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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�

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



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�%(





,1752'8&7,21
&RPPRQO\� UHIHUUHG� WR� DV� D� ´VLOHQW� NLOOHUµ��
K\SHUWHQVLRQ� LV�RIWHQ�DV\PSWRPDWLF�DQG�PDQ\�
K\SHUWHQVLYH�SDWLHQWV� UHPDLQ�XQGLDJQRVHG�DQG�
XQWUHDWHG� DQG� RQO\� SUHVHQW� IROORZLQJ� D�

�FRPSOLFDWLRQ�� � ,W� KDV� EHHQ� LGHQWLÀHG� DV� D�
V LJQ LÀFDQW � PRGLÀDE OH � U L VN � IDF WRU � IRU�

�FDUGLRYDVFXODU� GLVHDVHV� � *OREDOO\�� DERXW�
���ELOOLRQ� SHRSOH� KDYH� K\SHUWHQVLRQ� DQG� LV�
UHVSRQVLEOH� IRU� ��� PLOOLRQ� SUHPDWXUH� GHDWKV�

�DQQXDOO\� �$�:RUOG�+HDOWK�2UJDQL]DWLRQ�VXUYH\�

UHSRUWHG� WKDW� DERXW� ����RI �PHQ� DQG� ����RI �
ZRPHQ�KDG�QHYHU�FKHFNHG�WKHLU�EORRG�SUHVVXUH��
WKXV� WKH� SUHYDOHQFH� RI � K\SHUWHQVLRQ� PD\� EH�

�KLJKHU�WKDQ�ZKDW�LV�UHSRUWHG� �7KH�SUHYDOHQFH�RI �
K\SHUWHQVLRQ� LV� ULVLQJ� JOREDOO\� HVSHFLDOO\� LQ� WKH�
ORZ��DQG�PLGGOH�LQFRPH�FRXQWULHV�DW�D�UDWH�RI ����

�SHU�GHFDGH� �7KLV�LV�GXH�WR�WKH�XSVZLQJ�RI �WKH�ULVN�
IDFWRUV� RI � K\SHUWHQVLRQ� DQG�PDQ\� SHUVRQV� DUH�

�XQDZDUH� RI � WKHLU� VWDWXV� � 8QIRUWXQDWHO\�� WKH�
XSVXUJH�RI �K\SHUWHQVLRQ� LQ�6XE�6DKDUDQ�$IULFD�

�KDV�PDGH�LW�D�VLJQLÀFDQW�SXEOLF�KHDOWK�SUREOHP� �

%ORRG� SUHVVXUH� DQG� DVVRFLDWHG� ULVN� IDFWRUV� RI �
K\SHUWHQVLRQ� LQ� SDWLHQWV� DWWHQGLQJ� D� )DPLO\�
0HGLFLQH�&OLQLF�LQ�'HOWD�6WDWH��1LJHULD�
� � � �(EHUHJKZD�(0� ���2UKH�2* ��$Q\DQZX�%(

$EVWUDFW
,QWURGXFWLRQ��+\SHUWHQVLRQ�LV�D�VLJQLILFDQW�SXEOLF�KHDOWK�LVVXH�JOREDOO\��,Q�UHFHQW�WLPHV��LWV�SUHYDOHQFH�LQ�
1LJHULD�LV�H[SHULHQFLQJ�DQ�XSVXUJH�GXH�WR�WKH�LQFUHDVH�LQ�WKH�ULVN�IDFWRUV�DVVRFLDWHG�ZLWK�K\SHUWHQVLRQ�DQG�
PDQ\�SHUVRQV�DUH�XQDZDUH�RI �WKHLU�VWDWXV��7KH�VWXG\�DVVHVVHG�WKH�EORRG�SUHVVXUH�SDWWHUQ�DQG�DVVRFLDWHG�
ULVN�IDFWRUV�RI �K\SHUWHQVLRQ�LQ�SDWLHQWV�DWWHQGLQJ�D�)DPLO\�0HGLFLQH�&OLQLF�LQ�'HOWD�6WDWH��1LJHULD�

0DWHULDOV�DQG�PHWKRGV��,W�ZDV�D�FURVV�VHFWLRQDO�VWXG\�FRQGXFWHG�LQ�WKH�)DPLO\�0HGLFLQH�&OLQLF��'HOWD�
8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��2JKDUD��1LJHULD��3DUWLFLSDQWV�ZHUH� UHFUXLWHG�XVLQJ� V\VWHPDWLF� UDQGRP�
VDPSOLQJ�PHWKRG��,QWHUYLHZHU�DGPLQLVWHUHG�TXHVWLRQQDLUH�ZDV�XVHG�WR�FROOHFW�GDWD�DQG�GDWD�ZDV�DQDO\]HG�
XVLQJ�6WDWLVWLFDO�3URGXFW�DQG�6HUYLFH�6ROXWLRQ�YHUVLRQ�����7KH�OHYHO�RI �VLJQLILFDQFH�RI �DQDO\VLV�ZDV�VHW�DW�S�
��������
5HVXOWV��7KH�VWXG\�KDG�����DGXOWV�ZLWK�D�PHDQ�DJH�RI ������������\HDUV��ZLWK�PRUH�IHPDOHV���������WKDQ�
PDOHV����������7KH�SUHYDOHQFH�RI �K\SHUWHQVLRQ�ZDV�����DQG�������KDG�SUHK\SHUWHQVLRQ��,QFUHDVLQJ�DJH�
ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�K\SHUWHQVLRQ��DV�K\SHUWHQVLRQ�RFFXUUHG�PRUH�LQ�WKH�HOGHUO\��S ����������
$OVR��K\SHUWHQVLRQ�RFFXUUHG�PRUH�LQ�SDUWLFLSDQWV�ZKR�ZHUH�VHSDUDWHG���������DQG�ZLGRZHG���������WKDQ�
WKRVH�ZKR�ZHUH�PDUULHG��7KLV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��2EHVLW\�S �������DQG�D�SRVLWLYH�IDPLO\�KLVWRU\�
�S �������ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI �K\SHUWHQVLRQ�

&RQFOXVLRQ��,QFUHDVLQJ�DJH��REHVLW\�DQG�D�SRVLWLYH�IDPLO\�KLVWRU\�ZHUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI �
K\SHUWHQVLRQ��7KHUH�LV�QHHG�WR�HGXFDWH�WKH�SXEOLF�RQ�K\SHUWHQVLRQ�ULVN�IDFWRUV�DQG�WR�DGRSW�KHDOWK\�
OLIHVW\OH�SUDFWLFHV�WR�SURPRWH�SUHYHQWLRQ�DQG�FRQWURO�RI �K\SHUWHQVLRQ�

.H\ZRUGV��%ORRG�SUHVVXUH��+\SHUWHQVLRQ��3DWLHQWV��5LVN�IDFWRUV��

&RUUHVSRQGLQJ� DXWKRU�� 'U� (JXRQR�0DULDQ� (EHUHJKZD�� 'HSDUWPHQW� RI � )DPLO\�0HGLFLQH�� 'HOWD� 6WDWH� 8QLYHUVLW\��
$EUDND��3�0�%�����$EUDND��1LJHULD��7HO������������������HPDLO��HPHEHUHJKZD#JPDLO�FRP�

�'HSDUWPHQW�RI �)DPLO\�0HGLFLQH��'HOWD�6WDWH�8QLYHUVLW\��3�0�%������$EUDND��'HOWD�6WDWH��1LJHULD�
�'HSDUWPHQW�RI �)DPLO\�0HGLFLQH��'HOWD�6WDWH�8QLYHUVLW\��3�0�%������$EUDND��'HOWD�6WDWH��1LJHULD�
�'HSDUWPHQW�RI �)DPLO\�0HGLFLQH��'HOWD�6WDWH�8QLYHUVLW\��3�0�%������$EUDND��'HOWD�6WDWH��1LJHULD�

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

2ULJLQDO�$UWLFOHV
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,Q� 1LJHULD�� WKH� HVWLPDWHG� DJH�DGMXVWHG�
SUHYDOHQFH�RI �K\SHUWHQVLRQ�EHWZHHQ������DQG�

������URVH�IURP������WR�������

7KH�GHYHORSPHQW�RI �K\SHUWHQVLRQ�UHVXOWV�IURP�
WKH� LQWHUSOD\� RI � FRPSOH[� DQG� LQWHU�UHODWHG�

�IDFWRUV�NQRZQ�DV�ULVN�IDFWRUV� �$�ULVN�IDFWRU�FDQ�
EH� GHVFULEHG� DV� DQ� DWWULEXWH�� FKDUDFWHULVWLF� RU�
H[SRVXUH� RI � D� SHUVRQ� WKDW� LV� VLJQLÀFDQWO\�

�DVVRFLDWHG�ZLWK�WKH�GHYHORSPHQW�RI �D�GLVHDVH� �
7KH� ULVN� IDFWRUV� DVVRFLDWHG� ZLWK� K\SHUWHQVLRQ�
FDQ� EH� FODVVLÀHG� LQWR� PRGLÀDEOH� DQG� QRQ�

��PRGLÀDEOH� ULVN� IDFWRUV� 7KH� PRGLÀDEOH� ULVN�
IDFWRUV� RI � K\SHUWHQVLRQ� DUH� DWWULEXWHV��
FKDUDFWHULVWLFV��H[SRVXUH�RU�OLIHVW\OH�SDWWHUQV�WKDW�
FDQ� EH� FKDQJHG� RU� DOWHUHG� WR� SUHYHQW� WKH�

�GHYHORSPHQW� RI � WKH� GLVHDVH� � 7KH\� LQFOXGH�
WREDFFR�XVH��KLJK� VDOW� LQWDNH�� FRQVXPSWLRQ�RI �
VDWXUDWHG� IDW�� DOFRKRO� FRQVXPSWLRQ�� SK\VLFDO�

��� �LQDFWLYLW\�� REHVLW\� DQG� HQYLURQPHQWDO� VWUHVV� �
:KLOH�WKH�QRQ�PRGLÀDEOH�ULVN�IDFWRUV�DUH�WUDLWV�
RU� FKDUDFWHULVWLFV� LQ� D� SHUVRQ� WKDW� FDQQRW� EH�
FKDQJHG�RU�DGMXVWHG�DQG�VR�DOPRVW�QRWKLQJ�FDQ�

�EH�GRQH�WR�FRQWURO�WKHVH�IDFWRUV� �7KHVH�IDFWRUV�
LQFOXGH� DJH�� JHQGHU�� IDPLO\� KLVWRU\�� JHQHWLF�

��� ���FRPSRVLWLRQ� DQG� UDFH�� $�SRSXODWLRQ�EDVHG�
FURVV�VHFWLRQDO� VWXG\� LQ� 'XEDL� UHYHDOHG� WKDW�
REHVH� SHUVRQV� ZHUH� ÀYH� WLPHV� PRUH� OLNHO\� WR�
KDYH� K\SHUWHQVLRQ� ZKLOH� WKRVH� WKDW� ZHUH�
SK\VLFDOO\� DFWLYH� ZHUH� OHVV� OLNHO\� WR� GHYHORS�

��K\SHUWHQVLRQ�� �$OVR�� ORZ�SK\VLFDO�DFWLYLW\�DQG�
DOFRKRO� FRQVXPSWLRQ� ZHUH� DVVRFLDWHG� ZLWK�
K\SHU WHQV LRQ� LQ� D � QDW LRQDO � VXU YH\� RQ�

�K\SHUWHQVLRQ�FRQGXFWHG�LQ�1LJHULD�

0RUHRYHU��WKH�EXUGHQ�RI �K\SHUWHQVLRQ�LV�OLNHO\�
WR�EH�LQÁXHQFHG�E\�WKH�SURJUHVVLYH�LQFUHDVH�LQ�
WKH� DJHLQJ� SRSXODWLRQ�� REHVLW\�� VHGHQWDU\�
OLIHVW\OH�DQG�KLJK�VRGLXP�FRQVXPSWLRQ��KHQFH�
DWWHQWLRQ� QHHG� WR� EH� IRFXVHG� RQ� WKHVH� ULVN�
IDFWRUV� � VR� DV� WR� FXUE� WKHLU� HIIHFW� RQ�

��K\SHUWHQVLRQ� � ,Q� UHFHQW� WLPHV�� WKH� ORZ�� DQG�
PLGGOH��LQFRPH�FRXQWULHV��1LJHULD�LQFOXVLYH�KDYH�

H[SHULHQFHG�UDSLG�ZHVWHUQL]DWLRQ�RI �WKHLU�OLIHVW\OH�
OHDGLQJ� WR� DGRSWLRQ� RI � XQKHDOWK\� GLHWDU\� DQG�

����OLIHVW\OH�KDELWV� �$OVR��DVVRFLDWHG�ZLWK�WKLV�LV�WKH�
XUEDQL]DWLRQ�SURFHVV�WKDW�KDV�OHG�WR�FKDQJHV�LQ�WKH�
W\SH�RI �MREV�DQG�PHDQV�RI �WUDQVSRUWDWLRQ�XWLOL]HG�

�E\�SHRSOH�UHVXOWLQJ�LQ�VHGHQWDU\�OLYLQJ�� �$OO�WKHVH�
FDQ� OHDG� WR� LQFUHDVHG� YXOQHUDELOLW\� WR� WKH�
PRGLÀDEOH�ULVN�IDFWRUV�RI �K\SHUWHQVLRQ�DQG�KHQFH�

��D�ULVH�LQ�WKH�SUHYDOHQFH�RI �K\SHUWHQVLRQ��

7KH�HPHUJLQJ�HSLGHPLF�RI �K\SHUWHQVLRQ�DQG�WKH�
HQVXLQJ�FDUGLRYDVFXODU�GLVHDVHV�FDQ�WKHUHIRUH�EH�
FRQWUROOHG�E\�LGHQWLI\LQJ�ULVN�IDFWRUV��SURPRWLQJ�
URXWLQH�EORRG�SUHVVXUH�VFUHHQLQJ�DQG�DGRSWLRQ�RI �
KHDOWK\� OLIHVW\OH� PHDVXUHV� WR� FXUWDLO� WKH� ULVN�
IDFWRUV�RI �K\SHUWHQVLRQ�DQG�WKXV�FRQWURO�EORRG�

����SUHVVXUH�� 7KLV� LQ� WKH� ORQJ�WHUP� LV�PRUH�FRVW�
HIIHFWLYH�� FRQVLGHULQJ� WKH� KLJK� FOLQLFDO� DQG�

�HFRQRPLF�FRVW�DWWULEXWHG�WR�K\SHUWHQVLRQ� �7KXV��
WKH�VWXG\�VHHNV�WR�DVVHVV�WKH�EORRG�SUHVVXUH�DQG�
DVVRFLDWHG�ULVN�IDFWRUV�RI �K\SHUWHQVLRQ�LQ�SDWLHQWV�
VHHQ� LQ� D�)DPLO\�0HGLFLQH�FOLQLF� LQ�'HOWD� VWDWH��
1LJHULD�

0$7(5,$/6�$1'�0(7+2'6
$�KRVSLWDO�EDVHG�FURVV�VHFWLRQDO�VWXG\�FDUULHG�RXW�
IURP�1RYHPEHU�������WR�-DQXDU\�������

,W�ZDV�FRQGXFWHG�DW�WKH�)DPLO\�0HGLFLQH�&OLQLF�LQ�
'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��2JKDUD�
�'(/687+��� 7KH� KRVSLWDO� LV� D� ����EHG� XOWUD�
PRGHUQ�IDFLOLW\�ZLWK�PDQ\�FOLQLFDO�VSHFLDOWLHV�DQG�
SURYLGHV� SULPDU\�� VHFRQGDU\� DQG� WHUWLDU\�
KHDOWKFDUH� VHUYLFHV� WR� 'HOWD� LQGLJHQHV� DQG� LWV�
DGMRLQLQJ�VWDWHV���,W�LV�ORFDWHG�LQ�2JKDUD��(WKLRSH�
:HVW� /RFDO� *RYHUQPHQW� $UHD� RI � 'HOWD� 6WDWH��
6RXWK�6RXWK�1LJHULD��

$GXOWV� �DJH� ��� \HDUV� DQG� DERYH�� DWWHQGLQJ� WKH�
)DPLO\�0HGLFLQH�&OLQLF� LQ�'(/687+��&OLQLFDO�
UHFRUGV�RI �WKH�FOLQLF�UHSRUWHG�WKDW�D�WRWDO�RI �������
DGXOW�SDWLHQWV�DWWHQGHG�WKH�FOLQLF�LQ�WKH�\HDU������

$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����



$GXOWV� DJHG� ��� \HDUV� DQG� DERYH� ZLOOLQJ� WR�
SDUWLFLSDWH�LQ�WKH�VWXG\�ZLWK�WKH�DELOLW\�WR�JLYH�
LQIRUPHG�FRQVHQW���&ULWLFDOO\�LOO�SDWLHQWV�

7KH� VDPSOH� VL]H� ZDV� GHWHUPLQHG� XVLQJ� WKH�
�� � ���IRUPXOD�� Q�  � ] ST�G �� XVLQJ� ]� DV� ���� RI �

FRQÀGHQFH�OHYHO��G�DV����PDUJLQ�RI �HUURU�DQG�S�
WKH�HVWLPDWHG�SURSRUWLRQ�ZLWK�WKH�DWWULEXWH�RI �

�LQWHUHVW���������IURP�D�SUHYLRXV�VWXG\� �DQG�Q�
WKH�PLQLPXP�VDPSOH�VL]H�ZDV������7KH�QXPEHU�
RI �SDWLHQWV�VHHQ�LQ�WKH�FOLQLF�LQ�WKH�SUHYLRXV�\HDU�
ZDV� �� �������� WKH� VDPSOH� VL]H� ZDV� DGMXVWHG�

���XVLQJ�� QI �  � Q����� Q�1�� ZKHUH�� Q� ZDV� WKH�
GHVLUHG� VDPSOH� VL]H� ZKHQ� WKH� SRSXODWLRQ� LV�
!�������� DQG� 1� ZDV� SRSXODWLRQ� RI � SDWLHQWV��
7KXV�� QI�� WKH� GHVLUHG� VDPSOH� VL]H� ZKHQ� WKH�
SRSXODWLRQ� LV� ��������� ZDV� ����� 6R�� WKH�
PLQLPXP�VDPSOH�VL]H�ZDV�����

3DUWLFLSDQWV� ZHUH� UHFUXLWHG� XVLQJ� V\VWHPDWLF�
���UDQGRP� VDPSOLQJ� PHWKRG�� 8VLQJ� . � 1�Q�

ZKHUH� .� ZDV� WKH� VDPSOLQJ� LQWHUYDO�� 1�� WKH�
VDPSOLQJ�IUDPH�������SDWLHQWV�DJHG����\HDUV�DQG�
DERYH�ZHUH�VHHQ�LQ����PRQWKV��VR������SDWLHQWV�
ZHUH� VHHQ� LQ� �� PRQWKV�� DQG� Q� ZDV� ����� $�
VDPSOLQJ� LQWHUYDO�RI ���ZDV�REWDLQHG��7KH�ÀUVW�
VXEMHFW�ZDV�VHOHFWHG�E\�VLPSOH�UDQGRP�DQG�HYHU\�
WK� � SDUWLFLSDQWV� ZDV� VHOHFWHG� E\� V\VWHPDWLF�
UDQGRP�VDPSOLQJ�XQWLO�WKH�UHTXLUHG�VDPSOH�VL]H�
ZDV�PHW�

$Q�LQWHUYLHZHU�DGPLQLVWHUHG�TXHVWLRQQDLUH�ZDV�
XVHG� WR� FROOHFW� GDWD�� 7KH� TXHVWLRQQDLUH� ZDV�

�� � � �DGRSWHG� IURP� SUHYLRXV� VWXGLHV� � 7KH�
TXHVWLRQQDLUH� FRQVLVWV� RI � VRFLR�GHPRJUDSKLF�
FKDUDFWHULVWLFV��KLVWRU\�RI �DOFRKRO�FRQVXPSWLRQ��
FLJDUHWWH� VPRNH�� SK\VLFDO� DFWLYLW\� DQG� IDPLO\�
KLVWRU\� RI � K\SHUWHQVLRQ�� DQWKURSRPHWULF� DQG�
EORRG�SUHVVXUH�PHDVXUHPHQWV��3DUWLFLSDQWV�ZKR�
VPRNH�DW�OHDVW�RQH�VWLFN�RI �FLJDUHWWH�SHU�GD\�LQ�
WKH� ODVW� SUHYLRXV� \HDU� EHIRUH� WKH� VWXG\� ZHUH�
JURXSHG�DV�VPRNHUV�ZKLOH�WKRVH�ZKR�KDG�TXLW�
FLJDUHWWH�VPRNH�IRU�DW�OHDVW�RQH�\HDU�RU�KDG�QHYHU�

��VPRNHG�ZHUH�WHUPHG�QRQ�VPRNHUV� �$OFRKRO�XVH�
ZDV� DVVHVVHG� ZLWK� WKH� TXHVWLRQ�� KDYH� \RX�

��FRQVXPHG� DOFRKRO� LQ� WKH� SDVW� ��� PRQWKV" �
3K\VLFDO� DFWLYLW\� ZDV� DVVHVVHG� EDVHG� RQ� ZRUN��
OHLVXUH�DQG�VSRUWV��3DUWLFLSDQWV�ZLWK�VHGHQWDU\�RU�
OLJKW� GDLO\� SK\VLFDO� DFWLYLWLHV� ZHUH� FODVVLÀHG� DV�
SK\VLFDOO\� LQDFWLYH� ZKLOH� WKRVH� ZKRVH� SK\VLFDO�
DFWLYLWLHV� FDQ� EH� GHVFULEHG� DV� PRGHUDWH� DQG�

��YLJRURXV�ZHUH�FDWHJRUL]HG�DV�SK\VLFDOO\�DFWLYH�

+\SHUWHQVLRQ� ZDV� GHÀQHG� DV� V\VWROLF� DQG�� RU�
GLDVWROLF�EORRG�SUHVVXUH���������PP+J��GXULQJ�
WKH�VWXG\�RQ�WZR�RFFDVLRQV�XVLQJ�D�VWDQGDUGL]HG�
PHUFXU\� VSK\JPRPDQRPHWHU� RU� D� SDWLHQW� RQ�

���WUHDWPHQW�IRU�K\SHUWHQVLRQ� 7KH�EORRG�SUHVVXUH�
ZDV� FODVVLÀHG� EDVHG� RQ� 7KH� 6HYHQWK� -RLQW�
1DWLRQDO�&RPPLWWHH� RQ�3UHYHQWLRQ��'HWHFWLRQ��
(YDOXDWLRQ� DQG� 7UHDWPHQW� RI � +LJK� %ORRG�

��3UHVVXUH��-1&��� ��

%RG\�:HLJKW��+HLJKW�DQG�%RG\�0DVV�,QGH[��7KH�
FRPELQHG� :HLJKW� 6FDOH� DQG� 6WDGLRPHWHU� ZDV�
V W DQGD UG L V HG � DQG � W H V W HG � EH IR U H � G D L O \�
PHDVXUHPHQWV�� 3DUWLFLSDQWV� ZHUH� PHDVXUHG�
VWDQGLQJ� XSULJKW� ZLWK� IDFH� IRUZDUG� LQ� QRUPDO�
FORWKLQJ� DQG� ZLWKRXW� IRRWZHDU�� KHDG�WLH�� RU�
DFFHVVRULHV�VXFK�DV�D�SXUVH��FHOO�SKRQH��NH\V�HWF��
:HLJKW�ZDV�UHFRUGHG�LQ�.LORJUDPPHV��.J��DQG�
KHLJKW�ZDV�LQ�0HWUHV��P���7KHVH�ZHUH�PHDVXUHG�WR�
WKH�QHDUHVW����NJ�DQG����FP�UHVSHFWLYHO\�

%RG\�PDVV�LQGH[��%0,��ZDV�FDOFXODWHG�XVLQJ�WKH�
�� �IRUPXOD��%0,� �ZHLJKW���KHLJKW� �NJ�P ���%RG\�

PDVV� LQGH[� ZDV� FDWHJRULVHG� DV� XQGHUZHLJKW� ���
� �����NJ�P ��� QRUPDO� ZHLJKW� ����������NJ�P ���

�R YH UZH L J K W � � � � � � � � � � � N J �P � � � R E H V H�
� �������NJ�P ��

'DWD� ZDV� HQWHUHG� LQWR� H[FHO� VSUHDGVKHHW� DQG�
FRGHG� LQWR� WKH� 6WDWLVWLFDO� 3URGXFW� DQG� 6HUYLFH�
6ROXWLRQ� �6366�� YHUVLRQ���� �,%0��&KLFDJR�� IRU�
DQDO\VLV��'HPRJUDSKLF�YDULDEOHV�DQG�FDWHJRULFDO�
YDULDEOHV�ZHUH�SUHVHQWHG�XVLQJ�IUHTXHQF\�WDEOHV�DV�

$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��� �



DSSURSULDWH��6WDWLVWLFDO�DVVRFLDWLRQ�ZDV�DQDO\]HG�
XVLQJ� WKH� &KL� VTXDUH� WHVW� DQG� )LVKHU
V� WHVW� DV�
DSSOLFDEOH� LQ� FRQWLQJHQF\� WDEOHV�� &RQWLQXRXV�
YDULDEOHV� VXFK� DV� DJH� ZHUH� SUHVHQWHG� XVLQJ�
PHDQV� DQG� VWDQGDUG� GHYLDWLRQ�� 6WDWLVWLFDO�
VLJQLÀFDQFH�ZDV�HYDOXDWHG�DW�S������DW�WKH�����
FRQÀGHQFH�LQWHUYDO�

(WKLFDO�FRQVLGHUDWLRQ��$SSURYDO�ZDV�REWDLQHG�
IURP� WKH� 5HVHDUFK� DQG� (WKLFV� &RPPLWWHH� RI �
'HOWD� 6WDWH� 8QLYHUVLW\� 7HDFKLQJ� +RVSLWDO��
2JKDUD��,QIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�
DOO� WKH� SDUWLFLSDQWV� EHIRUH� GDWD� FROOHFWLRQ�� $OO�
LQIRUPDWLRQ� ZDV� WUHDWHG� FRQÀGHQWLDOO\� DQG�
SDUWLFLSDQWV�FRXOG�ZLWKGUDZ�DW�DQ\�SRLQW�ZLWKRXW�
SUHMXGLFH�WR�WKHLU�IXWXUH�FDUH��

5(68/76
7ZR�KXQGUHG� DQG� IRUW\�WKUHH�SDUWLFLSDQWV�ZHUH�
UHFUXLWHG� LQ� WKH� VWXG\� RI � ZKLFK� HLJKW� ZHUH�
H[FOXGHG�IRU�LQFRPSOHWH�GDWD��OHDYLQJ�D�WRWDO�RI �
����SDUWLFLSDQWV��JLYLQJ�D�UHVSRQVH�UDWH�RI ��������

7KH� VRFLRGHPRJUDSKLF� FKDUDFWHULVWLFV� RI � WKH�
SDUWLFLSDQWV�DV�VKRZQ�LQ�7DEOH����7KH�PHDQ�DJH�RI �
SDUWLFLSDQWV�ZDV��������������ZLWK�PDQ\���������
RI �WKH�SDUWLFLSDQWV�ZLWKLQ�WKH�PLGGOH�DJH�JURXS�
RI ����WR����\HDUV�ROG��7KHUH�ZHUH�PRUH�IHPDOHV�
�������� WKDQ� PDOHV� ��������� PDMRULW\� RI � WKH�
SDUWLFLSDQWV�ZHUH�PDUULHG���������DQG�RYHU�KDOI �
��������KDG�WHUWLDU\�OHYHO�RI �HGXFDWLRQ��

$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�����



7DEOH����6RFLR�GHPRJUDSKLF�FKDUDFWHULVWLFV�RI �UHVSRQGHQWV�
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/HVV�WKDQ�KDOI ���������KDG�QRUPDO�EORRG�SUHVVXUH�DQG�DERXW�D�WKLUG�����������KDG�SUH�K\SHUWHQVLYH�
EORRG�SUHVVXUH��:KLOH�WKRVH�ZKR�KDG�K\SHUWHQVLRQ�ZHUH��VWDJH���K\SHUWHQVLRQ������������DQG�VWDJH���
K\SHUWHQVLRQ������������7KH�RYHUDOO�SUHYDOHQFH�RI �K\SHUWHQVLRQ�LQ�WKH�VWXG\�SRSXODWLRQ�ZDV������������
�7DEOH���

7DEOH����%ORRG�SUHVVXUH�SDWWHUQ�RI �SDUWLFLSDQWV�
9DULDEOH � )UHTXHQF\� 3HUFHQW�

%ORRG�SUHVVXUH�JUDGH�

1RUPDO� ��� �����

3UH�K\SHUWHQVLRQ� ��� �����

6WDJH���K\SHUWHQVLRQ� ��� �����

6WDJH���K\SHUWHQVLRQ� ��� �����

2YHUDOO�SUHYDOHQFH�RI�
K\SHUWHQVLRQ�

+\SHUWHQVLYH� ��� �����

1RQ�K\SHUWHQVLYH� ���� �����

7KH�DVVRFLDWLRQ�EHWZHHQ�VRFLRGHPRJUDSKLF�FKDUDFWHULVWLFV�DQG�WKH�SUHYDOHQFH�RI �K\SHUWHQVLRQ�VKRZHG�
WKDW�K\SHUWHQVLRQ�RFFXUUHG�PRUH�LQ�PDOHV�����������WKDQ�IHPDOHV������������ZKLFK�ZDV�QRW�VWDWLVWLFDOO\�
VLJQLÀFDQW�� /LNHZLVH�� WKH� SUHYDOHQFH� RI � K\SHUWHQVLRQ� GHFUHDVHG� ZLWK� WKH� SRVVHVVLRQ� RI � D� KLJKHU�
HGXFDWLRQDO� OHYHO� HYHQ� WKRXJK� LW� ZDV� QRW� VWDWLVWLFDOO\� VLJQLÀFDQW�� +RZHYHU�� WKH� SUHYDOHQFH� RI �
K\SHUWHQVLRQ�LQFUHDVHG�ZLWK�LQFUHDVLQJ�DJH��DV�LW�ZDV�PRUH�SUHYDOHQW�LQ�WKH�HOGHUO\�����������DQG�ZDV�
VWDWLVWLFDOO\�VLJQLÀFDQW��$OVR��K\SHUWHQVLRQ�RFFXUUHG�PRUH�LQ�SDUWLFLSDQWV�ZKR�ZHUH�VHSDUDWHG����������
DQG�ZLGRZHG����������WKDQ�WKRVH�ZKR�ZHUH�PDUULHG�DQG�WKLV�ZDV�VWDWLVWLFDOO\�VLJQLÀFDQW���7DEOH���
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$OVR��WKH�DVVRFLDWLRQ�EHWZHHQ�ULVN�IDFWRUV�RI �K\SHUWHQVLRQ�DQG�WKH�SUHYDOHQFH�RI �K\SHUWHQVLRQ�UHYHDOHG�
WKDW�WKH�SUHYDOHQFH�RI �K\SHUWHQVLRQ�LQFUHDVHG�ZLWK�LQFUHDVH�LQ�WKH�ERG\�PDVV�LQGH[�RI �SDUWLFLSDQWV��0RUH�
SDUWLFLSDQWV�ZKR�ZHUH�REHVH�����������KDG�K\SHUWHQVLRQ�FRPSDUHG�ZLWK�WKRVH�ZKR�KDG�QRUPDO�ERG\�
PDVV� LQGH[� DQG� WKLV� ZDV� VWDWLVWLFDOO\� VLJQLÀFDQW�� 6LPLODUO\�� WKH� SUHVHQFH� RI � D� IDPLO\� KLVWRU\� RI �
K\SHUWHQVLRQ�ZDV�VLJQLÀFDQWO\�DVVRFLDWHG�ZLWK�LQFUHDVH�LQ�WKH�SUHYDOHQFH�RI �K\SHUWHQVLRQ��+RZHYHU��
WKRVH�ZKR�KDG�PRGHUDWH�DQG�KLJK�SK\VLFDO�LQDFWLYLW\�OHYHOV�KDG�D�KLJKHU�SUHYDOHQFH�RI �K\SHUWHQVLRQ�
FRPSDUHG�ZLWK�WKRVH�ZLWK�ORZ�OHYHO�RI �SK\VLFDO�LQDFWLYLW\��DOWKRXJK�WKLV�ZDV�QRW�VWDWLVWLFDOO\�VLJQLÀFDQW��
$OVR��K\SHUWHQVLRQ�RFFXUUHG�PRUH�LQ�WKRVH�ZKR�GLG�QRW�FRQVXPH�DOFRKRO�����������WKDQ�WKRVH�ZKR�GLG�
�����������EXW�ZDV�QRW�VWDWLVWLFDOO\�VLJQLÀFDQW���7DEOH���

7DEOH����5LVN�IDFWRUV�DVVRFLDWLRQ�ZLWK�SUHYDOHQFH�RI �K\SHUWHQVLRQ

9DULDEOH +\SHUWHQVLRQ VWDWXV 7HVW VWDWLVWLFV
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)DPLO\ � KLVWRU\ � RI �
K\SHUWHQVLRQ �

<HV � �������� � �������� � ;� � ������ �

1R� �������� � ��������� � 3 ������ �

$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�����



',6&866,21
7KH�RYHUDOO�SUHYDOHQFH�RI �K\SHUWHQVLRQ�LQ�WKLV�
VWXG\� ZDV� ����� 7KLV� ZDV� VLPLODU� WR� ÀQGLQJV�
UHSRUWHG�LQ�D�SUHYLRXV�VWXG\�LQ�$NZD�,ERP�VWDWH��

� � � � �6RXWK�6RXWK�� 1LJHULD� DQG� (WKLRSLD� �
+RZHYHU��LW�ZDV�ORZHU�WKDQ�����UHSRUWHG�LQ�D�
SRSXODWLRQ� EDVHG� VWXG\� LQ� 2\R� VWDWH�� 6RXWK�

�����:HVW��1LJHULD�DQG�������LQ�.HQ\D�� �:KLOH�D�
KLJKHU�SUHYDOHQFH�ZDV�UHSRUWHG�LQ�(QXJX�VWDWH��
6RXWK�(DVW��1LJHULD���������DQG�,QGLD����������
� � � � � ,Q� UHFHQW� \HDUV� � WKH� SUHYDOHQFH� RI �

�K\SHUWHQVLRQ�LQ�1LJHULD�KDYH�EHHQ�RQ�WKH�ULVH� �
5HSRUW�IURP�D�V\VWHPDWLF�UHYLHZ�FRQGXFWHG�LQ�
1LJHULD�VKRZHG�DQ�LQFUHDVH�IURP������LQ������

��WR� ������ LQ� ����� � 7KH� SUREDEOH� IDFWRUV�
UHVSRQVLEOH� IRU� WKLV� ULVH� LQFOXGH� DGRSWLRQ� RI �
XQKHDOWK\�OLIHVW\OH�KDELWV��LQFUHDVH�LQ�WKH�DJHLQJ�
SRSXODWLRQ�� XUEDQL]DWLRQ� OHDGLQJ� WR� FKDQJH� LQ�
WKH�NLQG�RI �MREV�SHRSOH�HQJDJH�LQ�DQG�WKH�W\SH�RI �
WUDQVSRUW�V\VWHP�XWLOL]HG�UHVXOWLQJ�LQ�VHGHQWDU\�

�������OLYLQJ� $OVR�� WKH� ODFN�RI �HIIHFWLYH�SUHYHQWLYH�
VWUDWHJLHV� WDUJHWHG� DW� K\SHUWHQVLRQ� FDQ� EH� D�

�FRQWULEXWRU\�IDFWRU� �

,W� LV�ZRUWK\� WR�QRWH� WKDW� DERXW� D� WKLUG�RI � WKH�
SDUWLFLSDQWV� KDG� SUHK\SHUWHQVLRQ� EORRG�
SUHVVXUH�� 7KLV� ÀQGLQJ� IDOOV� ZLWKLQ� WKH� UDQJH�
UHSRUWHG� E\� D� V\VWHPDWLF� UHYLHZ� RQ� WKH�
SUHYDOHQFH� RI � SUHK\SHUWHQVLRQ� LQ� $IULFD� RI �

��EHWZHHQ� ������ WR� ������ � $OVR�� 5DLPL� DQG�
2GXVDQ�LQ�2JXQ�VWDWH��1LJHULD�UHSRUWHG�VLPLODU�

��ÀQGLQJ� �$� ORZHU� SUHYDOHQFH�ZDV� UHSRUWHG� E\�
6KDUPD� HW� DO� LQ� 6RXWK� $IULFD� ZKLOH� D� KLJKHU�

����SUHYDOHQFH�ZDV�IRXQG�E\�2ODFN�HW�DO�LQ�.HQ\D�� �
7KH�KLJK�UDWH�RI �SUHK\SHUWHQVLRQ�LQ�WKLV�VWXG\�LV�
ZRUULVRPH��$OWKRXJK��SUHK\SHUWHQVLRQ�GRHV�QRW�

��QHFHVVDULO\�SURJUHVV�WR�K\SHUWHQVLRQ� �3UHYLRXV�
VWXGLHV� KDYH� UHSRUWHG� WKDW� LWV� SUHVHQFH� FDQ�
LQFUHDVH� WKH� ULVN� RI � GHYHORSLQJ� K\SHUWHQVLRQ��
FDUGLRYDVFXODU� FRPSOLFDWLRQV� DQG� GDPDJH� WR�
WDUJHW� RUJDQV� E\� ���� LQ� WKH� DEVHQFH� RI �

��PRGLÀFDWLRQ�RI �OLIHVW\OH�KDELWV� �+HQFH�WKH�QHHG�
WR� HQOLJKWHQ� WKH� SXEOLF� RQ� WKH� QHHG� WR� DGRSW�

KHDOWK\�OLIHVW\OH�EHKDYLRXUV�WR�UHGXFH�WKH�ULVN�RI �
K\SHUWHQVLRQ��

)XUWKHUPRUH�� WKH� SUHYDOHQFH� RI � K\SHUWHQVLRQ�
LQFUHDVHG� ZLWK� LQFUHDVLQJ� DJH�� DV� LW� ZDV� PRUH�
SUHYDOHQW� LQ� WKH� HOGHUO\� DQG� ZDV� VWDWLVWLFDOO\�
VLJQLÀFDQW��7KLV�ZDV�LQ�FRQJUXHQW�ZLWK�SUHYLRXV�

���������VWXGLHV�LQ�1LJHULD�DQG�JOREDOO\�� $JH�KDYH�EHHQ�
LGHQWLÀHG�DV�RQH�RI �WKH�QRQ�PRGLÀDEOH�ULVN�IDFWRU�
WKD W � KDYH � D � SRV L W LYH � D V VRF L D W LRQ � Z L WK�

��K\SHUWHQVLRQ� � 7KLV� RFFXU� GXH� WR� LQFUHDVH� LQ�
V\VWROLF�EORRG�SUHVVXUH�IROORZLQJ�LQFUHDVH�LQ�DJH��
UHVXOWLQJ�IURP�GHFUHDVH�LQ�WKH�HODVWLFLW\�RI �DUWHULHV�

����DQG�DUWHULROHV� �7KH�FXUUHQW� WUHQG�H[SHULHQFHG�
JOREDOO\�LQ�SRSXODWLRQ�VWUXFWXUH�ZKLFK�KDV�OHG�WR�D�
JURZLQJ�LQFUHDVH�LQ�WKH�DJHLQJ�SRSXODWLRQ��ZLWK�
1LJHULD� QRW� OHIW� RXW�� DV� WKH� SRSXODWLRQ� RI � WKH�
HOGHUO\�LV�H[SHFWHG�WR�ULVH�IURP���PLOOLRQ�LQ������WR�

��������PLOOLRQ�E\������ �7KH�LPSOLFDWLRQ�RI �WKLV�LV�
DQ�LQFUHDVH�LQ�WKH�RFFXUUHQFH�RI �FKURQLF�GLVHDVHV�
LQFOXGLQJ�K\SHUWHQVLRQ� �DVVRFLDWHG�ZLWK�DJHLQJ��
WKXV�WKHUH�LV�QHHG�WR�GHYHORS�KHDOWK�SROLFLHV�DQG�

��VWUDWHJLHV� WKDW�ZLOO� SURPRWH�KHDOWK\� DJHLQJ� � ,Q�
DGGLWLRQ�� K\SHUWHQVLRQ� RFFXUUHG� PRUH� LQ�
SDUWLFLSDQWV� ZKR� ZHUH� VHSDUDWHG�� GLYRUFHG� DQG�
ZLGRZHG�WKDQ�WKRVH�ZKR�ZHUH�PDUULHG�DQG�VLQJOH�
DQG�WKLV�ZDV�VWDWLVWLFDOO\�VLJQLÀFDQW��7KLV�ÀQGLQJ�
ZDV�FRQVLVWHQW�ZLWK�D�VWXG\�FRQGXFWHG�LQ�6DXGL�

��$UDELD� � $OVR�� D� SRSXODWLRQ� EDVHG� VWXG\�
FRQGXFWHG�LQ�.HQ\D�QRWHG�WKDW�SDUWLFLSDQWV�ZKR�
ZHUH� ZLGRZHG� KDG� D� ���� JUHDWHU� ULVN� RI �
GHYHORSLQJ�K\SHUWHQVLRQ�FRPSDUHG�WR�WKRVH�ZKR�

��ZHUH� PDUULHG� � ,Q� FRQWUDVW�� D� QDWLRQDO� VXUYH\�
FDUULHG�RXW�LQ�1LJHULD��5(0$+�VWXG\��IRXQG�RXW�
WKDW�WKRVH�ZKR�ZHUH�PDUULHG�DQG�ZLGRZHG�KDG�DQ�

�LQFUHDVHG� ULVN� RI � KDYLQJ� K\SHUWHQVLRQ� � ,W� KDV�
EHHQ� GLVFRYHUHG� WKDW� PDUULDJH� SURPRWHV� WKH�
XSWDNH� RI � KHDOWK\� OLIHVW\OH� SUDFWLFHV� DQG� EHWWHU�
PRRG� ZKLFK� FRQIHU� YDULRXV� SRVLWLYH� KHDOWK�

�����EHQHÀWV� RQ� DQ� LQGLYLGXDO� � :KHUHDV�� GLYRUFH�
ZKLFK� LV� UHJDUGHG� DV� WKH� PRVW� VWUHVVIXO� OLIH�
H[SHULHQFH� LV� DVVRFLDWHG� ZLWK� LQFUHDVHG� ULVN� RI �

��HDUO\�PRUWDOLW\� �7KLV�FRXOG�EH�GXH�WR�WKH�ORVV�RI �
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WKLV� SURWHFWLYH� EHQHÀWV� RI � PDUULDJH� WRJHWKHU�
ZLWK�WKH�VWUHVV�RI �VHSDUDWLRQ�ZKLFK�FDQ�UHVXOW�LQ�
DEHUUDWLRQ�IURP�KHDOWK\�OLIHVW\OH�EHKDYLRXUV�WKDW�
PD\�SUHGLVSRVH�WR�ORQJ�WHUP�FRQVHTXHQFHV�IRU�

��GLVHDVH� SURFHVVHV� � $OVR�� WKRVH� ZKR� DUH�
ZLGRZHG��VHSDUDWHG�RU�GLYRUFHG�KDYH�WR�WDNH�XS�
PRUH� UHVSRQVLELOLW\� WR�FDUWHU� IRU� WKH�QHHGV�RI �
WKHLU�FKLOGUHQ�ZKLFK�PD\�JLYH�ULVH�WR�VWUHVV�WKDW�
PD\�LQFUHDVH�WKH�ULVN�RI �K\SHUWHQVLRQ�

$� VLJQLÀFDQW� DQG� ZHOO� GRFXPHQWHG� QRQ�
PRGLÀDEOH� ULVN� IDFWRU� RI � K\SHUWHQVLRQ� LV� WKH�

����SUHVHQFH�RI �D�IDPLO\�KLVWRU\�RI �K\SHUWHQVLRQ� �
7KH� SUHVHQFH� RI � D � IDPL O\ � K LV WRU \ � RI �
K\SHUWHQVLRQ� ZDV� VLJQLÀFDQWO\� DVVRFLDWHG� ZLWK�
LQFUHDVH� LQ� WKH� SUHYDOHQFH� RI � K\SHUWHQVLRQ� LQ�
WKLV� VWXG\�� 6LPLODU� ÀQGLQJ� ZDV� UHSRUWHG� E\�

����SUHYLRXV� VWXGLHV� � ,Q� FRQWUDVW�� SRSXODWLRQ�
EDVHG�VWXGLHV�FRQGXFWHG�LQ�5LYHUV�VWDWH��1LJHULD�
DQG�LQ�(WKLRSLD�UHSRUWHG�QR�DVVRFLDWLRQ�EHWZHHQ�
IDPLO\� KLVWRU\� RI � K\SHUWHQVLRQ� DQG� WKH�

�����SUHYDOHQFH�RI �K\SHUWHQVLRQ� �$�KLJKHU�ULVN�RI �
K\SHUWHQVLRQ�KDYH�EHHQ�GHVFULEHG�LQ�RIIVSULQJ�
RI � ÀUVW�� DQG� VHFRQG�GHJUHH� SDUHQWV� ZLWK�
K\SHUWHQVLRQ� FRPSDUHG� WR� WKH� JHQHUDO�

�SRSXODWLRQ� � $OVR�� WKH� GHYHORSPHQW� RI �
K\SHUWHQVLRQ� EHIRUH� WKH� DJH� RI � ��\HDUV� �HDUO\�
RQVHW��LQ�SDUHQWV�DQG�JUDQGSDUHQWV�LV�D�JUHDWHU�
SUHGLFWRU� RI � WKH� ULVN� RI � K\SHUWHQVLRQ� LQ� WKHLU�

�RIIVSULQJ� � ,Q� GHÀDQFH� RI � WKH� HVWDEOLVKHG� UROH�
SOD\HG� E\� JHQHWLF� SUHGLVSRVLWLRQ� LQ� WKH�
GHYHORSPHQW� RI � K\SHUWHQVLRQ�� LW� KDV� EHHQ�
GRFXPHQWHG�WKDW�WKH�XSWDNH�RI �KHDOWK\�OLIHVW\OH�

�SUDFWLFH�FDQ�UHGXFH�WKLV�ULVN�

$OVR�� LQFUHDVH� LQ� WKH� ERG\� PDVV� LQGH[� RI �
SDUWLFLSDQWV�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVH�LQ�WKH�
SUHYDOHQFH�RI �K\SHUWHQVLRQ��DV�PRUH�RI � WKRVH�
ZKR�ZHUH�REHVH�KDG�K\SHUWHQVLRQ�FRPSDUHG�WR�
WKRVH� ZKR� KDG� QRUPDO� ERG\� PDVV� LQGH[�� $�
FRKRUW� VWXG\� FDUULHG� RXW� LQ� 7KDLODQG� UHYHDOHG�
WKDW�DQ�LQFUHDVLQJO\�KLJKHU�ERG\�PDVV�LQGH[�ZDV�
SRVLWLYHO\�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�LQFLGHQFH�

��RI � K\SHUWHQVLRQ� RYHU� D� ��\HDU� SHULRG� � 6HYHUDO�
SUHYLRXV�VWXGLHV�LQ�1LJHULD�DQG�JOREDOO\�UHSRUWHG�
WKDW�RYHUZHLJKW�DQG�REHVLW\�ZHUH�DVVRFLDWHG�ZLWK�

�����������������LQFUHDVHG� ULVN� RI � K\SHUWHQVLRQ� � 7KH�
:RUOG�+HDOWK�$VVRFLDWLRQ� �:+2�� UHSRUWV� WKDW�
WKH� SUHYDOHQFH� RI � REHVLW\� JOREDOO\� LV� RQ� WKH�

��LQFUHDVH� �,W�GHVFULEHV�WKH�VLWXDWLRQ�DV�DODUPLQJ�DV�
GLVHDVHV� DVVRFLDWHG� ZLWK� REHVLW\� DUH� VRDULQJ�
HVSHFLDOO\� FDUGLRYDVFXODU� GLVHDVHV� ZKLFK� LV�

��FXUUHQWO\�WKH�OHDGLQJ�FDXVH�RI �PRUWDOLW\�JOREDOO\� �
'LHWDU\� KDELWV� DQG� SDWWHUQ� RI � SK\VLFDO� DFWLYLW\�
SOD\�DQ�LPSRUWDQW�UROH�LQ�REHVLW\��'HVSLWH�WKH�ZHOO�
HVWDEOLVKHG� UHODWLRQVKLS� EHWZHHQ� REHVLW\� DQG�
K\SHUWHQVLRQ�� WKH�PHFKDQLVP� E\�ZKLFK� REHVLW\�
FDXVH� K\SHUWHQVLRQ� LV� FRPSOH[� DV� LW� LQYROYHV�
LQWHUDFWLRQV� EHWZHHQ� UHQDO�� PHWDEROLF� DQG�

��QHXURHQGRFULQH� SDWKZD\V� � 7KH� SUREDEOH�
SDWKRJHQHVLV� RI � REHVLW\�UHODWHG� K\SHUWHQVLRQ�
LQFOXGH� RYHU� DFWLYDWLRQ� RI � WKH� V\PSDWKHWLF�
QHUYRXV� V\VWHP�� DOWHUDWLRQ� RI � DGLSRVH�GHULYHG�
F\WRNLQHV�� LQVXOLQ� UHVLVWDQFH�� VWUXFWXUDO� DQG�
IXQFWLRQDO�UHQDO�FKDQJHV�DQG�WKH�VWLPXODWLRQ�RI �

�����UHQLQ�DQJLRWHQVLQ�DOGRVWHURQH�V\VWHP� �:HLJKW�
UHGXFWLRQ� KDYH� EHHQ� LGHQWLÀHG� DV� WKH� SULPDU\�
PHDVXUH�WR�DGGUHVV�REHVLW\�UHODWHG�K\SHUWHQVLRQ��
DV�LW�UHYHUVHV�WKH�SDWKRSK\VLRORJLFDO�PHFKDQLVP�

��WKDW�OHDG�WR�K\SHUWHQVLRQ� �7KLV�FDQ�EH�DFKLHYHG�
WKURXJK�OLIHVW\OH�FKDQJHV�VXFK�DV�KHDOWK\�GLHWDU\�

��KDELW�DQG�LQFUHDVHG�SK\VLFDO�DFWLYLW\�

&21&/86,21
,Q� WKH� VWXG\�� DERXW� D� WKLUG� RI � WKH� VWXG\�
SDU W L F LSDQWV � KDG � SUHK\SHU WHQV LRQ � DQG�
K\SHUWHQVLRQ� UHVSHFWLYHO\�� ,QFUHDVLQJ� DJH�� EHLQJ�
VHSDUDWHG�� REHVLW\� DQG� D� SRVLWLYH� IDPLO\� KLVWRU\�
ZHUH� DVVRFLDWHG� ZLWK� LQFUHDVHG� ULVN� RI �
K\SHUWHQVLRQ�� 7KHUH� LV� QHHG� WR� SURYLGH� KHDOWK�
HGXFDWLRQ� DQG� KHDOWK� SURPRWLRQ� DFWLYLWLHV� WKDW�
DGGUHVV� DZDUHQHVV� RI � WKH� ULVN� IDFWRUV� RI �
K\SHUWHQVLRQ�DQG�WR�HQFRXUDJH�WKH�DGRSWLRQ�RI �
KHDOWK\�OLIHVW\OH�KDELWV�WDUJHWHG�DW�FRQWUROOLQJ�WKH�
ULVN� IDFWRUV� RI � K\SHUWHQVLRQ� DQG� KHQFH�
K\SHUWHQVLRQ��7KLV�LV�QHFHVVDU\�EHFDXVH�DGRSWLRQ�
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RI �KHDOWK\�OLIHVW\OH�SUDFWLFHV�KDV�EHHQ�IRXQG�WR�
FRQWULEXWH�WR�WKH�UHGXFWLRQ�RI �EORRG�SUHVVXUH��
$OVR�� FRQWUROOLQJ� WKHVH� ULVN� IDFWRUV� FDQ�
FRXQWHUSRLVH� WR� VRPH� H[WHQW� WKH� JHQHWLF�
SUHGLVSRVLWLRQ� IRU� K\SHUWHQVLRQ� DQG� WKH�
GHYHORSPHQW�RI �LWV�HQVXLQJ�VHTXHODH�

$&.12:/('*0(17�� $XWKRUV� VLQFHUHO\�
DSSUHFLDWH� DOO� WKH� SDWLHQWV� WKDW� SDUWLFLSDWHG� LQ�
WKLV�VWXG\�DQG�WKH�VWDII �RI �WKH�)DPLO\�PHGLFLQH�
FOLQLF��'(/687+��2JKDUD��1LJHULD�

)81',1*��$XWKRUV�IXQGHG�WKH�UHVHDUFK��

5()(5(1&(6
��� &KXNZX�&(��(EXHKL�2$��$MXOXFKXNZX�-1��

2 O D V K R U H � $+ � � $ Q W K U R S RP H W U L F ��
VRFLRGHPRJUDSKLF� DQG� ELRFKHPLFDO� ULVN�
IDFWRUV� RI � K\SHUWHQVLRQ� LQ�/DJRV��1LJHULD��
$OH[HQGULD�-RXUQDO�RI �0HGLFLQH��������������
� � � � � � � G R L ��
�����������������������������

��� 6KDUPD�3��%HULD�+��*XSWD�3��0DQRNDUDQ�6��
5HGG\�0��3UHYDOHQFH�RI �K\SHUWHQVLRQ�DQG�LWV�
DVVRFLDWHG�ULVN�IDFWRUV��-��3KDUP��6FL��	�5HV��
�����������������������

��� -DPHV� 0�� +\SHUWHQVLRQ�� 5LVN� IDFWRUV��
SUHYHQWLRQ� DQG� PDQDJHPHQW�� -� +\SHUWHQV�
�/RV�$QJHO������������������������

��� $\RJX� 51�� (]HK� 0*�� 2NDIRU� $0��
3UHYDOHQFH� DQG� SUHGLFWRUV� RI � GLIIHUHQW�
SDWWHUQV�RI �K\SHUWHQVLRQ�DPRQJ�DGXOWV�DJHG�
������ \HDUV� LQ� UXUDO� FRPPXQLWLHV� RI �
6RXWKHDVW�1LJHULD��$�FURVV�VHFWLRQDO� VWXG\��
$UFKLYHV� RI � 3XEOLF� +HDOWK�� ������ �������
����

��� 6KDUPD� -��0DEKLGD�6��0\HUV�%��$SDODWD�7��
1LFRO�(��%HQMHGGRX�0�HW�DO��3UHYDOHQFH�RI �
K\SHUWHQVLRQ�DQG�LWV�DVVRFLDWHG�ULVN�IDFWRUV�
LQ�D�UXUDO�EODFN�SRSXODWLRQ�RI �0WKDWKD�WRZQ��
6RXWK� $IULFD�� ,QW�� -�� (QYLURQ�� 5HV�� 3XEOLF�
+HDOWK����������������������

��� $GHNH�$6��&KRUL�%6��1HXSDQH�'��6KDUPDQ�

-(��2GLOL�$1��6RFLRGHPRJUDSKLF�DQG�OLIHVW\OH�
IDFWRUV� DVVRFLDWHG� ZLWK� K\SHUWHQVLRQ� LQ�
1LJHULD��UHVXOWV�IURP�D�FRXQWU\�ZLGH�VXUYH\��
-RXUQDO�RI �+XPDQ�+\SHUWHQVLRQ�������������
��� +KWSV���GRL�RUJ���������V����������
�������

��� $MD\L�,2��6R\DQQZR�0$��$VLQREL�$2��$IRODEL�
1%��$\HGH�$,��%DPJER\H�($��%ORRG�SUHVVXUH�
SDWWHUQ�DQG�K\SHUWHQVLRQ�UHODWHG�ULVN�IDFWRUV�
LQ�DQ�XUEDQ�FRPPXQLW\�LQ�6RXWKZHVW�1LJHULD��
WKH� 0RNROD� K\SHUWHQVLRQ� LQLWLDWLYH� SURMHFW��
,EDGDQ��1LJHULD��-��3XEOLF�+HDOWK�(SLGHPLRO��
����������������

��� $EGXOVDODP�6��2OXJEHQJD�%HOOR�$��2ODUHZDMX�
2�� $EGXV�6DODP� ,�� 6RFLRGHPRJUDSKLF�
FRUUHODWHV� RI � PRGLÀDEOH� ULVN� IDFWRUV� IRU�
K\SHUWHQVLRQ�LQ�D�UXUDO�ORFDO�JRYHUQPHQW�DUHD�
R I � 2\R � V W D W H � 6RX WK � :HV W � 1 LJ H U L D ��
,QWHUQDWLRQDO�-RXUQDO�RI �+\SHUWHQVLRQ��������
KWWS���G[�GRL�RUJ���������������������

��� ,EHNZH� 58�� 0RGLÀDEOH� ULVN� IDFWRUV� RI �
K\SHUWHQVLRQ� DQG� VRFLRGHPRJUDSKLF� SURÀOH�
LQ� 2JKDUD�� 'HOWD� VWDWH�� SUHYDOHQFH� DQG�
FRUUHODWHV��$QQ�0HG�+HDOWK�6FL�5HV�����������
������

����0DPGRXK�+��$OQDNKL�:��+XVVDLQ�+��,EUDKLP�
*��+XVVHLQ�$��0DKPRXG�,�HW�DO��3UHYDOHQFH�
DQG� DVVRFLDWHG� ULVN� IDFWRUV� RI � K\SHUWHQVLRQ�
DQG� SUHK\SHUWHQVLRQ� DPRQJ� WKH� DGXOW�
SRSXODWLRQ�� ÀQGLQJV� IURP� WKH� 'XEDL�
KRXVHKROG�VXUYH\��������%0&�&DUGLRYDVFXODU�
'LVRUGHUV������������������

����/HXQJ�$��%XVKQLN�7��+HQQHVVH\�'��0F$OLVWHU�
)��0DQXHO�'��5LVN�IDFWRUV�IRU�K\SHUWHQVLRQ�LQ�
&DQDGD��+HDOWK�5HSRUWV��������������������

����$EGXOVDODP�6��2OXJEHQJD�%HOOR�$��2ODUHZDMX�
2�� $EGXV�VDODP� ,�� 6RFLRGHPRJUDSKLF�
FRUUHODWHV� RI � PRGLÀDEOH� ULVN� IDFWRUV� IRU�
K\SHUWHQVLRQ�LQ�D�UXUDO�ORFDO�JRYHUQPHQW�DUHD�
R I � 2\R � V W D W H � 6RX WK � :HV W � 1 LJ H U L D ��
,QWHUQDWLRQDO�-RXUQDO�RI �+\SHUWHQVLRQ��������
KWWSV���G[�GRL�RUJ��������������������

����$UDR\H�02��6XEMHFW�VHOHFWLRQ��,Q��3DUDNR\L�%��
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HGLWRU��5HVHDUFK�PHWKRGRORJ\�ZLWK�VWDWLVWLFV�
QGIRU�KHDOWK�DQG�VRFLDO�VFLHQFHV��� �(G��,ORULQ��

1DWKDGH[�SXEOLVKHUV���������������
����/XJR�0DWD� $5�� 8ULFK�/DQGHWD� $6��

$QGUDGHV�3HUH]� $/�� /HRQ�'XJDUWH� 0-��
0DUFDQR�$FHYHGR�/$��*XLOOHQ�0+��)DFWRUV�
DVVRFLDWHG�ZLWK�WKH�OHYHO�RI �NQRZOHGJH�DERXW�
K\SHUWHQVLRQ� LQ� SULPDU\� FDUH� SDWLHQWV��
0HGLFLQD� 8QLYHUVLWDULD�� ������ �������� ����
�����

����2FKHL�2��$LJEH�),��8WDNH�2(��2ODPLGH�2��
2OXRQ\H� +&�� 2QLNH� &� HW� DO�� 6\VWHPLF�
K\SHUWHQVLRQ� DPRQJ� DGXOWV� LQ� D� SHULXUEDQ�
FRPPXQLW\�LQ�'HOWD�VWDWH�1LJHULD��:HVWHUQ�
-RXUQDO�RI �0HGLFDO�DQG�%LRPHGLFDO�6FLHQFHV��
� � � � � � � � � � � � � � � � � � � � � � G R L ��
��������]HQRGR��������

����'HQGXS�7��7VKHULQJ�3��'RUML�7��5LVN�IDFWRUV�
DVVRFLDWHG� ZLWK� K\SHUWHQVLRQ� LQ� %KXWDQ��
)LQGLQJV� IURP� WKH� QDWLRQDO� KHDOWK� VXUYH\��
-RXUQDO� RI � +HDOWK� 5HVHDUFK�� ������ �������
��������

����&KREDQLDQ� $9�� %DNULV� */�� %ODFN� +5��
&XVKPDQ�:&��*UHHQ�/$��,]]R�-/�HW�DO��7KH�
VHYHQWK� UHSRUW� RI � WKH� MRLQW� QDWLRQDO�
FRPPLWWHH� RQ� SUHYHQWLRQ�� GHWHFWLRQ��
HYDOXDWLRQ� DQG� WUHDWPHQW� RI � KLJK� EORRG�
SUHVVXUH�� WKH� -1&� �� UHSRUW�� -DPD�� ������
�����������������

����1RDK� 63�� (WXNXPDQD� ($�� 8GRQZD� 1��
0RUJDQ� 80�� 3UHYDOHQFH� RI � K\SHUWHQVLRQ�
DPRQJ� SDWLHQWV� DWWHQGLQJ� WKH� JHQHUDO�
RXWSDWLHQW� FOLQLFV� RI � D� WHUWLDU\� KRVSLWDO� LQ�
8\R�� 6RXWK� 6RXWK� 1LJHULD�� ,ERP� 0HGLFDO�
-RXUQDO���������������������

����$VHPX� 00�� <DOHZ� $:�� .DEHWD� 1'��
0HNRQQHQ�'��3UHYDOHQFH�DQG�ULVN�IDFWRUV�RI �
K\SHUWHQVLRQ� DPRQJ� DGXOWV�� D� FRPPXQLW\�
EDVHG� VWXG\� LQ� $GGLV� $EDED�� (WKLRSLD��
3XEOLF� /LEUDU\� RI � 6FLHQFH�� ������������
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*��+XVVHLQ�$��0DKPRXG�,�HW�DO��3UHYDOHQFH�
DQG� DVVRFLDWHG� ULVN� IDFWRUV� RI � K\SHUWHQVLRQ�
DQG� SUH�K\SHUWHQVLRQ� DPRQJ� WKH� DGXOW�
SRSXODWLRQ�� )LQGLQJV� IURP� WKH� 'XEDL�
KRXVHKROG�VXUYH\��������%0&�&DUGLRYDVFXODU�
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DVVRFLDWHG� ULVN� IDFWRUV� RI � K\SHUWHQVLRQ�� $�
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,QWHUQDWLRQDO�-RXUQDO�RI �+\SHUWHQVLRQ��������
KWWSV���GRL�RUJ���������������������
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+\SHUWHQV��������������������
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7LDGH�0��2JD� 6� HW� DO�� 3UHYDOHQFH� DQG� ULVNV�
IDFWRUV� RI � SUHK\SHUWHQVLRQ� LQ� $IULFD�� $�
V\VWHPDWLF�UHYLHZ��$QQDOV�RI �*OREDO�+HDOWK��
������������������

����5DLPL� 7�� 2GXVDQ� 2�� $VVRFLDWLRQ� RI �
K\SHUWHQVLRQ�ZLWK�JHQHUDOL]HG�REHVLW\�LQ�UXUDO�
6RXWK�:HVWHUQ� 1LJHULD�� -� 6XUJ� 0HG�� ������
��������������

����2ODFN� %�� :DEZLUH�0DQJHQ� )�� 6PHHWK� /��
0RQWJRPHU\�-��.LZDQXND�1��5LVN�IDFWRUV�RI �
K\SHUWHQVLRQ�DPRQJ�DGXOWV�DJHG�������\HDUV�
OLYLQJ�LQ�DQ�XUEDQ�VOXP�1DLUREL��.HQ\D��%0&�
3XEOLF�+HDOWK��������������������

����7KDZRUQFKDLVLW�3��/RR]H�)��5HLG�&��6HXEVPDQ�
6��6OHLJK�$��7KDL�&RKRUW�6WXG\�7HDP��+HDOWK�
U L V N � I D F WR U V � DQG � W K H � L Q F L G HQFH � R I �
K\SHUWHQVLRQ�� ��\HDU� SURVSHFWLYH� ÀQGLQJV�
IURP�D�QDWLRQDO�FRKRUW�RI ��������7KDL�RSHQ�
XQLYHUVLW\� VWXGHQWV�� %0-� 2SHQ�� ������ ���
H�������� GRL�� ��������EPMRSHQ������
������

����%DQLJEH�%)��,WDQ\L�,8��2ÀOL�(2��2JLGL�$*��
3DWHO�'��(]HDQROXH�((��+LJK�SUHYDOHQFH�RI �
XQGLDJQRVHG� K\SHUWHQVLRQ� DPRQJ� PHQ� LQ�
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1RUWK� &HQWUDO� 1LJHULD�� UHVXOWV� IURP� WKH�
KHDOWK\� EHJLQQLQJ� LQLWLDWLYH�� 3XEOLF� /LEUDU\�
RI � 6FLHQFH�� ������������ � H���������

W K5HWULHYHG� RQ� � � 0DUFK� ����� IURP��
KWWSV���GRL�RUJ���������MRXUQDO�SURQH����
����

�����$NLQWD\R�8VPDQ�1��8VPDQ�6��&RPSDUDWLYH�
DQDO\VLV� RI � DJHLQJ� LQ� 1LJHULD� DQG� 8QLWHG�
.LQJGRP� XVLQJ� OLIH� FRXUVH� DSSURDFK�� 7KH�
LPSOLFDWLRQ� IRU� WKH� QXUVLQJ� SURIHVVLRQ� LQ�
1LJHULD�

� 3DQ� $IULFDQ� 0HGLFDO� -RXUQDO�� ������ ���������
��������SDPM�������������������

����6EDUUD�'$��/DZ�5:��/HH�/$��0DVRQ�$(��
0DULWDO�GLVVROXWLRQ�DQG�EORRG�SUHVVXUH�
UHDFWLYLW\��(YLGHQFH�IRU�WKH�VSHFLÀFLW\�RI �
HPRWLRQDO�LQWUXVLRQ�K\SHUDURXVDO�DQG�WDVN�
UDWHG�HPRWLRQDO�GLIÀFXOW\��3V\FKRVRP�0HG��
��������������������GRL��
��������36<������H����D��HHF

����5DPH]DQNKDQL� $�� $]L]L� )�� +DGDHJK� )��

$VVRFLDWLRQV�RI �PDULWDO�VWDWXV�ZLWK�GLDEHWHV��
K\SHUWHQVLRQ��FDUGLRYDVFXODU�GLVHDVH�DQG�DOO�
FDXVH�PRUWDOLW\��$�ORQJ�WHUP�IROORZ�XS�VWXG\��
3/R6� 2QH�� ������ ������� H��������� GRL��
��������MRXUQDO�SRQH��������

����7DPXQR�2SXER�$��6WDQOH\�2��$PDGL�,NSD�$��
(QHEHOL� 6�� 'LPNSD� 0�� 7DPXQR�2SXER� 6��
$ZDUHQHVV�RI �K\SHUWHQVLRQ��ULVN�IDFWRUV�DQG�
LWV�FRPSOLFDWLRQV�DPRQJ�XQLYHUVLW\� OHFWXUHUV�
LQ�5LYHUV� VWDWH��1LJHULD�� -RXUQDO� RI �0HGLFDO�
DQG�'HQWDO�6FLHQFH�5HVHDUFK������������������
���

����-LDQJ�6��/X�:��=RQJ�;��5XDQ�+��/LX�<��2EHVLW\�
DQG�K\SHUWHQVLRQ�5HYLHZ���([SHULPHQWDO�DQG�
7KHUDSHXWLF�0HGLFLQH����������������������

����6KDULT� 2$�� 0F.HQ]LH� 7-�� 2EHVLW\�UHODWHG�
K\SHUWHQVLRQ��$�UHYLHZ�RI �SDWKRSK\VLRORJ\��
PDQDJHPHQW� DQG� WKH� UROH� RI � PHWDEROLF�
VXUJHU\��*ODQG�VXUJ��������������������

(EHUDJKZD�(0��2UKH�2*��$Q\ZQZX�%(��
%ORRG�SUHVVXUH�DQG�DVVRFLDWHG�ULVN�IDFWRUV�
RI � K\SHUWHQVLRQ� LQ� SDWLHQWV� DWWHQGLQJ� D�
)DPLO\� 0HGLFLQH� &OLQLF� LQ� 'HOWD� 6WDWH��
1LJHULD��$IU��-��7URS��0HG��	�%LRPHG��5HV��
���������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���
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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

UHVSHFWLYHO\��$PRQJVW�WKHVH�SDUDVLWHV��3ODVPRGLXP�
EHUJKHL� LV� SUHIHUDEO\� XVHG� DV� PRGHO� IRU�
H[SHULPHQWDO� VWXGLHV�� ,W� SUHIHUHQWLDOO\� LQIHFWV�
QRUPRF\WHV� DQG� UHWLFXORF\WHV� DQG� XVXDOO\�
SURGXFHV� LQIHFWLRQV� LQ�PLFH� WKDW� LQGXFH� VHYHUH�

�SDWKRORJ\ �

$UWHPLVXD�DQXD�� LV� D�&KLQHVH�SODQW�ZKRVH�PDMRU�
FRPSRQHQW� IRUPV� WKH� FXUUHQW� JROG�VWDQGDUG�
WUHDWPHQW� IRU� PDODULD� LV� WKH� DUWHPLVLQLQ�EDVHG�

,1752'8&7,21
0DODULD�LV�DQ�LQIHFWLRXV�GLVHDVH�WKDW�FDQ�EH�OLIH�
WKUHDWHQLQJ� DQG� LV� VSUHDG� E\� PRVTXLWRHV� WR�
KXPDQV�DQG�RWKHU�DQLPDOV��,W� LV�FDXVHG�E\�WKH�
SDUDVLWH� SURWR]RDQV� WKDW� EHORQJ� WR� WKH� JHQXV�

�3ODVPRGLXP ��7KH�GLVHDVH� LV� VSUHDG� WR�SHRSOH�
WKURXJK�WKH�ELWHV�RI � LQIHFWHG�IHPDOH�$QRSKHOHV�
PRVTXLWRHV�� 7KHUH� DUH� DERXW� IRXU� VSHFLHV� RI �
PDODULD�SDUDVLWHV�WKDW�FDQ�LQIHFW�URGHQWV�QDPHO\��
3ODVPRGLD� EHUJKHL�� YLQFNHL�� \RHOOL�� DQG� FKDEDXGL��

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

�'HSDUWPHQW�RI �+XPDQ�$QDWRP\��)DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI �8\R��1LJHULD
�'HSDUWPHQW�RI �+XPDQ�$QDWRP\��6FKRRO�RI �0HGLFLQH��0RL�8QLYHUVLW\��(OGRUHW��.HQ\D
�'HSDUWPHQW�RI �&OLQLFDO�3KDUPDFRORJ\�DQG�7KHUDSHXWLFV��)DFXOW\�RI �%DVLF�&OLQLFDO�6FLHQFHV��8QLYHUVLW\�RI �8\R�7HDFKLQJ�+RVSLWDO��1LJHULD

$EVWUDFW
,QWURGXFWLRQ��,Q�VXE�6DKDUDQ�$IULFD��PDODULD�LV�WKH�SUHGRPLQDQW�FRQWULEXWRU�WR�PRUWDOLW\�DQG�WKHUH�LV�
VLJQLILFDQW� GHSHQGHQFH� RQ� SK\WRWKHUDS\� IRU� LWV� WUHDWPHQW�� 7KLV� VWXG\� LQYHVWLJDWHG� FRPSDUDWLYH�
SK\WRFRQVWLWXHQWV�� DFXWH� WR[LFLW\�� DQWL�SODVPRGLDO� DFWLYLWLHV� RQ� OLYHU� IXQFWLRQ� DQG� PLFURDQDWRPLFDO�
SHUWXUEDWLRQV�IROORZLQJ�WKH�FRQFRPLWDQW�DGPLQLVWUDWLRQ�RI �HWKDQRO�H[WUDFWV�RI � �OHDYHV�$]DGLUDFKWD�LQGLFD
DQG� �EDUN�LQ� �6ZLVV�PLFH�0DQJLIHUD�LQGLFD 3ODVPRGLXP�EHUJKHL�LQIHFWHG

0DWHULDOV�DQG�0HWKRGV��6L[W\�H[SHULPHQWDO�PLFH�ZHUH�DOORWWHG�LQWR����JURXSV��Q� ����DQG�LQRFXODWHG�
�ZLWK���[��� � �WZR�ZHHNV�SRVW��DFFOLPDWL]DWLRQ3��EHUJKHL ��*URXS�RQH�VHUYHG�DV�WKH�QRUPDO�FRQWURO��JURXS�WZR�

>SDUDVLWL]HG�QRQ�WUHDWHG@�DQG�JURXSV���WR����ZHUH�ORZ��PHGLXP��DQG�KLJK�GRVHV�RI �WKH�H[WUDFWV�VLQJO\�DQG�
FRQFRPLWDQWO\��ZKLOH�JURXS����UHFHLYHG�DUWHPHWKHU�OXPHIDQWULQH��$OO�DGPLQLVWUDWLRQV�ZHUH�YLD�RUDO�URXWH�
IRU� WKUHH� GD\V�� UHVSHFWLYHO\�� 3K\WRFKHPLFDO� VFUHHQLQJ�� SDUDVLWH� GHQVLW\�� VHUXP� OLYHU� HQ]\PHV� DQG�
PLFURDQDWRPLFDO�DOWHUDWLRQV�ZHUH�DQDO\]HG�

5HVXOWV��3K\WRFKHPLVWU\�VKRZHG�WKDW�$��LQGLFD�SRVVHVVHG�DEXQGDQW�DONDORLGV�WKDW�ZHUH�DEVHQW�LQ�0��LQGLFD��
7KH�PHGLDQ�OHWKDO�GRVH��/'����RI �$��LQGLFD�OHDI �DQG�0��LQGLFD�EDUN�H[WUDFW�ZDV���������DQG���������
PJ�NJ��UHVSHFWLYHO\��7KH�VLQJOH�DGPLQLVWUDWLRQ�RI �$��LQGLFD�RXWSHUIRUPHG�0��LQGLFD�YLD�PLWLJDWHG�SDUDVLWH�
SURJUHVVLRQ��UHGXFHG�3��EHUJKHL�LQGXFHG�KHSDWRWR[LFLW\�DQG�HOHYDWHG�OLYHU�HQ]\PHV�

&RQFOXVLRQ�� $]DGLUDFKWD� LQGLFD� VXUSDVVHV� 0DQJLIHUD� LQGLFD� LQ� DOOHYLDWLQJ� K\SHUSDUDVLWHPLD�� SDUDVLWH�
DVVRFLDWHG�KHSDWRWR[LFLW\��DQG�KHSDWLF�PLFURDQDWRPLFDO�FKDQJHV�LQ�LQ�YLYR�URGHQWLD�PDODULD�PRGHO��$��LQGLFD�
DOVR�PLOG�WR�PRGHUDWHO\�LPSURYHG�KHSDWLF�FROODJHQ�DQG�JO\FRJHQ�VWRUDJH�WKDQ�0��LQGLFD��,W�SRVVHVVHG�D�
EHWWHU�V\QHUJLVWLF�HIIHFW�WKDQ�0��LQGLFD�DORQH����

.H\ZRUGV��$]DGLUDFKWD�LQGLFD��0DQJLIHUD�LQGLFD��3ODVPRGLXP�EHUJKHL��DQWL�SODVPRGLDO��OLYHU�IXQFWLRQ

&RUUHVSRQGLQJ�DXWKRU��,QQRFHQW�$��(GDJKD��3K'��LQQRFHQWHGDJKD#XQLX\R�HGX�QJ���LQQRFHQWHGDJKD#PX�DF�NH
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FRPELQDWLRQ�WKHUDS\��$&7���,W�LV�ZRUWK�QRWLQJ�
WKDW� FRPELQDWLRQ� WKHUDSLHV�� LQ� ZKLFK� WZR� RU�
PRUH� DQWLPDODULDO� GUXJV� ZLWK� GLIIHUHQW�
PHFKDQLVP�RI �DFWLRQ�DUH�JLYHQ�WRJHWKHU�LQ�IL[HG�
GRVH� DUH� TXLWH� HIIHFWLYH� IRU� LPSURYHG� HIILFDF\�

�DQG�UHGXFHG�GUXJ�UHVLVWDQFH�E\�WKH�SDUDVLWHV �

6HYHUDO� SKDUPDFRORJLFDO� VWXGLHV� KDYH� EHHQ�
UHSRUWHG� LQ� D� UHFHQW� UHYLHZ� OLWHUDWXUH� WR�
GHPRQVWUDWH�DQWLPDODULDO�SODQWV�HLWKHU�DV�FUXGH�
H[WUDFWV��RU� LQ�SXULILHG�PHWDEROLWHV� IRU�PDODULD�
WUHDWPHQW�� ,QWHUHVWLQJO\� PRVW� RI � WKHVH� SODQWV�
VKRZ�QR�HYLGHQFH�RI �SDUDVLWH�UHVLVWDQFH�EHFDXVH�
RI � WKHLU� V\QHUJLVWLF� DFWLRQ� RI � SK\WRFKHPLFDO�
FRPSRQHQWV�UHSUHVHQWLQJ�WKH�JUHDW�SRWHQWLDO�RI �

�WKH� SODQW� H[WUDFW� DJDLQVW� PDODULD� UHVLVWDQFH ��
$PRQJVW� VHYHUDO� DQWLPDODULDO� SODQWV� XVHG� LQ�
IRONORUH� DUH�� QHHP� SODQW� �$]DGLUDFKWD� LQGLFD��
SRSXODUO\� FDOOHG� GRQJR\DUR�� DQG�PDQJR� SODQW�
�0DQJLIHUD�LQGLFD��IRXQG�LQ�PDQ\�UXUDO�UHVLGHQFHV�
DQG�QRZ�SRSXODU�LQ�WHD�PL[WXUH�VROG�DW�PDOOV�DQG�
VXSHUPDUNHWV�EDVHG�RQ�SUHIHUHQFH�

$]DGLUDFKWD� LQGLFD� LV� D� WUHH� LQ� WKH� 0DKRJDQ\�
���IDPLO\�0HOLFLFHDH �� ,W� LV�QDWLYH� WR� WURSLFDO�DQG�

VHPL�WURSLFDO� FOLPDWHV� DQG� WKULYHV� LQ� DULG� DQG�
VDYDQQD� SDUWV� RI � 1LJHULD�� 1HHP� DQG� LWV�
GHU LYD W LYHV � KDYH � EHHQ � HPSOR\HG � LQ �
HWKQRPHGLFLQH�DV�DQWLPDODULDOV��7KH�DQWLPDODULDO�
HIIHFW� RI � QHHP� KDV� EHHQ� GRFXPHQWHG� DQG� LV�
WKRXJKW�WR�DFW�E\�UHGR[�SHUWXUEDWLRQ�LQ�WKH�IRUP�
RI � LPSRVLWLRQ� RI � VXEVWDQWLDO� R[LGDQW� VWUHVV�

���GXULQJ�PDODULD�LQIHFWLRQ �

0DQJLIHUD� LQGLFD� LV� D� WUHH� IURP�WKH�$QDFDUGLHFHDH�
IDPLO\�WKDW�LV�ZLGHO\�IRXQG�LQ�WURSLFDO�FRXQWULHV��
7KLV�WUHH�SURGXFHV�YHU\�VZHHW�IUXLWV��$OO�WKH�SDUWV�
RI � D� PDQJR� DUH� YHU\� XVHIXO� DQG� WKXV� D�
SKDUPDFRORJLFDO O\� � HWKQRPHGLFDO � � DQG�

�SK\WRFKHPLFDOO\� GLYHUVH� SODQW ��7KH� EDUN� RI � D�
PDQJR�WUHH�FRQWDLQV�DQ�DFWLYH�VXEVWDQFH�FDOOHG�
PDQJLIHULQ�� ,W� LV� NQRZQ� IRU� LWV� XVH� LQ� QDWXUDO�
PHGLFLQH�� QRW� RQO\� DV� D� KHDOWK� HQKDQFLQJ�

SDQDFHD�RU�DGMXQFW�WKHUDSHXWLF��EXW�DOVR�IRU�EUDLQ�
��IXQFWLRQ�LPSURYHPHQW �

7KH� OLYHU� LV�D�NH\�RUJDQ� LQ� WKH�SDWKRJHQHVLV�RI �
PDODULD�LQIHFWLRQ��,W�VHUYHV�DQ�LPSRUWDQW�SDUW�RI �
WKH� OLIH� F\FOH� RI � WKH� SDUDVLWH�� EHLQJ� WKH� RUJDQ�
ZKHUH�DVH[XDO�UHSURGXFWLRQ��VFKL]RJRQ\��RI �WKH�

�����PRVTXLWR� LQIHFWHG� VSRUR]RLWHV� WDNHV� SODFH ��
)XUWKHUPRUH�� FHUWDLQ� FOLQLFDO� FKDUDFWHULVWLFV�
DVVRFLDWHG� ZLWK� VHYHUH� PDODULD�� LQFOXGLQJ�
K\SRJO\FHPLD�� K\SHUSDUDVLWHPLD�� MDXQGLFH�� DQG�
EUXLVLQJ��DUH�HQWLUHO\�RU�SDUWLDOO\�H[SODLQHG�E\�OLYHU�
GDPDJH� FDXVHG� E\� SDUDVLWHPLD� RU� WKH�
LPPXQRORJLFDO� UHVSRQVH� WR� WKH� SDUDVLWH�� 7KLV�
V WXG\� LQYHVW LJDWHG� WKH� SK\WRFKHPLFDO �
FRQVWLWXHQWV�� DFXWH� WR[LFLW\�� DQG� DQWL�SODVPRGLDO�
DFWLYLW\� RI � WKH� FRQFRPLWDQW� DGPLQLVWUDWLRQ� RI �
$]DGLUDFKWD�LQGLFD�DQG�0DQJLIHUD�LQGLFD�H[WUDFWV�RQ�
WKH� KHSDWLF� IXQFWLRQ� DQG� PLFURDQDWRPLFDO�
DOWHUDWLRQV�LQ�6ZLVV�0LFH�

0$7(5,$/6�$1'�0(7+2'6
7KH�PHGLFLQDO�SODQW�IDUP�RI �WKH�'HSDUWPHQW�RI �
3KDUPDFRORJ\�DQG�1DWXUDO�0HGLFLQH��)DFXOW\�RI �
3KDUPDF\��8QLYHUVLW\�RI �8\R��$NZD�,ERP�6WDWH��
1LJHULD��SURYLGHG�IUHVK�PDWXUH�$]DGLUDFKWD�LQGLFD�
OHDYHV�DQG�0DQJLIHUD�LQGLFD�EDUN��%RWK�SODQWV�ZHUH�
ZDVKHG�WR�UHPRYH�GLUW�DQG�VXQ�GULHG�IRU�RQH�ZHHN�
EHIRUH� EHLQJ� UHFRJQL]HG� DQG� YHULILHG� E\�
WD[RQRPLVWV�DQG�SODFHG�LQ�WKH�+HUEDULXP�8QLW�RI �
WKH�'HSDUWPHQW�RI �%RWDQ\��)DFXOW\�RI �6FLHQFH��
8QLYHUVLW\� RI � 8\R�� 1LJHULD�� ZLWK� VSHFLPHQ�
YRXFKHU�QXPEHU��8�8�+���������

7KH� GULHG� SODQW� PDWHULDOV� ZHUH� WKHUHDIWHU�
VHSDUDWHO\� EOHQGHG� LQWR� D� SRZGHU\� IRUP�� DQG�
SUHVHUYHG� VHSDUDWHO\� LQ� FRQWDLQHUV� ZLWK�
DSSURSULDWH� FRYHULQJ�� DW� URRP� WHPSHUDWXUH��
$ERXW�����OLWHUV�RI �DEVROXWH�HWKDQRO�ZDV�XVHG�WR�
PL[�����J�RI �HDFK�SRZGHUHG�SODQW�PDWHULDO�DQG�
WKH� PL[WXUH� ZDV� NHSW� IRU� ��� KRXUV� DW� URRP�
WHPSHUDWXUH��7KH\�ZHUH�ILOWHUHG�XVLQJ�OLQHQ�DQG�
WKHQ� ILOWHU� SDSHU�� $IWHU� ��� PLQXWHV� RI � SRVW�
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ILOWUDWLRQ�� WKH� ILOWUDWHV� ZHUH� HYDSRUDWHG� WR�
RGU\QHVV� XVLQJ� D� ZDWHU� EDWK� DW� ��� &�� DQG� WKH�

H[WUDFWV�ZHUH�VWRUHG�LQ�D�VHDOHG�FRQWDLQHU�LQ�WKH�
RIUHH]HU����²��� &��XQWLO�LW�ZDV�XVHG�

([WUDFWV� IURP�ERWK� WKH�$]DGLUDFKWD� LQGLFD� OHDI �
DQG�EDUN�RI �0DQJLIHUD� LQGLFD�ZHUH�XVHG�IRU� WKH�

��SK\WRFKHPLFDO�WHVWV�DV�GHVFULEHG�E\�+DUERUQH ��
�� ��6RIRZRUD � DQG� 7UHDVH� DQG� (YDQV �� 7KLV�

SURFHGXUH� ZDV� GRQH� LQ� WKH� 3KDUPDFRORJ\�
'HSDUWPHQW�� )DFXOW\� RI � 3KDUPDF\�� 8QLYHUVLW\�
RI �8\R��1LJHULD�

7KLV� H[SHULPHQW� LQYROYHG� VL[W\� 6ZLVV� PLFH�
ZHLJKLQJ�EHWZHHQ����DQG����J��7KH�PLFH�ZHUH�
VRXUFHG�IURP�WKH�$QLPDO�+RXVH�RI �WKH�)DFXOW\�
RI �3KDUPDF\�DW�WKH�8QLYHUVLW\�RI �8\R�LQ�$NZD�
,ERP��1LJHULD��7KH�SURWRFROV�IRU�WKLV�VWXG\�ZHUH�
DSSURYHG� E\� WKH� 'HSDUWPHQW� RI � +XPDQ�
$QDWRP\�� 8QLYHUVLW\� RI � 8\R�� 1LJHULD�� ZKLFK�
DOLJQV�ZLWK� WKH�JOREDOO\� DFFHSWHG�JXLGHOLQH� IRU�

��WKH� XVH� DQG� KDQGOLQJ� RI � ODERUDWRU\� DQLPDOV ��
$GGLWLRQDOO\��DQ�HWKLFDO�DSSURYDO�ZDV�JUDQWHG�E\�
WKH�+HDOWK�5HVHDUFK�(WKLFV�&RPPLWWHH�RI �WKH�
$NZD�,ERP�6WDWH�0LQLVWU\�RI �+HDOWK�ZLWK�5HI��
0+�356����9RO�,9������ 7KH� VWXG\� ZDV�
FRQGXFWHG� LQ� DFFRUGDQFH� ZLWK� WKH� %DVLF� DQG�
&OLQLFDO� 3KDUPDFRORJ\� DQG� 7R[LFRORJ\� SROLF\�

��IRU� H[SHULPHQWDO� VWXGLHV �� $OO� DQLPDOV� ZHUH�
ZHLJKHG�� LGHQWLILHG�� DQG� SODFHG� LQ� D� VWDQGDUG�
SODVWLF�FDJH�IRU�RQH�ZHHN�RI �DFFOLPDWL]DWLRQ�LQ�
DQ�RSWLPXP�SDWKRJHQ�IUHH�HQYLURQPHQW��ZLWK�D�

R��KRXU� OLJKW�GDUN� F\FOH� RI � ��� ²� ��� &� DQG�
UHODWLYH�KXPLGLW\�RI ����������PHDVXUHG�XVLQJ�D�
&(0�K\GURPHWHU� �'7������6KHQ]KHQ�&KLQD���
7KH�DQLPDO�FDJHV�ZHUH�PDLQWDLQHG�DGHTXDWHO\�E\�
FKDQJLQJ� VDZGXVW�� OHIWRYHU� IHHG� DQG� GULQNLQJ�
ZDWHU��GDLO\��$OO�DQLPDOV�ZHUH�IHG�ZLWK�SHOOHWL]HG�
JURZHU�PDVK� �*UDQG�&HUHDO�9LWDO��)HHG�/WG��
-RV��DQG�SURYLGHG�GULQNLQJ�ZDWHU�DG�OLELWXP��7KH�
$55,9(�JXLGHOLQHV�����DV�FKHFNOLVW�RI �UHOHYDQW�
LQIRUPDWLRQ�IRU�DQLPDO�UHVHDUFK�GRFXPHQWDWLRQ�
RI �LQ�YLYR�H[SHULPHQWV�ZDV�FRQVXOWHG�

%ORRG� VWDJH� 3ODVPRGLXP� EHUJKHL� VDPSOHV� ZHUH�
FROOHFWHG�IURP�D�ODERUDWRU\�VWRFN�YLD�VHULDO�EORRG�
SDVVDJH� IURP� RQH�PRXVH� WR� DQRWKHU�� 7KLV� ZDV�
VRXUFHG� IURP� WKH� )DFXOW\� RI � 3KDUPDF\� DW� WKH�
8QLYHUVLW\�RI �8\R�

/HDI �H[WUDFW�RI �$]DGLUDFKWD�LQGLFD�DQG�EDUN�H[WUDFW�
RI �0DQJLIHUD�LQGLFD�ZHUH�LQYHVWLJDWHG�WR�GHWHUPLQH�
WKHLU� PHGLXP� OHWKDO� GRVHV� �/' �� LQ� WKH���

'HSDUWPHQW� RI � 3KDUPDFRORJ\�� )DFXOW\� RI �
3KDUPDF\��8QLYHUVLW\�RI �8\R��7KLV�ZDV�GRQH�WR�
HVWDEOLVK�WKH�GLIIHUHQW�DPRXQWV�RI �WKH�H[WUDFWV�WR�
EH�DGPLQLVWHUHG�WR�WKH�PLFH�XVLQJ�WKH�PHWKRG�RI �

��/RUNH �

)LIWHHQ������DQLPDOV�ZHUH�VHSDUDWHG�LQWR�ILYH�����
JURXSV� RI � WKUHH� ���� HDFK��(DFK� JURXS� UHFHLYHG�
LQFUHDVLQJ� GRVHV� RI � OHDI�EDUN� H[WUDFWV� �������
������������������DQG������PJ�NJ���7KH�DQLPDOV�
ZHUH�FDUHIXOO\�PRQLWRUHG�IRU����KRXUV�WR�DVVHVV�
WKHLU� EHKDYLRXUDO� DFWLYLWLHV� DV� ZHOO� DV� WKH�
SRVVLELOLW\� RI � IDWDOLW\�� :KHUH� WKHUH� ZDV� QR�
PRUWDOLW\��DQRWKHU�JURXS�RI �WKUHH�����DQLPDOV�ZDV�
JLYHQ�JUHDWHU�GRVHV�DQG�PRQLWRUHG�IRU����KRXUV�

7KH� LQRFXOXP� ZDV� SUHSDUHG� DV� GHVFULEHG� E\�
��(GDJKD� HW� DO �� 7KH� EORRG� GRQRU� ZLWK� KLJK�

SDUDVLWHPLD� ZDV� DFTXLUHG� E\� DQDHVWKHWL]LQJ� WKH�
PRXVH� ZLWK� NHWDPLQH� K\GURFKORULGH� DQG�
FROOHFWLQJ�EORRG�YLD�KHDUW�SXQFWXUH�ZLWK�D�VWHULOH�
V\ULQJH� LQWR� D� VWHULOH� KHSDULQL]HG� WXEH�� 7KH�
SHUFHQWDJH�SDUDVLWHPLD�ZDV�FDOFXODWHG�E\�GLYLGLQJ�
WKH�QXPEHU�RI �SDUDVLWL]HG�UHG�EORRG�FHOOV�E\�WKH�
WRWDO�QXPEHU�RI �UHG�FHOOV��DQG�D�GHVLUHG�YROXPH�RI �
EORRG�ZDV�REWDLQHG�IURP�WKH�GRQRU�PRXVH�DQG�
GLOXWHG�ZLWK�VWHULOH�QRUPDO�VDOLQH�VR�WKDW�WKH�ILQDO�
LQRFXOXP������P/��IRU�HDFK�PRXVH�FRQWDLQHG�WKH�
UHTXLUHG�QXPEHU� RI � SDUDVLWL]HG� UHG� EORRG� FHOOV�

������[��� �SDUDVLWL]HG�UHG�EORRG�FHOOV���ZKLFK�LV�WKH�
VWDQGDUG� LQRFXOXP� IRU� LQIHFWLRQ� RI � D� VLQJOH�
PRXVH�

,QIHFWLRQ� RI � 6ZLVV�0LFH� ZLWK� 3�� EHUJKHL� DQG�
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DGPLQLVWUDWLRQ�RI �WKH�([WUDFWV�RI�$]DGLUDFKWD�
LQGLFD�DQG�0DJQLIHUD�LQGLFD�

7KH�VL[W\�6ZLVV�PLFH�ZHUH�DOORWWHG�LQWR�WZHOYH�
�����JURXSV��Q� ����PLFH�HDFK��$OO�WKH�PLFH�ZHUH�
LQIHFWHG�WZR�ZHHNV�DIWHU�DFFOLPDWL]DWLRQ�ZLWK���[�

� ��� 3�� EHU JKHL� SDUDVLWL]HG� HU\WKURF\WHV�
LQWUDSHULWRQHDOO\�� H[FHSW� WKH� KHDOWK\� FRQWURO�
JURXS� WKDW� LV�� WKH� QRUPDO� FRQWURO� �1&��� 7KH�
LQIHFWLRQ�RI �WKH�UHFLSLHQW�PLFH�ZDV�LQLWLDWHG�E\�
QHHGOH� SDVVDJH� RI � WKH� LQRFXOXP� SDUDVLWH�
SUHSDUDWLRQ�IURP�WKH�GRQRU�WR�KHDOWK\�DQLPDOV�

YLD� DQ� LQWUDSHULWRQHDO� URXWH� DV� GHVFULEHG� E\�
(GDJKD�HW�DO��� ��������7KH�SUHVHQFH�RI �SDUDVLWHV�
ZDV� FRQILUPHG� E\� D� GDLO\� SDUDVLWHPLD�
GHWHUPLQDWLRQ� XVLQJ� GLUHFW� HQXPHUDWLRQ� YLD� D�
*LHPVD�VWDLQHG�WKLQ�EORRG�VPHDU�IURP�WKH�PLFH
V�
ODWHUDO� FDXGDO� YHLQ�� ZKLFK� GHPRQVWUDWHG� WKH�
QXPEHU�RI �35%&V�SHU�����5%&V�RI �SDUDVLWHPLD�
DV� RXWOLQHG� E\�:+2� LQ�PDODULD�PLFURVFRS\� LQ�

��:+2 �� 7KH� H[SHULPHQWDO� JURXSV� FRPPHQFHG�
WUHDWPHQW�ZKHQ�SDUDVLWHPLD�UHDFKHG����RI � WKH�
LQLWLDO� LQRFXOXP�� 7KH� SDUDVLWH� GHQVLW\� ZDV�
FDOFXODWHG�XVLQJ�WKH�IRUPXOD�EHORZ�

��SDUDVLWHPLD

0HDQ���SDUDVLWHPLD�RI �XQWUHDWHG�JURXS���0HDQ���SDUDVLWHPLD�RI �WUHDWHG�JURXS

;����� 

$OVR�WKH�SHUFHQWDJH�LQKLELWLRQ�RI �WKH�SDUDVLWH�IRU�HDFK�GD\�ZDV�FDOFXODWHG�E\�WKH�IRUPXOD�

1XPEHU�RI �SDUDVLWL]HG�5%&
7RWDO�QXPEHU�RI �5%&

0HDQ���SDUDVLWHPLD�RI �XQWUHDWHG�JURXS ;���

([SHULPHQWDO�'HVLJQ
6�1� *URXS� � � 7UHDWPHQW� � � � 'XUDWLRQ��GD\V�
��� 1&� � � ':���P/�NJ�EZW� � � � �
��� 317� � � ':���P/�NJ�EZW� � � � �
���� 3$, ����PJ�$,�NJ�EZW� � � � �/'� � �
���� 3$, ����PJ�$,�NJ�EZW� � � � �0'� � �
���� 3$, ����PJ�$,�NJ�EZW� � � � �+'� � �
��� 30, ����PJ�0,�NJ�EZW� � � � �/'� � �
��� 30, ����PJ�0,�NJ�EZW� � � � �0'� � �
���� 30, ����PJ�0,�NJ�EZW� � � � �+'� � �
��� 3$,0, ����PJ�$,�������PJ�0,��NJ�EZW� � � �/'� �
������� 3$,0, ����PJ�$,�������PJ�0,��NJ�EZW� � � �0'� �
����� 3$,0, ����PJ�$,�������PJ�0,��NJ�EZW� � � �+'� �
����� 3$/� � � ��PJ�NJ�EZW� � � � � �

':�²�'LVWLOOHG�ZDWHU��1&�²�1RUPDO�FRQWURO��317�²�3DUDVLWL]HG�QRQ�WUHDWHG��3$, ²�3DUDVLWL]HG�DQG�/'�

WUHDWHG�ZLWK�$]DGLUDFKWD�LQGLFD�H[WUDFW�²�ORZ�GRVH��3$, ²�3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�$]DGLUDFKWD�LQGLFD�0'�

H[WUDFW�²�PLGGOH�GRVH��3$, ²�3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�$]DGLUDFKWD�LQGLFD�H[WUDFW�²�KLJK�GRVH��30, �²�+'� /'

3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�0DQJLIHUD�LQGLFD�²�ORZ�GRVH��30, �²�3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�0DQJLIHUD�0'

LQGLFD�²�PLGGOH�GRVH��30, �²�3DUDVLWL]HG�DQG� WUHDWHG�ZLWK�0DQJLIHUD� LQGLFD�²�KLJK�GRVH��3$,0, ²�+' /'�

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

3K\WRFKHPLFDO��$FXWH�7R[LFLW\��DQG�$QWL�SODVPRGLDO�3RWHQWLDO�RI �&RQFRPLWDQW�([WUDFWV��� ��



3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�$]DGLUDFKWD�LQGLFD�H[WUDFW�DQG�0DJQLIHUD�LQGLFD�H[WUDFW�²�ORZ�GRVH��3$,0, ²�0'�

3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�$]DGLUDFKWD�LQGLFD�H[WUDFW�DQG�0DJQLIHUD�LQGLFD�H[WUDFW²�PLGGOH�GRVH��3$,0,+'�
²� 3DUDVLWL]HG� DQG� WUHDWHG�$]DGLUDFKWD� LQGLFD� H[WUDFW� DQG�0DJQLIHUD� LQGLFD� H[WUDFW²� KLJK� GRVH�� 3$/� ²�
3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�$UWKHPHWHU�/XPHIDQWULQH��$&7���$OO�H[WUDFWV�WUHDWPHQW�ZDV�DGPLQLVWHUHG�
RUDOO\�XVLQJ�RUR�JDYDJH�WXEH�HYHU\�GD\�IRU���GD\V�

7HUPLQDWLRQ�RI �WKH�([SHULPHQW
7ZHQW\�IRXU�KRXUV�IROORZLQJ�WKH�ODVW�GRVH��WKH�
DQLPDOV�ZHUH�DQHVWKHWL]HG�LQWUDSHULWRQHDOO\�ZLWK�
��� PJ� SHU� NJ� ERG\� ZHLJKW� RI � NHWDPLQH�
K\GURFKORULGH� �5RWH[�0HGLFD��*HUPDQ\��� 7KH�
WKRUDFRDEGRPLQDO�ZDOO�ZDV�GLVVHFWHG�WR�H[DPLQH�
WKH� KHDUW�� DQG� EORRG� ZDV� WDNHQ� IURP� WKH� OHIW�
YHQWULFOH��7KH�KHSDULQL]HG�EORRG�ZDV�FROOHFWHG�
LPPHGLDWHO\� DQG� FHQWULIXJHG� DW� ����� J� IRU� ���
PLQXWHV�� 7KH� SODVPD� ZDV� UHIULJHUDWHG� DQG�
SURFHVVHG�DV�D�VLQJOH�EDWFK�IRU�GHWHUPLQDWLRQ�RI �
DVSDUWDWH� DPLQRWUDQVIHUDVH� �$67��� DONDOLQH�
S K R V S K D W D V H � � $ / 3 � � � D Q G � D O D Q L Q H�

��DPLQRWUDQVIHUDVH��$/7��OHYHOV�ZLWKLQ����KRXUV �
$� FDQQXOD�ZDV�XWLOL]HG� WR� DGPLQLVWHU� D� JXLGHG�
LQWUDFDUGLDF� SHUIXVLRQ� RI � SKRVSKDWH�EXIIHUHG�
VDOLQH��3%6���0��3+������WR�WKH�DQLPDOV��ZKLFK�
ZHUH� WKHQ� SHUIXVHG�À[HG� ZLWK� ���� EXIIHUHG�
IRUPDOLQ��7KH�OLYHUV�RI �DOO�DQLPDOV�ZHUH�H[WUDFWHG�
DQG�À[HG�LQ�����EXIIHUHG�IRUPDOLQ�IRU����KRXUV�

+LVWRSDWKRORJLFDO�$VVHVVPHQW
7KH� À[HG� WLVVXH�ZDV� GHK\GUDWHG� XVLQJ� JUDGHG�
DOFRKRO� WR� HOLPLQDWH� H[FHVV� ZDWHU� IRXQG� LQ�
WLVVXHV��DV�IROORZV��WZR�FKDQJHV�RI �����DQG�����
DOFRKRO�IRU�WZR�KRXUV�HDFK��DQG�WZR�FKDQJHV�RI �
����� DOFRKRO� IRU� WZR� KRXUV� HDFK�� $IWHU�
GHK\GUDWLRQ��WLVVXH�ZDV�FOHDUHG�ZLWK�WZR�FKDQJHV�
RI �[\OHQH����PLQXWHV�HDFK���7KLV�ZDV�IROORZHG�E\�
LPSUHJQDWLRQ�ZLWK�WZR�FKDQJHV�RI �SDUDIÀQ�ZD[�
LQ� WKH� RYHQ� DW� ���&� IRU� RQH� KRXU� DQG� WKLUW\�
PLQXWHV�HDFK�WR�DOORZ�IRU�LQÀOWUDWLRQ��7LVVXH�ZDV�
SXW�LQWR�PROGV�ÀOOHG�ZLWK�PROWHQ�SDUDIÀQ�ZD[��
2QFH�WKH�SDUDIÀQ�ZD[�KDG�FRROHG�DQG�VHW��WKH�
PROG�ZDV� UHPRYHG�� UHYHDOLQJ� D� VPDOO� SDUDIÀQ�
EORFN� FRQWDLQLQJ� WKH� WLVVXH� VDPSOH�� $IWHU�
IUHH]LQJ� WKH� WLVVXHV�RQ� LFH�� WKH�SDUDIÀQ�EORFNV�
ZHUH�VHFWLRQHG�ZLWK�D�PLFURWRPH�DW�D�WKLFNQHVV�
RI ����P�

7LVVXH� VHFWLRQV� ZHUH� WDNHQ� WR� ZDWHU� E\�
GHSDUDIÀQL]LQJ� LQ� WZR� FKDQJHV� RI � [\OHQH� IRU� ��
PLQXWHV�HDFK�� IROORZHG�E\�UHK\GUDWLRQ� LQ������
DOFRKRO�� ���� DOFRKRO�� ���� DOFRKRO� WZLFH� IRU� ��
PLQXWHV� HDFK�� DQG� ÀQDOO\� ULQVHG� LQ� WDS� ZDWHU��
6HFWLRQV�ZHUH� VWDLQHG�ZLWK�+HPDWR[\OLQ� IRU� ���
PLQXWHV� � ZDVKHG � EU L HÁ\ � LQ � W DS � ZDWH U��
GLIIHUHQWLDWHG� LQ� DFLG� DOFRKRO�� ZDVKHG� ZHOO� LQ�
UXQQLQJ� WDS�ZDWHU� WLOO� LW� WXUQHG�EOXH��7KH�EOXHG�
VHFWLRQV�ZHUH� FRXQWHUVWDLQHG� LQ� (RVLQ� VROXWLRQ�

��IRU� �� PLQXWH �� 7KH� WLVVXHV� ZHUH� DLU� GULHG� DQG�
PRXQWHG� ZLWK� GLSRO\F\VWHLQH� [\OHQH� �'3;��
EHIRUH�EHLQJ�FRYHU�VOLSSHG� IRU�YLHZLQJ�XQGHU� D�
O L JK W � P LF URVFRSH� � 7KUHH � LQGHSHQGHQ W�
KLVWRSDWKRORJLVWV�XQUHODWHG�WR�WKH�VWXG\�HYDOXDWHG�
WKH�WLVVXHV�WR�PLWLJDWH�VWXG\�ELDV��7KH�SURFHVVHG�
VOLGHV�ZHUH� H[DPLQHG� XQGHU� D� OLJKW�PLFURVFRSH�
�2O\PSXV�� 86$��� DQG� SKRWRPLFURJUDSKV� ZHUH�
WDNHQ�

6WDWLVWLFDO�$QDO\VLV
7KH�GDWD�REWDLQHG�IURP�WKLV�VWXG\�ZDV�DQDO\]HG�
XVLQJ� WKH� ,%0� 6WDWLVWLFDO� 3DFNDJH� IRU� 6RFLDO�
6FLHQFH� �6366�� YHUVLRQ� ��� VRIWZDUH�� ZLWK� WKH�
�2QH�:D\�� DQDO\VLV�RI �YDULDQFH� �$129$��DQG�
WKH�7XNH\�SRVW�KRF�WHVW�WR�HVWDEOLVK�VLJQLÀFDQFH��
'DWD�ZDV�SUHVHQWHG�DV�PHDQ���6WDQGDUG�(UURU�RI �
0HDQ�� 9DOXHV� ZHUH� VWDWLVWLFDOO\� VLJQLÀFDQW� �S� ��
������

5(68/76
3K\WRFKHPLFDO� $QDO\VLV� RI � ([WUDFWV� RI �
$]DGLUDFKWD�LQGLFD�/HDI �DQG�0DQJLIHUD�LQGLFD�%DUN
7KH�GLIIHUHQW�SK\WRFKHPLFDO�FRQVWLWXHQWV�SUHVHQW�
LQ�$]DGLUDFKWD� LQGLFD� OHDI � H[WUDFW� DQG�0DQJLIHUD�
LQGLFD�EDUN�H[WUDFW�DUH�VKRZQ�LQ�7DEOH���

7KH� TXDOLWDWLYH� SK\WRFKHPLFDO� DQDO\VLV� RI � WKH�
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H[WUDFW� RI � $]DGLUDFKWD� LQGLFD� UHYHDOHG� WKH�
SUHVHQFH� RI � DONDORLGV�� WDQQLQV�� ÁDYRQRLGV��
SR O \SKHQR O V � DQG � W H U SHQR LG V � L Q � K L JK�
FRQFHQWUDWLRQ�� VDSRQLQV�� FDUERK\GUDWH��
JO\FRVLGH�� DQG� FDUGLDF� JO\FRVLGH� LQ� PRGHUDWH�
FRQFHQWUDWLRQV�� ZKLOH� VWHURLG� ZDV� SUHVHQW� LQ�
WUDFH� FRQFHQWUDWLRQ�� 2Q� WKH� RWKHU� KDQG�� WKH�
SK\WRFKHPLFDO� FRQVWLWXHQWV� RI � H[WUDFW� RI �
0DQJLIHUD� LQGLFD� ZHUH� WDQQLQV�� ÁDYRQRLGV��
SRO\SKHQROV��DQG�JO\FRVLGHV��DOO�SUHVHQW�LQ�KLJK�
FRQFHQWUDWLRQV��VDSRQLQV�DQG�FDUERK\GUDWH�ZHUH�
SUHVHQW� LQ� PRGHUDWH� FRQFHQWUDWLRQV�� FDUGLDF�
JO\FRVLGHV��VWHURLGV�DQG�WHUSHQRLGV�ZHUH�DOVR�LQ�
WUDFH�FRQFHQWUDWLRQ�ZKLOH�DONDORLG�ZDV�DEVHQW�

0HGLDQ�/HWKDO�'RVH��/' ��RI �([WUDFWV�RI �$����

LQGLFD�/HDI �DQG�0��LQGLFD�%DUN�
7KHUH�ZDV�QR�WR[LFLW\�RU�PRUWDOLW\�VHHQ�DV�WKH�
GRVH�RI �$]DGLUDFKWD�LQGLFD�OHDI �H[WUDFWV�LQFUHDVHG�
WR������PJ�NJ�ERG\�ZHLJKW��7KH�PHGLDQ�IDWDO�
GRVH�RI �$]DGLUDFKWD�LQGLFD�H[WUDFW�ZDV�IRXQG�WR�
EH�PRUH�WKDQ������PJ�NJ���7DEOH��D��

7KH� HWKDQROLF� H[WUDFW� RI �0DQJLIHUD� LQGLFD� EDUN�
UHYHDOHG�QR�WR[LFLW\�RU�GHDWK�DW�GRVHV�DV�KLJK�DV�
�����PJ�NJ�ERG\�ZHLJKW��7KH�PHGLDQ�IDWDO�GRVH�
ZDV�SUHGLFWHG�WR�EH�PRUH�WKDQ������PJ�NJ�ERG\�
ZHLJKW���7DEOH��E��

(IIHFW�RI �([WUDFWV�RI �$��LQGLFD�/HDI �DQG�0��
LQGLFD�%DUN�RQ�%RG\�DQG�/LYHU�:HLJKWV�RI �3��
EHUJKHL�LQIHFWHG�6ZLVV�0LFH
7KH�SRVW�SDVVDJH�ZHLJKW�VKRZHG�D�VLJQLÀFDQW��S�
��������UHGXFWLRQ�RI �WKH�ZHLJKWV�LQ�JURXSV�������
��� DQG� ��� UHVSHFWLYHO\��ZKHQ� FRPSDUHG� WR� WKH�
1&��$OWKRXJK�� JURXS���ZDV� VLJQLÀFDQWO\� �S���
������LQFUHDVHG�LQ�ZHLJKW�ZKHQ�FRPSDUHG�WR�WKH�
JURXSV���DQG����JURXS���DOVR�ZDV�VLJQLÀFDQWO\��S�
��������LQFUHDVHG�ZKHQ�FRPSDUHG�WR�WKH�JURXSV�
������DQG���

)LQDO�ERG\�ZHLJKW�GHPRQVWUDWHG�D�VLJQLÀFDQW��S�
��������UHGXFWLRQ�RI �ZHLJKW�LQ�JURXSV�������������
������DQG����UHVSHFWLYHO\�ZKHQ�FRPSDUHG�WR�WKH�
FRQWURO�JURXS��$OWKRXJK��REVHUYDWLRQV�VKRZHG�D�
VLJQLÀFDQW��S���������GHFUHDVH�LQ�WKH�JURXSV���

DQG����WKHUH�LV�D�VLJQLÀFDQW��S���������LQFUHDVH�LQ�
WKH�JURXSV����������DQG����ZKHQ�FRPSDUHG�WR�WKH�
GLVHDVHG�JURXS��JURXS�����

$QDO\VLV�DOVR�REVHUYHG�WKDW� WKHUH�ZHUH�QHJDWLYH�
FKDQJHV� LQ� ZHLJKW� LQ� DOO� WKH� WUHDWPHQW� JURXSV�
H[FHSW� LQ� JURXS� ���� ZKLFK� VKRZHG� D� SRVLWLYH�
FKDQJH�LQ�ZHLJKW�ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�
DQG�RWKHU�WUHDWPHQW�JURXSV��DV�VKRZQ�LQ�7DEOH����

/LYHU�ZHLJKW�DQDO\VLV�GHPRQVWUDWHG�QR�VLJQLÀFDQW�
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DFURVV� DOO� WUHDWPHQW� JURXSV� VKRZHG� QR�
VLJQLÀFDQW��S�!�������GLIIHUHQFH�ZKHQ�FRPSDUHG�
WR� WKH� 317� JURXS� �JURXS� ���� DV� SUHVHQWHG� LQ�
7DEOH����)LQDO�SDUDVLWHPLD�VKRZHG�D�VLJQLÀFDQW��S�
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FRPSDUHG�WR�RWKHU�WUHDWPHQW�JURXSV�DV�ZHOO�DV�
WKH�317�JURXS��JURXS����

(IIHFW�RI �([WUDFWV�RI �$��LQGLFD�/HDI �DQG�0��
LQGLFD�%DUN�RQ�WKH�+LVWRORJ\�RI �WKH�/LYHU�RI �
3��EHUJKHL�LQIHFWHG�6ZLVV�0LFH
7KH�VHFWLRQ�RI �WKH�OLYHU�RI �JURXS����1&��VKRZHG�
D�UHJXODU�KLVWRDUFKLWHFWXUH�ZLWK�QRUPDO�DUUD\�RI �
KHSDWRF\WHV��+3��DQG�SRUWDO�WULDG�DV�VKRZQ�LQ�
)LJXUH���� �7KH�OLYHU�VHFWLRQ�RI �JURXS���DQLPDOV�
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KLVWRDUFKLWHFWXUH�GHPRQVWUDWLQJ�WKH�SUHVHQFH�RI �
GHJHQHUDWLQJ�KHSDWRF\WHV��'���QXPHURXV�KHSDWLF�
YDFXRODWLRQV� �9��� ZLGHVSUHDG� PLFURYDVFXODU�
VWHDWRVLV��6W��DQG�ZLGHO\�SRSXODWHG�SDUDVLWHV��S���
*URXSV���WR����GHPRQVWUDWHG�PLOG�WR�PRGHUDWH�
UHYHUVDO� RI � OLYHU� GLVWRUWLRQV�ZKHQ� FRPSDUHG� WR�
1&�� DQG� JURXS� ��� WUHDWHG� ZLWK� VWDQGDUG� DQWL�
PDODULDO�GUXJ��3$/��

&ROODJHQ�H[SUHVVLRQ�ZDV�GHPRQVWUDWHG�LQ�)LJXUH�
���VKRZLQJ�LQWHQVH�0DVVRQ
V�WULFKURPH�XSWDNH�LQ�
WKH�0DQJLIHUD�LQGLFD�EDUN�H[WUDFW�WUHDWPHQW�JURXSV�
SDUWLFXODUO\� PHGLXP� GRVH� �JURXS� ���� WKH�
FRQFRPLWDQW�H[WUDFW�JURXSV�H[KLELWHG�PRGHUDWH�
H[SUHVVLRQV��JURXSV���WR�����DV�ZHOO�DV�JURXSV�������
���DQG����WKH�ORZ�H[SUHVVLRQ�JURXSV�ZHUH�317�DQG�
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DFLG�6FKLII �ZDV�PRVW�H[SUHVVHG�LQ�JURXSV�1&�DQG�
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V�WULFKURPH�[�����/HJHQG��5HG�DUURZ�
 �FROODJHQ�H[SUHVVLRQ�
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)LJXUH����5HSUHVHQWDWLYH�SKRWRPLFURJUDSKV�RI �WKH�FURVV�VHFWLRQ�RI �WKH�OLYHU�VKRZLQJ�QRUPDO�FRQWURO��1&���DQG�
WKH� WHVW�JURXSV�� UHVSHFWLYHO\��3HULRGLF�DFLG�6FKLII��[�����/HJHQGV��1&��VKRZLQJ�QRUPDO�JO\FRJHQ�H[SUHVVLRQ��
3DUDVLWL]HG� JURXSV� GHPRQVWUDWHG� GHSOHWHG� JO\FRJHQ� H[SUHVVLRQ� H[FHSW� LQ� 3$,0, DQG� 3$/�ZKLFK� KDG� XS�/'�

UHJXODWHG�JO\FRJHQ�FRQWHQWV�

',6&866,21�
+HUEDO�WHD�PL[WXUHV�DUH�QRZ�D�SRSXODU�WUHQG��DQG�
PDQ\� FRQWDLQ� WZR� RU� PRUH� EOHQGV� RI � SODQWV��
PRVWO\�FRQVXPHG�IRU�WKHLU�KHDOWK�EHQHÀWV��+HUH�
ZH� LQYHVWLJDWHG� WKH� FRQFXUUHQW� DGPLQLVWUDWLRQ�

RI �WZR�SRSXODU�DQWL�PDODULDO�SODQWV��HWKDQRO�OHDI �
H[WUDFW�RI�$]DGLUDFKWD� LQGLFD�DQG�0DQJLIHUD� LQGLFD�
EDUN�H[WUDFW����

7KH� SK\WRFKHPLFDO� VFUHHQLQJ� RI � WKH� H[WUDFWV�

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

3K\WRFKHPLFDO��$FXWH�7R[LFLW\��DQG�$QWL�SODVPRGLDO�3RWHQWLDO�RI �&RQFRPLWDQW�([WUDFWV��� ��



UHYHDOHG�WKDW�ERWK�H[WUDFWV�ZHUH�ULFK�LQ�VDSRQLQ��
WDQQLQ�� FDUERK\GUDWHV�� ÁDYRQRLG�� SRO\SKHQRO�
DQG� JO\FRVLGH� DQG� WKHUH� ZDV� PRGHUDWH�
FRQFHQWUDWLRQ�RI �VWHURLGV��$��LQGLFD�ZDV�DOVR�ULFK�
LQ�DONDORLGV�EXW�QR�WUDFH�RI �DONDORLGV�ZDV�IRXQG�
LQ�0��LQGLFD��DOVR��$��LQGLFD�FRQWDLQV�PRUH�FDUGLDF�
JO\FRVLGHV�� DQG� WHUSHQRLGV� WKDQ�0�� LQGLFD��7KH�
SK\WRFKHPLFDOV� SUHVHQW� LQ� WKHVH� H[WUDFWV� PD\�
VXSSRUW�WKHLU�PHGLFLQDO�HIÀFDF\�DQG�HVWDEOLVKHG�
SDWKZD\V� RI � DFWLRQ� DJDLQVW� PDQ\� GLVHDVHV��
6HYHUDO� RI � WKHVH� SK\WRFKHPLFDOV� KDYH� EHHQ�
VKRZQ�WR�KDYH�DQWL�SODVPRGLDO�HIIHFWV��$ONDORLGV�
DUH� UHSRUWHG� WR� EORFN� SDUDVLWLF� SURWHLQ�

�����V\QWKHVLV �� ,Q� WKLV� VWXG\�� SDUDVLWL]HG� PLFH�
WUHDWHG�ZLWK�$��LQGLFD�VKRZHG�LPSHGHG�SDUDVLWH�
JURZWK�FRPSDUHG�ZLWK�317�JURXS��)ODYRQRLGV�
DUH�RQH�RI �WKH�PRVW�LPSRUWDQW�SK\WRFKHPLFDOV�
GHWHFWHG� LQ� ERWK� H[WUDFWV�� � )ODYRQRLGV� DUH�
FDSDEOH� RI � LPSDLULQJ� 3ODVPRGLXP� QXFOHLF� DFLG�

��EDVH� SDLULQJ �� 6DSRQLQV� KDYH� DQWLPDODULDO��
������F\WRWR[LF��DQG�DQWL�WXPRU�DFWLYLWLHV DQG�SODQWV�

FRQWDLQLQJ� VDSRQLQV� KDYH� EHHQ� XVHG� IRU�
��PHGLFLQDO� SXUSRVHV� IRU� GHFDGHV �� 6DSRQLQV��

WDQQLQV� DQG� SKHQROV� DOVR� SRVH� VRPH� DQWL�
SODVPRGLDO�DFWLYLW\�� �$��LQGLFD�SRVVHVVHV�D�KLJKHU�
FRQFHQWUDWLRQ� RI � WHUSHQRLGV� DQG� WHUSHQRLG�
SRVVHVVHV� HIIHFWV� GHWULPHQWDO� WR� LQIHFWLYH�

�����SURWR]RDQV�� LQFOXGLQJ� 3ODVPRGLXP �� 7KH�
SK\WRFKHPLFDOV�VFUHHQLQJ�DOVR�VKRZHG�WKDW�WKH�
H[WUDFWV�RI �$�� LQGLFD�KDG�DONDORLGV�ZKLFK�ZHUH�
DEVHQW� LQ�0��LQGLFD��DQG�PRUH�WHUSHQRLGV��7KLV�
FRXOG� LQGLFDWH� WKDW� WKH� $�� LQGLFD� H[WUDFW� KDV�
JUHDWHU�ELRORJLFDO�DFWLYLW\�

$FXWH� WR[LFLW\� VWXG\� RQ� WKH� HWKDQROLF� OHDI �
H[WUDFWV� RI� $]DGLUDFKWD� LQGLFD� VKRZHG� WKDW� WKH�
PHGLDQ�OHWKDO�GRVH�RI �WKH�H[WUDFW�LV�RYHU������
PJ�NJ� ERG\� ZHLJKW�� WKLV� YDOXH� LV� OLNH� WKRVH�

��REWDLQHG�E\�$FKL�HW�DO ��:KLOH�WKH�PHGLDQ�OHWKDO�
GRVH�RI �WKH�HWKDQROLF�H[WUDFW�RI �0DQJLIHUD�LQGLFD�
EDUN�ZDV�FDOFXODWHG�WR�EH�RYHU������PJ�NJ�ERG\�
ZHLJKW�� WKLV� YDOXH� LV� OLNH� WKRVH� REWDLQHG� E\�

��5HGGHPDQ� HW� DO �� � 7KHVH� YDOXHV� GHPRQVWUDWH�

WKDW�$�� LQGLFD� KDV� ORZHU� DFXWH� WR[LFLW\� WKDQ�0��
���LQGLFD��$FFRUGLQJ�WR�7DEXWL�HW�DO ERWK�SODQWV�DUH�

SRWHQW� DQWLPDODULD� SODQWV� DQG� DUH� VOLJKWO\� WR[LF��
DOWKRXJK�VDIH�IRU�KXPDQ�FRQVXPSWLRQ�

&RQYHQWLRQDOO\�� ERG\� ZHLJKW� JDLQV� RIWHQ� UHVXOW�
IURP�SK\VLRORJLFDO�YDULDWLRQ�VXFK�DV�IRRG�LQWDNH��

��DQG� PHWDEROLVP �� 7KHUHIRUH�� FKDQJHV� LQ� ERG\�
ZHLJKW� FDQ� WKXV� EH� XVHG� WR� H[DPLQH� LQGLYLGXDO�
UHVSRQVH�WR�SKDUPDFRORJLFDO�HIIHFWV��ERWK�KHUEDO�
DQG�FRQYHQWLRQDO���$OVR��LW�PD\�LQGLFDWH�WKH�VLGH�

��HIIHFWV�RI �GUXJ ��$V�HDUOLHU�UHSRUWHG�E\�)DUDK�HW�
��DO �VLJQLÀFDQW�FKDQJHV�LQ�ERG\�DQG�LQWHUQDO�RUJDQ�
ZHLJKWV� DUH� FRQVLGHUHG� VHQVLWLYH� LQGLFHV� RI �
WR[LFLW\� DIWHU� H[SRVXUH� WR� WR[LF� VXEVWDQFHV�� $�
JUDGXDO� ORVV� RI � DSSHWLWH� DQG�ZHLJKW� DUH� XVXDOO\�
VHHQ�LQ�PRVW�LI �QRW�DOO�FOLQLFDO�PDQLIHVWDWLRQV�RI �
HVWDEOLVKHG�PDODULD�LQIHFWLRQ��7KXV��WKH�FKDQJH�LQ�
ERG\� ZHLJKWV� RI � WKH� H[SHULPHQWDO� LQGLYLGXDOV�
LQGLFDWHG�WKDW�PDODULD�SDUDVLWHPLD�ZDV�DVVRFLDWHG�
ZLWK� FRQVLGHUDEOH� ZHLJKW� ORVV�� 7KH� REVHUYHG�
ZHLJKW�ORVV�LQ�WKH�317�LV�PRVW�OLNHO\�RZLQJ�WR�WKH�
QHJDWLYH� FRQVHTXHQFHV� RI � PDODULD� SDUDVLWHPLD��
7UHDWPHQW� ZLWK� $UWHPHWKHU�/XPHIDQWULQH� ��
&RDUWHP�� �JURXS� ���� ZDV� DVVRFLDWHG� ZLWK� D�
VLJQLÀFDQW� ZHLJKW� JDLQ�� 7KLV� DJUHHV� ZLWK� WKH�

�� ��ÀQGLQJV� RI � 8UDNX � DQG� 2]RNR� HW� DO �� 7KH�
UHERXQG�ULVH�LQ�ERG\�ZHLJKW�DIWHU�WUHDWPHQW�ZLWK�
&RDUWHP���$&7��LV�PRVW�OLNHO\�DWWULEXWDEOH�WR�D�
UHYHUVDO� RI � WKH� QHJDWLYH� HIIHFWV� RI � PDODULD�
SDUDVLWHPLD�LQ�PLFH��7KLV�UHFRYHU\�LV�LQWHUHVWLQJ�
HVSHFLDOO\� ZKHQ� FRPSDUHG� WR� WKH� ÀQGLQJV� E\�

��6DPXHO�HW�DO �ZKR�UHSRUWHG�WKDW�DGPLQLVWUDWLRQ�RI �
$&7�RU�DUWHVXQDWH�LQ�XQSDUDVLWL]HG�UDWV�UHVXOWHG�
LQ� VLJQLÀFDQW� ZHLJKW� ORVV�� ,W� ORRNV� RGG� WKDW�
XQWUHDWHG� PDODULD� SDUDVLWHPLD� ZRXOG� EH�
DVVRFLDWHG�ZLWK�ZHLJKW� ORVV��ZKHUHDV�SDUDVLWL]HG�
WUHDWHG�ZLWK�$&7�ZDV�VWLOO�DVVRFLDWHG�ZLWK�ZHLJKW�
ORVV�� +RZHYHU�� WKH� SHUVLVWHQW� ZHLJKW� ORVV�
REVHUYHG� LQ� WKH� WUHDWPHQW�JURXSV� WKDW� UHFHLYHG�
HWKDQRO�H[WUDFWV�RI �0��LQGLFD�DQG�$��LQGLFD��PD\�EH�
EHFDXVH�RI �WKH�SUHVHQFH�RI �VDSRQLQV�DQG�WDQQLQV�
�GXH� WR� ELWWHUQHVV� DQG� DVWULQJHQW� SURSHUWLHV� RI �
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WKHVH�UHVSHFWLYH�SK\WRFKHPLFDOV���DV�SUHYLRXVO\�
��UHSRUWHG�E\�<HPLWDQ�DQG�$GH\HPL �

7KLV�VWXG\�LQGLFDWHV�WKDW�$��LQGLFD�KDG�EHWWHU�DQWL�
SODVPRGLDO� HIIHFW�FRPSDUHG� WR�0�� LQGLFD�ZKHQ�
DGPLQLVWHUHG� VHSDUDWHO\�� +RZHYHU�� WKHUH� LV� D�
UHPDUNDEOH�DQWL�SODVPRGLDO�HIIHFW�IROORZLQJ�WKH�
FRPELQDWLRQ�RI �ERWK�$��LQGLFD�DQG�0��LQGLFD�RQ�
WKH� SDUDVLWH�� 7KLV� PD\� EH� EHFDXVH� RI � WKH�
FKHPLFDO�LQWHUDFWLRQ�EHWZHHQ�WKH�SK\WRFKHPLFDO�
FRQVWLWXHQWV�RI �ERWK�SODQWV
�H[WUDFWV��DV�ZHOO�DV�
WKHLU� V\QHUJLVWLF� DQWL�SODVPRGLDO� HIIHFW�� 7KLV�
FRUURERUDWHV� WKH� FRQFOXVLRQ� GUDZQ� E\� 2IRUL�

��$WWDK� HW� DO � WKDW� UHSRUWHG� WKH� XVH� RI � WKHVH�
FRQFRFWLRQV�LQ�IRONORULF�PHGLFDO�VHWWLQJV�LQ�WKH�
WUHDWPHQW�RI �PDODULD��$� FRPELQDWLRQ�RI �ERWK�
VLQJOH�SODQW�H[WUDFW�LQFUHDVHG�WKH�FRQFHQWUDWLRQ�
RI � SRO\SKHQROV�� WKXV� LPSURYLQJ� WKHLU� DQWL�
SODVPRGLF� DFWLYLWLHV�� 3RO\SKHQROV� HOHYDWH� UHG�
EORRG� FHOO� R[LGDWLRQ� DQG� LQKLELW� WKH� SDUDVLWHV�

��SURWHLQ� V\QWKHVLV �� 7KLV� DFWLYLW\� QXOOLÀHV� WKH�
R[LGDWLYH� GDPDJH� LQGXFHG� E\� WKH� PDODULD�

��SDUDVLWH ��7KXV��WKH�VWURQJ�DQWLPDODULDO�DFWLYLW\�
REVHUYHG� PD\� EH� GXH� WR� WKH� SUHVHQFH� RI �
QXPHURXV�SRO\SKHQROV�

7KH�FRPPRQHVW�HQ]\PHV�UHJDUGHG�DV�LQGLFDWRUV�
RI � OLYHU� GDPDJH� DUH� DPLQRWUDQVIHUDVH� �$67���
DONDOLQH� SKRVSKDWDVH� �$/3��� DQG� DODQLQH�
DPLQRWUDQVIHUDVH� �$/7��� 7KH� GDPDJH� WR�
KHSDWRFHOOXODU� FHOOV� UHVXOWV� LQ� WKH� LQFUHDVH� LQ�

��WKHVH�HQ]\PHV ��7KLV�UHVHDUFK�VKRZHG�WKDW�WKHUH�
LV�D�VLJQLÀFDQW��S���������LQFUHDVH�LQ�$67�OHYHO�
HVSHFLDOO\� LQ� WKH� JURXS� ZLWK� 317� DQLPDOV� DV�
FRPSDUHG� WR� WKH� QRUPDO� FRQWURO� �1&���
+RZHYHU��H[WUDFWV�FDXVHG�VLJQLÀFDQW�UHGXFWLRQ�
LQ� $67�� $/7�� DQG� $/3� DFWLYLWLHV� LQ� WUHDWHG�
JURXSV�

7KLV�UHVHDUFK�ZRUN�KDV�GHPRQVWUDWHG�WKH�HIIHFW�
RI �DTXHRXV�H[WUDFW�RI �$��LQGLFD�DQG�0��LQGLFD�RQ�
WKH� OLYHU�� 7KLV� FODLP� KDV� EHHQ� VXSSRUWHG� E\�

� �3 U D V DG � H W � D O � ZKR � U H SR U W HG � RQ � W K H�
KHSDWRSURWHFWLYH� SRWHQWLDOV� RI � WKHVH� KHUEDO�

FRPSRXQGV��+LVWRSDWKRORJLFDO�DVVHVVPHQW�XVLQJ�
+	(� WHFKQLTXH� ZDV� HPSOR\HG� WR� VWXG\� WKH�
KHSDWLF� WLVVXH� DOWHUDWLRQV� LQGXFHG� E\� PDWHULDO�
SDUDVLWHV��7KH�317�JURXS�VKRZHG�YDU\LQJ�OHYHOV�
RI � KHSDWRWR[LF� LQMXULHV� DQG� GHJHQHUDWLRQV� RI �
KHSDWRF\WHV� � FH O OX ODU � YDFXRODW LRQV� � DQG�
ZLGHVSUHDG� PLFUR�YHVLFXODU� VWHDWRVLV� DQG�
HYLGHQFH� SDUDVLWHV� SUHVHQW� LQ� WKH� EORRG� YHVVHOV�
DQG�ZLWKLQ�VLQXVRLGV�RI �WKH�KHSDWLF�OREXOHV��5HVXOW�
DOVR�VKRZHG�YDU\LQJ�OHYHOV�RI �WKLV�LQÁDPPDWRU\�
DQG� GHJHQHUDWLYH� FRQGLWLRQ� LQ� WKH� H[WUDFW�
DGPLQLVWHUHG�� � /LYHU� LQYROYHPHQW� LQ� VHYHUH�
PDODULDO�LQIHFWLRQ�LV�FRPPRQO\�D�VLJQLÀFDQW�FDXVH�

��RI � PRUWDOLW\� DPRQJ� KXPDQV �� ,W� ZDV� DOVR�
GRFXPHQWHG�LQ�WKH�VWXG\�WKDW�KHSDWRSDWKRORJLFDO�
FKDQJHV� RI � VHYHUH� PDODULDO� SDUDVLWH� FDVHV� ZHUH�
DVVRFLDWHG�ZLWK�WRWDO�ELOLUXELQ�OHYHOV��DSRSWRVLV�RI �
.XSIIHU� FHOOV� DQG� SRUWDO� WUDFWV� O\PSKRF\WH�

��DFWLYDWLRQ �� ,W� LV� WKHUHIRUH� DQ� HVWDEOLVKHG� IDFW�
EDVHG� RQ� ÀQGLQJV� WKDW� 3ODVPRGLXP� VWUDLQV� DUH�
ORFDOL]HG� LQ� WKH� OLYHU� RI � WKH� ÀUVW� SKDVH� RI � WKH�
LQIHFWLRQ� FDXVLQJ� YDU\LQJ� OHYHOV� RI � KHSDWRWR[LF�

��HIIHFWV ��DV�VKRZQ�LQ�WKLV�VWXG\�

$�� LQGLFD� DQG�0�� LQGLFD� H[KLELW� KHSDWRSURWHFWLYH�
�����DFWLYLWLHV �� $OWKRXJK� WKH� KHSDWLF� SDWKRORJLFDO�

IHDWXUHV�REVHUYHG� LQ� WKH�317�JURXS�ZHUH� DOVR�
REYLRXV� LQ� VRPH�RI � WKH� H[WUDFW� WUHDWHG�JURXSV��
ERWK�LQ�WKH�VLQJOH�DQG�LQ�FRPELQDWLRQ�JURXSV��WKH�
LQWHQVLW\�RI �WKHVH�IHDWXUHV�ZHUH�PLOG��DQG�UHYHUVHG�
LQ� WKH� VWDQGDUG� GUXJV� WUHDWPHQW� JURXS� ZKHQ�
FRPSDUHG�WR�1&�JURXS��7KH�EHQHÀFLDO�DQG�WR[LF�
DFWLYLWLHV�RI �WDQQLQV�KDYH�DOVR�EHHQ�LQYHVWLJDWHG�

�� �DQG�GRFXPHQWHG �� 7KH�SUHVHQFH�RI � WDQQLQV� LQ�
ERWK�H[WUDFWV�RI �VWXG\�PD\�EH�LPSOLFDWHG�LQ�WKH�
UHVLGXDO� KHSDWRWR[LF� FKDQJHV� REVHUYHG� LQ� WKH�
UHVXOW�

)XUWKHUPRUH�� DV� UHYHDOHG� E\� WKH� SHULRGLF� DFLG�
6FKLII �VWDLQLQJ��JO\FRJHQ�GHSOHWLRQ�LQ�WKH�OLYHU�ZDV�
REVHUYHG� LQ� DOO� WUHDWPHQW� JURXSV� EHVLGHV� WKH�
QRUPDO� FRQWURO� DQG� SRVLWLYH� FRQWURO� �$&7�
WUHDWHG���*O\FRJHQ�LV�D�VWRUHG�IRUP�RI �JOXFRVH��WKH�
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SULPDU\�VRXUFH�RI �KXPDQ�HQHUJ\�UHFHLYHG�IURP�
FDUERK\GUDWHV� DEVRUEHG� WKURXJK� PHDOV�� 7KH�
VNHOHWDO� PXVFOHV� DQG� OLYHU� DUH� WKH� WZR� PDLQ�
VWRUDJH�IDFLOLWLHV�IRU�JO\FRJHQ��'XH�WR�LWV�SLYRWDO�
UROH�LQ�PHWDEROLF�IXHO�SURGXFWLRQ��GHSOHWLRQ�RI �
JO\FRJHQ�LQ�WKH�OLYHU��WKH�PHWDEROLVP�KXE�RI �WKH�
ERG\�FRXOG�EH�OLQNHG�WR�UHGXFWLRQ�LQ�ERG\�ZHLJKW�
DV�REVHUYHG�LQ�WKH�0��LQGLFD�DQG�$��LQGLFD�H[WUDFW�
WUHDWHG� JURXSV�� 7KRXJK� WKH� PHFKDQLVP� E\�
ZKLFK� WKH� H[WUDFWV�PD\� OLNHO\� LQGXFH� JO\FRJHQ�
GHSOHWLRQ� LQ� WKH� H[SHULPHQWDO� JURXSV� UHPDLQV�
XQFOHDU��IROORZLQJ�WKLV�VWRUDJH�GHSOHWLRQ��WKHUH�
PD\� EH� D� SUREDEOH� FHOOXODU� FRPSHWLWLRQ� IRU�
DYDLODEOH� JOXFRVH� DIWHU� IRRG� LQWDNH��7KHUHIRUH��
LQVXIÀFLHQW�JOXFRVH�RU�D�ODFN�WKHUHRI �PD\�KLQGHU�
VHYHUDO� FHOOXODU� DFWLYLWLHV� LQFOXGLQJ� UHSDLUV� DQG�
UHJHQHUDWLRQ�� ZKLFK� ZLOO� QHJDWLYHO\� LPSDFW� RQ�
WKH� RYHUDOO� ERG\� ZHLJKWV� RI � WKH� H[SHULPHQWDO�
DQLPDOV�� 7KLV� LV� XQLVRQ� ZLWK� WKH� UHSRUW� RI �

���/DFRPEH� HW� DO ZKR� UHSRUWHG� WKDW� DIWHU�
JO\FRJHQ�GHSOHWLQJ� H[HUFLVH�� VLJQLÀFDQW�
GHFUHDVHG�LQ�ERG\�ZHLJKWV�ZHUH�UHFRUGHG�EHIRUH�
LQFUHPHQWDO�H[HUFLVH�WHVW�LQ�D�KRUVH�PRGHO�

*O\FRJHQ� VWRUDJH� KDV� EHHQ� D� GRFXPHQWHG�
��IXQFWLRQ�RI � WKH� OLYHU ��7KH�SUHVHQFH�RI � WKHVH�

VWRUHG�PROHFXOHV� LQ� WKH� OLYHU�KDV�EHHQ�VWXGLHG�
��DSSO\LQJ�WKH�SHULRGLF�DFLG�6FKLII �WHFKQLTXH ��$V�

D�KLVWRFKHPLFDO�WHFKQLTXH��LW�LV�XWLOL]HG�WR�DVVLVW�
LQ�WKH�H[DPLQDWLRQ�RI �WLVVXHV��7KH�OLYHU�VHFWLRQ�
VWDLQHG� IRU� JO\FRJHQ� ZLOO� GLVSOD\� PDJHQWD�
VWDLQLQJ�� EXW� ZLWK� WKH� 3$6� VDPSOHV� �GHSOHWHG�
VDPSOH�FHOOV��ZLOO�KDYH�D�SURIRXQG�ORVV�DEVHQFH�

� �RI � WKH� PDJHQWD� VWDLQLQJ � � 7KLV� VWXG\�
GHPRQVWUDWHG� D� KLJK� H[SUHVVLRQ� RI � JO\FRJHQ�
VWDLQ� LQ� WKH� OLYHU� WLVVXH�RI � WKH�QRUPDO� FRQWURO�
JURXS�DQG�WKH�VWDQGDUG�GUXJ��$/��WUHDWHG�JURXS��
7KH�SURIRXQG�DEVHQFH�RI �JO\FRJHQ�H[SUHVVLRQ�
LQ� WKH� 317� JURXS� DQG� WKH� H[WUDFW� WUHDWPHQW�
JURXSV�PD\�EH�GXH�WR�FRPSHWLWLYH�DFWLYLWLHV�RI �
WKH�SDUDVLWHV�IRU�V\VWHPLF�JOXFRVH�WR�EH�XWLOL]HG�
DQG�VWRUHG�E\�WKH�KHSDWRF\WHV��ZKLFK�LV�GLVWLQFW�
IURP� WKH�SUHVHQFH�RI � JO\FRJHQ� LQ� WKH�KHSDWLF�

WLVVXH�RI � WKH�$/� �VWDQGDUG�GUXJ�� WUHDWHG�JURXS�
PD\�EH�GXH�WR�WKH�GUXJ�WR[LFLWLHV�WR�WKH�SDUDVLWHV��
FDXVLQJ� WKHLU� GHVWUXFWLRQ� KHQFH� OHVVHQLQJ� WKH�
FRPSHWLWLYH�WHQGHQFLHV�RI �WKH�SDUDVLWHV�IRU�OLYHU�
JOXFRVH��DQG�KLQGHULQJ�RI �JO\FRJHQ�VWRUDJH�ZLWKLQ�
WLVVXH�

&21&/86,21�
$ONDORLGV� DUH� DEXQGDQWO\� SUHVHQW� ������ LQ�
$]DGLUDFKWD�LQGLFD�OHDI �H[WUDFW�EXW�WRWDOO\�DEVHQW�����
LQ� 0DQJLIHUD� LQGLFD� EDUN� H[WUDFW�� 1RWDEO\�� WKH�
PHGLDQ� OHWKDO� GRVH� �/' �� GHPRQVWUDWHG� WKDW���

$]DGLUDFKWD� LQGLFD� ��������� PJNJ�� FRPDSUHG� WR�
0DQJLIHUD�LQGLFD����������PJ�NJ���,QWHUHVWLQJO\��$��
LQGLFD� VLQJOH� GRVHV� RXWSHUIRUPHG� 0�� LQGLFD� LQ�
UHYHUVLQJ� 3�� EHUJKHL�LQGXFHG� KHSDWRWR[LFLW\�
WKURXJK� PLWLJDWLQJ� SDUDVLWH� SURJUHVVLRQ� DQG�
DVVRFLDWHG� HOHYDWHG� OLYHU� HQ]\PHV�� 'RVH�
GHSHQGHQW� FRQFHQWUDWLRQV� RI �0�� LQGLFD� VHYHUHO\�
DOWHUHG� KHSDWLF� FROODJHQ� DQG� JO\FRJHQ� VWRUDJH�
FRPSDUHG�WR�$��LQGLFD��

$XWKRU�&RQWULEXWLRQV
0,8�� ,$(�� $,3�� DQG� -$8� FRQFHSWXDOL]HG� DQG�
GHVLJQHG�DQG�VXSHUYLVHG�WKH�VWXG\��$-3��,88�DQG�
0$$�SHUIRUPHG� WKH�H[SHULPHQWV��DQDO\]HG� WKH�
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,QWURGXFWLRQ��&DQFHUV�RI �WKH�IHPDOH�JHQLWDO� WUDFW�FRQWULEXWH�VLJQLILFDQWO\�WR�FDQFHU�UHODWHG�
PRUELGLW\�DQG�PRUWDOLW\�JOREDOO\��7KH�SDWWHUQ�DQG�GLVWULEXWLRQ�RI �WKHVH�PDOLJQDQFLHV�YDU\�IURP�
UHJLRQ�WR�UHJLRQV�

7KH� REMHFWLYH� RI � WKLV� VWXG\� ZDV� WR� GHWHUPLQH� WKH� LQFLGHQFH�� SDWWHUQ� RI � SUHVHQWDWLRQ� DQG�
GLVWULEXWLRQ�RI �WKH�GLIIHUHQW�W\SHV�RI �JHQLWDO�WUDFW�PDOLJQDQFLHV�LQ�'HOWD�6WDWH�

0DWHULDOV� DQG� 0HWKRGV�� ,W� ZDV� D� FURVV� VHFWLRQDO� GHVFULSWLYH� VWXG\� RI � J\QDHFRORJLFDO�
PDOLJQDQFLHV�PDQDJHG�DW�WKH�'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��2JKDUD�IURP�-DQXDU\�
����� WR�'HFHPEHU�������&DVH�QRWHV�RI � DOO� SDWLHQWV� VHHQ�ZLWK� J\QDHFRORJLFDO�PDOLJQDQFLHV�
FRQILUPHG� KLVWR�SDWKRORJLFDOO\� GXULQJ� WKH� VWXGLHG� SHULRG� ZHUH� UHWULHYHG�� 7KH� UHTXLUHG�
LQIRUPDWLRQ�ZDV�H[WUDFWHG�IURP�WKH�FDVH�QRWHV�

5HVXOWV��$�WRWDO�RI ������SDWLHQWV�ZHUH�VHHQ�DW�WKH�J\QDHFRORJLFDO�FOLQLFV�GXULQJ�WKH�SHULRG�DQG�
���� RI � WKHVH� SDWLHQWV� KDG� J\QDHFRORJLFDO� PDOLJQDQFLHV�� ZLWK� LQFLGHQFH� RI � ����� RI � WRWDO�
J\QDHFRORJLFDO�SDWLHQWV��&HUYLFDO�FDQFHU�DFFRXQWHG�IRU��������RI �WKH�FDVHV��7KLV�ZDV�IROORZHG�
E\�RYDULDQ� FDQFHU�� FRPSULVLQJ��������DQG�HQGRPHWULDO� FDQFHU�� ��������9XOYDU� FDQFHU� DQG�
FKRULRFDUFLQRPD�ZHUH�OHDVW�RFFXUULQJ��DFFRXQWLQJ�IRU������HDFK��7KH�PHDQ�DJH�RI �DOO�SDWLHQWV�
ZLWK�JHQLWDO�WUDFW�PDOLJQDQFLHV�ZDV�������������\HDUV��7KH�PHDQ�DJHV�RI �SDWLHQWV�ZLWK�FHUYLFDO��
RYDULDQ� DQG� HQGRPHWULDO� FDQFHUV� ZHUH� ������ �� ������ ������ �� ����� DQG� ����������\HDUV�
UHVSHFWLYHO\��7KH�PHDQ�SDULW\�ZDV������������

&RQFOXVLRQ��&HUYLFDO�FDQFHU�ZDV�WKH�PRVW�FRPPRQ�IHPDOH�JHQLWDO�PDOLJQDQF\�DQG�D�KLJKHU�
SURSRUWLRQ�RI �WKH�SDWLHQWV�ZHUH�JUDQGPXOWLSDURXV�ZRPHQ�ZLWK�SRVWFRLWDO�EOHHGLQJ�EHLQJ�WKH�
PRVW�FRPPRQ�FOLQLFDO�SUHVHQWDWLRQ�

.H\ZRUGV��3DWWHUQ��)HPDOH�JHQLWDO�WUDFW��0DOLJQDQF\��2JKDUD��1LJHULD

&RUUHVSRQGLQJ�DXWKRU��'U�2PRQLJKR�(VHPXHGH��'HSDUWPHQW�RI �2EVWHWULFV�DQG�*\QDHFRORJ\���'HOWD�6WDWH�8QLYHUVLW\�
7HDFKLQJ�+RVSLWDO��30%�����2JKDUD��1LJHULD��(PDLO��HVHPXHGHRPRQLJKR#\DKRR�FRP

��'HSDUWPHQW�RI �2EVWHWULFV�DQG�*\QDHFRORJ\��'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��2JKDUD��'HOWD�6WDWH��1LJHULD�
�'HSDUWPHQW�RI �2EVWHWULFV�DQG�*\QDHFRORJ\��)DFXOW\�RI �&OLQLFDO�6FLHQFHV��'HOWD�6WDWH�8QLYHUVLW\��$EUDND��'HOWD�6WDWH��1LJHULD

,1752'8&7,21
0DOLJQDQFLHV� RI � WKH� IHPDOH� JHQLWDO� WUDFW� DUH�
PDMRU� SXEOLF� KHDOWK� LVVXHV� DQG� FRQWULEXWH�
VLJQLÀFDQWO\� WR� FDQFHU�UHODWHG� PRUELGLW\� DQG�
PRUWDOLW\JOREDOO\� 7KH�EXUGHQ�RI �J\QDHFRORJLFDO���

PDOLJQDQFLHV�LQ�GHYHORSLQJ�FRXQWULHV�LQFOXGLQJ�
1LJHULD� LV�HQRUPRXV�DQG� LW�SRVHV�D�VLJQLÀFDQW�

FKDOOHQJH� WR� WKH� KHDOWK� V\VWHPV� ZKHUH� SRRU�
DZDUHQHVV�DQG�ODWH�SUHVHQWDWLRQ�SUHYDLO��

*\QDHFRORJLFDO�PDOLJQDQFLHV� DFFRXQW� IRU� DERXW�
����RI �DOO�QHZO\�GLDJQRVHG�IHPDOH�PDOLJQDQFLHV�
DQG�����RI �DOO�IHPDOH�FDQFHU�GHDWKV�ZRUOGZLGH���

0RVW� IHPDOH� JHQLWDO� WUDFW� PDOLJQDQFLHV� KDYH�

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



ZRUOGZLGH�GLVWULEXWLRQ��EXW�WKH�GLVWULEXWLRQ�DQG�
IUHTXHQF\�YDU\� IURP�RQH� UHJLRQ� WR� WKH�RWKHU���

7KHVH�YDULDWLRQV�PD\�EH�DWWULEXWHG�WR�GLIIHUHQW�
HQY L URQPHQW � � O L I H � V W \ O H � � J HQH W L F � DQG�
VRFLRHFRQRPLF�EDFNJURXQJ� 7KH�SURSRUWLRQ�RI ���

FDQFHUV�LQ�WKH�IHPDOHV�ZKLFK�DUH�RI �JHQLWDO�WUDFW�
RULJLQ�UDQJH�IURP�DV�KLJK�DV�������WR�������LQ�
VXE�6DKDUDQ� $IULFD� DQG� DV� ORZ� DV� ������ WR�
������LQ�1RUWK�$PHULFD�DQG�RWKHU�GHYHORSHG�
QDWLRQV� ZKHUH� KHDOWK�VHHNLQJ� DQG� RUJDQL]HG�
VFUHHQLQJV�PHWKRGV�KDYH�JUHDWO\�LPSURYHG��

&HUYLFDO� FDQFHU� LV� WKH� PRVW� FRPPRQ� IHPDOH�
JHQLWDO� FDQFHU� LQ� WKH� GHYHORSLQJ� FRXQWULHV�
LQFOXGLQJ� 1LJHULD� ,Q� 1LJHULD�� LW� LV� WKH� PRVW���

FRPPRQ� FDQFHU� RI � WKH� IHPDOH� JHQLWDO� WUDFW��
DFFRXQWLQJ�IRU��������������������DQG�������
RI �IHPDOH�FDQFHUV�LQ�%HQLQ�&LW\��,EDGDQ�� �,ORULQ�
DQG� � 3RUW� +DUFRXUW� UHVSHFWLYHO\� � ,W� LV� WKH����

VHFRQG�PRVW�IHPDOH�FRPPRQ�PDOLJQDQF\�DIWHU�
EUHDVW� FDQFHU� &KURQLF� LQIHFWLRQ� ZLWK� KXPDQ���

SDSLOORPD�YLUXV���+39��LV�NQRZQ�WR�LQGXFH�SUH�
PDOLJQDQW� FKDQJH� LQ� WKH� FHUYLFDO� FHOOV� DQG�
XOWLPDWHO\�FHUYLFDO�FDQFHU�LQ�D�IHZ�\HDUV��ZLWK�D�
KRVW�RI �PXOWLSOH�ULVN�IDFWRUV�����

2YDULDQ�FDQFHU�LV�RQH�RI �WKH�IHPDOH�JHQLWDO�WUDFW�
PDOLJQDQFLHV� WKDW� LV� DVVRFLDWHG� ZLWK� KLJK�
PRUWDOLW\� � $ERXW� ���� RI � WKH� SDWLHQWV� ZLWK��

RYDULDQ�FDQFHU�SUHVHQW�ZLWK�DGYDQFHG�VWDJHV�GXH�
WR� QRQ�VSHFLÀF� V\PSWRPV� RI � WKH� GLVHDVH� DQG�
IDLOXUH� WR� GHWHFW� WKH� WXPRXU� HDUO\�� SRRU�
DFFHVVLELOLW\�GXH�WR�WKH�SHFXOLDU�SRVLWLRQ�RI �WKH�
RYDU\�DQG�DEVHQFH�RI �GHÀQLWLYH�VFUHHQLQJ�WRROV���

(QGRPHWULDO� FDQFHU� LV� WKH� WKLUG� FRPPRQHVW�
J\QDHFRORJLFDO� FDQFHU� LQ� WKH� GHYHORSLQJ�
FRXQWULHV�� WKRXJK� LW� LV� EHFRPLQJ� WKH� PRVW�
FRPPRQ�RI �WKH�J\QDHFRORJLFDO�PDOLJQDQFLHV�LQ�
WKH�GHYHORSHG�ZRUOG� ,W� LV�FRPPRQHU�LQ�WKH�������

SRVW�PHQRSDXVDO�ZRPHQ��ZLWK�SHDN� LQFLGHQFH�
EHLQJ��������DJH�JURXS��

9XOYD�� YDJLQDO� DQG� 3ULPDU\� )DOORSLDQ� WXEH�

FDQFHU�DUH�UDUH�FDQFHUV�DFFRXQWLQJ�IRU�OHVV�WKDQ�
��� RI � J\QDHFRORJLFDO� PDOLJQDQFLHV� ��� �� ��� ���

+RZHYHU�� KLVWRORJLF�� PROHFXODU�� DQG� JHQHWLF�
HYLGHQFH�VKRZV�WKDW�DV�PDQ\�DV�����RI �WXPRUV�
WKDW� ZHUH� FODVVLÀHG� DV� KLJK�JUDGH� VHURXV�
FDUFLQRPDV�RI �WKH�RYDU\�RU�SHULWRQHXP�PD\�KDYH�
RULJLQDWHG� LQ� WKH� ÀPEULDO� HQG� RI � WKH� IDOORSLDQ�
WXEH���

7KLV�VWXG\�LV�D�UHWURVSHFWLYH�UHYLHZ�RI �WKH�IHPDOH�
JHQLWDO� WUDFW� PDOLJQDQFLHV� WKDW� ZHUH� GLDJQRVHG��
KLVWR�SDWKRORJLFDOO\� FRQÀUPHG� DQG�PDQDJHG� DW�
WKH� 'HOWD� 6WDWH� 8QLYHUVLW\� 7HDFKLQJ� +RVSLWDO��
2JKDUD��'(/687+���RYHU�D���\HDU�SHULRG��7KH�
VWXG\�WKHUHIRUH�DLPV�WR�GHWHUPLQH�WKH�LQFLGHQFH��
FOLQLFDO� SDWWHUQ� RI � SUHVHQWDWLRQ� DQG� WKH�
GLVWULEXWLRQ�RI �IHPDOH�JHQLWDO�WUDFW�PDOLJQDQFLHV�
LQ�'(/687+��2JKDUD��1LJHULD��,W�WKHUHIRUH�VRUWV�
WR� DGG� WR� DOUHDG\� H[LVWLQJ� NQRZOHGJH� RQ� WKH�
VXEMHFW�PDWWHU�LQ�WKH�UHJLRQ�

0$7(5,$/6�$1'�0(7+2'6
7KLV�ZDV� D� FURVV� VHFWLRQDO� GHVFULSWLYH� VWXG\�RI �
IHPDOH� JHQLWDO� WUDFW� PDOLJQDQFLHV� DW� WKH�
GHSDUWPHQW�RI �2EVWHWULFV� DQG�*\QDHFRORJ\�RI �
'HOWD� 6WDWH� 8QLYHUVLW\� 7HDFKLQJ� +RVSLWDO��
2JKDUD��'HOWD�6WDWH�� �DQG�FRYHUHG�D�SHULRG�RI ���
\HDUV�IURP�-DQXDU\��������WR�'HFHPEHU�����������
7KH�FDVH�QRWHV�RI �SDWLHQWV�PDQDJHG�IRU�IHPDOH�
JHQLWDO�WUDFW�PDOLJQDQFLHV�ZHUH�UHWULHYHG�IURP�WKH�
PHGLFDO� UHFRUGV� GHSDUWPHQW� DQG� UHOHYDQW� GDWD�
ZHUH�H[WUDFWHG��7KH�VHDUFK�VSDQQHG�UHFRUGV�IURP�
WKH�J\QDHFRORJLFDO� FOLQLFV�� J\QDHFRORJLFDO�ZDUGV�
DQG�WKHDWUH�UHJLVWHUV��$OO�FDVHV�RI �IHPDOH�JHQLWDO�
WUDFW� PDO LJQDQFLHV� GLDJQRVHG� FO LQLFDO O\��
UDGLRORJLFDOO\� RU� VXUJLFDOO\� DQG� FRQÀUPHG� E\�
KLVWR�SDWKRORJLFDO�H[DPLQDWLRQV�ZHUH�LQFOXGHG�LQ�
WKLV�VWXG\�

3HUPLVVLRQ�WR�DFFHVV�KRVSLWDO�UHFRUGV�DQG�GDWD�IRU�
WKLV� VWXG\� ZDV� REWDLQHG� IURP� WKH� KRVSLWDO�
PDQDJHPHQW�DQG�HWKLFDO�DSSURYDO�ZDV�REWDLQHG�
IURP�WKH�KRVSLWDO
V�+HDOWK�5HVHDUFK�DQG�(WKLFV�

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

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



&RPPLWWHH�

7KH�GDWD�H[WUDFWHG�LQFOXGHG��VRFLR�GHPRJUDSKLF�
FKDUDFWHULVWLFV� �DJH�� SDULW\�� PDULWDO� VWDWXV� DQG�
VRFLR�HFRQRPLF�VWDWXV���SUHVHQWLQJ�FRPSODLQWV��
GLDJQRVLV�� VWDJH� RI � WKH� GLVHDVH� DQG� WKH�
PDQDJHPHQW� RIIHUHG�� 7KH� SDWLHQWV� VRFLR�
HFRQRPLF� VWDWXV� FODVVLÀFDWLRQ�ZDV� GRQH� XVLQJ�
WKH�VFKHPH�SURSRVHG�E\�2\HGHML��EDVHG�RQ�WKH�
HGXFDWLRQDO� DWWDLQPHQW� DQG� RFFXSDWLRQ� 'DWD����

FROOHFWHG� ZHUH� FRGHG� DQG� DQDO\VHG� E\� VLPSOH�
GHVFULSWLYH�VWDWLVWLFV�XVLQJ�VWDWLVWLFDO�SDFNDJH�IRU�
VRFLDO�VFLHQFH��6366��YHUVLRQ�����,%0�&RPSDQ\��
7KH�UHVXOWV�ZHUH�H[SUHVVHG�LQ�VLPSOH�GHVFULSWLYH�
VWDWLVWLFV� XVLQJ� PHDQ�� VWDQGDUG� GHYLDWLRQV��
IUHTXHQF\� DQG� SHUFHQWDJHV�� LQ� WDEOHV� DQG�
FRPSDUHG�WR�RWKHU�UHSRUWV�ZKHUH�DSSURSULDWH��

5(68/76
7KHUH� ZHUH� ����� SDWLHQWV� VHHQ� DW� WKH�
J\QDHFRORJLFDO�FOLQLFV�GXULQJ�WKH�SHULRG������RI �
WKHVH� SDWLHQWV� ZHUH� DGPLWWHG� LQWR� WKH�
J\QDHFRORJLFDO�ZDUG�DQG�����SDWLHQWV�KDG�KLVWR�
SDWKRORJLFDOO\� GLDJQRVHG� IHPDOH� JHQLWDO� WUDFW�
PDOLJQDQFLHV�GXULQJ�WKH�SHULRG��DFFRXQWLQJ�IRU�
�����RI �WRWDO�J\QDHFRORJLFDO�SDWLHQWV�VHHQ�LQ�WKH�
KRVSLWDO�FOLQLFV�DQG�������RI �SDWLHQWV�DGPLWWHG�
LQWR� WKH�ZDUGV� UHVSHFWLYHO\��2QH�KXQGUHG� DQG�
WKLUW\�WKUHH�������FDVH�IROGHUV�RI �����FDVHV�ZHUH�
DYDLODEOH� ZLWK� FRPSOHWH� LQIRUPDWLRQ� GDWD�
H[WUDFWLRQ�DQG�DQDO\VLV��JLYHQ�D�UHWULHYDO�UDWH�RI �
�������DQG�WKHVH�IRUPHG�WKH�EDVLV�IRU�IXUWKHU�
DQDO\VLV�

7KH�DJH�UDQJH�RI �WKH�SDWLHQWV�WKDW�KDG�JHQLWDO�
WUDFW�PDOLJQDQFLHV�ZDV�EHWZHHQ����WR����\HDUV�
ZLWK�D�PHDQ�DJH�RI �������������\HDUV��7KH�PHDQ�
DJH� RI � SDWLHQWV� WKDW� KDG� FHUYLFDO� FDQFHU� ZDV�
�������������\HDUV��)RUW\�HLJKW����������RI �WKHVH�
SDWLHQWV�ZHUH�LQ�WKH�DJH�JURXS�RI �������IROORZHG�
E\� ��� ��������� HDFK� LQ� ������ DQG� ������ DJH�
JURXSV�UHVSHFWLYHO\��7KH�PHDQ�DJH�RI �SDWLHQWV�
ZLWK�RYDULDQ�FDQFHU�ZDV��������������\HDUV�DQG�

������������RI �WKHVH�SDWLHQWV�ZHUH�DJHG����\HDUV�
DQG� DERYH�� 0DMRULW\� RI � WKH� SDWLHQWV� ZLWK�
HQGRPHWULDO�FDQFHU�ZHUH�SRVW�PHQRSDXVDO�ZLWK�D�
PHDQ�DJH�RI �������������\HDUV��(OHYHQ����������
RI �SDWLHQWV�ZLWK�HQGRPHWULDO�FDQFHU�ZHUH�EHWZHHQ�
������\HDUV�DQG������������ZHUH�PRUH�WKDQ����
\HDUV�ROG�

7KH�PHDQ� SDULW\� IRU� SDWLHQWV�ZLWK� JHQLWDO� WUDFW�
PDOLJQDQFLHV� ZDV� ����� ������� � 0DMRULWLHV� RI �
SDWLHQWV� ZLWK� RYDULDQ� FDQFHU�� �� ��������� ZHUH�
QXOOLSDURXV��0RVW� RI � WKH� SDWLHQWV� ZLWK� FHUYLFDO�
FDQFHU�ZHUH�RI �ORZ�VRFLR�HFRQRPLF�FODVV��FODVVHV�
��DQG�����7KLUW\�QLQH����������ZHUH�VRFLDO�FODVV���
DQG�������������ZHUH�LQ�FODVV����(LJKW����������
RI � SDWLHQWV� ZLWK� RYDULDQ� FDQFHU� ZHUH� RI �
VRFLRHFRQRPLF�FODVV��������������HDFK�ZHUH�FODVV�
���XSSHU�FODVV��DQG���UHVSHFWLYHO\��$OPRVW�KDOI �RI �
WKH�SDWLHQWV�ZLWK�HQGRPHWULDO�FDQFHU�������������
ZHUH� LQ� FODVV� �� 7KH� SDWLHQWV�ZLWK� YXOYD� FDQFHU�
ZHUH�LQ�VRFLRHFRQRPLF�FODVV���DQG���ZKLOH�WKH���
SDW LHQWV� ZLWK� FKRULRFDUFLQRPD� ZHUH� LQ�
VRFLRHFRQRPLF�FODVV���DQG����WDEOH���

7KH� VWXG\� VKRZHG� WKDW� WKH� FRPPRQHVW� JHQLWDO�
WUDFW�PDOLJQDQF\�ZDV� FHUYLFDO� FDUFLQRPD� DQG� LW�
FRPSULVHG�RI �������������RI �WKH�FDVHV��7KLV�ZDV�
IROORZHG� E\� RYDULDQ� FDQFHU�� ��� ��������� DQG�
HQGRPHWULDO�FDQFHU��������������9XOYDU�FDQFHUV�
DQG� FKRULRFDUFLQRPD� DFFRXQWHG� IRU� ���������
HDFK�RI �WKH�FDVHV��ÀJXUH�����7KHUH�ZHUH�QR�FDVHV�
RI � XWHULQH� VDUFRPDV�� YDJLQD� RU� IDOORSLDQ� WXEH�
FDQFHUV�GXULQJ�WKH�SHULRG�

7KLUW\�ÀYH����������SDWLHQWV�ZLWK�FHUYLFDO�FDQFHU�
SUHVHQWHG�ZLWK�SRVW�FRLWDO�EOHHGLQJ�ZKLOH�PDMRULW\�
RI � SDWLHQWV� ZLWK� RYDULDQ� FDQFHU�� ��� ���������
SUHVHQWHG� ZLWK� DEGRPLQDO� VZHOO LQJ� DQG�
DEGRPLQDO�SDLQ��7KH�PRVW�FRPPRQ�SUHVHQWLQJ�
FRPSODLQW� LQ� SDWLHQWV� ZLWK� HQGRPHWULDO� FDQFHU�
ZDV�SRVW�PHQRSDXVDO�EOHHGLQJ�DV�GHPRQVWUDWHG�
LQ���� ���������RI � WKH�SDWLHQWV��$OO� WKH�SDWLHQWV�
ZLWK� YXOYD� FDQFHUV� DQG� FKRULRFDUFLQRPD�

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

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



SUHVHQWHG�ZLWK� YXOYD� XOFHUDWLRQ� DQG� UHFXUUHQW�
EOHHGLQJ�SHU�YDJLQXP�UHVSHFWLYHO\���WDEOH���

0DMRULW\� RI � WKH� SDWLHQWV� ZLWK� FHUYLFDO� FDQFHU��
�����������SUHVHQWHG�ZLWK�DGYDQFHG�GLVHDVH�����
��������� SUHVHQWHG� ZLWK� VWDJH� ,,� GLVHDVH�� ���
�������� SUHVHQWHG� ZLWK� VWDJH� ,,,� � DQG� ��� ��
�������� ZLWK� VWDJH� ,9�� � (OHYHQ� ��������� RI �

SDWLHQWV�ZLWK�RYDULDQ�PDOLJQDQF\�SUHVHQWHG�ZLWK�
VWDJH�,9�GLVHDVH��ZKLOH�����������DQG������������
SUHVHQWHG� ZLWK� VWDJH� ,,,� DQG� VWDJH� ,,� GLVHDVH�
UHVSHFWLYHO\�� � �� ��������� RI � SDWLHQWV� ZLWK�
HQGRPHWULDO� FDQFHU� SUHVHQWHG� ZLWK� 6WDJH� ,,�
GLVHDVH�ZKLOH������������ZHUH�VHHQ�DW�6WDJH�,,,��
2QH����������HDFK�RI �SDWLHQWV�ZLWK�YXOYD�FDQFHU�
SUHVHQWHG� ZLWK� VWDJHV� ,,� DQG� ,,,� GLVHDVH�
UHVSHFWLYHO\��7DEOH���

7DEOH����6RFLR�GHPRJUDSKLF�&KDUDFWHULVWLFV�RI �3DWLHQWV�ZLWK�*HQLWDO�7UDFW�0DOLJQDQFLHV�
9$5,$%/( 7<3(6 2) &$1&(5 �)UHTXHQF\���
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',6&866,21
3DWLHQWV�ZLWK� IHPDOH�JHQLWDO� WUDFW�PDOLJQDQFLHV�
FRQVWLWXWHG� ����� RI � DOO� SDWLHQWV� VHHQ� DW� WKH�
J\QDHFRORJLFDO� FOLQLFV� LQ� '(/687+�� 6RXWK�
6RXWK�1LJHULD�GXULQJ�WKH�SHULRG�XQGHU�UHYLHZ��
7KLV�ÀQGLQJ�LV�VLPLODU�WR������UHSRUWHG�E\�,MDL\D�
DQG�,EUDKLP�LQ�,ORULQ� +RZHYHU��WKLV�ÀQGLQJ�LV����

ORZHU�WKDQ������� �UHSRUWHG�E\�<DNDVDL�HW�DO�LQ�
.DQR���

,W� ZDV� UHSRUWHG� WKDW� WKH� PRVW� LPSRUWDQW�
DHWLRORJLFDO� IDFWRUV� FRQWULEXWLQJ� WR� FHUYLFDO�
FDQFHU�LQ�WKHVH�ZRPHQ�ZHUH�HDUO\�PDUULDJHV��DQG�
HDUO\�DJH�RI � LQLWLDWLQJ�FRLWXV�ZKLFK�ZHUH�PRUH�
FRPPRQ�LQ�WKH�1RUWKHUQ�SDUW�RI �WKH�FRXQWU\�
OLNH� .DQR�7KH� VWXG\� UHYHDOHG� WKDW� FHUYLFDO�
FDQFHU� ZDV� WKH�PRVW� FRPPRQ� J\QDHFRORJLFDO�
FDQFHU�DFFRXQWLQJ�IRU��������RI �FDVHV��7KLV�ZDV�
IROORZHG� E\�2YDULDQ� ������� DQG� HQGRPHWULDO�
���������9XOYD�DQG�FKRULRFDUFLQRPD�DFFRXQWHG�
IRU������HDFK�RI �WKH�SDWLHQWV��7KLV�LV�VLPLODU�WR�
WKH�ÀQGLQJV��UHSRUWHG�E\��<DNDVDL�HW�DO�LQ�.DQR��
8GLJZH�HW�DO�LQ�1QHZL��2NHNH�HW�DO�LQ�(QXJX� �����������

7KLV� LV� DOVR� FRPSDUDEOH� ZLWK� ÀQGLQJV� E\�
1N\HN\HU�LQ�*KDQD�DQG�7DXOR�LQ�0DODZL� .\DUL��������

HW�DO��LQ�D�VWXG\�FRQGXFWHG�LQ�0DLGXJXUL��QRUWKHUQ�
1LJHULD��UHSRUWHG�D�VOLJKWO\�KLJKHU� �LQFLGHQFH�RI �
������RI �FHUYLFDO�FDQFHU� +RZHYHU��RXU�ÀQGLQJ���

LV� LQ� FRQWUDVW� WR� WKH� ÀQGLQJV� RI � 6RELD� HW� DO� LQ�
3DNLVWDQ�ZKHUH�WKH�PRVW�FRPPRQ�J\QDHFRORJLFDO�
PDOLJQDQF\� ZDV� RYDULDQ� FDQFHU�� IROORZHG� E\�
HQGRPHWULDO�DQG�WKHQ�FHUYLFDO�FDQFHU� 7KH� ORZ����

SUHYDOHQFH� RI � FHUYLFDO� FDQFHU� LQ� WKH� VWXG\� E\�
6RELD�HW�DO�LQ�3DUNLVWDQ�PD\�EH�GXH�WR�OHVV�VPRNLQJ�
LQ� ODGLHV�� DGKHUHQFH� WR� VRFLDO� QRUPV�� UHOLJLRXV�
SUDFWLFHV�DQG�PDOH�FLUFXPFLVLRQ��

7KH�SUHYDOHQFH�RI �FHUYLFDO�FDQFHU�LQ�GHYHORSLQJ�
ZRUOG�LV�LQ�FRQWUDVW�WR�ZKDW�REWDLQV�LQ�GHYHORSHG�
FRXQWULHV� ZKHUH� HQGRPHWULDO� FDQFHU� LV� PRUH�
FRPPRQ�� 7KLV� LV� WKRXJKW� WR� EH� GXH� WR� ZHOO�
HVWDEOLVKHG�VFUHHQLQJ�VHUYLFHV�IRU�SUH�PDOLJQDQW�
OHVLRQV� RI � FHUYLFDO� FDQFHU� LQ� WKH� GHYHORSHG�
FRXQWULHV� 7KH�OHDGLQJ�SRVLWLRQ�RI �FDUFLQRPD�RI ���

WKH�FHUYL[�LQ�WKLV�VWXG\�LQGLFDWHV�WKDW�WKH�XSWDNH�RI �
FHUYLFDO� FDQFHU� VFUHHQLQJ� DQG� WUHDWPHQW� RI �
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SUHPDOLJQDQW�OHVLRQV�RI �WKH�FHUYL[�LV�IDU�EHORZ�
RSWLPDO� OHYHO� LQ� 1LJHULD�� 7KLV� LV� TXLWH�
XQGHUVWDQGDEOH�ZLWK�WKH�DEVHQFH�RI �D�QDWLRQDO�
F H U Y L F D O � F D Q F H U � V F U H HQ L Q J � S U R J U DP ��
)XUWKHUPRUH�� RSSRUWXQLVWLF� VFUHHQLQJ� IRU�
FHUYLFDO� FDQFHU� DV� SUDFWLFHG� LQ� PDQ\� &HQWUHV�
LQFOXGLQJ�RXUV��KDV�EHHQ�VKRZQ�QRW�WR�LPSDFW�RQ�
WKH� SRSXODWLRQ� LQFLGHQFH� RI � FHUYLFDO� FDQFHU����

2SSRUWXQLVWLF� VFUHHQLQJ� DV� SUDFWLFHG� LQ� RXU�
FHQWUH�LQYROYHV�VFUHHQLQJ�DOO�ZRPHQ�ZKR�FRPH�
IRU�J\QDHFRORJLFDO�FRQVXOWDWLRQ� LQ� WKH�KRVSLWDO�
DIWHU�SURSHU�FRXQVHOOLQJ�DQG�REWDLQLQJ�LQIRUPHG�
FRQVHQW��7KHUH�ZHUH�WZR�FDVHV�RI �YXOYD�FDQFHU�
GXULQJ� WKH�SHULRG�XQGHU� UHYLHZ��7KLV� LV� D� UDUH�
FDQFHU�DQG�LW�FRQWULEXWHG������RI �JHQLWDO�WUDFW�
FDQFHUV�VLPLODU�WR������UHSRUWHG�E\�8GLJZH�HW�DO�
LQ�1QHZL�DQG�<DNDVDL�HW�DO�LQ�.DQR������

7KH�PHDQ�DJH�IRU�J\QDHFRORJLFDO�PDOLJQDQFLHV�
ZDV��������������\HDUV�DQG�WKH�PHDQ�SDULW\�ZDV�
������������7KLV�ZDV�VLPLODU� WR� WKH�ÀQGLQJ�E\�
8GLJZH�HW�DO�LQ�1QHZL�DQG�,MDL\D�DQG�,EUDKLP�LQ�
,ORULQ� � 0RVW� RI � WKH� SDWLHQWV� ZLWK� FHUYLFDO������

FDQFHU����������� �ZHUH�LQ�WKH�DJH�JURXS�������
ZKLOH��������ZHUH�LQ�������DQG�������DJH�JURXS�
UHVSHFWLYHO\��WKXV�IXUWKHU�UHDIÀUPLQJ�WKH�H[LVWLQJ�
NQRZOHGJH� WKDW�FHUYLFDO� FDQFHU� LV� D�GLVHDVH�RI �
VH[XDOO\�DFWLYH�ZRPHQ�ZLWK�ELPRGDO�SHDN�DJHV�
��WK� DQG� �WK� GHFDGHV�� 6L[W\� ��������� RI ����

SDWLHQWV�ZLWK�FHUYLFDO�FDQFHU�ZHUH���DQG�DERYH��
7KLV�LV�VLPLODU�WR�ÀQGLQJV�E\�<DNDVDL�LQ�.DQR�DQG�
1N\HN\HU�LQ�*KDQD� ��(OHYHQ����������RI �WKH������

SDWLHQWV�ZLWK�RYDULDQ�FDQFHU�ZHUH����\HDUV�DQG�
DERYH�� 7KLV� LV� LQ�NHHSLQJ� ZLWK� HVWDEOLVKHG�
NQRZOHGJH� WKDW� RYDULDQ� FDQFHU� LV� D� GLVHDVH�RI �
ROGHU�ZRPDQ�ZLWK�SHDN� LQFLGHQFH�DW���\HDUV� ���

0RVW� RI � WKH� SDWLHQWV�ZLWK� HQGRPHWULDO� FDQFHU�
ZHUH�LQ�WKH�DJH�JURXS�������DQG��������ZHUH�
3DUD���DQG�DERYH��7KLV�LV�VLPLODU�WR�ÀQGLQJV�E\�
8GLJZH� HW� DO� LQ� 1QHZL� DQG� 1N\HN\HU� LQ�
*KDQD� �7KLV�FRQWUDVWV�WKH�ÀQGLQJV�RI �<DNDVDL������

LQ�.DQR�ZKHUH�PHDQ�DJH�RI �WKH�SDWLHQWV�ZLWK�
HQGRPHWULDO�FDQFHU�ZDV����DQG�PHDQ�SDULW\�ZDV���

DQG�DOVR�FXUUHQW�EHOLHI �WKDW�HQGRPHWULDO�FDQFHU�LV�
D� GLVHDVH� RI � WKH� �WK� GHFDGH� DQG� QXOOLSDURXV�
ZRPHQ������

7KH� PDMRULW\� RI � SDWLHQWV� ZLWK� FHUYLFDO� FDQFHU��
������� ����� ZHUH� RI � WKH� ORZ� VRFLRHFRQRPLF�
VWDWXV��7KLV�DJUHHV�ZLWK�JHQHUDO�NQRZOHGJH� WKDW�
ORZ� VRFLRHFRQRPLF� IDFWRU� LV� D� ULVN� IDFWRU� IRU�

��FHUYLFDO�FDQFHU� �7KH�PRVW�FRPPRQ�SUHVHQWLQJ�
FRPSODLQW�IURP�SDWLHQWV�ZLWK�FHUYLFDO�FDQFHU�ZDV�
SRVW� FRLWDO� EOHHGLQJ� DQG� RIIHQVLYH� YDJLQDO�
GLVFKDUJH��7KLV�LV�VLPLODU�WR�ÀQGLQJV�RI �*D\D�HW�DO�

��LQ� .DQR� � 0RVW� RI � WKH� SDWLHQWV� ZLWK� RYDULDQ�
FDQFHU�SUHVHQWHG�ZLWK�DEGRPLQDO�GLVWHQVLRQ�DQG�
SDLQ�� 0RVW� RI � WKH� SDWLHQWV� ZLWK� RYDULDQ� DQG�
FHUYLFDO�FDQFHU�SUHVHQWHG�ZLWK�DGYDQFHG�GLVHDVHV��
(OHYHQ����������RI �SDWLHQWV�ZLWK�RYDULDQ�FDQFHU�
SUHVHQWHG�ZLWK�VWDJH�,9�GLVHDVH��,W�LV�D�UHFRJQL]HG�
IDFW�ZRUOGZLGH�WKDW�ZRPHQ�ZLWK�RYDULDQ�FDQFHU�
SUHVHQW�ZLWK� DGYDQFHG�GLVHDVH� DQG� WKLV�PD\�EH�
DWWULEXWHG�WR�QRQVSHFLÀF�V\PSWRPV�DQG�VLJQV�RI �
HDUO\�GLVHDVH�DQG� WKLV�KDV�DQ�HIIHFW�RQ�VXUYLYDO��
�������RI �SDWLHQWV�ZLWK�FHUYLFDO�FDQFHU�SUHVHQWHG�
ZLWK�6WDJH�,,,�DQG�,9�GLVHDVH�DQG�QRQH�SUHVHQWHG�
ZLWK�VWDJH�,�GLVHDVH��7KLV�LV�VLPLODU�WR�ÀQGLQJV�RI �

��<DNDVDL� HW� DO� LQ� .DQR� � /DWH� SUHVHQWDWLRQ� E\�
SDWLHQWV� PD\� EH� DWWULEXWHG� WR� DEVHQFH� RI �
HVWDEOLVKHG� QDWLRQDO� FHUYLFDO� FDQFHU� VFUHHQLQJ�
SURJUDPV�� ODFN�RI �DZDUHQHVV�DQG�D�SHQFKDQW�WR�

��SDWURQL]H�XQRUWKRGR[�KHDOWK�SUDFWLWLRQHUV� �7KH�
ORZ� VRFLRHFRQRPLF� VWDWXV� ZLWK� DVVRFLDWHG� ORZ�
ÀQDQFLDO�SRZHU�PD\�LQ�WXUQ�GHOD\�SUHVHQWDWLRQ�DV�
KHDOWK� LQVXUDQFH� LV� QRW� ZLGHO\� DYDLODEOH� LQ�

��GHYHORSLQJ� FRXQWULHV� � 7KLV� VWXG\� VKRZV�
FRQVLVWHQF\� ZLWK� JHQHUDO� REVHUYDWLRQ� WKDW�
SDWLHQWV� ZLWK� HQGRPHWULDO� FDQFHU� SUHVHQW� DW� DQ�
HDUO\�VWDJH���������LQ�WKLV�VWXG\��7KLV�LV�VLPLODU�WR�

��ÀQGLQJV�RI �1N\HN\HU�LQ�*KDQD�

,Q� FRQFOXVLRQ�� FHUYLFDO� FDQFHU� LV� WKH� PRVW�
FRPPRQ� IHPDOH� JHQLWDO� WUDFW� PDOLJQDQF\� LQ�
'(/687+��2JKDUD�IROORZHG�E\�RYDULDQ�FDQFHU��
HQGRPHWULDO� FDQFHU� DQG� OHDVW� FRPPRQ� ZHUH�
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YXOYDU�FDQFHU�DQG�FKRULRFDUFLQRPD��0RVW�RI �WKH�
SDWLHQWV� ZLWK� FHUYLFDO� FDQFHU� ZHUH� LQ� WKH� �WK�
GHFDGH� RI � OLIH�� ZLWK� PRVW� SDWLHQWV� SUHVHQWLQJ�
ZLWK� DGYDQFHG� GLVHDVH�� 7KH� UHGXFWLRQ� RI �
PRUELGLW\� DQG� PRUWDOLW\� IURP� FHUYLFDO� FDQFHU�
LQYROYHV�HDUO\�GHWHFWLRQ��WUHDWPHQW��DQG�SDOOLDWLYH�
FDUH�WR�IDFLOLWDWH�FRPIRUW��GLJQLW\��DXWRQRP\��DQG�
SHUVRQDO� UHKDELOLWDWLRQ� DQG� GHYHORSPHQW��
HVSHFLDOO\� LQ� WKH� IDFH� RI � DQ� LQFXUDEOH� GLVHDVH��
)RUWXQDWHO\�� WKLV� LV� SRVVLEOH� EHFDXVH� FHUYLFDO�
FDQFHU�LV�D�SUHYHQWDEOH�GLVHDVH�

5()(5(1&(6
��� ,\RNH�&��8JZX�*��%XUGHQ�RI �*\QDHFRORJLFDO�

FDQFHUV�LQ�GHYHORSLQJ�FRXQWULHV��:RUOG�-RXU��
2EVWHW*\QDHFRO�������������������

��� 7 K L U X N XP D U � 0 � � 6 L Q Q D W K X U D L � $ ��
*\QDHFRORJLFDO� 0DOLJQDQFLHV� $PRQJ� D�
5HSUHVHQWDWLYH�3RSXODWLRQ�RI �%DWWLFDORD��6UL�
/DQND��&XUHXV���������������H�����

��� 0DQ]RRU�+��1DKHHG�+��$KPDG�.��,IWLNKDU�
6��$VLI �0��6KXMD�-��3DWWHUQ�RI �J\QDHFRORJLFDO�
PDOLJQDQFLHV� LQ� VRXWK� ZHVWHUQ� UHJLRQ� RI �
3DNLVWDQ�� $Q� RYHUYLHZ� RI � ��� \HDUV��
%LRPHGLFDO�5HSRUWV�����������������²����

��� $UHI�$GLE� 0�� )UHHPDQ�:DQJ� 7�� &HUYLFDO�
FDQFHU�SUHYHQWLRQ�DQG� VFUHHQLQJ��7KH� UROH�
RI � KXPDQ� SDSLOORPDYLUXV� WHVWLQJ�� 7KH�
2 E V W H W U L F L D Q � 	 � * \ Q D H F R O R J L V W ��
�����������²���

��� 'DUUH�7��.SDWFKD�70��%DJQ\�$��0DQHK�1��
*QDQGL�3LRX� )��'HVFULSWLYH� (SLGHPLRORJ\�
RI � &DQFHUV� LQ� 7RJR� IURP� ����� WR� ������
$VLDQ�3DF�-�&DQFHU�3UHY�������������������
�����

��� 6DLGX�5��,EUDKLP�.2��$GHVLQD�.��$�UHYLHZ�
RI �WKH�WKH�FOLQLFR�SDWKRORJLFDO�SUHVHQWDWLRQ�
RI �FHUYLFDO�FDQFHU�LQ�,ORULQ��1LJHULD��-RXUQDO�
R I � & O L Q L F D O � 2 Q F R O R J \ � � � � � ���
��������BVXSSO��H�������

��� 2VLQDFKL�,)��$GHZROH�1��,VDK�$'��$EGXOODKL�
+,�� $JLGD� (7�� 3DWWHUQ� RI � J\QDHFRORJLFDO�
PDOLJQDQFLHV�LQ�D�1LJHULDQ�WHUWLDU\�KRVSLWDO��

$IULFDQ� -RXUQDO� RI � 0HGLFDO� DQG� +HDOWK�
6FLHQFHV�������-XQ����������������

��� &KULVWLDQD� )��+DQL�*�� 6XUJLFDO� DQG�0HGLFDO�
0DQDJHPHQW� RI �(SLWKHOLDO�2YDULDQ�&DQFHU��
,Q�� (GPRQGV� '.�� HGLWRU�� 'HZKXUVW
V�
WH[WERRN�RI �2EVWHWULFV�DQG�*\QDHFRORJ\���WK�
(G�� 2[IRUG�� %ODFNZHOO� 6FLHQFH� 3XEOLVKHUV��
������3����������

��� 2NXQDGH� .6�� +XPDQ� SDSLOORPDYLUXV� DQG�
FHUYLFDO� FDQFHU�� -RXUQDO� RI � 2EVWHWULFV� DQG�
*\QDHFRORJ\�������-XO���������������

����(VFREDU�1��3OXJJH�(��3UHYDOHQFH�RI �KXPDQ�
SDS L O O RPDY L U X V � L Q I H F W L RQ � � F H U Y L F D O�
LQWUDHSLWKHOLDO�QHRSODVLD�DQG�FHUYLFDO�FDQFHU�LQ�
LPSULVRQHG�ZRPHQ�ZRUOGZLGH�� D� V\VWHPDWLF�
UHYLHZ� DQG� PHWD�DQDO\VLV�� -� (SLGHPLRO�
&RPPXQLW\�+HDOWK����������������������

����&KKLNDUD� %6�� 3DUDQJ� .�� *OREDO� &DQFHU�
6WDWLVWLFV�������WKH�WUHQGV�SURMHFWLRQ�DQDO\VLV��
&KHPLFDO�%LRORJ\�/HWWHUV����������������������

����6HDQ�.���(QGRPHWULDO�&D��,Q��.HLWK�'��(GLWRU��
'HZKXUVW� 7H[WERRN� RI � 2EVWHWULFV� DQG�
*\QDHFRORJ\��WK� (G�:LOH\� %ODFNZHOO�������
3����������

����0DFN � 7�0� � � &R]HQ � :� � 4XLQQ � 0�$��
( S L G HP L R O R J \ � R I � F D Q F H U � R I � W K H�
HQGRPHWULXP�� RYDU\�� YXOYD� DQG� YDJLQD�� ,Q��
*\QHFRORJLF� 2QFRORJ\�� 6HFRQG� HGLWLRQ��
(GLWRUV��&RSSOHVRQ�0��0RQDJKDQ�-��0RUURZ�
3��7DWWHUVDO�0��&KXUFKLOO��/LYLQJVWRQH��1HZ�
<RUN��������3��������

����<DNDVDL�,��8JZD�(��2WXEX�-��*\QDHFRORJLFDO�
FDQFHUV�LQ�$PLQX�.DQR�7HDFKLQJ�+RVSLWDO��$�
�� \HDU� UHYLHZ�� 1LJHU� -� &OLQ� 3UDFW�������
����������

����8GLJZH�*�� 8PHRQRQLKX�26��0EDFKX� ,�� $�
UHYLHZ� RI � WKH� SUHYDOHQFH� DQG� SDWWHUQ� RI �
SUHVHQWDWLRQ�RI � J\QDHFRORJLFDO� FDQFHUV� LQ� D�
WHUWLDU\� KRVSLWDO� LQ� 1QHZL�� 6RXWK�(DVW�
1LJHULD��2-0���������������������

����%HUHN� -6�� 5HQ]� 0�� .HKRH� 6�� .XPDU� /��
)ULHGODQGHU�0��&DQFHU�RI �WKH�RYDU\��IDOORSLDQ�
WXEH�� DQG� SHULWRQHXP�� ����� XSGDWH�� ,QW� -�
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*\QHFRO�2EVWHW�����������6XSSO�������²����
����2\HGHML� *$�� 6RFLR�HFRQRPLF� DQG� FXOWXUDO�

EDFNJURXQG� RI � KRVSLWDOL]HG� FKLOGUHQ� LQ�
,OHVKD��1LJHU�-�3DHGLDWU���������������

����, E U DK LP � + � � , M D L \ D � 0 � � 3D W W H U Q � R I �
J \QDHFRORJLFDO � PDO LJQDQFLHV� DW � WKH�
8QLYHUVLW\� RI � ,ORULQ� 7HDFKLQJ� +RVSLWDO��
,ORULQ�� 1LJHU�� -RXU� � 2EVWHW*\QDHFRO�
������������������

����2NHNH�7&��2QDK�1��,NHDNR�/&��(]HQ\HDNX�
&�� 7KH� IUHTXHQF\� DQG� SDWWHUQ� RI � IHPDOH�
JHQLWDO� WUDFW�PDOLJQDQFLHV�DW� WKH�8QLYHUVLW\�
RI � 1LJHULD� 7HDFKLQJ� +RVSLWDO�� (QXJX��
1LJHULD�� $QQ� 0HG� +HDOWK� 6FL� 5HV� ������
��������

����1N\HNHU� .�� 3DWWHUQ� RI � J\QDHFRORJLFDO�
FDQFHUV�LQ�*KDQD��(DVW�$IUL�0HG�-RXU�������
����������������

����7DXOR� )��0DOXQJD� (�� 1JZLUD� $�� $XGLW� RI �
J\QDHFRORJLFDO�&DQFHUV�LQ�4XHHQ�(OL]DEHWK�
&HQWUDO�+RVSLWDO��%ODQW\UH��0DODZL�0HG�-RXU�
�������������������

����.\DUL�2��1JDGGD�+��0DLULJD�$��0DOLJQDQW�
WXPRXUV� RI � IHPDOH� JHQLWDO� WUDFW� LQ� 1RUWK�
(DVWHUQ�1LJHULD��(DVW�$IUL�0HG�-RXU��������
������������

����6RELD� 0�� 1LJKDW� 6�� .KDZD� $�� $GHHOD� 0��
3DWWHUQV�RI �*\QDHFRORJLFDO�0DOLJQDQFLHV�DW�

D� WHUWLDU\� FDUH� +RVSLWDO�� $QQ� 6DXGL� 0HG�
�������������������

����5XDQ�*��6RQJ�<��'RQJ�%��0DR�;��/LQ�)��.DQJ�
<��;X�6��&KHQ�;��:X�4��6XQ�3��&HUYLFDO�FDQFHU�
VFUHHQLQJ�XVLQJ�WKH�&HUYLVWD�KLJK�ULVN�KXPDQ�
SDSLOORPDYLUXV� WHVW�� RSSRUWXQLVWLF� VFUHHQLQJ�
RI � D� KRVSLWDO�EDVHG� SRSXODWLRQ� LQ� )XMLDQ�
SURYLQFH�� &KLQD�� &DQFHU� 0DQDJHPHQW� DQG�
5HVHDUFK������������������

����*DEUD� +�� %ODJGHQ� 6� �(SLWKHOLDO� 2YDULDQ�
&DQFHU�� ,Q�� .HLWK� '�� (GLWRU�� 'HZKXUVW�

WK7H[WERRN�RI �2EVWHWULFV�DQG�*\QDHFRORJ\�� �
(G�:LOH\�%ODFNZHOO�������3S����������

����*D\D� 6$�� <DNDVDL� ,%�� 0XKDPPHG� $=��
*DODGDQFL�+��*DUED�',��&DQFHU�RI �WKH�FHUYL[�
LQ� XQVFUHHQHG� :HVW� $IULFDQ� ZRPHQ�� -RXU�
%DVLF�&OLQ�5HSURG�6FL����������������

����8PDQDK�1��8JLDJEH�(��2OX�(GGR�$��)HPDOH�
*HQLWDO� 7UDFW� 0DOLJQDQFLHV� ,Q1LJHU� 'HOWD�
5HJLRQ�RI �1LJHULD��,ERP�0HG�-�������������

���� %HUHN� -6�� 5HQ]� 0�� .HKRH� 6�� .XPDU� /��
)ULHGODQGHU�0��&DQFHU�RI �WKH�RYDU\��IDOORSLDQ�
WXEH�� DQG� SHULWRQHXP�� ����� XSGDWH�� ,QW� -�
*\QHFRO�2EVWHW�����������6XSSO�������²����

(VHPXHGH�2��2NKLRQNSDPZRQ\L�2��$EHGL�
+2�� 3DWWHUQ� RI � )HPDOH� *HQLWDO� 7UDFW�
0DOLJQDQFLHV� DW� 'HOWD� 6WDWH� 8QLYHUVLW\�
7HDFKLQJ�+RVSLWDO��2JKDUD��1LJHULD��$IU��-��
7URS��0HG��	�%LRPHG��5HV������������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���

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

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

� �'LULVX��,0 �	�2NXRQJKDH��(0

$EVWUDFW
,QWURGXFWLRQ��7KH�$%2�LV�D�EORRG�JURXS�V\VWHP�WKDW�LV�UHVSRQVLEOH�IRU�PRVW�EORRG�WUDQVIXVLRQ�UHDFWLRQV��
WUDQVSODQW�UHMHFWLRQV�DQG�GHWHUPLQLQJ�VRPH�IRUHQVLF�FDVHV��7KH�$%2�DQG�5K�EORRG�JURXS�V\VWHPV�KDYH�
EHHQ�VKRZQ�WR�VKRZ�YDULDWLRQV�LQ�GLIIHUHQW�SDUWV�RI �WKH�ZRUOG�DQG�UDFH��+DHPRJORELQ�LV�DQ�LQWUDFHOOXODU�
SURWHLQ�IRXQG�LQ�UHG�EORRG�FHOOV��4XDOLWDWLYH�DQG�TXDQWLWDWLYH�DEQRUPDOLWLHV�LQ�WKLV�SURWHLQ�PDQLIHVW�DV�
KDHPRJORELQRSDWK\�

7KH� VWXG\� LV� WR� VKRZ� WKH� IUHTXHQF\� DQG� GLVWULEXWLRQ� RI �$%2��5K� EORRG� JURXSV� DQG� KDHPRJORELQ�
SKHQRW\SH�RI �HOLJLEOH�EORRG�GRQRUV�LQ�'HOWD�VWDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��'(/687+���1LJHULD�

0DWHULDOV�DQG�0HWKRGV��7KLV�LV�D�FURVV�VHFWLRQDO�VWXG\�RI �DOO�EORRG�GRQRUV�DWWHQGLQJ�WKH�EORRG�EDQN�LQ�
'(/687+�IURP�1RYHPEHU������WR�$SULO�������&RQVHFXWLYH�VDPSOLQJ�WHFKQLTXH�ZDV�XVHG�DQG�VDPSOHV�
IRU�EORRG�JURXS�DQG�KDHPRJORELQ�JHQRW\SH�ZDV�FROOHFWHG�IURP�HOLJLEOH�GRQRUV��'DWD�IURP�WKH�EORRG�EDQ�
DQDO\VHG�XVLQJ�6366�YHUVLRQ�����

5HVXOWV��$�WRWDO�RI ����GRQRUV�ZHUH�LQYROYHG�LQ�WKH�VWXG\��$QDO\VLV�RI �WKH�$%2�EORRG�JURXS�VKRZHG�WKDW�
WKH�IUHTXHQF\�EORRG�JURXS�2�$�%�DQG�$%��ZHUH�����������������DQG������UHVSHFWLYHO\��5K'�SRVLWLYH�
GRQRUV�DFFRXQWHG�IRU�������RI �GRQRUV�DQG�5K'�QHJDWLYH�ZHUH�������������RI �GRQRUV�KDG�JHQRW\SH�$$�
ZKLOH������ZHUH�JHQRW\SH�$6��

&RQFOXVLRQ��%ORRG�JURXS�2�DQG�5K'�SRVLWLYH�ZHUH�WKH�FRPPRQHVW�EORRG�JURXS�ZKLOH�JHQRW\SH�$$�ZDV�
WKH�FRPPRQHVW�JHQRW\SH�DPRQJ�EORRG�GRQRUV�LQ�WKH�IDFLOLW\�

&RUUHVSRQGLQJ�DXWKRU��2NXRQJKDH��(IH�0RERODML�'HSDUWPHQW�RI �+DHPDWRORJ\�DQG�%ORRG�7UDQVIXVLRQ��'HOWD�6WDWH�
8QLYHUVLW\��$EUDND��1LJHULD�(PDLO�$GGUHVV��HPRNXRQJKDH#GHOVX�HGX�QJ

�'HSDUWPHQW�RI �+DHPDWRORJ\�DQG�%ORRG�7UDQVIXVLRQ��'HOWD�6WDWH�8QLYHUVLW\��$EUDND��1LJHULD��(PDLO�$GGUHVV��GLULVX�PXKDPPDG#GHOVX�HGX�QJ
�'HSDUWPHQW�RI �+DHPDWRORJ\�DQG�%ORRG�7UDQVIXVLRQ��'HOWD�6WDWH�8QLYHUVLW\��$EUDND��1LJHULD��(PDLO�$GGUHVV��HPRNXRQJKDH#GHOVX�HGX�QJ

,QWURGXFWLRQ
+XPDQ� UHG� EORRG� FHOOV� FRQWDLQ� D� VHULHV� RI �
JO\FRSURWHLQV�DQG�JO\FROLSLGV�RQ�WKHLU�VXUIDFHV�

�ZKLFK�FRQVWLWXWH�EORRG�JURXS�DQWLJHQV� �7KHVH�
DQWLJHQV� DUH� JHQHWLFDOO\� FRQWUROOHG� DQG� DUH�
L QKH U L W HG � L Q � W K H � 0HQGH O L DQ � PDQQH U��
$SSUR[LPDWHO\� ���� UHG� EORRG� FHOO� JURXS�

�DQWLJHQV� KDYH� EHHQ� GHVFULEHG� LQ� OLWHUDWXUH� �
7KHVH� GLIIHUHQW� EORRG� JURXS� DQWLJHQV� YDU\�
JUHDWO\� LQ�WKHLU�FOLQLFDO�VLJQLÀFDQFH��ZLWK�$%2�
DQG�5K�JURXSV�EHLQJ�WKH�PRVW�LPSRUWDQW�LQ�YLHZ�
RI � WKH� VDIHW\� RI � EORRG� RU� EORRG� SURGXFWV�

�WUDQVIXVLRQ�WLOO�GDWH�

7KH� $%2� EORRG� JURXS� V\VWHP� ZDV� WKH� ÀUVW�
KXPDQ�EORRG�JURXS�V\VWHP�WR�EH�GLVFRYHUHG�E\�
/DQGVWHLQHU�LQ������DQG�ODWHU�RQ��/DQGVWHLQHU�DQG�
:LHQHU�GHÀQHG�WKH�5K�EORRG�JURXS�LQ�������7KH�
SURWHLQ� WKDW� GHÀQHV� WKH� $%2� DQWLJHQV� LV� D�
JO\FRV\O�WUDQVIHUDVH�WKDW�LV�HQFRGHG�IURP�D�VLQJOH�
JHQH�IRU�ZKLFK�WKHUH�DUH�WKUHH�PDMRU�DOOHOHV�$��%��

�2� �7KH�$�DQG�%�DOOHOHV�FDWDO\]H�WKH�DGGLWLRQ�RI �
GLIIHUHQW� FDUERK\GUDWHV� UHVLGXHV� �1�DFHW\O�
JDODFWRVDPLQH� IRU� JURXS� $� DQG� JDODFWRVH� IRU�
JURXS� %�� WR� D� EDVLF� DQWLJHQLF� JO\FRSURWHLQ� RU�
JO\FROLSLG�ZLWK�D�WHUPLQDO�VXJDU�RQ�WKH�UHG�FHOO��

�NQRZQ�DV�WKH�+�VXEVWDQFH� �7KH�2�DOOHOH�LV�QRQ�

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



IXQFWLRQDO� DQG� VR� GRHV� QRW� PRGLI\� WKH� +�
VXEVWDQFH� $SDUW�IURP�WKHLU�H[SUHVVLRQ�RQ�WKH��
UHG�EORRG�FHOOV� �5%&���$%2�DQWLJHQV�DUH�DOVR�
KLJKO\�H[SUHVVHG�RQ�WKH�VXUIDFH�RI �D�YDULHW\�RI �
KXPDQ� FHOOV� DQG� WLVVXHV�� LQFOXGLQJ� WKH�
HSLWKHOLXP�� VHQVRU\� QHXURQV�� SODWHOHWV� DQG� WKH�

�YDVFXODU�HQGRWKHOLXP� ��$QWLERGLHV�RI �WKH�$%2�
V\VWHP�DUH�QDWXUDOO\�RFFXUULQJ�DQWLERGLHV�DV�WKH\�
DULVH� ZLWKRXW� LPPXQH� VWLPXODWLRQ� E\� UHOHYDQW�

�EORRG�JURXS�DQWLJHQV� �7KH\�DUH�QRW�GHWHFWDEOH�
LQ�WKH�EORRG�XQWLO���WR���PRQWKV�RI �OLIH�

7KH�5KHVXV��5K��EORRG�JURXS�ORFXV�LV�FRPSRVHG�
RI �WZR�UHODWHG�VWUXFWXUDO�JHQHV��5K'�DQG�5K&(�
ZKLFK�HQFRGH�WKH�PHPEUDQH�SURWHLQ�WKDW�FDUU\�
'��&F�DQG�(H�DQWLJHQV��7KH�5K'�JHQH�PD\�EH�
HLWKHU� SUHVHQW� RU� DEVHQW�� JLYLQJ� WKH�5K'��RU�
5K'��SKHQRW\SH� UHVSHFWLYHO\��5K� DQWLJHQV� DUH�
H[SUHVVHG� RQO\� RQ� UHG� FHOOV� DQG� DUH� IXOO\�
H[SUHVVHG� EHIRUH� ELUWK�� 5K� DQWLERGLHV� DUH�
JHQHUDOO\� LPPXQH� DQWLERGLHV� DQG� FDQ� FDXVH�
KHPRO\WLF�WUDQVIXVLRQ�UHDFWLRQ�

'LVWULEXWLRQ�RI �$%2�DQG�5K�'�EORRG�JURXSV�
YDULHV�EHWZHHQ�SRSXODWLRQV�DQG�UDFHV�UHÁHFWLQJ�
WKH� XQGHUO\LQJ� JHQHWLF� DQG� HWKQLF� GLYHUVLW\� RI �

��KXPDQ� SRSXODWLRQV� 7KH� VWXGLHV� RQ� EORRG�
JURXSV� DUH� LPSRUWDQW� SDUDPHWHUV� LQ� YDULRXV�
JHQHWLF� VWXGLHV� IRU� UHOLDEOH� JHRJUDSKLFDO�
LQIRUPDWLRQ�� UHVHDUFKLQJ�SRSXODWLRQ�PLJUDWLRQ�
SDWWHUQV�DQG�LQ�EORRG�WUDQVIXVLRQ�SURFHVV� 7KH��
NQRZOHGJH�RI �WKH�GLVWULEXWLRQ�RI �$%2�DQG�5K�
EORRG� JURXSV� LV� HVVHQWLDO� IRU� HIIHFWLYH�
PDQDJHPHQW�RI �EORRG�EDQNV�LQYHQWRU\��EH�LW�D�
IDFLOLW\�RI �D�VPDOOHU�ORFDO�WUDQVIXVLRQ�VHUYLFH�RU�D�
UHJLRQDO�RU�QDWLRQDO� WUDQVIXVLRQ� VHUYLFH� $SDUW��
IURP�WKH�DERYH��WKHVH�EORRG�JURXSV�FDQ�EH�XVHG�
LQ� UHVROYLQJ� FHUWDLQ� PHGLFR�OHJDO� LVVXHV��
SDUWLFXODUO\�RI �GLVSXWHG�SDUHQWDJH��,Q�DGGLWLRQ��
WKHUH�DUH�DFFXPXODWLQJ�HYLGHQFH�WKDW�WKH�$%2�
EORRG�JURXS�SOD\V�D�NH\�UROH�LQ�YDULRXV�KXPDQ�
GLVHDVHV� VXFK� DV� GLDEHWHV�� FDUGLRYDVFXODU��
QHRSODVWLF��FDUFLQRPD�DQG�LQIHFWLRXV�GLVRUGHUV�

7KH� LQWUDFHOOXODU� SURWHLQ� IRXQG� LQ� 5%&� FDOOHG�
KDHPRJORELQ� �+E�� LV� PDGH� XS� RI � IRXU�
SRO\SHSWLGH�JORELQ�FKDLQV�WKDW�DUH�IROGHG�DURXQG�
KHPH�PROHFXOHV��7KH�JORELQ�FKDLQV�DUH�NQRZQ�WR�
KDYH�PDQ\�DOOHOHV�DQG�DUH�HQFRGHG�E\�WKH�UHOHYDQW�
JHQHV�RQ�FKURPRVRPHV����DQG�����1RUPDO�DGXOW�
EORRG�FRQWDLQV�WKUHH�W\SHV�RI �KDHPRJORELQ���+E�
$� ����������+E�)� ����������� DQG�+E�$ � ������

������+DHPRJORELQ� �DEQRUPDOLWLHV�FRXOG� �UHVXOW�
IURP� V\QWKHVLV� RI � DEQRUPDO� +E� ZLWK� DOWHUHG�
DPLQR�DFLG�VHTXHQFH�RI �IURP�UHGXFHG�V\QWKHVLV�
RI �QRUPDO�DOSKD�RU�EHWD�JORELQ�FKDLQV�

1LJHULD� LV� D� ODUJH� QDWLRQ� ZLWK� GLYHUVH� HWKQLF�
JURXSV�DQG�D�SRSXODWLRQ�RI �DERXW����PLOOLRQ��$V���
ZLWK���PDQ\���RWKHU���JHQHWLF���WUDLWV��KDHPRJORELQ�
JHQRW\SH�DQG� WKH�JHQH� IUHTXHQF\�RI �$%2�DQG�
UKHVXV�EORRG�JURXS�YDULHV�VLJQLÀFDQWO\�ZLWKLQ�WKH�
VL[� JHRSROLWLFDO� ]RQHV� LQ� 1LJHULD�� 'HVSLWH� WKH�
QXPHURXV�VWXGLHV�FDUULHG�RXW�RQ�WKH�GLVWULEXWLRQ��
RI � �KDHPRJORELQ� �JHQRW\SHV�� �$%2� �DQG�UKHVXV�
EORRG� �JURXSV� �LQ� �1LJHULD�� �WR�WKH�EHVW�RI �P\�
NQRZOHGJH��QR� �VWXG\� �KDV� �EHHQ� �FDUULHG� �RXW�
DPRQJ�UHVLGHQWV�EORRG�GRQRUV�LQ�2JKDUD��'HOWD�
VWDWH��6RXWK�6RXWK�1LJHULD�

�7KLV� � VWXG\� �ZDV� � WKHUHIRUH� � FDUULHG� �RXW� � WR��
GHWHUPLQH� � WKH� GLVWULEXWLRQ� � RI � � KDHPRJORELQ��
JHQRW\SHV�� �$%2� � DQG� UKHVXV�EORRG� � � JURXSV���
DPRQJ� HOLJLEOH� EORRG� GRQRUV� � LQ� 'HOWD� VWDWH�
XQLYHUVLW\� WHDFKLQJ� KRVSLWDO� �'(/687+���
2JKDUD��'HOWD�VWDWH�

0$7(5,$/6�$1'�0(7+2'6
7KH�VWXG\�ZDV�D�FURVV�VHFWLRQDO�VWXG\�

6DPSOHV�ZHUH�FROOHFWHG�DW�WKH�GRQRU�&OLQLF�RI �WKH�
'HOWD� VWDWH� 8QLYHUVLW\� 7HDFKLQJ� +RVSLWDO�
�'(/687+��� 2JKDUD�� 'HOWD� VWDWH�� 1LJHULD��
'(/687+�LV�D�VWDWH�JRYHUQPHQW�RZQHG�WHDFKLQJ�
KRVSLWDO� ZLWK� RYHU� ���� EHG� FDSDFLW\�� ORFDWHG� LQ�
(WKLRSH�ZHVW� ORFDO� JRYHUQPHQW� DUHD� RI � 'HOWD�
VWDWH�� ,W� LV� DIÀOLDWHG� WR� 'HOWD� VWDWH� XQLYHUVLW\��

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

'LVWULEXWLRQ�DQG�IUHTXHQF\�RI �EORRG�JURXSV�DQG�KDHPRJORELQ�JHQRW\SH�SDWWHUQ�DPRQJ�EORRG�GRQRUV�����



$EUDND�DQG�LW�ERDVW�RI �RYHU����GLIIHUHQW�PHGLFDO�
GLVFLSOLQHV�

6WXG\�3RSXODWLRQ
7KH�VWXG\�SRSXODWLRQ�FRPSULVHG�RI �DSSDUHQWO\�
KHDOWK\�YROXQWDU\�DQG�HOLJLEOH�EORRG�GRQRUV�ZKR�
ZRXOG�JDYH�ZULWWHQ�FRQVHQW�WR�SDUWLFLSDWH�LQ�WKH�
VWXG\��:H� H[FOXGHG�EORRG� HOLJLEOH� GRQRUV� WKDW�
ZHUH�QRW�ZLOOLQJ�WR�SDUWLFLSDWH�LQ�WKH�VWXG\��

6DPSOH�6L]H�(VWLPDWLRQ
0LQLPXP�VDPSOH�VL]H�ZDV�GHWHUPLQHG�XVLQJ�WKH�
IRUPXOD��Q� �1���1��H����ZLWK�����FRQÀGHQFH�
LQWHUYDO�OHYHO��

:KHUH��
Q �PLQLPXP�UHTXLUHG�VDPSOH�VL]H
1�  � QXPEHU� RI � EORRG� GRQRUV� SHU� PRQWK�
�HVWLPDWHG�WR�EH������
H� �DOORZDEOH�HUURU�����ZKLFK�ZDV�VHW�DV������
6XEVWLWXWLQJ�LQ�WKH�IRUPXOD��
Q� ������������������ �������

7KXV��D�PLQLPXP�RI ����EORRG�GRQRUV�ZHUH�EH�
UHTXLUHG�WR�EH�HQUROOHG�LQ�WKH�VWXG\�

6DPSOLQJ�7HFKQLTXH
$�FRQVHFXWLYH�VDPSOLQJ�SURFHGXUH�ZDV�XVHG�LQ�
WKLV�VWXG\�

$SSUR[LPDWHO\� �PLOOLOLWHUV� �POV�� RI � YHQRXV�
EORRG�ZDV�GUDZQ�DVHSWLFDOO\�IURP�WKH�DQWHFXELWDO�
YHLQ� RI � HDFK� VXEMHFW� ZLWK� PLQLPDO� VWDVLV� DQG�
GLVSHQVHG�LQWR�FRPPHUFLDOO\�SUHSDUHG�HWK\OHQH�
GL�DPLQH� WHWUD�DFHWLF� DFLG� �('7$�� ERWWOH� IRU�
EORRG� JURXS� DQG� JHQRW\SH��� 7KH� VDPSOH� ZDV�
PL[HG�JHQWO\�EXW�WKRURXJKO\�WR�SUHYHQW�FHOO�O\VLV�
DQG� HQVXUH� DGHTXDWH� DQWLFRDJXODWLRQ�� $OO�
VSHFLPHQV� ZDV� ODEHOOHG� ZLWK� SHUVRQDOO\�
JHQHUDWHG� LGHQWLÀFDWLRQ�QXPEHUV�DQG�DQDO\VHG�
ZLWKLQ�RQH�KRXU�RI �FROOHFWLRQ��7KH�$%2�DQG�5K�
EORRG�JURXS�ZHUH�GHWHUPLQHG�XVLQJ�WLOH�PHWKRG�
DQG� WKH� � � KDHPRJORELQ� JHQRW\SH� ZDV�

GHWHUPLQHG� XVLQJ� KDHPRJORELQ� HOHFWURSKRUHVLV��
%ORRG�JURXS�ZDV�GRQH�XVLQJ� WKH�FHOO� �IRUZDUG��
JURXSLQJ� PHWKRG� XVLQJ� PRQRFORQDO� $QWL�$��
$QWL�%� DQG� $QWL�'� VHUD� ZLWK� /27� QXPEHU�
������� �5HDJHQW�VWRUDJH�DQG�ODEHOLQJ�RI �VDPSOHV��
ZHUH� PDQDJHG� SURSHUO\� DFFRUGLQJ� WR� WKH� NLW�
PDQXIDFWXUHU� �,PPXFRU�� ,QF�� *HUPDQ\��
VWDQGDUGV��

'DLO\�TXDOLW\�FRQWURO�RI �VHOHFWHG�UHG�EORRG�FHOOV�
DQG� DQWLVHUXP� ZDV� SHUIRUPHG� WR� FRQÀUP� WKH�
UHDFWLYLW\� DQG� VSHFLÀFLW\� RI � WKH� UHDJHQW�� 7KHVH�
UHDJHQWV� ZHUH� WHVWHG� ZLWK� WKH� FRUUHVSRQGLQJ�
DQWLJHQ�SRVLWLYH�DQG�DQWLJHQ�QHJDWLYH�UHG�EORRG�
FHOOV��7KH�UHDJHQWV�ZHUH�FRQVLGHUHG�DSSURSULDWH�
IRU� XVH� LI � RQO\� DQWLJHQ�SRVLWLYH� UHG� EORRG� FHOOV�
GHPRQVWUDWH�D�SRVLWLYH�UHVXOW�

6WXG\�'XUDWLRQ�
7KH�VWXG\�ZDV�FDUULHG�RXW�ZLWKLQ�D�SHULRG�RI �VL[�
PRQWKV��1RYHPEHU�������$SULO������

'DWD�$QDO\VLV
'DWD� REWDLQHG� ZDV� DQDO\VHG� XVLQJ� 6WDWLVWLFDO�
3DFNDJH�IRU�WKH�VRFLDO�VFLHQFHV��6366��YHUVLRQ�����
3UREDELOLW\�YDOXHV�OHVV�WKDQ�������S���������ZHUH�
FRQVLGHUHG�DV�VLJQLÀFDQW��5HVXOWV�ZHUH�SUHVHQWHG�
LQ�WDEOHV�DQG�SHUFHQWDJHV��

5(68/76�

6RFLRGHPRJUDSKLF�'LVWULEXWLRQ
$�WRWDO�RI ����EORRG�GRQRUV�ZHUH�UHFUXLWHG�LQ�WKLV�
VWXG\� FRPSULVLQJ� RI � ��� YROXQWDU\� GRQRUV�� ���
IDPLO\� UHSODFHPHQW�GRQRUV� DQG����SURIHVVLRQDO�
GRQRUV��

0RVW�GRQRUV�ZHUH�EHORZ����\HDUV�ROG���������DQG�
WKH� IHZHVW� ZHUH� DERYH� ��\HDUV� RI � DJH� ���������
0RVW�GRQRUV�EHORZ����\HDUV�DQG�EHWZHHQ��������
ZHUH� SURIHVVLRQDO� GRQRUV� ������� DQG� ����
UHVSHFWLYHO\����7KH�RQO\�JURXS�RI �GRQRUV�DERYH����
\HDUV�ZHUH�IDPLO\�UHSODFHPHQW�GRQRUV����GRQRUV���

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

'LVWULEXWLRQ�DQG�IUHTXHQF\�RI �EORRG�JURXSV�DQG�KDHPRJORELQ�JHQRW\SH�SDWWHUQ�DPRQJ�EORRG�GRQRUV��� ��



7KH�GLIIHUHQFH�LQ�DJH�JURXS�DPRQJVW�WKH�WKUHH�
JURXSV�RI �SDWLHQW�ZDV�VWDWLVWLFDOO\�VLJQLÀFDQW��S�
���������

(LJKW��QLQH���������GRQRUV�ZHUH�PDOHV�DQG�VL[�
������� ZHUH� IHPDOHV�� $OO� SURIHVVLRQDO� GRQRUV�
�������ZHUH�PDOHV��ZKLOH����PDOHV�DQG���PDOHV�
ZHUH�IDPLO\�UHSODFHPHQW�DQG�YROXQWDU\�GRQRUV�
UHVSHFWLYHO\�� �7KHUH�ZDV�D�VLJQLÀFDQW�GLIIHUHQFH�
EHWZHHQ�WKH�VH[�JURXSV�LQ�WKH�VWXG\��S����������
7KLUW\�HLJKW� ������RI � WKH�GRQRUV�KDG� WHUWLDU\�
OHYHO� RI � HGXFDWLRQ�� WKLUW\�WZR� �������� KDG�
VHFRQGDU\� OHYHOV�DQG� WZHQW\��ÀYH� ��������KDG�
SULPDU\�HGXFDWLRQ��1HLWKHU�YROXQWDU\�QRU�IDPLO\�
UHSODFHPHQW� GRQRU� KDG� SULPDU\� OHYHO� RI �
HGXFDWLRQ� EXW� ������� DQG� ��������� UHDFKHG�

VHFRQGDU\� OHYHO�RI �HGXFDWLRQ�UHVSHFWLYHO\��0RVW�
SURIHVVLRQDO�GRQRUV���������KDG�VHFRQGDU\�OHYHO�
RI � HGXFDWLRQ�� FORVHO\� IROORZHG� E\� �������� DQG�
�������� ZLWK� SULPDU\� DQG� WHUWLDU\� HGXFDWLRQ�
UHVSHFWLYHO\��7KH�GLIIHUHQFH�LQ�OHYHO�RI �HGXFDWLRQ�
UHDFKHG�VWDWLVWLFDO�VLJQLÀFDQFH��S��������

6HYHQW\��IRXU���������RI �GRQRUV�ZHUH�VLQJOH�DQG�
WZHQW\�RQH� ��������ZHUH�PDUULHG��0RVW� IDPLO\�
UHSODFHPHQW�GRQRUV�ZHUH�PDUULHG���������ZKLOH�
PRVW�RI � WKH�YROXQWDU\�DQG�SURIHVVLRQDO�GRQRUV�
ZHUH�VLQJOH������DQG���������UHVSHFWLYHO\��7KH�
GLIIHUHQFH� LQ� PDULWDO� VWDWXV� ZDV� VWDWLVWLFDOO\�
VLJQLÀFDQW��S��������
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0DUULHG� � ��������� � �������� ��������� ��������� �
5HOLJLRQ � � � � �
&KULVWLDQV� ���������� ���������� ���������� ���������� �

7DEOH����'HPRJUDSKLF�SDWWHUQ�RI �EORRG�GRQRUV

)5��)DPLO\�UHSODFHPHQW���9'��9ROXQWDU\�GRQRU�DQG�3'��3URIHVVLRQDO�GRQRU��

+DHPRJORELQ�JHQRW\SH�DQG�EORRG�JURXS�RI �
EORRG�GRQRUV
6HYHQW\�QLQH� ���������� GRQRUV�ZHUH� JHQRW\SH�
$$� DQG� VL[WHHQ� �������� KDG� JHQRW\SH� $6��

$PRQJVW�WKH�JHQRW\SH�$$�GRQRUV��PDMRULW\�ZHUH�
SURIHVVLRQDO�GRQRUV�����GRQRUV��ZKLOH�YROXQWDU\�
GRQRUV� DFFRXQWHG� IRU� WKH� IHZHVW� QXPEHU� ���

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

'LVWULEXWLRQ�DQG�IUHTXHQF\�RI �EORRG�JURXSV�DQG�KDHPRJORELQ�JHQRW\SH�SDWWHUQ�DPRQJ�EORRG�GRQRUV�����



GRQRUV���$�VLPLODU�WUHQG�ZDV�QRWLFHG�LQ�GRQRUV�
ZLWK�KDHPRJORELQ�JHQRW\SH�$6�

6HYHQW\�QLQH���������GRQRUV�KDG�EORRG�JURXS�
2��VHYHQ�HDFK�KDG�EORRG�JURXS�$�DQG�%�ZKLOH�
WZR� KDG� $%�� )LIW\�VHYHQ� SURIHVVLRQDO� GRQRUV�
KDG�EORRG�JURXS�2��ZKLOH� IDPLO\� UHSODFHPHQW�
DQG� YROXQWDU\� GRQRUV� KDG� IRXUWHHQ� DQG� HLJKW�
SHUVRQV�ZLWK�EORRG�JURXS�2�UHVSHFWLYHO\��6HYHQ�
GRQRUV� �������KDG�EORRG�JURXS�$�DQG� VL[�RI �
WKHP�ZHUH�SURIHVVLRQDO� GRQRUV�� 6HYHQ�GRQRUV�
�������KDG�EORRG�JURXS�%��ÀYH�RI � WKHP�ZHUH�

SURIHVVLRQDO� GRQRUV� DQG� WKH� UHPDLQLQJ� ZHUH�
YROXQWDU\�GRQRUV��7ZR�SHUVRQV��������KDG�EORRG�
JURXS� $%� DQG� ZHUH� IDPLO\� UHSODFHPHQW� DQG�
SURIHVVLRQDO�GRQRUV�

(LJKW\�QLQH���������GRQRUV�ZHUH�5K�'�SRVLWLYH�
DQG�VL[�QHJDWLYH���������6L[W\�ÀYH�RI �WKRVH�ZKR�
ZHUH� 5K� '� SRVLWLYH� ZHUH� SURIHVVLRQDO� GRQRUV��
ZKLOH� ÀIWHHQ� DQG� QLQH� RI � WKHP� ZHUH� IDPLO\�
UHSODFHPHQW� DQG� YROXQWDU\� GRQRUV� UHVSHFWLYHO\��
)RXU� GRQRUV� ZLWK� 5K� '� QHJDWLYH� ZHUH�
SURIHVVLRQDO�GRQRUV�

7DEOH����+DHPRJORELQ�JHQRW\SH�DQG�EORRG�JURXS�SDWWHUQ�DPRQJVW�GRQRUV

*HQRW\SH� �)5 � 3' � 9' � �
$$ ���������� ���������� ��������� ���������� ������
$6 ��������� � ��������� ��������� ���������� �%ORRG�
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1HJ�� ������� ������� ������� �������

.H\��)5��)DPLO\�UHSODFHPHQW���9'��9ROXQWDU\�GRQRU�DQG�3'��3URIHVVLRQDO�GRQRU�

',6&866,21
,Q� � �VWXGLHV� � �RI � � �WKH� � �KXPDQ� � �SRSXODWLRQ����
KHOSIXO� � �JHQHWLF�PDUNHUV�VXFK�DV�WKH�$%2�DQG�

�UKHVXV�EORRG� JURXSV� DUH� LPSRUWDQW� �7KH\� DUH�
WKH�PRVW�RIWHQ�XVHG�DQG�LPSRUWDQW�EORRG�W\SHV�
DV� UHJDUGV� EORRG� WUDQVIXVLRQ�� +DHPRJORELQ�
�+E�� � � JHQRW\SH� � � LV� � � DQ� LPSRUWDQW� EORRG�
FRPSRQHQW� WKDW� GHWHUPLQHV� KDHPRJOR�
ELQRSDWKLHV��+DHPRJORELQRSDWKLHV��DUH��DPRQJ�
WKH� � PRVW� � IUHTXHQWO\� � LQKHULWHG� � JHQHWLF��
GLVRUGHUV�LQ��WKH�ZRUOG��DQG��WKH\��DUH�LQKHULWHG��
IURP��KHDOWK\�FDUULHU�GLVHDVH��SDUHQWV��
,Q��WKLV��VWXG\���WKH��GLVWULEXWLRQ��RI ��WKH��$%2��

EORRG�SKHQRW\SH��VKRZHG��WKDW��EORRG��JURXS��2��
ZDV� �WKH� �PRVW�FRPPRQ�EORRG�JURXS����������
IROORZHG�E\�EORRG�JURXS�$�DQG�%�ZLWK������HDFK�
DQG�WKH�OHDVW�EORRG�JURXS�ZDV�$%��������� �7KH��
UHVXOW��RI ��WKLV��VWXG\��RQ��WKH��$%2��EORRG�JURXS�
SKHQRW\SH�IUHTXHQF\�GLVWULEXWLRQ�LV�VLPLODU�ZLWK�
WKH� SDWWHUQ� � VHHQ� LQ� � SUHYLRXV� � VWXGLHV� � WKDW��
UHSRUWHG� �KLJK�IUHTXHQFLHV�RI �JURXS�2�DQG�ORZ�
SUHYDOHQFH�RI �$%�

6LPLODU� GLVWULEXWLRQ� RI � WKH� $%2� EORRG� JURXS�
DPRQJVW�GRQRUV� �DQG�UHVLGHQWV�ZHUH�UHSRUWHG�E\�
)DGX\LOH�HW� �DO���(QRVROHDVH�HW�DO��DQG�2QXRKD�HW�DO��LQ�

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

'LVWULEXWLRQ�DQG�IUHTXHQF\�RI �EORRG�JURXSV�DQG�KDHPRJORELQ�JHQRW\SH�SDWWHUQ�DPRQJ�EORRG�GRQRUV��� ��



/DJRV�� $GDPDZD�� (GR� DQG� %D\HOVD� VWDWHV� RI �
�����1LJHULD�UHVSHFWLYHO\� �$OWKRXJK�WKH�VWXGLHV�KDG�

VLPLODU� SDWWHUQ�� WKH� SUHYDOHQFH� RI � HDFK� EORRG�
JURXS�YDULHG�IURP�UHJLRQ�WR�UHJLRQ��7KH�VOLJKW�
GLVFUHSDQF\� EHWZHHQ� RXU� ÀQGLQJV� DQG� WKDW�
UHSRUWHG� LQ�RWKHU�VWXGLHV�PD\�EH�DWWULEXWHG�WR�
WKH�HWKQLF�GLIIHUHQFH�DPRQJ�WKH�SRSXODWLRQ�RI �
1LJHULD�RU�LW�FRXOG�EH�GXH�WR�WKH�VPDOOHU�VDPSOH�
VL]H�LQ�WKH�SUHVHQW�VWXG\�

7KH� LQGH[� VWXG\� VKRZHG� WKDW� SURIHVVLRQDO��
GRQRUV� KDG� WKH� KLJKHVW� SUHYDOHQFH� IRU� HDFK�
EORRG�JURXS� �W\SH� �DQG�WKH�WUHQG�LV�GHSLFWHG�DV�
������IRU�2�������IRU�$�������IRU�%�DQG������
IRU�$%��2!$!%!$%���7KLV�LV�LQ�FRQFRUGDQFH�
WR�D�SUHYLRXV�VWXG\�WKDW�KDYH�UHSRUWHG�WKH�KLJK�
SUHYDOHQFH� RI � SURIHVVLRQDO� GRQRUV� LQ� 1LJHULD�

�DQG�LQ�WKH�ORFDOLW\�

7KH� KLJK� SUHGRPLQDQFH� RI � EORRG� JURXS� 2�
LQGLYLGXDOV�LQ�1LJHULD��DV�VHHQ�LQ�WKLV�VWXG\�DQG�
SUHYLRXV� VWXGLHV�� LV� DGYDQWDJHRXV� VLQFH� LW�
LQGLFDWHV�WKDW�WKHUH�ZLOO�DOZD\V�EH�EORRG�DYDLODEOH�
LQ�DQ�HPHUJHQF\�VLWXDWLRQ�

,Q�WKLV�VWXG\�WKH�GLVWULEXWLRQ�RI �UKHVXV�SRVLWLYH�
�5K��� EORRG� JURXS� �������� ZDV� PRUH�
SUHGRPLQDQW�WKDQ�UKHVXV�QHJDWLYH��5K���EORRG�
JURXS� �������� :KLOH� ZH� UHSRUWHG� D� YDOXH� RI �
����� SUHYDOHQFH� IRU� 5K�� LQ� RXU� VWXG\�� RWKHU�
VWXGLHV�UHSRUWHG�YDOXHV�DV�ORZ�DV������LQ�*XVDX�

���DQG������LQ�<ROD��1LJHULD� �$�VLPLODU�SUHYDOHQFH�
RI �������ZDV�UHSRUWHG�LQ�%HQLQ�E\�(QRVROHDVH�HW�

�DO�

7KH�ORZ�IUHTXHQF\�RI �WKH�5K��EORRG�W\SH�LQ�WKH�
VWXG\�DUH�DGYDQWDJHRXV�IRU�EORRG�EDQNLQJ�DQG�
WKH�SUHYDOHQFH�RI � � �GLVHDVHV� � �OLNH� � �KHPRO\WLF���
GLVHDVH� � �RI � � �WKH�QHZERUQ��+'1���,W� �UHGXFHV��
WKH� � QHHG� � IRU� � 5K�EORRG� � IRU� WUDQVIXVLRQV����
ZKLFK� � �LV� � �JRRG� � �QHZV� � �IRU� � �EORRG� � �EDQN�
PDQDJHPHQW�DQG�YHQGRUV� �ZKR�RIWHQ� �KDYH� �D��
PRQXPHQWDO� �WDVN�LQ�SURFXULQJ�VXLWDEOH�GRQRUV��

,Q� WHUPV� RI � 5KHVXV� DOORLPPXQL]DWLRQ� DQG�
DWWHQGDQW�+'1��LW�DOVR� � �JLYHV�WKH� � �SRSXODWLRQ���
FHUWDLQ� � � REVWHWULF� DGYDQWDJHV� DV� +'1�
FRQWULEXWHV�WR�SHULQDWDO�PRUELGLW\�DQG�PRUWDOLW\��
:H� LGHQWLÀHG� WZR� KDHPRJORELQ� FRPELQDWLRQV�
DPRQJ�RXU�GRQRUV��$$�DQG�$6���7KH�UHVXOW�RI �
WKLV� VWXG\�VKRZHG� WKDW�������RI �EORRG�GRQRUV�
KDG�KDHPRJORELQ�SKHQRW\SH�$$�DQG�������$6���
7KH�SUHYDOHQFH�RI �KDHPRJORELQ�$$�ZDV�VLPLODU�
WR�VWXGLHV�E\�'DPXODN�HW�DO��LQ�-RV����������-HUHPLDK�
HW�DO��LQ�3RUW�+DUFRXUW����������DQG�8PRK�HW�DO��LQ�

� � � � �8\R� ����� � � 1R� V L FN OH � FH O O � G L VHDVH�
HOHFWURSKRUHWLF�SDWWHUQ�ZDV�UHSRUWHG�LQ�WKLV�VWXG\��
7KLV�ZDV�SRVVLEOH�GXH�WR�GHIHUUDO�GXULQJ�VFUHHQLQJ�
DQG�DOVR�WKH�VPDOO�VDPSOH�VL]H�

,Q�FRQFOXVLRQ��WKH�SUHYDOHQW�EORRG�JURXS�LQ�WKH�
VWXG\�DUHD�LV�EORRG�JURXS�2�DQG�WKH�OHDVW�LV�$%��
5K'� SRVLWLYH� DQWLJHQ� DQG� KDHPRJORELQ�
SKHQRW\SH�$$�KDG�WKH�KLJKHVW�SUHYDOHQFH��

5()(5(1&(6
��� 'HDQ� /�� %ORRG� *URXSV� DQG� 5HG� &HOO�

$QWLJHQV� >,QWHUQHW@�� %HWKHVGD� �0'���
1DW LRQDO � &HQWHU � IRU � %LRWHFKQRORJ \�
,QIRUPDWLRQ� �86��� ������ &KDSWHU� ��� 7KH�
$%2�EORRG�JURXS��

��� (QRVROHDVH�0(��%D]XD\H�*1��'LVWULEXWLRQ�
RI �$%2�DQG�5K�'�EORRG�JURXSV�LQ�WKH�%HQLQ�
DUHD�RI �1LJHU�'HOWD��,PSOLFDWLRQ�IRU�UHJLRQDO�
EORRG� WUDQVIXVLRQ�� $VLDQ� -� 7UDQVIXV� 6FL��
�������������

��� $QLIRZRVKH� $7�� 2ZRORGXQ� 2$�� $NLQVH\H�
.$�� ,\LROD� 2$�� � 2\H\HPL� %)�� *HQH�
IUHTXHQFLHV�RI �$%2�DQG�5K�EORRG�JURXSV�LQ�
1LJHULD�� $� UHYLHZ�� (J\SWLDQ� -RXUQDO� RI �
0HGLFDO�+XPDQ�*HQHWLFV������������������
���

��� .DXU�+��.KDQQD�$��0DQMDUL�0��.KDQQD�0��
3UHYDOHQFH�RI �$%2�EORRG�JURXSV�DQG�UKHVXV�
�5K��IDFWRU�LQ�WKH�SRSXODWLRQ�UHVLGLQJ�LQ�DQG�
DURXQG�$PULWVDU��3XQMDE��D���\HDU�VWXG\�IURP�
-XQH������WR�-XQH��������$VLDQ�-�7UDQVIXV�6FL��

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

'LVWULEXWLRQ�DQG�IUHTXHQF\�RI �EORRG�JURXSV�DQG�KDHPRJORELQ�JHQRW\SH�SDWWHUQ�DPRQJ�EORRG�GRQRUV�����



����O�������������
��� )DGX\LOH� )�$�� 2MHZDOH� $�2�� 2VXRODOH� )�,��

)UHTXHQF\� RI � $%2� DQG� 5KHVXV� EORRG�
JURXSV� DPRQJ� EORRG� GRQRUV� LQ� /DJRV��
1 L J H U L D � � , Q W � - � 0HG � % L RPHG � 5H V�
�����������������

��� 2QXRKD�(&��(OHGR�%2��<RXQJ�'HGH�(8��
'LVWULEXWLRQ�RI �$ER��5KHVXV�%ORRG�*URXSV�
DQG�KDHPRJORELQ�YDULDQWV�DPRQJ�UHVLGHQWV�
RI � <HQDJRD� DQG� (QYLURQV�� %D\HOVD� 6WDWH��
1LJHULD�� $GYDQFHV� LQ� /LIH� 6FLHQFH� DQG�
7HFKQRORJ\�������������²���

��� 'LULVX�0,��2NXRQJKDH�0(��2ORJER� 72��
6RFLR�GHPRJUDSKLF� DQG� KDHPDWRORJLFDO�
SDUDPHWHUV� RI � EORRG� GRQRUV� LQ� D� WHUWLDU\�
K R V S L W D O � L Q � V R X W K H U Q � 1 L J H U L D ��
0XOWLGLVFLSOLQDU\� MRXUQDO� RI � 1LJHULD�
������������

��� (UKDERU�2�� ,VDK�=DPD� ,�� �$��$KPHG��+��
$EGX O U DKDPDQ � <� � $JKHGR � )� � 7KH�
'LVWULEXWLRQ� RI � $%2� DQG� 5KHVXV� %ORRG�
*URXSV� DPRQJ� 5HVLGHQWV� RI � *XVDX��
=DPIDUD�6WDWH��1RUWK�:HVWHUQ�1LJHULD���5HV�
5HY�-�0HG�+HDOWK�6FL������������������

��� $O�.XUDQ� 2�� $O�0HKDLVHQ� /�� 4DVHP� 5��
$OKDMML� 6�� $O�$EGXOUDKPDQ� 1�� $OIX]DL� 6��
$OVKDKHHQ�6��$O�.XUDQ�/��'LVWULEXWLRQ�RI �
$%2�DQG�5K�EORRG�JURXSV�DPRQJ�SUHJQDQW�

ZRPHQ� DWWHQGLQJ� WKH� REVWHWULFV� DQG�
J\QHFRORJ\� FOLQLF� DW� WKH� -RUGDQ� 8QLYHUVLW\�
+RVSLWDO��6FL�5HS�������$XJ����������������

���� 'DPXODN� 2�� %RORUXQGXUR� 6�� (JHVLH� � -���
<DNXEX�.��*RGLW�3��6PLWK�3��+DHPRJORELQ�
YDULDQWV� DPRQJ� YROXQWDU\� EORRG� GRQRUV� LQ�
-RV�� 1LJHULD�� WKH� LPSOLFDWLRQV� RQ� EORRG�
WUDQVIXVLRQ��1LJHULDQ� MRXUQDO�RI �PHGLFLQH� ��
MRXUQDO� RI � WKH� 1DWLRQDO� $VVRFLDWLRQ� RI �
5HVLGHQW�'RFWRUV�RI �1LJHULD�����������������

���� -HUHPLDK� =$�� $EQRUPDO� KDHPRJORELQ�
YDULDQWV��$%2�DQG�5K�EORRG�JURXSV�DPRQJ�
VWXGHQW�RI �$IULFDQ�GHVFHQW�LQ�3RUW�+DUFRXUW��
1LJHULD��$IU�+HDOWK�6FL�������6HS����������
���

���� 8PRK�$��$EDK�*�� �(NDQHP�7�� �(VVLHQ�(��
+DHPRJORELQ�JHQRW\SHV��D�SUHYDOHQFH�VWXG\�
DQG� LPSOLFDWLRQV� IRU� UHSURGXFWLYH�KHDOWK� LQ�
8\R��1LJHULD��1LJHULDQ�MRXUQDO�RI �PHGLFLQH��
MRXUQDO� RI � WKH� 1DWLRQDO� $VVRFLDWLRQ� RI �
5HVLGHQW�'RFWRUV�RI �1LJHULD����������������

'LULVX�0,��2NXRQJKDH�(��'LVWULEXWLRQ�DQG�
I U H T X HQ F \ � R I � E O R RG � J U R XS V � D Q G�
KDHPRJORELQ� JHQRW\SH� SDWWHUQ� DPRQJ�
EORRG� GRQRUV� LQ� D� WHUWLDU\� KRVSLWDO� LQ�
VRXWKHUQ� 1LJHULD�� $IU�� -�� 7URS�� 0HG�� 	�
%LRPHG��5HV������������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���

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

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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DERYH�WKH�DJH�RI ����\HDUV�������WKDQ�LQ�SDWLHQWV�
ZKR�ZHUH����\HDUV�DQG�EHORZ��7KLV�DOLJQV�ZLWK�
WKH�VWXG\�FDUULHG�RXW�E\�$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��

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

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

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

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

$EVWUDFW
,QWURGXFWLRQ��6FKL]RSKUHQLD�LV�D�VHYHUH�DQG�FRPSOH[�PHQWDO�GLVRUGHU��,W�FXUUHQWO\�ODFNV�DQ�REMHFWLYH�
ELRORJLFDO�GLDJQRVWLF�WHVW��1HXURSK\VLRORJLFDO�PDUNHUV�OLNH�3����DQG�3���HYHQW�UHODWHG�SRWHQWLDOV�KDYH�
VKRZQ�VRPH�GLDJQRVWLF�XVHIXOQHVV�LQ�SUHYLRXV�VWXGLHV��+RZHYHU��YHU\�IHZ�RI �WKHVH�VWXGLHV�KDYH�EHHQ�GRQH�
DPRQJ�$IULFDQV��7KH�REMHFWLYH�RI �WKH�VWXG\�ZDV�WR�HYDOXDWH�QHXURSK\VLRORJLFDO�3����DQG�3���HYHQW�
UHODWHG�SRWHQWLDOV�LQ����VFKL]RSKUHQLD�SDWLHQWV�DQG����KHDOWK\�FRQWUROV�DW�D�WHUWLDU\�SV\FKLDWULF�KRVSLWDO�LQ�
6RNRWR��1LJHULD�

0DWHULDOV�DQG�0HWKRGV��7KH�LQVWUXPHQWV�XVHG�ZHUH�WKH�(OHFWURHQFHSKDORJUDP��((*��PDFKLQH��ODSWRS�
ZLWK�LQVWDOOHG�DXGLWRU\�3����DQG�3���WRQHV��KHDGSKRQHV��3RVLWLYH�DQG�1HJDWLYH�6\QGURPH�6FDOH��3$166��

5HVXOWV�� 6FKL]RSKUHQLD� SDWLHQWV� ZHUH� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� KLJKHU� DPSOLWXGH� RI � 3���� DQG�
SURORQJHG� 3���� SHDN� ODWHQF\� DXGLWRU\� HYHQW�UHODWHG� SRWHQWLDO� FRPSDUHG� WR� KHDOWK\� FRQWUROV� �8 �
���������� 3 ������� DQG� 8 � ���������� 3 �������� UHVSHFWLYHO\�� 6FKL]RSKUHQLD� SDWLHQWV� ZHUH� DOVR�
VLJQLILFDQWO\�PRUH�DVVRFLDWHG�ZLWK�KLJKHU�3���DPSOLWXGH�UDWLR��8 �����������3 ���������7KH�3����HYHQW�
UHODWHG�DPSOLWXGH�KDG�WKH�KLJKHVW�DUHD�XQGHU�WKH�FXUYH�RI �������3����SHDN�ODWHQF\�ZDV�WKH�PRVW�VSHFLILF�
�6SHFLILFLW\ ������ZKLOH�3���UDWLR�ZDV�PRVW�VHQVLWLYH��6HQVLWLYLW\ �������7KH�GHWHUPLQHG�FXW�RII �SRLQWV�
IRU�3����DPSOLWXGH��3����SHDN�ODWHQF\��DQG�3���UDWLR�ZHUH������Y�����PV��DQG������UHVSHFWLYHO\��7KHUH�ZDV�
D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�3���UDWLR�DQG�DJH�RI �SDUWLFLSDQWV�DPRQJ�VFKL]RSKUHQLD�SDWLHQWV�
�UV ������3 ������

&RQFOXVLRQ��7KH�VWXG\�KDV�GHWHUPLQHG�WKH�FXW�RII �SRLQWV�IRU�3����DQG�3���QHXURSK\VLRORJLFDO�PDUNHUV�
LQ�SDWLHQWV�ZLWK�VFKL]RSKUHQLD��7KHVH�ZLOO�VHUYH�DV�DQ�DGMXQFW�IRU�GLDJQRVLV�DQG�IRU�IRUHQVLF�SXUSRVHV�LQ�
WKHVH� SDWLHQWV�� )XUWKHU� VWXGLHV� LQFOXGLQJ� QHXURLPDJLQJ�� ELRFKHPLFDO�� DQG� JHQHWLF� DVSHFWV� DUH�
UHFRPPHQGHG�LQ�$IULFDQ�FRXQWULHV�

&RUUHVSRQGLQJ�DXWKRU��$GHED\R�6XQGD\�$GHELVL��)HGHUDO�1HXURSV\FKLDWULF�+RVSLWDO��.ZDUH��6RNRWR��1LJHULD�
(PDLO��GRFRWXIRGXQULQ#\DKRR�FRP

�)HGHUDO�1HXURSV\FKLDWULF�+RVSLWDO��.ZDUH��6RNRWR��1LJHULD�
�'HSDUWPHQW�RI �3K\VLRORJ\��)DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��&ROOHJH�RI �+HDOWK�6FLHQFHV��8VPDQX�'DQIRGL\R�8QLYHUVLW\��6RNRWR��1LJHULD�
�'HSDUWPHQW�RI �$QDWRP\��)DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��&ROOHJH�RI �+HDOWK�6FLHQFHV��8VPDQX�'DQIRGL\R�8QLYHUVLW\��6RNRWR��1LJHULD�

,1752'8&7,21
6FKL]RSKUHQLD� LV� D� FKURQLF�� VHYHUH� DQG�
GHELOLWDWLQJ� PHQWDO� GLVRUGHU� FKDUDFWHUL]HG� E\�
GLVRUGHUHG�WKRXJKW��DEQRUPDO�SHUFHSWLRQV�DQG�

�EHKDYLRXUV� �7KH� V\PSWRPV�XVXDOO\� HPHUJH� LQ�
�ODWH� WHHQV� DQG� HDUO\� ��
V �� (DUO\� GHWHFWLRQ� LV�

WKHUHIRUH� FUXFLDO� LQ� WKH� PDQDJHPHQW� RI � WKH�
GLVRUGHU�� $VVHVVPHQW� RI � QHXURSK\VLRORJLFDO�
PDUNHUV� LQ� VFKL]RSKUHQLD� SDWLHQWV� DUH� FXUUHQW�
PHWKRGV� WKDW�ZLOO� VHUYH� DV� DQ� DGMXQFW� LQ� HDUO\�

�GLDJQRVLV� �7KLV�ZLOO�DOVR�KHOS�LQ�SUHGLFWLQJ�WKH�ULVN�
DQG�RXWFRPH�RI �WKH�GLVRUGHU�

7KH�1HXURSK\VLRORJLFDO�PDUNHUV�DUH�ODERUDWRU\�
EDVHG�PHDVXUHPHQWV�DQG�LQWHUPHGLDWHV�EHWZHHQ�

�SKHQRW\SHV� DQG� JHQHWLF� SUHGLVSRVLWLRQ� � 7KH�
SRO\JHQLF� QDWXUH� RI � VFKL]RSKUHQLD� DQG� WKH�
FXUUHQW�ODFN�RI �D�FDQGLGDWH�JHQH�IRU�WKH�GLVRUGHU�
QHFH V V L W D W H V � WKH � D V V H V VPHQ W � R I � WKH VH�
LQWHUPHGLDWHV�RU�DOOLHG�SKHQRW\SH�PDUNHUV��7KLV�

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



ZLOO� FRQFHSWXDOL]H� WKH� FRPSOH[� JHQHWLF�
�SUHGLVSRVLWLRQ�LQWR�TXDQWLWDWLYH�PHDVXUHPHQWV�

&RUWLFDO� HYRNHG�UHVSRQVH� SRWHQWLDOV� FDQ� EH�
DYHUDJHG� LQWR� HYHQW�UHODWHG� SRWHQWLDOV� �(53V��

�UHFRUGHG� XVLQJ� HQFHSKDORJUDSK\� � 7KHVH�
ZDYHIRUPV� KDYH� EHHQ� UHSRUWHG� E\� VHYHUDO�

�VWXGLHV� WR� EH� JHQHWLFDOO\�OLQNHG� PDUNHUV� � 7KH�
3���� DQG� 3��� HYHQW�UHODWHG� SRWHQWLDOV� LQ�
VFKL]RSKUHQLD�KDYH�EHHQ�H[WHQVLYHO\�VWXGLHG�DQG�
D O O � SUHYLRXV� V WXGLHV � ZHUH� FDU U LHG� RXW�

���SUHGRPLQDQWO\� DPRQJ� &DXFDVLDQV� � 7KH�
JHQHUDOL]DWLRQ�RI �WKH�ÀQGLQJV�RI �WKHVH�VWXGLHV�
SRVHV� D� FKDOOHQJH� DPRQJ� $IULFDQV�� ,W� LV�
WKHUHIRUH�� LPSRUWDQW� WR� FRQVLGHU� KRZ� WKHVH�
PDUNHUV�DUH�H[SUHVVHG�LQ�WKH�$IULFDQ�SRSXODWLRQ�
FRQVLGHULQJ�WKH�YDULHG�JHQHWLF�PDNH�XS�EHWZHHQ�
$IULFDQV� DQG� &DXFDVLDQV�� 7KLV� ZLOO� SURYLGH� D�
PRUH�UREXVW�HYLGHQFH�EDVHG�GDWD�DQG�D�EURDGHU�
YLHZ�RI � WKHVH�QHXURSK\VLRORJLFDO�PDUNHUV�DQG�
WKHLU�GLDJQRVWLF�DFFXUDF\�DFURVV�UDFHV��

7KH�GHWHUPLQDWLRQ�RI �D�FXW�RII �SRLQW�IRU�WKHVH�
QHXURSK\VLRORJLFDO� PDUNHUV� ZLOO� DOVR� EH�
QHFHVVDU\� FRQVLGHULQJ� WKH� IDFW� WKDW� VLPLODU�
ÀQGLQJV� RQ� 3���� DQG� 3��� HYHQW�UHODWHG�
SRWHQWLDO�KDYH�EHHQ�UHSRUWHG�LQ�RWKHU�GLVRUGHUV�
OLNH� $O]KHLPHU
V� GLVHDVH�� ELSRODU� GLVRUGHU� DQG�

�����SDQLF� GLVRUGHU� DSDUW� IURP� VFKL]RSKUHQLD� �
7KHUH� LV� D� GHDUWK� RI � VWXGLHV� WKDW� KDYH�
GHWHUPLQHG�D�FXW�RII �SRLQW� IRU�3����DQG�3���
HYHQW�UHODWHG� SRWHQWLDO� PHDVXUHPHQWV�� 7KLV�
SUHVHQW� VWXG\� KDV� SURYLGHG� D� FRPSUHKHQVLYH�
HYLGHQFHG�EDVHG�DVVHVVPHQW�RI �WKH�SDWWHUQ�DQG�
XWLOLW\�RI �3����DQG�3���HYHQW�UHODWHG�SRWHQWLDO�
DPRQJ� VFKL]RSKUHQLD�SDWLHQWV� LQ�1LJHULD��7KH�
ÀQGLQJV�KDYH�LPSOLFDWLRQV�DV�UHJDUGV�WKH�JHQHWLF�
XQGHUSLQQLQJV�RI �VFKL]RSKUHQLD�LQ�WKLV�UHJLRQ�

0(7+2'2/2*<
7KH� VWXG\� ZDV� FRQGXFWHG� DW� WKH� )HGHUDO�
1HXURSV\FKLDWULF� +RVSLWDO�� .ZDUH� �)13+.���
6RNRWR�6WDWH��7KH�KRVSLWDO�LV�D�WHUWLDU\�VSHFLDOLVW�
KHDOWK� FDUH� IDFLOLW\� VLWXDWHG� LQ� .ZDUH� /RFDO�
*RYHUQPHQW��6RNRWR�1LJHULD�

7KLV�LV�D�FURVV�VHFWLRQDO��GHVFULSWLYH�VWXG\�

����� 6FKL]RSKUHQLD� SDWLHQWV� DWWHQGLQJ� IROORZ�XS�
FOLQLF� DW� WKH�RXW�SDWLHQW�GHSDUWPHQW�RI �)HGHUDO�
1HXURSV\FKLDWULF�+RVSLWDO�.ZDUH��6RNRWR�
������1RQ�SV\FKLDWULF�KHDOWK\�FRQWUROV�ZHUH�VWDII �
RI � )HGHUDO� 1HXURSV\FKLDWULF� +RVSLWDO� .ZDUH��
6RNRWR�

0DWHULDOV
�$��(OHFWURHQFHSKDORJUDSK\��((*��PDFKLQH�
�0RGHO��1,+21�.2+'(1�����.���7KH�GLJLWDO�
((*�PDFKLQH�ZDV�XVHG�WR�PRQLWRU�DQG�UHFRUG�
WKH�HYHQW�UHODWHG�SRWHQWLDOV�RI �WKH�EUDLQ��,W�ZDV�
QRQ�LQYDVLYH��ZLWK�WKH�HOHFWURGHV�SODFHG�DORQJ�WKH�
VFDOS��7KH�HOHFWURGH�ORFDWLRQV�DQG�QDPHV�ZHUH�DV�
VSHFLÀHG� E\� WKH� ,QWHUQDWLRQDO� ��²��� V\VWHP�
ZKLFK�HQVXUHV� WKDW� WKH�QDPLQJ�RI �HOHFWURGHV� LV�
FRQVLVWHQW� DFURVV� ODERUDWRULHV� IRU� FOLQLFDO� DQG�
UHVHDUFK�DSSOLFDWLRQV��

7KH� GLJLWDO� ((*� VLJQDO� ZDV� NHSW� HOHFWURQLFDOO\�
DQG�ÀOWHUHG�IRU�GLVSOD\��7KH�KLJK�SDVV�ÀOWHU�ZDV�
VHW� DW� ���+]� DQG� WKH� ORZ�SDVV� ÀOWHU� ÀOWHUV� DW�
��+]�7KH�LPSHGDQFH�WKUHVKROG�ZDV�VHW�DW���Nƙ��
7KH� PHDVXUHPHQW� RI � WKH� DPSOLWXGH� RI � WKH�
HYRNHG�SRWHQWLDO�ZDV�GRQH�PDQXDOO\�EDVHG�RQ�WKH�

��VFDOH�UDWLR�RI �WKH�((*�WUDFLQJ�

�%��$�/DSWRS�ZLWK�LQVWDOOHG�RGGEDOO��WDUJHW��WRQH�
WKDW�LV�UDQGRPO\�LQWHUVSHUVHG�ZLWKLQ�DQ�RQJRLQJ�
WUDLQ�RI �D�VWDQGDUG��QRQ�WDUJHW��WRQH��SUHVHQWHG�
HYHU\��� VHFRQGV� IRU� WKH�3����DVVHVVPHQW��ZLWK�
LQVWDOOHG� WRQH� RI � FOLFNV� DW� ���PV� LQWHUYDO� DQG�
IUHTXHQF\�RI �����+]�IRU�3���DVVHVVPHQW�

��&�� �$�KHDGSKRQH�VWHUHR�VRXQG�+HDGVHW�ZDV�
XVHG� WR� WUDQVPLW� WKH�VRXQGV� WR�SDUWLFLSDQW�HDUV�
IURP�WKH�ODSWRS��7KLV�ZDV�WR�UHGXFH�WKH�H[WHUQDO�
VRXQG� LQWHUIHUHQFH� DQG� WR� HQKDQFH� WKH�
FRQFHQWUDWLRQ�RI �SDUWLFLSDQWV�ZKHQ� OLVWHQLQJ�WR�
WKH�WRQHV�IURP�WKH�ODSWRS�
��
�'��,&'����'LDJQRVWLF�&ULWHULD�IRU�5HVHDUFK

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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7KLV�GLDJQRVWLF�LQVWUXPHQW�ZDV�XVHG�WR�GLDJQRVH�
VFKL]RSKUHQLD� EDVHG� RQ� SDWLHQWV� UHFDOO� RI �
PRUELG�V\PSWRPV�DQG�GRFXPHQWHG�V\PSWRPV�
LQ�WKH�FDVH�QRWHV�

�(��3RVLWLYH�DQG�1HJDWLYH�6\QGURPH�6FDOH�
�3$166�
,W�LV�D����LWHP�UDWLQJ�VFDOH�VSHFLÀFDOO\�GHYHORSHG�
IRU� DVVHVVLQJ� LQGLYLGXDOV� ZLWK� VFKL]RSKUHQLD�
HVSHFLDOO\�LQ�UHVHDUFK�VHWWLQJV��,W�LV�DQ�DGDSWDWLRQ�
IURP�HDUOLHU�SV\FKRSDWKRORJ\�VFDOHV�VXFK�DV�WKH�
%ULHI �3V\FKLDWULF�5DWLQJ�6FDOH��%356���,W�LV�EDVHG�
RQ� WKH� JURXQGV� WKDW� VFKL]RSKUHQLD� KDV� WZR�
GLVWLQFW� V\QGURPHV�� D� SRVLWLYH� DQG� D� QHJDWLYH�
V\QGURPH��7KH�SRVLWLYH� V\PSWRPV�UHIHU� WR�DQ�
H[FHVV�RU�GLVWRUWLRQ�RI �QRUPDO�IXQFWLRQV��H�J���
GHOXVLRQV�DQG�KDOOXFLQDWLRQV��ZKLOH�WKH�QHJDWLYH�
V\QGURPH� UHSUHVHQW� D� GLPLQXWLRQ� RU� ORVV� RI �
QRUPDO�IXQFWLRQV�DQG�FRPSULVH�WKLQJV�OLNH�VRFLDO�
ZLWKGUDZDO�DQG�ÁDWWHQHG�RU�EOXQWHG�DIIHFW�

3$166� LV� DSSOLFDEOH� RQO\� WR� VFKL]RSKUHQLD�
SDWLHQWV� DQG� WDNHV� ��� WR� ��� PLQXWHV� WR�
DGPLQLVWHU���7KH�PDLQ�LQGLFDWLRQ�IRU�LWV�XVH�LV�WR�
GHWHUPLQH� WKH� SUHVHQFH� RI � V\PSWRPV�� WKHLU�
LQÁXHQFH� RQ� DFWLYLWLHV�� IXQFWLRQV� RI � WKH�
LQGLYLGXDO�DQG�WKH�IUHTXHQF\�RI �V\PSWRPV��7KH�
SDWLHQW�LV�UDWHG�IURP���WR���RQ���VFDOHV�FRQVLVWLQJ�

��RI ����GLIIHUHQW�V\PSWRPV�

�)��$�SURIRUPD�TXHVWLRQQDLUH�GHVLJQHG�E\�WKH�
DXWKRXUV�ZDV�XVHG�WR�UHFRUG�VRFLR�GHPRJUDSKLF�
GDWD� DQG� RWKHU� UHOHYDQW� FOLQLFDO� YDULDEOHV� RI �
SDUWLFLSDQWV��UHIHUHQFH

6DPSOH�VL]H
7KLV�ZDV�FDOFXODWHG�XVLQJ�WKH�ORZHU�HIIHFW�VL]H�LQ�
DQ� (YHQW�UHODWHG� 3RWHQWLDO� VWXG\� IRU� 3����

��ODWHQF\�ZKLFK�ZDV������LQ�D�SUHYLRXV�VWXG\� 7KH�
3��� HYHQW� �UHODWHG� SRWHQWLDO� VWXGLHV� JHQHUDOO\�
KDG�KLJKHU�HIIHFW� VL]HV��7KH�HIIHFW� VL]H�RI � WKH��
3���HYHQW�UHODWHG�VWXG\�ZDV�VHOHFWHG�WR�DFKLHYH�
VXIÀFLHQW�VDPSOH�VL]H�
)RUPXOD�IRU�VDPSOH�VL]H�XVLQJ�HIIHFW�VL]H�IRU�WZR�

��LQGHSHQGHQW�VDPSOHV ��= �= �ñ�(6ñ����ơ��� ��Ƣ

�= � ���������ơ��

�= � ������Ƣ�

(6� �(IIHFW�VL]H
6DPSOH�VL]H�DSSUR[LPDWHO\� ��
7KDW�LV�����6FKL]RSKUHQLD�SDWLHQWV�ZHUH�UHFUXLWHG�
IRU�WKH�VWXG\�DQG�DOVR����+HDOWK\�FRQWUROV�

,QFOXVLRQ�FULWHULD
���� 3DUWLFLSDQWV�PXVW�EH����\HDUV�DQG�DERYH
��� 6FKL]RSKUHQLD�SDWLHQW�PXVW�IXOÀOO�WKH�,&'�

��� GLDJQRVWLF� FULWHULD� IRU� UHVHDUFK� DQG�
FROODERUDWHG� ZLWK� GLDJQRVLV� RI � WKH�
SV\FKLDWULVW�

�� � 6FKL]RSKUHQLD� SDWLHQWV� PXVW� EH� FOLQLFDOO\�
VWDEOH�

���� +HDOWK\�FRQWUROV�KDYLQJ�QR�IDPLO\�KLVWRU\�
RI �PHQWDO�GLVRUGHU�

([FOXVLRQ�FULWHULD
��� 7KRVH� ZLWK� FR�PRUELG� PHGLFDO�SK\VLFDO�

LOOQHVV�
��� 7KRVH�ZLWK�FR�PRUELG�VXEVWDQFH�XVH�
��� ,QGLYLGXDOV�ZLWK�KHDULQJ�GLIÀFXOWLHV�

(WKLFDO�FRQVLGHUDWLRQV
7KH� HWKLFDO� DSSURYDO� ZDV� REWDLQHG� IURP� WKH�
KHDOWK� UHVHDUFK� HWKLFV� FRPPLWWHH� RI � )HGHUDO�
1HXURSV\FKLDWULF�+RVSLWDO� .ZDUH�� 6RNRWR� ZLWK�
UHIHUHQFH� FRGH� ZDV� )13+.�$'0�68%������
,QIRUPHG�FRQVHQW�IRU�WKH�UHVHDUFK�ZDV�REWDLQHG�
IURP�DOO�SDUWLFLSDQWV�

3URFHGXUH
7KH� ������ V\VWHP� HOHFWURGH� SODFHPHQW� ZDV�
DSSOLHG� RQ� JUHDVH� IUHH� VFDOS� DQG� DOO� MHZHOULHV�
UHPRYHG�ZKLOH�VLWWLQJ�GRZQ�

7KH�+HDGVHW�ZDV�ÀWWHG�ZLWKRXW�LQWHUIHULQJ�ZLWK�
WKH�HOHFWURGHV��3���WRQHV�DQG�3����DXGLWRU\�WRQHV�
ZHUH�SUHVHQWHG�WR�WKH�HDUV� WKURXJK�WKH�KHDGVHW�
IURP�WKH�ODSWRS�LQVWDOOHG�ZLWK�WKHVH�WRQHV��7KHUH�
ZHUH�����SUHVHQWDWLRQV�SHU�SDUWLFLSDQW�IRU�3����DW�
UDWLR�RI ������L�H������RGGEDOO�WRQHV�WR�����VWDQGDUG�
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WRQHV��

7KH����SDLUHG�DXGLWRU\�FOLFNV�SUHVHQWHG����PV�
DSDUW� ZHUH� XVHG� WR� HOLFLW� WKH� 3��� HYRNHG�
SRWHQWLDOV��7KH�LQWHU�WULDO�LQWHUYDO�IRU�WKH�SDLUHG�
FOLFNV�ZDV��VHFRQGV�

7KH�3����VWDQGDUG�DQG�RGGEDOO�WRQHV�ZHUH�VHW�DW�
����+]�DQG�����+]�UHVSHFWLYHO\��7KH�3���WRQH�
ZDV�VHW�DW�����+]��3����HYRNHG�SRWHQWLDO�ZDV�
LGHQWLÀHG� LQ� WKH� ((*� WUDFLQJ� RQ� WKH� 3]�
HOHFWURGH� DQG� GHÀQHG� DV� WKH� ODUJHVW� SRVLWLYH�
JRLQJ� SHDN� RFFXUULQJ� ZLWKLQ� �������PV�7KH�
3���HYRNHG�SRWHQWLDOV�ZHUH�LGHQWLÀHG�RQ�WKH�&]�
HOHFWURGH� DQG� GHÀQHG� DV� WKH�PRVW� SURPLQHQW�

�SHDN�LQ�WKH������PVHF�SRVW�VWLPXOXV�ZLQGRZ�

7KH� DPSOLWXGH� RI � WKH� HYRNHG� SRWHQWLDOV� ZDV�
PHDVXUHG� PDQXDOO\� IURP� WKH� SHDN� WR� WURXJK�
�3HDN�WR�SHDN�DPSOLWXGH��ZKLOH�WKH�SHDN�ODWHQF\�
ZDV�PHDVXUHG�IURP�WKH�WLPH�RI �VWLPXOXV�RQVHW�

7KH� DPSOLWXGH� RI � WKH� HYRNHG� SRWHQWLDOV� ZDV�
PHDVXUHG� PDQXDOO\� IURP� WKH� SHDN� WR� WURXJK�
�SHDN�WR�SHDN�DPSOLWXGH��ZKLOH�WKH�SHDN�ODWHQF\�
ZDV�PHDVXUHG�IURP�WKH�WLPH�RI �VWLPXOXV�RQVHW�

'DWD�$QDO\VLV
'DWD�ZDV�DQDO\]HG�XVLQJ�WKH�6WDWLVWLFDO�3DFNDJH�
IRU�6RFLDO�6FLHQFHV�YHUVLRQ����6366�Y���
&RQWLQXRXV�YDULDEOHV�ZHUH�SUHVHQWHG�DV�PHDQV�
ZLWK� VWDQGDUG� GHYLDWLRQ� DQG� WKH� FDWHJRULFDO�
YDULDEOHV�DV�SURSRUWLRQV�

8QSDLUHG� W�WHVW� RU�0DQQ�:KLWQH\�8� WHVW� ZDV�
XVHG� WR� FRPSDUH� FRQWLQXRXV� YDULDEOHV� ZKLOH�
FDWHJRULFDO�YDULDEOHV�ZHUH�FRPSDUHG�XVLQJ�&KL�
VTXDUH� WHVW�� /RJLVWLF� UHJUHVVLRQ� DQDO\VLV� ZDV�
GRQH� WR�FRQWURO� IRU�SRVVLEOH�FRQIRXQGHUV�DQG�
5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF��52&��&XUYH�
DQDO\VHV� ZDV� XVHG� IRU� GLDJQRVWLF� DFFXUDF\�
GHWHUPLQDWLRQ��6LJQLÀFDQW�3�YDOXH�ZDV�VHW�DW���
�����

5(68/76
��7KH� VFKL]RSKUHQLD� SDWLHQWV� ZHUH� VLJQLÀFDQWO\�
PRUH� DVVRFLDWHG�ZLWK� QR� IRUPDO� HGXFDWLRQ� DQG�
EHLQJ� XQPDUULHG� WKDQ� WKH� KHDOWK\� FRQWUROV� DV�
VKRZQ�LQ�7DEOH���

���6FKL]RSKUHQLD�SDWLHQWV�ZHUH�VLJQLÀFDQWO\�PRUH�
DVVRFLDWHG�ZLWK� KLJKHU�PHDQ� UDQN� FRQGLWLRQLQJ�
DQG� WHVW� DPSOLWXGHV� FRPSDUHG� WR� WKHLU�
FRQGLWLRQLQJ�3���DPSOLWXGH��$OVR��6FKL]RSKUHQLD�
SDWLHQWV� ZHUH� VWDWLVWLFDOO\� PRUH� DVVRFLDWHG� ZLWK�
KLJKHU�PHDQ�UDQN�3���DPSOLWXGH�UDWLR�FRPSDUHG�
WR�KHDOWK\�FRQWUROV��6FKL]RSKUHQLD�SDWLHQWV�ZHUH�
VLJQLÀFDQWO\�DVVRFLDWHG�ZLWK�KLJKHU�DPSOLWXGH�RI �
3����DXGLWRU\�HYHQW�UHODWHG�SRWHQWLDO�DQG�GHOD\HG�
3����3HDN�/DWHQF\�FRPSDUHG�WR�KHDOWK\�FRQWUROV��
7KHVH�DUH�DV�VKRZQ�LQ�7DEOH���

���7KH�3����(YHQW�UHODWHG�$PSOLWXGH�3RWHQWLDO��
3����3HDN�/DWHQF\�DQG�3���$PSOLWXGH�UDWLR�KDG�
DQ�$UHD�8QGHU�WKH�&XUYH��$8&��RI ������������DQG�
�����UHVSHFWLYHO\��7KHVH�DUH�DV�VKRZQ�LQ�7DEOH���
DQG�)LJXUH������

���7KH�3����3HDN�ODWHQF\�ZDV�WKH�PRVW�VSHFLÀF�
�6SHFLÀFLW\ ������ZKLOH�3���$PSOLWXGH�UDWLR�ZDV�
WKH� PRVW� VHQVLWLYH� �6HQVLWLYLW\ ������� 7KH�
GHWHUPLQHG� &XWRII � SRLQW� IRU� WKH� 3���� (YHQW�
UHODWHG�$PSOLWXGH�3RWHQWLDO��3����3HDN�/DWHQF\�
DQG�3���$PSOLWXGH�UDWLR�ZHUH������Y�����PV�DQG�
�����UHVSHFWLYHO\��7KHVH�DUH�DV�VKRZQ�LQ�7DEOH����

���$PRQJ�6FKL]RSKUHQLD�SDWLHQWV��WKH�6SHDUPDQ
V�
FRUUHODWLRQ�FRHIÀFLHQW�ZDV�XVHG�WR�GHWHUPLQH�WKH�
VRFLR�GHPRJUDSKLF� DQG� FOLQLFDO� YDULDEOHV�
FRUUHODWLRQ�ZLWK�HDFK�QHXURSK\VLRORJLFDO�PDUNHU��
7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLÀFDQW�FRUUHODWLRQ�
EHWZHHQ�'XUDWLRQ�RI �LOOQHVV��7RWDO�3$166�VFRUH��
3RVLWLYH� 3$166� VFRUH�� 1HJDWLYH� 3$66� VFRUH��
*HQHUDO� 3V\FKRSDWKRORJ\� VFDOH� VFRUH�� $JH� RI �
RQVHW� RI � LOOQHVV�� 'XUDWLRQ� RI � WUHDWPHQW��
&KORUSURPD]LQH� HTXLYDOHQW� GRVH� DQG� HDFK�
QHXURSK\VLRORJLFDO� PDUNHU�� 7KHUH� ZDV� D�
VLJQLÀFDQW�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�DJH�DQG�

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

�� 'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD���



7KH�3���DPSOLWXGH�UDWLR�PHDVXUHPHQWV�DPRQJ�
SDWLHQWV� ZLWK� 6FKL]RSKUHQLD�� 7KHUH� ZDV�
KRZHYHU��QR�VLJQLÀFDQW�FRUUHODWLRQ�3����HYHQW�
UHODWHG� DPSOLWXGH��3����SHDN� ODWHQF\� DQG� DJH��
7KHVH�DUH�DV�VKRZQ�LQ�7DEOH��

���7KH�3����HYHQW�UHODWHG�SRWHQWLDO�DPSOLWXGH��

3����SHDN�ODWHQF\�DQG�3���DPSOLWXGH�UDWLR�ZHUH�
DOVR�VLJQLÀFDQW�SUHGLFWRUV�RI �6FKL]RSKUHQLD�DIWHU�
WKH�UHJUHVVLRQ�DQDO\VLV�ZDV�FDUULHG�RXW��7KHVH�DUH�
DV�VKRZQ�LQ�7DEOH���

7DEOH� ��� &RPSDULVRQ� RI � 6RFLRGHPRJUDSKLF� FKDUDFWHULVWLFV� RI � VFKL]RSKUHQLD� SDWLHQWV� DQG�
KHDOWK\�FRQWUROV
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7DEOH� ��� &RPSDULVRQ� RI �1HXURSK\VLRORJLFDO�0DUNHUV� EHWZHHQ� 6FKL]RSKUHQLD� 3DWLHQWV� DQG�
+HDOWK\�&RQWUROV

7DEOH� ���5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF�&XUYH�$QDO\VLV� RI � 3����$XGLWRU\� HYHQW�UHODWHG�
3RWHQWLDO�$PSOLWXGH��3����3HDN�/DWHQF\�DQG�3���$PSOLWXGH�UDWLR�RI �3DUWLFLSDQWV�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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7DEOH����6HQVLWLYLW\��6SHFLÀFLW\��/LNHOLKRRG�5DWLRV�DQG�&XW�RII �SRLQW�RI �WKH�1HXURSK\VLRORJLFDO�
PDUNHUV

7DEOH����6RFLRGHPRJUDSKLF�DQG�&OLQLFDO�YDULDEOHV�DVVRFLDWHG�ZLWK�3���$PSOLWXGH�UDWLR�LQ�
6FKL]RSKUHQLD�SDWLHQWV��FRQWLQXRXV�YDULDEOHV��

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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7DEOH����/RJLVWLF�UHJUHVVLRQ�DQDO\VLV�RI �LQGHSHQGHQW�YDULDEOHV�DVVRFLDWHG�ZLWK�6FKL]RSKUHQLD

)LJXUH����5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF�&XUYH�RI �3����$XGLWRU\�(YHQW�UHODWHG�3RWHQWLDO�
$PSOLWXGH�RI �3DUWLFLSDQWV

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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)LJXUH����5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF�&XUYH�IRU�3����3HDN�/DWHQF\�RI �3DUWLFLSDQWV

)LJXUH� ��� � 5HFHLYHU� 2SHUDWLQJ� &KDUDFWHULVWLF� &XUYH� IRU� 3��� $PSOLWXGH� 5DWLR�5��5��� RI �
3DUWLFLSDQWV

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

��'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD���



',6&866,21
7KH�VRFLR�GHPRJUDSKLF�SDWWHUQ�RI �SDUWLFLSDQWV�
VKRZHG� WKDW� WKH� KHDOWK\� FRQWUROV� GLIIHU�
VLJQLÀFDQWO\� LQ� WHUPV� RI � HGXFDWLRQDO� VWDWXV�
FRPSDUHG� WR� VFKL]RSKUHQLD� SDWLHQWV� LQ� KDYLQJ�
KLJKHU�SURSRUWLRQ�RI �SDUWLFLSDQWV�ZLWK�IRUPDO�
HGXFDWLRQ�LQ�WKDW�JURXS��7KLV�LV�VXSSRUWHG�E\�D�
SUHYLRXV� VWXG\� ZKLFK� UHSRUWV� WKDW� WKHUH� LV�
LQFUHDVHG� ULVN� RI � QR� VHFRQGDU\� RU� KLJKHU�
HGXFDWLRQ� DPRQJ� VFKL]RSKUHQLD� SDWLHQWV�

��FRPSDUHG� WR� KHDOWK\� FRQWUROV� � &RJQLWLYH�
GHÀFLWV�ZKLFK�DUH�XVXDOO\�SUHVHQW�EHIRUH�RQVHW�

��RI �SV\FKLDWULF�V\PSWRPV� �ORZ�VRFLR�HFRQRPLF�
EDFNJURXQG� DQG� SRVVLEOH� IDPLO\� KLVWRU\� RI �
PHQWDO�GLVRUGHU�PD\�FRQWULEXWH�WR�KLJKHU�ULVN�RI �
ODFN�RI �IRUPDO�HGXFDWLRQ�

7KLV�VWXG\�VKRZHG�WKDW�VFKL]RSKUHQLD�SDWLHQWV�
ZHUH� VLJQLÀFDQWO\� PRUH� DVVRFLDWHG� ZLWK� EHLQJ�
XQPDUULHG� FRPSDUHG� WR� KHDOWK\� FRQWUROV��
6HYHUDO� VWXGLHV� KDYH� UHSRUWHG� VLJQLÀFDQW�
GLIIHUHQFH� LQ� WHUPV� RI �PDULWDO� VWDWXV� EHWZHHQ�
VFKL]RSKUHQLD� SDWLHQWV� DQG� KHDOWK\� FRQWUROV��

�� �$GHZX\D�� UHSRUWHG� WKDW� SDWLHQWV� ZLWK�
VFKL]RSKUHQLD�ZHUH�PRUH�OLNHO\�WR�EH�XQPDUULHG�

��LQ�1LJHULD�ZKLOH�*XSWD�HW�DO�� LQ�&DQDGD�UHSRUWHG�
WKH� VDPH� WKLQJ�� 7KLV� KDV� EHHQ� DWWULEXWHG� WR�
GLYRUFH�RU�PDULWDO�VHSDUDWLRQ�VHTXHO�WR�GLVDELOLW\�
LQ�PDULWDO�UHODWLRQVKLS��$OVR��WKH�HDUOLHU�RQVHW�RI �
WKH� GLVRUGHU� PD\� OHDG� WR� VRFLR�RFFXSDWLRQDO�
GHFOLQH�WKDW�ZLOO�PDNH�PDUULDJH�LPSRVVLEOH��

,Q�3���$XGLWRU\� HYHQW�UHODWHG�SRWHQWLDO�� WKHUH�
ZHUH� KLJKHU� WHVW� DPSOLWXGHV� LQ� VFKL]RSKUHQLD�
SDWLHQWV�WKDW�ZHUH�VLJQLÀFDQW�FRPSDUHG�WR�WKHLU�
FRQGLWLRQLQJ�3���DPSOLWXGH��7KLV�LV�FRQVLVWHQW�

�����ZLWK� SUHYLRXV� VWXGLHV� DPRQJ� &DXFDVLDQV� �
ZKHUH� VFKL]RSKUHQLD� SDWLHQWV� H[KLELWHG�
VLJQLÀFDQW�3���QRQ�VXSSUHVVLRQ�PRUH�WKDQ�WKH�
FRQWUROV� DQG� KLJKHU� PHDQ� 3��� UDWLR� �7KDW� LV��
UDWLR� RI � WHVW� DPSOLWXGH� WR� FRQGLWLRQLQJ�
DPSOLWXGH��

$EQRUPDO�VHQVRU\�JDWLQJ�KDV�EHHQ�SRVWXODWHG�WR�
EH�WKH�UHDVRQ�IRU�VRPH�RI �WKH�V\PSWRPV�VHHQ�LQ�
VFKL]RSKUHQLD� DQG� WKH� 3��� DPSOLWXGH� QRQ�
VXSSUHVVLRQ�� 7KLV� LV� VDLG� WR� RFFXU� IROORZLQJ�
VHQVRU \ � RYHU ORDG � O HDG LQJ � WR � LPSD L UHG�

��FRQFHQWUDWLRQ� LQ� VFKL]RSKUHQLD� SDWLHQWV� �
)XUWKHUPRUH��D�OLQN�KDV�EHHQ�UHSRUWHG�EHWZHHQ�
DEQRUPDO� $OSKD��� QLFRWLQLF� UHFHSWRUV� DQG�

���DEQRUPDO�3���UHVSRQVH� 7KH�$OSKD���QLFRWLQLF�
UHFHSWRU� LV� D� W\SH� RI � QLFRWLQLF� DFHW\OFKROLQH�
UHFHSWRU� �Q$FK5V�� LPSOLFDWHG� LQ� ORQJ� WHUP�
PHPRU\�DQG�SRVLWLYH�HIIHFWV�RQ�QHXURFRJQLWLRQ�

��LQ�VFKL]RSKUHQLD�SDWLHQWV�� 7KH\�DUH�DOVR�ZLGHO\�
GLVWULEXWHG� LQ� GLIIHUHQW� EUDLQ� UHJLRQV�� 7KHVH�
ÀQGLQJV � QHHG� IXU WKHU � LQYHVW LJ DW LRQ� WR�
DXWKHQWLFDWH�WKH�YDOLGLW\�RI �3���QRQ�VXSSUHVVLRQ�
LQ�VFKL]RSKUHQLD�GLDJQRVLV�DQG�WR�VHUYH�DV�D�QHZ�
SDWKRSK\VLRORJLF�WDUJHW�IRU�GUXJ�GLVFRYHU\�
���
$XGLWRU\�3����HYRNHG�SRWHQWLDO�KDV�EHHQ�XVHG�DV�
DQ� HYDOXDWLRQ� RI � FRJQLWLYH� SURFHVVHV�� OLNH�
DWWHQWLRQ� DOORFDWLRQ�� DFWLYDWLRQ� RI � LPPHGLDWH�
PHPRU\��XSGDWLQJ�RI � WDVN�UHOHYDQW� LQIRUPDWLRQ�

������LQ� WKH�ZRUNLQJ�PHPRU\� LQ�PDQ\�VWXGLHV� �,Q�
WK LV � V WXG\� � VFKL]RSKUHQLD � SDW LHQWV � KDG�
VLJQLÀFDQWO\� ODUJHU� DPSOLWXGH� DQG� LQFUHDVHG�
�GHOD\HG�� ODWHQF\� RI � 3���� DXGLWRU\� HYRNHG�
SRWHQWLDO�FRPSDUHG�WR�KHDOWK\�FRQWUROV��0RVW�RI �
WKH� SUHYLRXV� VWXGLHV� UHSRUWHG� ORZHU� DPSOLWXGH�

���� �����DPRQJ� VFKL]RSKUHQLD� SDWLHQWV� ZKLOH� RWKHU�
VWXGLHV�KDYH�IRXQG�QR�VLJQLÀFDQW�GLIIHUHQFH�LQ�WKH�
3���� DPSOLWXGHV� RI � VFKL]RSKUHQLD� SDWLHQWV�

���FRPSDUHG� WR� FRQWUROV� 7KH� ÀQGLQJ� RQ� 3����
DPSOLWXGH� LQ� WKLV� VWXG\� LV� XQOLNH� PRVW� RI � WKH�
SUHYLRXV� VWXGLHV� WKDW� ZHUH� FDUULHG� RXW� DPRQJ�
&DXFDVLDQV�� $� VWXG\� KRZHYHU�� UHSRUWHG� D�
GLIIHUHQWLDO� LPSDFW� RI � UDFH� RQ� WKH� DVVRFLDWLRQ�

��EHWZHHQ� VFKL]RSKUHQLD� DQG� 3���� � ,W� LQLWLDOO\�
IRXQG� DPSOLWXGH� UHGXFWLRQ� DPRQJ� $IULFDQ�
$PHULFDQ�FRQWUROV��UDWKHU�WKDQ�WKH�SDWLHQWV��7KLV�
GLIIHUHQFH� ZDV� ORVW� ZKHQ� XVH� RI � SV\FKRDFWLYH�
VXEVWDQFHV� ZDV� FRQWUROOHG� IRU�� LQ� WKH� VWXG\��
+RZHYHU��WKLV�ÀQGLQJ�ZDV�QRW�REVHUYHG�DPRQJ�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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&DXFDVLDQV� LQ� WKH� VDPH� VWXG\�� $QRWKHU� VWXG\�
IRXQG�VFKL]RSKUHQLD�SDWLHQWV�KDYLQJ�VLJQLÀFDQW�
UHGXFWLRQ� LQ� WHPSRUR�SDULHWDO� 3���� DPSOLWXGH�
DQG� KLJKHU� IURQWDO� 3���� DPSOLWXGH� WKDQ�

���FRQWUROV� 7KLV� PD\� EH� GXH� WR� LQFUHDVHG� H\H�
��PRYHPHQWV� DPRQJ� VFKL]RSKUHQLD� SDWLHQWV� �

$QRWKHU� SRVVLEOH� H[SODQDWLRQ� FRXOG� EH� WKDW�
KLJKHU� 3���� DPSOLWXGH� DPRQJ� VFKL]RSKUHQLD�
SDWLHQWV�FRXOG�UHÁHFW�KLJKHU�HQJDJHPHQW�RI �WKH�
WHPSRURSDULHWDO� FRUWH[� EHOLHYHG� WR� KDYH�
PD[LPDO�3����DPSOLWXGH�DW�WKH�3]�ORFDWLRQ�RQ�

��WKH�VFDOS� �7KLV�PD\�EH�D�ZD\�RI �FRPSHQVDWLQJ�
IRU� D� FRUWLFDO� GHIHFW� HLWKHU� LQ� WKDW� UHJLRQ� RU�
HOVHZKHUH� OLNH� LQ� WKH� IURQWDO� OREH�� 6LPLODUO\��
SUHYLRXV�VWXGLHV�KDYH�UHSRUWHG�JUHDWHU�FRJQLWLYH�
GHPDQGV� DPRQJ� SDWLHQWV� ZLWK� VFKL]RSKUHQLD�

�����ZKHQ� LQYROYHG� LQ� WDVNLQJ� SURFHGXUHV� �
$QRWKHU� VWXG\� UHSRUWHG� WKDW� VFKL]RSKUHQLD�
SDWLHQWV�DUH�FDSDEOH�RI �SURGXFLQJ� ODUJHU�3����
DPSOLWXGH�XQGHU�FHUWDLQ�FRQGLWLRQV�DQG�WKDW�WKLV�
PD\�LQGLFDWH�LQFUHDVHG�HIIRUW�WR�FRPSHQVDWH�IRU�

��FRJQLWLYH� GHÀFLWV� $EQRUPDOLWLHV� LQ� WKH� EUDLQ�
QHXURWUDQVPLWWHUV�WKDW�GLIIHU�DPRQJ�UDFHV�PD\�
DOVR�H[SODLQ�WKLV�LQFUHDVHG�VLJQLÀFDQW�GLIIHUHQFH��
7KH�3����HYHQW�UHODWHG�SRWHQWLDO�PD\�EH�FDXVHG�
E\� D� GLUHFW� H[FLWDWRU\� SRVWV\QDSWLF� HIIHFW� RI �
JOXWDPHUJLF�QHXURWUDQVPLVVLRQ�ZLWK�FKROLQHUJLF��
QRUDGUHQHUJLF� DQG� *$%$HUJLF� QHXURWUDQV�
PLW WHUV � EH LQJ� QHXURPRGXODWRU \ � ZKL OH�
GRSDPLQHUJLF� DQG� VHURWRQHUJLF� LQÁXHQFHV� DUH�

������PLQRU� LQ� LWV� JHQHUDWLRQ� $FHW\OFKROLQH�
VSHFLÀFDOO\� HQKDQFHV� 3���� DPSOLWXGH� ZKLOH�
*$%$�UHGXFHV�3����DPSOLWXGH��$�QXPEHU�RI �
VWXGLHV�KDYH� UHSRUWHG�EHWWHU�SURJQRVLV� DPRQJ�
$IULFDQV� ZLWK� 6FKL]RSKUHQLD� FRPSDUHG� WR�

�����&DXFDVLDQV� ZLWK� 6FKL]RSKUHQLD� $OWKRXJK��
WKLV� KDV� EHHQ� DWWULEXWHG� WR� HQYLURQPHQWDO�
IDFWRUV��LW�LV�SRVVLEOH�WKDW�WKLV�PD\�EH�DOVR�GXH�WR�
GLIIHULQJ� QHXURSDWKRORJLFDO� DQG� ELRFKHPLFDO�
LQÁXHQFHV� RQ� WKH� EUDLQ� RI � VFKL]RSKUHQLD�
SDWLHQWV� DFURVV� UDFHV�� 6HYHUDO� VWXGLHV�� KDYH�
UHSRUWHG�GHOD\HG�ODWHQF\�WR�3����SHDN�DPSOLWXGH�

���� ��VLPLODU� WR� WKH� ÀQGLQJ� LQ� WKLV� VWXG\� � 3����

ODWHQF\�LV�FRQVLGHUHG�WR�EH�D�PHDVXUH�RI �VWLPXOXV�
FODVVLÀFDWLRQ� VSHHG�� ,W� LV� XQUHODWHG� WR� UHVSRQVH�
VHOHFWLRQ� SURFHVVHV� DQG� LQGHSHQGHQW� RI �
EHKDYLRXUDO�UHVSRQVH�WLPH�DV�VHHQ�LQ�3����HYHQW�
UHODWHG�SRWHQWLDO��7KH�3����DPSOLWXGH�DQG�ODWHQF\�
KDYH�EHHQ�K\SRWKHVL]HG�WR�IROORZ�D�PDWXUDWLRQ�
SDWK�IURP�FKLOGKRRG�WR�DGROHVFHQFH��UHVXOWLQJ�LQ�D�
SHULRG� WKDW� PDUNV� D� SODWHDX�� DIWHU� ZKLFK�

���GHJHQHUDWLYH� HIIHFWV� EHJLQ� 7KLV� SRLQW� RI �
GHÁHFWLRQ�EHWZHHQ�PDWXUDWLRQ�DQG�GHJHQHUDWLRQ�
VWDJHV�DUH�VDLG�WR�RFFXU�DW�GLIIHUHQW�DJHV�IRU�3����
DPSOLWXGH� DQG� ODWHQF\�� 7KH� ÀQGLQJV� IURP� WKH�

��VWXG\�E\�9DQ�'LQWHUHQ�HW�DO� �UHYHDOHG�WKDW�3����
ODWHQF\�SRVVLEO\� LQGLFDWHV�QHXUDO�VSHHG�RU�EUDLQ�
HIÀFLHQF\�ZKLOH�3���� DPSOLWXGH�PLJKW� LQGLFDWH�
QHXUDO� SRZHU� RU� FRJQLWLYH� UHVRXUFHV� ZKLFK�
LQFUHDVH� ZLWK� PDWXUDWLRQ�� 7KLV� VXJJHVWV� WKDW�
ODWHQF\�DQG�DPSOLWXGH�UHÁHFW�GLIIHUHQW�DVSHFWV�RI �
EUDLQ� PDWXUDWLRQ�� 3UHFLVHO\�� 3���� DPSOLWXGH�
PLJKW�EH�DQ�LQGH[�IRU�WKH�QXPEHU�RI �FRJQLWLYH�
UHVRXUFHV�EHLQJ�XVHG��LQFUHDVLQJ�LQ�WKH�ÀUVW�\HDU�
RI �OLIH�DQG�GHFUHDVLQJ�ZLWK�IXUWKHU�DJLQJ�EH\RQG�

��DGROHVFHQFH� �+LJKHU� DPSOLWXGHV� DUH� UHODWHG� WR�
KLJKHU� SURSRUWLRQ� RI � DOORFDWHG� FRJQLWLYH�
UHVRXUFHV�DQG�LQWUD�VXEMHFW�UH�URXWLQJ�RI �QHXUDO�
SDWKZD\V�WR�LPSURYH�FRJQLWLYH�SHUIRUPDQFH�LQ�D�
EDFNJURXQG�FRJQLWLYH�GHFOLQH��3����ODWHQF\�PD\�
EH�D�PRUH�GLUHFW�LQGH[�RI �LQIRUPDWLRQ�SURFHVVLQJ�

��VSHHG�DQG�LQGLUHFWO\�FRJQLWLYH�SHUIRUPDQFH�

7KH� $UHD� 8QGHU� WKH� &XUYH� �$8&�� RI � 3����
DPSOLWXGH��3����3HDN�ODWHQF\�DQG�3���$PSOLWXGH�
UDWLR�DV�D�WHVW�YDULDEOH�ZDV�DFFHSWDEOH�LQ�WKH�DELOLW\�
WR�SUHGLFW�VFKL]RSKUHQLD�GLDJQRVLV�EDVHG�RQ�WKH�

��FXUUHQW� GLDJQRVWLF� JXLGHOLQHV� � 7KH� 3���
DPSOLWXGH�UDWLR�ZDV�OHDVW�LQ�GLVFULPLQDWLQJ�DELOLW\�
EHWZHHQ�VFKL]RSKUHQLD�DQG�KHDOWK\�FRQWUROV��

7KH�ÀQGLQJ�RQ�WKH�GLDJQRVWLF�DFFXUDF\�RI �3����
DXGLWRU\� HYHQW�UHODWHG� SRWHQWLDO� DQG� 3���
DPSOLWXGH� UDWLR� LV� SDUWO\� VLPLODU� WR� ÀQGLQJV� LQ�
RWKHU�VWXGLHV��$�VWXG\�WKDW�XWLOL]HG�D�WKUHH�IDFWRU�
VROXWLRQ�FRPSULVLQJ�3����DQG�3����DPSOLWXGHV��

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

��'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD���



3���UDWLR�DQG�GLIIHUHQFHV�VFRUHV�LQFOXGLQJ�3����
ODWHQF\� UHVXOWHG� LQ� DQ� $8&� RI � ������ ZLWK�

��VHQVLWLYLW\�RI �������DQG�VSHFLÀFLW\�RI ������� $�
VLPLODU� VWXG\� RQ� 3��� DQG� 3���� HYHQW�UHODWHG�
SRWHQWLDO� DOVR� FODVVLÀHG� VFKL]RSKUHQLD� DQG�
KHDOWK\� FRQWUROV� ZLWK� ���� DFFXUDF\� ZLWK� D�
FRPELQHG�VHQVLWLYLW\�RI ������DQG�VSHFLÀFLW\�RI �

������� � $QRWKHU� VWXG\� XWLOL]HG� YLVXDO� HYHQW�
UHODWHG�SRWHQWLDO�WR�GHPRQVWUDWH�3����DPSOLWXGH�
DQG�ODWHQF\�DQG�UHSRUWHG�WKDW�WKH\�ZHUH�DEOH�WR�
FODVVLI\� VFKL]RSKUHQLD� E\� ���� DQG� KHDOWK\�

��FRQWURO�E\�����DFFXUDF\� �$OWKRXJK�WKH�SUHVHQW�
VWXG\� GLG� QRW� VHW� RXW� WR� GHYHORS� D� FRPELQHG�
52&�DQDO\VLV��WKH�DYHUDJH�$8&��VHQVLWLYLW\�DQG�
VSHFLÀFLW\�ZHUH�FORVH�WR�WKHVH�SUHYLRXV�VWXGLHV��
+RZHYHU��WKH�VSHFLÀFLW\�RI �WKH�PDUNHUV�LQ�RXU�
VWXG\�DUH�KLJKHU�WKDQ�WKHLU�VHQVLWLYLW\�H[FHSW�IRU�
WKH�3���DPSOLWXGH�UDWLR��7KH�LQÁHFWLRQ�SRLQW�RI �
WKH�VHQVLWLYLW\�DQG�VSHFLÀFLW\�RI �HDFK�PDUNHU�LQ�
WKLV�VWXG\�ZDV�JHQHUDOO\�IDLUO\�DFFHSWDEOH�EDVHG�

���RQ�WKH�SULQFLSOHV�RI �KLJK�TXDOLW\�WHVWLQJ� 7KHVH�
LQÁHFWLRQ�SRLQWV�VKRZ�WKDW�WKH�3���UDWLR�PD\�EH�
PRUH� XVHIXO� DV� D� VFUHHQLQJ� WHVW� ZKLOH� 3����
DXGLWRU\� HYHQW�UHODWHG� SRWHQWLDO� PD\� EH� PRUH�
UHOHYDQW�DV�D�GLDJQRVWLF�WHVW��7KHVH�PDUNHUV�PD\�
EH� XVHIXO� DV� DQ� DGMXQFW� WR� WKH� V\QGURPLF�
GLDJQRVLV�WKDW�FXUUHQWO\�H[LVW�IRU�VFKL]RSKUHQLD��
7KH� GHWHUPLQHG� <RXGHQ� ,QGH[� DQG� FXW�RII �
SRLQW� LQ� WKLV� VWXG\� IRU� 3���� HYHQW�UHODWHG�
DPSOLWXGH�� 3���� 3HDN� ODWHQF\� DQG� 3���
$PSOLWXGH�UDWLR�KDYH�QRW�EHHQ�GRQH�LQ�DOO�NQRZQ�
SUHYLRXV� VWXG\� RQ� WKHVH� PDUNHUV�� 7KLV� ZLOO�
XOWLPDWHO\�VHUYH�DV�D�WHPSODWH�IRU�IXWXUH�VWXGLHV�
RQ�WKH�GLDJQRVWLF�DFFXUDF\�RI �WKHVH�PDUNHUV�

3UHYLRXV� VWXGLHV� KDYH� UHSRUWHG� ZHDNHU� 3���
�����JDWLQJ� ZLWK� LQFUHDVHG� DJH� � ,W� ZDV� KRZHYHU��

DOVR�UHSRUWHG�LQ�WKHVH�VWXGLHV�WKDW�DJH�VHHP�WR�
DFFRXQW�IRU�RQO\�D�PLQLPDO�SDUW�RI �WKH�FKDQJHV�
LQ�3���JDWLQJ��,QFUHDVH�LQ�DJH�KDV�EHHQ�UHSRUWHG�
WR� KDYH� D� VLJQLÀFDQW� LQÁXHQFH� DOVR� RQ� 3����
ODWHQF\� SURORQJDWLRQ� DPRQJ� VFKL]RSKUHQLD�

�����SDWLHQWV� � ZKLOH� \RXQJHU� SHRSOH� KDYH� EHHQ�

UHSRUWHG� WR� GHPRQVWUDWH� LQFUHDVHG� 3����
��DPSOLWXGHV� � 7KH� IDFW� WKDW� 3���� LV� DIIHFWHG� E\�

DJH�UHODWHG�FKDQJHV�ZKLFK�PD\�DFWXDOO\�EH�UHODWHG�
WR�FKDQJHV�LQ�FRJQLWLYH�FDSDFLWLHV��VXJJHVWV�WKDW�
3���� LV� D� VHQVLWLYH� PHWULF� IRU� FRJQLWLYH�

��SHUIRUPDQFH� � ,W� ZDV� DOVR� UHSRUWHG� WKDW�
GHYHORSPHQWDO�WUDMHFWRULHV�RI �WKH�3����DPSOLWXGH�
DFURVV�WKH�OLIHVSDQ�H[LVW�IRU�IURQWDO�DQG�SDULHWDO�
HOHFWURGH� VLWHV�� 7KH� SDULHWDO� 3���� LQFUHDVHG� LQ�
FKLOGKRRG�WR�UHDFK�LWV�SHDN�LQ�DGROHVFHQFH��WKHQ�
GHFOLQHG�IRU�WKH�UHVW�RI �WKH�OLIHVSDQ��,Q�FRQWUDVW��
WKH�IURQWDO�3����UHDFKHG�LWV�SHDN�DW�D�PLG�ROGHU�
DJH��7KLV�LV�DERXW���\HDUV�DIWHU�ZKLFK�LW�UHPDLQV�
FRQVWDQW� IRU� WKH� UHVW� RI � WKH� OLIHVSDQ�� 7KLV� KDV�
EHHQ�VDLG�WR�UHÁHFW�FRPSHQVDWRU\�DFWLYLW\�ZLWKLQ�

��WKH�EUDLQ�ZKLFK�KDV�EHHQ�KLJKOLJKWHG�HDUOLHU� �7KH�
SUHSRQGHUDQFH� RI � \RXQJ� DGXOWV� DPRQJ� WKH�
SDUWLFLSDQWV� DQG� WKH� ORZHU� PHDQ� DJH� RI �
VFKL]RSKUHQLD�SDWLHQWV�PD\�SDUWO\�FRQWULEXWH�WR�
WKH�GLIIHUHQFHV�REVHUYHG�LQ�WKLV�VWXG\�

7KH�WRWDO�3$166�VFRUH�KDV�EHHQ�UHSRUWHG�WR�KDYH�
D�QHJDWLYH�FRUUHODWLRQ�ZLWK�3����DPSOLWXGH�DQG�

��ODWHQF\� LQ� PHGLFDWHG� VFKL]RSKUHQLD� SDWLHQWV� �
$ Q R W K H U � V W X G \ � DPRQ J � X QP H G L F D W H G�
VFKL]RSKUHQLD� SDWLHQWV� IRXQG� VLPLODU� LQYHUVH�
UHODWLRQVKLS� EHWZHHQ� WRWDO� 3$166� VFRUH� DQG�

���3���� DPSOLWXGH� 7KLV� SUHVHQW� VWXG\� IRXQG� QR�
UHODWLRQVKLS�EHWZHHQ�3$166�VFRUH�DQG�DQ\�RI �WKH�
QHXURSK\VLRORJLFDO� PDUNHUV� LQYHVWLJDWHG�� 6RPH�
VWXGLHV� KDYH� DOVR� UHSRUWHG� QR� VLJQLÀFDQW�
FRUUHODWLRQ� EHWZHHQ� 3$166� SRVLWLYH�QHJDWLYH�

�����V\PSWRPV� DQG� 3��� DPSOLWXGH� UDWLR� � � 7KH�
VFKL]RSKUHQLD� SDWLHQWV� LQ� WKLV� VWXG\� ZHUH� RQ�
PHGLFDWLRQ� IRU� WKH� SV\FKRWLF� V\PSWRPV��
7KHUHIRUH�� WKH�3$166� VFRUHV�ZHUH� OLNHO\� WR�EH�
VLJQLÀFDQWO\�ORZHU�WKDQ�DW�WKH�RQVHW�RI �WKH�LOOQHVV�
SULRU� WR� WKH� XVH� RI � PHGLFDWLRQ�� 7KLV� PD\�
LQÁXHQFH�WKH�UHODWLRQVKLS�EHWZHHQ�3$166�VFRUH�
DQG� WKHVH�QHXURSK\VLRORJLFDO�PHDVXUHV� WKDW� DUH�
EHOLHYHG�WR�EH�LQGHSHQGHQW�RI �WKH�FOLQLFDO�VWDWH�RI �
WKH�SDWLHQWV�
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&21&/86,21
7KH�VWXG\�KDV�GHWHUPLQHG�FXW�RII �SRLQW�IRU�WKH�
QHXURSK\VLRORJLFDO�PHDVXUHV�WKDW�DUH�DEVHQW�LQ�
SUHYLRXV�VWXGLHV��7KLV�ZLOO�VHUYH�DV�DQ�DGGLWLRQDO�
XVHIXO� FULWHULRQ� LQ� LPSURYLQJ� WKH� GLDJQRVWLF�
DFFXUDF\�RI �VFKL]RSKUHQLD�DQG�WKLV�FRXOG�DOVR�EH�
XVHIXO�LQ�PHGLFR�OHJDO�SXUSRVHV�

/,0,7$7,216
7KH� PDQXDO� PHWKRG� RI � PHDVXUHPHQW� RI � WKH�
HYRNHG� SRWHQWLDO� SDUDPHWHUV� UDWKHU� WKDQ� WKH�
FRPSXWHUL]HG� PHWKRG� PD\� OLPLW� WKH� OHYHO� RI �
SUHFLVHQHVV�LQ�PHDVXUHPHQWV�

7KH� LQDELOLW\� WR� DFKLHYH� D� IXOO\� QRLVH�SURRI �
VHWWLQJ� IRU� WKH� QHXURSK\VLRORJLFDO� SURFHGXUHV�
PLJKW�KDYH�GLVWUDFWHG�VRPH�RI �WKH�SDUWLFLSDQWV�
DQG� DIIHFWHG� WKHLU� SHUIRUPDQFH� GXULQJ� WKH�
SURFHGXUHV��

,W�ZDV�D�FURVV�VHFWLRQDO�VWXG\�DQG�PD\�QRW�EH�
VHQVLWLYH�WR�VRPH�FKDQJHV�WKDW�PD\�RFFXU�RYHU�
WLPH�

5(&200(1'$7,216
�D��7KLV�VWXG\�LV�SDYLQJ�D�ZD\�IRU�IXUWKHU�VWXGLHV�
RQ� LQYHVWLJDWLQJ� QHXURSK\VLRORJLFDO� PDNHUV�
DPRQJ�SDWLHQWV�ZLWK�VFKL]RSKUHQLD�LQ�1LJHULD��,W�
ZLOO� WKHUHIRUH�EH�QHFHVVDU\� WR�H[SORUH� IXUWKHU��
WKH� GLDJQRVWLF� SRVVLELOLWLHV� LQ� 3���� DXGLWRU\�
HYHQW�UHODWHG�SRWHQWLDO� LQ�IXWXUH�VWXGLHV�LQ�WKLV�
UHJLRQ�

�E�� 1HXURSDWKRORJLFDO� VWXGLHV� LQYROYLQJ�
QHXURLPDJLQJ� DQG� JHQHWLF� VWXGLHV� VKRXOG� EH�
HQFRXUDJHG�WR�YDOLGDWH�WKH�OLNHO\�DHWLRORJ\�RI �WKH�
ÀQGLQJV�LQ�WKLV�VWXG\�

�F�� 7KH� LQYHVWLJDWLRQ� RI � WKHVH� QHXURSK\VLR�
ORJLFDO� PDUNHUV� VKRXOG� EH� FRQGXFWHG� DPRQJ�
UHODWLYHV�RI � VFKL]RSKUHQLD�SDWLHQWV� LQ�RUGHU� WR�
DVVHVV�WKH�SRVVLEOH�KHULWDELOLW\�RI �WKHVH�PHDVXUHV�
DQG�WKHLU�JHQHWLF�XQGHUSLQQLQJV�

$&.12:/('*(0(17
7KH�UHVHDUFK�ZDV�VHOI�IXQGHG��1R�H[WHUQDO�IXQGV�
ZDV�UHFHLYHG�IRU�DQ\�VWDJH�RI �WKLV�VWXG\�

$87+2856�&2175,%87,21
$G H E D \ R � 6 X Q G D \ � $ G H E L V L � � & K L Q H G X�
2QZXFKHNZD��8PDU�=D\\DQX�8VPDQ�DQG�%HOOR�

�6LUDMR�6KLLWX�6WXG\�'HVLJQ

$GHED\R� 6XQGD\� $GHELVL� �'DWD� FROOHFWLRQ� DQG�
/LWHUDWXUH�UHYLHZ

&KLQHGX�2QZXFKHNZD�� 8PDU� =D\\DQX�8VPDQ�
DQG� %HOOR� 6LUDMR� 6KLLWX�/LWHUDWXUH� UHYLHZ�
SURRIUHDGLQJ�DQG�FRUUHFWLRQV�

$ G H E D \ R � 6 X Q G D \ � $ G H E L V L � � & K L Q H G X�
2QZXFKHNZD��8PDU�=D\\DQX�8VPDQ�DQG�%HOOR�
6LUDMR�6KLLWX��'DWD�DQDO\VHV�

&21)/,&7�2)�,17(5(67
7KHUH�LV�QR�FRQÁLFW�RI �LQWHUHVW�WR�GLVFORVH�

5()(5(1&(6
��� 6P L WK � 7� � +RUZD WK � ( � � &RX U QRV � )��

6FKL]RSKUHQLD�DQG�RWKHU�SV\FKRWLF�GLVRUGHUV��
1HZ� <RUN�� 1<�� 2[IRUG� 8QLYHUVLW\� 3UHVV��
�����$SU�����

��� *UHHQZRRG� 7$�� 6KXWHV�'DYLG� $�� 7VXDQJ�
':�� (QGRSKHQRW\SHV� LQ� VFKL]RSKUHQLD��
G LJ J LQJ � GHHSHU � WR � LGHQW L I\ � J HQHW LF�
PHFKDQLVPV��-RXUQDO�RI �SV\FKLDWU\�DQG�EUDLQ�
VFLHQFH������������

��� 2ZHQV�(��%DFKPDQ�3��*ODKQ�'&��%HDUGHQ�
&(�� (OHFWURSK\VLRORJLFDO� HQGRSKHQRW\SHV�
IRU� VFKL]RSKUHQLD�� +DUYDUG� UHYLHZ� RI �
SV\FKLDWU\�������0DU�����������

��� .HQGOHU�.6��1HDOH�0&��(QGRSKHQRW\SH��D�
FRQFHSWXDO� DQDO\VLV�� 0ROHFXODU� SV\FKLDWU\��
�����$XJ��������������

��� &RKHQ�0;��:KHUH�GRHV�((*�FRPH� IURP�
DQG� ZKDW� GRHV� LW � PHDQ"�� 7UHQGV� LQ�
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QHXURVFLHQFHV�������$SU����������������
��� 'HO�5H�(&��%HUJHQ�6(��0HVKRODP�*DWHO\�

5,��1L]QLNLHZLF]�0$��*ROGVWHLQ�-0��:RR�
78�� 6KHQWRQ� 0(�� 6HLGPDQ� /-�� 0F&DUOH\�
5:� � 3H W U \ V K H Q � 7/ � � $Q D O \ V L V � R I �
V FK L ]RSK U HQ L D � U H O D W H G � J HQ H V � D QG�
HOHFWURSK\VLRORJLFDO� PHDVXUHV� UHYHDOV�
=1)���$� DVVRFLDWLRQ� ZLWK� DPSOLWXGH� RI �
3���E � H O L F L W H G � E\ � QRYH O � V RXQG V��
7UDQVODWLRQDO�SV\FKLDWU\�������-DQ������H����

��� (DUOV� +$�� &XUUDQ� 7�� 0LWWDO� 9�� $� PHWD�
DQDO\WLF� UHYLHZ� RI � DXGLWRU\� HYHQW�UHODWHG�
SRWHQWLDO� FRPSRQHQWV� DV� HQGRSKHQRW\SHV�
IRU�VFKL]RSKUHQLD��SHUVSHFWLYHV� IURP�ÀUVW�
GHJUHH� UHODWLYHV�� 6FKL]RSKUHQLD� EXOOHWLQ��
�����1RY�����������������

��� % D Q H D � 2& � � 3H J R O R � ( � � 0 D U F X � 6 ��
)ULéULNVGyWWLU�5��ÌYDUVVRQ�(��-yQDVVRQ�$'��
- yQ D V V RQ � 9'� � 0DJQX VGy W W L U � %%��
+DUDOGVVRQ�0��:DVVHUPDQQ�(��*DUJLXOR�3��
3���DQG�3����(YHQW�5HODWHG�3RWHQWLDOV� LQ�
3DWLHQWV�ZLWK�6FKL]RSKUHQLD�5HFRUGHG�IURP�
+LJK�'HQVLW\� ((*�� ,Q� 0HGLWHUUDQHDQ�
&RQIHUHQFH� RQ� 0HGLFDO� DQG� %LRORJLFDO�
(QJLQHHULQJ� DQG�&RPSXWLQJ� ����� 6HS� ���
�SS��������������6SULQJHU��&KDP�

��� 6DVLGKDUDQ� $�� 1DLU� $.�� 0DULJRZGD� 9��
/XNRVH�$��-RKQ�-3��.XWW\�%0��6LPXOWDQHRXV�
DVVHVVPHQW�RI �3����001��(51�DQG�3����
HYHQW�UHODWHG� SRWHQWLDOV� DPRQJ� SDWLHQWV�
ZLWK� 6FKL]RSKUHQLD²DQ� H[SORUDWRU\� VWXG\��
%LR5[LY�������-DQ����������

���� +HGJHV�'�� -DQLV�5��0LFNHOVRQ�6��.HLWK�&��
%HQQHWW�'��%URZQ�%/��3����DPSOLWXGH� LQ�
$O]KHLPHU
V� GLVHDVH�� D� PHWD�DQDO\VLV� DQG�
PHWD�UHJUHVVLRQ�� &OLQLFDO� ((*� DQG�
QHXURVFLHQFH�������-DQ�������������

���� /LMIÀMW� 0�� 0RHOOHU� )*�� %RXWURV� 11��
6WHLQEHUJ�-/��0HLHU�6/��/DQH�6'��6ZDQQ�$&��
'LPLQLVKHG�3����1����DQG�3����DXGLWRU\�
VHQVRU\� JDWLQJ� LQ� ELSRODU� ,� GLVRUGHU��
3 V \ F K L D W U \ � U H V H D U F K � � � � � � � 0 D \�
������������������

���� 7KRPD�/��5HQW]VFK�-��*DXGOLW]�.��7lQ]HU�1��
*DOOLQDW� -��.DWKPDQQ�1�� 6WU|KOH�$��3ODJ� -��
3����1�����DQG�3����VHQVRU\�JDWLQJ�LQ�SDQLF�
GLVRUGHU�� &OLQLFDO� ((*� DQG� 1HXURVFLHQFH��
�����6HS��������������

���� � � � �6LQKD�65��6XOOLYDQ�/5��6DEDX�'��2UWD�'6��
'RPEURZVNL� .(�� +DOIRUG� --�� +DQL� $-��
'ULVODQH�):��6WHFNHU�00��$PHULFDQ�FOLQLFDO�
QHXURSK\VLRORJ\� VRFLHW\� JXLGHOLQH� ���
PLQLPXP� WHFKQLFDO� UHTXLUHPHQWV� IRU�
SHUIRUPLQJ�FOLQLFDO�HOHFWURHQFHSKDORJUDSK\��
7KH� 1HXURGLDJQRVWLF� -RXUQDO�� ����� 2FW�
���������������

���� � � � � �.D\� 65�� )LV]EHLQ�$��2SOHU� /$�� 7KH�
SRVLWLYH� DQG� QHJDWLYH� V\QGURPH� VFDOH�
�3$166�� IRU� VFKL]RSKUHQLD�� 6FKL]RSKUHQLD�
EXOOHWLQ�������-DQ����������������

����������4LX�<4��7DQJ�<;��&KDQ�5&��6XQ�;<��+H�
-� � 3���� DEHU UD W LRQ� LQ � ÀUV W �HS LVRGH�
VFKL]RSKUHQLD�SDWLHQWV��D�PHWD�DQDO\VLV��3/R6�
2QH�������-XQ���������H������

���� 6XOOLYDQ� /0�� (VVHQWLDOV� RI � ELRVWDWLVWLFV� LQ�
SXEOLF� KHDOWK�� -RQHV� 	� %DUWOHWW� /HDUQLQJ��
�����)HE����

���� +DNXOLQHQ� &��0F*UDWK� --�� 7LPPHUPDQ� $��
6NLSSHU� 1�� 0RUWHQVHQ� 3%�� 3HGHUVHQ� &%��
$JHUER� (�� 7KH� DVVRFLDWLRQ� EHWZHHQ� HDUO\�
RQVHW� VFKL]RSKUHQLD� ZLWK� HPSOR\PHQW��
LQFRPH��HGXFDWLRQ��DQG�FRKDELWDWLRQ�VWDWXV��
QDWLRQZLGH�VWXG\�ZLWK����\HDUV�RI �IROORZ�XS��
6RF L D O � 3 V \ FK L D W U \ � DQG � 3 V \ FK L D W U L F�
(SLGHPLRORJ\�������1RY����������������

���� 'LFNVRQ� +�� /DXUHQV� .5�� &XOOHQ� $(��
+RGJLQV�6��0HWD�DQDO\VHV�RI � FRJQLWLYH� DQG�
PRWRU�IXQFWLRQ�LQ�\RXWK�DJHG����\HDUV�DQG�
\RXQJHU� ZKR� VXEVHTXHQW O\ � GHYHORS�
VFKL]RSKUHQLD��3V\FKRORJLFDO�PHGLFLQH�������
$SU��������������

���� $GHZX\D� $2�� 0DNDQMXROD� 52�� 6XEMHFWLYH�
TXDOLW\� RI � OLIH� RI � 1LJHULDQ� VFKL]RSKUHQLD�
SDWLHQWV�� VRFLRGHPRJUDSKLF� DQG� FOLQLFDO�
FRUUHODWHV�� $FWD� 3V\FKLDWULFD� 6FDQGLQDYLFD��
�����$XJ��������������
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���� *XSWD�0��%DVVHWW�(�� ,IWHQH�)��%RZLH�&5��
)XQFWLRQDO� RXWFRPHV� LQ� VFKL]RSKUHQLD��
X Q G H U V W D Q G L Q J � W K H � F RPS H W H Q F H �
SHUIRUPDQFH� GLVFUHSDQF\�� -RXUQDO� RI �
SV\FKLDWULF�UHVHDUFK�������)HE�������������
���

���� :DQJ�+��=KDQJ�0��&KHQ�;��/RX�)��/LDQJ�-��
&KHQ�&��6KL�7��/X�4��3���DXGLWRU\�VHQVRU\�
JDWLQJ� LQ� ÀUVW� RQVHW� VFKL]RSKUHQLFV� DQG�
QRUPDO� KHDOWK\� DGXOWV�� )URQWLHUV� RI �
PHGLFLQH�LQ�&KLQD�������2FW�������������

���� 6KHQ�&/��&KRX�7/��/DL�:6��+VLHK�0+��/LX�
&&�� /LX� &0�� +ZX� +*�� 3���� 1����� DQG�
3���� DXGLWRU\� VHQVRU\� JDWLQJ� GHÀFLWV� LQ�
VFKL]RSKUHQLD� SDWLHQWV�� )URQWLHUV� LQ�
3V\FKLDWU\�������$XJ�����������

���� 9OFHN� 3�� %RE� 3�� 5DERFK� -�� 6HQVRU\�
GLVWXUEDQFHV�� LQKLELWRU\� GHÀFLWV�� DQG� WKH�
3 � � � Z D Y H � L Q � V F K L ] R S K U H Q L D ��
1HXURSV\FKLDWULF� GLVHDVH� DQG� WUHDWPHQW��
�������������

���� %HQFKHULI �0��6WDFKRZLDN�0.��.XFLQVNL�$-��
/LSSLHOOR�30��$OSKD��QLFRWLQLF�FKROLQHUJLF�
QHXURPRGXODWLRQ� PD\� UHFRQFLOH� PXOWLSOH�
Q H X U R W U D Q VP L W W H U � K\ SR W K H V H V � R I �
VFKL]RSKUHQLD�� 0HGLFDO� +\SRWKHVHV�� �����
0D\�����������������

���� )UHHGPDQ� 5�� ơ��QLFRWLQLF� DFHW\OFKROLQH�
U H F H S W R U � D J R Q L V W V � I R U � F R J Q L W L Y H�
HQKDQFHPHQW� LQ� VFKL]RSKUHQLD�� $QQXDO�
UHYLHZ�RI �PHGLFLQH�������-DQ��������������
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