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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

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

%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�%(





3ODWHOHW�&RXQW�9DULDELOLW\�LQ�%UHDVW�&DQFHU�3DWLHQWV�
8QGHUJRLQJ� &KHPRWKHUDS\�� ,PSOLFDWLRQ� IRU�
+DHPDWRSRLHWLF�6\VWHP�+HDOWK
� � �(FKRQZHUH�8ZLNRU�%(�� &KXNZX�3+�� .HQ�(]LKXR�68��

$EVWUDFW
,QWURGXFWLRQ�� 3ODWHOHW� FRXQW� YDULDELOLW\� DQG� LQGLFHV� DUH� FULWLFDO�PDUNHUV� LQ� DVVHVVLQJ� KDHPDWRSRLHWLF�
V\VWHP�KHDOWK�GXULQJ�FKHPRWKHUDS\�LQ�EUHDVW�FDQFHU�SDWLHQWV��&KHPRWKHUDS\�LQGXFHG�WKURPERF\WRSHQLD�
�&,7��SRVHV�D�ULVN�RI �EOHHGLQJ�DQG�GHOD\V�WUHDWPHQW��7KLV�VWXG\�HYDOXDWHG�SODWHOHW�FRXQW�FKDQJHV�GXULQJ�
FKHPRWKHUDS\�DQG�WKHLU�LPSOLFDWLRQV�IRU�KDHPDWRSRLHWLF�KHDOWK�

7R�DQDO\]H�SODWHOHW�FRXQW�YDULDELOLW\� LQ�EUHDVW�FDQFHU�SDWLHQWV�XQGHUJRLQJ�FKHPRWKHUDS\�DQG� LGHQWLI\�
IDFWRUV�LQIOXHQFLQJ�KDHPDWRSRLHWLF�V\VWHP�KHDOWK�

0DWHULDOV�DQG�0HWKRGV��7KLV�SURVSHFWLYH�VWXG\�UHFUXLWHG�����IHPDOH�EUHDVW�FDQFHU�SDWLHQWV�DJHG���²���
\HDUV� XQGHUJRLQJ� FKHPRWKHUDS\� DW� 5687+�� 3DUWLFLSDQW
V� GHPRJUDSKLFV� ZHUH� UHFRUGHG�� 3ODWHOHW�
SDUDPHWHUV�� LQFOXGLQJ�SODWHOHW�FRXQWV��3/7���PHDQ�SODWHOHW�YROXPH��039���SODWHOHW�GLVWULEXWLRQ�ZLGWK�
�3':���DQG�SODWHOHWFULW��3&7���ZHUH�PHDVXUHG�SUH�FKHPRWKHUDS\��FRQWURO�DQG�EDVHOLQH��DQG�DIWHU�WKH��VW��
QG UG� ��DQG�� �FKHPRWKHUDS\�F\FOHV��6WDWLVWLFDO�VLJQLILFDQFH�ZDV�VHW�DW�S������

5HVXOWV��0RVW�SDUWLFLSDQWV�������ZHUH�DJHG�������\HDUV��DQG�����ZHUH�DW�VWDJH�,,,�FDQFHU��&KHPRWKHUDS\�
�VLJQLILFDQWO\�DOWHUHG�SODWHOHW�LQGLFHV��3/7�LQFUHDVHG�IURP�WKH�FRQWURO��������������[��� �/��WR�EDVHOLQH������

� VW � QG ���������[��� �/��DQG�VKRZHG�YDULDELOLW\�DFURVV�F\FOHV��� ����������������[��� �/��� ��������������[�� �/��
UG � UG� ���������������[��� �/��S� ���������039�GHFOLQHG�VWHDGLO\��FRQWURO������������I/�WR�����������I/�E\�WKH�� �

UGF\FOH��S ��������3':�LQFUHDVHG�VLJQLILFDQWO\� �FRQWURO��������������WR�������������E\�WKH�� �F\FOH��
UGS ��������3&7�VKRZHG�D�FRQVLVWHQW�GHFOLQH��FRQWURO���������������WR��������������E\�WKH�� �F\FOH��

S ��������

&RQFOXVLRQ��&KHPRWKHUDS\�VLJQLILFDQWO\�DIIHFWV�SODWHOHW�SDUDPHWHUV�LQ�EUHDVW�FDQFHU�SDWLHQWV��SRWHQWLDOO\�
LQGLFDWLQJ�DOWHUHG�KDHPDWRSRLHWLF�IXQFWLRQ��0RQLWRULQJ�WKHVH�LQGLFHV�LV�YLWDO�IRU�RSWLPL]LQJ�SDWLHQW�FDUH�
DQG�PLWLJDWLQJ�ULVNV�DVVRFLDWHG�ZLWK�WUHDWPHQW��

.H\ZRUGV��3ODWHOHW�FRXQW��%UHDVW�FDQFHU��&KHPRWKHUDS\��+DHPDWRSRLHVLV

&RUUHVSRQGLQJ�DXWKRU��EHDXW\HFKRQZHUH#JPDLO�FRP�������������

�'HSDUWPHQW�RI �+DHPDWRORJ\��)DFXOW\�RI �0HGLFDO�/DERUDWRU\�6FLHQFH�5LYHUV�6WDWH�8QLYHUVLW\��3RUW�+DUFRXUW

,1752'8&7,21
3ODWHOHWV� DUH� HVVHQWLDO� FRPSRQHQWV� RI � WKH�
F L U F X O D W R U \ � V \ V W H P � � G H U L Y H G � I U RP�
PHJDNDU\RF\WHV� LQ� WKH� ERQH� PDUURZ�� DQG� DUH�
FULWLFDO� IRU� KDHPRVWDVLV�� WKURPERVLV�� DQG�
LPPXQH�UHJXODWLRQ��7KHLU�OHYHOV�DQG�IXQFWLRQDO�
DFWLYLW\� DUH� WLJKWO\� UHJXODWHG� XQGHU� QRUPDO�
SK\VLRORJLFDO� FRQGLWLRQV�� ,Q� WKH� FRQWH[W� RI �
PDOLJQDQFLHV� VXFK� DV� EUHDVW� FDQFHU�� SODWHOHW�

G\QDPLFV� FDQ�EH� VLJQLÀFDQWO\� DOWHUHG�� UHÁHFWLQJ�
WKH� LQWHUSOD\� EHWZHHQ� WXPRU� ELRORJ\�� V\VWHPLF�
LQÁDPPDWLRQ��DQG�WKHUDSHXWLF�LQWHUYHQWLRQV�����

%UHDVW�FDQFHU�UHPDLQV�D�OHDGLQJ�FDXVH�RI �FDQFHU�
UHODWHG�PRUELGLW\� DQG�PRUWDOLW\� DPRQJ�ZRPHQ�
JOREDOO\��DQG�FKHPRWKHUDS\�LV�D�FRUQHUVWRQH�RI �LWV�
PDQDJHPHQW������+RZHYHU��FKHPRWKHUDS\��ZKLOH�
HIIHFWLYH� DJDLQVW� WXPRU� FHOOV�� RIWHQ� LQGXFHV�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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SURIRXQG�KDHPDWRSRLHWLF� VXSSUHVVLRQ�� OHDGLQJ�
WR� WKURPERF\WRSHQLD� RU�� LQ� VRPH� FDVHV��
WKURPERF\WRVLV� ����� &KHPRWKHUDS\�LQGXFHG�
WKURPERF\WRSHQLD� �&,7�� LV� D� FRPPRQ� DQG�
VHULRXV�FRPSOLFDWLRQ�LQ�EUHDVW�FDQFHU�WUHDWPHQW��
LQFUHDVLQJ�WKH�ULVN�RI �EOHHGLQJ�DQG�QHFHVVLWDWLQJ�
GRVH� UHGXFWLRQV� RU� GHOD\V� LQ� WUHDWPHQW��
SRWHQWLDOO\�FRPSURPLVLQJ�WKHUDSHXWLF�RXWFRPHV�
�����&RQYHUVHO\��WKURPERF\WRVLV�KDV�EHHQ�OLQNHG�
WR� WXPRU� SURJUHVVLRQ�� DQJLRJHQHVLV�� DQG�
PHWDVWDVLV�� GULYHQ� E\� WXPRU�GHULYHG� F\WRNLQHV�
DQG�V\VWHPLF�LQÁDPPDWLRQ�����

7KHVH�DOWHUDWLRQV�LQ�SODWHOHW�FRXQW�DQG�IXQFWLRQ�
XQGHUVFRUH�WKH�LPSRUWDQFH�RI �SODWHOHWV�DV�ERWK�
ELRPDUNHUV � DQG� PHGLDWRUV � RI � G LVHDVH�
SURJUHVVLRQ� DQG� WUHDWPHQW� UHVSRQVH� LQ� EUHDVW�
FDQFHU� SDWLHQWV�� (PHUJLQJ� HYLGHQFH� KLJKOLJKWV�
WKH�SURJQRVWLF�DQG�SUHGLFWLYH�YDOXH�RI �SODWHOHW�
YDULDELOLW\� LQ� FDQFHU� PDQDJHPHQW�� (OHYDWHG�
SODWHOHW�FRXQWV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�SRRU�
RYHUDOO�VXUYLYDO�LQ�EUHDVW�FDQFHU�SDWLHQWV��ZKLOH�
FKHPRWKHUDS\�LQGXFHG� WKURPERF\WRSHQLD�
VHUYHV�DV�D�PDUNHU�RI �KHPDWRSRLHWLF�VWUHVV�DQG�
ERQH�PDUURZ�VXSSUHVVLRQ���������'HVSLWH�WKHVH�
ÀQGLQJV�� GDWD� RQ� SODWHOHW� G\QDPLFV� LQ� EUHDVW�
FDQFHU� SDWLHQWV� XQGHUJRLQJ� FKHPRWKHUDS\�
UHPDLQ� OLPLWHG�� SDUWLFXODUO\� LQ� VXE�6DKDUDQ�
$IULFD��7KH�XQLTXH�JHQHWLF��HQYLURQPHQWDO��DQG�
KHDOWKFDUH�IDFWRUV� LQ�WKLV�UHJLRQ�PD\�LQÁXHQFH�
KHPDWRORJLFDO�RXWFRPHV��QHFHVVLWDWLQJ�ORFDOL]HG�
VWXGLHV�WR�LQIRUP�FOLQLFDO�SUDFWLFH�

7KLV� VWXG\� DLPHG� WR� HYDOXDWH� SODWHOHW� FRXQW�
YDULDELOLW\�LQ�EUHDVW�FDQFHU�SDWLHQWV�XQGHUJRLQJ�
FKHPRWKHUDS\� DQG� LWV� LPSOLFDWLRQV� IRU�
+DHPDWRSRLHWLF� V\VWHP� KHDOWK�� %\� DQDO\]LQJ�
SDWWHUQV� RI � SODWHOHW� FRXQW� FKDQJHV� DQG� WKHLU�
FOLQLFDO� VLJQLÀFDQFH�� WKLV� UHVHDUFK� VHHNV� WR�
FRQWULEXWH� WR� LPSURYHG� SDWLHQW� PDQDJHPHQW�
VWUDWHJLHV� � PLQLPL]H� WUHDWPHQW�UH ODWHG�
FRPSOLFDWLRQV�� DQG� RSWLPL]H� WKHUDSHXWLF�
RXWFRPHV�

0$7(5,$/6�$1'�0(7+2'6
7K L V � ZD V � D � O RQJ L W XG LQD O � � S UR VSHF W LYH�
REVHUYDWLRQDO� VWXG\� FDUULHG� RXW� RQ� ���� IHPDOH�
EUHDVW�FDQFHU�SDWLHQWV��XQGHUJRLQJ�FKHPRWKHUDS\�
DW�WKH�5LYHUV�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO�
�5687+��

7KH� VWXG\� ZDV� FRQGXFWHG� DW� WKH� 2QFRORJ\�
GHSDUWPHQW� RI � 5687+�� 3RUW� +DUFRXUW� ZLWK� D�
IRFXV�RQ�EUHDVW�FDQFHU�PDQDJHPHQW�� OHYHUDJLQJ�
RQFRORJ\�ZDUGV�DQG�KDHPDWRORJ\�ODERUDWRULHV�IRU�
SDWLHQW�UHFUXLWPHQW�DQG�GDWD�FROOHFWLRQ�

7KH�VWXG\�UHFUXLWHG�IHPDOH�EUHDVW�FDQFHU�SDWLHQWV�
XQGHUJRLQJ�FKHPRWKHUDS\�DW�5687+

$GXOW� IHPDOH� SDWLHQWV� DJHG� ��²��� \HDUV��
GLDJQRVHG� ZLWK� KLVWRORJLFDOO\� FRQÀUPHG� EUHDVW�
FDQFHU� � ZKR� ZHUH� VFKHGXOHG� WR� UHFHLYH�
FKHPRWKHUDS\� �HLWKHU�QHRDGMXYDQW�� DGMXYDQW�� RU�
SDOOLDWLYH���3DWLHQWV�ZLWK�EDVHOLQH�SODWHOHW�FRXQWV�
ZLWKLQ� WKH�QRUPDO� UDQJH� ��������²���������/��
ZHUH�LQFOXGHG�

)HPDOH� &DQFHU� SDWLHQWV� ZLWK� SUH�H[LVWLQJ�
KDHPDWRORJLFDO� GLVRUGHUV� �WKURPERF\WRSHQLD� RU�
WKURPERF\WRVLV��� WKRVH� RQ� FRQFXUUHQW� XVH� RI �
DQWLFRDJXODQW�WKHUDS\�RU�DQWLSODWHOHW�PHGLFDWLRQV��
ZLWK�PHWDVWDWLF�ERQH�PDUURZ� LQYROYHPHQW�� DQG�
WKRVH� SUHJQDQW� RU� EUHDVWIHHGLQJ� ZRPHQ� ZHUH�
H[FOXGHG�

&RPSUHKHQVLYH� SDWLHQW� KLVWRU\� DQG� FOLQLFDO�
H[DPLQDWLRQ��EORRG�VDPSOH�FROOHFWLRQ�IRU�EDVHOLQH�
KDHPDWRORJLFDO� SDUDPHWHUV�� LQFOXGLQJ� SODWHOHW�
FRXQW��KHPRJORELQ��DQG�ZKLWH�EORRG�FHOO�FRXQW��
GHPRJUDSKLF�DQG�FOLQLFDO�GDWD��DJH��FDQFHU�VWDJH��
FKHPRWKHUDS\�UHJLPHQ��ZHUH�DOO�UHFRUGHG��

�P/�RI �YHQRXV�EORRG�ZDV�DVHSWLFDOO\�FROOHFWHG�DW�
EDVHOLQH� DQG� GXULQJ� FKHPRWKHUDS\� F\FOHV� XVLQJ�
VWDQGDUG� YHQLSXQFWXUH� SURFHGXUHV� WR� HQVXUH�
DFFXUDF\� DQG� SUHYHQW� FRQWDPLQDWLRQ�� 6DPSOHV�

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

3ODWHOHW�&RXQW�9DULDELOLW\�LQ�%UHDVW�&DQFHU�3DWLHQWV�8QGHUJRLQJ�&KHPRWKHUDS\��



ZHUH� VWRUHG� LQ� .�('7$� ERWWOHV� WR� PDLQWDLQ�
VWDELOLW\� DQG� SUHYHQW� FORWWLQJ�� 7KH� DQDO\VLV� RI �
SODWHOHW�SDUDPHWHUV��SODWHOHW�FRXQW��PHDQ�SODWHOHW�
YROXPH�� SODWHOHW� ZLGWK� GLVWULEXWLRQ�� DQG�
SODWHOHWFULW�ZDV�SHUIRUPHG�XVLQJ�D�6\VPH[�;1�
����DQDO\]HU��HQVXULQJ�KLJK�SUHFLVLRQ�LQ�UHVXOWV�

'DWD�ZDV�DQDO\]HG�XVLQJ�6366�VRIWZDUH�9HUVLRQ�
����'HVFULSWLYH�VWDWLVWLFV�ZDV�XVHG�WR�VXPPDUL]H�
WKH� SDWLHQW� GHPRJUDSKLFV� DQG� 2QH�:D\�
$129$� WHVW� ZDV� DSSOLHG� WR� GHPRQVWUDWH� WKH�

HIIHFW�RI �FKHPRWKHUDS\�RQ�SODWHOHW�LQGLFHV�

(WKLFDO� DSSURYDO�ZDV�REWDLQHG� IURP� WKH�(WKLFV�
DQG� 5HVHDUFK� &RPPLWWHH� RI � WKH� 5LYHUV� 6WDWH�
8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��$�ZULWWHQ�LQIRUPHG�
FRQVHQW�ZDV�REWDLQHG� IURP�DOO� SDUWLFLSDQWV� DQG�
FRQÀGHQWLDO L W\� ZDV� PDLQWDLQHG� WKURXJK�
DQRQ\PL]HG�GDWD�KDQGOLQJ�

5(68/76

7DEOH����'HPRJUDSK\�RI �WKH�6WXG\�3RSXODWLRQ
9DULDEOH
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7RWDO � ��� � ��� �
� � �
&DQFHU�6WDJH � � �
6WDJH�, � �� � �� �
6WDJH�,, � �� � �� �
6WDJH�,,, � �� � �� �
6WDJH�,9 � � � � �
7RWDO � ��� � ��� �
�
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3ODWHOHW�&RXQW�9DULDELOLW\�LQ�%UHDVW�&DQFHU�3DWLHQWV�8QGHUJRLQJ�&KHPRWKHUDS\ ��



',6&866,21
7KH�PDMRULW\�RI �SDUWLFLSDQWV�LQ�WKLV�VWXG\�ZHUH�
DJHG���²���\HDUV��������DOLJQLQJ�ZLWK�WKH�SHDN�
DJH� UDQJH� IRU�EUHDVW�FDQFHU� LQFLGHQFH�JOREDOO\��
7KLV�WUHQG�FRUURERUDWHV�ÀQGLQJV�E\������ZKLFK�
UHSRUWHG�WKDW�EUHDVW�FDQFHU�LV�PRVW�SUHYDOHQW�LQ�
ZRPHQ� DJHG� ��²��� \HDUV�� 7KH� UHODWLYHO\� ORZ�
UHSUHVHQWDWLRQ�RI �\RXQJHU� �����DQG�ROGHU�DJH�
JURXSV�������PD\�UHÁHFW�ERWK�WKH�SRSXODWLRQ�
GHPRJUDSKLFV�DQG� WKH� LQFUHDVHG�EUHDVW�FDQFHU�
VFUHHQLQJ� DZDUHQHVV� LQ� PLGGOH�DJHG� ZRPHQ��
7KH�VWXG\
V������IHPDOH�SRSXODWLRQ�DOLJQV�ZLWK�
WKH� ZHOO�HVWDEOLVKHG� IDFW� WKDW� EUHDVW� FDQFHU�
SUHGRPLQDQWO\� DIIHFWV� ZRPHQ�� :KLOH� PDOH�
EUHDVW� FDQFHU� FRQVWLWXWHV� OHVV� WKDQ� ��� RI � DOO�
FDVHV�� LWV�DEVHQFH� LQ�WKLV�VWXG\�HPSKDVL]HV�WKH�
UDU L W\� RI � PDOH� EUHDVW � FDQFHU� ��� � � 7KH�
SUHGRPLQDQFH�RI �PDUULHG�SDUWLFLSDQWV�������LV�
FRQVLVWHQW�ZLWK� VWXGLHV� VXJJHVWLQJ� WKDW�PDULWDO�
VWDWXV� LQÁXHQFHV� KHDOWK�VHHNLQJ� EHKDYLRU� DQG�
RXWFRPHV�LQ�EUHDVW�FDQFHU�SDWLHQWV��)RU�LQVWDQFH��
6WXG\� E\� ����� KLJKOLJKWHG� WKDW� PDUULHG�
LQGLYLGXDOV�RIWHQ�KDYH�EHWWHU� VXSSRUW� V\VWHPV��
ZKLFK� FDQ� HQKDQFH� WUHDWPHQW� DGKHUHQFH� DQG�
SURJQRVLV��7KH�GDWD�UHYHDO�WKDW�WKH�PDMRULW\�RI �
SDUWLFLSDQWV�ZHUH�GLDJQRVHG�DW�6WDJH�,,,��������
LQGLFDWLQJ�GHOD\HG�SUHVHQWDWLRQ��D�FRPPRQ�LVVXH�
LQ� UHVRXUFH�OLPLWHG� VHWWLQJV� OLNH� 1LJHULD�� 7KLV�
ÀQGLQJ�LV�VXSSRUWHG�E\�������ZKR�UHSRUWHG�ODWH�
VWDJH�GLDJQRVHV�LQ�����RI �EUHDVW�FDQFHU�FDVHV�LQ�
VXE�6DKDUDQ�$IULFD��7KLV�GHOD\�XQGHUVFRUHV�WKH�

QHHG� IRU� LPSURYHG� FDQFHU� DZDUHQHVV� DQG� HDUO\�
VFUHHQLQJ� SURJUDPV�� 7DEOH� ���� KLJKOLJKWV�
VLJQLÀFDQW�FKDQJHV� LQ�SODWHOHW� LQGLFHV�� UHÁHFWLQJ�
WKH�KDHPDWRSRLHWLF�LPSDFWV�RI �FKHPRWKHUDS\�RQ�
EUHDVW�FDQFHU�SDWLHQWV��$�PDUNHG�LQFUHDVH�LQ�3/7�
FRXQW� ZDV� REVHUYHG� IURP� WKH� FRQWURO� ����� ��
������ï����/��WR�EDVHOLQH��������������ï����/���
7KH� HOHYDWLRQ� DW� EDVHOLQH�PD\� EH� DWWULEXWHG� WR�
V\VWHPLF� LQÁDPPDWLRQ� WULJJHUHG� E\� WKH�
PDOLJQDQF\� LWVHOI�� DV� QRWHG� E\� ������ 'XULQJ�
FKHPRWKHUDS\�� 3/7� FRXQW� VKRZHG�ÁXFWXDWLRQV��
ZLWK�D�VLJQLÀFDQW�ULVH�GXULQJ�WKH��VW�F\FOH����������
������ï����/��IROORZHG�E\�GHFOLQHV�LQ�VXEVHTXHQW�
F\FOHV�� 7KLV� ELSKDVLF� SDWWHUQ� OLNHO\� UHÁHFWV� WKH�
LQWHUSOD\� EHWZHHQ� FKHPRWKHUDS\�LQGXFHG� ERQH�
PDUURZ�VXSSUHVVLRQ�DQG�UHDFWLYH�WKURPERF\WRVLV�
GXH� WR� LQÁDPPDWRU\� F\WRNLQHV� ������ 039�
GHFOLQHG� VLJQLÀFDQWO\� IURP� ������ ���� I/� LQ� WKH�
FRQWURO�WR�����������I/�E\�WKH��UG�F\FOH��S� ���������
$ � O RZ H U � 039 � V X J J H V W V � V X S S U H V V H G�
PHJDNDU\RF\WH� DFWLYLW\� � FRQVLVWHQW� ZLWK�
FK HPR WK H U DS \ � L QGXF HG � ERQH � PD U U RZ�
VXSSUHVVLRQ�� 7KLV� REVHUYDWLRQ� DOLJQV� ZLWK�
ÀQGLQJV�E\�������ZKR�UHSRUWHG�D�VLPLODU�GHFOLQH�LQ�
039� DPRQJ� EUHDVW� FDQFHU� SDWLHQWV� UHFHLYLQJ�
DQWKUDF\FOLQH�EDVHG� FKHPRWKHUDS\�� 3':�
VKRZHG�D�VLJQLÀFDQW�LQFUHDVH��ULVLQJ�IURP��������
�����LQ�WKH�FRQWURO�JURXS�WR�������������E\�WKH�
�UG�F\FOH��S� ���������$Q�HOHYDWHG�3':�UHÁHFWV�
KHLJKWHQHG�SODWHOHW�DQLVRF\WRVLV��SRVVLEO\�GXH�WR�
WKH� UHOHDVH� RI � LPPDWXUH� SODWHOHWV� GXULQJ� ERQH�

7DEOH���0HDQ���6WDQGDUG�'HYLDWLRQ�RQ�WKH�HIIHFW�RI �FKHPRWKHUDS\�RQ�SODWHOHW�LQGLFHV�RI �WKH��
VWXG\�SRSXODWLRQ�

3$5$0(7(5 �&21752/ ��1 ���� �
%$6(/,1( ��1 ���� �

�67 �&<&/( ��1 ���� �
�1' �&<&/( ��1 ���� �

�5' &<&/(
�1 ����

3�9$/8( 5(0$5.
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PDUURZ�UHFRYHU\�SKDVHV�������3&7�FRQVLVWHQWO\�
GHFOLQHG� IURP�������������� LQ� WKH�FRQWURO� WR�
�������������LQ�WKH��UG�F\FOH��S� ���������7KLV�
UHGXFWLRQ� KLJKOLJKWV� WKH� FRPELQHG� HIIHFWV� RI �
FKHPRWKHUDS\�LQGXFHG� WKURPERF\WRSHQLD� DQG�
UHGXFHG�SODWHOHW�SURGXFWLRQ��ÀQGLQJV�VXSSRUWHG�
E\� ������ 7KH� VLJQLÀFDQW� DOWHUDWLRQV� LQ� SODWHOHW�
LQGLFHV� REVHUYHG� LQ� WKLV� VWXG\� XQGHUVFRUH� WKH�
KDHPDWRORJLFDO� WR[LFLW\� DVVRFLDWHG� ZLWK�
FKHPRWKHUDS\�� 7KH� YDULDELOLW\� LQ� 3/7� FRXQW��
039�� 3':�� DQG� 3&7� VXJJHVWV� WKDW� SODWHOHW�
LQGLFHV�FRXOG�VHUYH�DV�YDOXDEOH�ELRPDUNHUV�IRU�
PR Q L W R U L Q J � F K HPR W K H U D S \ � L Q G X F H G�
P\HORVXSSUHVVLRQ��5HJXODU�DVVHVVPHQW�RI �WKHVH�
LQGLFHV� FRXOG� DLG� LQ� HDUO\� LGHQWLÀFDWLRQ� RI �
KDHPDWRORJLFDO�FRPSOLFDWLRQV��IDFLOLWDWLQJ�WLPHO\�
LQ WH U YHQW LRQV � WR � PLQ LPL]H � W U HD WPHQW�
LQWHUUXSWLRQV�DQG�HQKDQFH�SDWLHQW�RXWFRPHV�

/LPLWDWLRQV�DQG�)XWXUH�'LUHFWLRQV
7KH�VWXG\
V�OLPLWDWLRQV�LQFOXGH�LWV�UHODWLYHO\�VPDOO�
VDPSOH� VL]H� DQG� LWV� IRFXV� RQ� D� VLQJOH�FHQWHU�
FRKRUW��ZKLFK�PD\�OLPLW�WKH�JHQHUDOL]DELOLW\�RI �
WKH�ÀQGLQJV��$GGLWLRQDOO\��WKH�DEVHQFH�RI �PDOH�
SDUWLFLSDQWV� SUHFOXGHV� DQDO\VLV� RI � JHQGHU�
VSHFLÀF� GLIIHUHQFHV� LQ� FKHPRWKHUDS\�LQGXFHG�
SODWHOHW�YDULDELOLW\��)XWXUH�VWXGLHV�VKRXOG�LQFOXGH�
ODUJHU�� PXOWL�FHQWHU� FRKRUWV� DQG� H[SORUH� WKH�
SURJQRVWLF� VLJQLÀFDQFH� RI � SODWHOHW� LQGLFHV� LQ�
SUHGLFWLQJ�FKHPRWKHUDS\�RXWFRPHV�

&21&/86,21
7KLV� VWXG\� KLJKOLJKWV� VLJQLÀFDQW� SODWHOHW�
YDULDELOLW\�LQ�EUHDVW�FDQFHU�SDWLHQWV�XQGHUJRLQJ�
FKHPRWKHUDS\�� UHÁHFWLQJ� WKH� LPSDFW� RI � WKH�
WUHDWPHQW� RQ� KDHPDWRSRLHWLF� KHDOWK�� 7KHVH�
ÀQGLQJV� XQGHUVFRUH� WKH� QHHG� IRU� URXWLQH�
PRQLWRULQJ� RI � SODWHOHW� LQGLFHV� WR� PLWLJDWH�
WUHDWPHQW�UHODWHG� FRPSOLFDWLRQV� DQG� LPSURYH�
FOLQLFDO�RXWFRPHV�

5()(5(1&(6�
��� $UQROG�00RUJDQ�(��5XPJD\�+��0DIUD�$��

6LQJK�'�� /DYHUVDQQH�0�� HW� DO�� &XUUHQW� DQG�
IXWXUH� EXUGHQ� RI � EUHDVW� FDQFHU�� *OREDO�
VWDWLVWLFV� IRU� ����� DQG� ������ %UHDVW ��
��������������

��� %UD\� )�� /DYHUVDQQH� 0�� :HLGHUSDVV� (��
6RHUMRPDWDUDP� ,�� *OREDO� FDQFHU� VWDWLVWLFV�
������*/2%2&$1�HVWLPDWHV�RI � LQFLGHQFH�
DQG�PRUWDOLW\�ZRUOGZLGH�IRU����FDQFHUV�LQ�����
FRXQWULHV��&$�&DQFHU� -�&OLQ�����������������
���

��� /\PDQ� *+�� .XGHUHU� 10�� *HUVRQ� -1��
7KURPERF\WRSHQLD� DQG� FKHPRWKHUDS\��
&OLQLFDO�VLJQLÀFDQFH�DQG�PDQDJHPHQW��&OLQ�-�
2QFRO�1XUV�����������������

��� .X W H U � ' -� � &K HPR WK H U DS \ � L Q GX F HG�
WKURPERF\WRSHQLD�� 3DWKRSK\VLRORJ\� DQG�
FO LQLFDO � PDQDJHPHQW�� $P� -� +HPDWRO ��
������������������

��� $NJH\LN�)��'HPLUH]HQ�$��(UEDû�2��3ODWHOHW�
P H G L D W H G � F D Q F H U � P R G X O D W L R Q � � $�
FRPSUHKHQVLYH� UHYLHZ� IURP� ELRORJLFDO�
PHFKDQLVPV��'�-�0HG�6FL������������������

��� 6WRQH�5/��0HQWHU�'*��<DQJ� 6��3ODWHOHWV� LQ�
FDQFHU� ELRORJ\� DQG� WKHUDS\�� $� IRFXV� RQ�
FKHPRWKHUDS\�LQGXFHG� WKURPERF\WRSHQLD��
%ORRG�$GY��������������������

��� .LP�6��/HH�+��3DUN� -�� 3ODWHOHW� YDULDELOLW\� LQ�
FDQFHU�PDQDJHPHQW��3URJQRVWLF�LPSOLFDWLRQV�
IRU� FKHPRWKHUDS\�LQGXFHG� KHPDWRSRLHWLF�
VXSSUHVVLRQ��&DQFHU�6FL����������������������

��� 6LHJHO� 5/�� 0LOOHU� .�� )XFKV� +(�� -HPDO� $��
&DQFHU� VWDWLVWLFV�� ������ &$� &DQFHU� -� &OLQ��
�����������������

��� 5RMDV�.��6WXFNH\�$��)HUQDQGH]�&��0F'RQDOG�
3��.LP� -��0DOH� EUHDVW� FDQFHU�� $� UHYLHZ� RI �
HSLGHPLRORJ\� DQG� WUHDWPHQW�� 2QFRO� 5HS��
������������������

����=KDR�;��<DQJ�<��3DQ�=��/Y�:��5DR�;��:DQJ�;��
<X� ;�� 3ODWHOHWFULW� LV� SUHGLFWLYH� RI � FOLQLFDO�
RXWFRPH�DQG�SURJQRVLV�IRU�HDUO\�VWDJH�EUHDVW�
FDQFHU��$�UHWURVSHFWLYH�FRKRUW�VWXG\�EDVHG�RQ�
SURSHQVLW\�VFRUH�PDWFKLQJ��&DQFHU�0HG�������
-DQ������������
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����2ODMLGH� $�� $GHQL\L� )�� $GHR\H� 7�� (]H� &��
2NRQNZR�2��%DUULHUV�WR�HDUO\�GHWHFWLRQ�RI �
EUHDVW� FDQFHU� LQ� 1LJHULD�� $� V\VWHPDWLF�
UHYLHZ��$IU�-�2QFRO��������������������

����.LVLHOHZVNL� 0�� .RZDOVND� 0�� 1RZDN� 0��
3ODWHOHW� LQGLFHV� LQ� EUHDVW� FDQFHU� SDWLHQWV�
X Q G H U J R L Q J � F K H P R W K H U D S \ � � $�
FRPSUHKHQVLYH� DQDO\VLV�� -� &OLQ� 2QFRO��
������������������

����:DQJ�/��=KDQJ�.��)HQJ�-��:DQJ�'��/LX�-��7KH�
SURJUHVV�RI �SODWHOHWV�LQ�EUHDVW�FDQFHU��&DQFHU�
0DQDJ�5HV�������$XJ��������������

����6QLGHU� 6�� 'H� 'RPHQLFR� 3�� 5RQFHOOL� )��
%LVRJOLR� $�� %UDJD� 0�� *KHOÀ� $�� HW� DO��
3UHRSHUDWLYH� PHDQ� SODWHOHW� YROXPH� LV�
DVVRFLDWHG�ZLWK�RYHUDOO� VXUYLYDO� LQ�SDWLHQWV�

ZLWK�,'+�ZLOGW\SH�JOLREODVWRPD�XQGHUJRLQJ�
PD[LPDO � VDIH � UHVHFW LRQ � � 2QFR O � /H W W ��
�������������

����6RQJ� 0�� =KDR� /� � +XDQJ� :-� � HW � D O ��
3UHRSHUDWLYH� SODWHOHW� GLVWULEXWLRQ� ZLGWK�
SUHGLFWV� ERQH� PHWDVWDVLV� LQ� SDWLHQWV� ZLWK�
EUHDVW�FDQFHU��%0&�&DQFHU����������������

����*DR�$��=KDQJ�/��=KRQJ�'��&KHPRWKHUDS\�
LQGXFHG� WKURPERF\WRSHQLD�� /LWHUDWXUH�
UHYLHZ��'LVFRY�2QFRO�������-DQ�������������

(FKRQZHUH�8ZLNRU� %(�� .HQ�(]LKXR�� 68��
&KXNZX�3+��3ODWHOHW�&RXQW�9DULDELOLW\� LQ�
%UHDVW� &DQFHU� 3DWLHQWV� 8QGHUJRLQJ�
& K HPR W K H U D S \ � � ,PS O L F D W L R Q � I R U�
+DHPDWRSRLHWLF�6\VWHP�+HDOWK��$IU��-��7URS��
0HG�� 	� %LRPHG�� 5HV�� ������ ����� ������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���
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