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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

7KH�'HVLUHG�,PSDFW�RI �3LFWXUH�$UFKLYLQJ�DQG�&RPPXQLFDWLRQ�6\VWHP��3$&6��RQ�0HGLFDO�
5HVHDUFK�DQG�(GXFDWLRQ��,WV�6KRUWFRPLQJ�LQ�$�&HQWUH�LQ�6RXWK�6RXWK�1LJHULD

(GLWRULDO�&RPPHQWDU\

7KH�$ZDUHQHVV��RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV�DPRQJ�5HVLGHQW�'RFWRUV�LQ�7HUWLDU\�
&HQWUH�LQ�%HQLQ�&LW\
2VD]HH�.�DQG�2EDKLDJERQ�2

3ODVPD� HOHFWURO\WHV�� RVPRODOLW\� DQG� OLSLG�SURILOH� LQ�SDWLHQWV�ZLWK� DFXWH� VWURNH� LQ� D� WHUWLDU\�
KRVSLWDO�LQ�6RXWK�6RXWK��1LJHULD�

�$GHZROX��2�)���2GLDVH�)

0DQDJHPHQW�RI �(DU�,QIHFWLRQV�E\�3ULPDU\�+HDOWKFDUH�:RUNHUV

,QKLELWLRQ�RI �1DMD�QLJULFROOLV�9HQRP�3KRVSKROLSDVH�$��E\�(WK\ODFHWDWH�([WUDFW�RI �6RODQXP�
GDV\SK\OOXP�6FKXP�DQG�7KRQQ�OHDI��$Q�,Q�YLWUR�DQG�,Q�VLOLFR�$SSURDFK

6RFLR�HFRQRPLF� DQG� &OLQLFDO� &RUUHODWHV� DPRQJVW� +\SHUWHQVLYH� 3DWLHQWV� XWLOL]LQJ�
&RPSOHPHQWDU\�DQG�$OWHUQDWLYH�0HGLFLQHV��&$0��LQ�$�7HUWLDU\�+HDOWK�,QVWLWXWLRQ�LQ�1LJHU�
'HOWD��1LJHULD�

.QRZOHGJH�DQG�8SWDNH�RI �&RYLG����9DFFLQH�$PRQJVW�6WXGHQWV�RI �7HUWLDU\�,QVWLWXWLRQV�LQ�
2JKDUD��'HOWD�6WDWH��1LJHULD

�(QHPXZH�,0��$NSXJKH�+��8PXQDGH�(&��8GHK�,6��8FKH\D�,9� �6XDPH�30��2GRQPHWD�%$�

$�&RPSXWHG�7RPRJUDSKLF�6WXG\�RQ�7KH�0RUSKRORJLFDO�9DULDQWV�RI �7KH�8QFLQDWH�3URFHVV�LQ�
$�6HOHFWHG�1LJHULDQ�3RSXODWLRQ

2ULJLQDO�$UWLFOHV
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7KH� 3KDUPDFRORJLFDO� 3URILOH�� 7KHUDSHXWLF� ,PSRUWDQFH� DQG� /LPLWDWLRQV� ZLWK� WKH� 8VH� RI �
2[\FRGRQH��$�5HYLHZ�

$FXWH�.LGQH\�,QMXU\�LQ�7KH�&ULWLFDOO\�LOO�3DWLHQW��$�5HYLHZ�RI �(SLGHPLRORJLFDO�6WXGLHV�LQ�/RZ�
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3ODVPD�HOHFWURO\WHV��RVPRODOLW\�DQG�OLSLG�SURILOH�LQ�
SDWLHQWV�ZLWK�DFXWH�VWURNH�LQ�D�WHUWLDU\�KRVSLWDO� LQ�
6RXWK�6RXWK��1LJHULD�

� ����$GHZROX��2�) ����2GLDVH�)

�'HSDUWPHQW�RI �&KHPLFDO�SDWKRORJ\��8QLYHUVLW\�%HQLQ�7HDFKLQJ�+RVSLWDO
�'HSDUWPHQW�RI �,QWHUQDO�0HGLFLQH��8QLYHUVLW\�RI �%HQLQ�7HDFKLQJ�+RVSLWDO

$%675$&7

,QWURGXFWLRQ�6WURNH�RU�FHUHEURYDVFXODU�DFFLGHQW�LV�D�OHDGLQJ�FDXVH�RI �PRUELGLW\�DQG�PRUWDOLW\�ZRUOGZLGH��
(OHFWURO\WH�LPEDODQFHV�DQG�G\VOLSLGHPLD�FDXVH�SRRU��SDWLHQWV
�WUHDWPHQW�RXWFRPHV�

$LP�RI �WKH�VWXG\�ZDVWR�HYDOXDWH�3ODVPD�HOHFWURO\WHV��RVPRODOLW\��DQG�OLSLG�SURILOH�LQ�VWURNH�SDWLHQWV�

0DWHULDOV�DQG�0HWKRG��7KLV�ZDV�D�GHVFULSWLYH�FURVV�VHFWLRQDO�VWXG\�FRQGXFWHG�EHWZHHQ�0D\������WR�
2FWREHU� ������ RQ� ���� VWURNH� SDWLHQWV� VHHQ� LQ� WKH� 8QLYHUVLW\� RI � %HQLQ� 7HDFKLQJ� +RVSLWDO�� 6HUXP�
HOHFWURO\WHV��2VPRODOLW\�DQG�OLSLG�SURILOH�ZHUH�DVVD\HG��6WDWLVWLFDO�DQDO\VLV�ZDV�GRQH�XVLQJ�6366�YHUVLRQ�����
/HYHO�RI �VLJQLILFDQFH�HVWDEOLVKHG�DW�S��������

5HVXOW��������RI �WKH�VXEMHFWV�KDG�LVFKHPLF�VWURNH��������KDG�KHPRUUKDJLF�VWURNH��������RI �WKH�VXEMHFWV�
KDG�K\SRQDWUHPLD�DQG�K\SR�RVPRODOLW\������KDG�K\SRNDODHPLD��������KDG�PHWDEROLF�DFLGRVLV�DQG����
K\SRFKORUDHPLD�� 0DMRULW\� RI � WKH� VXEMHFWV� ������������ KDG� QRUPDO� OLSLG� SURILOH�� 1R� VWDWLVWLFDOO\�
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�HOHFWURO\WH�UHVXOWV�RI �ERWK�LVFKDHPLF�DQG�KHPRUUKDJLF�VWURNH���������������������������������������

&RQFOXVLRQ��(OHFWURO\WH�GHUDQJHPHQWV� DUH� FRPPRQ� LQ�SDWLHQWV�ZLWK� VWURNH��+\SRNDODHPLD�ZDV� WKH�
FRPPRQHVW�REVHUYHG��FORVHO\�IROORZHG�E\�K\SRQDWUHPLD�DQG�K\SR�RVPRODOLW\�LQ�WKLV�VWXG\��(OHFWURO\WH�
GHUDQJHPHQWV�LQ�VWURNH�SDWLHQWV�VKRXOG�EH�SURPSWO\�FRUUHFWHG�DQG�SODVPD�OHYHOV�PRQLWRUHG�WR�UHGXFH�
PRUELGLW\�DQG�PRUWDOLW\���
�������������������������������������������������������������������������������������������������������������
.H\�ZRUG��$FXWH��6WURNH��3ODVPD�HOHFWURO\WHV��OLSLG�SURILOH�

&RUUHVSRQGLQJ�DXWKRU��'U��2ODQLNH�$GHZROX���)��QLNHPLGH�#\DKRR�FRP

�SHUVRQV�� ZKLOH� DQRWKHU� DXWKRU � UHSRUWHG�
LQFLGHQFH�RI ����SHU���������

,Q������ZRUOGZLGH������PLOOLRQ�FDVHV�RI �VWURNH�
ZDV� UHSRUWHG� DQG� ���� PLOOLRQ� GHDWKV� ZHUH�
DFFRXQWHG�IRU�E\�VWURNH��,W�ZDV�WKH�VHFRQG�OHDGLQJ�

����FDXVH� RI � GHDWK� DQG� GLVDELOLW\ FRPELQHG�
ZRUOGZLGH��2I �WKH�WRWDO�GHDWK������PLOOLRQ�GHDWKV�

�� �ZHUH�GXH�WR�,VFKHPLF�VWURNH� 2QH�RI �WKH�OHDGLQJ�

,1752'8&7,21
6WURNH�LV�D�OHDGLQJ�FDXVH�RI �DGXOW�GLVDELOLW\�DQG�
GHDWKV�ZRUOGZLGH��ZLWK�DQ�DQQXDO�PRUWDOLW\�UDWH�

�RI �����PLOOLRQ� �3UHYDOHQFH�VHHPV�WR�EH�RQ�WKH�
LQFUHDVH�� 1LJHULD� QRW� OHIW� RXW�� 3UHYDOHQFH� RI �
VWURNH�LQ�1LJHULD�KDV�EHHQ�UHSRUWHG�WR�EH�����SHU�
������ZKLOH�WKH����GD\�FDVH�IDWDOLW\�UDWH�LV�VDLG�WR�

� �EH�DV�KLJK�DV����� �6RPH�DXWKRUV � UHSRUWHG�D�
SRROHG� FUXGH� LQFLGHQFH� RI � ��� SHU� ��������

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



FDXVHV� RI � VWURNH� LQ� $IULFDQ� FRXQWULHV� LV�
��+\SHUWHQVLRQ� &KDQJHV�LQ�OLIHVW\OHV�WKDW�VXSSRUW�

ULVN�IDFWRUV�IRU�VWURNH�LV�RQ�WKH�LQFUHDVH�

7KH� PRUELGLW\� DQG� PRUWDOLW\� DVVRFLDWHG� ZLWK�
VWURNH� DUH� GXH� WR� VRPH� FRPSOLFDWLRQV� OLNH�
&HUHEUDO� HGHPD�� LQIHFWLRQ�� 'HHS� 9HLQ�
WKURPERVLV�DQG�HOHFWURO\WH�GHUDQJHPHQWV�

'LVRUGHUV�RI �VHUXP�HOHFWURO\WHV�HVSHFLDOO\�WKDW�
RI �6RGLXP�DQG�3RWDVVLXP�KDYH�EHHQ�UHSRUWHG�WR�
EH� WKH� FRPPRQHVW� HOHFWURO\WHV� DEQRUPDOLWLHV�

� �IRXQG� LQ� VWURNH� SDWLHQWV� (OHFWURO\WHV�
G L V WXUEDQFHV � VXFK� DV � K\SRQDWUHPLD � �
K\SHUQDWUHPLD� UHVXOWLQJ� LQ� LQFUHDVH� LQ� %UDLQ�
1DWULXUHWLF� 3HSWLGH� DQG� $WULDO� 1DWULXUHWLF�

�3HSWLGH�DUH�FRPPRQ�LQ�DFXWH�SKDVH�RI �VWURNH� �

���6WXGLHV �KDYH�DOVR�EHHQ�GRQH�WR�GHWHUPLQH�WKH�
UHODWLRQVKLS� RI � VHUXP� OLSLGV� DQG� VWURNH�� WKHVH�
VWXGLHV�UHSRUWHG�G\VOLSLGHPLD�LQ�VWURNH�SDWLHQWV�

7KHUH� VHHPV� WR�EH�SDXFLW\�RI � LQIRUPDWLRQ�RQ�
HOHFWURO\WH� GHUDQJHPHQWV�� OLSLG� SURILOH� DQG�
VHUXP�RVPRODOLW\�LQ�VWURNH�SDWLHQWV�LQ�1LJHULD�

7KLV�VWXG\�ZDV�DLPHG�DW�HYDOXDWLQJ�WKH�SODVPD�
HOHFWURO\WHV� RVPRODOLW\�� OLSLG� SURILOH� LQ� VWURNH�
SDWLHQWV�LQ�%HQLQ�&LW\�

0$7(5,$/6�$1'���0(7+2'6
7KLV� GHVFULSWLYH� FURVV�VHFWLRQDO� VWXG\� ZDV�
FRQGXFWHG� LQ� WKH� 1HXURORJ\� XQLW� RI � WKH�
GHSDUWPHQW� RI � ,QWHUQDO�0HGLFLQH� LQ� D� WHUWLDU\�
FDUH� KRVSLWDO�� %HQLQ� &LW\�� IURP� 0D\� ����� WR�
2FWREHU�������$�WRWDO�RI �����SDWLHQWV�DJHG����
���\HDUV�ZLWK�HLWKHU�LVFKDHPLF�RU�KHPRUUKDJLF�
VWURNH�� DQG� GLDJQRVHG�ZLWK� HLWKHU�&7� VFDQ� RU�
05,� RI � WKH� EUDLQ�� HYHU\� FRQVHFXWLYH� SDWLHQW�
DGPLWWHG�LQ�WKH�ZDUG�ZDV�HQUROOHG�LQ�WKH�VWXG\�� �
'DWD�FROOHFWHG�LQFOXGHG�GHPRJUDSKLF�GDWD��W\SHV�
RI �VWURNH��LVFKDHPLF�RU�KDHPRUUKDJLF���PHGLFDO�
KLVWRU\�RI �K\SHUWHQVLRQ��GLDEHWHV�PHOOLWXV�ZDV�

DVFHUWDLQHG��7KLV�ZDV�FROOHFWHG�XVLQJ�D�VWUXFWXUHG�
TXHVWLRQDLUH�� 3ODVPD� HOHFWURO\WHV�� OLSLG� SURILOH��
DQG�3ODVPD�RVPRODOLW\�ZHUH�PHDVXUHG�RQ�WKH�GD\�
RI �DGPLVVLRQ��3ODVPD�HOHFWURO\WHV�ZHUH�PHDVXUHG�
XVLQJ�WKH�,RQ�6HOHFWLYH�(OHFWURGH�$QDO\]HU�������
3ODVPD� RVPRODOLW\� ZDV� PHDVXUHG� XVLQJ� DQ�
2VPRPHWHU�� 6HUXP� 7RWDO� &KROHVWHURO��
7ULJO\FHULGHV��ZHUH�PHDVXUHG�XVLQJ�(Q]\PDWLF�NLW�
PHWKRG�

6WDWLVWLFDO�$QDO\VLV��6WDWLVWLFDO�DQDO\VLV�ZDV�GRQH�
XVLQJ�6366�YHUVLRQ�����6WXGHQW�W�WHVW�ZDV�XVHG�WR�
FRPSDUH� PHDQV� RI � YDULDEOHV�� /HYHO� RI �
VLJQLILFDQFH�ZDV�HVWDEOLVKHG�DW�3�������

5(68/7
$� WRWDO� RI � ���� VXEMHFWV� GLDJQRVHG� ZLWK� DFXWH�
VWURNH�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KH\�ZHUH�DJHG�
EHWZHHQ� ������ \HDUV��2QH� KXQGUHG��������� RI �
WKH�VXEMHFWV�KDG�LVFKHPLF�VWURNH��ZKLOH����������
RI �WKHP�KDG�KHPRUUKDJLF�VWURNH��7DEOH�����0HDQ�
SODVPD�VRGLXP�ZDV�����������PPRO�/��3ODVPD�
6RGLXP� OHYHO�ZDV�QRUPDO� LQ���� ��������RI � WKH�
VXEMHFWV��ZKLOH������������KDG�K\SRQDWUHPLD�DQG�
�� ������� KDG� K\SHUQDWUHPLD� �7DEOH� ���� 0HDQ�
3ODVPD� 3RWDVVLXP� ZDV� ���� �� ���� PPRO�/��
6HYHQW\�RQH�������RI � WKH� VXEMHFWV� KDG�QRUPDO�
3ODVPD� 3RWDVVLXP�� ZKLOH� ��� ������ KDG�
+\SRNDODHPLD�DQG����������KDG�+\SHUNDODHPLD�
�7DEOH����

0HDQ� 3ODVPD� %LFDUERQDWH� ZDV� ���������
PPRO�/��3ODVPD�%LFDUERQDWH�ZDV�QRUPDO�LQ�����
��������RI �WKH�VXEMHFWV��ZKLOH������������KDG�ORZ�
%LFDUERQDWH�OHYHOV��7DEOH����

0HDQ�3ODVPD�&KORULGH�ZDV�����������PPRO�/��
3ODVPD�&KORULGH�ZDV�1RUPDO�LQ�������������RI �
WKH�VXEMHFWV�DQG�ORZ�LQ����������RI �WKH�VXEMHFWV�

0HDQ� 3ODVPD� 2VPRODOLW\� ZDV� �����������
PRVP�NJ�� 6HYHQW\�VHYHQ� �������� KDG� SODVPD�
RVPRODOLW\�ZLWKLQ�WKH�QRUPDO�UHIHUHQFH�LQWHUYDO��

3ODVPD�HOHFWURO\WHV��RVPRODOLW\�DQG�OLSLG�SURILOH�LQ�SDWLHQWV�ZLWK�DFXWH�VWURNH�LQ�D�WHUWLDU\�KRVSLWDO�LQ�6RXWK�6RXWK��1LJHULD� ��
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ZKLOH� ��� ��������� KDG� K\SRRVPRODOLW\�� DQG� ��
�������KDG�K\SHURVPRODOLW\�

0HDQ�6HUXP�7ULJO\FHULGH�ZDV����������PJ�G/��
3ODVPD�7ULJO\FHULGH�ZDV�QRUPDO�LQ�������������
RI � WKH� VXEMHFWV� DQG� KLJK� LQ� �� ������� RI � WKH�
VXEMHFWV��7DEOH����

0HDQ�6HUXP�WRWDO�&KROHVWHURO�ZDV������������
PJ�G/��6HUXP�WRWDO�FKROHVWHURO�ZDV�QRUPDO�LQ�
����������RI �WKH�VXE�VXEMHFWV�DQG�KLJK�LQ��������
RI �WKH�VXEMHFWV��7DEOH����

0HDQ�6HUXP�/'/�&KROHVWHURO�ZDV� ����������
PJ�G/�� /'/� &KROHVWHURO� ZDV� QRUPDO� LQ� ����
������RI �WKH�VXEMHFWV�DQG�KLJK�LQ��������RI �WKH�
VXEMHFWV��7DEOH����

0HDQ�6HUXP�+'/�ZDV�����������PJ�G/��+'/�
&KROHVWHURO�ZDV�QRUPDO�LQ�������������RI �WKH�
VXEMHFWV� DQG� ORZ� LQ� �� ������� RI � WKH� VXEMHFWV�
�7DEOH����

0HDQ�3ODVPD�6RGLXP�ZDV�KLJKHU�LQ�+HPRUUKDJLF�
VWURNH� SDWLHQWV� ���������� PPRO�/�� WKDQ� LQ�
LVFKHPLF� VWURNH� SDWLHQWV� ����������PPRO�/���
'LIIHUHQFH� ZDV� QRW� VWDWLVWLFDOO\� VLJQLILFDQW��
3 �������7DEOH����

0HDQ�3ODVPD�3RWDVVLXP�LQ�+DHPRUUKDJLF�VWURNH�
ZDV� ��������PRO�/�� DQG� ��������PPRO�/�� LQ�
LVFKHPLF� VWURNH� SDWLHQWV�� 1R� VWDWLVWLFDOO\�
VLJQLILFDQW�GLIIHUHQFH�LQ�YDOXHV�REVHUYHG��3 ������
�7DEOH����

0HDQ� 3ODVPD� %LFDUERQDWH� ZDV� VOLJKWO\� KLJKHU�
���������PPRO�/�� LQ� +DHPRUUKDJLF� VWURNH�
SDWLHQWV�FRPSDUHG�ZLWK�LVFKHPLF�VWURNH�SDWLHQWV�
���������PPRO�/��� 'LIIHUHQFH� ZDV� QRW�
VWDWLVWLFDOO\�VLJQLILFDQW��3 ��������7DEOH����

3ODVPD� &KORULGH� ZDV� KLJKHU� LQ� VXEMHFWV� ZLWK�
+DHPRUUKDJLF� VWURNH� ������������ PPRO�/��
FRPSDUHG� ZLWK� LVFKHPLF� VWURNH� VXEMHFWV�
���������PPRO�/��� 'LIIHUHQFH� ZDV� QRW�
VWDWLVWLFDOO\�VLJQLILFDQW��3 �������7DEOH����

'HUPRJUDSKLF�SDUDPHWHUV�DQG�W\SHV�RI �VWURNH

� 7$%/(���

$JH��LQ�\HDUV������ � � � ����������
� � � ���� � � ����������
6H[� � � 0DOH� � � ����������
� � � )HPDOH�� � ����������
7\SHV�RI �VWURNH
� � � ,VFKHPLF�²������������
� � � +HPRUUKDJLF�²�����������

3ODVPD�HOHFWURO\WHV��RVPRODOLW\�DQG�OLSLG�SURILOH�LQ�SDWLHQWV�ZLWK�DFXWH�VWURNH�LQ�D�WHUWLDU\�KRVSLWDO�LQ�6RXWK�6RXWK��1LJHULD���
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7$%/(���
3ODVPD�(OHFWURO\WHV��2VPRODOLW\�DQG�/LSLG�3URÀOH�LQ�WKH�VWXG\�SRSXODWLRQ

6RGLXP�� � � � Q� � � � � 0HDQ
1RUPDO� � � � ����������� � � ����������PPRO�/
��������PPRO�/�� � �
+\SRQDWUHPLD�� � � ����������
�����PPRO�/��
+\SHUQDWUHPLD�� � � ��������
�!���PPRO�/�

3RWDVVLXP�
1RUPDO�� � � � �������� � � ��������PPRO�/
������PPRO�/�� � �
+\SRNDODHPLD�
����PPRO�/� � � � ��������� � � � ������
+\SHUNDODHPLD�
!�PPRO�/� � � � ��������

%LFDUERQDWH� � � � � � � � ��������PPRO�/
1RUPDO� � � � ����������
������PPRO�/�
/RZ� � � � � ����������
���PPRO�/
� � � � � � �
&KORULGH� � � � � � � � ���������PPRO�/
1RUPDO
������PPRO�/��� � � ����������

+\SRFKORUDHPLD� � � ��������
���PPRO�/

2VPRODOLW\� � � � � � � � �����������P2VP�NJ
1RUPDO
�������P2VP�NJ� � � �����������
/RZ
����P2VP�NJ��� � � ����������
+LJK�� � � � � � � � � � � �
!���P2VP�NJ�� � � ��������

7ULJO\FHULGHV��������
1RUPDO
����PJ�G/� ��������������� � ����������������������������������� ���������PJ�G/

���

3ODVPD�HOHFWURO\WHV��RVPRODOLW\�DQG�OLSLG�SURILOH�LQ�SDWLHQWV�ZLWK�DFXWH�VWURNH�LQ�D�WHUWLDU\�KRVSLWDO�LQ�6RXWK�6RXWK��1LJHULD� ��
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+LJK���������������������������������� � ���������
!���PJ�GO����������������������������

7RWDO�&KROHVWHURO�
1RUPDO�� � � � ��������� � ������� ����������PJ�G/
����PJ�GO� � � �
+LJK�� � � � �������� ��������
!���PJ�GO

/'/�&KROHVWHURO� � �
1RUPDO�� � � � ��������� � � ���������PJ�G/
����PJ�GO� � � �
+LJK�� � � � � �����
!���PJ�GO

+'/� � � �
1RUPDO� � � � � ������� � � ����������PJ�G/
�����PJ�GO� � � � ����������� �
/RZ� � � � �
���PJ�GO� � � � �������

7$%/(���
&RPSDULVRQ�RI �HOHFWURO\WHV�LQ�KHPRUUKDJLF�DQG�LVFKHPLF�VWURNH

� � � � +HPRUUKDJLF�VWURNH� ,VFKHPLF�VWURNH� � 3�YDOXH
6RGLXP��PPRO�/�� � ��������� � ���������� � �����
3RWDVVLXP��PPRO�/�� � ��������� � ��������� � �����
%LFDUERQDWH��PPRO�/�� � ����������� � ��������� � �����
&KORULGH��PPRO�/�� � ����������� � ��������� � �����

',6&866,21�
2XW� RI � WKH� ���� VXEMHFWV� LQ� WKLV� VWXG\�� ���
UHSUHVHQWLQJ� ������ RI � WKHP� ZHUH� LQ� WKH� DJH�
JURXS����\HDUV�DQG�DERYH��7KLV�LPSOLHV�WKDW�WKH�
LQFLGHQFH�RI �VWURNH�ZDV�KLJKHU�LQ�WKH�ROGHU�DJH�
JURXS�� 6LPLODU� REVHUYDWLRQV� ZHUH� PDGH� E\�

���� ��$MLGDKXQ�HW�DO DQG�+DVVDQ�HW�DO LQ�WKHLU�VWXGLHV�

$� ODUJHU� SHUFHQWDJH� RI � WKH� VXEMHFWV� KDG�
,VFKDHPLF� VWURNH�� DQG� D� ORZHU� SHUFHQWDJH� KDG�

�������KDHPRUUKDJLF�VWURNH��6WXGLHV �LQ�RWKHU�SDUWV�
RI �WKH�ZRUOG�KDYH�DOVR�UHSRUWHG�VLPLODU�ILQGLQJV�

,VFKDHPLF�VWURNH�DSSHDUV�WR�EH�FRPPRQHU�WKDQ�

+DHPRUUKDJLF�VWURNH�ZRUOGZLGH��7KLV�FRXOG�EH�D�
UHIOHFWLRQ�RI �VRFLR�HFRQRPLF�OLIHVW\OH��������RI �
WKH� VXEMHFWV� LQ� RXU� VWXG\� KDG� +\SRQDWUHPLD��

������6HYHUDO� DXWKRUV � KDYH� UHSRUWHG� VLPLODU�
REVHUYDWLRQV� LQ� WKHLU� VWXGLHV�� +\SRQDWUHPLD� LV�
IUHTXHQW�LQ�$FXWH�6WURNH�SDWLHQWV��+\SRQDWUHPLD�
PD\�EH�VHHQ�ERWK� LQ� LVFKHPLF�DQG�KHPRUUKDJLF�

���VWURNH DQG� LV� DVVRFLDWHG� ZLWK� ZRUVH� RXWFRPHV�
��DQG�LQFUHDVHG�PRUWDOLW\� �+\SRQDWUHPLD�LV�XVXDOO\�

K\SRRVPRODO� DQG� PD\� EH� GXH� WR� V\QGURPH� RI �
LQDSSURSULDWH�$QWLGLXUHWLF�KRUPRQH�VHFUHWLRQ�RU�
&HUHEUDO�6DOW�:DVWLQJ�6\QGURPH��7KLV�FRXOG�EH�

��DVVRFLDWHG�ZLWK�KLJK�PRUWDOLW\�UDWH��.KDQ�HW�DO �
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UHSRUWHG� LQ� WKHLU� VWXG\� WKDW� LW� LQFUHDVHV� EUDLQ�
HGHPD� DQG� VXEVHTXHQW � QHXUR ORJ LFD O �
F RQ V HTXHQF H V � � 7 KH \ � U H SR U W HG � W K D W �
+\SHUQDWUHPLD� LV�SUHYDOHQW� LQ� LVFKHPLF� VWURNH�
DQG�LV�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�LQ�KRVSLWDO�
PRUWDOLW\�DQG�ZRUVH�1,+66�VFRUHV�DW�DGPLVVLRQ�
DQG�GLVFKDUJH��5HVXOWV�LQ�RXU�VWXG\�VKRZHG�WKDW�
K\SRQDWUDHPLD� LV� PRUH� FRPPRQ� LQ� VWURNH�
SDWLHQWV�LQ�WKH�DUHD�RI �VWXG\�DQG�KHQFH��SURSHU�
DQG� DGHTXDWH� PDQDJHPHQW� SURWRFRO� LV� WR� EH�
LQVWLWXWHG�WR�SUHYHQW�IDWDO�RXWFRPHV�

+\SHUQDWUHPLD�ZDV�REVHUYHG�LQ����RI �WKH�VWXG\�
SRSXODWLRQ��+\SRNDODHPLD�ZDV�DOVR�REVHUYHG�LQ�
���� RI � WKH� VXEMHFWV� LQ� WKH� VWXG\� SRSXODWLRQ��

�:DOL �HW�DO�DOVR�UHSRUWHG�K\SRNDODHPLD� LQ�WKHLU�
��VWXG\�LQ�VWURNH�SDWLHQWV�LQ�,QGLD��*DULEDOOD�HW�DO �

UHSRUWHG� LQ� WKHLU� VWXG\� WKDW� +\SRNDODHPLD� LV�
FRPPRQ�3RVW�VWURNH�DQG�PD\EH�EH�DVVRFLDWHG�
ZLWK� D� SRRU� RXWFRPH�� +\SHUNDODHPLD� ZDV�
REVHUYHG�LQ������RI �WKH�FDVHV��KHQFH�PD\�QRW�EH�
D�FRPPRQ�RFFXUUHQFH�

0DMRULW\� RI � WKH� SDWLHQWV� KDG� QRUPDO� 3ODVPD�
ELFDUERQDWH�OHYHOV�DQG�D�ORZHU�SHUFHQW�KDG�ORZ�

���ELFDUERQDWH� OHYHOV�� +XDQJ UHSRUWHG� LQ� WKHLU�
VWXG\� WKDW� ORZ�EDVHOLQH�ELFDUERQDWH� OHYHOV� DQG�
GHFUHDVHG�ELFDUERQDWH�OHYHOV�GXULQJ�WKH�,&8�VWD\�
ZHUH� DVVRFLDWHG� ZLWK� D� KLJK� ULVN� RI � ���GD\�
PRUWDOLW\� LQ� $FXWH� ,VFKHPLF� 6WURNH�� 0HWDROLF�
DFLGRVLV� FDQ� FRQWULEXWH� WR� PRUELGLW\� DQG�
PRUWDOLW\�

0DMRULW\� RI � WKH� VXEMHFWV� KDG� QRUPDO� SODVPD�
FKORULGH� ZLWK� D� IHZ� FDVHV� RI � K\SRFKORUHPLD��

���%HL HW� DO� UHSRUWHG� WKDW� K\SRFKORUHPLD� ZDV�
DVVRFLDWHG�ZLWK�D�����IROG�LQFUHDVH�LQ�WKH�ULVN�RI �
LQ�KRVSLWDO�PRUWDOLW\�LQ�WKHLU�VWXG\�

$OPRVW� KDOI � RI � WKH� VHSDUDWH� SRSXODWLRQ� KDG�
K\SRRVPRODOLW\�� 7KLV� FRXOG� EH� PXOWLIDFWRULDO��
UDQJLQJ� IURP� HIIHFWV� RI � V\QGURPH� RI �
LQDSSURSULDWH�$'+�VHFUHWLRQ��WR�IOXLG�RYHUORDG�

HVSHFLDOO\�ZLWK�K\SRWRQLF�VROXWLRQ��DPRQJVW�RWKHU�
FDXVHV��7KLV�FRXOG�DOVR�EH�D�FRQWULEXWRU\�IDFWRU�WR�
K\SRQDWUHPLD�REVHUYHG�WKH�VXEMHFWV�

0DMRULW\�RI �WKH�VWXG\�SRSXODWLRQ�KDG�QRUPDO�OLSLG�
SURILOH��2QO\������KDG�K\SHUWULJO\FHULGHPLD�����
K\SHUFKROHVWHUROHPLD�����KLJK�VHUXP�/'/�������

�������ZLWK�ORZ�VHUXP�+'/��6RPH�DXWKRUV �UHSRUWHG�
G\VOLSLGHPLD�RI �YDU\LQJ�GHJUHHV�LQ�WKHLU�VWXGLHV��

�$ODPD\HKX � UHSRU WHG� ������ FDVHV� RI �
G\VOLSLGHPLD� LQ� VWURNH� SDWLHQWV� LQ� WKHLU� VWXG\��

���%KDURVD\� HW� DO UHSRUWHG� LQFUHDVHG� ULVN� RI �
LVFKDHPLF� VWURNH� DQG� SRRUHU� SURJQRVLV� ZLWK�
LQFUHDVHG� VHUXP� OHYHOV� RI � WRWDO� FKROHVWHURO��
WULJO\FHULGHV�� ORZ� GHQVLW\� OLSRSURWHLQ�� DQG� ORZ�

��VHUXP� +'/�� 5HKPDQ � DOVR� UHSRUWHG� D� KLJK�
IUHTXHQF\� RI � G\VOLSLGHPLD� LQ� VWURNH� SDWLHQWV� LQ�
,QGLD��7KH�REVHUYDWLRQ�RI �FDVHV�RI �G\VOLSLGHPLD�
LQ�RXU�VWXG\�PD\�EH�LQIOXHQFHG�E\�VRFLR�HFRQRPLF�
DQG�GLHWDU\�IDFWRUV�

$� FRPSDULVRQ� RI � 3ODVPD� HOHFWURO\WH� EHWZHHQ�
,VFKDHPLF� DQG� +HPRUUKDJLF� VWURNH� SDWLHQWV�
VKRZHG�WKDW�0HDQ�SODVPD�6RGLXP�ZDV�KLJKHU�LQ�
+HPRUUKDJLF� VWURNH� WKDQ� ,VFKDHPLF� VWURNH��
WKRXJK�GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��
0HDQ�3ODVPD�3RWDVVLXP�OHYHOV�ZDV�YLUWXDOO\� WKH�
VDPH�LQ�ERWK�JURXSV��0HDQ�SODVPD�FKORULGH�ZDV�
KLJKHU�LQ�VXEMHFWV�ZLWK�KHPRUUKDJLF�VWURNH�WKDQ�
LVFKDHPLF� VWURNH�� GLIIHUHQFH� QRW� VWDWLVWLFDOO\�
VLJQLILFDQW�

���0DQVRRU� HW� DO UHSRUWHG� VLJQLILFDQWO\� KLJKHU�
VRGLXP� OHYHOV� LQ� KHPRUUKDJLF� VWURNH� SDWLHQWV�
FRPSDUHG� ZLWK� ,VFKHPLF� VWURNH� SDWLHQWV��

�����)DUDPDQG� DQG� FR� DXWKRUV � UHSRUWHG� WKDW�
LQFUHDVHG�VRGLXP�FRQFHQWUDWLRQV�ZHUH�DVVRFLDWHG�
ZLWK�D�KLJKHU�LQFLGHQFH�RI �VWURNH�DQG�ZRUVHQLQJ�
RI �QHXURORJLFDO�FRQGLWLRQ�

&21&/86,21
(OHFWURO\WH�GHUDQJHPHQWV�DUH�FRPPRQ�LQ�VWURNH�
SDWLHQWV�� +\SRNDOHPLD� LV� WKH� FRPPRQHVW�

3ODVPD�HOHFWURO\WHV��RVPRODOLW\�DQG�OLSLG�SURILOH�LQ�SDWLHQWV�ZLWK�DFXWH�VWURNH�LQ�D�WHUWLDU\�KRVSLWDO�LQ�6RXWK�6RXWK��1LJHULD� ��
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REVHUYHG� LQ� RXU� VWXG\�� IROORZHG� FORVHO\� E\�
K\SRQDWUHPLD�DQG�K\SRRVPRODOLW\��3DWLHQWV�ZLWK�
$FXWH� VWURNH� VKRXOG� EH� VFUHHQHG� LPPHGLDWHO\�
IRU� HOHFWURO\WH� GHUDQJHPHQWV�� (DUO\� GHWHFWLRQ��
SURSHU�PRQLWRULQJ� DQG� SURPSW� FRUUHFWLRQ� RI �
GHUDQJHPHQWV� LQ�6HUXP�HOHFWURO\WH�ZLOO� UHGXFH�
PRUELGLW\�DQG�PRUWDOLW\�LQ�VWURNH�SDWLHQWV�

5()(5(1&(6
VW���� 'RQNHU� (6� 6WURNH� LQ� WKH� �� FHQWXU\�� $�

6QDS� VKRW� RI � WKH� EXUGHQ��(SLGHUPLRORJ\��
DQG�4XDOLW\�RI �OLIH��6WURNH�5HV�7UHDW�����

���� :DKDE� .:�� 7KH� %XUGHQ� RI � 6WURNH� LQ�
1LJHULD��,QW�-�6WURNH�������1RY�����������

���� $GHOR\H� '�� � (]HMLPRIRU� 0�� $XWD� $��
0RD]DQMH� 5�� (]HLJZH�1��1LJLJH� �(� HW� DO�� �
(VWLPDWLQJ� 0RUELGLW\� GXH� WR� VWURNH� LQ�
1LJHULD�� $� V\VWHPDWLF� UHYLHZ� DQG� PHWD�

���$QDO\VLV��-�QHXURO�6FL������ ������������
���� $NLQ\HPL� 52�� 2YELDJHOH� %�� 0D\RZD� 2��

6WURNH� LQ� $IULFD�� 3URILOH�� 3URJUHVV��
3URVSHFWV� DQG� 3ULRULWLHV�� 1DWXUH� 5HYLHZV��
1HXURORJ\�������������

���� )HLJLQ�9/��%UDLQLQ�0��1RUUYLQJ�%��0DUWLQV�
6��6DFFR�5HW�DO��:RUOG�6WURNH�2UJDQL]DWLRQ�
�:62���*OREDO�6WURNH�)DFW�6KHHW��������,QW�
-�6WURNH������������������

���� $MLGDKXQ� 2�0�� %HELEHOH� &�2�� (OHFWURO\WH�
GHUDQJHPHQWV� DQG� LWV� DVVRFLDWLRQ� ZLWK�
PRUWDOLW\�LQ�VWURNH�SDWLHQWV�LQ�WKH�8QLYHUVLW\�
&ROOHJH� +RVSLWDO�� ,EDGDQ�� 1LJHULD�� $IU� -�
%LRPHG�5HV��������������

���� :DOL�99��3DWLO�66��$�FRPSDUDWLYH�VWXG\�RI �
VHUXP� HOHFWURO\WHV� DQG� OLSLGV� LQ� ,VFKHPLF�
DQG� +HPRUUKDJLF� VWURNH�� ,QW� -� 5HVHDUFK�
0HG�6FL��������YRO����,,������������

���� $OHPD\HKX� (�� )DVLO� $�� 1LJDWLH� 0��
$PEDFKHZE� 6�� 6HUXP� /LSLG� 3URILOH� RI �
V W URNH� SDW LHQWV � D W WHQGLQJ� 'HVV LH �
&RPSUHKHQV LYH � +RVS L W D O � 'HVV L H � �
1RUWKHDVW��(WKRSLD��$�&RPSDUDWLYH�&URVV�
6HFWLRQDO�VWXG\�+HUL\RQ������PDU������

���� +DVVDQ� 0.�� +DVVDQ� 0%�� 5XEDL\DW� .$��

(OHFWURO\WH�GLVWXUEDQFHV� LQ�$FXWH�SKDVH�RI �
VWURNH� SDWLHQWV�� 'LQDMSXU�0HG� &RO� -� -DQ� ��
���������

�����$KPDG�-�)DURRT�2��6DQDLH�$�HW�DO��6WXG\�RI �
(OHFWURO\WH�DEQRUPDOLWLHV�LQ�$FXWH�VWURNH�DQG�
FRUUHODWLRQ� ZLWK� � RXWFRPH�� ,-06,5� ������
������������

�����6HW\D�:DWL�<'�HW�DO��(OHFWURO\WH�GLVWXUEDQFHV�
DQG� OLSLG� SURILOHV� LQ� ,VFKHPLF� DQG�
KHPRUUKDJLF� VWURNH� SDWLHQWV� LQ� $LV\L\DK�
%RMRQHJRUR�+RVSLWDO�� ,QGRQHVLD�� ,QW� -� 5HV�
0HG�6FL�������-XQ����������������

�����(KWHVKDP�0�0RKPDQG�0��5DM�.��+XVVDLQ�
7��.DYLWD�)��.XPDU�%�HW�DO��&OLQLFDO�6SHFWUXP�
RI � +\SRQDWUHPLD� LQ� SDWLHQWV� ZLWK� VWURNH��
&HXUHXV�������$XJ��������

���� /LDPLV� *�� %DUNDV� )�� 0HJDSDQRX� (��
&KULVWRSRXORX� (� � 0DNUL � $� HW � D O � �
+\SRQDWUHPLD� LQ� � $FXWH� VWURNH� SDWLHQWV��
3DWKRSK\VLRORJ\�� &OLQLFDO� VLJQLILFDQFH� DQG�
PDQDJHPHQW�RSWLRQV��(XU�1HXURO�����������
�����������

�����.KDQ�$��.KDQ�]��.KDQ�6��8OODK�$��$\XE�*��
7DULT�1HW�DO��)UHTXHQF\�RI �K\SRQDWUHPLD�DQG�
LWV� LPSDFW�RQ�SURJQRVLV� LQ� LVFKHPLF�VWURNH��
&HUXHV�����

�����*DULEDOOD�6(��5RELQVRQ�7*��)RUWKHUE\�0'��
+\SRNDUOHPLD� DQG� SRWDVVLXP� H[FUHWLRQ� LQ�
VWURNH� SDWLHQWV�� -� $P� *HULDWULF� 6RF� ������
�������������

�����+XDQJ� ;�� =KDQJ� <�� 5HODWLRQVKLS� EHWZHHQ�
VHUXP�ELFDUERQDWH�OHYHO�DQG�WKH�ULVN�RI �GHDWK�
ZLWKLQ� ��� GD\V� LQ� ,&8� SDWLHQWV� ZLWK� DFXWH�
LVFKHPLF�VWURNH��)URQW�1HXURO����������

����%HL�+]��<RX�6�-��=KHQJ�'��=KRQJ�&�.��'X�+�
3�HW�DO��3URJQRVWLF�UROH�RI �K\SRFKORUDHPLD�LQ�
DFXWH� VWURNH� SDWLHQWV�� $FWD� 1HXURO�
6FDQGLQDYLFH�����������

����%KDURVD\�$��%KDURVD\�9��%DQG\RSDGK\D\�'��
6RGDQL�$��9DUPD�0��%DUXDK�+HW�DO��(IIHFW�RI �
/LSLG� SURILOH� XSRQ� SURJQRVLV� LQ� ,VFKHDPLF�
DQG� KHPRUUKDJLF� FHUHEURYDVFXODU� VWURNH��
,QGLD�-�&OLQ�%LRFKHP������

3ODVPD�HOHFWURO\WHV��RVPRODOLW\�DQG�OLSLG�SURILOH�LQ�SDWLHQWV�ZLWK�DFXWH�VWURNH�LQ�D�WHUWLDU\�KRVSLWDO�LQ�6RXWK�6RXWK��1LJHULD���
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����5HKPDQ�18��%LODO�0��6KDK�6$�� ,PUDQ�0��
0DVRRG� $�� )UHTXHQF\� RI � GHUDQJHG� OLSLG�
SURILOH� LQ� SDWLHQWV� ZLWK� VWURNH�� 3DNLVWDQ� -�
1HXURO�����������

�����0DQVRRU�)�.XPDU�-LWHVK��.DXU�1��6XOWDQ�6��
7DKLU� +� HW� DO�� )UHTXHQF\� RI � HOHFWURO\WH�
LPEDODQFH�LQ�SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH�
VWURNH��&HXUHXV������������

���� )DUDKPDQG� )�&KRREL� $%�� +HVKPDW� 5��
*KDIRXL�+%��+HQHGDQFKL�6�6HUXP�VRGLXP�
DQG� SRWDVVLXP� OHYHOV� LQ� FHUHEURYDVFXODU�
DFFLGHQW�SDWLHQWV��0DOH\V�7�0HG�6FL�������

��������
���� .DELQ�+��+8�<��:X�<��-L�=��:DQJ�6��/LQ�=��

3DQ�6�HW�DO��+\SHUFKORUHPLD�LV�DVVRFLDWHG�ZLWK�
SRRUHU�RXWFRPH�LQ�FULWLFDOO\�LOO�VWURNH�SDWLHQWV��
)URQW�1HXURO������������

$GHZROX�2)��2GLDVH�)��3ODVPD�(OHFWURO\WHV��
2VPRODOLW\�DQG�/LSLG�3URÀOH�LQ�3DWLHQWV�
ZLWK�$FXWH�6WURNH�LQ�D�7HUWLDU\�+RVSLWDO�LQ�
6RXWK�6RXWK��1LJHULD��$IU��-��7URS��0HG��	�
%LRPHG��5HV������������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���
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