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� %HVLT�%HUPDL�)RUHVW�LV�SDUW�RI �.DOLPDQWDQ�IRUHVWV�NQRZQ�IRU�YDVW�SODQW�GLYHUVLW\��7KH�SUHVHQW�VWXG\�DLPHG�WR�
LQYHVWLJDWH� IORUD� GLYHUVLW\�� FRPSRVLWLRQ�� DQG� HFRORJ\� LQ� %HVLT� %HUPDL� )RUHVW� WR� VXSSRUW� WKH� PDQDJHPHQW� RI �
ELRGLYHUVLW\�DQG�IRUHVW�FRQVHUYDWLRQ��7KLUWHHQ�SORWV�ZHUH�HVWDEOLVKHG�ZLWK�GLIIHUHQW�VL]HV�RI �SORWV������P�[����P�SORWV�
IRU�WUHHV�����P�[���P�SORWV�IRU�VDSOLQJV��DQG���P�[���P�SORWV�IRU�XQGHUVWRU\���'DWD�UHFRUGHG�LQFOXGHG�SODQW�VSHFLHV�QDPH�
DQG�LQGLYLGXDO�QXPEHU�RI �HDFK�SODQW�VSHFLHV��'DWD�DQDO\VHG�ZHUH�6KDQQRQ�:LHQHU�GLYHUVLW\�LQGH[��5HODWLYH�'HQVLW\��
5HODWLYH�)UHTXHQF\��5HODWLYH�'RPLQDQFH�DQG�,PSRUWDQW�9DOXH�,QGH[��7KH�SULQFLSDO�FRPSRQHQW�DQDO\VLV��3&$��ZDV�
SHUIRUPHG�WR�GHWHUPLQH�UHODWLRQVKLS�EHWZHHQ�HGDSKLF�FRPSRQHQWV�DQG�IORUD�RFFXUUHQFH��7KH�UHVXOWV�VKRZHG�WKDW�
WKHUH�ZHUH����VSHFLHV�RI �WUHHV��EHORQJLQJ�WR����JHQHUD�DQG����IDPLOLHV�������VSHFLHV�RI �VDSOLQJV��EHORQJLQJ�WR����JHQHUD�
DQG����IDPLOLHV���DQG����VSHFLHV�RI �XQGHUVWRU\��EHORQJLQJ�WR����JHQHUD�DQG����IDPLOLHV���6KDQQRQ�:LHQHU�GLYHUVLW\�
LQGH[��+
��ZHUH������������DQG������IRU�WUHH��VDSOLQJV�DQG�XQGHUVWRU\��UHVSHFWLYHO\��7KH�PRVW�FRPPRQ�IDPLO\�IRU�WUHH�
DQG�VDSOLQJV�LQ�WKH�IRUHVW�HFRV\VWHP�LQ�WKLV�DUHD�ZDV�'LSWHURFDUSDFHDH��6KRUHD�VSS���6SHFLHV�RI �WUHH�ZLWK�WKH�KLJKHVW�
LPSRUWDQFH�YDOXH�LQGH[�ZHUH�'LOOHQLD�H[FHOVD��6\]\JLXP�VS��DQG�6KRUHD�SDUYLIROLD��7KH�KLJKHVW�LPSRUWDQFH�YDOXH�LQGH[�IRU�
VSHFLHV�RI �VDSOLQJV�ZHUH�0DFDUDQJD�WULORED�DQG�6KRUHD�SDUYLIROLD��DQG�IRU�VSHFLHV�RI �XQGHUVWRU\�ZHUH�3KU\QLXP�MDJRULDQXP��
(FRORJLFDO��HGDSKLF��IDFWRUV�DIIHFWLQJ�WKH�RFFXUHQFH�DQG�HVWDEOLVKPHQW�RI �IORUD�LQ�%HUPDL�IRUHVW�ZHUH�WRWDO�1�DQG�&�1�
UDWLR��7KH�SUHVHQW�VWXG\�KDV�LPSOLFDWLRQ�IRU�WKH�PDQDJHPHQW�RI �ELRGLYHUVLW\�DQG�IRUHVW�FRQVHUYDWLRQ��

� .H\ZRUGV��FRPSRVLWLRQ��HFRORJ\��IORUD�GLYHUVLW\��.DOLPDQWDQ��WURSLFDO�IRUHVW
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7URSLFDO�IRUHVW�LV�RQH�RI �WKH�KRWVSRWV�UHJLRQV�
RI �ELRGLYHUVLW\��ZLWK�KLJK�SODQW�GLYHUVLW\��FRPSOH[�
HFRV\VWHPV��DQG�JUHDWHVW�YDULHW\�RI �IORUD�DQG�IDXQD�
�5LFKDUGV�������:KLWPRUH�������GH�%UX\Q� HW�DO��
������� %RUQHR� LV� UHFRJQLVHG� DV� RQH� RI � WKH�
ELRGLYHUVLW\�KRWVSRWV�UHJLRQV��DORQJ�ZLWK����RWKHU�
KRWVSRW� UHJLRQV� LQ� WKH� ZRUOG� �0DUFKHVH� �������
(DVW�.DOLPDQWDQ�� ORFDWHG� LQ� WKH�HDVWHUQ�SDUW�RI �
%RUQHR��SRVVHVV�WKRXVDQGV�RI �SRWHQWLDO�SODQWV�LQ�
WKH� IORUD� GLYHUVLW\� RI� ,QGRQHVLD�� 7URSLFDO� IRUHVW�
DORQJ�,QGRQHVLD�0DOD\VLD��,QGR�0DOD\�UHJLRQ��LV�
NQRZQ�IRU�LWV�ODUJHVW�WURSLFDO�IRUHVW�HFRV\VWHP�LQ�
WKH�ZRUOG��*DLWKHU�	�5RFKD�������
,QYHQWRU\� WR� LQYHVWLJDWH� SODQW� GLYHUVLW\� DQG�

IORULVWLF� FRPSRVLWLRQ� LQ� QDWXUDO� IRUHVWV� LV�
LPSRUWDQW� WR� WKH� OHYHO� RI � DGDSWDWLRQ� WR� WKH�

HQYLURQPHQW� �DQG� �WKHLU� �HFRORJLFDO� �VLJQLILFDQFH�
�5HGG\� �� ������� DQG� LV� � DEVROXWHO\� HVVHQWLDO�HW� DO
XQGHUVWDQGLQJ� �WKH� �IRUHVW� �HFRV\VWHP�G\QDPLFV�
�5HGG\� ���������,W�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�HW�DO
PDQDJHPHQW� RI � ELRGLYHUVLW\� DV� HVVHQWLDO�
ELRUHVRXUFHV� DQG� LQ� WKH� PDQDJHPHQW� RI �
FRQVHUYDWLRQ� RI � VSHFLHV� DQG� IRUHVW� HFRV\VWHP�
�0DORXLQ� �� ������ /XNiF � �� ������ 0HQJ�HW� DO ] HW� DO
HW� DO HW� DO�� ������ 1XUIDGLODK� ������ <RX� �� ������
+XDQJ� �� ������� 3ODQW� GLYHUVLW\� DQG� IORULVWLF�HW� DO
FRPSRVLWLRQ�LQ�VHYHUDO�WURSLFDO�IRUHVWV�DGGUHVVHG�
IRU� WKH� PDQDJHPHQW� RI � ELRGLYHUVLW\� DQG�
HFRV\VWHP�FRQVHUYDWLRQ�KDYH�EHHQ�ZLGHO\�VWXGLHG�
DFFURVV� WKH�ZRUOG�� LQ� &RVWD� 5LFD� �*LOPDQ� ��HW� DO
������� LQ� &KLQD� �0HQJ� �� ������� LQ� *KDQD�HW� DO
�$GGR�)RUGMRXU� ���������LQ�(WKLRSLD��.HEHGH�HW�DO
HW� DO HW� DO�� ������� LQ� 7DQ]DQLD� �*LOLED� �� ������� LQ�
%DQJODGHVK��)HUR]� �������HW�DO�
'HVSLWH�LWV�JUHDW�GLYHUVLW\��WURSLFDO�IRUHVWV�KDYH�

H[SHULHQFHG� WKH� KLJKHVW� GLYHUVLW\� ORVV�� 7URSLFDO�
�&RUUHVSRQGLQJ�DXWKRU��VRILH����#\DKRR�FRP
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DQG�WKH�HVWDEOLVKPHQW�RI �IORUD�LQ�WKHLU�KDELWDWV��
WKH� 3ULQFLSDO� &RPSRQHQW� $QDO\VLV� �3&$�� PHWKRG�
ZLWK�0LQLWDE����VRIWZDUH�ZDV�XVHG�
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)ORUD�'LYHUVLW\

� 7KH� VWXG\� VKRZHG� WKDW� WKH� IORUD�GLYHUVLW\� LQ�
%HVLT� %HUPDL� IRUHVW�� (DVW� .DOLPDQWDQ� ZDV�
UHODWLYHO\� KLJK�� $Q� LQGH[� RI � SODQW� GLYHUVLW\� RI �
JUHDWHU�WKDQ����!���LV�UHJDUGHG�DV�KLJK�YDOXH�DUHD�
�.KDQ�HW�DO���������3ODQW�GLYHUVLW\�LQGH[�LQGLFDWLQJ�
WKH�GHJUHH�RI �GLYHUVLW\�RI �SODQWV�DW�WKH�VWXG\�VLWH�LQ�
WKH� VWXG\� ZDV� KLJK�� ZLWK� WKH� 6KDQQRQ�:LHQHU�
GLYHUVLW\� LQGH[� �+
�� IRU� WUHHV�� VKUXEV� DQG�
XQGHUVWRU\�LQ�WKLV�DUHD�EHLQJ������������DQG�������
UHVSHFWLYHO\��)LJ������&RPSDUDWLYHO\��WKH�GLYHUVLW\�
LQGH[� DW� WKH� VWXG\� VLWH�ZDV�KLJKHU� WKDQ� WKDW�RI �
RWKHU�SDUWV�RI �.DOLPDQWDQ�RU�%RUQHR��VXFK�DV�LQ�
/XEXN�.DNDS��:HVW�.DOLPDQWDQ�ZLWK�+
�IRU�WUHH�
EHLQJ� ����� �%XGLKDUWD� ������ DQG� LQ� D� ORZODQG�
GLSWHURFDUS�IRUHVW�RI�1RUWK�%RUQHR�ZLWK�+
�IRU�
WUHH�ZDV�OHVV�WKDQ������*RGRRQJ�HW�DO��������
� 7KH�GLIIHUHQFH�LQ�WKH�GHJUHH�RI �GLYHUVLW\�DW�WKH�
VWXG\� VLWH�ZKLFK� LV� ORFDWHG� LQ�(DVW�.DOLPDQWDQ�
DQG�RWKHU�SDUWV�RI �.DOLPDQWDQ�%RUQHR�PLJKW�EH�
GXH�WR�WKH�GLIIHUHQFH� LQ�UHJLRQV�ZLWKLQ�%RUQHR��
*XKDUGMD�HW�DO���������UHSRUWHG�WKDW�WKH�GLYHUVLW\�
YDULHG�ZLWKLQ�.DOLPDQWDQ�%RUQHR��ZLWK�RQH�RI �
WKH�KLJKHVW�GLYHUVLW\�IRXQG�LQ�(DVW�.DOLPDQWDQ��
)XUWKHUPRUH�� .XUQLDZDQ� DQG� 3DULNHVLW� �������
UHSRUWHG� WKDW� SODQW� GLYHUVLW\� DQG� FRPSRVLWLRQ�
LQ� DQ� DUHD� GHSHQGV� RQ� VRPH� IDFWRUV� LQFOXGLQJ�
DOWLWXGH�� KXPLGLW\�� QXWULHQW� DYDLODELOLW\��
LOOXPLQDWLRQ��WRSRJUDSK\�DQG�VRLO�W\SHV�

�%DVDO�DUHD�RI �D�WD[RQ�����[����5&� 
���������7RWDO�EDVDO�DUHD�RI �WD[D

+
 ����SL�OQ�SL���SL �QL�

QL� �QXPEHU�RI �LQGLYLGXDO�IURP�VSHFLHV�L

1� �WRWDO�QXPEHU�RI �LQGLYLGXDO

� 7R�DQDO\VH�HGDSKLF�IDFWRUV�WKDW� LQIOXHQFH�WKH�
JURZWK�DQG�WKH�HVWDEOLVKPHQW�RI �IORUD�DW�WKH�VWXG\�
VLWH�� VRLO� VDPSOHV� ZHUH� FROOHFWHG�� 6RLOV� ZHUH�
FROOHFWHG� LQ� HDFK� SORW� IRU� �� UHSOLFDWHV�� 7KH�
FROOHFWLRQ�RI �VRLOV�IRU�VRLO�SK\VLFDO�DQG�FKHPLFDO�
SURILOHV�ZHUH�FROOHFWHG�IURP�WKH�GHSWK�RI ���FP���
���FP��DQG����FP������FP�DQG���UHSOLFDWHV�IRU�HDFK�
SORW�
� 7KH� VRLO� SK\VLFRFKHPLFDO� SURSHUWLHV� ZHUH�
DVVHVVHG� LQ� WKH� VRLO� VFLHQFH� ODERUDWRU\� RI �
$JULFXOWXUH� 5HVHDUFK� ,QVWLWXWH� RI � 0XODZDUPDQ�
8QLYHUVLW\��6DPDULQGD�DQG�ZHUH�DQDO\VHG�WKURXJK�
WKH� GU\LQJ� VWDJH� WHPSHUDWXUH� RI � ����&�� 6RLO�
SK\VLFDO� IDFWRUV� DQDO\VHG� LQFOXGHG� VRLO� WH[WXUH�
�VDQG�� VLOW� DQG� FOD\��� ZKLOH� FKHPLVWU\� IDFWRU �V
LQFOXGHG�VRLO�DFLGLW\��S+���RUJDQLF�&��&�1�5DWLR��
RUJDQLF� PDWWHU� �20�� DQG� 1�WRWDO�� 6RLO� WH[WXUH�
DQDO\VLV�ZDV�FRQGXFWHG�E\�VHSDUDWLQJ�VDQG��VLOW�DQG�
FOD\� SDUWLFOHV� E\� TXDQWLWDWLYH� PHWKRG� WKURXJK�
PHFKDQLFDO�DQDO\VLV�SURFHVV��7KLV�SURFHVV�FRQVLVWV�
RI � VSUHDGLQJ� DJJUHJDWH� VRLO� LQWR� VLQJOH� JUDLQV��
IROORZHG�E\�VHGLPHQWDWLRQ��6RLO�DFLGLW\��S+��ZDV�
PHDVXUHG�LQ�VRLO�DQG�ZDWHU�PL[WXUH�H[WUDFWV�ZLWK�D�
UDWLR�RI �������&�FRQWHQW�ZDV�DQDO\VHG�E\�:DONOH\�
DQG� %ODFN� ������� PHWKRG�� ZKLOH� WRWDO� 1� ZDV�
GHWHUPLQHG� E\� .MHOGDKO� ���� �� PHWKRG�� 7R��
LQYHVWLJDWH� HFRORJLFDO� IDFWRUV� IRFXVVLQJ� RQ�
HGDSKLF� YDULDEOHV� WKDW� LQIOXHQFHG� WKH�RFFXUHQFH�

��

)ORUD�GLYHUVLW\��FRPSRVLWLRQ�DQG�HFRORJ\�LQ�%HVLT�%HUPDL�7URSLFDO�)RUHVW�²�6RILDK�HW�DO�

)LJXUH���6KDQQRQ�²�:LHQHU�GLYHUVLW\�LQGH[��+
��RI �WUHH��VDSOLQJ�DQG�KHUE�LQ�)RUHVW�RI �%HVLT�%HUPDL
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)ORULVWLF�&RPSRVLWLRQ�RI �7UHHV

� 7KLV�VWXG\�VKRZHG�WKDW��WKHUH�ZHUH����VSHFLHV�
RI �WUHHV�IURP����JHQHUD�DQG����IDPLOLHV�LQ�%HVLT�
%HUPDL� )RUHVW�� 6RPH� RI � WKH� PRVW� LPSRUWDQW�
VSHFLHV� IRU� WUHH� LQFOXGHG�'LOOHQLD� H[FHOVD��6\]\JLXP�
VS� DQG� � �)LJ�� ������ 6KRUHD� SDUYLIROLD 'LOOHQLD� H[FHOVD�
ZDV�WKH�PRVW�LPSRUWDQW�VSHFLHV�LQ�WHUPV�RI �EDVDO�
DUHD� EDVHG� RQ� 5&�� KRZHYHU�� LW� KDG� WKH� ORZHVW�
QXPEHU� RI � SODQWV� VS�� ZDV� WKH� VHFRQG�� 6\]\JLXP�
PRVW� LPSRUWDQW� VSHFLHV� LQ� WHUPV� RI � VSHFLHV�
IUHTXHQF\�� ZKLFK� ZDV� RIWHQ� IRXQG� LQ� SORWV� DW�
WKH� VWXG\� VLWH�� � UDQNHG� QXPEHU�6KRUHD� SDUYLIROLD
WKUHH� LQ� WHQ� PRVW� LPSRUWDQW� VSHFLHV�� LW� KDG� WKH�
ODUJHVW�QXPEHU�RI �SODQWV��)LJ������*HQXV�RI � �6KRUHD
GRPLQDWHG� WKH� VWXG\� VLWH� ZLWK� QLQH� VSHFLHV��

DQG� WKUHH�RI � WKH� VSHFLHV�ZHUH� LQ� WKH� OLVW�RI � WHQ�
PRVW� LPSRUWDQW� VSHFLHV� LQ� WHUPV� RI � WKHLU�
DEXQGDQFH�
� 7KH�SUHVHQW�VWXG\�DOVR�GHPRQVWUDWHG�WKDW�WKH�
PRVW� LPSRUWDQW� SODQW� IDPLO\� IRU� WUHHV� ZDV�
'LSWHURFDUSDFHDH�� IROORZHG� E\� /DXUDFHDH� DQG�
0\UWDFHDH��)LJ������'LSWHURFDUSDFHDH�DOVR�KDG�WKH�
ODUJHVW�QXPEHU�RI �VSHFLHV�����VSHFLHV��LQFOXGLQJ�
WKH� JHQHUD� 6KRUHD�� +RSHD� DQG� 'LSWHURFDUSXV��
IROORZHG�E\�/DXUDFHDH�ZLWK����VSHFLHV��L�H�JHQHUD�
RI � (XVLGHUR[\ORQ�� /LWVHD� DQG� $FWLQRGDSKQH���
%XUVHUDFHDH� ZLWK� VHYHQ� VSHFLHV� �L�H�� JHQHUD� RI �
&DQDULXP�� 'DFU\RGHV� DQG� 6DQWLULD��� /HJXPLQRVDH�
ZLWK� VHYHQ� VSHFLHV� �L�H�� JHQHUD� RI � 6LQGRUD��
.RRPSDVVLD�DQG�'LDOLXP���DQG�0\UWDFHDH�ZLWK�VL[�
VSHFLHV�LQ�D�VLQJOH�JHQXV�RI �6\]\JLXP�

��

)LJXUH����7HQ�PRVW�LPSRUWDQW�SODQW�IDPLOLHV�LQ�WKH�FDWHJRU\�RI �WUHHV�LQ�%HVLT�%HUPDL�)RUHVW��)DPLO\�LPSRUWDQW�YDOXH�LV�WKH�
VXP�RI �,PSRUWDQW�9DOXH�,QGH[�RI �DOO�VSHFLHV�FRQWDLQHG�LQ�D�VLQJOH�IDPLO\�
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)LJXUH��� 7HQ�PRVW�LPSRUWDQW�WUHH�VSHFLHV�LQ�%HVLT�%HUPDL�)RUHVW
� �1RWH��5'� �5HODWLYH�'HQVLW\��5)� �5HODWLYH�)UHTXHQF\��5&� �5HODWLYH�'RPLQDQFH��,9, ,PSRUWDQW�YDOXH�,QGH[�



� 7KH�UHVXOWV�RI �WKLV�VWXG\�ZDV�VLPLODU�ZLWK�RWKHU�
VWXGLHV� WKDW� VKRZHG� WKDW� WKH� PRVW� LPSRUWDQW�
IDPLO\�LQ�RWKHU�IRUHVWV�ZLWKLQ�%RUQHR�.DOLPDQWDQ�
ZDV�'LSWHURFDUSDFHDH��.DUWDZLQDWD� �������HW� DO��
UHSRUWHG�WKDW�D�IDPLO\�ZLWK�WKH�KLJKHVW�LPSRUWDQW�
YDOXH�LQGH[�LQ�WKH�ORZODQG�'LSWHURFDUS�IRUHVW�DW�
:DQDULVHW� 6DERMD�� (DVW� .DOLPDQWDQ�� ZDV�
'LSWHURFDUSDFHDH�� $UEDLQV\DK� ������� DOVR�HW� DO��
UHSRUWHG�WKDW�WKH�PRVW�DEXQGDQW�VHHGOLQJ�RI �WKH�
VSHFLHV� LQ� WKH� SULPDU\� IRUHVW� LQ� /DEDQDQ� (DVW�
.DOLPDQWDQ� ZDV� 'LSWHURFDUSDFHDH�� %XGLKDUWD�
������� DOVR� VKRZHG� WKDW� 'LSWHURFDUSDFHDH�
GRPLQDWHG� WKH� ELRGLYHUVLW\� SURWHFWLRQ� DUHD� RI�
/XEXN�.DNDS��:HVW�.DOLPDQWDQ��6DQHU� �������HW�DO��
DOVR� UHSRUWHG� WKDW� WURSLFDO� ORZODQG� GLSWHURFDUS�
UDLQ�IRUHVWV�LQ�6DEDK��0DOD\VLDQ�%RUQHR��ZDV�DOVR�
GRPLQDWHG� E\� 'LSWHURFDUS� VSHFLHV�� 7KH�
GRPLQDQFH� RI � 'LSWHURFDUSDFHDH� LQ� WKH� IRUHVWV�
PLJKW� EH� LQ� SDUW� GXH� WR� LWV� PDVW� IUXLWLQJ�� WKH�

V\QFKURQRXV�SURGXFWLRQ�RI �IUXLWV�LQ�PXOWL�\HDUV�
F\FOH�DW�LQWHUYDOV�RI �VHYHUDO�\HDUV��7KLV�LUUHJXODU�
IUXLWLQJ�PD\�HQKDQFH�SROOLQDWLRQ�HIILFLHQF\��VHHG�
VXUYLYDO��DQG�VHHGOLQJ�HVWDEOLVKPHQW��9LVVHU�HW�DO ��
������5RGULJXH]�HW�DO��������2VKLPD�HW�DO ���������
7KH� SUHGDWRU� VDWLDWLRQ� K\SRWKHVLV� VWDWHG� WKDW�
VWDUYDWLRQ� RI � VHHG� SUHGDWRUV� LQ� WLPH� RI � QR�
SURGXFWLRQ�RI �IUXLWV�GHFUHDVHV�VHHG�SUHGDWLRQ�DQG�
WKHUHIRUH��LQFUHDVH�WUHH�UHJHQHUDWLRQ���9LVVHU�HW�DO ��
������

)ORULVWLF� RPSRVLWLRQ�RI �6DSOLQJV&

� UHYHDOHG�7KH� SUHVHQW� VWXG\� DOVR� WKH� IORULVWLF�
FRPSRVLWLRQ� RI � VDSOLQJV�� 7KH� PRVW� LPSRUWDQW�
VSHFLHV�IRU�VDSOLQJV�ZDV� LQ�WHUPV�0DFDUDQJD�WULORED�
RI � EDVDO� DUHD�� IROORZHG� E\� ��6KRUHD� SDUYLIROLD
6\]\JLXP� � ;\ORSLD� PDOD\DQD�VS � DQG� �)LJ�� ���� 7KH�
SDWWHUQ�RI �WKH�PRVW�LPSRUWDQW�VSHFLHV�IRU�WUHHV�

��

)LJXUH����7HQ�PRVW�LPSRUWDQW�VSHFLHV�IRU�VDSOLQJ�LQ�%HVLT�%HUPDL�)RUHVW
� �1RWH��5' 5HODWLYH�'HQVLW\��5) 5HODWLYH�)UHTXHQF\��5& 5HODWLYH�'RPLQDQFH��,9, ,PSRUWDQW�YDOXH�,QGH[�

)LJXUH��� 7HQ�PRVW�LPSRUWDQW�SODQW�IDPLOLHV�LQ�%HVLT�%HUPDL�)RUHVW�LQ�WKH�FDWHJRU\�RI �VDSOLQJV��)DPLO\�LPSRUWDQW�YDOXH�LV�WKH�
VXP�RI �,PSRUWDQW�9DOXH�,QGH[�RI �DOO�VSHFLHV�FRQWDLQHG�LQ�D�VLQJOH�IDPLO\�

)ORUD�GLYHUVLW\��FRPSRVLWLRQ�DQG�HFRORJ\�LQ�%HVLT�%HUPDL�7URSLFDO�)RUHVW�²�6RILDK�HW�DO�



��

DQG�VDSOLQJV�LQ� �VWXG\�ZDV�GLIIHUHQW��%XGLKDUWD�WKLV
������� DOVR� VKRZHG� YDULDWLRQ� RI � SDWWHUQ� RI � WKH�
IORUD� FRPSRVLWLRQ� EHWZHHQ� WUHH� DQG� VDSOLQJV� LQ�
:HVW� .DOLPDQWDQ� WKDW� PLJKW� EH� GXH� WR� WKH�
GLIIHUHQFH� LQ� PDVW� IORZHULQJ� DQG� IUXLWLQJ�
IUHTXHQFLHV�EHWZHHQ�VSHFLHV�ZKLFK�LQIOXHQFH�WKH�
VXUYLYDO�RI �VHHGOLQJV�
� 7KH�PRVW� LPSRUWDQW� IDPLO\� IRU� VDSOLQJV�ZDV�
'LSWHURFDUSDFHDH�� IROORZHG� E\� (XSKRUELDFHDH�
DQG�$QQRQDFHDH��)LJ������'LSWHURFDUSDFHDH�DOVR�
KDG� WKH�KLJKHVW�QXPEHU�RI � VSHFLHV� ���� VSHFLHV��
LQFOXGLQJ�WKH�JHQHUD�6KRUHD�DQG�+RSHD��IROORZHG�E\�
(XSKRUELDFHDH� ZLWK� �� VSHFLHV� �L�H� JHQHUD� RI �
;\ORSLD�DQG�0RQRFDUSLD��

)ORULVWLF� RPSRVLWLRQ�RI �8QGHUVWRU\&

� 7KH�UHVXOWV�RI �WKH�VWXG\�DOVR�VKRZHG�WKH�IORUD�
FRPSRVLWLRQ�IRU�XQGHUVWRU\��7KH�PRVW�LPSRUWDQW�
VSHFLHV�IRU�XQGHUVWRU\�ZDV�&DODWKHD�VS���IROORZHG�
E\�3DQGDQXV�VS���DQG�$OSLQLD�VS���)LJ������$QDO\VLV�
RI �FRPSRVLWLRQDO�GLYHUVLW\�RI �XQGHUVWRU\�IORUD�LQ�
WKH�VWXG\�VKRZHG�WKDW�WKH�XQGHUVWRU\�IORUD�ZDV�
GRPLQDWHG� E\�&DODWKHD� VS�� WKDW� EHORQJV� WR� WKH�
SODQW�IDPLO\�0DUDQWDFHDH��)LJ������7KH�GRPLQDQFH�
RI �&DODWKHD�LQ�WKH�VKDGHG�IRUHVW�FDQRS\�ZLWK�ORZ�
OLJKW�LQWHQVLW\�LQ�WKH�IRUHVW�IORRU�LQ�WKLV�VWXG\�PD\�
EH�UHODWHG�WR�LWV� ORZ�WROHUDQFH�RI � OLJKW� LQWHQVLW\�
DQG�LWV�FDSDFLW\�WR�JURZ�LQ�VKDGHG�DUHDV�ZLWK�ORZ�

)LJXUH��� 7HQ�PRVW�LPSRUWDQW�VSHFLHV�IRU�XQGHUVWRU\
� �1RWH��5' 5HODWLYH�'HQVLW\��5) 5HODWLYH�)UHTXHQF\��,9, ,PSRUWDQW�YDOXH�,QGH[�

%,27523,$�9RO�����1R���������

)LJXUH���7HQ�PRVW�LPSRUWDQW�IDPLOLHV�IRU�XQGHUVWRU\

%
OH
FK
Q
X
P
�R
UL
HQ
WD
OH



��

OLJKW�LQWHQVLW\��0DWODJD��������UHSRUWHG�WKDW�FORQDO�
RIIVSULQJ�RI �&DODWKHD�JUHZ�DQG� VXUYLYHG�ZHOO� LQ�
VKDGHG�XQGHUVWRU\�
� 7KH�PRVW� LPSRUWDQW� IDPLO\� IRU�XQGHUVWRU\� LQ�
%HVLT�%HUPDL�IRUHVW�ZDV�0DUDQWDFHDH��IROORZHG�E\�
=LQJLEHUDFHDH�DQG�3DQGDQDFHDH��)LJ������,Q�WHUPV�
RI � WKH� QXPEHU� RI � VSHFLHV�� 0DUDQWDFHDH� DQG�
=LQJLEHUDFHDH�ZHUH�KLJK�ZLWK�VL[�����VSHFLHV�IURP�
WKH� JHQHUD�&DODWKHD�� 3KU\QLXP� DQG�6WDFK\SKU\QLXP��
=LQJLEHUDFHDH� DW� WKH� VWXG\� VLWH� FRQVLVWHG� RI � ��
VSHFLHV� IURP� WKH� JHQHUD� =LQJLEHU�� $PRPXP� DQG�
$OSLQLD�

(FRORJ\�RI �)ORUD�LQ�%HVLT�%HUPDL�)RUHVW

� 7KH� HVWDEOLVKPHQW� RI � IORUD� LQ� WKHLU� KDELWDWV�
VKRZHG� WKH� DGDSWDWLRQ� RI � WKH� IORUD� WR� WKHLU�
HQYLURQPHQW�� 7KH� GLYHUVLW\� DQG� GLVWULEXWLRQ� RI �
PDQ\� SODQW� VSHFLHV� DUH� LQIOXHQFHG� E\� WKH�
HFRORJLFDO� IDFWRUV� LQFOXGLQJ� HGDSKLF� IDFWRUV�
�+HLQHPDQ�HW�DO��������9OHPLQFN[�HW�DO��������
� 7KURXJK� � �3&$��3ULQFLSDO� &RPSRQHQW�$QDO\VLV �
HQYLURQPHQWDO��VRLO��IDFWRUV�FRQVLVWLQJ�RI �ILYH�VRLO�
YDULDEOHV��S+��RUJDQLF�&��WRWDO�1��RUJDQLF�PDWWHU��
DQG� &�1� UDWLR�� DQG� HQYLURQPHQW� YDULDEOHV�
�WHPSHUDWXUH�� KXPLGLW\�� OLJKW� LQWHQVLW\� DQG�
HOHYDWLRQ�� FRXOG� EH� FODVVLILHG� LQWR� WZR�SULQFLSDO�
FRPSRQHQWV�� 7KH� WZR� � FRPSRQHQWV�SULQFLSDO
H[SODLQ �������RI �DOO�HGDSKLF�IDFWRUV�PHDVXUHG��V
7KH� ILUVW� FRPSRQHQW� H[SODLQHG� ������ RI � DOO�
HGDSKLF� IDFWRUV� PHDVXUHG�� ZKLOH� WKH� VHFRQG�
FRPSRQHQW�RQO\�H[SODLQHG��������7KLV� VKRZHG�
WKDW� WKH� ILUVW� FRPSRQHQW� SURYLGHG� PRUH�
LQIRUPDWLRQ� WKDQ� WKH� VHFRQG� FRPSRQHQW� LQ�
GHVFULELQJ� DQG� LGHQWLI\LQJ� HQYLURQPHQWDO�
FRQGLWLRQV�LQ�%HVLT�%HUPDL�)RUHVW�LQ�ZKLFK�PDQ\�
SODQW�VSHFLHV�RFFXUHG��&�1�UDWLR�RI �VRLOV�ZDV�WKH�
PRVW�LQIOXHQWLDO�YDULDEOH�WRZDUGV�WKH�IDFWRUV�LQ�WKH�

ILUVW� FRPSRQHQW� �3&���� ZKLOH� WRWDO� 1� ZDV� WKH�
PRVW�LQIOXHQWLDO�YDULDEOH�WRZDUGV�WKH�IDFWRUV�LQ�WKH�
VHFRQG�FRPSRQHQW��3&����7DEOH����
� 7KH�PRGHO� RI � WKH� KDELWDW� RI � IORUD� LQ�%HVLT�
%HUPDL� )RUHVW� ZLWK� LWV� HGDSKLF� IDFWRUV� FDQ� EH�
IRUPXODWHG�EDVHG�RQ�7DEOH����3&�� ������S+���
�����2&��������71�������20��������&�1�5��
3&�� �������S+��������2&������71��������20�
������&�1�5��(DFK�VRLO�YDULDEOH�LQ�3&���DQG�LQ�
3&��ZDV�QRW�VWURQJO\�FRUUHODWHG��7DEOH����
� 7KHUH� DUH� PDQ\� VRLO� IDFWRUV� �YDULDEOHV�� WKDW�
LQIOXHQFH�WKH�GLYHUVLW\�DQG�GLVWULEXWLRQ�RI �SODQW�
VSHFLHV�� VXFK� DV� RUJDQLF� PDWWHU�� H[FKDQJDEOH�
FDWLRQ��VRLO�W\SHV�DQG�RWKHU�VRLO�IDFWRUV��7KHVH�VRLO�
IDFWRUV� IRUP�WKH�FKDUDFWHULVWLFV�RI �KDELWDWV�DQG�
FDQ�EH�WKH�GHWHUPLQDQWV�RI �WKH�GLVWULEXWLRQ�DQG�
GLYHUVLW\�RI �IORUD�LQ�WKHLU�KDELWDWV��3HxD�&ODURV�HW�
DO��������9OHPLQFN[�HW�DO��������=KDQJ�HW�DO���������
6RPH�VWXGLHV�KDYH� VKRZQ� WKDW� VSHFLHV�GLYHUVLW\�
DQG�FRPSRVLWLRQ�LQ�VRPH�HFRV\VWHPV�ZHUH�UHODWHG�
WR�WKH�VLWH�FKDUDFWHULVWLF�LQFOXGLQJ�HGDSKLF�IDFWRUV�
�*DXWDP�HW�DO��������.KDQ�HW�DO���������*DXWDP�HW�
DO���������VKRZHG�WKDW�WKH�PRVW�LPSRUWDQW�IDFWRUV�
LQIOXHQFLQJ� WUHH� GLYHUVLW\� LQ� WKH� QRUWK� ,QGLDQ�
PRLVW�GHFLGXRXV�IRUHVWV�ZHUH�H[FKDQJHDEOH�EDVH�
FDWLRQV� DQG� SKRVSKRURXV�� )XUWKHUPRUH�� 3HxD�
&ODURV�HW�DO���������VKRZHG�WKDW�LQ�WKH�GU\�IRUHVW�LQ�
%ROLYLD�� FRUUHODWLRQ� EHWZHHQ� VRLO� FKDUDFWHULVWLFV�
DQG� SODQW� GLYHUVLW\� ZDV� PRUH� UHODWHG� WR� &D��
RUJDQLF�PDWWHU��1��0J�DQG�1D�
� ,Q� WKLV� VWXG\�� WKH� ILUVW� IDFWRU� WKDW� PRVWO\�
LQIOXHQFHG� WKH� GLYHUVLW\� DQG� HVWDEOLVKPHQW� RI �
IORUD�LQ�%HVLT�%HUPDL�IRUHVW�ZDV�WRWDO�1�LQ�WKH�VRLO��
1LWURJHQ�LV�DQ�HVVHQWLDO�HOHPHQW�IRU�WKH�JURZWK�
DQG�GHYHORSPHQW�RI �SODQWV��7KH�DYDLODELOLW\�RI �1�
LQ� WKH� VRLO� DIIHFW� WKH� JURZWK�� GHYHORSPHQW��
DQG� HVWDEOLVKPHQW� RI � IORUD� LQ� %HVLT� %HUPDL�
IRUHVW�

7DEOH���(LJHQ�YDOXH�RI �VRLO�HOHPHQWV�LQ�%HVLT�%HUPDL�)RUHVW

��
3&���FRPSRQHQW�IDFWRUV��� � 3&���FRPSRQHQW�IDFWRUV��� ��

(LJHQ�YDOXH� ���� � ����
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)ORUD�GLYHUVLW\��FRPSRVLWLRQ�DQG�HFRORJ\�LQ�%HVLT�%HUPDL�7URSLFDO�)RUHVW�²�6RILDK�HW�DO�
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� 7KH� VHFRQG� IDFWRU� WKDW� LQIOXHQFHG� WKH�
RFFXUHQFH� DQG� HVWDEOLVKPHQW� RI � IORUD� LQ� %HVLT�
%HUPDL�IRUHVW�ZDV�&�1�5DWLR��&�1�UDWLR�VKRZV�
WKH�UDWH�RI �GHFRPSRVLWLRQ�RI �RUJDQLF�PDWWHU�DQG�
PLQHUDOLVDWLRQ� RI � QXWULHQW� HOHPHQWV� LQ� VRLOV�
�7LVGDOH� ������� 5RVV� HW� DO�� ������� VKRZHG� WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�HVWDEOLVKPHQW�RI �SODQW�
VSHFLHV�DQG�&�1�UDWLR�LQGLFDWLQJ�WKDW�&�1�UDWLR�
LQIOXHQFHG�WKH�GLYHUVLW\�RI �SODQW�VSHFLHV�LQ�WKHLU� �
KDELWDW � � 7KH� &�1� UDWLR� LQGLFDWHV� WKH�
GHFRPSRVLWLRQ�RI �RUJDQLF�PDWWHU�DQG�LQ�UHODWLRQ�
WR�WKH�QXWULHQW�SURYLVLRQ�LQ�VRLOV�SOD\V�NH\�UROHV�LQ�
WKH� IXQFWLRQ� RI � IRUHVW� HFRV\VWHP� IRU� WKH�
HVWDEOLVKPHQW�RI �WKH�IORUD�

,PSOLFDWLRQV�IRU�&RQVHUYDWLRQ

� 7KH� SUHVHQW� VWXG\� KDV� VKRZQ� WKH� IORUD�
GLYHUVLW\�� FRPSRVLWRQ�� DQG� HFRORJ\� LQ� %HVLT�
%HUPDL�IRUHVW��7KH�VHOHFWHG�VWXG\�VLWH�ZDV�D�FRDO�
PLQLQJ� DUHD�� :LWK� WKH� REOLJDWLRQ� DQG�
UHVSRQVLELOLW\�WR�UHKDELOLWDWH�DQG�UHVWRUH�VLWHV�DIWHU�
WKH�FRDO�LV�PLQHG��WKH�UHVXOWV�RI �WKH�SUHVHQW�VWXG\�LV�
UHTXLUHG�IRU� WKH�UHFRQVWUXFWLRQ�RI � WKH�VLWHV�DQG�
UHYHUWLQJ�WKH�IORUD�GLYHUVLW\�DQG�FRPSRVLWLRQ��DQG�
HFRORJ\�RI �WKH�IRUHVW�
� 7KH�SUHVHQW�VWXG\�FRQWULEXWHV�WR�VXSSRUW�WKH�
PDQDJHPHQW� RI � ELRGLYHUVLW\� DQG� IRUHVW�
FRQVHUYDWLRQ�DIWHU�FRDO�PLQLQJ��7KH�VWXG\�LV�DOVR�
UHTXLUHG�IRU�UHKDELOLWDWLRQ�SURJUDP�RI �GHJUDGHG�
SRVW�PLQLQJ�ODQGV��7KH�VRLO�FKHPLVWU\�WKDW�PRVW�
LQIOXHQFHV�WKH�H[LVWHQFH�RI �VSHFLHV�RI �WKH�6KRUHD�
IDPLO\�LV�&�1�UDWLR�DQG�WRWDO�QLWURJHQ��7KH�&�1�
UDWLR� FDQ� H[SODLQ� WKH� VSHHG� RI � RYHUKDXOLQJ�
RUJDQLF�PDWWHU� LQ� WKH� IRUP� RI � FKHPLFDO�ERXQG�
QXWULHQW� GHFRPSRVLWLRQ� DQG� PLQHUDOL]DWLRQ� LQ�
WKH�IRUP�RI �FRPSOH[�FRPSRXQGV��:KHQ�SODQWLQJ�
DW� SRVW�PLQLQJ� DUHDV�� LW
V� DGYLVDEOH� WR� XVH�
DGGLWLRQDO� RUJDQLF� PDWHULDOV�� VXFK� DV� FRPSRVW��
PDQXUH��RU�WKH�DGGLWLRQ�RI �FDOFLXP��GHSHQGLQJ�RQ�
WKH�GHILFLHQF\�LQ�RUJDQLF�PDWWHU�DQG�DFLGLW\�OHYHO�
RI �WKH�VRLO�
� 7KHUH�DUH�VHYHUDO�VSHFLHV�LQFOXGHG�LQ�WKH�,8&1�
UHG� OLVW�� ZLWK� FULWLFDOO\� HQGDQJHUHG� FDWHJRU\��
QDPHO\� �� �DQG�6KRUHD� OHSURVXOD 'LSWHURFDUSXV� FRUQXWXV
+RSHD� IHUUXJLQHD��7KH� GRPLQDQFH� RI � WKH� YDULRXV�
6KRUHD� SODQWV� WKDW� DUH� LQFOXGHG� LQ� WKH� ,8&1�
UHGOLVW�� DV� ZHOO� DV� RWKHU� GRPLQDQW� ORFDO� VSHFLHV�
VKRXOG�EH�JLYHQ�SULRULW\�DV�WKH�VSHFLHV�XVHG�LQ�WKH�
UHVWRUDWLRQ� RI � SRVW�PLQLQJ� DUHDV� GXH� WR� WKHLU�
HFRORJLFDO�VXLWDELOLW\�ZLWK�IRUHVW�HFRV\VWHPV�LQ�WKH�
VWXG\�VLWHV�

&21&/86,21

� 7KH�GLYHUVLW\�RI �SODQWV�LQ�%HVLT�%HUPDL�IRUHVW�
ZDV� UHODWLYHO\� KLJK�� ZLWK� 6KDQQRQ�:LHQHU�
GLYHUVLW\�LQGH[��+
�������������DQG������IRU�WUHH��
VDS O LQJ � DQG� XQGHUV WRU \� � UHVSHFW LYH O\� �
'LSWHURFDUSDFHDH�ZDV�WKH�PRVW�FRPPPRQ�SODQW�
IDPLO\� IRU� WUHH� DQG� VDSOLQJV��ZKLOH�0DUDQWDFHDH�
ZDV�WKH�GRPLQDQW�IDPLO\�IRU�XQGHUVWRU\��(GDSKLF�
IDFWRUV� WKDW� KDG� WKH� KLJKHVW� LQIOXHQFH� RQ� WKH�
RFFXUHQFH� DQG� HVWDEOLVKPHQW� RI � IORUD� LQ� %HVLT�
%HUPDL�IRUHVW�ZHUH�WRWDO�1�DQG�&�1�UDWLR��7KH�
SUHVHQW� VWXG\� KDV� DQ� LPSOLFDWLRQ� WR� VXSSRUW�
PDQDJHPHQW� RI � ELRGLYHUVLW\� DQG� IRUHVW�
FRQVHUYDWLRQ�

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

� :H� ZRXOG� OLNH� WR� WKDQN� WKH� WHDP� RI �
H[SORUDWLRQ� IRU� WKH� DVVLVWDQFH� LQ� WKH� ILHOG��7KLV�
UHVHDUFK�ZDV�VXSSRUWHG�E\�5HVHDUFK�3URJUDP�RQ�
3ODQW� 'LYHUVLW\� DQG� +DELWDW� LQ� FRDO� PLQLQJ�
H[SORUDWLRQ�DUHDV�RI �37��%KDULQWR�(NDWDPD�DQG�
37��,QGR�7DPEDQJUD\D�0HJDK�7EN�EUDQFK��:HVW�
.XWDL��(DVW�.DOLPDQWDQ�

5()(5(1&(6

$GGR�)RUGMRXU�3��2EHQJ�6��$QQLQJ�$.��$GGR�0*��������
)ORULVWLF� FRPSRVLWLRQ�� VWUXFWXUH� DQG� QDWXUDO�
UHJHQHUDWLRQ� LQ� D� PRLVW� VHPL�GHFLGXRXV� IRUHVW�
IROORZLQJ� DQWKURSRJHQLF� GLVWXUEDQFHV� DQG� SODQW�
LQYDVLRQ��,QW�-�%LRGLYHUV�&RQVHUY��������������

$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����������������

$VKWRQ� 06�� *XQDWLOOHNH� &96�� *XQDWLOOHNH� ,$81��
6LQJKDNXPDUD� %03�� *DPDJH� 6�� 6KLED\DPD� 7��
7RPLPXUD� &�� ������ 5HVWRUDWLRQ� RI � UDLQ� IRUHVW�
EHQHDWK� SLQH� SODQWDWLRQV�� $� UHOD\� IORULVWLF� PRGHO�
ZLWK� VSHFLDO� DSSOLFDWLRQ� WR� WURSLFDO� 6RXWK� $VLD��
)RUHVW�(FRO�0DQDJ��������²��

%UXKO� &$�� (OW]� 7�� ������ )XHOOLQJ� WKH� ELRGLYHUVLW\� FULVLV��
6SHFLHV� ORVV�RI �JURXQG�GZHOOLQJ� IRUHVW� DQWV� LQ�RLO�
SDOP� SODQWDWLRQV� LQ� 6DEDK�� 0DOD\VLD� �%RUQHR���
%LRGLYHUV�&RQVHUY������ ��������

%XGLKDUWD� 6�� ������ )ORULVWLF� FRPSRVLWLRQ� DW� ELRGLYHUVLW\�
SURWHFWLRQ� DUHD� LQ� /XEXN� .DNDS�� 'LVWULFW� RI �
.HWDSDQJ�� :HVW� .DOLPDQWDQ � %LRGLYHUVLWDV��
������������

%,27523,$�9RO�����1R���������
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%XVFK�-��)HUUHWWL�*DOORQ�.��������:KDW�GULYHV�GHIRUHVWDWLRQ�
DQG� ZKDW� VWRSV� LW"� $� PHWD�DQDO\VLV�� 5HY� (QYLURQ�
(FRQ�3ROLF\������������

GH�%UX\Q�0��6WHOEULQN�%��0RUOH\�5-��+DOO�5��&DUYDOKR�*5��
&DQQRQ� &+�� 0DLRUDQR� /�� ������ %RUQHR� DQG�
,QGRFKLQD� DUH� PDMRU� HYROXWLRQDU\� KRWVSRWV� IRU�
6RXWKHDVW� $VLDQ� ELRGLYHUVLW\�� 6\VW� %LRO� ����������
����

)HUR]� 60�� 0DPXQ� $$�� .DELU� 0(�� ������ &RPSRVLWLRQ��
GLYHUVLW\� DQG� GLVWULEXWLRQ� RI � ZRRG\� VSHFLHV� LQ�
UHODWLRQ� WR� YHUWLFDO� VWUDWLILFDWLRQ� RI � D� WURSLFDO� ZHW�
HYHUJUHHQ�IRUHVW�LQ�%DQJODGHVK��*ORE�(FRO�&RQVHUY�
�����²���

*DLWKHU�05��5RFKD�/$��������2ULJLQV�RI �VSHFLHV�ULFKQHVV�LQ�
WKH� ,QGR�0DOD\�3KLOLSSLQH� ELRGLYHUVLW\� KRWVSRW��
(YLGHQFH� IRU� WKH� FHQWUH� RI � RYHUODS� K\SRWKHVLV�� -�
%LRJHRJU��������²���

*DXWDP�0.��0DQKDV�5.��7ULSDWKL�$.��������2YHUVWRU\�
VWUXFWXUH�DQG�VRLO�QXWULHQWV�HIIHFW�RQ�SODQW�GLYHUVLW\�
LQ� XQPDQDJHG� PRLVW� WURSLFDO� IRUHVW�� $FWD� 2HFRO�
���������

*DYHDX�'/��.VKDWUL\D�0�� 6KHLO�'�� 6ORDQ� 6��0ROLGHQD�(��
:LMD\D�$��*XDULJXDWD�05��������5HFRQFLOLQJ�IRUHVW�
FRQVHUYDWLRQ� DQG� ORJJLQJ� LQ� ,QGRQHVLDQ� %RUQHR��
3/R6�21(������H�����

*DYHDX� '/$�� 6KHLO� '�� � +XVQD\DHQ�� 6DOLP� 0$��
$UMDVDNXVXPD�6��$QFUHQD]�0��3DFKHFR�3��0HLMDDUG�
(�� ������ 5DSLG� FRQYHUVLRQV� DQG� DYRLGHG�
GHIRUHVWDWLRQ��([DPLQLQJ�IRXU�GHFDGHV�RI �LQGXVWULDO�
SODQWDWLRQ�H[SDQVLRQ�LQ�%RUQHR��6FL�5HS������

*LOLED� 5$�� %RRQ� (.�� .D\RPER� &-�� 0XVDPED� (%��
.DVKLQG\H� $0�� 6KD\R� 3)�� ������ 6SHFLHV�
FRPSRVLWLRQ�� ULFKQHVV� DQG� GLYHUVLW\� LQ� 0LRPER�
:RRGODQG� RI � %HUHNX� )RUHVW� 5HVHUYH�� 7DQ]DQLD�� -�
%LRGLYHUV�������²��

*LOPDQ�$&��/HWFKHU�6*��)LQFKHU�50��3HUH]�$,��0DGHOO�7:��
)LQNHOVWHLQ�$/��&RUUDOHVø$UD\D�)��������5HFRYHU\�RI �
IORULVWLF� GLYHUVLW\� DQG� EDVDO� DUHD� LQ� QDWXUDO� IRUHVW�
UHJHQHUDWLRQ�DQG�SODQWHG�SORWV�LQ�D�&RVWD�5LFDQ�ZHW�
IRUHVW��%LRWURSLFD���������������

*RGRRQJ� (�� :DL� <6�� +HFWRU� $�� ������ )RUHVW� VWUXFWXUH�
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