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)RFXV�DQG�6FRSH
7KH� $IULFDQ� -RXUQDO� RI � 7URSLFDO�0HGLFLQH� DQG�
%LRPHGLFDO� 5HVHDUFK� LV� D� PXOWLGLVFLSOLQDU\� DQG�
LQWHUQDWLRQDO�MRXUQDO�SXEOLVKHG�E\�WKH�&ROOHJH�RI �
+HDOWK�6FLHQFHV��'HOWD�6WDWH�8QLYHUVLW\�RI �$EUDND��
1LJHULD��,W�SURYLGHV�D�IRUXP�IRU�$XWKRUV�ZRUNLQJ�
LQ�$IULFD� WR� VKDUH� WKHLU� UHVHDUFK� ILQGLQJV�RQ� DOO�
DVSHFWV� RI � 7URSLFDO� 0HGLFLQH� DQG� %LRPHGLFDO�
6FLHQFHV�DQG� WR�GLVVHPLQDWH� LQQRYDWLYH�� UHOHYDQW�
DQG�XVHIXO�LQIRUPDWLRQ�RQ�WURSLFDO�PHGLFLQH�DQG�
ELRPHGLFDO� VFLHQFHV� WKURXJKRXW� WKH� FRQWLQHQW��
7KH�MRXUQDO� � �ZLOO� � �SXEOLVK� � �RULJLQDO� � �UHVHDUFK� � �
DUWLFOHV�� UHYLHZV�� HGLWRULDOV�� FRPPHQWDULHV�� VKRUW�
UHSRUWV�� FDVH� UHSRUWV� DQG� OHWWHUV� WR� WKH� HGLWRU�� �
$UWLFOHV�DUH�ZHOFRPH�LQ�DOO�EUDQFKHV�RI �PHGLFLQH�
DQG�GHQWLVWU\�LQFOXGLQJ�EDVLF�VFLHQFHV��$QDWRP\��
%LRFKHPLVWU\�� 3K\VLRORJ\�� 3KDUPDFRORJ\��
3V\FKRORJ\��1XUVLQJ�HWF��DQG�FOLQLFDO� � � �VFLHQFHV�
�,QWHUQDO� 0HGLFLQH�� 6XUJHU\�� 2EVWHWULFV� DQG�
*\QDHFRORJ\�� 'HQWDO� VXUJHU\�� &KLOG� +HDOWK��
/DERUDWRU\� 6FLHQFHV�� 5DGLRORJ\�� &RPPXQLW\�
0HGLFLQH�� HWF��� $UWLFOHV� DUH� DOVR� ZHOFRPH� IURP�
VRFLDO� VFLHQFH� UHVHDUFKHUV� WKDW� GRFXPHQW� WKH�
LQWHUPHGLDWLQJ� DQG� EDFNJURXQG� VRFLDO� IDFWRUV�
LQIOXHQFLQJ�KHDOWK�LQ�FRXQWULHV�RI �$IULFD��3ULRULW\�
ZLOO�EH�JLYHQ�WR�SXEOLFDWLRQ�RI �DUWLFOHV�WKDW�GHVFULEH�
WKH� DSSOLFDWLRQ� RI � � � WKH� SULQFLSOHV� RI � SULPDU\�
KHDOWK� FDUH� LQ� WKH� SUHYHQWLRQ� DQG� WUHDWPHQW� RI �
GLVHDVHV�

(GLWRULDO�1RWLFHV
7KH� MRXUQDO�ZLOO� EH� SXEOLVKHG� ELDQQXDOO\� LQ� WKH�
PRQWKV� RI � 0DUFK� DQG� 6HSWHPEHU�� $QQXDO�
VXEVFULSWLRQ�IHH�LQ�1LJHULD�LV�WZR�WKRXVDQG�QDLUD�
�1������� SHU� YROXPH� ��LVVXHV��� 2QH�WKRXVDQG�
QDLUD� VLQJOH� FRS\� �1������� 7KH� DQQXDO�
VXEVFULSWLRQ�UDWH�IRU�RWKHU�SDUWV�RI �WKH�ZRUOG�LV�DV�
IROORZV�� �8QLWHG�.LQJGRP������SRVW�IUHH��� �:HVW�
$IULFD������SRVW�IUHH���7KH�UHVW�RI �WKH�:RUOG�DQG�
WKH�8QLWHG�6WDWHV�RI �$PHULFD�������SRVW�IUHH���$�
FKDUJH�RI ����� LV�PDGH� IRU� UHSULQWV� LQFOXVLYH�RI �
SRVWDJH�� &KHTXHV� VKRXOG� PDGH� SD\DEOH� WR� WKH�
$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�

%LRPHGLFDO�5HVHDUFK�DQG�DGGUHVVHG�WR�WKH�(GLWRU�
LQ�&KLHI�

-RXUQDO�&RQWDFW
$OO�FRUUHVSRQGHQFH��LQFOXGLQJ�PDQXVFULSWV�IRU�
SXEOLFDWLRQ��LQ�WULSOLFDWH��VKRXOG�EH�DGGUHVVHG�WR�
� 3URIHVVRU�3�6��,JELJEL�
� 7KH�(GLWRU�LQ�&KLHI��
� 'HSDUWPHQW�RI �$QDWRP\�
� )DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��
� &ROOHJH�RI �+HDOWK�6FLHQFHV�
� 'HOWD�6WDWH�8QLYHUVLW\��$EUDND��
� 'HOWD�6WDWH��1LJHULD�
�
� 2U�
� 3URIHVVRU�/DZUHQFH�2PR�$JKRMD
� (GLWRU
� 'HSDUWPHQW�RI �2EVWHWULFV�DQG
� *\QHFRORJ\�
� )DFXOW\�RI �&OLQLFDO�0HGLFLQH���
� 'HOWD�6WDWH�8QLYHUVLW\��$EUDND��1LJHULD�
� (PDLO��MRXUQDODMWPEU#\DKRR�FRP�
� &F��DOO�HPDLO�WR�� � �
� HJXRQRB����#\DKRR�FRP
� 7HO�������������

$OO�DXWKRUV�DUH�DGYLVHG�WR�VXEPLW�DQ�HOHFWURQLF�FRS\�
LQ� &'�520� DORQJ� ZLWK� D� KDUG� FRS\� RI � WKHLU�
PDQXVFULSW��DV�WKLV�ZLOO�VSDUH�UHPDUNDEOH�WLPH�LQ�WKH�
UHYLHZLQJ�DQG�W\SHVHWWLQJ�SURFHVVHV�

,Q�WKH�DOWHUQDWLYH��DXWKRUV�FDQ�VXEPLW�WKHLU�DUWLFOHV�
DQG� FRYHULQJ� OHWWHU� E\� HPDLO� DWWDFKPHQWV�� $�
FRYHULQJ� OHWWHU� �VLJQHG� E\� DOO� DXWKRUV��
DFFRPSDQ\LQJ�WKH�PDQXVFULSW�VKRXOG�FHUWLI\�WKDW�
WKH�DUWLFOH�KDV�QRW�EHHQ�SUHYLRXVO\�SXEOLVKHG�DQG�LV�
QRW�EHLQJ�FRQVLGHUHG�IRU�SXEOLFDWLRQ�HOVHZKHUH�

,QIRUPDWLRQ�IRU�$XWKRUV
$OO� PDQXVFULSW� DUH� SHHU�UHYLHZHG� DQG� DFFHSWHG�
ZLWK�WKH�XQGHUVWDQGLQJ�WKDW�WKH�ZRUN�KDV�QRW�EHHQ�
SXEOLVKHG� RU� EHLQJ� FRQVLGHUHG� IRU� SXEOLFDWLRQ�
HOVHZKHUH���,QGHHG��WKH�DXWKRUV�ZRXOG�EH�UHTXHVWHG�
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WR� VLJQ� D� FRS\ULJKW� IRUP� WUDQVIHUULQJ� WKH�
RZQHUVKLS�RI �WKH�SDSHU�WR�WKH�$IULFDQ�-RXUQDO�RI �
7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��$OO�
DUWLFOHV� PXVW� LQFOXGH� WKH� FRUUHFW� QDPHV� DQG�
DGGUHVVHV�RI �DXWKRU�V��LQFOXGLQJ�H�PDLO�DGGUHVVHV�
DQG�WHOHSKRQH�QXPEHUV���$UWLFOHV�ZLOO�EH�VXEMHFWHG�
WR� D� WKRURXJK� SHHU� UHYLHZ� SURFHVV� EHIRUH� DQ\�
GHFLVLRQ� LV� PDGH� WR� SXEOLVK� RU� QRW�� � $XWKRUV� � �
VKRXOG�QRWH�WKDW�WKH�$IULFDQ�-RXUQDO�RI �7URSLFDO�
0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK�LV�QRW�XQGHU�
DQ\� REOLJDWLRQ� WR� SXEOLVK� DUWLFOHV� VXEPLWWHG�� DV�
GHFLVLRQ� WR� SXEOLVK� ZLOO� EH� EDVHG� RQ�
UHFRPPHQGDWLRQV�RI �UHYLHZHUV�DQG�WKH�HGLWRULDO�
DGYLVRU\�ERDUG�

0DQXVFULSWV
$UWLFOHV�VXEPLWWHG�IRU�SXEOLFDWLRQ�VKRXOG�EH�W\SHG�
GRXEOH�VSDFHG� ZLWK� ���FP� PDUJLQV� ZLWK�
DFFRPSDQ\LQJ� &'�520� LQ� 0LFURVRIW� :RUG�
IRUPDW� IRU� HDV\� DQG� TXLFN� SHHU� UHYLHZ� DQG�
W\SHVHWWLQJ��(DFK�RI �WKH�IROORZLQJ�VHFWLRQV�VKRXOG�
EHJLQ� LQ� D� QHZ� SDJH�� WLWOH� SDJH�� DEVWUDFW��
LQWURGXFWLRQ�� PDWHULDOV� DQG� PHWKRGV�� UHVXOWV��
GLVFXVVLRQ�� DFNQRZOHGJPHQW� �V��� UHIHUHQFHV��
WDEOHV�� OHJHQGV� WR� ILJXUHV� DQG� LOOXVWUDWLRQV�� 7KH�
PDQXVFULSW�VKRXOG�LQFOXGH�

7LWOH�3DJH
7KH� WLWOH� SDJH� VKRXOG� LQFOXGH� WKH� IROORZLQJ�
LQIRUPDWLRQ�� ��� WKH� WLWOH� DQG� VXE�WLWOH�� ��� WKH�
QDPH�V��RI �WKH�DXWKRU�V������WKH�DIILOLDWLRQ�V��RI �WKH�
DXWKRU�V��� ��� QDPH� DQG� DGGUHVV� RI � WKH�
FRUUHVSRQGLQJ�DXWKRU�DQG����WKUHH�WR�VL[�NH\�ZRUGV�
IRU�LQGH[LQJ�DQG�UHWULHYDO�SXUSRVHV�

$EVWUDFW
7KH�DEVWUDFW�VKRXOG�EH�VWUXFWXUHG�DQG�QRW�PRUH�
WKDQ� ���� ZRUGV�� ,W� VKRXOG� FDUU\� WKH� IROORZLQJ�
KHDGLQJV�� ,QWURGXFWLRQ��0DWHULDOV� DQG�0HWKRGV��
5HVXOWV�DQG�&RQFOXVLRQ�

2ULJLQDO� 5HVHDUFK�� 7KH� MRXUQDO� ZHOFRPHV�

DUWLFOHV� UHSRUWLQJ� RQ� RULJLQDO� UHVHDUFK�� LQFOXGLQJ�
ERWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� VWXGLHV�� )XOO�
OHQJWK�DUWLFOHV�VKRXOG�JHQHUDOO\�QRW�H[FHHG������
ZRUGV�� H[FOXGLQJ� DEVWUDFW�� WDEOHV�� ILJXUHV�� DQG�
UHIHUHQFHV�� 7KH� VXEMHFW� PDWWHU� VKRXOG� EH�
RUJDQLVHG�XQGHU� DSSURSULDWH�KHDGLQJV� DQG� VXE�
KHDGLQJV�DV�LWHPL]HG�DERYH�

5HYLHZ�$UWLFOHV��&RPSUHKHQVLYH�UHYLHZ�DUWLFOHV�
RQ�DOO�DVSHFWV�RI �WURSLFDO�PHGLFLQH�DQG�ELRPHGLFDO�
VFLHQFHV�ZLOO�DOVR�EH�FRQVLGHUHG�IRU�SXEOLFDWLRQ�LQ�
WKH�MRXUQDO�� �5HYLHZV�VKRXOG�SURYLGH�D�WKRURXJK�
RYHUYLHZ�RI �WKH�WRSLF�DQG�VKRXOG�LQFRUSRUDWH�WKH�
PRVW� FXUUHQW� UHVHDUFK�� 7KH� OHQJWK� RI � UHYLHZ�
DUWLFOHV� PXVW� QRW� H[FHHG� ������ ZRUGV� DQG� WKH�
RUJDQLVDWLRQDO� KHDGLQJV� DQG� VXE�KHDGLQJV� XVHG�
DUH�DW�WKH�DXWKRU
V�GLVFUHWLRQ�

6KRUW� 5HSRUWV� �� %ULHI � GHVFULSWLRQV� RI �
SUHOLPLQDU\�UHVHDUFK�ILQGLQJV�RU�LQWHUHVWLQJ�FDVH�
VWXGLHV�ZLOO�EH�FRQVLGHUHG�IRU�SXEOLFDWLRQ�DV�VKRUW�
UHSRUWV�� �7KH� OHQJWK�RI � WKH�DEVWUDFW�DQG�DUWLFOH�
VKRXOG� EH� UHVWULFWHG� WR� ���� DQG� ������ ZRUGV�
UHVSHFWLYHO\�DQG�RUJDQLVDWLRQ�RI �VKRUW�UHSRUWV�DUH�
OHIW�WR�WKH�DXWKRU
V�GLVFUHWLRQ�

&RPPHQWDULHV�RU�(GLWRULDOV�� �&RPPHQWDULHV�
RU�HGLWRULDOV�RQ�DQ\�DVSHFW�RI �WURSLFDO�PHGLFLQH�
DQG� ELRPHGLFDO� VFLHQFHV� LQ� $IULFD� ZLOO� EH�
FRQVLGHUHG� IRU� SXEOLFDWLRQ� LQ� WKH� MRXUQDO��
2SLQLRQ� SLHFHV� QHHG� QRW� UHIHUHQFH� SUHYLRXV�
UHVHDUFK��EXW� UDWKHU� UHIOHFW� WKH�RSLQLRQV�RI � WKH�
DXWKRU�V��� �7KH� OHQJWK�VKRXOG�QRW�H[FHHG�������
ZRUGV�

7DEOHV�DQG�)LJXUHV
$OO� WDEOHV� DQG� ILJXUHV� VKRXOG� EH� VXEPLWWHG� RQ�
VHSDUDWH� VKHHWV� RI � SDSHU� DQG� VKRXOG� EH� FOHDUO\�
ODEHOOHG�� � �&RORXUHG� WDEOHV� DQG� ILJXUHV�PD\� EH�
UHSULQWHG� LQ� EODFN� DQG� ZKLWH�� $XWKRUV� VKRXOG�
HVSHFLDOO\� WDNH� FDUH� WKDW� DOO� WDEOHV� DUH� FOHDU� DQG�
XQGHUVWDQGDEOH�E\�WKHPVHOYHV��LQGHSHQGHQW�RI �
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WKH�WH[W��$�UHDGHU�VKRXOG�EH�DEOH�WR�UHDG�RQO\�WKH�
WDEOHV�DQG�HDVLO\�JUDVS�DOO� LQIRUPDWLRQ�ZLWKRXW�
WKH�WH[W�

$FNQRZOHGJPHQWV
$FNQRZOHGJPHQWV� VKRXOG� EH� LQFOXGHG� RQ� D�
VHSDUDWH�VKHHW�RI �SDSHU�DQG�VKRXOG�QRW�H[FHHG�
���ZRUGV�� )XQGLQJ� VRXUFHV� VKRXOG� EH� QRWHG�
KHUH�

5HIHUHQFHV
5HIHUHQFHV�VKRXOG�EH�LQ�WKH�9DQFRXYHU�VW\OH�DQG�
QXPEHUHG�FRQVHFXWLYHO\� LQ� WKH�RUGHU� LQ�ZKLFK�
WKH\�DUH�PHQWLRQHG�LQ�WKH�WH[W��7LWOHV�RI �MRXUQDOV�
VKRXOG� EH� DEEUHYLDWHG� DFFRUGLQJ� WR� WKH� ,QGH[�
0HGLFXV� VW\OH�� $XWKRUV� PXVW� FURVV�FKHFN� DQG�
PDNH�VXUH�WKDW�DOO� LQIRUPDWLRQ�SURYLGHG�LQ�WKH�
UHIHUHQFH�OLVW�LV�FRPSOHWH�DQG�FRUUHFWO\�ZULWWHQ��
5HIHUHQFH�QXPEHUV�VKRXOG�EH�LQVHUWHG�DERYH�WKH�
OLQH�RQ�HDFK�RFFDVLRQ�D�UHIHUHQFH�LV�FLWHG�LQ�WKH�
WH[W�� H�J���«� DV� ���� UHSRUWHG� LQ� RWKHU� VWXGLHV��
1XPEHUHG�UHIHUHQFHV�VKRXOG�DSSHDU�DW�WKH�HQG�
RI �WKH�DUWLFOH�DQG�VKRXOG�LQFOXGH�WKH�QDPHV�DQG�
LQLWLDOV�RI �DOO�DXWKRUV���7KH�IRUPDW�RI �UHIHUHQFHV�
VKRXOG� EH� DV� SXEOLVKHG� E\� WKH� ,QWHUQDWLRQDO�
&RPPLWWHH� RI �0HGLFDO� -RXUQDO� (GLWRUV� LQ� WKH�
%ULWLVK�0HGLFDO�-RXUQDO�������YROXPH������SDJHV�

���������7KH�IROORZLQJ�DUH�VDPSOH�UHIHUHQFHV�IRU�
DQ�DUWLFOH�SXEOLVKHG�LQ�D�MRXUQDO�DQG�IRU�D�ERRN��
$KPHG� <�� � 0ZDED� 3�� &KLQWX� &�� *UDQJH� -0��
8VWLDQRZVNL�$��=XPOD�$��$� VWXG\�RI �PDWHUQDO�
PRUWDOLW\�DW�WKH�8QLYHUVLW\�7HDFKLQJ� � �+RVSLWDO��
/XVDND��=DPELD��WKH�HPHUJHQFH�RI �WXEHUFXORVLV�
DV�D�PDMRU�QRQ�REVWHWULF�FDXVH�RI �PDWHUQDO�GHDWK��
,QW�-�7XEHUF�/XQJ�'LV�������������������:KLWE\�
/*�� 6PLWK� $)�� %HFNHWW� *-�� (Q]\PH� 7HVWV� LQ�
'LDJQRVLV�� ,Q�� /HFWXUH� 1RWHV� RQ� &OLQLFDO�
&KHPLVWU\��:KLWE\�/*��6PLWK�$)�	�%HFNHWW�*-WK�
�HGV�����HGLWLRQV��%ODFNZHOO�6FLHQWLILF�3XEOLFDWLRQV��
��������������

8QLWV�RI �0HDVXUHPHQW
$OO� PHDVXUHPHQWV� VKRXOG� EH� H[SUHVVHG� LQ� 6,�
�6\VWHPH�,QWHUQDWLRQDO��8QLWV�

*DOOH\�SURRIV
&RUUHFWLRQV� RI � JDOOH\� SURRIV� VKRXOG� EH� VWULFWO\�
UHVWULFWHG� WR� 3ULQWHU
V� HUURU� RQO\�� 2UGHUV� IRU�
RIISULQWV�VKRXOG� � �EH�PDGH�ZKHQ�WKH�FRUUHFWHG�
SURRIV�DUH�EHLQJ�UHWXUQHG�E\�WKH�DXWKRUV���$UWLFOHV�
DFFHSWHG�IRU�SXEOLFDWLRQ�UHPDLQ�WKH�SURSHUW\�RI �
WKH�MRXUQDO�DQG�FDQ�RQO\�EH�UHSURGXFHG�HOVHZKHUH�
LQ�OLQH�ZLWK�VHFWLRQ���RI �WKH�FRS\ULJKW�DJUHHPHQW�
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7DEOH�RI �&RQWHQWV

2ULJLQDO�$UWLFOHV
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%ORRG�SUHVVXUH�DQG�DVVRFLDWHG�ULVN� IDFWRUV�RI �K\SHUWHQVLRQ� LQ�SDWLHQWV�DWWHQGLQJ�D�)DPLO\�
0HGLFLQH�&OLQLF�LQ�'HOWD�6WDWH��1LJHULD�

3K\WRFKHPLFDO��$FXWH�7R[LFLW\��DQG�$QWL�SODVPRGLDO�3RWHQWLDO�RI �&RQFRPLWDQW�([WUDFWV�RI�
$]DGLUDFKWD�LQGLFD�DQG�0DQJLIHUD�LQGLFD�RQ�/LYHU�)XQFWLRQ�DQG�0LFURVFRSLF�$QDWRP\�LQ�6ZLVV�
0LFH

3DWWHUQ�RI �)HPDOH�*HQLWDO�7UDFW�0DOLJQDQFLHV�DW�'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��
2JKDUD��1LJHULD

'LVWULEXWLRQ�DQG�IUHTXHQF\�RI �EORRG�JURXSV�DQG�KDHPRJORELQ�JHQRW\SH�SDWWHUQ�DPRQJ�EORRG�
GRQRUV�LQ�D�WHUWLDU\�KRVSLWDO�LQ�VRXWKHUQ�1LJHULD

6RFLR�FOLQLFDO�DQG�,PPXQR�LQIODPPDWRU\�UHODWHG�GLIIHUHQFHV�EHWZHHQ�HDUO\�RQVHW�DQG� ODWH�
RQVHW�FRORUHFWDO�FDQFHU

3ODWHOHW�&RXQW�9DULDELOLW\�LQ�%UHDVW�&DQFHU�3DWLHQWV�8QGHUJRLQJ�&KHPRWKHUDS\��,PSOLFDWLRQ�
IRU�+DHPDWRSRLHWLF�6\VWHP�+HDOWK
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�����'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3���� DQG�3��� LQ�3DWLHQWV�ZLWK� 6FKL]RSKUHQLD� DW� D�
7HUWLDU\�+RVSLWDO�LQ�6RNRWR��1LJHULD
$GHELVL�$6��2QZXFKHNZD�&��8VPDQ�8]��6KLLWX�%6

(FKRQZHUH�8ZLNRU�%(��&KXNZX�3+��.HQ�(]LKXR�68��

2NR\H�-2��&KLHPHND�0(��0HQNLWL�)(��,KHDNZRDED�(&��$JEDNRED�1��2UZD�-

'LULVX��,0��2NXRQJKDH��(0

(VHPXHGH�2��2NKLRQNSDPZRQ\L�2���$EHGL�+2

8GRK��0,��(GDJKD�,$��3HWHU�$,��8GREDQJ�-$��3HWHU�$-��8GRWRQJ�,8��$WDEHQ�0$

(EHUHJKZD�(0���2UKH�2*��$Q\DQZX�%(





6RFLR�FOLQLFDO� DQG� ,PPXQR�LQIODPPDWRU\�UHODWHG�
GLIIHUHQFHV� EHWZHHQ� HDUO\�RQVHW� DQG� ODWH�RQVHW�
FRORUHFWDO�FDQFHU

� � � � � �2NR\H�-2� �
�&KLHPHND�0(� �0HQNLWL�)(� �,KHNZRDED�(&� �$JEDNRED�1� �2UZD�-

$EVWUDFW
,QWURGXFWLRQ��7KLV�VWXG\�DLPHG�WR�LGHQWLI\�VRFLR�FOLQLFDO�DQG�LPPXQR�LQIODPPDWRU\�PDUNHUV�RI �HDUO\�
RQVHW�FRORUHFWDO�FDQFHU��&5&��IRU�HDUO\�GHWHFWLRQ�RI �DJJUHVVLYH�FDQFHU�LQ�6RXWKHUQ�1LJHULD

0DWHULDO�DQG�0HWKRGV��7KLV�VWXG\�LQFOXGHG����SDWLHQWV�ZLWK�&5&�GLDJQRVHG�IURP�-DQ�������WR�'HF��
������7KH�SDWLHQWV�ZHUH�VXE�JURXSHG�EDVHG�RQ�DJH�DQG�FKHPRWKHUDS\�UHVSRQVH��7KH�QHXWURSKLO�WR�
O\PSKRF\WH� UDWLR� �1/5��� O\PSKRF\WH�WR�PRQRF\WH� UDWLR� �/05��� SODWHOHW�WR�O\PSKRF\WH� UDWLR� �3/5���
SODWHOHWV�QHXWURSKLOV�WR�O\PSKRF\WHV� UDWLR� �31/5��� DQG� QHXWURSKLOV�WR�O\PSKRF\WHV� SODWHOHWV� UDWLR�
�1/35��ZHUH�DVVHVVHG�DQG�DQDO\]HG�DFFRUGLQJO\��6LJQLILFDQFH�ZDV�VHW�DW�S��������

5HVXOWV��0HWDVWDWLF�DQG�VWDJH�,,,�,9�&5&V�ZHUH�SUHYDOHQW�DPRQJ�SDWLHQWV�ROGHU�WKDQ����\HDUV�FRPSDUHG�
ZLWK�SDWLHQWV�DJHG����\HDUV�RU�OHVV��S���������$PRQJ�SDWLHQWV�DJHG�!����\HDUV��WKH�SUH�WUHDWPHQW��SUH�7��WR�
SRVW�WUHDWPHQW� �SRVW�7�� WRWDO� ZKLWH� EORRG� FHOO� FRXQW� �7:%&��� QHXWURSKLOV�� PRQRF\WHV�� DQG�1/35�
VLJQLILFDQWO\�LQFUHDVHG�ZKHUHDV�WKH�SRVW�7�O\PSKRF\WH�FRXQW�DQG�/05�VLJQLILFDQWO\�GHFOLQHG��S���������

�7KH�3RVW�7�7:%&�FRXQW�ZDV�VLJQLILFDQWO\�KLJKHU�DPRQJ�SDWLHQWV�DJHG�!����\HDUV�����������������A �/��
�FRPSDUHG�ZLWK�SDWLHQWV����\HDUV�ROG�RU�\RXQJHU����������������A �/��ZKHUHDV�WKH�3RVW�7�PRQRF\WH�FRXQW�

DQG�/05�ZHUH�ORZHU�DPRQJ�WKH�IRUPHU��������������DQG��������������WKDQ�WKH�SRVW�7�YDOXHV�RI �SDWLHQWV�
ZKR�ZHUH������\HDUV�ROG���������������DQG���������������DW�S ���������������DQG��������UHVSHFWLYHO\��

&RQFOXVLRQ��7KLV�VWXG\�UHYHDOHG�D�KLJKHU�IUHTXHQF\�RI �&5&�DQG�PRUWDOLW\�ULVN�DPRQJ�SDWLHQWV�ROGHU�WKDQ�
���\HDUV��,W�VXJJHVWV�WKDW�6,,,�FRXOG�EH�XVHG�DV�D�SURJQRVWLF�WRRO�IRU�&5&�

.H\ZRUGV��+DHPDWRORJLFDO�LQGLFHV��JDVWURLQWHVWLQDO�FDQFHU��,PPXQH�FHOOV��&KHPRWKHUDS\��6RXWKHUQ�
1LJHULD

&RUUHVSRQGLQJ� DXWKRU�� -XGH�2JHFKXNZX�2NR\H��'HSDUWPHQW� RI �+LVWRSDWKRORJ\�� )DFXOW\� RI �0HGLFDO� /DERUDWRU\�
6FLHQFH��1QDPGL�$]LNLZH�8QLYHUVLW\��1LJHULD�

�'HSDUWPHQW�RI �+LVWRSDWKRORJ\��)DFXOW\�RI �0HGLFDO�/DERUDWRU\�6FLHQFH��1QDPGL�$]LNLZH�8QLYHUVLW\��1LJHULD�
�'HSDUWPHQW�RI �0RUELG�$QDWRP\�DQG�)RUHQVLF�6FLHQFH��1QDPGL�$]LNLZH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��1LJHULD�
�'HSDUWPHQW�RI �*DVWURHQWHURORJ\��1QDPGL�$]LNLZH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��1LJHULD�
�'HSDUWPHQW�RI �3RSXODWLRQ�+HDOWK��$JD�.KDQ�8QLYHUVLW\��1DLUREL��.HQ\D

,1752'8&7,21
$FFRUGLQJ�WR�WKH�*/2%$&$1������HVWLPDWHV��
FRORUHFWDO� FDQFHU� �&5&�� LV� WKH� WKLUG� PRVW�
FRPPRQ�FDQFHU�DQG�WKH�VHFRQG�OHDGLQJ�FDXVH�RI �

�FDQFHU�UHODWHG�GHDWKV�LQ�WKH�ZRUOG� �7KH�DYHUDJH�
DJH�VWDQGDUGL]HG� LQFLGHQW� UDWH� SHU� ��������
�$6,5�� RI � FRORQ� FDQFHU� �&&�� LQ� (XURSH��
$PHULFD��$VLD��DQG�$IULFD�ZHUH�������������������

�DQG������UHVSHFWLYHO\� �&RPSDULVRQ�RI �LQFLGHQFH�

WR�PRUWDOLW\� UHYHDOHG� ORZHU� FDVH� IDWDOLWLHV� LQ�
FRXQWULHV� ZLWK� D� KLJK�YHU\� KLJK� KXPDQ�
GHYHORSPHQW� LQGH[� �+',�� FRPSDUHG� ZLWK�
FRXQWULHV� ZLWK� D� ORZ�PHGLXP� +',�� ������ YV�

��������� �5HDVRQV�IRU�WKH�GLIIHUHQFH�EHWZHHQ�WKH�
WZR�+',V�PD\�EH�GXH�WR�GLIIHUHQFHV�LQ�WKH�VWDJH�
DW�SUHVHQWDWLRQ��DFFHVV�WR�KHDOWKFDUH�IDFLOLWLHV��DQG�

�DIIRUGDELOLW\�RI �FKHPRWKHUDS\� �$QRWKHU� UHDVRQ�
RI �QRWH�LV�WKDW�&5&V�LQ�$IULFD�DUH�YHU\�DJJUHVVLYH�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����



���DQG� XQXVXDOO\� PHWDVWDWLF� � ,Q� 1LJHULD�� IRU�
LQVWDQFH�� HYLGHQFH� VKRZV� WKDW� ����� ����� DQG�
�����RI �&5&V�DUH�SRRUO\�GLIIHUHQWLDWHG��ULJKW�

���VLGHG� �5&&��� DQG� LQYDVLYH�� UHVSHFWLYHO\� � 7KH�
5&&V� DUH� ODUJHU�� PRUH� DGYDQFHG�� DQG� SRRUO\�
GLIIHUHQWLDWHG�FRPSDUHG�ZLWK�WKH�OHIW�&&V��DQG�

���SDWLHQWV� ZLWK� 5&&V� DUH� ROGHU� � 5&&� SDWLHQWV�
KDYH�SRRUHU�RYHUDOO�VXUYLYDO� �26��DQG�GLVHDVH�
IUHH� VXUYLYDO� �')6�� UDWHV� FRPSDUHG�ZLWK�/&&�

�SDWLHQWV� �7KHVH�IDFWRUV�UHYHDO�WKH�LPSRUWDQFH�RI �
LGHQWLI\LQJ� DIIRUGDEOH� SURFHGXUHV� DQG�
ELRPDUNHUV�IRU�&5&�WKDW�DUH�DOWHUQDWLYHV�WR�WKH�
H[SHQVLYH� UHSHDWHG� LPDJLQJ� IRU� KLJK�PRUWDOLW\�
ULVN�SDWLHQWV�ZKR�DUH� LQ� ORZ�UHVRXUFH� VHWWLQJV��
2QH� VXFK� DSSURDFK� LV� SUHFLVLRQ� PHGLFLQH�� LQ�
ZKLFK� WKH� DVVHVVPHQW� RI � V\VWHPLF� LPPXQH�
LQÁDPPDWRU\��6,,,��ELRPDUNHUV�KDV�HPHUJHG�DV�

��D� SURPLVLQJ� RSWLRQ� � +LJK� SUHWUHDWPHQW�
LQÁDPPDWRU\�LQGLFHV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�
ERWK�D�JUHDWHU�ULVN�RI �FDQFHU�UHODSVH�LQ�UDGLFDOO\�
UHVHFWHG�WXPRXUV�DQG�VKRUWHU�VXUYLYDO�IRU�FDQFHU�

��SDWLHQWV�ZLWK�PHWDVWDWLF�GLVHDVH� �7KH�FLUFXODWLQJ�
KLJK� QHXWURSKLO� DQG� ORZ� O\PSKRF\WH� FRXQWV��
H V S H F L D O O \ � S R V W � F K HPR W K H U D S \� � D U H�
LQGHSHQGHQWO\� DVVRFLDWHG� ZLWK� SRRU� 26� DQG�
SURJUHVVLRQ�IUHH� VXUYLYDO� �3)6��� HVSHFLDOO\� LQ�

� �P H W D V W D W L F � & 5& � S D W L H Q W V � � $ � O RZ�
O\PSKRF\WH²PRQRF\WH�UDWLR��/05����������FDQ�
UHÁHFW� DQ� DFWLYH� LQÁDPPDWLRQ� VWDWXV� DQG� KDV�
EHHQ� DVVRFLDWHG� ZLWK� KLJK�JUDGH� WXPRXUV� DQG�
ZRUVH�26�DQG�')6�DQG�LV�PRUH�OLNHO\�WR�EH�OHIW�

��VLGHG� �7KLV�VWXG\�DVVHVVHG�WKH�FOLQLFDO�XWLOLW\�DQG�
SURJQRVWLF� YDOXH� RI � LQÁDPPDWLRQ�UHODWHG�
PDUNHUV�IRU�EHWWHU�VWUDWLÀFDWLRQ�RI �&5&�SDWLHQWV�
LQ�6RXWKHUQ�1LJHULD�

0(7+2'6

6WXG\�3RSXODWLRQ�DQG�(WKLFV
)URP� -DQXDU\� ����� WR� 'HFHPEHU� ������ ���
SDWLHQWV�ZLWK�JDVWURLQWHVWLQDO�GLVHDVHV�SUHVHQWHG�
DW� WKH� 'HSDUWPHQW� RI � *DVWURHQWHURORJ\��
1QDPGL�$]LNLZH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO�

�1$87+��� 1LJHULD�� 3DWLHQWV� ZLWK� LQDGHTXDWH�
UHFRUGV�� HVSHFLDOO\� KDHPDWRORJLFDO� SDUDPHWHUV�
�Q ���ZHUH�H[FOXGHG�IURP�WKH�VWXG\��)LQDOO\��WKLV�
VWXG\� LQFOXGHG�D� WRWDO�RI ����SDWLHQWV�GLDJQRVHG�
ZLWK�&5&�ZKR�ZHUH�OLYLQJ�LQ�$QDPEUD�6WDWH��,Q�
DGGLWLRQ�WR�VRPH�DQWLELRWLFV�DQG�VXUJHULHV��VRPH�
SDWLHQWV�UHFHLYHG�FDSHFLWDELQH�DQG�R[DOLSODWLQ�DV�
SODWLQXP�FKHPRWKHUDS\��7KLV�UHWURVSHFWLYH�VWXG\�
ZDV�DSSURYHG�E\�WKH�1$87+�HWKLFV�FRPPLWWHH�
�1$87+�&6����92/����9(5������������
������7KH�PHGLFDO� UHFRUGV�RI � WKH�SDWLHQWV�ZHUH�
DFFHVVHG�IRU�VRFLR�FOLQLFDO�GHPRJUDSKLFV�VXFK�DV�
DJH��JHQGHU��FRPRUELGLWLHV��WLPH�RI �SUHVHQWDWLRQ��
WLPH� RI � GHDWK�� DQG� FRQWDFW� IRU� IROORZ�XS�� $OO�
DQDO\VHV�ZHUH�SHUIRUPHG�E\�WKH�HWKLFDO�VWDQGDUGV�
ODLG�GRZQ�LQ�WKH�'HFODUDWLRQ�RI �+HOVLQNL�

6DPSOH�FROOHFWLRQ�DQG�KDQGOLQJ
3HULSKHUDO�ZKROH�EORRG�VDPSOHV����PO�HDFK��ZHUH�
FROOHFWHG�LQWR�('7$�FRQWDLQHUV�RQH�ZHHN�EHIRUH�
WKH� ÀUVW� FKHPRWKHUDS\� DQG� D� ZHHN� EHIRUH�
GLVFKDUJH��)XOO�EORRG�FRXQWV�ZHUH�FDUULHG�RXW�RQ�
WKH� ZKROH� EORRG� VDPSOHV� XVLQJ� D� +DHPR�
D X W R D Q D O \ ] H U � � )R O O RZ L Q J � X O W U D V R X Q G�
LQYHVWLJDWLRQV��VHFWLRQV�IURP�ELRSVLHV�RU�UHVHFWHG�
WLVVXHV�ZHUH�UHYLHZHG�IRU�HYLGHQFH�RI �PDOLJQDQF\�
DQG� PHWDVWDVLV�� 7KH� QHXWURSKLO�� O\PSKRF\WH��
SODWHOHW�� PRQRF\WH�� DQG� WRWDO� ZKLWH� FHOO� FRXQWV�

����A �/�� ZHUH� DVVHVVHG�� 2YHUDOO� VXUYLYDO� ZDV�
FDOFXODWHG� IURP� WKH� GDWH� RI � SUHVHQWDWLRQ� RU�
GLDJQRVLV�WR�WKH�GDWH�RI �GHDWK�RU�ODVW�IROORZ�XS��
7KH� EORRG� QHXWURSKLO�WR�O\PSKRF\WH� UDWLR�
�1/5��� O\PSKRF\WH�WR�PRQRF\WH� UDWLR� �/05���
SODWHOHW�WR�O\PSKRF\WH� UDWLR� �3/5��� SODWHOHWV�
QHXWURSKLOV�WR�O\PSKRF\WHV�UDWLR��31/5��>3ODWHOHW�
FRXQW�[�1HXWURSKLO�FRXQW@�/\PSKRF\WH�FRXQW����
DQG� QHXWURSKLOV�WR�O\PSKRF\WHV�SODWHOHWV� UDWLR�
�1/35�� >1HXWURSKLO� FRXQW�[����@�/\PSKRF\WH�
FRXQW�[�SODWHOHW�FRXQW@��

6WXG\�GHVLJQ
7KH�FDVHV�RI �&5&�ZHUH�FDWHJRUL]HG�EDVHG�RQ�WKH�
IROORZLQJ�����$JH�������\HDUV�RU�!����\HDUV������

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

6RFLR�FOLQLFDO�DQG�,PPXQR�LQIODPPDWRU\�UHODWHG�GLIIHUHQFHV�EHWZHHQ�HDUO\�RQVHW�DQG�ODWH�RQVHW�FRORUHFWDO�FDQFHU ��



&KHPR�VHQVLWLYH� DQG� FKHPR�UHVLVWDQFH�� 7KH�
DVVHVVPHQW�RI �IHDWXUHV�VXFK�DV�WKH�DOOHYLDWLRQ�RI �
V\PSWRPV��OLYHU�DQG�UHQDO�IXQFWLRQ�WHVWV��WXPRXU�
UHVSRQVH�RU�GHJUHH�RI �WXPRXU�VKULQNDJH��DQG�WKH�
QHHG�IRU�VHFRQG�OLQH�FKHPRWKHUDS\�GHWHUPLQHG�

��FKHPRUHVLVWDQFH�

6WDWLVWLFDO�DQDO\VLV
&KL�VTXDUH�)LVKHU� ZDV� XVHG� WR� GHWHUPLQH� WKH�
DVVRFLDWLRQ� EHWZHHQ� DJH� DQG� VRFLR�FOLQLFDO�
GHPRJUDSKLFV� RI � WKH� SDWLHQWV�� 3HDUVRQ
V�
FRUUHODWLRQ� ZDV� XVHG� WR� GHWHUPLQH� WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�YDULDEOHV��1/5��3/5��
31/5��1/35��DQG�/05��EHIRUH�DQG�DIWHU�WKH�

ODVW�WUHDWPHQW��$�7�WHVW�ZDV�XVHG�WR�FRPSDUH�GDWD�
RI ����SDWLHQWV�DJHG������\HDUV�DQG�!����\HDUV�����
FKHPRWKHUDS\� QDwYH� DQG� H[SHULHQFHG� SDWLHQWV��
7KH� RYHUDOO� VXUYLYDO� RI � SDWLHQWV� ZDV� DQDO\]HG�
XVLQJ� WKH� .DSODQ�0HLHU� PHWKRG�� 7KH� VXUYLYDO�
SUREDELOLWLHV� EHWZHHQ� WKH� VXEJURXSV� ZHUH�
FRPSDUHG�XVLQJ�WKH�ORJ�UDQN�WHVW�

5(68/7
7KH�PHDQ�DJH��PHGLDQ�DJH��DQG�DJH�UDQJH�RI �WKH�
SDUWLFLSDQWV�ZHUH���������������\HDUV�������\HDUV��
DQG����WR����\HDUV��UHVSHFWLYHO\��

)LJXUH����+HDWPDS�RI �WKH�SHUFHQWDJH�GLDJQRVLV��'��DQG�PRUWDOLW\��0��UDWH�DPRQJ�&5&�SDWLHQWV�DJHG�
�����\HDUV�DQG�!����\HDUV

7KHUH�ZDV�D�KLJK�QXPEHU�RI �&5&�GLDJQRVHV�LQ�
�������������FRPSDUHG�ZLWK�RWKHU�\HDUV�ZKLOH�D�
KLJK� UDWH� RI � PRUWDOLW\� ZDV� REVHUYHG� LQ� �����
��������DQG��������������FRPSDUHG�ZLWK�RWKHU�
\HDUV��7KH�SUHYDOHQW� IHDWXUHV�SUHVHQWHG�E\� WKH�
SDWLHQWV� ZHUH�� :HLJKW� ORVV�� FRQVWLSDWLRQ��

LQWHUPLWWHQW�GLDUUKRHD��ORZ�DEGRPLQDO�SDLQ��DQG�
DQRUH[LD� �VHH� VXSSOHPHQWDU\� ÀOH��� ,Q� ������ WKH�
&5&� GLDJQRVLV� DQG� PRUWDOLW\� UDWHV� ZHUH�
DSSUR[LPDWHO\� �� WLPHV� DQG� ���� WLPHV� KLJKHU�
DPRQJ�SDWLHQWV�DJHG�!����\HDUV�FRPSDUHG�ZLWK�
SDWLHQWV�ZKRVH�DJHV�ZHUH�OHVV�WKDQ�RU�HTXDO�WR������

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

6RFLR�FOLQLFDO�DQG�,PPXQR�LQIODPPDWRU\�UHODWHG�GLIIHUHQFHV�EHWZHHQ�HDUO\�RQVHW�DQG�ODWH�RQVHW�FRORUHFWDO�FDQFHU��



������\HDUV�DW�S �������DQG��������UHVSHFWLYHO\��
,Q�������WKH�UDWH�RI �&5&�GLDJQRVLV�ZDV�����WLPHV�
KLJKHU�DPRQJ�SDWLHQWV�ZKR�ZHUH������\HDUV�ROG�

FRPSDUHG�ZLWK�WKRVH�DJHG�!����\HDUV�DW�S �������
�ÀJXUH����

7DEOH����6RFLR�FOLQLFDO�FKDUDFWHULVWLFV�RI �&5&�SDWLHQWV�LQ�1$87+

9DULDEOHV � 1R� ���� � � ��� �\HDUV � !�� �\HDUV � S� �YDOXH �

1 ��� � Q ��� ���� � Q ��� ���� �

6H[� ����� �
0DOH� �� ������� � �� ������� � �� ������� �
)HPDOH � �� ������� � �� ������� � �� ������� �
(PSOR\PHQW �VWDWXV� � ����� �
&LYLO�VHUYDQW � �� ������� � � ������� � �� ������� �
'HSHQGDQW � �� ������� � � ������ � �� ������� �
6HOI�HPSOR\HG � �� ������� � �� ������� � �� ������� �
/HYHO�RI �(GXFDWLRQ� � �����
 �
1R�IRUPDO �HGXFDWLRQ � � ������ � � ������ � � ������ �
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3RRUO\� GLIIHUHQWLDWHG� �� ������� �� ������� �� ������

+LVWRORJLF� W\SH� �����
�

$GHQRFDUFLQRPD� ��� ������� ��� ������� ��� �������

6TXDPRXV� FHOO� FDUFLQRPD� ��� ������� �� ������� ��� �������

2WKHUV�� �� ������ �� ������� �� ������

'LVHDVH� 6WDJH�� �����
�

6WDJH� �� ��� ��� ������� ��� �������

6WDJH� �� ��� ��� ������� ��� �������

6WDJH� �� ��� �� ������� �� �������

6WDJH� �� ��� �� ������ ��� �������

7603��7LPH�RI �V\PSWRP�PDQLIHVWDWLRQ�WR�SUHVHQWDWLRQ��'HVFULSWLYH�DQDO\VLV�DQG�&KL�VTXDUH�)LVKHU
V�H[DFW�WHVW��

6LJQLÀFDQFH�ZDV�VHW�DW�S��������

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

6RFLR�FOLQLFDO�DQG�,PPXQR�LQIODPPDWRU\�UHODWHG�GLIIHUHQFHV�EHWZHHQ�HDUO\�RQVHW�DQG�ODWH�RQVHW�FRORUHFWDO�FDQFHU��



$JH�UHODWHG� GLIIHUHQFHV� DPRQJ� &5&�
SDWLHQWV
7KH� SUHYDOHQFH� RI � &5&� ZDV� VOLJKWO\� KLJKHU�
DPRQJ�IHPDOHV�FRPSDUHG�ZLWK�PHQ��HVSHFLDOO\�
DPRQJ�WKRVH�ZKR�ZHUH�XQGHU����\HDUV�RI �DJH�
�7DEOH�����5&&V�DQG�PHWDVWDVLV�ZHUH�SUHYDOHQW�
DPRQJ� SDWLHQWV� ZKR� ZHUH� RYHU� ��� \HDUV� ROG�
ZKHUHDV� UHFWDO� WXPRXUV� ZHUH� SUHYDOHQW� LQ�
SDWLHQWV�ZKR�ZHUH������ \HDUV� �S!��������/HVV�
WKDQ�����RI �WKH�SDWLHQWV�UHFHLYHG�FKHPRWKHUDS\�
DQG�D�KLJKHU�SHUFHQWDJH�RI �WKRVH�SDWLHQWV�ZHUH�
XQGHU� ��� \HDUV� �S � ������� 1R� VLJQLÀFDQW�
GLIIHUHQFH�ZDV� REVHUYHG�EHWZHHQ� WKH� WZR� DJH�
JURXSV�LQ�WHUPV�RI �WKH�KLVWRU\�RI �KHUEDO�WKHUDS\�
XVH��7KH�OHYHO�RI �WHUWLDU\�HGXFDWLRQ�ZDV�KLJKHU�
DPRQJ�SDWLHQWV�ZKR�ZHUH������\HDUV�FRPSDUHG�
ZLWK�WKHLU�RYHU����\HDUV�FRXQWHUSDUWV��S���������
7KH � K L V WRU \ � RI � WREDFFR� XVH� � D O FRKRO�
FRQVXPSWLRQ�� DQG� K\SHUWHQVLRQ�ZDV� SUHYDOHQW�
DPRQJ� SDWLHQWV� ZKR� ZHUH� DJHG� �� ��� \HDUV�
FRPSDUHG� ZLWK� WKHLU� !� ��� \HDUV� FRXQWHUSDUWV�
�S!��������3DWLHQWV�ZKR�ZHUH�DJHG�!����\HDUV�ROG�
ZHUH� DSSUR[LPDWHO\� ���� WLPHV� PRUH� OLNHO\� WR�
SUHVHQW�DW�WKH�FOLQLF�LQ�����PRQWKV�RI �V\PSWRP�
GHYHORSPHQW� FRPSDUHG� ZLWK� WKHLU� ���\HDU�

FRXQWHUSDU W V � �S � � ����� � � 7KH � UD WH � RI �
XQHPSOR\PHQW� ZDV� ORZHU� DPRQJ� SDWLHQWV� ZKR�
ZHUH�ROGHU�WKDQ����\HDUV�FRPSDUHG�ZLWK�WKHLU����
\HDU� FRXQWHUSDUWV� �S!� ������� 7KH� SDWLHQWV� ZKR�
ZHUH����\HDUV�ROG�DQG�XQGHU�KDG�KLJKHU�WXPRXUV�
JUDGH�WKDQ�SDWLHQWV�ZKR�ZHUH�ROGHU�WKDQ����\HDUV�
�S���������%DVHG�RQ�KLVWRORJ\��WKH�SUHYDOHQFH�RI �
DGHQRFDUFLQRPD�ZDV�KLJKHU�DPRQJ�SDWLHQWV�DJHG�
!����\HDUV�FRPSDUHG�ZLWK�SDWLHQWV�DJHG������\HDUV�
�S���������7KH�UDWH�RI �VXUJLFDO�UHVHFWLRQ�XSWDNH�
ZDV� KLJKHU� DPRQJ� SDWLHQWV� DJHG� !� ��� \HDUV�
��������FRPSDUHG�ZLWK�WKHLU������FRXQWHUSDUWV�
��������DW�S ��������3RVW�7�7:%&�FRXQW�ZDV�����
WLPHV�KLJKHU�DPRQJ�SDWLHQWV�ZKR�ZHUH�DERYH����
\HDUV�FRPSDUHG�ZLWK� WKHLU����\HDU�FRXQWHUSDUWV�
�S��������ZKLOH�WKH�SRVW�7�PRQRF\WH�DQG�/05�
ZHUH�DOVR�ORZHU�DPRQJ�WKH�IRUPHU�WKDQ�WKH�ODWWHU�
DW�S��������WDEOH�����$PRQJ�SDWLHQWV�DJHG������
\HDUV�� RQO\� WKH� SRVW�7� PRQRF\WH� VLJQLÀFDQWO\�
LQFUHDVHG�FRPSDUHG�ZLWK�WKH�SUH�7�YDOXHV�DW�S��
������WDEOH�����$PRQJ�SDWLHQWV�DJHG�!����\HDUV��
WKH�SRVW�7�7:%&��QHXWURSKLOV��PRQRF\WHV��DQG�
1/35�YDOXHV�VLJQLÀFDQWO\�LQFUHDVHG�ZKHUHDV�WKH�
SRVW�7� O\PSKRF\WH� DQG� /05� VLJQLÀFDQWO\�
UHGXFHG� FRPSDUHG� ZLWK� WKH� SUH�7� YDOXHV� �S��
������

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

6RFLR�FOLQLFDO�DQG�,PPXQR�LQIODPPDWRU\�UHODWHG�GLIIHUHQFHV�EHWZHHQ�HDUO\�RQVHW�DQG�ODWH�RQVHW�FRORUHFWDO�FDQFHU ��



)LJXUH����6XUYLYDO�DQDO\VLV�RI �&5&�SDWLHQWV�EDVHG�RQ�VH[��KLVWRU\�RI �K\SHUWHQVLRQ�DQG�KHUEDO�WKHUDS\��XSWDNH�RI �
VXUJHU\��FKHPRWKHUDS\��DQG�RFFXUUHQFH�RI �PHWDVWDVLV��.DSODQ²0HLHU�FXUYH��
)LJXUH���VKRZV�WKDW�SDWLHQWV�ZLWK�QRQ�PHWDVWDWLF�&5&�OLYHG�ORQJHU�WKDQ�WKHLU�FRXQWHUSDUWV��PHDQ� �������GD\V�YV�
������GD\V��UHVSHFWLYHO\��S���������7KRVH�ZKR�ZHUH�FKHPR�H[SHULHQFHG�DOVR�OLYHG�ORQJHU�WKDQ�WKHLU�FKHPR�QDwYH�
FRXQWHUSDUWV��PHDQ� �������GD\V�YV�������GD\V��UHVSHFWLYHO\��S���������3DWLHQWV�ZLWK�VXUJLFDO�UHVHFWLRQV�OLYHG�ORQJHU�
WKDQ� WKHLU� VXUJHU\�QDwYH� FRXQWHUSDUWV� �PHDQ�  � ������ GD\V� YV� ������ GD\V�� UHVSHFWLYHO\�� S!� ������� 0RUH� VR��
QRUPRWHQVLYH�SDWLHQWV�OLYHG�ORQJHU�FRPSDUHG�ZLWK�SDWLHQWV�ZLWK�D�KLVWRU\�RI �K\SHUWHQVLRQ��PHDQ� �������GD\V�YV�
������GD\V��UHVSHFWLYHO\��S!��������7KH�ÀJXUH�DOVR�VKRZV�WKDW�PDOHV�OLYHG�ORQJHU�WKDQ�WKHLU�IHPDOH�FRXQWHUSDUWV�
�PHDQ�PHGLDQ �����������GD\V�YV�����������GD\V��UHVSHFWLYHO\��S!��������,QWHUHVWLQJO\��SDWLHQWV�ZLWK�D�KLVWRU\�RI �
KHUEDO�WKHUDS\�OLYHG�ORQJHU�FRPSDUHG�ZLWK�KHUEDO�WKHUDS\�QDwYH�SDWLHQWV��PHDQ�PHGLDQ �������������GD\V�YV�
����������GD\V��UHVSHFWLYHO\��S!��������3DWLHQWV�ZKR�SUHVHQWHG�DW�WKH�FOLQLF�EHWZHHQ���WR����PRQWKV�RI �V\PSWRP�
GHYHORSPHQW�KDG�D�KLJKHU�PHDQ�VXUYLYDO�UDWH���������������������GD\V��FRPSDUHG�ZLWK�WKRVH�SUHVHQWHG�DW�!����
��������������������GD\V��DQG��� ���PRQWKV��������������������GD\V��DW�S ��������3DWLHQWV�ZLWKRXW�D�KLVWRU\�RI �
WREDFFR�XVH�DQG�DOFRKRO�FRQVXPSWLRQ�OLYHG�ORQJHU��PHDQ�PHGLDQ �����������������GD\V�DQG�����������������
GD\V��WKDQ�WKRVH�ZLWK�D�KLVWRU\�RI �WKH�OLIHVW\OHV�����������������GD\V�DQG�����������������GD\V��DW�S �������DQG�
�������UHVSHFWLYHO\��6XUSULVLQJO\��WKH�PHDQ�PHGLDQ�VXUYLYDO�UDWH�DPRQJ�SDWLHQWV�ZLWK�'0��Q �����ZDV�KLJKHU��������
��������������GD\V��FRPSDUHG�ZLWK�WKRVH�ZLWKRXW�WKH�GLVHDVH�������������������GD\V��UHVSHFWLYHO\��DW�S �������
�VHH�VXSSOHPHQWDU\�ÀOH��

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

6RFLR�FOLQLFDO�DQG�,PPXQR�LQIODPPDWRU\�UHODWHG�GLIIHUHQFHV�EHWZHHQ�HDUO\�RQVHW�DQG�ODWH�RQVHW�FRORUHFWDO�FDQFHU��



&KHPRWKHUDS\�DVVRFLDWHG�6XUYLYDO�DQDO\VLV�
7KH�RYHUDOO�PRUWDOLW\�UDWH�ZDV��������%DVHG�RQ�
IROORZ�XS�� WKH� WZR�\HDU� DQG� IRXU�\HDU� VXUYLYDO�
UDWHV� RI � WKH� SDWLHQWV� ZHUH� ����� DQG� ������
UHVSHFWLYHO\�� &KHPR�H[SHULHQFHG� SDWLHQWV� DQG�
SDWLHQWV�ZKR�KDG�QRQ�PHWDVWDWLF�WXPRXUV�OLYHG�
ORQJHU� WKDQ� FKHPR�QDwYH� DQG� SDWLHQWV� ZLWK�
PHWDVWDWLF� WXPRXUV� �ÀJXUH� ���� $� VLJQLÀFDQW�
LQYHUVH� UHODWLRQVKLS� ZDV� REVHUYHG� EHWZHHQ�
PHWDVWDVLV� DQG� VXUYLYDO� �S � �������� 7KH� LQ�
KRVSLWDO�PRUWDOLW\�UDWH�ZDV�KLJKHU�DPRQJ�FDVHV�
ZLWK� PHWDVWDVLV� �������� FRPSDUHG� ZLWK� QRQ�
PHWDVWDWLF�FDVHV����������%DVHG�RQ�WKH�VXUYLYDO�
UDWH�� QR� VLJQLÀFDQW� GLIIHUHQFH� ZDV� REVHUYHG�
EHWZHHQ� FKHPR�H[SHULHQFHG� DQG� KHUEDO�

H[SHULHQFHG�SDWLHQWV�DW�S ��������3DWLHQWV�ZLWKRXW�
D � KLVWRU \� RI � WREDFFR� XVH� � DQG� D OFRKRO�
FRQVXPSWLRQ�OLYHG�ORQJHU��������GD\V�DQG�������
GD\V�� FRPSDUHG�ZLWK� WKH� KLVWRU\� �PHDQ� ������
GD\V� DQG� ������ GD\V�� UHVSHFWLYHO\�� S!� �������
3DWLHQWV� ZKR� ZHUH� ERWK� KHUEDO� DQG� FKHPR�
H[SHULHQFHG�KDG�D�KLJKHU�PHDQ�VXUYLYDO�UDWH��Q �
� � � ��� � � � �� ��� � GD\ V � � FRPSDUHG � Z L WK�
KHUEDO�FKHPR�QDwYH� SDWLHQWV� �Q � ���� ������ ��
������GD\V��DW�S���������2QO\��������Q �����RI �
WKH� FKHPRWKHUDS\�H[SHULHQFHG� SDWLHQWV� KDG� ��
FRXUVHV� RI � FKHPRWKHUDS\�� FKHPR�UHVLVWDQW�
SDWLHQWV� �&KHPR�5��� �����  � �� DQG� FKHPR�
VHQVLWLYH��&KHPR�6������� �����

7DEOH����&RPSDUDWLYH�DQDO\VLV�RI �KDHPDWRORJLFDO�LQGLFHV�EHWZHHQ�WZR�DJH�JURXSV
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$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

6RFLR�FOLQLFDO�DQG�,PPXQR�LQIODPPDWRU\�UHODWHG�GLIIHUHQFHV�EHWZHHQ�HDUO\�RQVHW�DQG�ODWH�RQVHW�FRORUHFWDO�FDQFHU ��



0RQRF\WHV�����%7� ������������ ������������ ������

0RQRF\WHV�����$7� ������������� ������������ �����
�

3��YDOXH� �����
� �����
�

1/5�%7� ������������ ������������ ������

1/5�$7� ������������ ������������ ������

3��YDOXH� ������ ������

3/5�%7� �������������� �������������� ������

3/5�$7� �������������� �������������� ������

3��YDOXH� ������ ������

31/5�%7� ���������������� ���������������� ������

31/5�$7� ���������������� ���������������� ������

3��YDOXH� ������ ������

1/35�%7� ������������ ������������ ������

1/35�$7� ������������ ������������ ������

3��YDOXH� ������ �����
�

/05�%7� ������������� ������������ ������

/05�$7� ������������� ������������ �����
�

3�YDOXH� ������ �������
�

.H\V��%7��EHIRUH�WUHDWPHQW��$7��DIWHU�WUHDWPHQW��6WDWLVWLFV��7�WHVW��
6LJQLÀFDQFH�ZDV�VHW�DW�S��������

',6&866,21
,Q�WKLV�VWXG\��ZH�DQDO\]HG�WKH�OHYHOV�RI �V\VWHPLF�
LPPXQH�LQÁDPPDWRU\�LQGLFHV�DV�DQ�DOWHUQDWLYH�
DQG� FRVW�HIIHFWLYH� WRRO� IRU� PRQLWRULQJ� &5&�
SDWLHQWV�DW�KLJK�PRUWDOLW\�ULVN��HVSHFLDOO\�WKRVH�LQ�
ORZ�PHGLXP�+',� FRXQWULHV�� )LUVW�� WKLV� VWXG\�

UHYHDOHG�WKDW�WKH�IUHTXHQF\�RI �WKH�GLDJQRVLV�DQG�
PRUWDOLW\� UDWH�VLJQLÀFDQWO\� LQFUHDVHG�DPRQJ� WKH�
IRUPHU�DW�WKH�SHDN�RI �WKH�&29,'����SDQGHPLF��
������ SRVVLEO\� GXH� WR� OLPLWHG� DFFHVV� WR� KHDOWK�
IDFLOLWLHV�DW�WKH�WLPH��7KLV�VWXG\�DOVR�UHYHDOHG�WKDW�
WKH�GLVHDVH�ZDV�PRUH�SUHYDOHQW� DPRQJ�SDWLHQWV�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

6RFLR�FOLQLFDO�DQG�,PPXQR�LQIODPPDWRU\�UHODWHG�GLIIHUHQFHV�EHWZHHQ�HDUO\�RQVHW�DQG�ODWH�RQVHW�FRORUHFWDO�FDQFHU��



DERYH�WKH�DJH�RI ����\HDUV�������WKDQ�LQ�SDWLHQWV�
ZKR�ZHUH����\HDUV�DQG�EHORZ��7KLV�DOLJQV�ZLWK�
WKH�VWXG\�FDUULHG�RXW�E\�$ODWLVH�HW�DO��DQG�E\�6DOXMD�
HW�DO��ZKR�LQYHVWLJDWHG�����DQG�����FDVHV�RI �&5&�
LQ�:HVWHUQ�1LJHULD�DQG�REVHUYHG�WKDW�WKH�GLVHDVH�
ZDV�GRPLQDQW�DPRQJ�SDWLHQWV�DJHG�!����\HDUV�

�����������DQG�!�����UHVSHFWLYHO\�� �7KH�ÀQGLQJV�
RI � WKLV� VWXG\� DUH� DW� YDULDQFH� ZLWK� WZR� RWKHU�
VWXGLHV�FDUULHG�RXW�LQ�1RUWKHUQ�1LJHULD��RQH�RI �
���FDVHV�DQG�RQH�RI �����FDVHV��UHSRUWHG�����DQG�
������GLVHDVH�GRPLQDQFH�DPRQJ�SDWLHQWV�DJHG�

��������\HDUV� �

5HJDUGLQJ� WXPRXU� VLWHV�� WKLV� VWXG\� UHYHDOHG� D�
ORZHU�IUHTXHQF\�RI �5&&V���������FRPSDUHG�WR�
/&&V� ��������� 7KLV� LV� GLVFRUGDQW� ZLWK� WKH�
ÀQGLQJV�RI �(GLQR�HW�DO��DQG�7KH\UD�(QLDV�HW�DO��
ZKR�UHSRUWHG�D�KLJK�IUHTXHQF\�RI �5&&��������
DQG� ������� FRPSDUHG� ZLWK� /&&� ������� DQG�
������� LQ� 1RUWKHUQ� 1LJHULD� IURP� ����� WR�

���������� �7KLV�VWXG\�LV�DOVR�DW�YDULDQFH�ZLWK�WKH�
ÀQGLQJV�RI �$ODWLVH� HW� DO��ZKR�REVHUYHG�D�KLJK�
IUHTXHQF\� RI � 5&&� ������ LQ�:HVWHUQ� 1LJHULD�

�FRPSDUHG�ZLWK�/&&������� �7KH�ÀQGLQJV�RI �WKLV�
VWXG\� LQ� WHUPV�RI � WXPRXU� VLWHV� DOLJQ�ZLWK� WKH�
ÀQGLQJV� RI � 6DOXMD� HW� DO��ZKR� UHSRUWHG� D� ORZHU�
IUHTXHQF\�RI �5&&���������FRPSDUHG�ZLWK�/&&�

����������LQ�:HVWHUQ�1LJHULD� �7KLV�VXJJHVWV�WKDW�
WKH�&5&V�LQ�1RUWKHUQ�1LJHULD�DUH�PRUH�OHWKDO�
WKDQ� WKRVH� REVHUYHG� LQ� 6RXWKHUQ� RU� :HVWHUQ�
1LJHULD�� 7KH� UHDVRQ� IRU� WKH� YDULDWLRQ� DQG�
VLPLODULWLHV�EHWZHHQ�WKH�UHJLRQV�LV�XQNQRZQ�EXW�
LW� FRXOG�EH� UHODWHG� WR�GLHW�� OLIHVW\OH��RU� UDWH�RI �

��JHQHWLF�PXWDWLRQV�

7KH�ÀQGLQJV�RI �,UDERU�HW�DO��DUH�YHU\�VLPLODU�WR�
WKH�ÀQGLQJV�RI �WKLV�VWXG\�LQ�WHUPV�RI �VH[�DQG�

�DJH�UHODWHG�GLIIHUHQFHV�LQ�WXPRXU�VLWH�DQG�JUDGH� �
7KH\� UHSRUWHG� D� ORZHU� 5&&� IUHTXHQF\� EXW�
KLJKHU� IUHTXHQFLHV� RI � SRRUO\� GLIIHUHQWLDWHG�
DGHQRFDUFLQRPD� DQG� UHFWDO� WXPRXUV� DPRQJ�
SDWLHQWV� DJHG� ��� \HDUV� ������ ����� DQG� �����
FRPSDUHG� ZLWK� WKHLU� !� ��� \HDUV� FRXQWHUSDUWV�

�����������DQG������UHVSHFWLYHO\���$GGLWLRQDOO\��
,UDERU� HW�DO�� UHSRUWHG�D�KLJKHU�IUHTXHQF\�RI � WKH�
GLVHDVH�DPRQJ�IHPDOHV�DQG�PDOHV�ZKR�ZHUH�DJHG�
�� ��� \HDUV� ������ DQG� !� ��� \HDUV� �������

�UHVSHFWLYHO\� �7KH�SUHYDOHQW�WXPRXU�JUDGHV�LQ�WKH�
VWXG\�FDUULHG�RXW�E\�(GLQR�HW�DO��DQG�$ODWLVH�HW�DO��
ZHUH� SRRUO\� GLIIHUHQWLDWHG� DGHQRFDUFLQRPD�
� ���� � DQG � PRGH U D W H O \ � G L I I H U HQ W L D W HG�
DGHQRFDUFLQRPD� ��������� UHVSHFWLYHO\� ZKHUHDV�
ZHOO�GLIIHUHQWLDWHG� DGHQRFDUFLQRPD� ZDV�

����SUHYDOHQW�DPRQJ�WKH�SDWLHQWV�RI �WKLV�VWXG\� �7KH�
KLJK� IUHTXHQF\� RI � UHFWDO� WXPRXUV� DQG� SRRUO\�
GLIIHUHQWLDWHG� DGHQRFDUFLQRPD� DPRQJ� SDWLHQWV�
DJHG�� ����\HDUV�FRXOG�EH�GXH�WR�D�KLJK�IUHTXHQF\�
RI � KLVWRU\� RI � WREDFFR� XVH�� DQG� DOFRKRO�
FRQVXPSWLRQ�� 7KLV� PD\� DIIHFW� WKH� FOLQLFDO�
RXWFRPHV�RI �WKH�SDWLHQWV��3UHYLRXV�VWXGLHV�VKRZ�
WKDW� 5&&� LV� DVVRFLDWHG� ZLWK� ORZHU� VXUYLYDO�
FRPSDUHG� ZLWK� /&&� GXH� WR� LWV� PHWDVWDWLF�
SRWHQWLDO�� PLFURELRPH� FKDQJHV�� DQG� KLJK�

����PLFURVDWHOOLWH�LQVWDELOLW\��06,�KLJK� �7KLV�PLJKW�
EH� WKH� UHDVRQ� IRU� WKH�KLJKHU� UDWH�RI �PHWDVWDVLV�
DPRQJ�SDWLHQWV�ROGHU�WKDQ����\HDUV�LQ�WKLV�VWXG\��

7KH� QXPEHU� RI � SDW LHQWV � ZKR� UHFHLYHG�
FKHPRWKHUDS\� LQ� WKLV� VWXG\� LV� ORZHU� WKDQ� WKH�
IUHTXHQF\�UHFRUGHG�E\�(GLQR� HW�DO��DQG�7KH\UD�
(QLDV�HW�DO��LQ�1RUWKHUQ�1LJHULD������DQG������

�����UHVSHFWLYHO\�� �DQG�WKH�IUHTXHQF\�RI �������DQG�
������UHFRUGHG�E\�6DOXMD�HW�DO��DQG�6KDUPD�HW�DO��LQ�

�����:HVWHUQ� 1LJHULD� � 7KH� UHDVRQV� IRU� ORZ�
FKHPRWKHUDS\�XSWDNH�DUH�GXH�WR�SDWLHQWV
�UHDVRQV��

��VLGH�HIIHFWV��DQG�ODFN�RI �IXQGV� �(YHQ�WKRXJK�RXU�
ÀQGLQJV�DQG�WKDW�RI �(GLQR�HW�DO��DUH�IRXUWHHQ�\HDUV�
DSDUW��ERWK�VWXGLHV�UHYHDOHG�WKDW�PRVW�RI �WKH�&5&�
SDWLHQWV� LQ� 1LJHULD� SUHVHQW� DIWHU� �� PRQWKV� RI �

��V\PSWRP� GHYHORSPHQW� � 7KLV� PLJKW� EH� WKH�
H[SODQDWLRQ� IRU� WKH� KLJKHU� IUHTXHQF\� RI �
PHWDVWDVLV�DPRQJ�RXU�FRKRUW�DQG�KLJK�PRUWDOLW\�
DPRQJ�1LJHULDQ�SDWLHQWV��7KLV�VXJJHVWV�WKDW�WKH�
OHYHO�RI �DZDUHQHVV�DQG�NQRZOHGJH�RI �WKH�GLVHDVH�
LV�TXLWH�ORZ��
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%DVHG�RQ�WKH�WLPH�RI �SUHVHQWDWLRQ�DW�WKH�FOLQLF��
WKH� 1/5� YDOXH� VKRZV� WKDW� SDWLHQWV� ZKR�
SUHVHQWHG� DIWHU� �� PRQWKV� RI � V\PSWRP�
PDQLIHVWDWLRQ�ZHUH�DW�D�KLJKHU�ULVN�RI �PRUWDOLW\�
DW� SUHVHQWDWLRQ� WKDQ� SDWLHQWV� ZKR� SUHVHQWHG�
ZLWKLQ� �� PRQWKV� RI � V\PSWRP� PDQLIHVWDWLRQ��
(YHQ� WKRXJK�PRVW�RI � WKH�SDWLHQWV� DJHG�!����
\HDUV�SUHVHQWHG�DW�WKH�FOLQLF�ZLWKLQ���PRQWKV�RI �
V\PSWRP� GHYHORSPHQW�� WKH\� KDG� D� KLJKHU�
IUHTXHQF\�RI �PHWDVWDVLV�DQG�VWDJH�,,,�,9�&5&�
FRPSDUHG�ZLWK�WKHLU������\HDU�ROG�FRXQWHUSDUWV��
'HVSLWH� VXUJLFDO� UHVHFWLRQV� LQ� WKLV� JURXS�� WKH�
WKUHH�IROG� UHGXFWLRQ� LQ� SRVW�7� 1/35� ZDV�
PLWLJDWHG� E\� WKH� IRXU�IROG� GHFUHDVH� LQ� SRVW�7�
/05��7KH� VLJQLÀFDQW� LQFUHDVH� LQ� SRVW�7� WRWDO�
:%&�� QHXWURSKLO�� PRQRF\WHV�� 1/35�� DQG� D�
VLJQLÀFDQW� GHFUHDVH� LQ� O\PSKRF\WH�� DQG� /05�
VXJJHVWV�WKDW�SDWLHQWV�DJHG�!����\HDUV�UHVSRQGHG�
SRRUO\� WR� WUHDWPHQW� GXH� WR� DJH�UHODWHG�
SK\VLRORJLF�OLPLWDWLRQV��,Q�&KLQD��SDWLHQWV�ZLWK�
1/5!������3/5!��������DQG�/05�ௗ�����ZHUH�
VLJQLÀFDQWO\�DVVRFLDWHG�ZLWK�GHFUHDVHG�26�DQG�

��')6� � ,Q� WKLV� VWXG\�� WKHVH� IHDWXUHV�ZHUH� VHHQ�
DPRQJ�SDWLHQWV�DJHG�!����\HDUV��7KXV��WKH�ORZ�
XSWDNH�RI �FKHPRWKHUDS\�E\�SDWLHQWV�DJHG�!����
\HDUV�PD\�EH�UHVSRQVLEOH�IRU�WKHLU�KLJK�PRUWDOLW\�
UDWH� LQ�������0RUH�VR�� WKH�KLJK�1/5�DQG� ORZ�
/05�DPRQJ�RXU�FRKRUW�FRXOG�EH�WKH�UHDVRQ�IRU�
WKH�KLJK�LQ�KRVSLWDO�GHDWK�LQ�WKLV�VWXG\��

&21&/86,21
7KLV�VWXG\�VKRZV�WKDW�DJH�LV�D�VWURQJ�GULYHU�RI �
GLVHDVH� DJJUHVVLYHQHVV� DPRQJ� SDWLHQWV� LQ�
6RXWKHUQ�1LJHULD�� ,W� UHYHDOHG� WKDW�1/5��3/5��
/05�� DQG� 31/5� YDOXHV� SURYLGH� DIIRUGDEOH�
LQVLJKWV� LQWR� WUHDWPHQW� RXWFRPHV�� HVSHFLDOO\�
DPRQJ�HOGHUO\�SDWLHQWV�ZLWK�ODWH�VWDJH�GLVHDVHV��
7KHUH� LV� D� QHHG� IRU� LQFUHDVHG� DZDUHQHVV� DQG�
FORVHU�IROORZ�XS�DPRQJ�SDWLHQWV�DJHG����\HDUV�
DQG�DERYH��'XH�WR�WKH�KLJK�SUHYDOHQFH�RI �HDUO\�
RQVHW�&5&�LQ�:HVW�$IULFD�� WKLV�VWXG\�VXJJHVWV�
WKDW�VFUHHQLQJ�IRU�&5&�VKRXOG�EHJLQ�DW����\HDUV�

&RQÁLFW�RI �,QWHUHVW
7KH� DXWKRUV� KDYH� GHFODUHG� QR� FRPSHWLQJ�
LQWHUHVWV��

&RQWULEXWLRQV�WR�MRLQW�SXEOLFDWLRQ
$XWKRU� -22� FRQFHSWXDOL]HG� DQG� GHVLJQHG� WKH�
VWXG\��$XWKRUV�-22��&0(��0)(��,(&��DQG�15�
FROOHFWHG�� FROODWHG�� DQG� LQWHUSUHWHG� WKH� GDWD��
$XWKRUV� -22� DQG� -2� DQDO\]HG� WKH� VWXG\�� $OO�
DXWKRUV�KDYH�UHDG�DQG�DSSURYHG�WKH�ÀQDO�YHUVLRQ�

5()(5(1&(6
��� 6XQJ�+��)HUOD\�-��6LHJHO�5/��/DYHUVDQQH�0��

6RHUMRPDWDUDP� ,�� -HPDO� $�� %UD\� )�� *OREDO�
FDQFHU� VWDWLVWLFV� ������ */2%2&$1�
HVWLPDWHV� RI � LQFLGHQFH� DQG� PRUWDOLW\�
ZRUOGZLGH� IRU� ��� FDQFHUV� LQ� ���� FRXQWULHV��
&$��&DQFHU� -�&OLQ���������������������'RL��
��������FDDF������

��� $UQROG� 0�� 6LHUUD� 06�� /DYHUVDQQH� 0��
6RHUMRPDWDUDP� ,�� -HPDO� $�� %UD\� )�� *OREDO�
SDWWHUQV� DQG� WUHQGV� LQ� FRORUHFWDO� FDQFHU�
LQFLGHQFH�DQG�PRUWDOLW\��*XW�����������������
����GRL���������JXWMQO�������������

��� $ODWLVH�2,��.QDSS�*&��%HELQJWRQ�%��$\RGHML�
3�� 'DUH� $�� &RQVWDEOH� -�� HW� DO�� 5DFLDO�
'LIIHUHQFHV�LQ�WKH�3KHQRW\SH�RI �&RORUHFWDO�
&DQFHU��$�3URVSHFWLYH�&RPSDULVRQ�%HWZHHQ�
1LJHULD� DQG� 6RXWK� $IULFD�� :RUOG� -� 6XUJ��
��������������� 'RL�� ��������V����������
������]

��� ,UDERU� '2�� $IXZDSH� 22�� $\DQGLSR� 22��
7KH� SUHVHQW� VWDWXV� RI � WKH�PDQDJHPHQW� RI �
FRORQ�DQG�UHFWDO�FDQFHU�LQ�1LJHULD��-�&DQFHU�
5HV��������'RL����������������������

��� $ODWLVH�2,��.LQJKDP�73��$IULFDQ�5HVHDUFK�
*URXS� IRU� 2QFRORJ\� DQG�06.&&�*OREDO�
&DQFHU� 'LVSDULW\� ,QLWLDWLYH� WHDP�� $EVWUDFW�
/%������&RORUHFWDO�FDQFHU� LQ�1LJHULD��+LJK�
WHFK�DQG�ORZ�WHFK�DSSURDFKHV�WR�LPSURYLQJ�
S D W L H Q W � R X W F R P H V � � & D Q F H U � 5 H V ��
� � � � � � � � � �B6XSS O HPHQ W � � /% � � � � ��
'RL�������������������$0�����/%����
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��� ,UDERU�'2��2OXZDVROD�2$��2JXQEL\L�2-��
2JXQ� 2*�� 2NROR� &$�� 0HODV� 0�� HW� DO��
0LFURVDWHOOLWH� LQVWDELOLW\� LV� FRPPRQ� LQ�
FRORUHFWDO� FDQFHU� LQ� QDWLYH� 1LJHULDQV��
$QWLFDQFHU� 5HV�� �������������������� 'RL��
���������DQWLFDQUHV�������

��� 7HMSDU�6��6WLQW]LQJ�6��&LDUGLHOOR�)��7DEHUQHUR�
-��9DQ�&XWVHP�(��%HLHU�)��HW�DO��3URJQRVWLF�
DQG�SUHGLFWLYH�UHOHYDQFH�RI �SULPDU\�WXPRU�
ORFDWLRQ� LQ� SDWLHQWV� ZLWK� 5$6� ZLOG�W\SH�
PHWDVWDWLF� FRORUHFWDO� FDQFHU�� UHWURVSHFWLYH�
DQDO\VHV� RI � WKH� &5<67$/� DQG� ),5(���
WULDOV�� -$0$� 2QFRO�� �������������������
GRL���������MDPDRQFRO����������

��� .LP�.��&DVWUR�(-��6KLP�+��$GYLQFXOD�-9*��
.LP� <:�� 'LIIHUHQFHV� UHJDUGLQJ� WKH�
PROHFXODU� IHDWXUHV� DQG� JXW� PLFURELRWD�
EHWZHHQ� ULJKW� DQG� OHIW� FRORQ� FDQFHU�� $QQ�
&RORSURFWR O � � ���������� ���� � � 'RL ��
���������)DF�����������

��� *XR�'��/L�;��;LH�$��&DR�4��=KDQJ�-��=KDQJ�
)��HW�DO��'LIIHUHQFHV�LQ�RQFRORJLFDO�RXWFRPHV�
DQG� LQÁDPPDWRU\� ELRPDUNHUV� EHWZHHQ�
ULJKWဨVLGHG� DQG� OHIWဨVLGHG� VWDJH� ,ဨ,,,�
FRORUHFWDO�DGHQRFDUFLQRPD��-�&OLQ�/DE�$QDO��
� � � � � � � � � � � H � � � � � � � ' R L ��
��������MFOD������

����3pUH]�0DUWHOR� 0�� *RQ]iOH]�*DUFtD� $��
9LGDO�ÌQVXD� <�� %ODQFR�)UHLUH� &�� %UR]RV�
9i]TXH]� (0�� $EGXONDGHU�1DOOLE� ,�� HW� DO��
&OLQLFDO� VLJQLÀFDQFH� RI � EDVHOLQH� 3DQ�
,PPXQH�,QÁDPPDWLRQ� 9DOXH� DQG� LWV�
G\QDPLFV� LQ� PHWDVWDWLF� FRORUHFWDO� FDQFHU�
SDWLHQWV�XQGHU�ÀUVW�OLQH�FKHPRWKHUDS\��6FL�
5 H S � � � � � � � � � � � � � � � � � � � � G R L ��
��������V�����������������

����5RVVL�6��%DVVR�0��6WULSSROL�$��6FKLQ]DUL�*��
'
$UJHQWR�(��/DURFFD�0��HW�DO��$UH�PDUNHUV�
RI �V\VWHPLF�LQÁDPPDWLRQ�JRRG�SURJQRVWLF�
LQGLFDWRUV� LQ� FRORUHFWDO� FDQFHU"�� &OLQ�
&RORUHFWDO�&DQFHU�� ������������������� GRL��
��������M�FOFF�������������

����<DPDPRWR� 7�� .DZDGD� .�� 2EDPD� .��

,QÁDPPDWLRQ�UHODWHG� ELRPDUNHUV� IRU� WKH�
SUHGLFWLRQ�RI �SURJQRVLV�LQ�FRORUHFWDO�FDQFHU�
SDWLHQWV��,QW�-�0RO�6FL��������������������'RL��
��������LMPV��������

����:DWDQDEH�+��2NDGD�0��.DML�<��6DWRXFKL�0��
6DWR� <�� <DPDEH� <�� HW� DO�� 1HZ� UHVSRQVH�
HYDOXDWLRQ� FULWHULD� LQ� VROLG� WXPRXUV�UHYLVHG�
5(&,67� JXLGHOLQH� �YHUVLRQ� ������ *DQ� WR�
NDJ DNX � U \RKR� � &DQFHU � &KHPRWKHU��
���������������������

���� 6DOXMD�6��$ODWLVH�2,��$GHZDOH�$��0LVKRO\� -��
&KRX� -��*RQHQ�0�� HW� DO�� $� FRPSDULVRQ� RI �
FRORUHFWDO� FDQFHU� LQ� 1LJHULDQ� DQG� 1RUWK�
$PHULFDQ� SDWLHQWV�� LV� WKH� FDQFHU� ELRORJ\�
GLIIHUHQW"� 6XUJ�� �������������������� 'RL��
��������M�VXUJ������������

����(GLQR� 67�� 0RKDPPHG� $=�� &KLFKD� 2��
&KDUDFWHULVWLFV� RI � FRORUHFWDO� FDUFLQRPD� LQ�
.DQR��1LJHULD��$Q�DQDO\VLV�RI ����FDVHV��1LJ�-�
0HG�������������������

����+RORZDW\M�$1��0DXGH�$6��0XVD�+6��$GDPX�
$��,EUDKLP�6��$EGXOODKL��$�HW�DO��3DWWHUQV�RI �
HDUO\�RQVHW� FRORUHFWDO� FDQFHU� DPRQJ�
1LJHULDQV� DQG� $IULFDQ� $PHULFDQV�� -&2�
* O R E D O � 2 Q F R O � � � � � � � � � � � � � � � � ��
'RL����������)*2���������

����7KH\UD�(QLDV� +�� 7XPED� 1�� 3RSRROD� 2%��
0DQDJHPHQW� DQG� RXWFRPH� RI � FRORUHFWDO�
FDQFHU�LQ�D�UHVRXUFH�OLPLWHG�VHWWLQJ��$KPDGX�
%HOOR� 8QLYHUVLW\� 7HDFKLQJ� +RVSLWDO�� =DULD��
1LJHULD��1LJ�-�&OLQ�3UDF���������������������
'RL���������QMFS�QMFSB����B��

���� ,UDERU�'2��'LHW��HQYLURQPHQWDO�IDFWRUV�DQG�
LQFUHDVLQJ�LQFLGHQFH�RI �FRORUHFWDO�FDQFHU�LQ�
1LJHULD�� $QQ� 1LJ� 0HG�� �����������������
'2,��������������������������

����0DU[� 2�� 0DQNDULRXV� 0�� <RFKXP� *��
0ROHFXODU�JHQHWLFV�RI �HDUO\�RQVHW�FRORUHFWDO�
FDQFHU�� :RUOG� -� %LRO� &KHP�� ���������������
GRL����������ZMEF�Y���L����

���� 6KDUPD�$��$ODWLVH�2,��$GLVD�$2��$URZROR��
2$�� 2ODVHKLQGH� 2�� )DPXUHZD�� 2&�� HW� DO��
7UHD WPHQW � RI � FR ORUHF WD O � FDQFHU � LQ�
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6XEဨ6DKDUDQ� $IULFD�� 5HVXOWV� IURP� D�
SURVSHFWLYH� 1LJHULDQ� KRVSLWDO� UHJLVWU\�� -�
6XUJ� 2QFRO�� ������������������� 'RL��
��������MVR������

����/L�<��-LD�+��<X�:��;X�<��/L�;��/L��4��HW�DO��
1RPRJUDPV� IRU� SUHGLFWLQJ� SURJQRVWLF�

YDOXH� RI � LQÁDPPDWRU\� ELRPDUNHUV� LQ�
FRORUHFWDO� FDQFHU� SDWLHQWV� DIWHU� UDGLFDO�
UHVHFWLRQ�� ,QW� -� FDQFHU�� ��������������������
'RL����������LMF������

2NR\H� -2�� &KLHPHND� 0(�� 0HQNLWL� )(��
,KHDNZRDED� (&�� $JEDNRED� 1�� 2UZD� -��
6RFLR�FOLQLFDO� DQG� ,PPXQR�LQÁDPPDWRU\�
5HODWHG� 'LIIHUHQFHV� EHWZHHQ� (DUO\�RQVHW�
DQG� /DWH�RQVHW� &RORUHFWDO� &DQFHU�� $IU�� -��
7URS��0HG��	�%LRPHG��5HV������������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���
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