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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

'LULVX��,0��2NXRQJKDH��(0

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

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

(EHUHJKZD�(0���2UKH�2*��$Q\DQZX�%(





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

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

$EVWUDFW
,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�
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