQIRUHVW�RI �%RUQHR��
-�7URS�)RU�6FL�����²���

.DUVWHQ�5-��0HLOE\�+��/DUVHQ�-%��������5HJHQHUDWLRQ�DQG�
PDQDJ HPHQ W � R I � O H V V H U � NQRZQ � W LPEH U �
VSHFLHV� LQ� WKH� 3HUXYLDQ� $PD]RQ� IROORZLQJ�
GLVWXUEDQFH� E\� ORJJLQJ�� )RU� (FRO� 0DQDJH� �
������²����

.KDLULO� 0��:DQ� -XOLDQD�:$�� 1L]DP�06�� ������ (GDSKLF�
LQIOXHQFHV� RQ� WUHH� VSHFLHV� FRPSRVLWLRQ� DQG�
FRPPXQLW\�VWUXFWXUH�LQ�D�WURSLFDO�ZDWHUVKHG�IRUHVW�
LQ�3HQLQVXODU�0DOD\VLD��-�7URS�)RU�6FL�������²���

.ULVQDZDWL�+��:DKMRQR�'�� ������(IIHFW� RI � SRVW�ORJJLQJ�
VLOYLFXOWXUDO�WUHDWPHQW�RQ�JURZWK�UDWHV�RI �UHVLGXDO�
VWDQG� LQ� D� WURSLFDO� IRUHVW�� ,QGRQHV� -� )RU� 5HV�
�����²���

.XVZDQGL�5��0XUGMRNR�$��������3RSXODWLRQ�VWUXFWXUHV�RI �
IRXU� WUHH� VSHFLHV� LQ� ORJJHG�RYHU� WURSLFDO� IRUHVW� LQ�
6RXWK� 3DSXD�� ,QGRQHVLD �� DQ� LQWHJUDO� SURMHFWLRQ�×
PRGHO�DSSURDFK��,QGRQHV�-�)RU�5HV�����²����

.XVZDQGL�5��6DGRQR�5��6XSUL\DWQR�1��0DUVRQR�'��������
.HDQHNDUDJDPDQ�VWUXNWXU�WHJDNDQ�KXWDQ�DODP�EHNDV�
WHEDQJDQ�EHUGDVDUNDQ�ELRJHRJUDIL�GL�3DSXD��-�0QV�
GDQ�/LQJNXQJ�������²��

5HFRYHU\�RI �UHVLGXDO�IRUHVW�HFRV\VWHP��LPSDFW�RI �VHOHFWLYH�ORJJLQJ

���



.XVZDQGL�5��������7KH�HIIHFW�RI �VLOYLFXOWXUDO�WUHDWPHQW�RQ�
VWDQG�JURZWK�RI �ORJJHG�RYHU�IRUHVW�LQ�6RXWK�3DSXD��
,QGRQHV�-�)RU�5HV������²���

/DXUDQV� 0�� +pUDXOW� %�� 9LHLOOHGHQW� *�� 9LQFHQW� *�� ������
9HUWLFDO�VWUDWLILFDWLRQ�UHGXFHV�FRPSHWLWLRQ�IRU�OLJKW�
LQ� GHQVH� WURSLFDO� IRUHVWV�� )RU� (FRO� 0DQDJH� �
������²���

/R]DGD� -�� $UHQGV�(�� 6iQFKH]�'��9LOODUUHDO� $�� 6RULDQR� 3��
&RVWD� 0�� ������ 9HJHWDWLRQ� VXFFHVVLRQ� RI � ORJJHG�
IRUHVW� LQ� WKH�ZHVWHUQ� DOOXYLDO� SODLQV� RI � YHJHWDWLRQ�
VXFFHVVLRQ� RI � ORJJHG� IRUHVW� LQ� WKH� :HVWHUQ�
$OOXYLDO� 3ODLQV� RI � 9HQH]XHOD�� -� 7URS� )RU� 6FL�
������²���

0DUVKDOO�$-��%HHKOHU�%0�� ������� �7KH�HFRORJ\�RI �3DSXD��
3DUW� RQH�� �+RQJNRQJ� �+.��� 3HULSOXV� (GLWLRQV�� S��
������

0XUGMRNR�$��������5HFXSHUDWLRQ�RI �QRQ�FRPPHUFLDO�WUHHV�
LQ�ORJJHG�IRUHVW�LQ�6RXWKHUQ�3DSXD��,QGRQHVLD��-�0DQ�
+XW�7URS������²����

0XUGMRNR�$��0DUVRQR�'��6DGRQR�5��+DGLVXVDQWR�6������D��
3ODQW� VSHFLHV� FRPSRVLWLRQ� DQG� WKHLU� FRQVSHFLILF�
DVVRFLDWLRQ� LQ� QDWXUDO� WURSLFDO� UDLQIRUHVW�� 6RXWK�
3DSXD��%LRVDLQWLILND�-�%LRO�%LRO�(GXF�����²���

0XUGMRNR�$��0DUVRQR�'��6DGRQR�5��+DGLVXVDQWR�6�������E��
3RSXODWLRQ�G\QDPLFV�RI � � IRU� WKH�SHULRG�RI �3RPHWLD
SRVW�VHOHFWLYH� ORJJLQJ� LQ� WURSLFDO� UDLQIRUHVW��
6RXWKHUQ�3DSXD��,QGRQHVLD���%LRVDLQWLILND�-�%LRO�%LRO�
(GXF����������

0XUGMRNR�$��0DUVRQR�'��6DGRQR�5��+DGLVXVDQWR�6�������F���
7UHH� DVVRFLDWLRQ� ZLWK� � DQG� LWV� VWUXFWXUH� LQ�3RPHWLD
ORJJLQJ�FRQFHVVLRQ�RI �6RXWK�3DSXD�)RUHVW�� �-�0DQ�
+XW�7URS�����������

0XWLVR�)0��+LWLPDQD�-��.L\LDSL�-/��6DQJ�).��(ERK�(��������
5HFRYHU\� RI � .DNDPHJD� 7URSLFDO� 5DLQIRUHVW� IURP�
DQWKURSRJHQLF� GLVWXUEDQFHV�� -� 7URS� )RU� 6FL�
������²���

2NVDQHQ�-��%ODQFKHW�)*��.LQGW�5��/HJHQGUH�3��0LQFKLQ�35��
2
+DUD�5%������2NVDQHQ�0-��������3DFNDJH�
YHJDQ
��
&RPPXQLW\�HFRORJ\�SDFNDJH��YHUVLRQ�������

3HQQLQJWRQ� 57�� +XJKHV� 0�� 0RRQOLJKW� 3:�� ������ 7KH�
RULJLQV�RI �WURSLFDO�UDLQIRUHVW�K\SHUGLYHUVLW\��7UHQGV�
3ODQW�6FL�������²��

3HWRF]�5*��������&RQVHUYDWLRQ�DQG�GHYHORSPHQW�LQ�,ULDQ�
-D\D�� D� VWUDWHJ\� IRU� UDWLRQDO� UHVRXUFH� XWLOL]DWLRQ��
/HLGHQ��1/���(��-��%ULOO�

3UDVHW\R� (�� +DUGLZLQRWR� 6�� 6XSUL\R� +�� ������ /LWWHU�
SURGXFWLRQ�RI � ORJJHG�RYHU� IRUHVW� XVLQJ� ,QGRQHVLD�
VHOHFWLYH�FXWWLQJ�V\VWHP�DQG�VWULS�SODQWLQJ��737-��DW�
37� 6DUL� %XPL� .XVXPD�� 3URFHGLD� (QYLURQ� 6FL�
������²���

3XW]�)(��5RPHUR�&��������)XWXUHV�RI �WURSLFDO�IRUHVWV��VHQVX�
ODWR���%LRWURSLFD�������²����

5XVODQGL�5��&URSSHU� -U��:3��3XW]�)(�� ����D��(IIHFWV� RI �
VLOYLFXOWXUDO�LQWHQVLILFDWLRQ�RQ�WLPEHU�\LHOGV���FDUERQ�
G\QDPLFV�� DQG� WUHH� VSHFLHV� FRPSRVLWLRQ� LQ� D�

'LSWHURFDUS� IRUHVW� LQ� .DOLPDQWDQ�� ,QGRQHVLD�� DQ�
LQGLYLGXDO�WUHH�EDVHG� PRGHO� VLPXODWLRQ�� )RU� (FRO�
0DQDJH���������²���

5XVODQGL�5��&URSSHU�-U��:3��3XW]�)(������E��7UHH�GLDPHWHU�
LQFUHPHQWV� IROORZLQJ� VLOYLFXOWXUDO� WUHDWPHQWV� LQ� D�
'LSWHURFDUS� IRUHVW� LQ� .DOLPDQWDQ�� ,QGRQHVLD �� D�×
PL[HG�HIIHFWV� PRGHOOLQJ� DSSURDFK�� )RU� (FRO�
0DQDJH��������²����

5XWWHQ�*��(QVVOLQ�$��+HPS�$�� )LVFKHU�0�� ������ )RUHVW�
VWUXFWXUH�DQG�FRPSRVLWLRQ�RI �SUHYLRXVO\�VHOHFWLYHO\�
ORJJHG� DQG� QRQ�ORJJHG� PRQWDQH� IRUHVWV� DW� 0W��
.LOLPDQMDUR��)RU�(FRO�0DQDJH��������²��

6FKQLW]HU� 6$�� :DOWHU� 3&�� ������ 7UHHIDOO� JDSV� DQG� WKH�
PDLQWHQDQFH�RI �VSHFLHV�GLYHUVLW\�LQ�D�WURSLFDO�IRUHVW��
(FRORJ\�������²��

6FKZDUW]�*��������3URILWDELOLW\�RI �VLOYLFXOWXUDO�WUHDWPHQWV�LQ�
ORJJLQJ�JDSV�LQ�WKH�%UD]LOLDQ�$PD]RQ��-�7URS�)RU�6FL�
�����²���

6LVW�3��0D]]HL�/��%ODQF�/��5XWLVKDXVHU�(��������/DUJH�WUHHV�DV�
NH\�HOHPHQWV�RI �FDUERQ�VWRUDJH�DQG�G\QDPLFV�DIWHU�
VHOHFWLYH�ORJJLQJ�LQ�WKH�(DVWHUQ�$PD]RQ��)RU�(FRO�
0DQDJH���������²��

6XVDQW\�)+��6XKHQGDQJ� �(��-D\D�,16��������0RUWDOLW\�DQG�
LQJURZWK�SDWWHUQ�RI �'LSWHURFDUSV�LQ�IRUHVW�UHFRYHU\�
LQ�(DVW�.DOLPDQWDQ��%,27523,$���������²���

WHU�%UDDN�&-)��������&DQRQLFDO�FRUUHVSRQGHQFH�DQDO\VLV��D�
QHZ� HLJHQYHFWRU� WHFKQLTXH� IRU�PXOWLYDULDWH� GLUHFW�
JUDGLHQW�DQDO\VLV��(FRORJ\��������²���

WHU� %UDDN� &-)�� ������ 7KH� DQDO\VLV� RI � YHJHWDWLRQ�
HQYLURQPHQW� UHODWLRQVKLSV� E\� &DQRQLFDO�
&RUUHVSRQGHQFH�$QDO\VLV��9HJHWDWLR������²���

9HUEXUJ� 5�� YDQ� (LMN�%RV� &�� ������ (IIHFWV� RI � VHOHFWLYH�
ORJJLQJ� RQ� WUHH� GLYHUVLW\�� FRPSRVLWLRQ� DQG� SODQW�
IXQFWLRQDO�W\SH�SDWWHUQV�LQ�D�%RUQHDQ�UDLQIRUHVW��-�
9HJ�6FL������²����

:DVULQ�85��3XWHUD�$(��������/LWWHUIDOO�LQ�D�SULPDU\�DQG�WZR�
ORJJHG�RYHU� ORZODQG� WURSLFDO� UDLQIRUHVWV� LQ�
3DVLUPD\DQJ��-DPEL��%,27523,$������²���

:HVW� 7$3�� 9LGDO� (�� 3XW]� )(�� ������ )RUHVW� ELRPDVV�
UHFRYHU\� DIWHU� FRQYHQWLRQDO� DQG� UHGXFHG�LPSDFW�
ORJJLQJ� LQ� $PD]RQLDQ� %UD]LO�� )RU� (FRO� 0DQDJH� �
������²���

:KLWIHOG�7-6��/DVN\�-5��'DPDV�.��6RVDQLND�*��0ROHP�.��
0RQWJRPHU\� 5$�� ������ 6SHFLHV� ULFKQHVV�� IRUHVW�
VWUXFWXUH��DQG�IXQFWLRQDO�GLYHUVLW\�GXULQJ�VXFFHVVLRQ�
LQ� WKH� 1HZ� *XLQHD� /RZODQGV�� %LRWURSLFD�
������²���

=DPEUDQR�-��&RDWHV�5��+RZH�+)��������(IIHFWV�RI �IRUHVW�
IUDJPHQWDWLRQ� RQ� WKH� UHFUXLWPHQW� VXFFHVV� RI � WKH�
WURSLFDO� WUHH� � DW� /RV� 7X[WODV��3RXOVHQLD� DUPDWD
9HUDFUX]��0H[LFR��-�7URS�(FRO�������²���

=KX�+��<RQJ�&��=KRX�6��:DQJ�+��<DQ�/������D��9HJHWDWLRQ��
IORULVWLF� FRPSRVLWLRQ� DQG� VSHFLHV� GLYHUVLW\� LQ� D�
WURSLFDO� PRXQWDLQ� QDWXUH� UHVHUYH� LQ� VRXWKHUQ�

%,27523,$�9RO�����1R���������

���



<XQQDQ�� 6:� &KLQD�� ZLWK� LPSOLFDWLRQV� IRU�
FRQVHUYDWLRQ��7URS�&RQVHUY�6FL������²���

=KX�<��&RPLWD�/6��+XEEHOO�63��0D�.������E��&RQVSHFLILF�
DQG�SK\ORJHQHWLF�GHQVLW\�GHSHQGHQW�VXUYLYDO�GLIIHUV�
DFURVV� OLIH� VWDJHV� LQ� D� WURSLFDO� IRUHVW�� -� (FRO�
�������²����

=XLGHPD�3$��%ULHQHQ�5-��'XULQJ�+-��*�QHUDOS�%��������'R�
SHUVLVWHQWO\� IDVW�JURZLQJ� MXYHQLOHV� FRQWULEXWH�
GLVSURSRUWLRQDWHO\�WR�SRSXODWLRQ�JURZWK"�$�QHZ�
DQDO\VLV�WRRO�IRU�PDWUL[�PRGHOV�DQG�LWV�DSSOLFDWLRQ�
WR�UDLQIRUHVW�WUHHV��$P�1DW��������²����

5HFRYHU\�RI �UHVLGXDO�IRUHVW�HFRV\VWHP��LPSDFW�RI �VHOHFWLYH�ORJJLQJ

���


