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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

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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(GLWRULDO�&RPPHQWDU\

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

���'HSDUWPHQW�RI �5DGLRORJ\��'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO�3�0�%����2JKDUD��1LJHULD
���'HSDUWPHQW�RI �)DPLO\�PHGLFLQH��'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO�3�0�%����2JKDUD��1LJHULD�

&RUUHVSRQGLQJ�DXWKRU��1LFKRODV�.RJKD��'HSDUWPHQW�RI �5DGLRORJ\��'HOWD�VWDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO�3�0�%����
2JKDUD��1LJHULD��(PDLO��QLFKRODVNRJKD�#JPDLO�FRP��7HO���������������

,1752'8&7,21
7KH�DELOLW\�WR�XWLOL]H�WKH�3LFWXUH�$UFKLYLQJ�DQG�
&RPPXQLFDWLRQ� 6\VWHP� �3$&6�� WR� FRQGXFW�
UHVHDUFK�KDV�EHHQ�ZHOO�GRFXPHQWHG�LQ�OLWHUDWXUH�
DQG�KDV�EHHQ�XVHG�WR�FRQGXFW�VHYHUDO�SURÀWDEOH�
DQG� QRWDEOH� UHVHDUFKHV�� :LWK� WKLV� QRYHO�
WHFKQRORJ\�� UHVHDUFKHUV� FDQ� HDV\� UHWULHYH� GDWD�
GRPLFLOHG� LQ�3$&6��7KH�SLFWXUH� DUFKLYLQJ� DQG�
FRPPXQLFDWLRQ� V\VWHP� �3$&6�� DFKLHYHV� WKLV�
HDV\� DFFHVV� WR�GDWD�E\� LWV�ZRUNLQJ� FDSDFLW\�RI �
DUFKLYLQJ�� UHWULHYLQJ� DQG� URXWLQJ� RU� GLUHFWLQJ�
GDWD� WR� ZKHUH� WKH\� DUH� QHHGHG�� 7KLV� LV� WKH�
H[SHFWDWLRQ�� EXW� RFFDVLRQDOO\�� WKLQJV� GR� QRW�
RSHUDWH�TXLWH�HDVLO\�DV�LW�RXJKW�WR��6\VWHP�IDLOXUH�
RFFDVLRQHG�E\�VHYHUDO�LQWLPLGDWLQJ�IDFWRUV�FRXOG�
RSHUDWH�WR�KDPSHU�WKH�XVXDO�VPRRWK�UXQQLQJ�RI �
3$&6�

([SHFWDWLRQ�DQG�FKDOOHQJHV
7KH� FRPSRQHQWV� RI � D� ZRUNLQJ� 3$&6� DUH�
DVVHPEOHG�WR�DFTXLUH�DOO�LPDJHV�SURGXFHG�LQ�WKH�
UDGLRORJ\�GHSDUWPHQW�LQ�D�GLJLWDO�PRGH��WKHUHE\�
PDNLQJ�LW�D�ÀOPOHVV�GHSDUWPHQW��7KH�LQQRYDWLYH�
WHFKQRORJ\�UHPRYHV�WKH�ROG�FRQYHQWLRQDO�ZD\�RI �

SURGXFLQJ�LPDJHV�WKDW�DUH�JLYHQ�WR�WKH�SDWLHQWV�LQ�
D�SDSHU� MDFNHW��7KH�QHHG�IRU�D�GDUN�URRP��ZLWK�
WDEOHV�FDUU\LQJ�VHYHUDO�WUD\V�ÀOOHG�ZLWK�GHYHORSLQJ�
FKHPLFDOV�DUH�VXEVHTXHQWO\�GLVFDUGHG�

%XW� RFFDVLRQDOO\�� WKH� VPRRWK� UXQQLQJ� RI � WKH�
V\VWHP�PD\�IDLO��SRVVLEO\�GXH�WR�HOHFWULFDO�SRZHU�
RXWDJH� RU� HOHFWULFDO� SRZHU� VXUJHV� WKDW� FRXOG�
GDPDJH� VHQVLWLYH� FRPSRQHQWV� LQ� WKH�PDFKLQHV��
7KLV�QHJDWLYH�FKDOOHQJH�KDYH�EHHQ�UHSRUWHG�LQ�WKH�
PHGLFDO� FHQWUH� ZKHUH� 3$&6� ZDV� LQVWDOOHG��
$SSDUHQWO\��QR�HOHFWULFDO�VWDELOL]HUV�ZHUH�LQVWDOOHG�
DORQJ�ZLWK�WKH�3$&6��'XH�WR�WKLV�HUURU�HOHFWULFDO�
SRZHU� ÁXFWXDWLRQV�� DQG� WKHUH� ZHUH� PDQ\�
LQVWDQFHV�� ZHUH� WUDQVPLWWHG� WR� WKH� VHQVLWLYH�
FRPSRQHQW�RI �WKH�V\VWHP��OHDGLQJ�WR�GDPDJHV�

6HFRQGO\��DW�WKH�FRPPHQFHPHQW�RI �WKH�XWLOL]DWLRQ�
RI �WKH�3$&6�DW�'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�
+RVSLWDO��PDQ\�GHGLFDWHG�FRQVXOWLQJ�FOLQLFV�ZLWK�
EUDQG� QHZ� FRPSXWHU� VHWV� ZKHUH� FRQQHFWHG�
GLUHFWO\�WR�WKH�GLVVHPLQDWLQJ�3$&6�RIÀFH��LPDJHV�
DQG�UHSRUWV�ZHUH�URXWHG�WR�WKHVH�FRPSXWHU�VHWV��
$W� WKLV� SHULRG�� FRQVXOWDWLRQ� ZDV� UHODWLYHO\� IDVW��
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ZLWK�SDWLHQWV�OLWHUDOO\�YLHZLQJ�WKHLU�LPDJHV�DQG�
UHSRUWV�RQOLQH��7KH�ÀOP�FODULW\�ZDV�JRRG��VXFK�
WKDW�SDWLHQWV� FRXOG� HDVLO\�EHOLHYH�ZKDW� UHSRUWV�
WKH\�ZHUH�JLYHQ��3DWLHQWV�DOVR�KDG�DFFHVV�WR�WKHVH�
LPDJHV�DQG�UHSRUWV�RXWVLGH�WKH�LQVWLWXWLRQ�LQ�WKH�
HYHQW�RI �UHIHUUDOV�DQG�RXWVLGH�FRQVXOWDWLRQ��%XW�
ZLWK� DJLQJ� RI � WKH� FRPSXWHU� VHWV�� DQG� WKH�
HFRQRPLF� VLWXDWLRQ� GLG� QRW� DOORZ� IRU� TXLFN�
UHSODFHPHQW��WKH�RQOLQH�URXWLQJ�RI �LPDJHV�DQG�
UHSRUWV� GHFO LQHG� GUDVWLFDO O\� � :LWK� WKLV�
GHYHORSPHQW�� WKH� RQO\� DYDLODEOH� ZD\� RI �
FRPPXQLFDWLQJ�UHVXOWV�WR�WKH�FOLQLFLDQV�ZDV�YLD�
W\SLFDO�SDSHU�UHSRUWV�

7KLUGO\��GXH�WR�WKH�VWULQJHQW�HFRQRPLF�VLWXDWLRQ��
DWWHPSWV� ZHUH� PDGH� WR� UHSDLU� GDPDJHG�
FRPSXWHUV��+RZHYHU��WKLV�DWWHPSW�IDLOHG�EHFDXVH�
LW�ZDV�GLIÀFXOW�WR�REWDLQ�JHQXLQH�HOHFWULFDO�SDUWV�
RI �GDPDJHG�FRPSXWHUV��7KXV��PDNLQJ�LW�GLIÀFXOW�
WR�VXVWDLQ�WKH�3$&6�LQ�RXU�FHQWUH�

)RXUWKO\�� WKH� XQZKROHVRPH� LQFLGHQFH� RI � WKH�
XQL�GLUHFWLRQDO�PLJUDWLRQ�RI �PDQ\�RI �RXU�VNLOOHG�
ZRUNHUV�DEURDG�IRU�JUHHQHU�SDVWXUHV�KDV�UHVXOWHG�
LQ�VKRUWDJH�RI �WUDLQHG�SHUVRQQHO�DW�YDULRXV�OHYHOV�
RI �WKH�ZRUN�IRUFH��$�WUHQG�WKDW�ZDV�VR�VHYHUH�
WKHUH� ZDV� OHVV� WKDQ� ���� RI � WKH� GHGLFDWHG�
ZRUNIRUFH� DYDLODEOH� DW� FHUWDLQ� WLPH�� 7KLV�
VKRUWDJH�RI �WUDLQHG�SHUVRQQHO�OHG�WR�LQFUHDVHG�
ZRUNORDG�RQ�DYDLODEOH�VWDII �DV�ZHOO�DV�SURORQJHG�
WXUQDURXQG�WLPHV�LQ�VHUYLFH�GHOLYHU\�ZLWK�GHOD\V�
LQ�DFTXLVLWLRQ��SURFHVVLQJ�DQG�UHSRUWLQJ�LPDJHV�
YLD� WKH� 3$&6�� )XUWKHUPRUH�� WKHUH� ZDV� QR�
UHFLSURFDO� LQFUHPHQW� LQ� WKH� UHPXQHUDWLRQ� RI �
WKHVH�RYHUZRUNHG�VWDII �WR�HQFRXUDJH�DQG�ERRVW�
WKHLU�PRUDOH��

$OO� WKHVH�FKDOOHQJHV� LPSDFWHG�QHJDWLYHO\�RQ�WKH�
FOLQLFLDQV
� LQWHUHVW� WR� XVH� WKH� 3$&6� WR� FRQGXFW�
WHDFKLQJ� VHVVLRQV�ZLWK� WKHLU� VWXGHQWV��$OVR�� WKH�
SRVVLELOLW\�RI �XWLOL]DWLRQ�RI �WKH�GDWD�IRU�UHVHDUFK�
ZDV� UHGXFHG� GXH� WR� WKH� QRQ�YLVLELOLW\� RI � WKH�

�3$&6�

5HFRPPHQGDWLRQ
*RYHUQPHQW� IXQGLQJ� RI � WKLV� WHFKQRORJ\� LV�
UHTXLUHG� HVSHFLDOO\� LQ� DFTXLVLWLRQ� RI � GHGLFDWHG�
HOHFWULFDO�VWDELOL]HUV��DQG�UHSODFHPHQW�RI �GDPDJHG�
FRPSXWHUV�EHFDXVH�RI �WKH�GHVLUHG�LPSRUWDQFH�RI ��
3$&6�LQ�PHGLFDO�HGXFDWLRQ�DQG�UHVHDUFK��

5HFUXLWPHQW�RI �QHZ�SHUVRQQHO�WR�UHGXFHG�ZRUN�
EXUGHQ� RQ� WKH� DOUHDG\� GHSOHWHG� SHUVRQQHO� LV�
KLJKO\�UHFRPPHQGHG��

5HWUDLQLQJ�RI �3$&6�SHUVRQQHO� DQG� FOLQLFLDQV� LV�
QHFHVVDU\� WR� VXVWDLQ� WKH�SRVLWLYH�HIIHFWV�RI � WKLV�
WHFKQRORJ\�LQ�PHGLFDO�HGXFDWLRQ�DQG�UHVHDUFK��

5()(5(1&(
�� �6�%�� 6HVKDGUL��5�/��$UHQVRQ��7KH� LPSDFW�RI �

3$&6 � RQ � U H V H D U FK � DQG � HGXFD W L RQ ��
,QWHUQDWLRQDO� MRXUQDO� RI � %LR�PHGLFDO�
FRPSXWLQJ�� 9RO� ���LVVXH� �����0D\� ����� SJ�
��������

�

7KH�'HVLUHG�,PSDFW�RI �3LFWXUH�$UFKLYLQJ�DQG�&RPPXQLFDWLRQ�6\VWHP��3$&6�����

.RJKD� 1�� (NRNLGRORU� 2(�� (EHUHJKZD� (��
$Q\ZDQZX� (%�� 7KH� 'HVLUHG� ,PSDFW� RI �
3LFWXUH�$UFKLYLQJ�DQG�&RPPXQLFDWLRQ�6\VWHP�
�3$&6��RQ�0HGLFDO�5HVHDUFK�DQG�(GXFDWLRQ��
,WV�6KRUWFRPLQJ�LQ�$�&HQWUH�LQ�6RXWK�6RXWK�
1LJHULD�� $IU�� -�� 7URS�� 0HG�� 	� %LRPHG�� 5HV��
��������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���

�
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7KH� $ZDUHQHVV� � RI � &HUYLFDO� &DQFHU� 3UHYHQWLRQ�
6WUDWHJLHV� DPRQJ� 5HVLGHQW� 'RFWRUV� LQ� 7HUWLDU\�
&HQWUH�LQ�%HQLQ�&LW\

DQG� IDFLOLWLHV�LQIUDVWUXFWXUH� IRU� IROORZ�XS� DQG�
SURPSW�WUHDWPHQW�RI �ZRPHQ�ZLWK�SUHFDQFHURXV�

���VWDJHV�RI �WKH�GLVHDVH�DQG�FHUYLFDO�FDQFHU� �7KLV�LV�
QRW�WKH�FDVH�LQ�ORZ��DQG�PLGGOH�LQFRPH�FRXQWULHV�
�/0,&V��OLNH�1LJHULD��ZLWK�OLPLWHG�DFFHVV�WR�VXFK�
SUHYHQWLYH�VWUDWHJLHV��7KHUHIRUH��PRVW�ZRPHQ�LQ�
WKHVH� FRXQWULHV�SUHVHQW�ZKHQ�FHUYLFDO� FDQFHU� LV�
DOUHDG\�LQ�LWV�DGYDQFHG�VWDJHV�ZLWK�DVVRFLDWHG�KLJK�

�PRUWDOLW\�UDWHV� �,Q�������DERXW���������QHZ�FDVHV�
DQG� �������� GHDWKV� IURP� FHUYLFDO� FDQFHU� ZHUH�

,1752'8&7,21
&HUYLFDO� FDQFHU� LV� D� GLVHDVH� RI � SXEOLF� KHDOWK�
LPSRUWDQFH�� EHLQJ� WKH� IRXUWK� PRVW� FRPPRQ�

��FDQFHU�DPRQJ�ZRPHQ�ZRUOGZLGH DQG�WKH�PRVW�
FRPPRQ�FDQFHU� DPRQJ�ZRPHQ� LQ�GHYHORSLQJ�

���FRXQWULHV� �7KHUH�KDV�EHHQ�D�VWHDG\�GHFOLQH�LQ�
WKH�LQFLGHQFH�RI �DQG�PRUWDOLW\�IURP�FDQFHU�RI �
WKH�FHUYL[�LQ�GHYHORSHG�KLJK�LQFRPH�FRXQWULHV�
GXH� WR� ZHOO�HVWDEOLVKHG� VFUHHQLQJ� SURJUDPV��
JRRG� KXPDQ� SDSLOORPDYLUXV� YDFFLQH� FRYHUDJH�

� �2VD]HH�. �DQG�2EDKLDJERQ�2

���'HSDUWPHQW�2EVWHWULFV�DQG�*\QDHFRORJ\��8QLYHUVLW\�RI �%HQLQ��%HQLQ�&LW\��1LJHULD�
���'HSDUWPHQW�RI �2EVWHWULFV�DQG�*\QDHFRORJ\�8QLYHUVLW\�RI �%HQLQ�7HDFKLQJ�+RVSLWDO��%HQLQ�&LW\��1LJHULD�

$EVWUDFW
,QWURGXFWLRQ��&HUYLFDO�FDQFHU�LV�D�GLVHDVH�RI �SXEOLF�KHDOWK�LPSRUWDQFH��EHLQJ�WKH�IRXUWK�PRVW�FRPPRQ�

�FDQFHU�DPRQJ�ZRPHQ�ZRUOGZLGHDQG�WKH�PRVW�FRPPRQ�FDQFHU�DPRQJ�ZRPHQ�LQ�GHYHORSLQJ�FRXQWULHV��
:KLOH�GHYHORSHG�FRXQWULHV�SUDFWLFH�D�SRSXODWLRQ�EDVHG�FHUYLFDO�FDQFHU�VFUHHQLQJ�SURJUDP��GHYHORSLQJ�
FRXQWULHV�OLNH�1LJHULD�SUDFWLFH�DQ�RSSRUWXQLVWLF�VFUHHQLQJ�PRGH��7KHUHIRUH��KHDOWK�ZRUNHUV��LQFOXGLQJ�
UHVLGHQW�GRFWRUV��DUH�H[SHFWHG�WR�GULYH�WKLV�PRGHO�WKURXJK�RSSRUWXQLVWLF�FRXQVHOOLQJ�DQG�UHIHUUDO�RI �WKHLU�
IHPDOH�SDWLHQWV�DQG�UHODWLYHV��

7KLV�VWXG\�ZDV�GHVLJQHG�WR�DVVHVV�WKH�$ZDUHQHVV�RI �UHVLGHQW�GRFWRUV�LQ�8%7+�UHJDUGLQJ�FHUYLFDO�FDQFHU�
SUHYHQWLRQ�VWUDWHJLHV��

0DWHULDOV�DQG�0HWKRG��7KLV�ZDV�D�FURVV�VHFWLRQDO�GHVFULSWLYH�VWXG\�IURP�-XO\������WR�$XJXVW������
DPRQJ�UHVLGHQW�GRFWRUV�LQYROYHG�LQ�RXWSDWLHQW�FRQVXOWDWLRQV�DW�WKH�8QLYHUVLW\�RI �%HQLQ�7HDFKLQJ�+RVSLWDO�
�8%7+���

5HVXOWV��2YHUDOO�� WKH� NQRZOHGJH�RI � FHUYLFDO� FDQFHU� SUHYHQWLRQ� VWUDWHJLHV�ZDV� JRRG��ZLWK� ������RI �
UHVSRQGHQWV�GHPRQVWUDWLQJ�JRRG�NQRZOHGJH��7KH�DWWLWXGH�RI �WKH�UHVSRQGHQWV�WRZDUGV�FHUYLFDO�FDQFHU�
SUHYHQWLRQ�VWUDWHJLHV�ZDV�HYHQ�EHWWHU��ZLWK�������RI �WKH�UHVSRQGHQWV�GHPRQVWUDWLQJ�DQ�H[FHOOHQW�DWWLWXGH�
WR�WKHVH�VWUDWHJLHV��+RZHYHU��WKH�SUDFWLFH�RI �FHUYLFDO�FDQFHU�SUHYHQWLRQ�VWUDWHJLHV�ZDV�JHQHUDOO\�SRRU��
0RVW�RI �WKH�UHVSRQGHQWV���������KDG�QHYHU�UHIHUUHG�D�IHPDOH�SDWLHQW�IRU�FHUYLFDO�FDQFHU�VFUHHQLQJ��2QO\�
������RI �WKH�IHPDOH�SDUWLFLSDQWV�KDG�GRQH�D�SDS�VPHDU�EHIRUH��DQG�PRVW���������KDG�GRQH�LW�MXVW�RQFH��
$PRQJ�WKH�PDOH�UHVSRQGHQWV������RI �WKHLU�IHPDOH�VSRXVHV�KDG�QHYHU�GRQH�D�SDS�VPHDU��

&RQFOXVLRQ��7KH�H[FHOOHQW�NQRZOHGJH�DQG�DWWLWXGH�DERXW�FHUYLFDO�FDQFHU�SUHYHQWLRQ�VWUDWHJLHV�DPRQJ�
UHVLGHQW�GRFWRUV�ZKR�SDUWLFLSDWHG�LQ�WKLV�VWXG\�GLG�QRW�UHIOHFW�RQ�WKHLU�SUDFWLFH�RI �SUHYHQWLYH�PHDVXUHV��

.H\ZRUGV��&HUYLFDO�FDQFHU��+XPDQ�SDSLOORPDYLUXV��3UHYHQWLRQ�VWUDWHJLHV��$ZDUHQHVV

&RUUHVSRQGLQJ�DXWKRU��.HKLQGH�2VD]HH��'HSDUWPHQW�RI �2EVWHWULFV�DQG�*\QDHFRORJ\��6FKRRO�RI �0HGLFLQH�
&ROOHJH�RI �0HGLFDO�6FLHQFHV��7KH�8QLYHUVLW\�RI �%HQLQ��1LJHULD���������������NHKLQGHRVD]HH#JPDLO�FRP

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

2ULJLQDO�DUWLFOHV



HVWLPDWHG�WR�KDYH�RFFXUUHG�JOREDOO\��DQG�DOPRVW�
�����RI �WKHVH�GHDWKV�RFFXUUHG�LQ�/0,&V� ��

1HDUO\�DOO�FDVHV�RI �FHUYLFDO�FDQFHU�DUH�FDXVHG�E\�
SHUVLVWHQW� KLJK�ULVN� �RQFRJHQLF�� KXPDQ�
SDSLOORPDYLUXV� �+39�� LQIHFWLRQ��ZLWK� WKH�YLUDO�
'1$� LVRODWHG� LQ� DERXW� ���� RI � FHUYLFDO�

�����PDOLJQDQFLHV� � 2YHU� ���� VSHFLHV� RI � WKLV�
GRXEOH�VWUDQGHG� '1$� YLUXV� KDYH� EHHQ�
LGHQWLILHG��EXW�RQO\�DERXW����DUH�NQRZQ�WR�LQIHFW�

���WKH�ORZHU�JHQLWDO�WUDFW� �+LJK�ULVN�VHURW\SHV����
DQG� ��� DUH� WKH� PRVW� FRPPRQ� RQFRJHQLF�
VHURW\SHV��DQG�WKH\�DUH�LPSOLFDWHG�LQ�DERXW����

�����RI �FHUYLFDO�FDQFHUV� �2WKHU�RQFRJHQLF�VXE�
W\SHV�LQFOXGH�VHURW\SHV�����������������������������
DPRQJVW� RWKHUV�� 6HURW\SHV� �� DQG� ��� �ORZ�ULVN�

�������+39��DUH�DVVRFLDWHG�ZLWK�JHQLWDO�ZDUWV� �

+XPDQ� SDSLOORPDYLUXV� LV� VH[XDOO\� WUDQVPLWWHG�
ERWK�E\�SHQHWUDWLYH�LQWHUFRXUVH�DQG�VNLQ�WR�VNLQ�

�FRQWDFW� � 7KH� SHDN� WLPH� RI � DFTXLULQJ� WKLV�
LQIHFWLRQ�LV�VKRUWO\�DIWHU�FRLWDUFKH�LQ�ERWK�PDOHV�
DQG�IHPDOHV��7KH�PDMRULW\��XS�WR������RI �+39�
LQIHFW LRQV� DUH� WUDQVLHQW� DQG� UHVROYH�
VSRQWDQHRXVO\�ZLWKLQ�WZR�\HDUV��7KH�UHPDLQLQJ�
���� SHUVLVW� DQG� JLYH� ULVH� WR� SUHLQYDVLYH� DQG�

���PDOLJQDQW�FHUYLFDO� OHVLRQV� �)DFWRUV�DVVRFLDWHG�
ZLWK� DQ� LQFUHDVHG� ULVN� RI � SHUVLVWHQW� +39�
LQIHFWLRQ� DQG� FHUYLFDO� FDQFHU� LQFOXGH�PXOWLSOH�
VH[XDO� SDUWQHUV�� HDUO\� FRLWDUFKH�� WREDFFR�
VPRNLQJ�� LPPXQRVXSSUHVVLRQ�� FR�LQIHFWLRQ�
ZLWK� RWKHU� VH[XDOO\� WUDQVPLWWHG� LQIHFWLRQV� OLNH�
+,9� DQG� KHUSHV� VLPSOH[�� SURORQJHG� RUDO�

�����FRQWUDFHSWLYH� XVH� DQG� KLJK� SDULW\� � 7KH�
SURJUHVVLRQ� IURP� LQIHFWLRQ� WR� FDUFLQRJHQHVLV�
WDNHV� ��� WR� ��� \HDUV� LQ� LPPXQRFRPSHWHQW�
ZRPHQ � DQG � � � WR � �� � \HD U V � L Q � WKH �

���LPPXQRFRPSURPLVHG� � 7KLV� SURYLGHV� D� ORQJ�
ZLQGRZ� RI � RSSRUWXQLW\� IRU� GHWHFWLQJ� WKH�
FRQGLWLRQ�YLD�GLIIHUHQW�VFUHHQLQJ�PHWKRGV�LQ�LWV�
SUHLQYDVLYH� RU� HDUO\� PDOLJQDQW� VWDJHV� ZKHQ� D�

�FXUH�LV�DFKLHYDEOH� �
7KH�:RUOG�+HDOWK�$VVHPEO\�LQ������DGRSWHG�D�

FRPSUHKHQVLYH� DSSURDFK� WR� WKH� FRQWURO� DQG�
SUHYHQWLRQ�RI � FHUYLFDO� FDQFHU�XWLOL]LQJ�SULPDU\��

�VHFRQGDU\� DQG� WHUWLDU\� SUHYHQWLYH� VWUDWHJLHV� �
3ULPDU\�SUHYHQWLRQ�RI � FHUYLFDO� FDQFHU� LQYROYHV�
YDFFLQDWLRQ�RI �JLUOV�DJHG���²����\HDUV�DJDLQVW�+39��

����SUHIHUDEO\�EHIRUH� WKH\�EHFRPH�VH[XDOO\�DFWLYH �
ZKLOH�VHFRQGDU\�SUHYHQWLRQ�HQWDLOV�VFUHHQLQJ�DQG�
WUHDWPHQW�RI �SUHLQYDVLYH�OHVLRQV�LQ�VH[XDOO\�DFWLYH�
ZRPHQ�IURP����²����\HDUV�DQG�DERYH��7HUWLDU\�
SUHYHQWLRQ�LQYROYHV�HDUO\�GLDJQRVLV�DQG�SURPSW�

�WUHDWPHQW�RI �LQYDVLYH�FHUYLFDO�FDQFHU� �

,W� LV� H[SHFWHG� WKDW� KHDOWK�ZRUNHUV� DQG�PHGLFDO�
GRFWRUV� ZLOO� KDYH� D� JRRG� OHYHO� RI � NQRZOHGJH�
DERXW�FHUYLFDO�FDQFHU�DQG�LWV�SUHYHQWLYH�VWUDWHJLHV�
LUUHVSHFWLYH�RI �WKHLU�DUHDV�RI �VSHFLDOL]DWLRQ��ZKLFK�
VKRXOG�UHVXOW�LQ�D�SRVLWLYH�DWWLWXGH�DQG�GHOLEHUDWH�
HIIRUWV�WRZDUGV�LWV�SUHYHQWLRQ��7KLV�LV�SDUWLFXODUO\�
LPSRUWDQW� LQ� GHYHORSLQJ� FRXQWULHV� ZKHUH�
SRSXODWLRQ�EDVHG�VFUHHQLQJ�SURJUDPV�DUH�DEVHQW�
RU�QRW�ZHOO�HVWDEOLVKHG�DQG�ZKHUH�RSSRUWXQLVWLF�
VFUHHQLQJ�LV�SUDFWLVHG��7KXV��KHDOWK�SURIHVVLRQDOV�
ZRXOG� EH� H[SHFWHG� WR� SOD\� D� YLWDO� UROH� LQ�
FRXQVHOOLQJ�DQG�LQIRUPLQJ�WKHLU�IHPDOH�FOLHQWHOH�
DERXW�WKLV�FRQGLWLRQ��KRZ�WR�SUHYHQW�LW�DQG�JRLQJ�
D�VWHS�IXUWKHU�WR�UHIHU�WKHP�WR�SODFHV�ZKHUH�WKH\�
FDQ� DFFHVV� WKHVH� VHUYLFHV�� 7KLV� VWXG\� DLPHG� WR�
DVVHVV� WKH� NQRZOHGJH�� DWWLWXGH�� DQG� SUDFWLFH� RI �
UHVLGHQW� GRFWRUV� LQ� 8%7+� UHJDUGLQJ� FHUYLFDO�
FDQFHU�SUHYHQWLRQ�VWUDWHJLHV�

0$7(5,$/6�$1'�0(7+2'6
7KLV�FURVV�VHFWLRQDO�GHVFULSWLYH�VWXG\�ZDV�FDUULHG�
RXW� IURP� -XQH� ����� WR� $XJXVW� ����� DPRQJ�
UHVLGHQW� GRFWRUV� LQYROYHG� LQ� RXWSDWLHQW�
FRQVXOWDWLRQV�DW�WKH�8QLYHUVLW\�RI �%HQLQ�7HDFKLQJ�
+RVSLWDO� �8%7+��� �5HVLGHQW�GRFWRUV�� UHIHUV� WR�
GRFWRUV�XQGHUJRLQJ�VSHFLDOLVW�WUDLQLQJ�LQ�PHGLFDO�
VSHFLDOLWLHV��7KHVH�GRFWRUV�FRXOG�SOD\�D�YLWDO�UROH�LQ�
WKH� SUHYHQWLRQ� RI � FHUYLFDO� FDQFHU� DV� WKH\�
HQFRXQWHU�IHPDOH�SDWLHQWV�ZKR�PD\�QHYHU�KDYH�
FDXVH� WR� YLVLW� WKH� J\QDHFRORJ\�IDPLO\� SODQQLQJ�
FOLQLF�ZKHUH�URXWLQH�VFUHHQLQJ�LV�FDUULHG�RXW���

7KH�$ZDUHQHVV��RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV�DPRQJ�5HVLGHQW�'RFWRUV�LQ�7HUWLDU\�&HQWUH�LQ�%HQLQ�&LW\��
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5HVLGHQW� GRFWRUV� LQYROYHG� LQ� RXWSDWLHQW� FOLQLF�
FRQVXOWDWLRQV�ZKR�KDG�VSHQW�DW�OHDVW�RQH�\HDU�LQ�
UHVLGHQF\� WUDLQLQJ� DQG� FRQVHQWHG� WR� WKH� VWXG\�
ZHUH�LQFOXGHG��%DVHG�RQ�WKHVH�FULWHULD��UHVLGHQWV�
IURP� WKH� VXUJHU\� GHSDUWPHQWV�� LQWHUQDO�
PHGLFLQH��SDHGLDWULFV��DQG�IDPLO\�PHGLFLQH�ZHUH�
VHOHFWHG�IRU�WKLV�VWXG\��(DFK�GHSDUWPHQW�KDV�D�
SRSXODWLRQ� RI � ���� ���� ��� DQG� ��� UHVLGHQWV��
UHVSHFWLYHO\��JLYLQJ�D�WRWDO�VWXG\�SRSXODWLRQ�RI �
�����$�WRWDO�SRSXODWLRQ�VDPSOLQJ�ZDV�GRQH��

5HVLGHQW� GRFWRUV� LQ� WKH� 'HSDUWPHQW� RI �
2EVWHWULFV� DQG� *\QDHFRORJ\� DQG� &RPPXQLW\�
+HDOWK�ZHUH�H[FOXGHG�IURP�WKLV�VWXG\�WR�DYRLG�
ELDV�� DV� WKHVH�GHSDUWPHQWV� DUH� UHVSRQVLEOH� IRU�
FHUYLFDO� FDQFHU� RSSRUWXQLVWLF� VFUHHQLQJ� LQ�
8%7+�� $OVR� H[FOXGHG� ZHUH� UHVLGHQWV� QRW�
LQYROYHG�LQ�RXWSDWLHQW�FOLQLF�FRQVXOWDWLRQV��WKRVH�
OHVV�WKDQ�D�\HDU�LQ�WUDLQLQJ�DQG�WKRVH�ZKR�GLG�QRW�
FRQVHQW�WR�WKH�VWXG\��

$� SUHWHVWHG� VHOI�DGPLQLVWHUHG� VWUXFWXUHG�
TXHVWLRQQDLUH�ZDV�XWLOL]HG�LQ�GDWD�FROOHFWLRQ��7KH�
TXHVWLRQQDLUH�ZDV�GLYLGHG�LQWR�VHFWLRQV�$��%��&��
D Q G � '� � 6 H F W L R Q � $ � D V V H V V H G � W K H �
VRFLRGHPRJUDSKLF� FKDUDFWHULVWLFV� RI � WKH�
UHVSRQGHQWV�� ,Q� FRQWUDVW�� VHFWLRQ� %� DVVHVVHG�
UHVSRQGHQWV
� NQRZOHGJH� RI � FHUYLFDO� FDQFHU�
SUHYHQWLRQ� VWUDWHJLHV�� 7HQ� NQRZOHGJH�EDVHG�
TXHVWLRQV� ZHUH� DVNHG�� ZLWK� D� VFRUH� RI � �� IRU�
FRUUHFWO\�DQVZHUHG�TXHVWLRQV�DQG���IRU�ZURQJ�RU�
�XQVXUH��UHVSRQVHV��ZLWK�D�PD[LPXP�VFRUH�RI �
��� REWDLQDEOH�� 7KRVH� ZLWK� ���� FRUUHFW�
UHVSRQVHV�DQG�DERYH�ZHUH�DGMXGJHG�DV�KDYLQJ�
�JRRG�NQRZOHGJH���ZKLOH� WKRVH�ZLWK� OHVV� WKDQ�
����FRUUHFW�UHVSRQVHV�ZHUH�DGMXGJHG�DV�KDYLQJ�
�SRRU� NQRZOHGJH��� 6HFWLRQ� &� DVVHVVHG� WKH�
DWWLWXGH� RI � WKH� UHVSRQGHQWV� WRZDUGV� FHUYLFDO�
FDQFHU�SUHYHQWLRQ��)LYH�TXHVWLRQV�ZHUH� DVNHG��

DQG�UHVSRQVHV�ZHUH�SXW�RQ�D�/LNHUW�VFDOH��7KRVH�
ZKR�DJUHHG�DQG�VWURQJO\�DJUHHG�ZHUH�UHJDUGHG�DV�
KDYLQJ� D� SRVLWLYH� DWWLWXGH� WR� FHUYLFDO� FDQFHU�
SUHYHQWLRQ��$W�WKH�VDPH�WLPH��WKRVH�ZKR�VWURQJO\�
GLVDJUHHG�RU�ZHUH�QHXWUDO�ZHUH�FRQVLGHUHG�WR�KDYH�
D� QHJDWLYH� DWWLWXGH�� 6HFWLRQ� '� DVVHVVHG� WKH�
SUDFWLFH� RI � FHUYLFDO� VFUHHQLQJ� DPRQJ� WKH�
UHVSRQGHQWV�

'DWD�ZDV�DQDO\]HG�XVLQJ�WKH�,%0�6366�VRIWZDUH�
YHUVLRQ� ���� DQG� UHVXOWV� ZHUH� SUHVHQWHG� LQ�
IUHTXHQF\�WDEOHV��SHUFHQWDJHV�DQG�FKDUWV��

(WKLFDO�DSSURYDO�IRU�WKH�VWXG\�ZDV�REWDLQHG�IURP�
WKH� 8QLYHUVLW\� RI � %HQLQ� 7HDFKLQJ� +RVSLWDO�
5HVHDUFK� DQG� (WKLFV� &RPPLWWHH�� $OO� GDWD�
FROOHFWHG�ZHUH�WUHDWHG�ZLWK�XWPRVW�FRQILGHQWLDOLW\�
DQG�XVHG�IRU�UHVHDUFK�SXUSRVHV�RQO\��

5(68/76
62&,2'(02*5$3+,&�
&+$5$&7(5,67,&6�
2QH�KXQGUHG�WKUHH�UHVLGHQW�GRFWRUV�SDUWLFLSDWHG�
LQ� WKLV� VWXG\� RXW� RI � ���� UHVLGHQWV� IURP� WKH�
VHOHFWHG� VSHFLDOLWLHV�� 7KH� UHPDLQLQJ� ��� ZHUH�
H[FOXGHG� IURP� WKH� FULWHULD� VWDWHG� LQ� WKH�
PHWKRGRORJ\��JLYLQJ�D�UHVSRQVH�UDWH�RI ������7KH�
PHDQ�DJH�RI �SDUWLFLSDQWV�ZDV������\HDUV��6'���
������� ZLWK� WKH� PDMRULW\� RI � WKH� SDUWLFLSDQWV�

WK��������LQ�WKH�� �GHFDGH�RI �OLIH�L�H�����²����\HDUV�
�7DEOH� ���� 7KHUH� ZHUH� PRUH� PDOH� WKDQ� IHPDOH�
SDUWLFLSDQWV� ���� YV� ����� DQG� D�PRUH� VLJQLILFDQW�
SURSRUWLRQ�ZHUH�VHQLRU�UHJLVWUDUV����������0RVW�
SDUWLFLSDQWV� �������� KDG� EHHQ� LQ� UHVLGHQF\�
WUDLQLQJ�IRU�DW�OHDVW�WKUHH�\HDUV��$OVR��PRVW�RI �WKH�
SDUWLFLSDQWV�ZHUH�PDUULHG����������

7KH�$ZDUHQHVV��RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV�DPRQJ�5HVLGHQW�'RFWRUV�LQ�7HUWLDU\�&HQWUH�LQ�%HQLQ�&LW\ ��
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7DEOH����6RFLRGHPRJUDSKLF�FKDUDFWHULVWLFV�RI �UHVSRQGHQWV

.12:/('*(�2)�&(59,&$/�&$1&(5�
35(9(17,21�675$7(*,(6
7KH�PDMRULW\���������RI �WKH�UHVSRQGHQWV�ZHUH�
DZDUH� WKDW� FHUYLFDO � FDQFHU� KDV� D� ORQJ�
SUHFDQFHURXV� SKDVH� WKDW� LV� GHWHFWDEOH� E\� SDS�

VPHDU�� DV� VKRZQ� LQ�7DEOH� ���0RVW� UHVSRQGHQWV�
ZHUH�DOVR�DZDUH�RI � WKH� ULVN� IDFWRUV� IRU�FHUYLFDO�
FDQFHU�� DQG� PRVW� DQVZHUHG� DOO� WKH� TXHVWLRQV�
FRQFHUQLQJ�ULVN�IDFWRUV�FRUUHFWO\��7DEOH�����7KH�
NQRZOHGJH� RI � YDFFLQHV� DYDLODEOH� IRU� FHUYLFDO�
FDQFHU� ZDV� DOVR� KLJK�� ������ NQHZ� DERXW� WKH�

7KH�$ZDUHQHVV��RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV�DPRQJ�5HVLGHQW�'RFWRUV�LQ�7HUWLDU\�&HQWUH�LQ�%HQLQ�&LW\��

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



&HUYDUL[� YDFFLQH�� ZKLOH� ������ NQHZ� DERXW�
*DUGDV L O � � )XU WKHUPRUH� � ������ RI � WKH�
UHVSRQGHQWV� NQHZ� WKDW� +39� YDFFLQHV� ZHUH�
DYDLODEOH� LQ� WKH� FHQWUH� ZKHUH� WKH\� SUDFWLVHG�
�8%7+��� +RZHYHU�� RQO\� ����� NQHZ� DERXW�
*DUGDVLO����7DEOH�����$UHDV�ZKHUH�WKH�OHYHO�RI �
NQRZOHGJH�ZDV�DOVR�SRRU�LQFOXGHG�WKH�DJH�JURXS�
WR�EH�VFUHHQHG�IRU�FHUYLFDO�FDQFHU��WKH�VFUHHQLQJ�

LQWHUYDO�DQG�WKH�+39�YDFFLQH�UHFRPPHQGDWLRQ�
IRU�PDOHV���

2YHUDOO��PRVW�SDUWLFLSDQWV���������GHPRQVWUDWHG�
JRRG� NQRZOHGJH� DERXW� FHU YLFDO � FDQFHU�
SUHYHQWLRQ� VWUDWHJLHV�� ZKLOH� ������ KDG� SRRU�
NQRZOHGJH��DV�VKRZQ�LQ�7DEOH���

7DEOH��D��6XPPDWLRQ�RI �.QRZOHGJH�RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV
9$5,$%/( &255(&7�

5(63216(6
)5(4���

,1&255(&7�
5(63216(6
)5(4���

5LVN�IDFWRUV�IRU�FHUYLFDO�
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7DEOH��E��6XPPDWLRQ�RI �.QRZOHGJH�RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV
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7DEOH����2YHUDOO�.QRZOHGJH�RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV

/(9(/�2)�
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Q� ����

3(5&(17 �
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3RRU�.QRZOHGJH � �� � ���� �
*RRG�.QRZOHGJH �� ����

$77,78'(�72:$5'6�&(59,&$/�&$1&(5�35(9(17,21
7KH�SDUWLFLSDQWV�GHPRQVWUDWH�D�SRVLWLYH�DWWLWXGH�WRZDUGV�FHUYLFDO�FDQFHU�SUHYHQWLRQ��DV�VKRZQ�LQ�
7DEOHV���DQG����2YHUDOO��������KDG�D�SRVLWLYH�DWWLWXGH��7DEOH�����

7KH�$ZDUHQHVV��RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV�DPRQJ�5HVLGHQW�'RFWRUV�LQ�7HUWLDU\�&HQWUH�LQ�%HQLQ�&LW\��
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&HUYLFDO�FDQFHU�LV�D�VHYHUH �
SXEOLF�KHDOWK�LVVXH��

��������� � ��������� �

$�SRSXODWLRQ�EDVHG�FHUYLFDO�
FDQFHU�VFUHHQLQJ�SURJUDP�
VKRXOG�EH�HVWDEOLVKHG�LQ�
1LJHULD�

��������� � ��������� �

&HUYLFDO�FDQFHU�SUHYHQWLRQ�
VKRXOG�EH�SDUW�RI �URXWLQH�
RXWSDWLHQW�FOLQLF�
FRQYHUVDWLRQV�ZLWK�ZRPHQ�
RI �UHSURGXFWLYH�DJH

�

��������� � ��������� �

&RPPXQLW\�EDVHG�FHUYLFDO�
DZDUHQHVV�FDPSDLJQV�ZLOO�
KHOS�UHGXFH�WKH�EXUGHQ�RI �
WKH�GLVHDVH�LQ�1LJHULD
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���������
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���������
�

+39�YDFFLQDWLRQ�VKRXOG�EH�
PDGH�DFFHVVLEOH�DQG�DGGHG�
WR�WKH�URXWLQH�13,�
LPPXQL]DWLRQ�VFKHGXOH
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7DEOH����2YHUDOO�DWWLWXGH�WRZDUGV�FHUYLFDO�FDQFHU�SUHYHQWLRQ

9$5,$%/( � )5(48(1&< �
Q� ����

3(5&(17 �
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1(*$7,9( � �� � ���� �
326,7,9( �� ����

35$&7,&(�2)�&(59,&$/�
35(9(17,21�675$7(*,(6
0RVW�UHVSRQGHQWV���������KDG�QHYHU�UHIHUUHG�RU�
FRXQVHOOHG�D�SDWLHQW�WR�KDYH�D�SDS�VPHDU��:KLOH�
KDOI � RI � WKHP� UHSRUWHG� WKDW� WKH\� KDG� QRW�
GLVFXVVHG� FHUYLFDO� FDQFHU� VFUHHQLQJ� ZLWK� D�
SDWLHQW� LQ� WKH� SUHFHGLQJ� VL[� PRQWKV�� ������
UHSRUWHG�KDYLQJ�QHYHU�GRQH�VR�EHIRUH��7KH�PRVW�
FRPPRQ� UHD VRQ � IR U � QR W � KDY LQJ � WK L V�
FRQYHUVDWLRQ�ZLWK�SDWLHQWV�ZDV�WKH�EXV\�QDWXUH�
RI � RXWSDWLHQW� FOLQLFV�� $PRQJ� WKH� IHPDOH�

UHVSRQGHQWV��WKH�PDMRULW\���������KDG�QHYHU�KDG�
D�SDS�VPHDU��RI �WKH����UHVSRQGHQWV�ZKR�KDG�D�
SUHYLRXV�SDS�VPHDU�GRQH��������RQO\�KDG�LW�GRQH�
RQFH��7KH�FRPPRQ�UHDVRQV�JLYHQ�IRU�QRW�KDYLQJ�D�
SDS�VPHDU�GRQH�ZHUH�IHDU�RI �GHWHFWLRQ�RI �FHUYLFDO�
FDQFHU� ��������� LQYDVLYH� QDWXUH� RI � WKH� WHVW�
��������DQG�XQDYDLODELOLW\�RI �WKH�VHUYLFH����������
$PRQJ�WKH�PDOH�UHVSRQGHQWV��WKH�PDMRULW\�������
UHSRUWHG�WKDW�WKHLU�IHPDOH�VSRXVHV�KDG�QHYHU�GRQH�
D�SDS�VPHDU�

7DEOH����$WWLWXGH�7RZDUGV�&HUYLFDO�&DQFHU�6FUHHQLQJ�6WUDWHJLHV

7KH�$ZDUHQHVV��RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV�DPRQJ�5HVLGHQW�'RFWRUV�LQ�7HUWLDU\�&HQWUH�LQ�%HQLQ�&LW\ ��
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(YHU�KDG�D�SDS�VPHDU�GRQH �
Q� ����

� �

<HV� � �� � ���� �
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� � �
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3RVVLEOH�UHDVRQV�IRU�KDYLQJ�
QHYHU�GRQH�D�SDS�VPHDU �
Q� ����
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)HDU�RI �GHWHFWLRQ�RI �FHUYLFDO�
FDQFHU�
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',6&866,21
&HUYLFDO� FDQFHU� LV� WKH� IRXUWK� PRVW� FRPPRQ�
FDQFHU� DPRQJ� ZRPHQ� JOREDOO\� DQG� WKH� PRVW�
FRPPRQ�FDQFHU� DPRQJ�ZRPHQ� LQ�GHYHORSLQJ�

�����FRXQWULHV� � ,Q�1LJHULD�� LW� LV� WKH� VHFRQG�PRVW�
FRPPRQ�FDQFHU�DPRQJ�ZRPHQ��EUHDVW�FDQFHU�

����EHLQJ�WKH�FRPPRQHVW� �3UHVHQWO\�� WKHUH� LV�QR�
SRSXODWLRQ�EDVHG�VFUHHQLQJ�SURJUDP�LQ�1LJHULD��
7KXV��RSSRUWXQLVWLF�VFUHHQLQJ�LV�SUDFWLVHG��DQG�LW�
LV� H[SHFWHG� WKDW� KHDOWK� ZRUNHUV�� LQFOXGLQJ�
PHGLFDO� GRFWRUV�� VKRXOG� GULYH� WKLV� SURFHVV� E\�
HGXFDWLQJ� SDWLHQWV� DERXW� WKLV� FRQGLWLRQ� DQG�
HQFRXUDJLQJ�WKHP�WR�JHW�VFUHHQHG�IRU�FHUYLFDO�
FDQFHU��

7KH� NQRZOHGJH� RI � FHUYLFDO� FDQFHU� SUHYHQWLRQ�
VWUDWHJLHV� DPRQJ� UHVLGHQW� GRFWRUV� ZKR�
SDUWLFLSDWHG�LQ�WKLV�VWXG\�ZDV�JRRG��DV� �������
UHVSRQGHG� FRUUHFWO\� WR� ���� RU� PRUH� RI � WKH�
NQRZOHGJH�EDVHG� TXHVWLRQV� DVNHG�� 0RVW� RI �
WKHP� ��������ZHUH� DZDUH� WKDW� FHUYLFDO� FDQFHU�
KDV�D�ORQJ�SUHFDQFHURXV�SKDVH�WKDW�LV�GHWHFWDEOH�
E\�D�SDS�VPHDU��DQG�WKH\�DOVR�NQHZ�DERXW�WKH�
YDFFLQHV�DYDLODEOH� IRU� LWV�SUHYHQWLRQ�� LQFOXGLQJ�
WKH�DYDLODELOLW\�RI �YDFFLQHV�LQ�WKH�KRVSLWDO�ZKHUH�
WKLV� VWXG\� ZDV� FDUULHG� RXW�� 7KLV� OHYHO� RI �
NQRZOHGJH� ZDV� QRW� VXUSULVLQJ� DV� WKHVH�

UHVSRQGHQWV�ZHUH� UHVLGHQW� GRFWRUV�ZLWK� D� KLJK�
OHYHO�RI �PHGLFDO�HGXFDWLRQ��(VLNH�HW�DO���LQ�D�VLPLODU�
VWXG\� FRQGXFWHG� DPRQJ� 1LJHULDQ� UHVLGHQW�
GRFWRUV� GUDZQ� IURP� GLIIHUHQW� WUDLQLQJ� FHQWUHV��

�UHSRUWHG� HYHQ� KLJKHU� OHYHOV� RI � NQRZOHGJH� � ,Q�
WKHLU�VWXG\�������RI �WKH�SDUWLFLSDQWV�NQHZ�WKDW�
FHUYLFDO� FDQFHU� KDG� D� SUHFDQFHURXV� VWDJH� DQG�
FRXOG�EH�GHWHFWHG�E\� D� SDS� VPHDU��7KLV� KLJKHU�
OHYHO� RI � NQRZOHGJH� PD\� KDYH� EHHQ� UHFRUGHG�
EHFDXVH�WKHLU�VWXG\�ZDV�FRQGXFWHG�DPRQJ�VHQLRU�
UHVLGHQW� GRFWRUV� ZLWK� KLJKHU� WUDLQLQJ� DQG�
H[SHULHQFH��XQOLNH�WKLV�VWXG\��ZKLFK�ZDV�DPRQJ�D�
PL[WXUH�RI �VHQLRU�DQG�MXQLRU�UHVLGHQWV��6LPLODUO\��
KLJK�OHYHOV�RI �NQRZOHGJH�$ZDUHQHVV�RI �FHUYLFDO�
FDQFHU� SUHYHQWLRQ� VWUDWHJLHV� ZHUH� UHSRUWHG�

��DPRQJ�RWKHU�KHDOWK�ZRUNHUV�E\�$Q\HEH�HW�DO�� ��
�� ��$GGDK�HW�DO�� �DQG�$ZRGHOH�HW�DO�� �LQ�=DULD��3RUW�

+DUFRXUW��DQG�/DJRV��UHVSHFWLYHO\��DQG�E\�.UHVV�HW�
��DO�� �LQ�(WKLRSLD��

'HVSLWH� WKH� RYHUDOO� VRXQG� OHYHO� RI � NQRZOHGJH��
VRPH�YLWDO�NQRZOHGJH�JDSV�ZHUH�LGHQWLILHG�LQ�WKLV�
VWXG\�� 2QO\� ������ RI � SDUWLFLSDQWV� NQHZ� WKH�
UHFRPPHQGHG� DJH� JURXS� IRU� FHUYLFDO� FDQFHU�
VFUHHQLQJ�� DQG� RQO\� ������ NQHZ� WKH� VFUHHQLQJ�
LQWHUYDO�� )XUWKHUPRUH�� RQO\� � ������ RI �
SDUWLFLSDQWV� DJUHHG� WKDW� +39� YDFFLQHV� FDQ� EH�

7DEOH��F��3UDFWLFH�RI �FHUYLFDO�FDQFHU�SUHYHQWLRQ
9$5,$%/( � )5(48(1&< � 3(5&(17 �

�
(YHU�UHFRPPHQGHG�FHUYLFDO�
FDQFHU�VFUHHQLQJ�IRU�\RXU�
SDUWQHU�IHPDOH�IULHQG �
Q� ���� �

� �

<HV� � �� � ���� �1R� � �� � ���� �
� � �(YHU�UHFRPPHQGHG�FHUYLFDO�
FDQFHU�VFUHHQLQJ�IRU�D�UHODWLYH

�Q� ����
�

� �

<HV� �� ����
1R� �� ����
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JLYHQ�WR�ERWK�PDOHV�DQG�IHPDOHV��ZKLOH�MXVW������
RI � SDUWLFLSDQWV� ZHUH� DZDUH� RI � WKH� QRQYDOHQW�
+39�YDFFLQH��*DUGDVLO�����7KHVH�ILQGLQJV�OHQG�
FUHGHQFH�WR�WKH�IDFW�WKDW�UHVLGHQW�GRFWRUV�DQG��
LQGHHG�� RWKHU� KHDOWK� ZRUNHUV� QHHG� PRUH�
HQOLJKWHQPHQW�DERXW�FHUYLFDO�FDQFHU�SUHYHQWLRQ�
VWUDWHJLHV� VR� WKDW� WKH\� FDQ� DFFXUDWHO\� FRXQVHO�
WKHLU�SDWLHQWV�DQG�UHIHU�WKHP�IRU�FHUYLFDO�FDQFHU�
VFUHHQLQJ�DV�DSSURSULDWH��

7KH�UHVLGHQW�GRFWRUV
�DWWLWXGH�WR�FHUYLFDO�FDQFHU�
SUHYHQWLRQ�LQ�WKLV�VWXG\�ZDV�SRVLWLYH��0RVW�RI �
WKHP��!�������DJUHHG�RU�VWURQJO\�DJUHHG�WKDW�
FHUYLFDO�FDQFHU�LV�D�VHYHUH�SXEOLF�KHDOWK�LVVXH�WKDW�
VKRXOG�EH�SUHYHQWHG�E\�WKH�HVWDEOLVKPHQW�RI �D�
SRSXODWLRQ�EDVHG�VFUHHQLQJ�SURJUDP��ZKLFK�KDV�
EHHQ� SURYHQ� WR� EH� HIIHFWLYH� LQ� GHYHORSHG�
FRXQWULHV� ZKHUH� WKLV� GLVHDVH� KDV� DOPRVW� EHHQ�
HUDGLFDWHG��$� ODUJH�SURSRUWLRQ� ��������RI � WKH�
UHVSRQGHQWV�DOVR�DJUHHG�RU�VWURQJO\�DJUHHG�WKDW�
+39�YDFFLQDWLRQ�VKRXOG�EH�PDGH�DFFHVVLEOH�DQG�
DGGHG�WR�URXWLQH�LPPXQL]DWLRQ�IRU�FKLOGUHQ�DV�
WKLV� VWUDWHJ\� KDV� HIIHFWLYHO\� FRQWUROOHG� RWKHU�
GHDGO\� GLVHDVHV� OLNH� SROLR�� 0RVW� RI � WKH�
UHVSRQGHQWV�DOVR�VXEPLWWHG�WKDW�FHUYLFDO�FDQFHU�
SUHYHQWLRQ�VKRXOG�EH�SDUW�RI �URXWLQH�RXWSDWLHQW�
FRQYHUVDWLRQV�ZLWK�ZRPHQ�RI �UHSURGXFWLYH�DJH�
DQG� WKDW� FRPPXQLW\�EDVHG� DZDUHQHVV�
FDPSDLJQV� VKRXOG� EH� FDUULHG� RXW� WR� LQFUHDVH�
$ZDUHQHVV� RI � WKLV� SUHYHQWDEOH� FDQFHU�� 7KLV�
FKHHUIXO�GLVSRVLWLRQ� WRZDUGV�VWHSV� WKDW�FDQ�EH�
WDNHQ� WR� SUHYHQW� FHUYLFDO� FDQFHU� ZDV�
HQFRXUDJLQJ��FRQVLGHULQJ�WKDW�WKLV�ZDV�FRPLQJ�
IURP� GRFWRUV� ZKR� DUH� WKRXJKW� OHDGHUV� LQ� WKH�
KHDOWK� VHFWRU� DQG� DV� ZHOO� DV� VWDNHKROGHUV� LQ�
KHDOWKFDUH� SROLF\� GHYHORSPHQW�� $ZRGHOH� HW� DO��
DOVR� UHSRUWHG� D� SRVLWLYH� DWWLWXGH� RI � 1XUVHV�
WRZDUGV�FHUYLFDO�FDQFHU�SUHYHQWLRQ��ZKHUH�����
RI �WKHP�WKRXJKW�LW�DGYLVDEOH�WR�KDYH�D�SDS�VPHDU�

��GRQH� �6LPLODU�ILQGLQJV�ZHUH�UHSRUWHG�E\�=DKHGL�
HW�DO��LQ�D�VWXG\�DPRQJ�KHDOWK�ZRUNHUV�LQ�+DLWL��
ZKHUH� DOO� WKH� UHVSRQGHQWV� DJUHHG� RU� VWURQJO\�
DJUHHG�WKDW�D�FHUYLFDO�FDQFHU�VFUHHQLQJ�SURJUDP�

��VKRXOG�EH�VWDUWHG�LQ�WKHLU�FRPPXQLW\� ��

8QIRUWXQDWHO\��WKH�H[FHOOHQW� OHYHO�RI �NQRZOHGJH�
DQG� SRVLWLYH� DWWLWXGH� WRZDUGV� FHUYLFDO� FDQFHU�
SUHYHQWLRQ� GLG� QRW� WUDQVODWH� WR� JRRG� SUDFWLFH�
DPRQJ�WKH�UHVLGHQW�GRFWRUV�ZKR�SDUWLFLSDWHG�LQ�
WKLV�VWXG\��0DQ\���������KDG�QHYHU�UHIHUUHG�RU�
FRXQVHOOHG� D� SDWLHQW� IRU� D� SDS� VPHDU�� ,Q�
FRPSDULVRQ��������RI �WKHP�UHSRUWHG�WKDW� WKH\�
KDG� QHYHU� KDG� D� FRQYHUVDWLRQ� DERXW� FHUYLFDO�
FDQFHU� SUHYHQWLRQ� ZLWK� D� IHPDOH� SDWLHQW�� 7KH�
UHDVRQV�JLYHQ�IRU�WKLV�OHYHO�RI �SUDFWLFH�LQFOXGHG�
EXV\� RXWSDWLHQW� FOLQLFV� �������� DQG� ODFN� RI �
RSSRUWXQLWLHV�WR�GR�VR����������ZKLOH�������KDG�
QR� UHDVRQ�� )XUWKHUPRUH�� DQ� DODUPLQJ� ���� RI �
PDOH�UHVLGHQW�GRFWRUV�UHSRUWHG�WKDW�WKHLU�IHPDOH�
VSRXVHV� KDG� QHYHU� GRQH� D� SDS� VPHDU�� 6LPLODU�
ILQGLQJV�ZHUH�UHSRUWHG�E\�(VLNH�HW�DO���ZKRVH�VWXG\�
ZDV�DPRQJ�UHVLGHQW�GRFWRUV�IURP�GLYHUVH�WUDLQLQJ�
FHQWUHV� LQ�1LJHULD�� ZKHUH� ����RI � UHVSRQGHQWV�
KDG�QHYHU�UHIHUUHG�D�IHPDOH�SDWLHQW�IRU�FHUYLFDO�
FDQFHU� VFUHHQLQJ�� DQG� ���� RI � WKH� PDOH�
UHVSRQGHQWV� KDG� QHYHU� UHFRPPHQGHG� FHUYLFDO�

�FDQFHU�VFUHHQLQJ�WR�WKHLU�IHPDOH�UHODWLRQV� �7KLV�
VXJJHVWV� WKDW� PRUH� ZRUN� QHHGV� WR� EH� GRQH� WR�
HQFRXUDJH� UHVLGHQW� GRFWRUV� ZKR� KDYH� FRQWDFW�
ZLWK�IHPDOH�SDWLHQWV�ZKR�PD\�QHYHU�EH�SUHVHQW�DW�
WKH�J\QHFRORJLF�FOLQLF�WR�LQFOXGH�FHUYLFDO�FDQFHU�
SUHYHQWLRQ� LQ� WKHLU� FOLQLF� FRQYHUVDWLRQV� DQG�
SUDFWLFH�� 7KLV� LV� SDUWLFXODUO\� LPSRUWDQW� LQ� DQ�
HQYLURQPHQW� ZKHUH� RSSRUWXQLVWLF� VFUHHQLQJ� LV�
SUDFWLVHG��

7KH� XSWDNH� RI � SDS� VPHDU� DPRQJ� WKH� IHPDOH�
UHVLGHQW�GRFWRUV�LQ�WKLV�VWXG\�ZDV�SRRU�DW��������
DQG� RI � WKH� ���ZKR� KDG� EHHQ� VFUHHQHG� EHIRUH��
������ KDG� RQO\� GRQH� LW� RQFH�� 7KH� SULPDU\�
UHDVRQV�JLYHQ�IRU�QRW�WDNLQJ�WKH�WHVW�LQFOXGHG�WKH�
IHDU�RI �GHWHFWLQJ�FDQFHU���������DQG�WKH�LQYDVLYH�
QDWXUH� RI � WKH� WHVW� ��������� (VLNH� HW� DO�� DOVR�
UHSRUWHG�D�SRRU�XSWDNH�RI �������DPRQJ�IHPDOH�

�UHVLGHQW�GRFWRUV ��,Q�VWXGLHV�FRQGXFWHG�DFURVV�WKH�
FRXQWU\�ZKLFK�LQFOXGHG�RWKHU�KHDOWK�ZRUNHUV��WKH�

7KH�$ZDUHQHVV��RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV�DPRQJ�5HVLGHQW�'RFWRUV�LQ�7HUWLDU\�&HQWUH�LQ�%HQLQ�&LW\ ��
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XSWDNH� KDV� EHHQ� UHSRUWHG� WR� EH� HYHQ� SRRUHU��
��$Q\HEH�HW�DO��UHSRUWHG�����LQ�=DULD ��$GGDK�HW�DO��

��²�������LQ�3RUW�+DUFRXUW ��$Q\D�HW�DO�������LQ�
��6RXWKHDVWHUQ�1LJHULD �DQG�$ER\HML�HW�DO�������LQ�

��,ORULQ� � 7KLV� WUHQG� LV� D� FDXVH� IRU� FRQFHUQ� DV�
IHPDOH�KHDOWK�ZRUNHUV�DUH�H[SHFWHG�WR�EH�PRGHOV�
LQ� WKLV� UHJDUG�� 3RRU� XSWDNH� DPRQJ� WKHVH�
SUDFWLWLRQHUV�ZLOO� OLNHO\�QHJDWLYHO\� LPSDFW� WKHLU�
DELOLW\�WR�FRXQVHO�DQG�HQFRXUDJH�RWKHU�ZRPHQ�WR�
JHW�VFUHHQHG��

&21&/86,21
7KH� NQRZOHGJH� RI � FHUYLFDO� FDQFHU� SUHYHQWLRQ�
VWUDWHJLHV� DPRQJ� UHVLGHQW� GRFWRUV� XQGHUJRLQJ�
WUDLQLQJ�LQ�8%7+�LV�JRRG��DOWKRXJK�WKLV�FDQ�EH�
LPSURYHG�XSRQ�FRQVLGHULQJ�WKH�NQRZOHGJH�JDSV�
LGHQWLILHG� LQ� WKLV� VWXG\��:KLOH� WKH� DWWLWXGH� RI �
WKHVH�GRFWRUV�WRZDUG�FHUYLFDO�FDQFHU�SUHYHQWLRQ�
VWUDWHJLHV�LV�DOVR�JRRG��WKHLU�H[FHOOHQW�NQRZOHGJH�
DQG�DWWLWXGH�DUH�QRW�UHIOHFWHG�LQ�WKH�SUDFWLFH�RI �
FHUYLFDO� FDQFHU� SUHYHQWLYH� VWUDWHJLHV� DPRQJ�
WKHP���

5()(5(1&(6
��� :RUOG� +HDOWK� 2UJDQL]DWLRQ�� +XPDQ�

SDSLOORPDYLUXV� �+39�� DQG� FHUYLFDO�
F D Q F H U � � K W W S � � �ZZZ�Z K R � L Q W � �
PHGLDFHQWUH�IDFWVKHHWV�IV����HQ�������

��� $U\HH�5�.��&DUFLQRPD�RI �WKH�FHUYL[��,Q��
&RPSUHKHQVLYH� *\QDHFRORJ\� LQ� WKH�
7URSLFV�� .ZDZXNXPH� (�<�� (NHOH� %�$���
'DQVR�.�$���(PXYH\DQ�(�(���HGLWRUV���*�
3DN�/LPLWHG���������������

��� .\UJLRX��0��3UHPDOLJQDQW�DQG�0DOLJQDQW�
'LVHDVH� RI � WKH� &HUYL[�� ,Q�� 'HZKXUVW�
7H [ W E R R N � R I � 2 E V W H W U L F V � D Q G �
*\QDHFRORJ\�� (GPRQGV� '.� �HG��� -RKQ�
:LOH\�DQG�6RQV�/WG���������������

��� &URVELH�(-��3UHPDOLJQDQW� DQG�PDOLJQDQW�
GLVHDVHV� RI � WKH� ORZHU� JHQLWDO� WUDFW�� ,Q��

WK*\QHFRORJ\� E\� 7HQ� 7HDFKHUV�� �� � (G��
&5&�3UHVV���������������

��� %HGGRH� $0�� (OLPLQDWLRQ� RI � FHUYLFDO�

FDQFHU �� FKDOOHQJHV� IRU� GHYHORSLQJ�
FRXQWULHV��HFDQFHUPHGLFDOVFLHQFH���������

��� 6FKRUJH� -2�� 3UHLQYDVLYH� OHVLRQV� RI � WKH�
ORZHU� JHQLWDO� WUDFW�� ,Q�� :LOOLDP
V�
J\QDHFRORJ\�� +RIIPDQ� %/�� 6FKRUJH� -2��
%UDGVKDZ�.'��+DOYRUVRQ�/0��6FKDIIHU�-,��
&RUWRQ� 00� �HGLWRUV��� 0F*UDZ�+LOO�
(GXFDWLRQ�����������²�����

��� 6PDOO�-U�:��%DFRQ�0$��%DMDM�$��&KXDQJ�/7��
)LVKHU� %-��+DUNHQULGHU�00�� -KLQJUDQ�$��
.LWFKHQHU�+&��0LOHVKNLQ�/5��9LVZDQDWKDQ�
$1��*DIIQH\�'.��&HUYLFDO�FDQFHU��D�JOREDO�
KHDOWK�FULVLV��&DQFHU����������������������

��� (VLNH�&2��2QRK�5&��8NDHJEH�&,��$OXND�
&2��(]HRQX�32��8PHRUD�28��.QRZOHGJH��
DWWLWXGH��DQG�SUDFWLFH�RI �1LJHULDQ�VSHFLDOLVW�
GRFWRUV� LQ� FHUYLFDO� FDQFHU� WUDLQLQJ� DQG�
VFUHHQLQJ��7URSLFDO� -RXUQDO� RI �2EVWHWULFV�
DQG�*\QDHFRORJ\�������������������

��� 2NXQQXJD�1��2NXQQXJD�$��2VKR�6��2VKR�
32��2OXERVHGH�2��3UHYDOHQFH�� 6WDJH� DQG�
6RFLRGHPRJUDSKLF� 3DWWHUQ� RI � %UHDVW�
&DQFHU� LQ� D� 7HUWLDU\� +HDOWK� ,QVWLWXWLRQ��
6RXWK�:HVW�1LJHULD��,QWHUQDWLRQDO�-RXUQDO�
RI �&OLQLFDO�2QFRORJ\�DQG�&DQFHU�5HVHDUFK�
��������������

����)DSRKXQGD� $�� )DNRODGH� $�� 2PL\H� -��
$IRODUDQPL�2��$URZRMROX�2��2\HEDPLML�7��
1ZRJX� &�� 2ODZDL\H� $�� 0XWLX� -�� &DQFHU�
SUHVHQWDWLRQ� SDWWHUQV� LQ� /DJRV�� 1LJHULD��
([SHULHQFH� IURP� D� SULYDWH� FDQFHU� FHQWUH��
-RXUQDO� RI � 3XEOLF� +HDOWK� LQ� $IULFD�
�����������

����1ZDIRU�&&��1ZDIRU�11��7KH�SDWWHUQ�DQG�
GLVWULEXWLRQ� RI � FDQFHUV� LQ� $NZD� ,ERP�
6WDWH��1LJHULD��1LJHULDQ�-RXUQDO�RI �&OLQLFDO�
3UDFWLFH������������������

����$Q\HEH� ((�� 2SDOXZD� 6$�� 0XNWDU� +0��
3KLOLS� )�� .QRZOHGJH� DQG� SUDFWLFH� RI �
FHUYLFDO� FDQFHU� VFUHHQLQJ� DPRQJVW�
$KPDGX� %HOOR� 8QLYHUVLW\� 7HDFKLQJ�
+R VS L W D O � = D U L D � QX U V H V � � & DQ F H U �
�����������������

7KH�$ZDUHQHVV��RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV�DPRQJ�5HVLGHQW�'RFWRUV�LQ�7HUWLDU\�&HQWUH�LQ�%HQLQ�&LW\��
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����$GGDK� $2�� 2MXOH� -'�� )LHEDL� 32��
.QRZOHGJH�� DWWLWXGH�� DQG� SUDFWLFH� RI �
FHUYLFDO� FDQFHU� VFUHHQLQJ²3DSDQLFRODRX�
WHVW��3DS�VPHDU��DPRQJ�IHPDOH�KHDOWK�FDUH�
SURYLGHUV�LQ�3RUW�+DUFRXUW��3RUW�+DUFRXUW�
0HGLFDO�-RXUQDO�����������������

����$ZRGHOH� 2�� $GH\RPR\H� $$�� $ZRGHOH�
')��.ZDVKL�9��$ZRGHOH�,2��'RODSR�'&��
$� VWXG\� RQ� FHUYLFDO� FDQFHU� VFUHHQLQJ�
DPRQJVW� QXUVHV� LQ� /DJRV� 8QLYHUVLW\�
7HDFKLQJ� +RVSLWDO�� /DJRV�� 1LJHULD��
-R X U Q D O � R I � & DQ F H U � (GXF D W L RQ �
�������������������

����.UHVV�&0��6KDUOLQJ�/��2ZHQ�6PLWK�$$��
'HVDOHJQ�'��%OXPEHUJ�+0��*RHGNHQ�-��
.QRZOHGJH�� DWWLWXGHV�� DQG� SUDFWLFHV�
UHJDUGLQJ� FHUYLFDO� FDQFHU� DQG� VFUHHQLQJ�
DPRQJ� (WKLRSLDQ� KHDOWK� FDUH� ZRUNHUV��
,QWHUQDWLRQDO� MRXUQDO�RI �ZRPHQ
V�KHDOWK�
�����������

����=DKHGL� /�� 6L]HPRUH� (�� 0DOFROP� 6��
*URVVQLNODXV�(��1ZRVX�2��.QRZOHGJH��
DWWLWXGHV�DQG�SUDFWLFHV�UHJDUGLQJ�FHUYLFDO�

FDQFHU�DQG�VFUHHQLQJ�DPRQJ�+DLWLDQ�KHDOWK�
FDUH� ZRUNHUV�� ,QWHUQDWLRQDO� MRXUQDO� RI �
HQYLURQPHQWDO�UHVHDUFK�DQG�SXEOLF�KHDOWK�
���������������������

����$Q\D�6(��2VKL�'&��1ZRVX�62��$Q\D�$(��
:RPHQ� KHDOWK� SURIHVVLRQDOV
� NQRZOHGJH��
DWWLWXGH�� DQG� SUDFWLFH� UHJDUGLQJ� FHUYLFDO�
FDQFHU�DQG�SDS�VPHDU��1LJHULDQ�-RXUQDO�RI �
0HGLFLQH������������������

����$ER\HML� 3$�� ,MDL\D� 0'�� -LPRK� $*��
.QRZOHGJH�� DWWLWXGH�� DQG� SUDFWLFH� RI �
FHUYLFDO�VPHDU�DV�D�VFUHHQLQJ�SURFHGXUH�IRU�
FHUYLFDO�FDQFHU�LQ�,ORULQ��1LJHULD��7URSLFDO�
MRXUQDO� RI � REVWHWULFV� DQG� J\QDHFRORJ\�
�����������������

2VD]HH�.��2EDKLDJERQ�2��7KH�$ZDUHQHVV�
RI � &HUYLFDO� &DQFHU� 3UHYHQWLRQ� 6WUDWHJLHV�
DPRQJ� 5HVLGHQW� 'RFWRUV� LQ� D� 7HUWLDU\�
&HQWUH�LQ�%HQLQ�&LW\��$IU��-��7URS��0HG��	�
%LRPHG��5HV������������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���

7KH�$ZDUHQHVV��RI �&HUYLFDO�&DQFHU�3UHYHQWLRQ�6WUDWHJLHV�DPRQJ�5HVLGHQW�'RFWRUV�LQ�7HUWLDU\�&HQWUH�LQ�%HQLQ�&LW\ ��
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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� ��������
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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/��+'/�
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���������PPRO�/��� 'LIIHUHQFH� ZDV� QRW�
VWDWLVWLFDOO\�VLJQLILFDQW��3 ��������7DEOH����
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7$%/(���
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+LJK�� � � � �������� ��������
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/'/�&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�
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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���

3ODVPD�HOHFWURO\WHV��RVPRODOLW\�DQG�OLSLG�SURILOH�LQ�SDWLHQWV�ZLWK�DFXWH�VWURNH�LQ�D�WHUWLDU\�KRVSLWDO�LQ�6RXWK�6RXWK��1LJHULD� ��
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,1752'8&7,21
(DU�LQIHFWLRQV�RFFXU�LQ�DOO�DJH�JURXSV�KRZHYHU��LW�

��LV� PRUH� FRPPRQ� LQ� FKLOGUHQ� WKDQ� DGXOWV�
&KLOGKRRG� HDU� LQIHFWLRQ� �&(,�� LV� WKH� PRVW�
IUHTXHQWO\�GLDJQRVHG�LOOQHVV�DPRQJ�FKLOGUHQ�LQ�
WKH� 8QLWHG� 6WDWHV� �DFFRXQWLQJ� IRU� DV� KLJK� DV�

� ���������DQG�LQ�8JDQGD� �(DU�LQIHFWLRQV�DIIHFW����²�
�����RI �WKH�SHGLDWULF�SRSXODWLRQ� �PRVW�HSLVRGHV�

RFFXU�ZLWKLQ� WKH� ILUVW� WKUHH� \HDUV� RI � OLIH�� 7KH�
IUHTXHQF\� RI � HDU� LQIHFWLRQV� WHQGV� WR� SHDN�

��EHWZHHQ� ��� WR� ��� PRQWKV� $ERXW� ���� RI �
FKLOGUHQ�ZLOO�KDYH�WKHLU�ILUVW�HSLVRGH�RI �PLGGOH�
HDU� LQIHFWLRQ� E\� WKHLU� ILUVW� ELUWKGD\�� DERXW� ���
SHUFHQW� E\� WKH� WKLUG� ELUWKGD\�� DQG� QHDUO\� ����

��SHUFHQW�ZLOO�KDYH�DW�OHDVW�RQH�HSLVRGH�E\�DJH�ILYH�
7KH�EXUGHQ�RI �HDU�LOOQHVVHV�LV�KLJKO\�SUHYDOHQW�LQ�

�ORZ�� DQG� PLGGOH�LQFRPH� FRXQWULHV� �/0,&�� �

FRQWULEXWLQJ�VLJQLILFDQWO\�WR�WKH�H[LVWLQJ�EXUGHQ�
RI �KHDOWK�FDUH��

7KH�3ULPDU\�+HDOWK�&DUH��3+&��FHQWHU�LV�WKH�ILUVW�
SRLQW�RI �FRQWDFW� IRU�KHDOWKFDUH� LQ�PDQ\�/0,&�
FRPPXQLWLHV�DQG�LWV�VHUYLFHV�DUH�RIWHQ�WKH�HQWU\�

�SRLQW� WR� KHDOWK� VHUYLFHV� IRU� WKRVH� LQ� GLVWUHVV� �
3ULPDU\�KHDOWKFDUH�ZRUNHUV��3+&:V��DV�KHDOWK�
SURYLGHUV�� WKHUHIRUH�� SOD\� D� KXJH� UROH� LQ� WKH�
SURYLVLRQ�RI �EDVLF�KHDOWK� VHUYLFHV� IRU� FKLOGUHQ��
DGXOWV�� DQG� IDPLOLHV�� 3+&:V� DUH� WUDLQHG� WR�
UHFRJQL]H� WKH� ULVN� IDFWRUV� DV� ZHOO� DV� VLJQV� DQG�

��V\PSWRPV� RI � &(,� LQ� FKLOGUHQ� 7KH� 6WDQGLQJ�
2UGHUV�E\�WKH�)HGHUDO�0LQLVWU\�RI �+HDOWK��1LJHULD�
WKURXJK� WKH� 1DWLRQDO� 3ULPDU\� +HDOWKFDUH�
'HYHORSPHQW�$JHQF\�DUH�JXLGHOLQHV�IRU�3+&:V��
QDUUDWLQJ�KHDOWK�V\PSWRPV�DQG�GHVFULELQJ�KRZ�WR�

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

� ����%DEDOROD�2(�� ��$GH\HPR�$$��

�,QVWLWXWH�RI �&KLOG�+HDWK��&ROOHJH�RI �0HGLFLQH��8QLYHUVLW\�RI �,EDGDQ��2\R�6WDWH��1LJHULD
�'HSDUWPHQW�RI �2WRUKLQRODU\QJRORJ\��8QLYHUVLW\�&ROOHJH�+RVSLWDO��,EDGDQ��2\R�6WDWH��1LJHULD

$EVWUDFW
,QWURGXFWLRQ��(DU�LQIHFWLRQV�DUH�SUHYDOHQW�LQ�FKLOGUHQ��DQG�LQDGHTXDWH�PDQDJHPHQW�RI �WKHVH�LQIHFWLRQV�
E\�3ULPDU\�+HDOWK�&DUH�:RUNHUV��3+&:V��FRQWULEXWHV�VLJQLILFDQWO\�WR�WKH�EXUGHQ�RI �KHDULQJ�ORVV��7KLV�
VWXG\�DVVHVVHG�3+&:V
�NQRZOHGJH�DQG�PDQDJHPHQW�SUDFWLFHV�RI �&KLOGKRRG�(DU�,QIHFWLRQV��&(,���

0DWHULDOV� DQG� 0HWKRG�� 7KH� FURVV�VHFWLRQDO� VWXG\� XVHG� D� VHPL�VWUXFWXUHG�� VHOI�DGPLQLVWHUHG�
TXHVWLRQQDLUH�WR�HOLFLW�UHVSRQVHV�RQ�NQRZOHGJH�DQG�SUDFWLFH�RI �&(,�IURP�����3+&:V�ZRUNLQJ�LQ�XUEDQ�
DQG�SHUL�XUEDQ�DUHDV�LQ�VRXWKZHVW�1LJHULD��'DWD�ZHUH�DQDO\]HG�XVLQJ�GHVFULSWLYH�DQG�LQIHUHQWLDO�VWDWLVWLFV��

5HVXOW��7KH�PHDQ�NQRZOHGJH�DQG�SUDFWLFH�VFRUHV�ZHUH����������DQG���������UHVSHFWLYHO\��*RRG�DQG�SRRU�
NQRZOHGJH�VFRUHV�ZHUH�VHHQ�LQ�����DQG����RI �UHVSRQGHQWV�UHVSHFWLYHO\�ZKLOH�����RI �UHVSRQGHQWV�KDG�
SRRU�SUDFWLFH�VFRUHV��.QRZOHGJH�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�MRE�FDGUH�DQG�WKH�OHYHO�RI �HGXFDWLRQ�
ZDV�DVVRFLDWHG�ZLWK�&(,�PDQDJHPHQW�SUDFWLFH��

&RQFOXVLRQ��3+&:V�ODFN�DGHTXDWH�NQRZOHGJH�RI �&(,��KLJKOLJKWLQJ�WKH�QHHG�IRU�FRQWLQXRXV�LQ�
VHUYLFH�WUDLQLQJ�DQG�PHQWRUVKLS�LQ�&(,�PDQDJHPHQW�IRU�DOO�3+&:V�

.H\ZRUGV��&KLOGKRRG��(DU�LQIHFWLRQ��+HDULQJ�ORVV��3ULPDU\�+HDOWK�&DUH��+HDOWK�:RUNHUV

&RUUHVSRQGLQJ�DXWKRU��'U��$GHERODMR�$�$GH\HPR��,QVWLWXWH�RI �&KLOG�+HDWK��&ROOHJH�RI �0HGLFLQH��8QLYHUVLW\�RI �,EDGDQ��
30%������*32�,EDGDQ��2\R�6WDWH��1LJHULD��(�PDLO�DGGUHVV��DGHERODMR#JPDLO�FRP
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FDUH� IRU� SDWLHQWV� ZLWK� GLIIHUHQW� KHDOWK�
�FRQGLWLRQV� �7KHVH�6WDQGLQJ�2UGHUV�LQFOXGH�FDUH�

IRU�SDWLHQWV�ZLWK�&(,��3+&:V�DUH�DOVR�H[SHFWHG�
WR� UHFRJQL]H� ZKHQ� WKH� ULVN� RI � KDUP� LV� KLJK�
HQRXJK�WR�ZDUUDQW�UHIHUUDO�WR�D�KLJKHU�OHYHO�RI �
KHDOWKFDUH�SURYLGHU��3RRUO\�PDQDJHG�&(,�PD\�

���OHDG�WR�FRPSOLFDWLRQV�VXFK�DV�KHDULQJ�ORVV� ZLWK�
VXEVHTXHQW�GHOD\HG�DFTXLVLWLRQ�RI �ODQJXDJH��DQG�
LPSDLUPHQW� RI � FRJQLWLRQ� DQG� HPRWLRQDO�

���FRPSHWHQFH� 2WKHU�VTXHDO�RI �SHGLDWULF�KHDULQJ�
ORVV�LQFOXGH�DGYHUVH�HIIHFWV�RQ�FRPPXQLFDWLYH�
VNLOOV�� DFDGHPLF� SURJUHVV�� DQG� VRFLDO� VXFFHVV��
ZLWK� VXEVHTXHQW� OLPLWDWLRQ� RI � YRFDWLRQ� DQG�

��FKRLFHV� � 7KH� HDUOLHU� SHGLDWULF� KHDULQJ� ORVV�
RFFXUV�� WKH� PRUH� VLJQLILFDQW� DGYHUVH� HIIHFW� LW�

��H[HUWV�RQ�D�FKLOG
V�GHYHORSPHQW�

&KLOGUHQ�DUH�WKH�PRVW�YXOQHUDEOH�DQG�GHSHQGHQW�
PHPEHUV� RI � VRFLHW\�� DQG� WKHLU� KHDOWK� LV�
FRQVLGHUHG� WR� EH� DQ� RYHUDOO� PHDVXUH� RI � WKH�

��KHDOWK�RI �VRFLHW\� �6LQFH�3+&:V�DUH�RIWHQ�WKH�
ILUVW�SRLQW�RI �FRQWDFW�ZLWK�WKH�KHDOWKFDUH�V\VWHP�
LQ� /0,&V� WKH� W\SH� RI � FDUH� WKH\� SURYLGH�PD\�
IRUP�WKH�FRUH�FRQWH[W�IRU�D�FKLOG
V�GHYHORSPHQW�
DQG� D� UHIOHFWLRQ� RI � WKH� KHDOWK� RI � WKH� VRFLHW\��
7KXV�� WKHUH� LV�D�QHHG� WR�DVFHUWDLQ� WKH� OHYHO�RI �
NQRZOHGJH� DQG� SUDFWLFH� RI � 3+&:V� LQ� WKH�
PDQDJHPHQW� RI � &(,�� 7KLV� VWXG\� DLPHG� WR�
GHWHUPLQH�WKH�NQRZOHGJH�DQG�SUDFWLFHV�UHODWLQJ�
WR�WKH�PDQDJHPHQW�RI �&(,�DPRQJ�3+&:V��7KH�
RXWFRPH�FDQ�LQIRUP�DSSURSULDWH�PRGLILFDWLRQV�
WR�H[LVWLQJ�HGXFDWLRQDO�SURJUDPV�RQ�HDU�KHDOWK�
IRU� 3+&:V� DQG� SROLFLHV� UHJDUGLQJ� HDU� KHDOWK�
VDIHW\��

0$7(5,$/6�$1'�0(7+2'6
6WXG\�GHVLJQ��VDPSOLQJ��DQG�GDWD�FROOHFWLRQ
7KLV� ZDV� D� GHVFULSWLYH� FURVV�VHFWLRQDO� VXUYH\�
FRQGXFWHG� LQ� WZR� SXUSRVLYHO\� VHOHFWHG� /RFDO�
*RYHUQPHQW�$UHDV��/*$V���(JEHGD�DQG�,EDGDQ�
1RUWK�/*$V�LQ�,EDGDQ��D�FRVPRSROLWDQ�FLW\�LQ�
6RXWKZHVW�1LJHULD��$�WRWDO�VDPSOLQJ�RI �DOO�WKH�
3+&:V��1XUVHV��&RPPXQLW\�+HDOWK�2IILFHUV��

6HQLRU� &RPPXQLW\� ([WHQVLRQ� :RUNHUV�� DQG�
-XQLRU�&RPPXQLW\�([WHQVLRQ�:RUNHUV�� LQ�ERWK�
/*$V�ZDV�GRQH��

'DWD�ZHUH�FROOHFWHG� IURP�SDUWLFLSDQWV�XVLQJ�DQ�
L Q W H U Y L HZH U � D GP LQ L V W H U HG � V W U X F W X U HG �
TXHVWLRQQDLUH�� 7KH� TXHVWLRQQDLUH� LQFOXGHG�
VHFWLRQV� RQ� VRFLRHFRQRPLF� VWDWXV�� VRFLR�
GHPRJUDSKLF� FKDUDFWHULVWLFV� RI � SDUWLFLSDQWV��
NQRZOHGJH��DQG�SUDFWLFHV�UHODWLQJ�WR�&(,��,W�DOVR�
KDG� ��� NQRZOHGJH� TXHVWLRQV� DQG� ��� SUDFWLFH�
TXHVWLRQV�� .QRZOHGJH� ZDV� FDWHJRUL]HG� LQWR�
FDXVHV��ULVN�IDFWRUV��VLJQV�DQG�V\PSWRPV�RI �&(,��
WKH�DSSHDUDQFH�RI �HDUGUXPV�ZKHQ�GLVHDVHG��DQG�
WKH�FRQVHTXHQFHV�RI �SRRU�PDQDJHPHQW�RI �&(,��
(DFK� TXHVWLRQ� ZDV� VFRUHG� ZLWK� D� PDUN� DQG�
VXPPHG�XS�WR�JLYH�D�FRPSRVLWH�NQRZOHGJH�VFRUH�
ZKLFK�ZDV� FDWHJRUL]HG� LQWR� JRRG�� DYHUDJH�� DQG�
SRRU�� 6FRUHV� ���� ZHUH� JUDGHG� DV� JRRG�
NQRZOHGJH�� ��� ²� ��� ZHUH� JUDGHG� DV� DYHUDJH�
NQRZOHGJH��DQG�VFRUHV�����ZHUH�JUDGHG�DV�SRRU�
NQRZOHGJH�VFRUHV��3UDFWLFH�TXHVWLRQV�GUDZQ�RXW�
RI �WKH�6WDQGLQJ�2UGHUV�IRU�&RPPXQLW\�+HDOWK�
2IILFHUV� DQG� &RPPXQLW\� +HDOWK� ([WHQVLRQ�
:RUNHUV� ZLWK� WKH� LQFOXVLRQ� RI � H[WHUQDOO\�
VWUXFWXUHG� TXHVWLRQV� ZHUH� XVHG� WR� WHVW� WKH�
PDQDJHPHQW� VNLOO� RI � &(,�� 3UDFWLFH� TXHVWLRQV�
ZHUH�DOVR�VFRUHG�RQ�D���²SRLQW�VFDOH��VFRUHV�����
DQG� !��� ZHUH� FDWHJRUL]HG� DV� SRRU� DQG� JRRG�
SUDFWLFHV�UHVSHFWLYHO\��$Q�REVHUYDWLRQDO�FKHFNOLVW�
ZDV�DOVR�XVHG�WR�FROOHFW�GDWD�RQ�WKH�SUHVHQFH�RU�
DEVHQFH�RI �UHOHYDQW�HDU�KHDOWK�HTXLSPHQW�VXFK�DV�
RWRVFRSHV��HDU� V\ULQJHV��KHDGOLJKWV�DQG�PLUURUV��
NLGQH\�ERZOV��DQG�V\ULQJHV�LQ�PDQDJLQJ�&(,�LQ�DOO�
WKH�3+&�IDFLOLWLHV�LQ�WKH�VHOHFWHG�/*$V��

7KH� GDWD� ZHUH� DQDO\]HG� XVLQJ� GHVFULSWLYH� DQG�
LQIHUHQWLDO�VWDWLVWLFDO�WRROV��$�FKL�VTXDUH�WHVW�ZDV�
GRQH� WR� HVWDEOLVK� DVVRFLDWLRQV� EHWZHHQ� WKH�
LQGHSHQGHQW� �VRFLR�GHPRJUDSKLF� FKDUDFWHULVWLFV�
RI � WKH� 3+&:V�� DQG� GHSHQGHQW� YDULDEOHV�
�NQRZOHGJH�DQG�SUDFWLFHV�UHODWLQJ�WR�&(,���&URVV�
WDEXODWLRQ� RI � WKH� GHSHQGHQW� DQG� LQGHSHQGHQW�

0DQDJHPHQW�RI �(DU�,QIHFWLRQV�E\�3ULPDU\�+HDOWKFDUH�:RUNHUV ��
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YDULDEOHV�ZDV�DOVR�GRQH�WR�HVWDEOLVK�DVVRFLDWLRQV�
EHWZHHQ� YDULDEOHV�� $OO� VWDWLVWLFDO� WHVWV� ZHUH�
FRQGXFWHG�DW�D���VLGHG�VLJQLILFDQFH�OHYHO�RI ������

7KH�UHVHDUFK�DGKHUHG�WR�WKH�ODWHVW�YHUVLRQ�RI �WKH�
'HFODUDWLRQ� RI � +HOVLQNL� WKURXJKRXW� LWV�
LPSOHPHQWDWLRQ��(WKLFDO�DSSURYDO�IRU�WKH�VWXG\�
ZDV�JUDQWHG�E\�WKH� MRLQW�8QLYHUVLW\�RI �,EDGDQ�
DQG� 8QLYHUVLW\� &ROOHJH� +RVSLWDO� ,QVWLWXWLRQDO�
5HYLHZ�&RPPLWWHH�LQ�,EDGDQ��2\R�VWDWH��1LJHULD�
ZLWK� DSSURYDO� QXPEHU� 8,�(&����������
:ULWWHQ� LQIRUPHG� FRQVHQW�ZDV� REWDLQHG� IURP�
WKH� 3ULPDU\� +HDOWK� &DUH� :RUNHUV� DIWHU�
SURYLGLQJ� FRPSUHKHQVLYH� LQIRUPDWLRQ� DERXW�
WKH�VWXG\�

5(68/76�
$� WRWDO� RI � ���� SULPDU\� KHDOWK� FDUH� ZRUNHUV�
UHVSRQGHG�WR�WKH�VXUYH\�ZLWK����3+&:V�IURP�
(JEHGD� DQG� ��� 3+&:V� IURP� ,EDGDQ� 1RUWK�
/*$V�� 7KHUH� ZHUH� PRUH� IHPDOHV� ��� ��������
WKDQ�PDOHV��DQG�WKH�PHDQ�DJH�RI �WKH�UHVSRQGHQWV�
ZDV������������\HDUV��$OPRVW�DOO�����������RI �
WKH� 3+&:V� KDG� WHUWLDU\� HGXFDWLRQ� DV� WKHLU�
KLJKHVW� OHYHO� RI � HGXFDWLRQ�� ������ ����� ZHUH�
VHQLRU� FRPPXQLW\� KHDOWK� H[WHQVLRQ� ZRUNHUV�
ZKLOH�WKH�RWKHU�KDOI �EHORQJHG�WR�RWKHU�FDGUHV��
7DEOH� �� VKRZV� WKH� VRFLR�GHPRJUDSKLF�
FKDUDFWHULVWLFV�RI �WKH�UHVSRQGHQWV��

7KH�PDMRULW\������������RI �WKH�UHVSRQGHQWV�KDG�
DQ� DYHUDJH� NQRZOHGJH� VFRUH�� ����� ���� RI �
UHVSRQGHQWV� KDG� SRRU� NQRZOHGJH�� ZKLOH� RQO\�
������ ����� RI � UHVSRQGHQWV� KDG� D� JRRG�
NQRZOHGJH� VFRUH� �7DEOH� ���� 0RVW� RI � WKH�
UHVSRQGHQWV� PLVVHG� VLJQLILFDQW� NQRZOHGJH�
TXHVWLRQV�UHODWLQJ�WR�&(,��IRU�H[DPSOH������RI �
WKH� UHVSRQGHQWV� GLVDJUHHG� WKDW� RYHUFURZGLQJ�
FRXOG�SUHGLVSRVH�FKLOGUHQ�WR�&(,�DQG�������DQG�

������ GLG� QRW� DJUHH� WKDW� ERWWOH�IHHGLQJ� DQG�
H[SRVXUH�WR�SDVVLYH�VPRNLQJ�UHVSHFWLYHO\��DUH�ULVN�
IDFWRUV� IRU� &(,�� +RZHYHU�� PRVW� RI � WKH�
UHVSRQGHQWV� �������� FRUUHFWO\� LGHQWLILHG�
YDFFLQDWLRQ� DV� DQ� LPSRUWDQW�ZD\�RI �SUHYHQWLQJ�
&(,��VHH�4XHVWLRQQDLUH�LQ�$SSHQGL[�,,���

2YHUDOO�����������RI �WKH�UHVSRQGHQWV�KDG�SRRU�
SUDFWLFH�VFRUHV�ZKLOH����������KDG�JRRG�SUDFWLFH�
VFRUHV��7DEOH�����1XUVHV�DQG�VHQLRU�&+(:V�KDG�
EHWWHU�SUDFWLFH�VFRUHV�FRPSDUHG�WR�WKH�&+2V�DQG�
MXQLRU�&+(:V��6LPLODU�WR�ZKDW�ZDV�VHHQ�LQ�WKH�
NQRZOHGJH� VFRUHV�� NH\� SUDFWLFH� TXHVWLRQV� ZHUH�
PLVVHG�E\�WKH�UHVSRQGHQWV��IRU�H[DPSOH��������
RI � WKH� 3+&:V� FKRVH� WKH� DGPLQLVWUDWLRQ� RI �
$UWHPHWKHU�/XPHIDQWULQH�WR�D�FKLOG�ZLWK�HDU�SDLQ�
DQG�GLVFKDUJH��VHH�4XHVWLRQQDLUH�LQ�$SSHQGL[�,,���
7KRXJK� WKH� 3+&:V� DJUHHG� WKDW� WKH� 6WDQGLQJ�
2UGHUV� ZHUH� ZHOO�GHVLJQHG� WR� JXLGH� LQ� WKH�
PDQDJHPHQW�RI �LOOQHVV�LQ�FKLOGUHQ�������������RI �
WKHP�KDG�QRW�UHFHLYHG�DQ\�WUDLQLQJ�UHODWLQJ�WR�HDU�
KHDOWK�ZLWKLQ�WKH����PRQWKV�SUHFHGLQJ�WKH�VWXG\��
$SDUW�IURP�NLGQH\�ERZOV�DQG�V\ULQJHV��DOO�3+&V�
LQ� WKH� VWXG\� VLWHV� ODFNHG� DGHTXDWH� HDU� KHDOWK�
LQVWUXPHQWV� WR� PDQDJH� &(,� �7DEOH� ���� 7KH�
SURYLVLRQ� RI � WUDLQLQJ� DQG� HTXLSPHQW� ZDV�
VXJJHVWHG� E\� WKH� UHVSRQGHQWV� DV� DQ� LPSRUWDQW�
UHTXLUHPHQW�IRU�EHWWHU�PDQDJHPHQW�RI �&(,��&KL�
VTXDUH� DQDO\VLV� UHYHDOHG� D� SRVLWLYH� DVVRFLDWLRQ�
EHWZHHQ� WKH� MRE� FDGUH�RI � UHVSRQGHQWV� DQG� WKH�
OHYHO� RI � NQRZOHGJH� DERXW� &(,� �7DEOH� ���� WKXV�
VKRZLQJ� WKDW� WKH� MRE� FDGUH� LQIOXHQFHG� WKH�
NQRZOHGJH� RI � &(,�� 3RVLWLYH� DVVRFLDWLRQV� ZHUH�
VHHQ�EHWZHHQ�WKH�PDQDJHPHQW�SUDFWLFHV�RI �&(,�
DQG�ERWK�WKH�HGXFDWLRQDO�OHYHO�DQG�MRE�FDGUHV�RI �
3+&:V� �7DEOH� ���� VXJJHVWLQJ� WKDW� WKH� OHYHO� RI �
HGXFDWLRQ�DQG�MRE�FDGUHV�RI �3+&:V�LQIOXHQFHG�
WKHLU�PDQDJHPHQW�RI �&(,�

0DQDJHPHQW�RI �(DU�,QIHFWLRQV�E\�3ULPDU\�+HDOWKFDUH�:RUNHUV��
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7DEOH���'LVWULEXWLRQ�RI �WKH�VRFLR�GHPRJUDSKLF�FKDUDFWHULVWLFV�RI �3+&:V

9DULDEOH � &DWHJRU\ � )UHTXHQF\����� �
*HQGHU � 0DOH � ��������� �
� )HPDOH � ��������� �
$JH� �����\UV � ��������� �
� �����\UV � ��������� �
� �����\UV � ��������� �
� �����\UV � ��������� �
3+&�/RFDWLRQ � (JEHGD � �������� �
� ,EDGDQ�1RUWK � �������� �
(GXFDWLRQDO�OHYHO � 7HUWLDU\�HGXFDWLRQ � ��������� �

� 6HFRQGDU\�HGXFDWLRQ
�

������
�

-RE�UROH
�

1XUVH
�

��������
�

�
&RPPXQLW\�+HDOWK�2IÀFHU

�
��������

�

�
6HQLRU�&RPPXQLW\�+HDOWK�([WHQVLRQ�ZRUNHU

�
��������

�

�
-XQLRU�&RPPXQLW\�+HDOWK�([WHQVLRQ�ZRUNHU

�
��������

�

7DEOH���3+&:V�.QRZOHGJH�RI �FKLOGKRRG�HDU�LQIHFWLRQV

*UDGH�� � 6FRUH� � )UHTXHQF\ � 3HUFHQW �
3RRU � ���� � � � ��� �
$YHUDJH � !����� � �� � ���� �
*RRG � !�� � �� � ���� �

7DEOH���3UDFWLFHV�RI �3+&:V�DV�LW�UHODWHV�WR�WKH�PDQDJHPHQW�RI �FKLOGKRRG�HDU�LQIHFWLRQV

*UDGH � )UHTXHQF\ � 3HUFHQW �
*RRG � �� � ���� �
3RRU � �� � ���� �
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7DEOH���&KHFNOLVW�RI �DYDLODEOH�HTXLSPHQW�IRU�PDQDJLQJ�&(,

(TXLSPHQW � (JEHGD�/* �,EDGDQ�1RUWK�
/* �2WRVFRSH � $EVHQW �$EVHQW �3QHXPDWLF�RWRVFRSH

�
$EVHQW

�
$EVHQW

�&RWWRQ�DSSOLFDWRUV���FP�VHUUDWHG
�
$EVHQW

�
$EVHQW

�
+HDGOLJKW��VSHDU

�
EXOE�

�
$EVHQW

�
$EVHQW

�+HDG�PLUURU

�

$EVHQW

�

$EVHQW

�
(DU�V\ULQJH

�

$EVHQW

�

$EVHQW

�
.LGQH\�ERZOV

�

3UHVHQW

�

3UHVHQW

�
2WRVFRSH��VSHDU�EXOE� $EVHQW $EVHQW
'LVSRVDEOH�VSHFXOD $EVHQW $EVHQW
6\ULQJHV 3UHVHQW 3UHVHQW

7DEOH���$VVRFLDWLRQ�EHWZHHQ�3+&:
V�HGXFDWLRQ��-RE�FDGUH�DQG�NQRZOHGJH�RI �&(,

9DULDEOH � .QRZOHGJH�JUDGH � &KL�VTXDUH
(GXFDWLRQ � � � � �����
6HFRQGDU\�HGXFDWLRQ � ������� � ������� ������ �
7HUWLDU\�HGXFDWLRQ

�
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',6&866,21
7KH� IHPDOH� JHQGHU� ZDV� GRPLQDQW� DPRQJ�
3+&:V�� D� WUHQG� WKDW� LV� VHHQ� LQ� PDQ\� 3+&�

������ �� ��IDFLOLWLHV�LQ�1LJHULD� .HQ\D� �DQG�1HSDO� ��7KH�
PDMRULW\�RI � WKH� UHVSRQGHQWV� LQ� WKLV� VWXG\�KDG�
IRUPDO� HGXFDWLRQ�� DQG� D� ODUJH� SURSRUWLRQ� RI �
WKHVH� UHVSRQGHQWV� KDG� WHUWLDU\� HGXFDWLRQ��
KRZHYHU��VWXGLHV�IURP�RWKHU� ORFDWLRQV�VKRZHG�
WKDW� WKH�PDMRULW\� RI � 3+&:V� FRPSOHWHG� RQO\�

��VHFRQGDU\�HGXFDWLRQ�� �7KH�GLIIHUHQFH�PD\�EH�
UHODWHG� WR� WKH� ORFDOLWLHV� ZKHUH� WKH� VWXG\� ZDV�
FRQGXFWHG�� WKH� ORFDOHV� IRU� WKLV� VWXG\� ZHUH�
VLWXDWHG�FORVH� WR�D�PDMRU�FRVPRSROLWDQ�FLW\� LQ�
1LJHULD��7KH�PHDQ� DJH� UHFRUGHG� LQ� WKLV� VWXG\�
VKRZHG� WKDW�PRVW� RI � WKH�3+&:V�ZHUH� ROGHU�
ZRUNHUV� WKLV�SHFXOLDULW\�ZDV� UHFRUGHG� LQ�RWKHU�
VWXGLHV��VXJJHVWLQJ�WKDW�3+&:V�DUH�QRW�KLJKO\�

�����PRELOH��

7KHUH�LV�QR�SULRU�VWXG\�GHWDLOLQJ�WKH�NQRZOHGJH�
RI � 3+&:V� RQ� &(,�� KRZHYHU�� VWXGLHV� DPRQJ�

�� ��FDUHJLYHUV� LQ�,QGLD �DQG�1LJHULD �VKRZHG�ORZ�
RYHUDOO�NQRZOHGJH�RI �RWLWLV�PHGLD��0RVW�RI �WKH�
3+&:V�LQ�WKLV�VWXG\�FRXOG�LGHQWLI\�VRPH�ULVN�
IDFWRUV� DQG� V\PSWRPV� RI � &(,�� WKH� EHWWHU�

NQRZOHGJH�RI �WKH�3+&:V�FRPSDUHG�WR�WKRVH�RI �
FDUHJLYHUV� VKRZHG� WKH� LPSDFW� RI � WKH� WUDLQLQJ�
UHFHLYHG�E\�3+&:V��1RQHWKHOHVV�� WKLV� WUDLQLQJ�
DSSHDUV�LQDGHTXDWH�ZLWK�UHVSHFW�WR�&(,�DV�VKRZQ�
LQ�WKH�RYHUDOO�NQRZOHGJH�VFRUH��7KLV�LV�PD\�EH�GXH�
WR�D�ODFN�RI �WUDLQLQJ�LQ�SULPDU\�HDU�DQG�KHDULQJ�
FDUH� WUDLQLQJ� �3(+&�� E\� PDQ\� 3+&:V� LQ�

��/0,&V� �7KHUH�LV�D�QHHG�WR�LPSURYH�NQRZOHGJH�
��DERXW�ULVN�IDFWRUV�IRU�&(,�DPRQJ�3+&:V� �7KH�

UHVSRQVHV� DQG� NQRZOHGJH� VFRUHV� RI � WKH� VWXG\�
SDUWLFLSDQWV� VXJJHVWV� WKH� QHHG� WR� SULRULWL]H�
SURYLVLRQ� RI � DGGLWLRQDO� FRXUVHV� WDUJHWHG� DW�
LPSURYLQJ� DQG� UHIUHVKLQJ� WKH� NQRZOHGJH� RI �
3+&:V�RQ�&(,�� WKH� WUDLQHG�3+&:V�FDQ� WKHQ�
SDVV� WKLV� NQRZOHGJH� DFURVV� WR� SDUHQWV� DQG�
FDUHJLYHUV�

7KH� LPSRUWDQFH� RI � VWDQGDUG� RSHUDWLQJ�
SURFHGXUHV�IRU�DOO�FDGUHV�RI �KHDOWK�ZRUNHUV�ZDV�
GHPRQVWUDWHG�LQ�WKH�NQRZOHGJH�RI �LPPXQL]DWLRQ�
SUDFWLFHV��6HYHUDO� UHSRUWV�KDYH�VKRZQ�WKDW�RYHU�
����RI �KHDOWK�ZRUNHUV�KDYH�SRRU�NQRZOHGJH�RI �
QDWLRQDO� SROLF\� RQ� VDIH� LPPXQL]DWLRQ�

���������SUDFWLFHV� EXW�WKH�PDMRULW\�RI �3+&:V�LQ�WKLV�
VWXG\�ZHUH�NQRZOHGJHDEOH�RQ�WKH�LPSRUWDQFH�RI �

7DEOH���$VVRFLDWLRQ�EHWZHHQ�3+&:
V�HGXFDWLRQ��-RE�FDGUH�DQG�SUDFWLFH�RI �&(,

9DULDEOH � 3UDFWLFH�JUDGH � &KL�VTXDUH
(GXFDWLRQ � � � �����

6HFRQGDU\�HGXFDWLRQ � ������� � ������ �
7HUWLDU\�HGXFDWLRQ � ��������� � ��������� �
�
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�
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LPPXQL]DWLRQ�LQ�WKH�SUHYHQWLRQ�RI �&(,��0RUH�
WKDQ� ����RI � FKLOGUHQ�XQGHU� WKH� DJH�RI � WKUHH�
VXIIHU�IURP�&(,��ZLWK�DQ�DYHUDJH�WUHDWPHQW�FRVW�

������RI ����ELOOLRQ�DQQXDOO\� \HW�YDFFLQDWLRQ�KDV�EHHQ�
VKRZQ� WR� EHQHILW� FKLOGUHQ� ZKR� DUH� SURQH� WR�

���UHFXUUHQW�&(,�

:KLOH� WKH� PDMRULW\� RI � WKH� 3+&:V� KDG� DQ�
DYHUDJH� VFRUH� RQ� NQRZOHGJH� SDUDPHWHUV�� WKH�
PDMRULW\�DOVR�KDG�SRRU�SUDFWLFH�VFRUHV�UHODWLQJ�WR�
&(,��7KLV�SRRU�SUDFWLFH�PD\�EH�UHODWHG�RQO\�WR�
&(,�DV� LW�KDV�EHHQ�VKRZQ� WKDW� VRPH�3+&:V�
KDYH� JRRG� SUDFWLFHV� RQ� GUXJ� SURYLVLRQ� IRU�

�����JHQHUDO�FKLOGKRRG�DLOPHQWV� �7KH�SUDFWLFHV�RI �
MXQLRU�3+&:V��FRPPXQLW\�KHDOWK�RIILFHUV��DQG�
MXQLRU�FRPPXQLW\�KHDOWK�H[WHQVLRQ�ZRUNHUV��LQ�
WKH�PDQDJHPHQW�RI �&(,�ZHUH�SRRU��7KHUH�ZDV�
DOVR�D�GLIIHUHQFH�LQ�WKH�OHYHO�RI �SUDFWLFH�EHWZHHQ�
WKH�YDULRXV�FDGUHV�RI �3+&:V��7KH�ORZHU�FDGUH�
RI � 3+&:V� FRXOG� QRW� GHOLYHU� EHWWHU� &(,�
PDQDJHPHQW� VHUYLFHV� OLNH� WKRVH�RI � WKH�KLJKHU�
FDGUHV�SUREDEO\�GXH�WR�GLIIHUHQFHV�LQ�WKH�OHYHO�RI �
WUDLQLQJ�DQG�H[SHULHQFH�FRPSDUHG�WR�WKH�VHQLRU�
FDGUHV�� 7KLV� K\SRWKHVLV� H[SODLQLQJ� WKH�
GLIIHUHQFHV�EHWZHHQ�MRE�FDGUH�DQG�PDQDJHPHQW�
FDSDELOLWLHV� LV� FRUURERUDWHG� E\� RWKHU� UHSRUWV�
ZKLFK�VKRZHG�WKDW�KLJKHU�HGXFDWLRQ�SURGXFHV�
EHWWHU�SHUIRUPDQFH�DPRQJ�KHDOWK�ZRUNHUV��DQG�
PRUH� HGXFDWHG� FRPPXQLW\� KHDOWK� ZRUNHUV�

����GHOLYHU�EHWWHU�VHUYLFHV +LJKHU�HGXFDWLRQ�OHYHOV�
WHQG� WR� ERRVW� JHQHUDO� NQRZOHGJH� DPRQJ�
3&+:V�� ZKLFK� LQ� WXUQ� LPSURYHV� WKHLU�
SHUIRUPDQFH��ZKHUHDV�D�ORZHU�HGXFDWLRQ�OHYHO�LV�

���OLQNHG� WR� SRRUHU� KHDOWKFDUH� VHUYLFH� GHOLYHU\�
+RZHYHU��WKH�HGXFDWLRQ�OHYHO�RI �3+&:V�GLG�QRW�
LPSDFW� WKHLU� NQRZOHGJH� VFRUHV� RI � &(,�� $�
SRVVLEOH� FDXVH� IRU� WKLV� REVHUYDWLRQ� FRXOG� EH�
UHODWHG� WR� WKH� DJH� RI � WKH� UHVSRQGHQWV�� 7KH�
PDMRULW\�RI �WKH�3+&:V�ZHUH�LQ�WKH�ROGHU�DJH�
FDWHJRU\� DQG� WKXV� KDG� DWWDLQHG� WKHLU� KLJKHVW�
HGXFDWLRQDO� OHYHO� VHYHUDO� \HDUV� HDUOLHU��
,QVXIILFLHQW�WUDLQLQJ�IRU�3+&:V�LV�D�VLJQLILFDQW�
FRQWULEXWRU�WR�WKH�NQRZOHGJH�DQG�SUDFWLFH�JDS��

DQG� DFFRXQWV� IRU� WKH� DYHUDJH� WR� SRRU� JUDGHV�
REWDLQHG� LQ� WKH� VWXG\�� /DFN� RI � WUDLQLQJ� RU�
LQVXIILFLHQW�WUDLQLQJ�LV�D�SURYHQ�SUREOHP�LQ�3+&�

���SUDFWLFHV ZLWK� KHDOWKFDUH� ZRUNHUV� UHSRUWLQJ�
��LQDGHTXDWH�WUDLQLQJ� �7KXV��GHVSLWH�WKH� OHYHO�RI �

HGXFDWLRQ�RI �WKH�UHVSRQGHQWV�LW�LV�SUREDEOH�WKDW�
WKH� ODFN� RI � UHJXODU� RQ�WKH�MRE� WUDLQLQJ�
FRQWULEXWHG�WR�WKH�ODFN�RI �FRUUHODWLRQ�EHWZHHQ�WKH�
OHYHO� RI � HGXFDWLRQ� DQG� WKH� NQRZOHGJH� VFRUHV��
8QIRUWXQDWHO\��WKLV�ODFN�RI �WUDLQLQJ�IRU�3+&:V�

��DSSHDUV�QRW�WR�EH�DQ�LVRODWHG�LQFLGHQW� �3&+:V�
ZLWK� DGGLWLRQDO� RU� UHIUHVKHU� WUDLQLQJ� DUH� PRUH�
OLNHO\� WR� DFKLHYH� KLJK�SHUIRUPDQFH� OHYHOV� DV�
FRQWLQXRXV�WUDLQLQJ�KHOSV�3&+:V�SHUIRUP�PRUH�

���HIIHFWLYHO\� 7KLV� KDV� EHHQ� GHPRQVWUDWHG� LQ�
VHYHUDO� VWXGLHV� ZKHUH� RQ�WKH�MRE� WUDLQLQJ�
LPSURYHG� 3&+:V
� VNLOOV� DQG� NQRZOHGJH� DQG�

�����HQDEOHG� EHWWHU� MRE� SHUIRUPDQFH� � 7KXV��
SURYLVLRQ� RI � SHULRGLF� UHIUHVKHU� FRXUVHV� IRU�
3+&:V�LV�YLWDO�IRU�HQKDQFHG�VHUYLFH�GHOLYHU\�LQ�
WKH�PDQDJHPHQW�RI �&(,� 3URYLVLRQ�RI �ILQDQFLDO��
PRWLYDWLRQ� DQG� LQFHQWLYHV� LQ� DGGLWLRQ� WR�
VXSSOHPHQWDO�WUDLQLQJ�DQG�DSSURSULDWH�HTXLSPHQW�
SURYLVLRQ�ZLOO�DOVR�HQFRXUDJH�3+&:V�WR�LPSURYH�
WKH� GHOLYHU\� RI � SULPDU\� (DU� DQG� +HDULQJ�

������+HDOWKFDUH�LQ�/0,&V�

7KH�SRRU�SUDFWLFH�VFRUHV�RI �&(,�REVHUYHG�DPRQJ�
WKH� 3+&:V� GHQRWH� NH\� GHILFLHQFLHV� LQ� WKH�
PDQDJHPHQW�RI �FKLOGKRRG�LOOQHVVHV��7KLV�LV�QRW�
DQ� LVRODWHG� WUHQG� DV� VLPLODU� UHSRUWV� KDYH� EHHQ�

��GRFXPHQWHG� �3+&:V�ZHUH�QRW�IDPLOLDU�ZLWK�WKH�
6WDQGLQJ� 2UGHUV� JXLGLQJ� WKHLU� RSHUDWLRQV� DV�
UHYHDOHG� E\� WKH� SRRU� SUDFWLFH� VFRUHV�� 7KHVH�
6WDQGLQJ� 2UGHUV� VHUYH� DV� D� IRXQGDWLRQ� IRU�
HIIHFWLYH�WUDLQLQJ��PRQLWRULQJ��DQG�DVVHVVPHQW�RI �
DOO� SULPDU\� KHDOWKFDUH� VHUYLFHV� WR� LPSURYH�

���KHDOWKFDUH� GHOLYHU\� TXDOLW\� WKHUHIRUH�� QRQ�
DGKHUHQFH� WR� WKH� VWDQGLQJ� RUGHUV� SRVHV� KHDOWK�
ULVNV� WR� WKH� PHPEHUV� RI � WKH� VRFLHW\�� 7KH�
QHFHVVDU\�HTXLSPHQW�IRU�WKH�PDQDJHPHQW�RI �&(,�
LQ�D�SULPDU\�KHDOWK�FDUH�FHQWHU�ZDV�LQDGHTXDWH�DQG�
GLG�QRW�PHHW�WKH�UHFRPPHQGDWLRQV�VSHFLILHG�E\�

0DQDJHPHQW�RI �(DU�,QIHFWLRQV�E\�3ULPDU\�+HDOWKFDUH�:RUNHUV��
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WKH� :+2� 3ULPDU\� (DU� DQG� +HDULQJ� &DUH�
��PDQXDO� �/DFN�RI �WKLV�HTXLSPHQW�FDQ�DGYHUVHO\�

DIIHFW� WKH� VHUYLFHV� SURYLGHG� E\� 3+&:V� LQ�
PDQDJLQJ� &(,�� LW� PD\� DOVR� FRQWULEXWH� WR� WKH�
SRRU�PDQDJHPHQW�SUDFWLFHV�RI �&(,��$�SUHYLRXV�
VXUYH\�RI �KHDOWK�ZRUNHUV�UHYHDOHG�FRPSODLQWV�RI �
ODFN� RI � HTXLSPHQW�� ODFN� RI � PRWLYDWLRQ�� DQG�
LQDGHTXDWH� WUDLQLQJ� DQG� VXSHUYLVLRQ� LQ� KHDOWK�

���IDFLOLWLHV� 7KLV� VXJJHVWV� WKDW� SHULRGLF�
DVVHVVPHQWV� DQG� PRQLWRULQJ� RI � 3+&V� DUH�
QHFHVVDU\�WR�HQVXUH�WKH�DGHTXDF\�RI �QHFHVVDU\�

���HTXLSPHQW�IRU�&(,�PDQDJHPHQW

7KH� VWXG\� ZDV� OLPLWHG� E\� WKH� UHODWLYHO\� VPDOO�
VDPSOH�VL]H��WKRXJK�UHIOHFWLYH�RI �DOO�3+&:V�LQ�
WKH� VWXG\� VLWHV��� WKXV� OLPLWLQJ� WKH� SRZHU� IRU�
FRPSDULVRQV��7KH�FURVV�VHFWLRQDO�QDWXUH�RI �WKH�
VWXG\�DOVR�PDGH�LW�LPSRVVLEOH�WR�LQFRUSRUDWH�DOO�
SHUVRQQHO� HVSHFLDOO\� WKRVH� RQ� YDFDWLRQ� DW� WKH�
WLPH�RI �WKH�VWXG\��

&21&/86,21
7KH� OHYHO� RI � NQRZOHGJH� DQG�PDQDJHPHQW� RI �
&(,�DPRQJ�3+&:V�LV�OHVV�WKDQ�RSWLPDO��7KHUH�
LV�D�QHHG�IRU�UHJXODU� LQ�VHUYLFH�WUDLQLQJ�RQ�WKH�
PDQDJHPHQW�RI �&(,�IRU�3+&:V��HVSHFLDOO\�WKH�
ORZHU�FDGUH�RIILFHUV��$GHTXDWH�UHVRXUFHV�VKRXOG�
EH� GHSOR\HG� RQ� KHDOWK�� HGXFDWLRQ�� DQG� VRFLDO�
VHUYLFHV� LQFOXGLQJ� SURYLVLRQ� RI � DSSURSULDWH�
PHGLFDO� HTXLSPHQW� IRU� 3+&:V�� WR� IDFLOLWDWH�
EHWWHU�VHUYLFH�GHOLYHU\�DQG�VXVWDLQDELOLW\��

$&.12:/('*(0(17
)XQGLQJ��
7KLV� UHVHDUFK� UHFHLYHG� QR� VSHFLILF� JUDQW� IURP�
DQ\�IXQGLQJ�DJHQF\�LQ�WKH�SXEOLF��FRPPHUFLDO��RU�
QRW�IRU�SURILW�VHFWRUV�

'HFODUDWLRQ�RI �&RQIOLFWLQJ�,QWHUHVW
7KH�$XWKRUV�GHFODUH�WKDW�WKHUH�LV�QR�FRQIOLFW�RI �
LQWHUHVW��

5()(5(1&(6
���� /L�:&��&KLX�1&��+VX�&+��HW�DO��3DWKRJHQHVLV�

LQ�WKH�PLGGOH�HDU�HIIXVLRQ�RI �FKLOGUHQ�ZLWK�
SHUVLVWHQFH�RWLWLV�PHGLD��LPSOLFDWLRQV�RI �GUXJ�
UHVLVWDQFH�DQG�FRPSOLFDWLRQV��-�0LFURE�������
�������²����

���� 5REHUWV� -�� =HLVHO� 6�� 2WLWLV� PHGLD� LQ� \RXQJ�
FKLOGUHQ� ZLWK� GLVDELOLWLHV�� ,QIDQWV� <RXQJ�
&KLOG��������������²����

���� 6LQXVZDUV��7KH�SUHYDOHQFH�RI �HDU�LQIHFWLRQV�
LQ� FKLOGUHQ�� KWWS���ZZZ�VLQXVZDUV�FR�XN��
HDUBLQIHFWLRQ�DVS��������

���� .LVHPER�3��0XJZDQ\D�)��$WXPDQ\D�3��HW�DO��
3UHYDOHQFH� RI � HDU� LQIHFWLRQV� LQ� ILUVW� \HDU�
FKLOGUHQ� RI � SULPDU\� VFKRROV� LQ� D� ZHVWHUQ�
8JDQGDQ�FRPPXQLW\��$IULFDQ�-�%LRPHG�5HV�
�������������²����

���� &RUQHOO�3HGLDWULFV��2WLWLV�PHGLD��PLGGOH�HDU�
LQ IHF W LRQ� � � 5HW U L HYHG � $XJXVW � � �� � �
KWWS���ZZZ�FRUQHOOSHGLDWULFV�RUJ���������

���� $PHULFDQ� $FDGHP\� RI � 2WRODU\QJRORJ\��
+HDG� DQG� 1HFN� 6XUJHU\�� 5HWULHYHG�
ZZZ�HQWQHW�RUJ��ZZZ�HQWQHW�RUJ��������

���� &KLG]LYD� &�� 2WRORJ\� WUDLQLQJ� LQ� ORZ�� DQG�
PLGGOH�LQFRPH�FRXQWULHV��D�YLHZ�IURP�ZLWKLQ��
( 1 7 � $ X G L R O � � 1 H Z V � � 8 5 / � �
KWWSV���ZZZ�HQWDQGDXGLRORJ\QHZV�FRP�IH
DWXUHV�HQW�IHDWXUHV�SRVW�RWRORJ\�WUDLQLQ� J�
LQ�ORZ�DQG�PLGGOH�LQFRPH�FRXQWULHV�D�
YLHZ�IURP�ZLWKLQ��������

���� :RUOG�+HDOWK�2UJDQL]DWLRQ��:+2���0HQWDO�
DQG� EHKDYLRUDO� GLVRUGHUV�� GHSDUWPHQW� RI �
PHQWDO� KHDOWK�� ZZZ�KHDU�LW�RUJ�QLJHULDQ�
FKLOGUHQ�ORVHV�KHDULQJ�IURP�XQWUHDWHG�HDU�
LQIHFWLRQV��5HWULHYHG�-XO\�������������

���� 13+&'$�DQG�)HGHUDO�0LQLVWU\� RI �+HDOWK�
DQG�)��6WDQGLQJ�RUGHUV�IRU�FRPPXQLW\�+HDOWK�
2IILFHUV�DQG�&RPPXQLW\�+HDOWK�([WHQVLRQ�
:RUNHUV� � 7UD LQ LQJ � DQG� PDQSRZHU �
GHYHORSPHQW�GLYLVLRQ�������

�����+HU]RQ� )6�� (DU� DQG� 6LQXV� LQIHFWLRQV�� ,Q��
%ULOOQDQ� -&�� 4XHQ]HU� 51� �HGV�� ,QIHFWLRXV�

0DQDJHPHQW�RI �(DU�,QIHFWLRQV�E\�3ULPDU\�+HDOWKFDUH�:RUNHUV ��
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GLVHDVHV� LQ� HPHUJHQF\� PHGLFLQH�� %RVWRQ��
/LWWOH� %URZQ� DQG� &RPSDQ\�� ������ SS��
���²����

�����0DWNLQ�1'��:LOFR[�$0��&RQVLGHUDWLRQV�LQ�
WKH�HGXFDWLRQ�RI �FKLOGUHQ�ZLWK�KHDULQJ�ORVV��
3HGLDWU�&OLQ�1RUWK�$P��������������²����

�����1DWLRQDO�5HVHDUFK�&RXQFLO��86��&RPPLWWHH�
RQ�'LVDELOLW\�'HWHUPLQDWLRQ�IRU�,QGLYLGXDOV�
ZLWK�+HDULQJ�,PSDLUPHQW��+HDULQJ�/RVV�LQ�
&KLOGUHQ��,Q��'RELH�5$�9+6��HG��+HDULQJ�
/RVV�� 'HWHUPLQLQJ� (OLJLELOLW\� IRU� 6RFLDO�
6HFXULW\�%HQHILWV��:DVKLQJWRQ��'&���������
S����

�����$PHULFDQ� 6SHHFK� /DQJXDJH� +HDULQJ�
$VVRFLDWLRQ��KWWS���ZZZ�DVKD�RUJ���������

�����2ELRQX� &1�� 3ULPDU\� +HDOWK� &DUH� IRU�
GHYHORSLQJ�FRXQWULHV���QG�(G��(QXJX�(]X�
ERRNV�/WG����������²���

�����$EGXOUDKHHP�,6��2ODSLSR�$5��$PRGX�02��
3ULPDU\� KHDOWK� FDUH� VHUYLFHV� LQ� 1LJHULD��
&ULWLFDO�LVVXHV�DQG�VWUDWHJLHV�IRU�HQKDQFLQJ�
WKH� XVH� E\� WKH� UXUDO� FRPPXQLWLHV�� 8QLY�
,ORULQ��1LJHU�����������²���

�����%RODULQZD�2$��6DODXGHHQ�$*��$GHULELJEH�
6$��HW�DO��,QMHFWLRQ�VDIHW\�SUDFWLFHV�DPRQJ�
SULPDU\�KHDOWK�FDUH�ZRUNHUV�LQ�,ORULQ��.ZDUD�
VWDWH�RI �1LJHULD��+HDO�6FL�-�������������²����

�����.DPXWL�%0��:DPEXD�.��3HUFHSWLRQV�DQG�
KHDOWK�FDUH� VHHNLQJ�SUDFWLFHV�RI �JXDUGLDQV�
RI � FKLOGUHQ� WRZDUGV� FKURQLF� VXSSXUDWLYH�
RWLWLV�PHGLD� LQ�0DFKDNRV� FRXQWU\��.HQ\D��
'RFWRUDO�'LVVHUWDWLRQ�.HQ\DWWD�8QLYHUVLW\��
.HQ\D�������

�����%KDWWDUDL�0'��$GKLNDUL� ,3��.DQH�$��HW�DO��
5DSLG� DVVHVVPHQW� RI � SHUFHSW LRQ� �
NQRZOHGJH� DQG� SUDFWLFHV� UHODWHG� WR�
LPPXQL]DWLRQ� LQMHFWLRQ�VDIHW\� LQ�1HSDO�� -W�
5HS�+HDO�1HSDO��81,&()�86$,'�1HSDO�
2II ��������²���

�����&ULVSLQ�1��:DPDH� $��1GLUDQJX�0�� HW� DO��
(IIHFWV� RI � VHOHFWHG� VRFLR�GHPRJUDSKLF�
FKDUDFWHULVWLFV� RI � FRPPXQLW\� KHDOWK�
ZRUNHUV� RQ� SHUIRUPDQFH� RI � KRPH� YLVLWV�

GXULQJ�SUHJQDQF\��D�FURVV�VHFWLRQDO�VWXG\�LQ�
%XVLD� 'LVWULFW�� .HQ\D�� *ORE� -� +HDOWK� 6FL�
�����������²���

�����0XVD�,2��0XVD�2,��,QMHFWLRQ�6DIHW\�3UDFWLFH�
DPRQJ� +HD O WK � :RUNHUV � LQ � 6 WD W L F �
,PPXQLVDWLRQ� &HQWUH
V� LQ� DQ� 8UEDQ�
&RPPXQLW\�RI �1LJHULD��1LJHU�3RVWJU�0HG�-�
�������������²����

�����6ULNDQWK� 6�� ,VDDF� 5�� 5HEHNDK� *�� HW� DO��
.QRZOHGJH�� DWWLWXGHV� DQG� SUDFWLFHV� ZLWK�
UHVSHFW� WR� ULVN� IDFWRUV� IRU�RWLWLV�PHGLD� LQ� D�
UXUDO�6RXWK�,QGLDQ�FRPPXQLW\��,QW�-�3HGLDWU�
2WRUKLQRODU\QJRO���������������²�����

�����$GH\HPR�$��.QRZOHGJH�RI �FDUHJLYHUV�RQ�WKH�
ULVN� IDFWRUV� RI � RWLWLV� PHGLD�� ,QGLDQ� -� 2WRO�
������������

�����%HUJ�$/��3DSUL�+��)HUGRXV�6��HW�DO��6FUHHQLQJ�
PHWKRGV�IRU�FKLOGKRRG�KHDULQJ�LPSDLUPHQW�
LQ� UXUDO� %DQJODGHVK�� ,QW� -� 3HGLDWU�
2WRUKLQRODU\QJRO��������������²����

�����7DMXGHHQ�:$��$GHVLQD�.$��)DNRUHGH�-,��HW�
DO�� .QRZOHGJH�� DWWLWXGHV� DQG� SUDFWLFHV� RI �
GLVHDVH�SUHYHQWLRQ�DPRQJ�KHDOWK�WDON�JLYLQJ�
KHDOWKFDUH�ZRUNHUV�LQ�SULPDU\�KHDOWK�FHQWUHV�
DW�2VRJER��5HV�-�+HDO�6FL��������������²����

�����2GH\HPL� .$�� 2QLIDGH� .$�� 2QLIDGH� (8��
1HHGOH�6WLFN�6KDUS�LQMXULHV�DPRQJ�'RFWRUV�
DQG�1XUVHV�DW�WKH�/DJRV�8QLYHUVLW\�7HDFKLQJ�
+RVSLWDO��1LJ�4�-�+RVS�0HG�������������²���

�����&KRSUD� 6�� .DOLD� 5�� :DOLD� ,�� 1XUVHV
�
.QRZOHGJH�DERXW�DYDLODELOLW\�DQG�XWLOL]DWLRQ�
RI � IDFLOLWLHV� UHODWHG� WR� SURPRWLRQ� RI �
EUHDVWIHHGLQJ��1XUV�0LGZLIHU\�5HV�-RXUQDO��
�����������

�����9LM�7��3UDVKDU�<��-DLQ�'��$Q�XSGDWHG�UHYLHZ�
RQ� RWLWLV� PHGLD�� 3KDUPD� ,QQRY� ������ ����
��²���

�����1LHPHOl� 0�� 8KDUL� 0�� 0|WW|QHQ� 0�� HW� DO��
&RVWV�DULVLQJ�IURP�RWLWLV�PHGLD��$FWD�3DHGLDWU�
�������������²����

�����*LOEHUW� 6�� 9DFFLQH� +HOSV� 3UHYHQW� (DU�
,QIHF W LRQV � � � 6F LHQW L I L F � $PHU LFDQ � �

0DQDJHPHQW�RI �(DU�,QIHFWLRQV�E\�3ULPDU\�+HDOWKFDUH�:RUNHUV��
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KWWSV���ZZZ�VFLHQWLILFDPHULFDQ�FRP�DUWLFO
H�YDFFLQH�SUHYHQWV�HDU�LQIHFWLRQV�� �������
DFFHVVHG����0D\�������

�����%HIHNDGX� $�� <LWD\DO� 0�� .QRZOHGJH� DQG�
SUDFWLFH� RI � KHDOWK� H[WHQVLRQ� ZRUNHUV� RQ�
GUXJ�SURYLVLRQ�IRU�FKLOGKRRG�LOOQHVV�LQ�ZHVW�
*RMMDP�� $PKDUD�� 1RUWKZHVW� (WKLRSLD��
%0&�3XEOLF�+HDOWK���������������

�����0LOOHU�13��$PRX]RX�$��7DIHVVH�0�� HW� DO��
,QWHJUDWHG�FRPPXQLW\�FDVH�PDQDJHPHQW�RI �
F K L O G K RRG � L O O Q H V V � L Q � ( W K L R S L D � �
,PSOHPHQWDWLRQ� VWUHQJWK� DQG� TXDOLW\� RI �
FDUH�� $P� -� 7URS� 0HG� +\J� ������ ����
���²����

�����$QGH� 2�� 2OD� '�� %ULHJHU� :5�� HW� DO��
&RPSDULVRQ�RI �.QRZOHGJH�RQ�GLDUUKRHDO�
GLVHDVH�PDQDJHPHQW�EHWZHHQ�WZR�W\SHV�RI �
FRPPXQLW\�EDVHG�GLVWULEXWRUV�LQ�2\R�6WDWH�
1LJHULD��+HDO�(GXF�5HV��������������²����

�����2XPD�32��9DQ�(LMN�$0��+DPHO�0-��HW�DO��
$QWHQDWDO�DQG�GHOLYHU\�FDUH�LQ�UXUDO�ZHVWHUQ�
.HQ\D�� 7KH� HIIHFW� RI � WUDLQLQJ� KHDOWK� FDUH�
ZRUNHUV�WR�SURYLGH�
IRFXVHG�DQWHQDWDO�FDUH
��
5HSURG�+HDOWK������������

�����5RZH� $.�� 2QLNSR� )�� /DPD� 0�� HW� DO��
0DQDJHPHQW�RI �FKLOGKRRG�LOOQHVV�DW�+HDOWK�
IDFLOLWLHV� LQ� %HQLQ�� SUREOHPV� DQG� WKHLU�
FDXVHV�� $P� -� 3XEOLF� +HDO� ������ ����
����²�����

�����.RN�0&��'LHOHPDQ�0��7DHJWPH\HU�0��HW�DO��
:KLFK�LQWHUYHQWLRQ�GHVLJQ�IDFWRUV�LQIOXHQFH�
SHUIRUPDQFH�RI �FRPPXQLW\�KHDOWK�ZRUNHUV�
LQ� ORZ�� DQG� PLGGOH�LQFRPH� FRXQWULHV"� $�
V\VWHPDWLF�UHYLHZ��+HDOWK�3ROLF\�3ODQ�������
��������²�����

�����2NXJD�0��.HPLJLVD�0��1DPXWDPED�6��HW�DO��
(QJDJLQJ� FRPPXQLW\� KHDOWK� ZRUNHUV� LQ�
PDWHUQDO� DQG� QHZERUQ� FDUH� LQ� HDVWHUQ�
8JDQGD��*ORE�+HDO�$FWLRQ����������������

�����.DO\DQJR�-1��5XWHEHPEHUZD�(��$OIYHQ�7��HW�
DO�� 3HUIRUPDQFH� RI � FRPPXQLW\� KHDOWK�
ZRUNHUV� XQGHU� LQWHJUDWHG� FRPPXQLW\� FDVH�
PDQDJHPHQW� RI � FKLOGKRRG� LOOQHVVHV� LQ�
HDVWHUQ�8JDQGD��0DODU�-���������������

�����.DZDNDWVX� <�� 6XJLVKLWD� 7�� .LRNR� -�� HW� DO��
)DFWRUV� LQIOXHQFLQJ� WKH� SHUIRUPDQFH� RI �
FRPPXQLW\�KHDOWK�ZRUNHUV�LQ�.LVXPX�:HVW��
.HQ\D��3ULP�+HDO�&DUH�5HV�'HY������� ����
���²����

�����&KULVWRSKHU� 7$�� ,QWURGXFWLRQ� WR� VWDQGLQJ�
RUGHU�� 'HSDUWPHQW� RI � FRPPXQLW\� KHDOWK��
)DFXOW\� RI � FOLQLFDO� VFLHQFHV�� %HQXH� VWDWH�
XQLYHUVLW\�� 1DWLRQDO� 2SHQ� 8QLYHUVLW\� RI �
1LJHULD�� KWWSV���WHDFKHU�FR�NH�ZS�FRQWHQW�
�XSORDGV�EVN�SGI�PDQDJHU���������3+6�
����,1752'87,21�72�67$1',1*�
25'(56B7HDFKHU�FRB�NHB�SGI ��������

�����:RUOG�+HDOWK�2UJDQL]DWLRQ�:+2��3ULPDU\�
(DU� DQG� +HDULQJ� &DUH� 7UDLQLQJ� 0DQXDO��
KWWSV���ZZZ�ZKR�LQW�SXEOLFDWLRQV�GHWDLO�
UHGLUHFW����������������������

%DEDOROD� 2(�� $GH\HPR� $$��0DQDJHPHQW�
RI � (DU� ,QIHFWLRQV� E\� 3ULPDU\� +HDOWKFDUH�
:RUNHUV��$IU��-��7URS��0HG��	�%LRPHG��5HV��
����������������
�KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���

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

� � � �
$GHZXQPL�5) ��<HVXIX�+%�� ��*LGDGR� ��3XG]D�-6

�'HSDUWPHQW�RI �%LRFKHPLVWU\��%DED�$KPHG�8QLYHUVLW\�.DQR��.DQR�6WDWH
�'HSDUWPHQW�RI �3KDUPDFHXWLFDO�&KHPLVWU\��8QLYHUVLW\�RI �0DLGXJXUL��%RUQR�6WDWH�
�'HSDUWPHQW�RI �%LRFKHPLVWU\��8QLYHUVLW\�RI �0DLGXJXUL��%RUQR�6WDWH�
�'HSDUWPHQW�RI �%LRFKHPLVWU\��$O�$QVDU�8QLYHUVLW\��0DLGXJXUL��%RUQR�6WDWH�

(PDLO��$GHZXQPLBURILDW#\DKRR�FRP

$EVWUDFW
,QWURGXFWLRQ��6QDNHELWH�HQYHQRPDWLRQ�LV�DQ�DFXWH�PHGLFDO�HPHUJHQF\��SDUWLFXODUO\�LQ�WKH�WURSLFV��DQG�
FOLQLFDO� WUHDWPHQW� LV� WKURXJK� WKH� DGPLQLVWUDWLRQ� RI � DQWLYHQRP�� +RZHYHU�� JLYHQ� WKH� OLPLWDWLRQV� RI �
FRQYHQWLRQDO�DQWLYHQRPV��WKH�SODQW�NLQJGRP�LV�EHLQJ�H[SORUHG�IRU�SRVVLEOH�DQWLYHQRP�FRPSRXQGV��7KH�
DLP�RI �WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�SKRVSKROLSDVH�$ �LQKLELWRU\�SRWHQWLDO�RI �HWK\ODFHWDWH�H[WUDFW�RI ��

6RODQXP�GDV\SK\OOXP�DQG�WR�LVRODWH�WKH�FRPSRXQG�UHVSRQVLEOH�IRU�WKH�DQWLYHQRP�DFWLYLW\�

0DWHULDOV�DQG�0HWKRG��7KH�OHDYHV�RI �6��GDV\SK\OOXP�ZHUH�H[WUDFWHG��SK\WRFKHPLFDO�FRQVWLWXHQWV�ZHUH�
VFUHHQHG� DQG� SKRVSKROLSDVH� $ � HQ]\PH� LQKLELWLRQ� VWXG\� ZDV� FDUULHG� XVLQJ� VWDQGDUG�PHWKRGV�� 7KH��

HWK\ODFHWDWH� H[WUDFW� ZDV� VXEMHFWHG� WR� YDULRXV� FKURPDWRJUDSKLF� WHFKQLTXHV� WR� LVRODWH� WKH� DQWLYHQRP�
FRPSRXQG��DQG�WKH�VWUXFWXUH�ZDV�GHWHUPLQHG�XVLQJ�+105�DQG�&105�VSHFWUD��7KH�SURSRVHG�VWUXFWXUH�
RI �WKH�LVRODWHG�FRPSRXQG�ZDV�XVHG�IRU�PROHFXODU�GRFNLQJ�VWXG\�ZLWK�FREUD�YHQRP�SKRVSKROLSDVH�$ ��

5HVXOWV��7KH� UHVXOW�RI �SKRVSKROLSDVH�$ �HQ]\PH� LQKLELWLRQ� VKRZV� WKDW�GLIIHUHQW�FRQFHQWUDWLRQV�RI ��

HWK\ODFHWDWH� H[WUDFW� RI �6��'DV\SK\OOXP� VLJQLILFDQWO\� LQKLELWHG� WKH� DFWLYLW\� RI � SKRVSKROLSDVH�$ � LQ�1���

QLJULFROOLV�YHQRP��&KURPDWRJUDSKLF�LQYHVWLJDWLRQV�RI �WKH�H[WUDFW�OHDG�WR�WKH�LVRODWLRQ�RI �PHWK\O�OLQROHQDWH��
DQG�D�VWURQJ�LQWHUDFWLRQ�ZLWK�WKH�HQ]\PH�DFWLYH�VLWH�DQG�D�ELQGLQJ�HQHUJ\�RI �������NFD�PRO�ZDV�UHFRUGHG�
ZKHQ�GRFNHG�ZLWK�FREUD�SKRVSKROLSDVH�$ �HQ]\PH��WKHUHE\�PDNLQJ�LW�D�SRWHQWLDO�LQKLELWRU�RI �WKH�HQ]\PH���

&RQFOXVLRQ��&RQFOXVLYHO\��HWK\ODFHWDWH�H[WUDFW�RI �6��GDV\SK\OOXP�GHPRQVWUDWHG�D�VLJQLILFDQW�LQKLELWLRQ�RI �
SKRVSKROLSLGV�$ HQ]\PH�DQG�WKLV�ILQGLQJ�VXJJHVWV�WKDW�PHWK\O�OLQROHQDWH�PD\�EH�D�SRWHQWLDO�LQKLELWRU�RI ���

SKRVSKROLSDVH�$ �DQG�FRXOG�SRVVLEO\�OHDG�WR�WKH�GHYHORSPHQW�RI �D�GUXJ�WR�WUHDW�VQDNHELWHV��

.H\ZRUGV��6RODQXP�GDV\SK\OOXP��HQYHQRPDWLRQ��PROHFXODU�GRFNLQJ��FKURPDWRJUDSK\��105��,QKLELWLRQ�

&RUUHVSRQGLQJ�DXWKRU��5RILDW�)XQPLOROD�$GHZXQPL�'HSDUWPHQW�RI �%LRFKHPLVWU\��%DED�$KPHG�8QLYHUVLW\�.DQR��
.DQR�6WDWH��(PDLO��$GHZXQPLBURILDW#\DKRR�FRP

,1752'8&7,21
$FFRUGLQJ� WR� WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ��
VQDNHELWHV� DUH� D� QHJOHFWHG� SXEOLF� KHDOWK�
SUREOHP��HVSHFLDOO\�LQ�WURSLFDO�FRXQWULHV��ZKHUH�
PLOOLRQV� RI � SHRSOH� VXIIHU� IURP� VQDNHELWH�

���HQYHQRPDWLRQ� �� ,W� LV� HVWLPDWHG� WKDW� RYHU�
�������� VQDNHELWHV� RFFXU� DQQXDOO\� LQ� $IULFD��

ZKLOH�1LJHULD�UHSRUWHGO\�DFFRXQWV�IRU�D�ÀIWK�RI �
���WKH�WRWDO�:HVW�$IULFDQ�VQDNHELWH�EXUGHQ� ��6QDNH�

YHQRP�LV�D�PL[WXUH�RI �SKDUPDFRORJLFDOO\�DFWLYH�
VXEVWDQFHV�VXFK�DV�DFHW\OFKROLQHVWHUDVH��/�DPLQR�
DFLG�R[LGDVH��SKRVSKRGLHVWHUDVHV��SKRVSKROLSDVH�
$ ��HWF���ZKLFK�KDYH�SRWHQW��OHWKDO�DQG�GHELOLWDWLQJ��

���HIIHFWVRQ�ELRORJLFDO�V\VWHP� ��3KRVSKROLSDVH�$ ��
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DUH�HVWHURO\WLF�HQ]\PHV�IRXQG�LQ�VQDNH�YHQRPV�
WKDW� W\SLFDOO\� FDWDO\]H� WKH� EUHDNGRZQ� RI �
JO\FHURSKRVSKROLSLGV��WKH�PDLQ�FRPSRQHQW�RI �
E L R O R J L F D O � F H O O � P H P E U D Q H V � � L Q W R�
O\VRSKRVSKROLSLGV� DQG� IDWW\� DFLGV�� LQFOXGLQJ�
DUDFKLGRQLF�DFLG��WKH�SUHFXUVRU�RI �LQÁDPPDWRU\�
FDVFDGH�� OHDGLQJ� WR� D� UDQJH� RI � DGYHUVH�
SKDUPDFRORJLFDO�HIIHFWV�E\�DOWHULQJ�WKH�SK\VLFDO�
SURSHUWLHV� RI � FHOO� PHPEUDQHV� DQG� DFWLYDWLQJ�

���GRZQVWUHDP�VLJQDO�WUDQVGXFWLRQ�SDWKZD\V� �

9HQRP�LV�XVHG�WR�LPPRELOL]H�DQG�GLJHVW�SUH\�DV�
���ZHOO� DV� IRU� GHIHQVLYH� SXUSRVHV� �� +RZHYHU��

YHQRPRXV� VQDNHELWH� LV� DQ� DFXWH� PHGLFDO�
HPHUJHQF\�FKDUDFWHUL]HG�E\�ORFDO�WLVVXH�GDPDJH�
DQG�V\VWHPLF�WR[LFLW\�VXFK�DV�EOHHGLQJ�GLVRUGHUV��

�����K\SRWHQVLRQ��VHYHUH�SDUDO\VLV��HWF�� ��7KHUH�DUH�
RYHU������VSHFLHV�RI �VQDNHV�NQRZQ�WR�VFLHQFH��
���� RI � ZKLFK� DUH� SRLVRQRXV� DQG� FRQVLGHUHG�

���GDQJHURXV�WR�KXPDQV� ��,Q�1LJHULD��(ODSLGDH�DQG�
9LSHULGDH�DUH�WKH�WZR�VQDNH�IDPLOLHV�WKDW�FDXVH�
WKH� PDMRULW\� RI � UHFRUGHG� PRUELGLW\� DQG�
PRUWDOLW\� LQ� KXPDQV�� 7KH� IDPLO\� (ODSLGDH�
LQFOXGHV� WKH� FREUDV��ZKRVH� YHQRP� DUH�PDLQO\�
QHXURWR[LF�DQG�F\WRWR[LF��ZKLOH�9LSHULGDH��VXFK�
DV�FDUSHW�YLSHUV�DQG�VDZ�VFDOH�YLSHUV��DUH�PDLQO\�

���KHPRWR[LF� ��$QWLYHQRP�LPPXQRWKHUDS\�LV�WKH�
VSHFLÀF� WUHDWPHQW� DJDLQVW� VQDNHELWHV�� EXW� LV�
DVVRFLDWHG� ZLWK� YDULRXV� VLGH� HIIHFWV� VXFK� DV�

����� ���VHUXP� VLFNQHVV� DQG� S\URJHQ� UHDFWLRQV� ��
7KHUHIRUH�� LW� LV� LPSRUWDQW�WR�H[SORUH�WKH�SODQW�
NLQJGRP� IRU� DQ� DOWHUQDWLYH� WUHDWPHQW� WKDW�
LQYROYHV� WKH� XVH� RI � YDULRXV� YHQRP� LQKLELWRUV�
WKDW�FRXOG�UHSODFH�WKH�DFWLRQ�RI �DQWLYHQRP�

6RODQXP� GDV\SK\OOXP�� D� VHPL�ZRRG\� SHUHQQLDO�
����PHGLFLQDO�SODQW��EHORQJV�WR�6RODQDFHDH�IDPLO\� ��

,W� KDV� EHHQ� UHSRUWHG� WR� SRVVHVV� DQWLR[LGDQW��
DQWLVSDVPRGLF� DQG� QHXURPRGXODWRU\� DFWLYLWLHV�
����� �����,Q�VRXWKZHVWHUQ�1LJHULD��6��GDV\SK\OOXP� LV�
XVHG� HWKQRPHGLFDOO\� WR� WUHDW� VQDNHELWH�
HQYHQRPDWLRQ�� KRZHYHU�� WKH� HIIHFWLYHQHVV� RI �
WKH� SODQW� DV� DQWL�VQDNH� YHQRP� KDV� QRW� EHHQ�

VFLHQWLÀFDOO\� VWXGLHG�� ,Q� WKH� SUHVHQW� VWXG\�� WKH�
LVRODWHG�FRPSRXQG�IURP�WKH�HWK\O�DFHWDWH�H[WUDFW�
RI � 6�� GDV\SK\OOXP� ZDV� LQYHVWLJDWHG� IRU� SRVVLEOH�
LQKLELWLRQ�RI �1��QLJULFROOLV�YHQRP�SKRVSKROLSDVH�
$ �HQ]\PH�XVLQJ�LQ�YLWUR�DQG�LQ�VLOLFR�PHWKRGV��

0$7(5,$/�$1'�0(7+2'6
6RODQXP� GDV\SK\OOXP� OHDYHV� ZHUH� FROOHFWHG� IURP�
2GHRPX� WRZQ� �/DWLWXGH�� ����
�?�1RUWK��
/RQJLWXGH�� ����?
�?�(DVW�� LQ� $\HGDDGH� ORFDO�
DUHD�� 2VXQ� 6WDWH�� 7KH\� ZHUH� LGHQWLÀHG� DQG�
DXWKHQWLFDWHG� DW� WKH� 'HSDUWPHQW� RI � %RWDQ\�
+HUEDULXP�� 2EDIHPL� $ZRORZR� 8QLYHUVLW\�� ,OH�
,IH�� 2VXQ� 6WDWH� DQG� D� YRXFKHU� VSHFLPHQ� ZDV�
LVVXHG�ZLWK�QXPEHU�,)(��������7KH�OHDYHV�ZHUH�
DLU�GULHG�LQ�WKH�VKDGH�IRU�D�ZHHN�DQG�SXOYHUL]HG�E\�
PDQXDO�JULQGLQJ������J�RI �WKH�SRZGHU�ZDV�WKHQ�
VRDNHG�LQ������P/�RI �HWK\ODFHWDWH�IRU����KRXUV�
ZLWK� LQWHUPLWWHQW� VWLUULQJ�� 8QGHU� UHGXFHG�
SUHVVXUH��WKH�ÀOWUDWH�ZDV�HYDSRUDWHG�WR�GU\QHVV�WR�
JLYH�D�GDUN�JUHHQ�FUXGH�H[WUDFW�

7KH� HWK\ODFHWDWH� H[WUDFW� RI � 6�� GDV\SK\OOXP� ZDV�
HYDOXDWHG�IRU�WKH�SUHVHQFH�RI �DONDORLGV��WDQQLQV��
VDSRQLQ�� FDUERK\GUDWH�� ÁDYRQRLGV�� WHUSHQHV��
VWHURLGV�DQG�FDUGLDF�JO\FRVLGHV�DFFRUGLQJ�WR�WKH�
PHWKRG�GHVFULEHG�E\�6RIRZRUD��������

/\RSKLOL]HG� 1�� QLJULFROOLV� YHQRP� ZDV� REWDLQHG�
IURP� WKH� 'HSDUWPHQW� RI � 3KDUPDFRJQRV\� DQG�
'UXJ� 'HYHORSPHQW�� $KPDGX� %HOOR� 8QLYHUVLW\��
=DULD�� 1LJHULD�� %HIRUH� XVH�� WKH� YHQRP� ZDV�
UHFRQVWLWXWHG� LQ� SKRVSKDWH� EXIIHU�� S+� �����
FHQWULIXJHG�DW�����USP�IRU����PLQXWHV�DQG�WKH�
VXSHUQDWDQW� ZDV� XVHG� IRU� IXUWKHU� VWXGLHV�� 7KH�

�YHQRP�ZDV�SUHVHUYHG�DW�� &�

3KRVSKROLSDVH�$ �ZDV�GHWHUPLQHG�DFFRUGLQJ� WR��
����WKH�WLWULPHWULF�PHWKRG�RI �$GDPLFK�HW�DO� �ZLWK�

VOLJKW� PRGLÀFDWLRQ�� $� OHFLWKLQ� HPXOVLRQ� ZDV�
SUHSDUHG�E\�GLVVROYLQJ���J�RI �OHFLWKLQ�LQ����P/�RI �
��0�1D&O�DQG����P/�RI �����0�&D&O ��WKH�PL[WXUH��

ZDV�PDGH�XS�WR�����P/�ZLWK�GLVWLOOHG�ZDWHU��7KH�

,QKLELWLRQ�RI �1DMD�QLJULFROOLV�9HQRP�3KRVSKROLSDVH�$��E\�(WK\ODFHWDWH�([WUDFW�RI �6RODQXP�GDV\SK\OOXP�6FKXP��� ��
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UHDFWLRQ�PL[WXUH�FRQWDLQLQJ����P/�RI � OHFLWKLQ�
HPXOVLRQ� DQG� �� P/� ��� PJ�PJ�� RI � WKH�
UHFRQVWLWXWHG� YHQRP� ZDV� DGMXVWHG� WR� S+� ����
ZLWK� �����0�1D2+�� 7KH� YROXPH� RI � �����0�
1D2+� UHTXLUHG� PDLQWDLQLQJ� S+� DW� ���� E\�
WLWUDWLRQ�IRU���PLQXWHV�ZDV�UHFRUGHG��$�GHFUHDVH�
RI ���S+�XQLW�FRUUHVSRQGV�WR�D�IDWW\�DFLG�UHOHDVH�
RI �����ƬPRO��(Q]\PH�DFWLYLW\�ZDV�H[SUHVVHG�LQ�
ƬPRO�RI �IDWW\�DFLG�UHOHDVHG�SHU�PLQXWH��)RU�WKH�
LQKLELWLRQ�VWXG\�� WKH�H[WUDFW�ZDV�SUH�LQFXEDWHG�
ZLWK�YHQRP�DW�����&�IRU����PLQ�

&DOFXODWLRQ��

>1D2+@� �PO�1D2+�XVHG�7HVW���PO�1D2+�XVHG�
%ODQN�

8QLWV�PJ�HQ]\PH� �
�0RODULW\�RI �1D2+��ï�>1D2+@�ï����
����ï��PJ�HQ]\PH�LQ�WKH�UHDFWLRQ�PL[WXUH��

�����  � FRQYHUVLRQ� IURP� PLOOLPROHV� WR�
PLFURPROHV�

� �7LPH�RI �DVVD\

6LOLFD� JHO� ����� J��ZDV�ZHW� SDFNHG� LQWR� D� JODVV�
FROXPQ�XVLQJ������FKORURIRUP��$�SRUWLRQ�RI �
WKH�HWK\ODFHWDWH�H[WUDFW����J��LQ�ÀQH�SRZGHU�IRUP�
�SUH� DEVRUEHG� ZLWK� VLOLFD� LQ� FKORURIRUP�� ZDV�
ORDGHG� RQWR� WKH� SDFNHG� FROXPQ�� 7KH� HOXHQWV�
�IUDFWLRQV��ZHUH�FROOHFWHG�LQ���P/�HDFK�ZKLOH�WKH�
FROXPQ� ZDV� ÀOOHG� ZLWK� ����� FKORURIRUP��
FKORURIRUP�PHWKDQRO� PL[WXUHV� �������� �������
�����������������������������������DQG�PHWKDQRO�
�������� 7KH� IUDFWLRQV� ZHUH� DQDO\]HG� RQ�
DQDO\WLFDO�7/&�DQG� VLPLODU�5 �YDOXHV� IURP� WKH�I

FROXPQ�ZHUH�SRROHG�WR�JLYH�1LQH�����IUDFWLRQV�
GHVLJQDWHG�( �WR�( ��7KH�IUDFWLRQV�( �WR�( �ZHUH�� � � �

VXEMHFWHG� WR� SKRVSKROLSDVH� $ � HQ]\PH��

LQKLELWLRQ� VWXG\�� WKH� IUDFWLRQ� ZLWK� WKH� EHVW�
LQKLELWLRQ�DFWLYLW\��( ��ZDV�IXUWKHU�VXEMHFWHG�WR��

SUHSDUDWLYH� WKLQ� OD\HU� FKURPDWRJUDSK\� �7/&��

DFFRUGLQJ� WR� WKH� FRQYHQWLRQDO� RQH�GLPHQVLRQDO�
DVFHQGLQJ�PHWKRG�XVLQJ�D�7/&�SODWH��IROORZHG�E\�
JHO� ÀOWUDWLRQ�ZLWK� 6HSKDGH[� /+����ZLWK� �����
PHWKDQRO�DV�HOXWLRQ�VROYHQW��ZKLFK�UHVXOWHG�LQ�WKH�
SURGXFWLRQ�RI �D�ZKLWH�FU\VWDOOLQH�VXEVWDQFH�ZLWK�
WKH�QDPH�( �����PJ���7KH�LVRODWHG�FRPSRXQG�ZDV��L

VXEMHFWHG�WR��+�105�DQG���&�105�DQDO\VLV�E\�
$JLOHQW�7HFKQRORJLHV��-DFNVRQB105�YQPUV�����
VSHFWURPHWHU���7KH�VDPSOH�ZDV�GLVVROYHG�LQ�WKH�
GHXWHUDWHG�VROYHQW��ÀOWHUHG�DQG�SODFHG�LQ�D���PP�
105� WXEH�� &KHPLFDO� VKLIWV� ZHUH� UHFRUGHG� LQ�
SDUWV�SHU�PLOOLRQ��SSP��

0ROHFXODU� GRFNLQJ� SURWRFROV� DUH� RIWHQ� XVHG� WR�
SUHGLFW�ELQGLQJ�DIÀQLWLHV�IRU�D�UDQJH�RI �OLJDQGV��
7KH�FRPSXWDWLRQDO�GRFNLQJ�VWXG\�ZDV�FDUULHG�RXW�
WR�SUHGLFW�WKH�PRVW�IDYRUDEOH�ELQGLQJ�SRVLWLRQ�RI �
WKH�LVRODWHG�FRPSRXQG�ZLWKLQ�WKH�ELQGLQJ�SRFNHW�
RI � WKH�SKRVSKROLSDVH�$ �HQ]\PH� LVRODWHG� IURP��

&REUD� YHQRP�� 7R� REWDLQ� DFFXUDWH� UHVXOWV�� DOO�
GRFNLQJ�ZDV�SHUIRUPHG�ZLWK�GHIDXOW�SDUDPHWHUV��
0ROHFXODU�GRFNLQJ�ZDV�SHUIRUPHG�RQ�WKH�WKUHH�
GLPHQVLRQDO�VWUXFWXUHV�RI �&REUD�SKRVSKROLSDVH�
�3'%���$�)��UHVROXWLRQ� ������c��REWDLQHG�IURP�
WKH� SURWHLQ� GDWDEDVH� �KWWS���ZZZ�UFVE�RUJ��
SGE�KRPH�KRPH�GR�� DQG� WKH� �'� VWUXFWXUH� RI �
WKH�LVRODWHG�FRPSRXQG��GUDZQ�XVLQJ�&KHP'UDZ�

,QWHUPHGLDWH�VWHSV��VXFK�DV�SGETW�ÀOHV�IRU�SURWHLQ�
DQG� OLJDQG� SUHSDUDWLRQ� DQG� JULG� ER[� FUHDWLRQ��
ZHUH�SHUIRUPHG�XVLQJ�WKH�JUDSKLFDO�XVHU�LQWHUIDFH�
SURJUDP�$XWR'RFN�7RROV��$'7���$'7�DVVLJQHG�
SRODU�K\GURJHQ��XQLIRUP�DWRP�.ROOPDQ�FKDUJHV��
VROYDWLRQ�SDUDPHWHUV�� DQG� IUDJPHQW�YROXPHV� WR�
WKH�SURWHLQ��$XWR'RFN�VDYHG�WKH�SUHSDUHG�ÀOH�LQ�
3'%47�IRUPDW��$XWR*ULG�ZDV�XVHG�WR�FUHDWH�WKH�
JULG�PDS�XVLQJ�D�JULG�ER[�� �'XULQJ�WKH�GRFNLQJ�
SURFHVV�� ERWK� WKH� SURWHLQ� DQG� WKH� OLJDQGV� DUH�
FRQVLGHUHG� ULJLG�� 7KH� UHVXOWV� ZLWK� D� SRVLWLRQDO�
URRW�PHDQ�VTXDUH�GHYLDWLRQ��506'��RI �OHVV�WKDQ�
����c�ZHUH�VXPPDUL]HG�DQG�UHSUHVHQWHG�E\�WKH�
PRVW� IDYRUDEOH� ELQGLQJ� IUHH� HQHUJ\� UHVXOW��7KH�
SRVH�ZLWK�WKH�ORZHVW�ELQGLQJ�HQHUJ\�ZDV�DQDO\]HG�

,QKLELWLRQ�RI �1DMD�QLJULFROOLV�9HQRP�3KRVSKROLSDVH�$��E\�(WK\ODFHWDWH�([WUDFW�RI �6RODQXP�GDV\SK\OOXP�6FKXP�����
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E\�'LVFRYHU\�6WXGLR

�5(68/76
7KH� UHVXOW� RI � WKH� SK\WRFKHPLFDO� VFUHHQLQJ� DV�
VKRZQ� LQ� 7DEOH� �� UHYHDOHG� WKDW� SUHVHQFH� RI �
$ONDORLGV�� )ODYRQRLGV�� 7DQQLQV�� 6WHURLGV��
7HUSHQRLGV� DQG� &DUERK\GUDWH�� &DUGLDF�
JO\FRVLGH�ZDV�QRW�GHWHFWHG��

7KH� LQ�YLWUR� HQ]\PH� LQKLELWLRQ� VWXG\� RI �
3KRVSKROLSDVH�$ �HQ]\PH�DFWLYLW\�ZDV�FDUULHG�LQ��

WULSOLFDWHV�DQG�PHDQ���VWDQGDUG�GHYLDWLRQ�ZDV�
FDOFXODWHG�� 7KH� GLIIHUHQW� FRQFHQWUDWLRQV� RI �
HWK\ODFHWDWH� H[WUDFW� ZHUH� DEOH� WR� VLJQLÀFDQWO\�
LQKLELW�WKH�DFWLYLW\�RI �SKRVSKROLSDVH�$ HQ]\PH���

LQ�WKH�WUHDWHG�JURXSV�FRPSDUHG�WR�WKH�FRQWURO�
JURXS��DV�VKRZQ�LQ�)LJXUH����+RZHYHU������DQG�
���� �J�PO� VKRZHG� WKH� EHVW� LQKLELWRU\� HIIHFW�

��������� IROORZHG�E\����������DQG�������J�PO�
��������

7KH�HIIHFW�RI �GLIIHUHQW�IUDFWLRQV�RI �HWK\ODFHWDWH�
OHDI �H[WUDFW�RI �6��GDV\SK\OOXP�RQ�SKRVSKROLSDVH�$ ��
DFWLYLW\� RI �1�� QLJULFROOLV� YHQRP� LV� SUHVHQWHG� LQ�
)LJXUH� �� ZKHUH� IUDFWLRQ� �� H[KLELWHG� WKH� OHDVW�
DFWLYLW\��IROORZHG�E\�IUDFWLRQ����7KH�GHWDLOV�RI �WKH�
LVRODWH�REWDLQHG�DIWHU�VHULHV�RI �FKURPDWRJUDSKLF�
WHFKQLTXHV�LV�SUHVHQWHG�LQ�WDEOH����WDEOH����ÀJXUH���
DQG�ÀJXUH�����'�VWUXFWXUH�RI �SURSRVHG�LVRODWHG�
FRPSRXQG� 0HWK\O� OLQROHQDWH� LVRODWHG� IURP� 6��
GDV\SK\OOXP� OHDI �H[WUDFW�VHUYH�DV� OLJDQG�XVHG�IRU�
PROHFXODU�GRFNLQJ�VWXG\�DV�SUHVHQWHG�LQ�)LJ������
DQG����7KH�ELQGLQJ�IUHH�HQHUJ\�YDOXHV�REVHUYHG�
IRU� �GRFNHG�ZLWK�3KRVSKROLSDVH�0HWK\O�OLQROHQDWH
$ ��î�������NFDO�PRO��

7DEOH����3K\WRFKHPLFDO�&RQVWLWXHQWV�RI �(WK\ODFHWDWH�/HDI �([WUDFW�RI �6RODQXP�GDV\SK\OOXP
3K\WRFKHPLFDOV � 2EVHUYDWLRQ �
$ONDORLGV � �
'UDJHQGRUII ·V �� � �
0D\HU·V �UHDJHQW � � �
)ODYRQRLGV � �
6KLQGD·V �WHVW � � �
)HUULF �FKORULGH � �

�
�7DQQLQV

� �)HUULF
�
FKORULGH

� �
�

�%URPLQH
�
ZDWHU

� �
B

�6WHURLG
�

�
�7HUSHQRLGV

�
�

�&DUERQK\GUDWH
� �0ROLVK

�
WHVW

�
�

�&DUGLDF *O\FRVLGH
.HOOHU �NLOLDQ

� �

�

.H\���� �3UHVHQW������ �$EVHQW
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)LJXUH����(IIHFW�RI �GLIIHUHQW�FRQFHQWUDWLRQV�RI �(WK\ODFHWDWH�OHDI �H[WUDFW�RI �6RODQXP�GDV\SK\OOXP�RQ�
SKRVSKROLSDVH�$ �DFWLYLW\�RI �1DMD�QLJULFROOLV�YHQRP���

([WUDFW�FRQFHQWUDWLRQ���J�PO�3K
RV
SK
RO
LS
DV
H�
$�
��
SH
UF
HQ
WD
JH
�LQ
KL
EL
WLR
Q�

6XE�IUDFWLRQ�FRQFHQWUDWLRQ������J�PO�

�
�$
FW
LY
LW\
�R
I�3
KR
VS
KR
OLS
DV
H�
$�

)LJXUH� ��� (IIHFW� RI � 'LIIHUHQW� IUDFWLRQV� RI � (WK\ODFHWDWH� /HDI � ([WUDFW� RI � 6�� GDV\SK\OOXP� RQ�
3KRVSKROLSDVH�$ �$FWLYLW\�RI �1��QLJULFROOLV�9HQRP��

7DEOH����3K\VLFDO�SURSHUWLHV�RI �WKH�LVRODWHG�FRPSRXQG��(� �L
� &RORXU �RI �LVRODWH � &RORXU �RI �VSRW �6ROYHQW �V\VWHP �5I �YDOXH �6ROYHQW

� &U\VWDO �ZKLWH � OLJKW �SXUSOH � %XWDQRO�$FHWLF �
DFLG�:DWHU �������� �

���� � &KORURIRUP

,QKLELWLRQ�RI �1DMD�QLJULFROOLV�9HQRP�3KRVSKROLSDVH�$��E\�(WK\ODFHWDWH�([WUDFW�RI �6RODQXP�GDV\SK\OOXP�6FKXP�����
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�)LJXUH���� +�105�VSHFWUD�RI �LVRODWHG�FRPSRXQG��(� ��L

��)LJXUH���� &�105�6SHFWUXP�RI �,VRODWHG�&RPSRXQG��( ��L

,QKLELWLRQ�RI �1DMD�QLJULFROOLV�9HQRP�3KRVSKROLSDVH�$��E\�(WK\ODFHWDWH�([WUDFW�RI �6RODQXP�GDV\SK\OOXP�6FKXP��� ��

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



� ��7DEOH���� +�105�DQG� &�105�&KHPLFDO�6KLIW�RI ��WKH�,VRODWHG�&RPSRXQG
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)LJXUH����3URSRVHG�VWUXFWXUH�RI �LVRODWHG�FRPSRXQG��(� ���0HWK\O�OLQROHQDWHL

)LJXUH������'�VWUXFWXUH�RI �3KRVSKROLSDVH�$ �3URWHLQ�GDWD�EDQN���

,QKLELWLRQ�RI �1DMD�QLJULFROOLV�9HQRP�3KRVSKROLSDVH�$��E\�(WK\ODFHWDWH�([WUDFW�RI �6RODQXP�GDV\SK\OOXP�6FKXP�����
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)LJXUH����2XWOLQH�RI �WKH�PROHFXODU�GRFNLQJ�SURFHVV���$��7KH�WZR�GLPHQVLRQDO�VWUXFWXUH�RI �
3KRVSKROLSDVH� $ �� 0HWK\O� OLQROHQDWH� FRPSOH[� ZLWK� LQWHUPROHFXODU� LQWHUDFWLRQ�� �%�� ����

GLPHQVLRQDO� FRQIRUPDWLRQ� RI � 0HWK\O� OLQROHQDWH� GRFNHG� LQWR� WKH� DFWLYH� VLWH� RI � WKH�
3KRVSKROLSDVH�$ �HQ]\PH��

7DEOH����0ROHFXODU�GRFNLQJ�VWXGLHV�RI �0HWK\O�OLQROHQDWH�LVRODWHG�IURP�HWK\ODFHWDWH�H[WUDFW��RI �
6RODQXP�GDV\SK\OOXP�RQ�YHQRP�3KRVSKROLSDVH�$ �HQ]\PH�
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',6&866,21
7KH�XVH�RI �KHUEDO�UHPHGLHV�LQ�WKH�WUHDWPHQW�RI �
YDULRXV� GLVHDVHV� LV� LQFUHDVLQJ� DW� D� UDSLG� SDFH�
ZRUOGZLGH��WKH�ORZ�WR[LFLW\�DQG�HDV\�DFFHVVLELOLW\�
FRQWULEXWH�VLJQLILFDQWO\�WR�WKLV�JOREDO�DFFHSWDQFH�
������ 9DULRXV� UHVHDUFKHUV� KDYH� VWXGLHG� WKH�
ELRDFWLYLW\�RI �WKH�SODQW�6��GDV\SK\OOXP��+RZHYHU��
WKH� DFWLYH� LQJUHGLHQW� UHVSRQVLEOH� IRU� VRPH� RI �
WKHVH�ELRORJLFDO�DFWLYLWLHV�LV�QRW�SUHFLVHO\�NQRZQ���
7KH�YHQRP�RI �1��QLJULFROOLV�FRQWDLQV�SURWHDVHV��

SKRVSKRO LSDVH � $ � � SKRVSKRGLHV WH UDVH ���

DFHW\OFKROLQHVWHUDVH�DQG�K\DOXURQLGDVH�HQ]\PHV��
DOVR�NQRZQ�DV�PDMRU�HQ]\PH�WR[LQV��0(7V���7KH�
SK\WRFKHPLFDO� VFUHHQLQJ� RI � WKH� HWK\ODFHWDWH�
OHDYHV� H[WUDFW� RI � 6�� GDV\SK\OOXP� UHYHDOHG� WKH�
SUHVHQFH� RI � DONDORLGV�� WDQQLQV�� IODYRQRLGV��
WHUSHQRLGV��VWHURLGV�DQG�FDUERK\GUDWHV��EXW�LW�ZDV�
GHYRLG� RI � FDUGLDF� JO\FRVLGHV�� 7KHVH� UHVXOW�
FRUUHODWHG� ZLWK� WKRVH� SUHYLRXVO\� UHSRUWHG� E\�

����� ����6RGHLQGH�HW�DO� �DQG�0DQDO�HW�DO� ��ZKR�ZRUNHG�

,QKLELWLRQ�RI �1DMD�QLJULFROOLV�9HQRP�3KRVSKROLSDVH�$��E\�(WK\ODFHWDWH�([WUDFW�RI �6RODQXP�GDV\SK\OOXP�6FKXP��� ��
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RQ� 6�� GDV\SK\OOXP� DQG� 6�� LQFDQXP� /�� DQRWKHU�
�����VSHFLHV�RI �WKH�6RODQDFHDH�IDPLO\��0RUV�HW�DO� �

UHSRUWHG� WKDW� SKHQROLF� FRPSRXQGV�� VDSRQLQV��
IODYRQRLGV�DQG�WDQQLQV�FDQ�ELQG�WR�SURWHLQV�DQG�
FDQ�GLUHFWO\�DFW�RQ�YHQRP�FRQVWLWXHQWV��6LPLODUO\��

� ����/DQV� HW� DO� � UHSRUWHG� WKDW�SODQW� DONDORLGV� DUH�
HIIHFWLYH�DJDLQVW�VQDNH�ELWHV��$ULVWRORFKLF�DFLG�����
PHWK\OR[\���QLWRSKHQDQWKUR�� ���PHWKR[\����
PHWK\OYRDFKDORWLQH�DQG�DWURSLQH�DUH�DOO�LVRODWHG�
DONDORLGV� FRPSRXQGV� WKDW� LQKLELW� WKH� OHWKDO�

����HIIHFW� RI � VQDNH� YHQRP� �� $OWKRXJK� WKH�
TXDQWLWDWLYH�HVWLPDWH�RI �SK\WRFKHPLFDOV� LQ�WKH�
H[WUDFW�ZDV�QRW�HYDOXDWHG��WKH�LQKLELWLRQ�RI �WKH�
HQ]\PH� VXJJHVWHG� WKDW� WKH� OHDI � H[WUDFW� PD\�
FRQWDLQ�SK\WRFKHPLFDOV�WKDW�DUH�OLNHO\�WR�ELQG�WR�
WKH�HQ]\PH��WKXV�SUHYHQWLQJ�LW�IURP�ELQGLQJ�WR�
LWV�VXEVWUDWH��OHDGLQJ�WR�LWV�LQKLELWLRQ�

7KH� UHVXOWV� RI � WKH� LQKLELWLRQ� VWXG\� RI �
SKRVSKROLSDVH�$ �HQ]\PH�DFWLYLW\�E\�GLIIHUHQW��

FRQFHQWUDWLRQV�RI �HWK\ODFHWDWH�OHDYHV�H[WUDFW�RI �
6��GDV\SK\OOXP�VKRZHG�WKDW�WKH�H[WUDFW�LV�SRWHQWLDO�
3KRVSOLSDVH�$ �LQKLELWRU��7KLV�ZDV�VLPLODU�WR�WKH��

�����UHVXOWV�RI �$NLQGHOH�HW�DO� �ZKHUH�WKH\�UHSRUWHG�
WKDW�WKH�HWK\O�DFHWDWH�IUDFWLRQ�RI �0��ROHLIHUD�ZDV�D�
SRWHQWLDO�VRXUFH�RI �HIIHFWLYH�FRPSRXQGV�DJDLQVW�
SDWKRORJLHV�FDXVHG�E\�WKH�YHQRP�RI �1��NDWLHQVLV�
���� � �����)XUWKHUPRUH��$MLER\H�HW�DO� �UHSRUWHG�WKDW�
WKH� HWK\O� DFHWDWH� IUDFWLRQ� RI � WKH� OHDYHV� RI �
6RODQXP�PDFURFDUSRQ�/���D�SODQW�EHORQJLQJ�WR�WKH�
QLJKWVKDGH� IDPLO\�� KDV� DQ� LQKLELWRU\� HIIHFW� RQ�
FKROLQHUJLF�HQ]\PH�DFWLYLWLHV�DV�ZHOO� DV� UDGLFDO�

����VFDYHQJLQJ�DFWLYLW\� �
&KURPDWRJUDSKLF� VHSDUDWLRQ� RI � WKH� HWK\O�
DFHWDWH�H[WUDFW� UHVXOWHG� LQ� WKH� LVRODWLRQ�RI � WKH�
FRPSRXQG�PHWK\O�OLQROHQDWH��ZKRVH�SURSHUWLHV��
105�VSHFWUD�DQG�FKHPLFDO�VWUXFWXUH�DUH�VKRZQ�
LQ�7DEOH����)LJXUHV������DQG����7KH�FRPSRXQG�
ZDV�FRQILUPHG�WR�EH�D�IDWW\�DFLG�HVWHU�ZLWK�WKH�
PROHFXODU� IRUPXOD� & + 2 � DQG� D� PROHFXODU��� �� �

ZHLJKW�RI �������J�PRO�

0ROHFXODU�GRFNLQJ� WHFKQLTXHV�� D� WRRO�XVHG� IRU�

VWUXFWXUH�EDVHG�GUXJ�GHVLJQ�VWUDWHJLHV�WR�GHYHORS�
QRYHO�GUXJV�DJDLQVW�WKH�LQKLELWLRQ�RI �WKHUDSHXWLF�
WDUJHWV��DQG�VHYHUDO�UHVHDUFKHUV�KDYH�UHSRUWHG�WKDW�
D�QHJDWLYH�DQG�ORZ�ELQGLQJ�HQHUJ\�YDOXH�LQGLFDWHV�

����VWURQJ� ELQGLQJ� HIILFLHQF\� �� ,Q� WKLV� VWXG\��
PROHFXODU�GRFNLQJ�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�
WR�HYDOXDWH�WKH�OLNHOLKRRG�RI �LQKLELWLRQ�RI �FREUD�
YHQRP�SKRVSKROLSDVH�$ �E\�PHWK\O�OLQROHQDWH��D��

FRPSRXQG� LVRODWHG� IURP� WKH� HWK\O� DFHWDWH�
I UDFW LRQV � RI � PHWKDQRO LF � H[WUDFW � RI � 6 ��
GDV\SK\OOXP�7KHUHIRUH��WKH�GRFNLQJ�RI �WKH�LVRODWHG�
FRPSRXQG�GUDZQ�ZLWK�WKH�DLG�RI �FKHPGUDZ�ZDV�
VXFFHVVIXOO\�FDUULHG�RXW�ZLWK�FREUD�SKRVSKROLSDVH�
$ �REWDLQHG�IURP�SURWHLQ�GDWD�EDQN�DV�VKRZQ�LQ��

ILJXUH�����DQG����7KH�GRFNLQJ�RI �PHWK\O�OLQROHQDWH�
WR�WKH�WDUJHW�HQ]\PH�ZDV�H[DPLQHG�ZLWK�UHJDUG�WR�
LQWHUDFWLQJ� DPLQR� DFLGV�� DWRPV� LQYROYHG� LQ�
K\GURJHQ�ERQGLQJ��SUHGLFWHG�ELQGLQJ�HQHUJ\�DQG�
LQKLELWLRQ�FRQVWDQW��.L��DV�VKRZQ�LQ�7DEOH����7KH�
GRFNLQJ�VWXGLHV�UHYHDOHG�WKH�LQYROYHPHQW�RI �+�
ERQGV� EHWZHHQ� DPLQR� DFLG� UHVLGXHV� LQ� WKH�
SURPLQHQW� ELQGLQJ� VLWH� DVVRFLDWHG� ZLWK� RWKHU�
QRQ�FRYDOHQW�LQWHUDFWLRQV�VXFK�DV�DON\O��SL�DON\O��
SL�VLJPD� LQWHUDFWLRQV� DQG� YDQGHU�:DDOV� IRUFHV��
7KH�ELQGLQJ�HQHUJ\�RI �PHWK\O�OLQROHQDWH�WR�WKH�
HQ]\PH�SKRVSKROLSDVH�$ �LV�������NFDO�PRO��7KLV��

VXJJHVWV� WKDW� PHWK\O� OLQROHQDWH� PD\� LQKLELW�
SKRVSKROLSDVH� $ � LQ� VQDNH� YHQRP�� WKHUHE\��

DWWHQXDWLQJ� WKH� HIIHFWV� RI � VQDNH� YHQRP� LQ� D�
ELRORJLFDO�V\VWHP�

&21&/86,21
7KH�SUHVHQW�VWXG\�UHYHDOHG�WKDW�WKH�HWK\ODFHWDWH�
OHDI �H[WUDFW�RI �6��GDV\SK\OOXP� FRQWDLQV�ELRDFWLYH�
FRPSRQHQWV� WKDW� FDQ� LQKLELW� SKRVSKROLSDVH� $ ��
HQ]\PH�LQ1��QLJULFROOLV�YHQRP��7KHUHIRUH��PHWK\O�
OLQROHQDWH� LVRODWHG� IURP� 6�� GDV\SK\OXP� LV� ZRUWK�
ERWK�LQ�YLWUR�DQG�LQ�YLYR�HYDOXDWLRQ�WR�DVVHVV�DQG�
RSWLPL]H�LWV�WKHUDSHXWLF�HIILFDF\�

5()(5(1&(6
���� *ERODGH�$$��1LJHULDQ�0HGLFLQDO�3ODQWV�:LWK�

$QWL�6QDNH� 9HQRP� $FWLYLW\�� D� 5HYLHZ�� -�

,QKLELWLRQ�RI �1DMD�QLJULFROOLV�9HQRP�3KRVSKROLSDVH�$��E\�(WK\ODFHWDWH�([WUDFW�RI �6RODQXP�GDV\SK\OOXP�6FKXP�����
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0DODU � 5HV � 3K\WRPHGLF LQH� � ���� ���
�0DUFK����²����

���� $GHWXWX� $�� 0RUJDQ� :$�� &RUFRUDQ� 2��
(WKQRSKDUPDFRORJLFDO�VXUYH\�DQG�LQ�YLWUR�
HYDOXDWLRQ�RI �ZRXQG�KHDOLQJ�SODQWV�XVHG��LQ�
6RXWK�ZHVWHUQ�1LJHULD��-�(WKQRSKDUPDFRO��
�����6HS����������²���

���� $ODP� 0,�� *RPHV� $�� 6QDNH� YHQRP�
QHXWUDOL]DWLRQ� E\� ,QGLDQ� PHGLFLQDO� SODQWV�
�9LWH[� QHJXQGR� DQG� (PEOLFD� RIILFLQDOLV��
URRW � H[ W UDF W V� � - � (WKQRSKDUPDFR O ��
�������������²����

���� 8UV�1$1��<DULVZDP\�0��-RVKL�9��1DWDUDMX�
$ � � *RZGD � 7 � 9� � � 9 L VKZDQD WK � %6��
,PSOLFDW LRQV� RI � SK\WRFKHPLFDOV� LQ�
VQDNHELWH�PDQDJHPHQW��3UHVHQW�VWDWXV�DQG�
I X W X U H � S U R V S H F W L Y H � � 7R [ L Q � 5 H Y��
�������������²����

���� $GULmR�$$;��GRV�6DQWRV�$2��GH�/LPD�(-63��
0DFLHO� -%��3D]�:+3��GD�6LOYD�)0$��HW�DO��
3ODQW�'HULYHG�7R[LQ�,QKLELWRUV�DV�3RWHQWLDO�
&DQGLGDWHV� WR� &RPSOHPHQW� $QWLYHQRP�
7UHDWPHQW� LQ� 6QDNHELWH� (QYHQRPDWLRQV��
)URQW�,PPXQRO����������0D\���²����

���� $EXEDNDU� 06�� 6XOH� 0,�� 3DWHK� 88��
$EGXUDKPDQ�(0��+DUXQD�$.��-DKXQ�%0��
,Q�YLWUR�VQDNH�YHQRP�GHWR[LI\LQJ�DFWLRQ�RI �
WKH� OHDI � H[WUDFW� RI � *XLHUD� VHQHJDOHQVLV�� -�
(WKQRSKDUPDFRO����������������²���

���� $EXEDNDU� ,6�� $EXEDNDU� 6%�� +DELE� $*��
1DVLGL� $�� 'XUID� 1�� <XVXI � 32�� HW� DO��
5DQGRPLVHG�FRQWUROOHG�GRXEOH�EOLQG�QRQ�
LQIHULRULW\�WULDO�RI �WZR�DQWLYHQRPV�IRU�6DZ�
VFDOHG� RU� FDUSHW� YLSHU� �(FKLV� RFHOODWXV��
HQYHQRPLQJ� LQ� 1LJHULD�� 3/R6� 1HJO� 7URS�
'LV�������������²����

���� $VX]X�,8��+DUYH\�$/��7KH�DQWLVQDNH�YHQRP�
DFWLYLWLHV�RI �3DUNLD�ELJORERVD��0LPRVDFHDH��
VWHP� EDUN� � H[WUDFW� � 7R[LFRQ�� �����
'HF����������²���

���� &RULRODQR�GH�2OLYHLUD�(��$OYHV�6RDUHV�&UX]�
5��GH�0HOOR�$PRULP�1��*XHUUD�6DQWRV�0��

&DUORV�6LPDV�3HUHLUD�-XQLRU�/��)ORUHV�6DQFKH]�
(2�� HW� DO�� 3URWHFWLYH� (IIHFW� RI � WKH� 3ODQW�
([WUDFWV�RI �(U\WKUR[\OXP�VS��DJDLQVW�7R[LF�
(IIHFWV�,QGXFHG�E\�WKH�9HQRP�RI �/DFKHVLV�
PXWD�6QDNH��0ROHFXOHV���������������²����

�����*RSL� .�� 5HQX� .�� 5DM� 0�� .XPDU� '��
0XWKXYHODQ�%��7KH�QHXWUDOL]DWLRQ�HIIHFW�RI �
PHWKDQRO�H[WUDFW�RI �$QGURJUDSKLV�SDQLFXODWD�
RQ� ,QGLDQ� FREUD�1DMD� QDMD� VQDNH� YHQRP�� -�
3KDUP�5HV����������������²���

�����'DOKDW�00��0XKDPPDG�+��$EXEDNDU� 6%��
*DUED� , � � <ROD� ,0�� +DELE� $*�� �����
'HWHUPLQDQWV�RI �+LJK�&RVW�RI �&DUH�$PRQJ�
9LFWLPV�RI �6QDNH�%LWH�LQ�.DOWXQJR��*RPEH�
6 W D W H � � 1 L J H U L D � � � � � � � � 7R [ L F R Q ��
��������������²���

�����$MLER\H�%2��$NDODEX�0&��2MR�2$��$IRODEL�
2%��2NHVROD�0$��2OD\LGH�,��HW�DO��,QKLELWRU\�
HIIHFW�RI �HWK\O�DFHWDWH�IUDFWLRQ�RI �6RODQXP�
PDFURFDUSRQ� /�� OHDYHV� RQ� FKROLQHUJLF��
PRQRDPLQHUJLF�� DQG� SXULQHUJLF� HQ]\PH�
DFWLYLWLHV�� -� )RRG� %LRFKHP�� ����� 'HF��
������H�������

�����2\LQOR\H�(��$GHULQROD�$��0XULWDOD�$��2ORRWR�
:�� 3URWHFWLYH� UROH� RI � GLFKORURPHWKDQH�
H[WUDFW� RI � VRODQXP� GDV\SK\OOXPLQ� LQ�
JHQWDPLFLQ� LQGXFHG�QHSKURWR[LFLW\� LQ�PLFH��
$FWD�3KDUP�6FL����������������²���

�����)XQPLOROD�$5��$EXEDNDU�*��+DVVDQ�=�� ,Q�
YLWUR� $QWLYHQRP� 3RWHQWLDO� RI � 6RODQXP�
GDV\SK\OOXP� 0HWKDQROLF� /HDI � DQG� )UXLW�
([WUDFWV� DJDLQVW� 1DMD� QLJULFROOLV� 9HQRP��
(XURSHDQ�-�0HG�3ODQWV���������������²����

�����)XQPLOROD� $5�� *LGDGR� $�� =DQQD� +��
$QWLYHQRP� DFWLYLWLHV� RI � PHWKDQROLF� OHDI �
H[WUDFW� RI � 6RODQXP�GDV\SK\OOXP�6FKXP�	�
7KRQQ�DJDLQVW�1DMD�QLJULFROOLV�YHQRP�PLFH�
LQGXFHG�HQYHQRPDWLRQ����������������²����

�����$NLQGHOH�$��-���,EH�,��)��$22��$QDOJHVLF�DQG�
DQWLS\UHWLF� DFWLYLWLHV� RI � GU\PDULD� FRUGDWD�
�OLQQ��� ZLOG� �FDU\RSK\OODFHDH�� H[WUDFW�� $IU� -�
7UDGLW� &RPSOHPHQW� $OWHUQ� 0HG�� ������
�������²����

,QKLELWLRQ�RI �1DMD�QLJULFROOLV�9HQRP�3KRVSKROLSDVH�$��E\�(WK\ODFHWDWH�([WUDFW�RI �6RODQXP�GDV\SK\OOXP�6FKXP��� ��
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�����5X\FN�-�'H��%U\VEDHUW�*��0ROHFXODU�GRFNLQJ�
DV�D�SRSXODU�WRRO�LQ�GUXJ�GHVLJQ��DQ�LQ�VLOLFR�
WUDYHO���������²����

���������6RGHLQGH�2$���6DODZX�.0���2JEROH�22��
$ M D L \ H R E D � ( � 2� � 3 K\ W R FK HP L F D O ��
DQWLR[LGDQW�� EULQH� VKULPS� OHWKDOLW\� DQG�
DQWLSUROLIHUDWLYH� DQDO\VHV� RI � 6RODQXP�
GDV\SK\OOXP� VFKXP�� 	� WKRQQ�� OHDI � DQG� IUXLW�
H[WUDFWV�� � 6DYDQQDK� 9HWHULQDU \� -RXUQDO�
������������������

��������6RIRZRUD�$��0HGLFLQDO�3ODQWV�DQG�7UDGLWLRQDO�
UG0HGLFLQH�LQ�$IULFD��� �HGQ�� 6 S H F W U X P�����

%RRNV�/LPLWHG��,EDGDQ��������3S���������
���� � � $GDPLFK� 0�� 5REHUWV� 0�� 'HQQLV� (����

3KRVSKRO LS LG � DF W LYD W LRQ � RI � FREUD�
YHQRPSKRVSKROLSDVH� �$���FKDUDFWHUL]DWLRQ�
RI � WKH� SKRVSKROLSLG�HQ]\PH� LQWHUDFWLRQ��
%LRFKHPLVWU\���������������������

��������/DQV�&��+DUSHU�7��*HRUJHV�.��0HGLFLQDO�
DQG � H WKQRYH W H U L Q D U \ � U HPHG L H V � R I�
KXQWHUV�LQ�7ULQLGDG��%0&�&RPSOLPHQWDU\�DQG�
DOWHUQDWLYH�0HGLFLQH���������������

������0DQDO�$+��(OWRKDPL�06��*KDGD�0$��7KH�

SK\WRFKHPLFDO� VFUHHQLQJ� DQG� DQWLPLFURELDO�
DFWLYLW\� RI � 6RODQXP� LQFDQXP� /�� ,QWHUQDWLRQDO�
-RXUQDO�RI �,QQRYDWLYH� 3KDUPDFHXWLFDO� 6FLHQFHV�
DQG�5HVHDUFK����������������²����

���� � � �0RUV�:%��1DVFLPHQWR�0&��3HUHLUD�1$��
3H UH L U D � %0� � ����� � � � 3 O DQ W � QD WX U D O�
SURGXFWV� DFWLYH� DJDLQVW� VQDNH� ELWH�� WKH�
PROHFXODU�DSSURDFK��-RXUQDO�RI �3K\WRFKHPLVWU\�
���������������²�����

�������6LQJK�3��0RKDPPDG�<��5LVKD�+��6XQLVKD�6��
5DKXO�6��$�UHYLHZ�RQ�YHQRP� H Q ] \ P H V��������������
QHXWUDOL]LQJ�DELOLW\��-RXUQDO�RI �3KDUPDFRSXQFWXUH�
���������������������

� �$GHZXQPL� 5)�� <HVXIX +%�� *LGDGR� $ ��
�3XG]D� -6� ,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�� $IU�� -�� 7URS��0HG�� 	� %LRPHG��
5HV�������������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���

,QKLELWLRQ�RI �1DMD�QLJULFROOLV�9HQRP�3KRVSKROLSDVH�$��E\�(WK\ODFHWDWH�([WUDFW�RI �6RODQXP�GDV\SK\OOXP�6FKXP�����
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,1752'8&7,21
&RPSOHPHQWDU\� DQG� $OWHUQDWLYH� 0HGLFLQH�
�&$0�� DV� D� JURXS� RI � GLYHUVH� PHGLFDO� DQG�
KHDOWKFDUH�V\VWHPV��SUDFWLFHV�DQG�SURGXFWV�KDYH�
EHHQ�LQ�XVH�IRU�VHYHUDO�GHFDGHV��WKH�UHSRUW�RI �LWV�
XVH� KDYH� EHHQ� KLQJHG� PRUH� RQ� FXOWXUDO�

�LQFOLQDWLRQV� �2QH�RI �WKH�FRPSHOOLQJ�UHDVRQ�IRU�
WKLV�LV�WKH�IDFW�WKDW�XQWLO�YHU\�UHFHQWO\��WKLV�DVSHFW�

�����RI � FDUH� ZDV� QRW� WDXJKW� LQ� PHGLFDO� VFKRROV�
&RQVHTXHQWO\�� PDQ\� FOLQLFLDQV� DUH� HLWKHU�
XQDZDUH� RI � WKLV� JURXS� RI � WKHUDS\� DQG� WKHLU�
SUDFWLFH�RU�WKH\�GR�QRW�XQGHUVWDQG�WKH�UDWLRQDOH�
IRU� WKH� KHDOWK�VHHNLQJ� EHKDYLRXU� ZDUUDQWLQJ�
WKHLU�XWLOL]DWLRQ��:KDWHYHU�WKH�H[SODQDWLRQ��WKH�

SDWURQDJH�RI �&$0�JOREDOO\��LV�RQ�WKH�LQFUHDVH��,Q�
$IULFD� DQG� JOREDOO\� WKH� SUHYDOHQFH� RI � &$0�
XWLOL]DWLRQ�KDV�EHHQ�VKRZQ�WR�UDQJH�EHWZHHQ������

�����

,W� LV� WUXH� WKDW� VRFLR�GHPRJUDSKLF� DQG� FOLQLFDO�
FKDUDFWHULVWLFV�RI �SDWLHQWV�FRQVWLWXWH�VRPH�RI �WKH�
GHWHUPLQDQWV�IRU�&$0�XVH��EXW�LW� LV�GLIILFXOW�WR�
FRPSOHWHO\� DVFHUWDLQ� ZKDW� KDV� GULYHQ� WKLV� KLJK�
OHYHO� RI � SDWURQDJH� RI � XQFRQYHQWLRQDO� KHDOWK�
SURGXFWV� DQG� SUDFWLFHV� NQRZQ� DV� &$0� HYHQ�
ZKHQ� ZH� QRZ� KDYH� PRUH� SRWHQW� FRQYHQWLRQDO�

�WKHUDSLHV�ZLWK�IHZHU�VLGH�HIIHFWV�

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

� � �$IDPHIXQD�)8 ��<RYZLQ�'* ��$Q\DQZX�(%

�)DPLO\�0HGLFLQH�'HSDUWPHQW��'HOWD�6WDWH�8QLYHUVLW\
�)DPLO\�0HGLFLQH�'HSDUWPHQW��'HOWD�6WDWH�8QLYHUVLW\��
�)DPLO\�0HGLFLQH�'HSDUWPHQW��'HOWD�6WDWH�8QLYHUVLW\�

$EVWUDFW
,QWURGXFWLRQ��:RUOG�RYHU��SDWURQDJH�RI �&$0�SURGXFWV� LV�RQ�WKH� LQFUHDVH��HYHQ�ZKHQ�PRUH�SRWHQW�
FRQYHQWLRQDO�WKHUDSLHV�ZLWK�OHVV�VLGH�HIIHFWV�DUH�FRQWLQXDOO\�EHLQJ�UHVHDUFKHG�DQG�SURGXFHG��7KLV�VWXG\�
DLPHG�DW�GHWHUPLQLQJ�WKH�VRFLR�HFRQRPLF�DQG�FOLQLFDO�FRUUHODWHV�RI �K\SHUWHQVLYH�SDWLHQWV�XWLOL]LQJ�&$0�
SURGXFWV�LQ�D�WHUWLDU\�KHDOWK�LQVWLWXWLRQ�LQ�'HOWD�6WDWH���

0DWHULDOV�DQG�0HWKRGV��$�WRWDO�RI �����SDUWLFLSDQWV�GLDJQRVHG�ZLWK�HVVHQWLDO�K\SHUWHQVLRQ�WKDW�PHW�WKH�
VWXG\�FULWHULD�ZHUH�VWXGLHG��$�KDOI �RI �WKH�SDUWLFLSDQWV�������ZHUH�RQ�FRQYHQWLRQDO�WUHDWPHQW�RQO\��*URXS�
$��ZKLOH�WKH�RWKHU�KDOI �������ZHUH�RQ�FRQYHQWLRQDO�WUHDWPHQW�DQG�&$0��*URXS�%���7\SHV�RI �&$0�
SURGXFWV�XVHG��UHDVRQV�IRU�XWLOL]DWLRQ��VRXUFHV�RI �&$0�SURGXFW�NQRZOHGJH�DQG�)DPLO\�VXSSRUW�IRU�XVH�
ZHUH�VWXGLHG�

5HVXOWV��$JH� JURXS��PDULWDO� VWDWXV�� KLJKHU� OHYHOV� RI � HGXFDWLRQ�� VRFLDO� FODVV� JURXS��PRQWKO\� OHYHO� RI �
LQFRPH��ERG\�PDVV�LQGH[��IDPLO\�KLVWRU\�RI �K\SHUWHQVLRQ�DQG�GXUDWLRQ�RI �K\SHUWHQVLRQ�ZHUH�VLJQLILFDQWO\�
DVVRFLDWHG�ZLWK�&$0�XWLOL]DWLRQ�

&RQFOXVLRQ��)DPLO\�LQIOXHQFH��KLJKHU�ERG\�PDVV�LQGH[�DV�ZHOO�DV�WKH�GXUDWLRQ�RI �K\SHUWHQVLRQ�DUH�VWURQJ�
SUHGLFWRUV�RI �XWLOL]DWLRQ�RI �&$0�SURGXFWV�DPRQJVW�K\SHUWHQVLYH�SDWLHQWV�

.H\�ZRUGV��&RPSOHPHQWDU\�DQG�DOWHUQDWLYH�PHGLFLQH��+\SHUWHQVLRQ

&RUUHVSRQGLQJ� DXWKRU�� 'U�� $IDPHIXQD� )�� 8�� HPDLO� �� IUDQFLVDIDPHIXQD����#JPDLO�FRP� DQG� SKRQH� QXPEHU� ��
�����������

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



6HYHUDO� IDFWRUV� VXFK� DV� JHQGHU�� EHOLHIV� DQG�
PHGLFDWLRQ�FRVWV�KDYH�EHHQ� VKRZQ�E\�YDULRXV�

��� ²� ��UHVHDUFKHUV� � WR� EH� GHWHUPLQDQWV� IRU�&$0�
XWLOL]DWLRQ�

'HVSLWH� WKH� IDFW� WKDW� WKH� XVH� RI � &$0� LV�
LQFUHDVLQJ��WKHUH�LV�SDXFLW\�RI �VFLHQWLILF�HYLGHQFH�
WR� VXSSRUW� WKHLU� HIILFDF\� RU� HOXFLGDWH� RQ� WKHLU�
SRWHQWLDO� IRU� DGYHUVH� HIIHFWV� DQG� GUXJ�

��LQWHUDFWLRQV� 7KHUHIRUH�� ERWK� SK\VLFLDQV� DQG�
SDWLHQWV�PD\�ODFN�NQRZOHGJH�RI �WKH�HIILFDF\�DQG�
SRWHQWLDO�ULVNV�RI �&$0�UHPHGLHV�

$LPV�DQG�2EMHFWLYHV
7KH�$LP�RI � WKH�6WXG\�� LV� WR�DVVHVV� WKH� VRFLR�
HFRQRPLF� DQG� FOLQLFDO� FRUUHODWHV� RI � &$0�
XWLOL]DWLRQ� DPRQJVW� K\SHUWHQVLYH� SDWLHQWV� LQ� D�
WHUWLDU\� KRVSLWDO� VHWWLQJ� LQ� WKH� 1LJHU� 'HOWD�
UHJLRQ�

6SHFLILF� REMHFWLYHV� DUH� WR� GHWHUPLQH� WKH�
UHODWLRQVKLSV� RI � &$0� XWLOL]DWLRQ� ZLWK� VRFLR�
HFRQRPLF� VWDWXV�� DJH� EHOLHIV� DQG� IDPLO\�
LQIOXHQFHV�DPRQJVW�K\SHUWHQVLYH�SDUWLFLSDQWV�

0$7(5,$/6�$1'�0(7+2'6
7KLV�LV�D�FRPSDUDWLYH�FURVV�VHFWLRQDO�VXUYH\�RI �
DOO� SDWLHQWV� ZLWK� K\SHUWHQVLRQ� DWWHQGLQJ� WKH�
)DPLO\� 0HGLFLQH� &OLQLF� RI � WKH� 'HOWD� 6WDWH�
7HDFKLQJ�+RVSLWDO� �'(/687+��2JKDUD�� 7KH�
KRVSLWDO�LV�D�����EHG�WHUWLDU\�FHQWHU�ZLWK�IDFLOLWLHV�
IRU�LQSDWLHQW�DQG�RXWSDWLHQW�FDUH��,W�LV�ORFDWHG�DW�
2JKDUD�WKH�KHDGTXDUWHU�RI �(WKLRSH�:HVW�/RFDO�
*RYHUQPHQW�$UHD�RI �'HOWD�6WDWH��

,QFOXVLRQ�&ULWHULD�ZHUH�$GXOWV�RI ����\HDUV�DQG�
DERYH��WKDW�DUH�GLDJQRVHG�FOLQLFDOO\�ZLWK�HVVHQWLDO�
K\SHUWHQVLRQ�IRU�DW�OHDVW�WKUHH�PRQWKV�DQG�DUH�
RQ�FRQYHQWLRQDO�PHGLFDO�WUHDWPHQW�IRU�DW� OHDVW�
WKUHH�PRQWKV��7KH�ZLOOLQJQHVV�WR�SDUWLFLSDWH�LQ�
WKH� VWXG\� ZLWK� DQ� DELOLW\� WR� JLYH� LQIRUPHG�
FRQVHQW� ZDV� DOVR� FRQVLGHUHG� LPSRUWDQW�
LQFOXVLRQ�FULWHULRQ�

([FOXVLRQ� &ULWHULD�� 7KRVH� QRW� LQFOXGHG� ZHUH��
3UHJQDQW� SDWLHQWV� ZLWK� K\SHUWHQVLRQ�� WKRVH�
KDYLQJ�DFXWH�RU�GHELOLWDWLQJ�GLVHDVH�RU�GLDJQRVHG�
ZLWK�VHFRQGDU\�+\SHUWHQVLRQ��$OO�ZKR�GHFOLQHG�
SDUWLFLSDWLRQ�LQ�WKH�VWXG\�ZHUH�H[FOXGHG�WRR��

7KH�LQVWUXPHQW�ZDV�DQ�LQWHUYLHZHU�DGPLQLVWHUHG�
TXHVWLRQQDLUH�FRQVLVWLQJ�RI ���SDUWV�
7KH� ILUVW� SDUW� FRQVLVWHG� RI � VRFLR�GHPRJUDSKLF�
GDWD�� 6RFLDO� FODVV� ZDV� JUDGHG� DFFRUGLQJ� WR� WKH�
%ULWLVK� FODVVLILFDWLRQ� LQWR� $� �KLJKHU� PDQDJHULDO�
DGPLQLVWUDWLYH�DQG�SURIHVVLRQDO���%��LQWHUPHGLDWH�
PDQDJHULDO� DGPLQLVWUDWLYH� DQG� SURIHVVLRQDO��� &�
�VXSHUYLVRU\�� FOHULFDO� DQG� MXQLRU� PDQDJHULDO�
DGPLQLVWUDWLYH� DQG� SURIHVVLRQDO�� DQG� VNLOOHG�
PDQXDO�ZRUNHUV���'� �VHPL�VNLOOHG� DQG� XQVNLOOHG�
PDQXDO�ZRUNHUV��DQG�(� �SHQVLRQHUV��FDVXDO�DQG�

�ORZHVW� JUDGH� ZRUNHUV�� DQG� XQHPSOR\HG�� � 7KH�
OHYHO�RI �LQFRPH�RI �VXEMHFWV�ZDV�GHWHUPLQHG�XVLQJ�
WKH� 1LJHULDQ� 1DWLRQDO� 0LQLPXP� ZDJH� DFW�

�DSSURYHG� E\� WKH� 1LJHULDQ� 1DWLRQDO� $VVHPEO\� �
$FFRUGLQJ� WR� WKH� DFW�� ORZ�OHYHO� LQFRPH�HDUQHUV�
UDQJHG� IURP� VDODU\� JUDGH� OHYHOV� ��� WR� ���
��1������� EDVLF���PLGGOH�OHYHO� LQFRPH� HDUQHUV�
UDQJHG� IURP� VDODU\� JUDGH� OHYHO� ��� WR� ���
��1������� ²� 1�������� EDVLF��� DQG� KLJK�OHYHO�
LQFRPH�HDUQHUV�UDQJHG�IURP�VDODU\�JUDGH�OHYHO����
WR������1��������EDVLF���

7KH� VHFRQG� SDUW� FRQVLVWHG� RI � K\SHUWHQVLRQ�
UHODWHG�GDWD��$QWKURSRPHWULF� LQGLFHV� �ZHLJKW� LQ�
.LORJUDPPHV� >.J@�� KHLJKW� LQ� PHWHUV� >P@�� DQG�

�ERG\� PDVV� LQGH[� LQ� .J�P �� ZHUH� WDNHQ� DQG�
UHFRUGHG�� 2EHVLW\� ZDV� GHILQHG� DV� ERG\� PDVV�

�LQGH[� ���.J�P �� %ORRG� SUHVVXUH� DW� LQLWLDO�
SUHVHQWDWLRQ�DW�WKH�FOLQLF��DV�UHFRUGHG�LQ�WKH�FDVH�
QRWHV��� DQG� FXUUHQW� EORRG� SUHVVXUH� �XVLQJ�
VWDQGDUG� PHWKRG�� ZHUH� GRFXPHQWHG�� %ORRG�
SUHVVXUH�FRQWURO�ZDV�GHILQHG�EDVHG�RQ�WKH�-1&��
FU L W H U L D � RI � E ORRG� SUHVVXUH � O HYH O � R I �
�������PP+J�LQ�SDWLHQWV����WR����\HDUV�RI �DJH�
ZLWKRXW�PDMRU�FR�PRUELGLWLHV�DQG�LQ�SDWLHQWV����

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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\HDUV�RU�ROGHU�ZKR�KDYH�GLDEHWHV��FKURQLF�NLGQH\�
GLVHDVH�RU�ERWK�FRQGLWLRQV��DQG�EORRG�SUHVVXUH�
OHYHO�RI ��������PP+J�LQ�SDWLHQWV����\HDUV�RU�
ROGHU� ZKR� GR� QRW� KDYH� GLDEHWHV� RU� FKURQLF�

��NLGQH\�GLVHDVH�
7KH� WKLUG� SDUW� PRGLILHG� IURP� D� VWDQGDUG�
TXHVWLRQQDLUH� IRUPDW� RQ� WKH� XVH� RI � &$0� E\�
FDQFHU�SDWLHQWV�LQ�1LJHULD��

7KH� GDWD� REWDLQHG� ZDV� VRUWHG�� FRGHG� DQG�
HQWHUHG�LQWR�WKH�VSUHDG�VKHHW�RI �WKH�6WDWLVWLFDO�
3DFNDJH�IRU�6RFLDO�6FLHQFHV��6366������$QDO\VLV�
RI � IUHTXHQF\� ZDV� GRQH� DQG� SUHVHQWHG� XVLQJ�
IUHTXHQF\� WDEOHV�� SURSRUWLRQV� DQG� FKDUWV��
%LYDULDWH� DQDO\VLV� ZDV� GRQH� XVLQJ� &KL� VTXDUH�

��; ��� =�VFRUH� DQG� 6WXGHQW� 7�WHVW�� 6WDWLVWLFDO�
VLJQLILFDQFH�ZDV�VHW�DW�S�YDOXH��������

(WKLFDO�DSSURYDO�ZDV�REWDLQHG� IURP�WKH�(WKLF�
%RDUG�RI �WKH�'(/687+�2JKDUD��

5(68/76
7DEOH� �� VKRZV� WKH� VRFLR�GHPRJUDSKLF�
FKDUDFWHULVWLFV� RI � WKH� VWXG\� SRSXODWLRQ�� ����
SDU WLFLSDQWV� GLDJQRVHG� ZLWK� HVVHQWLDO�
K\SHUWHQVLRQ� ZHUH� VWXGLHG�� $� KDOI � RI � WKH�

SDUWLFLSDQWV� ������ ZHUH� RQ� FRQYHQWLRQDO�
WUHDWPHQW�RQO\� �*URXS�$��ZKLOH� WKH�RWKHU�KDOI �
������ZHUH�RQ�FRQYHQWLRQDO�WUHDWPHQW�DQG�&$0�
�*URXS�%���7KH�PHDQ� DJHV� RI � WKH� SDUWLFLSDQWV�
ZHUH�����������DQG�����������LQ�*URXS�$�DQG�
*URXS� %� UHVSHFWLYHO\� ZKLFK� ZDV� FRPSDUDEOH��
0RVW� RI � WKH� SDUWLFLSDQWV� LQ� ERWK� JURXSV� ZHUH�
IHPDOHV� ����>�����@��� PDUULHG� ����>�����@���
$OPRVW�DOO�WKH�SDUWLFLSDQWV�ZHUH�RI �WKH�&KULVWLDQ�
H[WUDFWLRQ�� ����>�����@�� 2YHU� KDOI � RI � WKH�
SDUWLFLSDQWV� ZHUH� ORZ� OHYHO� LQFRPH� HDUQHUV�
����>�����@��� DQG� EHORQJ� WR� ORZHU� VRFLDO� FODVV�
����>�����@��� ZKLOH� OHVV� WKDQ� KDOI�� KDG� SRVW�
VHFRQGDU\�WHUWLDU\� HGXFDWLRQ� ����>�����@���
7KHUH� ZHUH� FRPSDUDELOLW\� �S!������ LQ� WKH� DJH�
JURXS� ������\HDUV�DQG������\HDUV��� VH[��PDULWDO�
VWDWXV� �VLQJOH� DQG� GLYRUFHG�VHSDUDWHG��� KLJKHVW�
OHYHO� RI � HGXFDWLRQ� �SULPDU\�� SRVW�SULPDU\��
VHFRQGDU\� DQG� SRVW�VHFRQGDU\�� WHUWLDU\��� VRFLDO�
FODVV�JURXS� �VRFLDO� FODVV�$��&�DQG�'���PRQWKO\�
OHYHO�RI �LQFRPH��1����������������DQG�UHOLJLRQ�
RI � WKH� SDUWLFLSDQWV� LQ� *URXS� $� DQG�*URXS� %�
UHVSHFWLYHO\�
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)LJXUH� �� VKRZV� WKH� W\SHV� RI � &$0� XWLOL]HG�
DPRQJ�SDUWLFLSDQWV��7KH�PRVW�FRPPRQ�W\SH�RI �
&$0� XWLOL]HG� ZDV� ELRORJLFDO� SURGXFWV�
����>�����@��� IROORZHG� E\� SK\VLFDO� WKHUDS\�
���>����@���RWKHUV����>����@���VSLULWXDO�WKHUDS\�

)LJXUH���VKRZV�WKH�VRXUFHV�RI �&$0�NQRZOHGJH�
DPRQJ�SDUWLFLSDQWV��7KH�PRVW�FRPPRQ�VRXUFH�
RI �NQRZOHGJH�DERXW�&$0�ZDV�IDPLO\�PHPEHUV�
����>�����@���IROORZHG�E\�IULHQGV�����>�����@���
PLJUDQW� DGYHUWLVHUV� ���>�����@��� PDVV� PHGLD�

���>����@�� DQG� DOWHUQDWH� V\VWHPV� ��>����@�� LQ�
GHVFHQGLQJ�RUGHU�UHVSHFWLYHO\��2WKHUV�FRPSULVHG�
RI �EORRGOHWWLQJ��ORFDO�VFDULILFDWLRQ��XULQH�WKHUDS\�
DQG�GHWR[LILFDWLRQ�WKHUDS\�

���>�����@��� UHOLJLRXV� JURXS� ���>����@��� RWKHU�
SDWLHQWV� ���>����@���KHDOWK�SHUVRQQHO� ��>����@���
SURYLGHUV�GHD OHUV � �� >� ���@� � DQG� &$0�
SUDFWLWLRQHU� ��>����@�� LQ� GHVFHQGLQJ� RUGHU�
UHVSHFWLYHO\�

)LJXUH����$�%DU�&KDUW�VKRZLQJ�6RXUFHV�RI �&$0�NQRZOHGJH�DPRQJ�SDUWLFLSDQWV

)LJXUH����%DU�&KDUW�VKRZLQJ�7\SHV�RI �&$0�XWLOL]HG�DPRQJ�SDUWLFLSDQWV
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)LJXUH����%DU�&KDUW�LQGLFDWLQJ�5HDVRQV�IRU�&$0�XWLOL]DWLRQ�DPRQJ�SDUWLFLSDQWV

7DEOH� �� VKRZV� WKH� IDFWRUV� LQÁXHQFLQJ� &$0�
XWLOL]DWLRQ� DPRQJ� SDUWLFLSDQWV�� $JH� JURXS��
PDULWDO�VWDWXV��KLJKHVW�OHYHO�RI �HGXFDWLRQ��VRFLDO�
FODVV�JURXS��PRQWKO\�OHYHO�RI �LQFRPH��ERG\�PDVV�
LQGH[�� IDPLO\� KLVWRU\� RI � K\SHUWHQVLRQ� DQG�
GXUDWLRQ� RI � K\SHUWHQVLRQ� ZHUH� VLJQLÀFDQWO\�
DVVRFLDWHG�ZLWK�&$0�XWLOL]DWLRQ��S��������6H[��
U H O L J LRXV � J URXS� � GXUD W LRQ � RI � FXU UHQW�
FRQYHQWLRQDO�WUHDWPHQW��DSSOLFDWLRQ�RI �OLIHVW\OH�
PHDVXUHV�� W\SH� RI � WKHUDS\� DQG� DGKHUHQFH� WR�
FRQYHQWLRQDO� WUHDWPHQW� ZHUH� QRW� VLJQLÀFDQWO\�

DVVRFLDWHG� ZLWK� &$0� XWLOL]DWLRQ� �S!�������
3DUWLFLSDQWV� ZKR� ZHUH� ZLWKLQ� WKH� PLGGOH� DJH�
EUDFNHW� ����>�����@��� PDUULHG� ����>�����@��� LQ�
VRFLDO� FODVV� '� ����>�����@��� GLDJQRVHG� RI �
K\SHUWHQVLRQ�IRU����\HDUV�GXUDWLRQ�����>�����@���
PLGGOH� OHYHO� LQFRPH�HDUQHUV����>�����@���REHVH�
����>�����@�� DQG� KDG� SRVW�VHFRQGDU\�WHUWLDU\�
HGXFDWLRQ� ����>�����@�� DQG� IDPLO\� KLVWRU\� RI �
K\SHUWHQVLRQ� ����>�����@�� ZHUH� PRVW� OLNHO\� WR�
XWLOL]H�&$0�
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',6&866,21
7KHUH�ZHUH�YDULRXV�VRXUFHV�IRU�WKH�NQRZOHGJH�
RI � &$0� SURGXFWV� DV� D� IRUP� RI � WUHDWPHQW�
REVHUYHG� DPRQJVW� WKH� SDUWLFLSDQWV�� )DPLO\�
PHPEHUV�DQG�PLJUDQW�DGYHUWLVHUV�ZHUH�WKH�PRVW�
FRPPRQ� VRXUFHV� RI �&$0�NQRZOHGJH� DPRQJ�
WKH�SDUWLFLSDQWV��)LJXUH�����WKLV�REVHUYDWLRQ�WKDW�
LV�FRQVLVWHQW�ZLWK�ILQGLQJV�IURP�SUHYLRXV�VWXGLHV�

���RQ�VRXUFHV�RI �LQIRUPDWLRQ�IRU�&$0�XWLOL]DWLRQ�
��� ��� ²� ��� 7KLV� REVHUYDWLRQ� LV� QRW� VXUSULVLQJ� LQ�
1LJHULD�ZKHUH�SHRSOH�GLVSOD\�DQG�VHOO�WKHLU�&$0�
SURGXFWV� DQG� SUDFWLFHV�ZLWKLQ� WKH� FRPPXQLW\�
�H�J��IURP�KRXVH�WR�KRXVH��LQ�SXEOLF�EXVHV�DQG�
FRDFKHV�� RQ� WKH� VWUHHWV�� PDUNHWV�� VFKRROV� DQG�
HYHQ� KHDOWK� FHQWUHV�� GHVSLWH� WKH� H[LVWHQFH� RI �

������JRYHUQPHQW�UHJXODWRU\�DJHQF\�

7KH�PRVW�FRPPRQ�W\SH�RI �&$0�XWLOL]HG�DPRQJ�
WKH�SDUWLFLSDQWV�ZDV�ELRORJLFDO�SURGXFWV��)LJ������
,Q�DGGLWLRQ��JDUOLF��$OOLXP�VDWLYXP��ZDV�WKH�PRVW�
FRPPRQ� &$0� SURGXFW� XWLOL]HG� DPRQJ� WKH�

SDUWLFLSDQWV��7KLV�REVHUYDWLRQ�LV�FRQVLVWHQW�ZLWK�
WKH�ILQGLQJV�LQ�RWKHU�JOREDO�VWXGLHV�DV�ZHOO�DV�LQ�

��������������1LJHULD�DPRQJ�SDWLHQWV�ZLWK�K\SHUWHQVLRQ� �
2QH�FRPPRQ�EHOLHI �H[SUHVVHG�E\�SDUWLFLSDQW�LQ�
SUHYLRXV�ZRUN�LV�WKDW�QDWXUDO��ELRORJLFDO��SURGXFWV�

�DUH�VDIH�EHFDXVH�RI �WKHLU�´QDWXUDOQHVVµ� �,Q�VRPH�
��� ��RWKHU�VWXGLHV � ��DGGLWLRQ�RI �JDUOLF�ZLWK�DOOLFLQ�DV�

WKH�DFWLYH�LQJUHGLHQW�KDV�EHHQ�VKRZQ�WR�UHGXFH�
FDUGLRYDVFXODU� HYHQWV� E\� ORZHULQJ� SODVPD�
FKROHVWHURO��EORRG�SUHVVXUH�DQG�LQKLELWLQJ�SODWHOHW�

��� ��DJJUHJDWLRQ� � �7KLV�PD\�H[SODLQ�WKH�SRSXODULW\�
RI � ELRORJLFDO� SURGXFWV� DQG� JDUOLF� DV� WKH� PRVW�
FRPPRQO\� XWLOL]HG� &$0� W\SH� DQG� SURGXFW�
UHVSHFWLYHO\��

7KH�PRVW�FRPPRQ�UHDVRQV�IRU�&$0�XWLOL]DWLRQ�
DPRQJ� SDUWLFLSDQWV�ZHUH� WR� WU\� HYHU\WKLQJ� WKDW�
FRXOG�KHOS�DQG�WKDW�FRQYHQWLRQDO�WUHDWPHQW�ZDV�
WRR�WR[LF�DQG�ORQJ�ODVWLQJ��)LJXUH�����7KLV�ILQGLQJ�
LV�LQ�OLQH�ZLWK�WKH�PRVW�FRPPRQ�UHDVRQV�UHSRUWHG�
LQ� SUHYLRXV� VWXGLHV� DPRQJ� K\SHUWHQVLYH� DQG�

7DEOH���VKRZV�WKH�GHWHUPLQDQWV�RI �&$0�XWLOL]DWLRQ�DPRQJ�SDUWLFLSDQWV��%RG\�PDVV�LQGH[�DQG�GXUDWLRQ�
RI �K\SHUWHQVLRQ�ZHUH�IRXQG�WR�EH�WKH�LQGHSHQGHQW�SUHGLFWRUV�RI �&$0�XWLOL]DWLRQ��S�������

7DEOH����'HWHUPLQDQWV�RI �&$0�XWLOL]DWLRQ�DPRQJ�SDUWLFLSDQWV
9DULDEOHV � $GMXVWHG�RGGV�UDWLR�

�$25� �
����&�, � S�YDOXH �

$JH� ���� � ��������� � ����� �
� � � �

0DULWDO�VWDWXV� ���� � ��������� � ����� �
� � � �

+LJKHVW�OHYHO�RI �HGXFDWLRQ� ���� � ��������� � ����� �
� � � �

6RFLDO�FODVV� ���� � ��������� � ����� �
� � � �

0RQWKO\�OHYHO�RI �LQFRPH� ���� � ��������� � ����� �
� � � �

%RG\�PDVV�LQGH[� ���� � ��������� � �����
 �
� � � �

'XUDWLRQ�RI �K\SHUWHQVLRQ� ���� � ��������� � �����
 �
� � � �

)DPLO\�KLVWRU\�RI �
K\SHUWHQVLRQ�

���� � ��������� � ����� �

�
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IDPLO\�SUDFWLFH�SDWLHQWV� �7KHVH� UHDVRQV�PD\���� ��

H[SODLQ�WKH�UHOHYDQFH�RI �&$0�WR�K\SHUWHQVLYH�
SDWLHQWV�ZKR�PD\� KDYH� EHFRPH� RYHUZKHOPHG�
ZLWK�WKH�FRQWLQXRXV�LQWDNH�RI �PHGLFLQH�ZLWKRXW�
´FXUHµ�� 7KLV� PLVFRQFHSWLRQ� RI � ´FXUHµ� ZDV�
GHPRQVWUDWHG� E\� 2NH� DQG� %DPLGHOH� ��������
7KH\� UHSRUWHG� LQ�D� VXUYH\� WKDW�DERXW�����RI �
WKHLU�UHVSRQGHQWV�ZHUH�RI �WKH�RSLQLRQ�WKDW�WKH\�
ZRXOG� DFKLHYH� D� SHUPDQHQW� FXUH� RI �
K\SHUWHQVLRQ�RQO\�IURP�&$0�SUDFWLWLRQHUV� ���

,Q�WKLV�VWXG\��VRFLR�GHPRJUDSKLF�FKDUDFWHULVWLFV�
DVVRFLDWHG�ZLWK�&$0�XWLOL]DWLRQ�ZHUH�DJH�JURXS��
PDULWDO� VWDWXV�� OHYHO� RI � HGXFDWLRQ�� VRFLDO� FODVV�
JURXS�DQG�PRQWKO\� OHYHO�RI � LQFRPH�ZKLOH� WKH�
FOLQLFDO� FKDUDFWHULVWLFV� ZHUH� ERG\� PDVV� LQGH[��
IDPLO\�KLVWRU\�RI �K\SHUWHQVLRQ�DQG�GXUDWLRQ�RI �
K\SHUWHQVLRQ��7DEOH�����7KH�SDUWLFLSDQWV�LQ�WKH�
PLGGOH� DJH� EUDFNHWV�� PDMRULW\� RI � ZKLFK� ZHUH�
REHVH�DQG�ZHUH� LQ� WKH�PLGGOH� LQFRPH� OHYHO�DV�
ZHOO� DV� KDYLQJ� IDPLO\� KLVWRU\� RI � K\SHUWHQVLRQ�
ZHUH�IRXQG�WR�XWLOL]H�&$0�SURGXFWV�WKH�PRVW��
7KLV�ILQGLQJ�LV�FRQVLVWHQW�ZLWK�WKH�REVHUYDWLRQV�
LQ� SUHYLRXV� ZRUNV� � 7KH� KHDOWK� VHHNLQJ���� ��� ��� ��

EHKDYLRU�WKH�PLGGOH�DJH�EUDFNHWV�DQG�SUREDEOH�
LQIOXHQFH� RI � VSRXVHV� RQ� WKH� KHDOWK� VHHNLQJ�
FKRLFHV� RI � DQ� LOO� SDUWQHU� PD\� KDYH� EHHQ�
UHVSRQVLEOH�IRU�WKH�DVVRFLDWLRQ�

�7KH�DVVRFLDWLRQ�EHWZHHQ�KLJKHU�%0,�DQG�&$0�
XWLOL]DWLRQ�VHHQ�LQ�WKLV�VWXG\��LV�LQ�NHHSLQJ�ZLWK�

������ �ILQGLQJV�LQ�RWKHU�VWXGLHV�� 7KLVPD\�EH�UHODWHG�
WR�WKH�UHJXODU�DGYHUWLVHPHQW�RI �WKH�HIILFDF\�RI �
VRPH� KHUEDO� SURGXFWV� DQG� QXWULWLRQDO�
VXSSOHPHQWV�ZLWK� UHJDUGV� WR�ZHLJKW� UHGXFWLRQ�
ZKLFK�UHDGLO\�PHHWV�WKH�GHVLUHV�RI �WKRVH�ILQGLQJ�
RWKHU�PHWKRGV�RI �ZHLJKW�UHGXFWLRQ��0RUHRYHU��
WKH�PDMRULW\�RI �REHVH�XWLOL]H�&$0�SURGXFWV�IRU�
WKH� EHQHILW� RI � LPSURYHG� SK\VLFDO� ZHOOEHLQJ�
ZKLFK�FRXOG�KDYH�LQFOXGHG�ZHLJKW�UHGXFWLRQ��

,Q�PDMRULW\�RI �WKH�UHVSRQGHQWV��WKH�DLP�RI �WU\LQJ�
DQ\WKLQJ�WKDW�FDQ�EH�RI �KHOS�ZDV�D�VWURQJ�UHDVRQ�

IRU�&$0�XWLOL]DWLRQ��ILJ������,W�LV�LPSRUWDQW�WR�QRWH�
WKDW� YHU\� RIWHQ�� PDQ\� SHRSOH� ZLWK� FKURQLF�
FRQGLWLRQV� OLNH� K\SHUWHQVLRQ� WKDW� XWLOL]H� &$0�
SURGXFWV�� GR� VR� FRQFXUUHQWO\� ZLWK� WKHLU�

���²��FRQYHQWLRQDO�WUHDWPHQW� �7KLV�FRQFXUUHQW�XVH�RI �
FRQYHQWLRQDO�DQG�&$0�WKHUDSLHV�LV�ULVN\�QRW�RQO\�
EHFDXVH� RI � WKH� SRWHQWLDO� IRU� � XQZDQWHG� VLGH�
HIIHFWV�DQG�VHULRXV�DGYHUVH�HIIHFWV�WKDW�FRXOG�DULVH�
IURP�GUXJ�LQWHUDFWLRQV�DV�D�UHVXOW�RI �FRPELQDWLRQ�
RI � WKHVH� WKHUDSLHV� EXW� DOVR� WKH� UHGXFWLRQ� LQ�

��HIILFDF\� �$QRWKHU�SRVVLEOH�UHDVRQ�VWUHQJWKHQLQJ�
WKLV� FRQFRPLWDQW� XVH� PD\� EH� DWWULEXWDEOH� WR�
SXEOLVKHG�ZRUN� RQ� ELRORJLFDO� SURGXFWV� VXFK� DV� �
*DUOLF�DQG�RWKHU�KHUEV�OLNH�JLQJHU�DQG�$ORH�9HUD�
WKDW� KDYH� EHHQ� UHSRUWHG� WR� KDYH� VLJQLILFDQW�
LQIOXHQFH� RQ� FRQFXUUHQWO\� DGPLQLVWHUHG�
FDUGLRYDVFXODU� GUXJV� LQFOXGLQJ� DQWLK\SHUWHQVLYH�

��PHGLFDWLRQV� WKHUHE\� UHGXFLQJ� WKHLU� HIILFDF\� �
1RQHWKHOHVV�GUDZLQJ�WKLV�WKLQ�OLQH�LQ�RWKHU�&$0�
SURGXFWV�LV�FUXFLDO�

&21&/86,21�
2XU� VWXG\� GHPRQVWUDWHV� WKDW�� IDPLO\� LQIOXHQFH��
KLJKHU�ERG\�PDVV�LQGH[�DV�ZHOO�DV�WKH�GXUDWLRQ�RI �
K\SHUWHQVLRQ�DUH�VWURQJ�SUHGLFWRUV�RI �XWLOL]DWLRQ�
RI �&$0�SURGXFWV�DPRQJVW�K\SHUWHQVLYH�SDWLHQWV��

5HFRPPHQGDWLRQV�
��� 3K\VLFLDQV� DQG� RWKHU� KHDOWKFDUH�

SURIHVVLRQDOV� VKRXOG� EH� ZLOOLQJ� WR�
SURDFWLYHO\� HQJDJH� SDWLHQWV� UHJDUGLQJ�
WKHLU� FXUUHQW� RU� LQWHQGHG� XVH� RI �&$0�
HVSHFLDOO\� LQ� WKRVH� ZLWK� ORQJ� VWDQGLQJ�
KLVWRU\� RI � K\SHUWHQVLRQ� DQG� REHVH�
FO LHQWV� � $OVR� V LJQLI LFDQW� IDPLO\�
PHPEHU�V�� WDNHQ� LQWR� FRQVLGHUDWLRQ�
ZKHQ� FRXQVHOOLQJ� RXU� FOLHQWV� GXULQJ�
FOLQLFDO� HQFRXQWHUV� RQ� WKH� LOOV� RI �
FRQFXUUHQW�XVH�RI �&$0�WKHUDSLHV�

��� 7KHUH� VKRXOG� EH� LPSURYHG� OHJLVODWLRQ�
DQG� VXVWDLQHG� HIIRUW� E\� WKH� UHOHYDQW�
JRYHUQPHQW� DJHQF\� IRU� WKH� UHJXODWLRQ�
DQG� FRQWURO� RI � &$0� SURGXFWV� DQG�

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

/LPLWDWLRQV�
7KLV� KRVSLWDO� EDVHG� UHVHDUFK� ILQGLQJ� KDV� RQO\�
ORRNHG�DW�D�VPDOO�DVSHFW�RI �WKH�SRSXODWLRQ�DQG�
PD\�QRW�UHIOHFW�WKH�H[DFW�VLWXDWLRQ�RI �WKH�JHQHUDO�
SRSXODWLRQ� RI � K\SHUWHQVLYH� SDWLHQWV� XWLOL]LQJ�
&$0�SURGXFWV��+RZHYHU�LW�GRHV�GUDZ�DWWHQWLRQ�
WR� WKH� UHDOLW\� WKDW� VRPH� IDFWRUV� LQIOXHQFH� D�
FRQFRPLWDQW�XWLOL]DWLRQ�

&RQIOLFWLQJ�LQWHUHVWV�
7KHUH�LV�QR�FRQIOLFWLQJ�LQWHUHVW�LQ�WKLV�ZRUN�

5()(5(1&(6
��� 2Q\LDSDW� -/�� 2NRURQNZR� ,/�� 2JERQQD\D�

13�� &RPSOHPHQWDU\� DQG� DOWHUQDWLYH�
PHGLFLQH� XVH� DPRQJ� DGXOWV� LQ� (QXJX��
1LJHULD��%0&�&RPSOHPHQW�$OWHUQ�0HG��������
������

��� 2UWL]�%,��6KLHOGV�.0��&ODXVRQ�.$��&OD\�3*��
&RPSOHPHQWDU\� DQG� DOWHUQDWLYH� PHGLFLQH�
XVH�DPRQJ�+LVSDQLFV� LQ�WKH�8QLWHG�6WDWHV��
$QQ�3KDUPDFRWKHU�����������������������

��� ,GXQJ�$8��2NRNRQ�,%��8GRK�6%��,QHP�9$��
&OLQLFDO�DQG�VRFLR�GHPRJUDSKLF�SURILOHV�RI �
FRPSOHPHQWDU\� DQG� DOWHUQDWLYH� PHGLFLQH�
XVHUV� DPRQJ�RXWSDWLHQW� FOLQLF� DWWHQGHHV� LQ�
8\R��6RXWK�6RXWK��1LJHULD��)DP�0HG�6FL�5HV��
�������������

��� 2VDPRU� 3(��2ZXPL�%(��&RPSOHPHQWDU\�
DQG�DOWHUQDWLYH�PHGLFLQH�LQ�WKH�PDQDJHPHQW�
RI � K\SHUWHQVLRQ� LQ� DQ� XUEDQ� 1LJHULDQ�
FRPPXQLW\�� %0&� &RPSOHPHQW� $OWHUQ� 0HG��
��������������

��� &KLQJ�6��5DPDFKDQGUDQ�9��=DLQXO�=��)X]LDK�
3�� )UHTXHQF\� RI � FRPSOHPHQWDU\� DQG�
DOWHUQDWLYH�PHGLFLQH�XVDJH�DPRQJ�0DOD\VLDQ�
K\SHUWHQVLYH� VXEMHFWV�� /LIH� 6FL� -�� ������
����������������

��� ,UHQH� $.�� )UDQFHV�2�� 6DPXHO�'�� 3DWWHUQV�
DQG� GHWHUPLQDQWV� RI � WKH� XVH� RI �
FRPSOHPHQWDU\�DQG�DOWHUQDWLYH�PHGLFLQH��$�

FURVV�VHFWLRQDO�VWXG\�RI �K\SHUWHQVLYH�SDWLHQWV�
LQ�*KDQD��%0&�&RPSOHPHQW�$OWHUQ�0HG��������
������

��� 1XKDZD�)��0XVLQJX]L�*��8VH�RI �DOWHUQDWLYH�
PHGLFLQH� IRU� K\SHUWHQVLRQ� LQ� %XLNZH� DQG�
0XNRQR� GLVWULFWV� RI � 8JDQGD�� $� FURVV�
VHFWLRQDO�VWXG\��%0&�&RPSOHPHQW�$OWHUQ�0HG��
�������������

��� $PLUD� 2&�� 2NXEDGHMR� 18�� )UHTXHQF\� RI �
FRPSOHPHQWDU\� DQG� DOWHUQDWLYH� PHGLFLQH�
XWLOL]DWLRQ�LQ�K\SHUWHQVLYH�SDWLHQWV�DWWHQGLQJ�
DQ�XUEDQ�WHUWLDU\�FDUH�FHQWUH�LQ�1LJHULD��%0&�
&RPSOHPHQW�$OWHUQ�0HG��������������

��� 1DWLRQDO� 5HDGHUVKLS� 6XUYH\�� 6RFLDO� *UDGH��
������ZZZ�QUV�FR�XN�QUV�SULQW�OLIHVW\OH�DQG�
FODVVLILFDWLRQ�GDWD�VRFLDO�JUDGH� �DFFHVVHG� ���
0DUFK�������

����3DXO�$-��6X]DQQH�2��%DUU\�/&��:LOOLDP�&&��
&KHU\O�'��-RHO�+��HW�DO�������HYLGHQFH�EDVHG�
JXLGHOLQH�IRU�WKH�PDQDJHPHQW�RI �KLJK�EORRG�
SUHVVXUH� LQ� DGXOWV�� 5HSRUW� IURP� WKH� SDQHO�
PHPEHUV� DSSRLQWHG� WR� WKH� HLJKWK� MRLQW�
QDWLRQDO� FRPPLWWHH� �-1&� ���� -$0$�� ������
����������������

����GHO�0XQGR�:)%��6KHSKHUG�:&��0DURVH�7'��
8VH�RI �DOWHUQDWLYH�PHGLFLQH�E\�SDWLHQWV�LQ�D�
UXUDO� IDPLO\� SUDFWLFH� FOLQLF��)DP�0HG�� ������
��������������

����+XDQKXDQ�+X��*DQJ�/L��-LDOL�'XDQ��7DNDVKL�
$UDR�� 3UHYDOHQFH�� SXUSRVHV�� DQG� SHUFHLYHG�
HIIHFWLYHQHVV� RI � FRPSOHPHQWDU\� DQG�
DOWHUQDWLYH� PHGLFLQH� XVH� LQ� D� K\SHUWHQVLRQ�
SRSXODWLRQ�� $� TXHVWLRQQDLUH� VXUYH\�� ,651�
3XEOLF�+HDOWK��������,'��������

����0RKDPPHG�6$��5DQD�0-��5DQLD�0-��1LKD\D�
0<6�� &RPSOHPHQWDU\� DQG� DOWHUQDWLYH�
PHGLFLQH�XVH�DPRQJ�K\SHUWHQVLYH�SDWLHQWV�LQ�
3DOHVWLQH�� &RPSOHPHQWDU\� 7KHUDSLHV� LQ� &OLQLFDO�
3UDFWLFH����������������������

����$GLVD� 5�� )DNH\H� 72�� $VVHVVPHQW� RI �
NQRZOHGJH� RI � &RPPXQLW\� 3KDUPDFLVWV�
UHJDUGLQJ� FRPPRQ� SK\WRSKDUPDFHXWLFDOV�
VROG� LQ� 6RXWK� :HVWHUQ� 1LJHULD�� 7URSLFDO� -�
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3KDUP�5HV������������������
����1DWLRQDO� 3RSXODWLRQ� &RPPLVVLRQ�� 'HOWD�

6 W D W H � S R S X O D W L R Q � � � � � � � �
ZZZ�SRSXODWLRQ�JRY�QJ�LQGH[�SKS�GHOWD�
VWDWH��DFFHVVHG����-XO\�������

����1DKLGD�7��)HUR]�$��5ROH�RI �QDWXUDO�KHUEV�LQ�
WKH� WUHDWPHQW� RI � K\SHUWHQVLRQ��3KDUPDFRJQ�
5HY��������������������

����5HLQKDUW� .0�� &ROHPDQ� &,�� 7HHYDQ� &��
9DFKKDQL�3��:KLWH�&0��(IIHFWV�RI �JDUOLF�RQ�
EORRG�SUHVVXUH�LQ�SDWLHQWV�ZLWK�DQG�ZLWKRXW�
V\VWROLF�K\SHUWHQVLRQ��$�PHWD�DQDO\VLV��$QQ�
3KDUPDFRWKHU���������������������

����2NH�'$��%DPLGHOH�(2��0LVFRQFHSWLRQV�RI �
K\SHUWHQVLRQ��-RXUQDO�RI �WKH�1DWLRQDO�0HGLFDO�
$VVRFLDWLRQ���������������������

����&KLPH]LH�*2�1QDPGL�(2��(QDMLWH�,2��)DWDL�
0$��3DWLHQW�UHODWHG�EDUULHUV�WR�K\SHUWHQVLRQ�
FRQWURO� LQ� D�1LJHULDQ� SRSXODWLRQ�� ,QW� -�*HQ�
0HG�������������²����

����6RRG�$��6RRG�5��%ULQNHU�)-��0DQQ�5��/RHKUHU�
//��3RWHQWLDO�IRU�LQWHUDFWLRQV�EHWZHHQ�GLHWDU\�
VXSSOHPHQWV� DQG� SUHVFULSWLRQ� PHGLFDWLRQV��
$P�-�0HG��������������������

�
$IDPHIXQD�)8��<RYZLQ�'*��$Q\DQZX�(%��
6RFLR�HFRQRPLF� DQG� &OLQLFDO� &RUUHODWHV�
DPRQJVW� +\SHUWHQVLYH� 3DWLHQWV� 8WLOL]LQJ�
&RPSOHPHQWDU\�DQG�$OWHUQDWLYH�0HGLFLQHV�
�&$0�� LQ� D� 7HUWLDU\� +HDOWK� ,QVWLWXWLRQ�
LQ1LJHU�'HOWD��1LJHULD��$IU��-��7URS��0HG��	�
%LRPHG��5HV������������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���

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

6RFLR�HFRQRPLF�DQG�&OLQLFDO�&RUUHODWHV�DPRQJVW�+\SHUWHQVLYH�3DWLHQWV�XWLOL]LQJ�&RPSOHPHQWDU\�����

http://www.population.gov.ng/index.php/delta-state
http://www.population.gov.ng/index.php/delta-state


,1752'8&7,21
,Q�'HFHPEHU������LQ�:XKDQ��D�FLW\�LQ�WKH�+XEHL�
SURYLQFH�RI �&KLQD��D�FOXVWHU�RI �IDVW�VSUHDGLQJ�
YLUDO�SQHXPRQLD�ZDV�REVHUYHG�DPRQJ�FLWL]HQV��
DOWKRXJK� LQLWLDOO\� FDOOHG�:XKDQ�SQHXPRQLD�E\�
ORFDO� KHDOWK� ZRUNHUV� � WKLV� KLJKO\� FRQWDJLRXV��

GLVHDVH� �&29,'����� FDXVHG� E\� VHYHUH� DFXWH�
UHVSLUDWRU\� V\QGURPH� FRURQD� YLUXV��� �6$56�
&R9���YLUXV��TXLFNO\�VSUHDG�ZRUOG�ZLGH�DQG�ZDV�
GHFODUHG�D�JOREDO�SDQGHPLF�E\�WKH�ZRUOG�KHDOWK�

RUJDQL]DWLRQ��:+2��RQ�0DUFK������������

7KH�PDMRULW\�RI �&29,'����LQIHFWLRQV�UHVXOWV�LQ�
PLOG�WR�PRGHUDWH� V\PSWRPV� DQG� UHFRYHUV�
ZLWKRXW� WKH� QHHG� IRU� VSHFLDO� WUHDWPHQW�� EXW� D�
VXEVWDQWLDO�QXPEHU�RI �FDVHV�OHDG�WR�VHYHUH�LOOQHVV�
ZKLFK�PD\�XOWLPDWHO\�OHDG�WR�GHDWK��

:LWK� QR� VFLHQWLÀFDOO\� SURYHQ� WUHDWPHQWV� RU�
PHGLFLQHV�IRXQG��JRYHUQPHQWV�DFURVV�WKH�ZRUOG�

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


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

���'HSDUWPHQW�RI �&RPPXQLW\�0HGLFLQH��'HOWD�6WDWH�8QLYHUVLW\��'(/68���$EUDND��
��'HSDUWPHQW�RI �&RPPXQLW\�0HGLFLQH��'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��'(/687+���2JKDUD�
�'HSDUWPHQW�RI �,QWHUQDO�0HGLFLQH��'(/687+��2JKDUD

$EVWUDFW
,QWURGXFWLRQ��&RURQDYLUXV�GLVHDVH�LV�D�JOREDO�KHDOWK�HPHUJHQF\�WKDW�EHJDQ�LQ�&KLQD��LQ�������,W�UHVXOWHG�
LQ�VHYHUDO�PRUELGLW\�DQG�PRUWDOLW\�ZRUOGZLGH��7KH� LQWURGXFWLRQ�RI �&RYLG����YDFFLQH� LQ�1LJHULD�ZDV�
KDPSHUHG�E\�ZLGH�VSUHDG�YDFFLQH�KHVLWDQF\�GXH� WR� IDFWRUV� OLNH�PLVLQIRUPDWLRQ�� UDSLG� UROORXW�� VDIHW\�
FRQFHUQV��SRWHQWLDO�DGYHUVH�HIIHFWV��DQG�FRQVSLUDF\�WKHRULHV��7KH�REMHFWLYH�RI �WKLV�VWXG\�ZDV�WR�DVVHVV�WKH�
NQRZOHGJH�DQG�XSWDNH�RI �&RYLG����YDFFLQH�DPRQJ�VWXGHQWV�RI �WHUWLDU\�LQVWLWXWLRQV�LQ�2JKDUD��'HOWD�
6WDWH��1LJHULD��

0DWHULDOV�DQG�PHWKRGV��$�GHVFULSWLYH�FURVV�VHFWLRQDO�VWXG\�GHVLJQ�ZDV�HPSOR\HG�WR�FROOHFW�GDWD�IURP�
����SDUWLFLSDQWV�LQ�WKUHH�WHUWLDU\�LQVWLWXWLRQV�LQ�2JKDUD�XVLQJ�PXOWLVWDJH�VDPSOLQJ�WHFKQLTXH��'DWD�DQDO\VLV�
ZDV�GRQH�XVLQJ�,%0�6366�YHUVLRQ����VRIWZDUH��%RWK�GHVFULSWLYH�DQG�LQIHUHQWLDO�VWDWLVWLFV�ZHUH�GRQH�DQG�
OHYHO�RI �VLJQLILFDQFH�VHW�DW�3�������

5HVXOWV��0RVW�UHVSRQGHQWV�ZHUH�EHWZHHQ�DJHV���������������ZLWK�IHPDOHV�FRQVWLWXWLQJ��������6HYHQW\�
RQH�SHUFHQW�RI �UHVSRQGHQWV�KDG�JRRG�NQRZOHGJH�RI �&RYLG����YDFFLQH��2QO\�����KDG�EHHQ�YDFFLQDWHG�
ZKLOH�����DUH�XQYDFFLQDWHG��$PRQJ�WKRVH�XQYDFFLQDWHG��������ZHUH�QRW�ZLOOLQJ�WR�EH�YDFFLQDWHG��*RRG�
NQRZOHGJH�RI �&RYLG����YDFFLQH��3 �������DQG�KDYLQJ�SUHYLRXV�H[SRVXUH�WR�LQIRUPDWLRQ��HGXFDWLRQ�DQG�
FRPPXQLFDWLRQ� DERXW� &RYLG���� YDFFLQH� �3 ������� ZHUH� IRXQG� WR� KDYH� D� VWDWLVWLFDOO\� VLJQLILFDQW�
DVVRFLDWLRQ�ZLWK�WKH�XSWDNH�RI �&RYLG����YDFFLQH��

&RQFOXVLRQ��0DMRULW\�RI �VWXGHQWV�RI �WHUWLDU\�LQVWLWXWLRQV�LQ�2JKDUD�KDYH�JRRG�NQRZOHGJH�RI �&29,'����
YDFFLQH�KRZHYHU�WKH�XSWDNH�ZDV�SRRU��0RUH�HIIRUW�VKRXOG�EH�LQYHVWHG�LQ�SURYLGLQJ�DFFXUDWH�LQIRUPDWLRQ�
DERXW�WKH�YDFFLQHV�ZKLOH�PLWLJDWLQJ�PLVLQIRUPDWLRQ�

.H\ZRUGV��$FFHSWDELOLW\��&29,'����YDFFLQH��.QRZOHGJH��8SWDNH

&RUUHVSRQGLQJ� DXWKRU�� 'U� ,ERER�0LNH� (QHPXZH�� 'HSDUWPHQW� RI � &RPPXQLW\�0HGLFLQH�� 'HOWD� 6WDWH� 8QLYHUVLW\�
�'(/68���$EUDND��LERERHQHPXZH#JPDLO�FRP

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



LPSRVHG�ERUGHU�FRQWURO�PHDVXUHV�� WUDYHO�EDQV��
SXEOLF�KHDOWK�FDPSDLJQV��VRFLDO�GLVWDQFLQJ��PDVN�
PDQGDWHV��DQG�TXDUDQWLQH� LQ�D�ELG� WR�VWRS� WKH�
VSUHDG�RI � WKH�YLUXV� WKDW�KDV�FDXVHG�D�PDVVLYH�
HFRQRPLF�GRZQWXUQ ��

$V� DW� ��WK� -DQXDU\� ������ WKHUH� KDYH� EHHQ�
������������FRQÀUPHG�FDVHV������������GHDWKV�
JOREDOO\� UHSRUWHG� E\� WKH� :RUOG� +HDOWK�
2UJDQL]DWLRQ� �:+2�� � 7KLV� KDV� EHHQ� D��

VLJQLÀFDQW� FRQFHUQ� WR� SXEOLF� KHDOWK� DQG� KDV�
JUHDWO\�DIIHFWHG�DOO�DVSHFWV�RI �SHRSOH
V� OLYHV�DOO�
RYHU�WKH�ZRUOG��2Q�)HEUXDU\�����������1LJHULD�
DQQRXQFHG� WKH� FRQÀUPDWLRQ� RI � LWV� ÀUVW� FDVH��
ZKLFK�ZDV�DQ�,WDOLDQ�QDWLRQDO�ZKR�WHVWHG�SRVLWLYH�
DW�WKH�9LURORJ\�/DERUDWRU\�RI �/DJRV�8QLYHUVLW\�
7HDFKLQJ�+RVSLWDO� 6XEVHTXHQWO\�� DOO� ��� VWDWHV���

DQG� WKH� )HGHUDO� &DSLWDO� 7HUULWRU\��$EXMD�ZHUH�
DIIHFWHG�� DQG� E\� 6HSWHPEHU� ���� ������1LJHULD�
KDG�UHFRUGHG���������FRQÀUPHG�FDVHV����������
SDWLHQW�GLVFKDUJHV�DQG�������GHDWKV��+RZHYHU��
'HOWD�VWDWH�FRQÀUPHG�LWV�ÀUVW�FDVH�RQ�WKH��WK�RI �
$SULO�������DQG�E\�)HEUXDU\������LW�KDV�UHFRUGHG�
������FRQÀUPHG�FDVHV��������GLVFKDUJHV�DQG�����
GHDWKV����

7KH� ORQJ�WHUP� SDQGHPLF
V� HIIHFWV� RQ� SXEOLF�
KHDOWK� DUH� VWLOO� EHLQJ� IHOW� E\� FRPPXQLWLHV�
WKURXJKRXW� WKH� ZRUOG�� /RFNGRZQV� DQG� WUDYHO�
UHVWULFWLRQV� LPSRVHG� WR� VWRS� WKH� VSUHDG� RI �
&29,'���� KDYH� VHYHUHO\� KLQGHUHG� HFRQRPLF�
DFWLYLW\�WKDW�KDV�OHG�WR�ORZ�HFRQRPLF�RXWSXW�DQG�
ORVV� RI � MREV� IRU� DOPRVW� KDOI � RI � WKH� ZRUOG
V�
ZRUNIRUFH��URXJKO\�DIIHFWLQJ���ELOOLRQ�SHRSOH�DV�
ZHOO�DV� ORZHU�KRXVHKROG� LQFRPHV�DQG� LQFUHDVH�
KHDOWKFDUH�FRVWV� ��

7R� KHOS� UHVWULFW� WKH� VSUHDG� DQG� HOLPLQDWH� WKH�
OLNHOLKRRG� RI � IXWXUH� LQFLGHQWV�� SUHYHQWLYH�
PHDVXUHV�LQ�WKH�IRUP�RI �YDFFLQHV�LV�FUXFLDO�DQG�
WKH� QHHG� IRU� D� VDIH� DQG� HIIHFWLYH� YDFFLQH� KDV�
LQWHQVLÀHG� LQ� HYHU\� UHJLRQ� RI � WKH� ZRUOG ���

9DFFLQHV� DUH� ELRORJLFDO� SUHSDUDWLRQV� WKDW�

SURYLGH�DFWLYH�DFTXLUHG�LPPXQLW\�WR�D�SDUWLFXODU�
LQIHFWLRXV�GLVHDVH��7KH\�GR�VR�E\�VWLPXODWLQJ�DQ�
LPPXQH� UHVSRQVH� �SURGXFLQJ� DQWLERGLHV�� WR� DQ�
DQWLJHQ��D�PROHFXOH�IRXQG�RQ�D�SDWKRJHQ���

6HYHUDO� YDFFLQHV�� LQFOXGLQJ� WKRVH� IURP�2[IRUG�
$VWUD=HQHFD�� 3À]HU�%LRQWHFK�� 0RGHUQD��
1,$,'�� -RKQVRQ� DQG� -RKQVRQ�� HWF��� KDYH� EHHQ�
PDGH�DYDLODEOH�IRU�XVH�LQ�YDULRXV�QDWLRQV��7KH�ÀUVW�
ZRUOGZLGH�PDVV�YDFFLQDWLRQ�FDPSDLJQ�VWDUWHG�LQ�
'HFHPEHU� ����� DQG� ZDV� ÀUVW� OLPLWHG� WR�
LQGLYLGXDOV� GHHPHG� WR� EH� DW� KLJK� ULVN�� VXFK� DV�
HOGHUO\�SHRSOH�DQG�KHDOWKFDUH�SURIHVVLRQDOV���

7KH� UDSLG� GHYHORSPHQW� DQG� GHSOR\PHQW� RI �
&29,'���� YDFFLQHV� LV� WKH� UHVXOW� RI � QRW� RQO\�
XQSUHFHGHQWHG � OHYH O V � RI � LQ WHUQDW LRQD O�
FROODERUDWLRQ�EXW� DOVR�RI � GHFDGHV�ORQJ�PDVVLYH�
SXEOLF�LQYHVWPHQW�LQ�UHVHDUFK��GHYHORSPHQW��DQG�
PDQXIDFWXULQJ� FDSDFLW\� � ,W� LV� SDUWLFXODUO\���

VLJQLÀFDQW� ZKHQ� IUDPHG� DJDLQVW� SUHYLRXV�
HVWLPDWHV� RI � WKH� SUREDELOLW\� RI � WKH� DSSURYDO�
SURFHVV�IRU�D�YDFFLQH�HQWHULQJ�FOLQLFDO�WULDOV�RI �DV�
OLWWOH�DV�����WR�����DIWHU�VRPH���WR���\HDUV�RI �
GHYHORSPHQW���

'HVSLWH� WKH� DYDLODELOLW\� RI � YDFFLQHV�� YDFFLQH�
FRPSOLDQFH� UHPDLQV� YDULDEOH� DQG� LQFRQVLVWHQW��
DQG� YDFFLQH� KHVLWDQF\� LV� FRQVLGHUHG� D� YLWDO�
REVWDFOH� WR� LQVWLWXWLQJ� SUHYHQWLYH� PHDVXUHV� WR�
FRPEDW�LQIHFWLRXV�GLVHDVHV���

&RYLG����YDFFLQH�KHVLWDQF\�DQG�XSWDNH�UHIXVDO�DUH�
JOREDO��DQG�VHYHUDO�IDFWRUV�KDYH�EHHQ�SURSRXQGHG�
DV�UHDVRQV�IRU�SRSXODWLRQ�UHVSRQVH�WR�WKH�YDFFLQH�
XVH��7KHVH�LQFOXGH�PLVLQIRUPDWLRQ��UDSLGLW\�RI �LWV�
UROORXW��JRYHUQPHQW�SHUFHLYHG�LQVLQFHULW\�LQ�VRPH�
TXDUWHUV�� FRQFHUQV� RI � VDIHW\�� SRWHQWLDO� DGYHUVH�
HIIHFWV� DQG� FRQVSLUDF\� WKHRULHV�� LQFOXGLQJ� DQ�
DOOHJHG�OLQN�WR�WKH��*�QHWZRUN�DQG�YDFFLQH�LPSDFW�
RQ�IHUWLOLW\�DQG�SUHJQDQF\� 9DFFLQH�KHVLWDQF\�ZDV����

DOVR� OLQNHG� WR� DJH�� ORZ� HGXFDWLRQDO� DWWDLQPHQW��
IHPDOH�VH[��EODFN�UDFH��VLQJOH�RU�GLYRUFHG�VWDWXV��
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DQG�XQHPSOR\PHQW���

$PRQJ�WHUWLDU\�VWXGHQWV�WKH�ULVN�RI �FRQWUDFWLQJ�
WKH�YLUXV�DQG�VSUHDGLQJ�LW�WR�RWKHUV�LV�KLJK�GXH�WR�
VWXGHQW
V� DFWLYLWLHV�� EHKDYLRUV�� VRFLDOL]LQJ� DQG�
XQZLOO LQJQHVV� WR� DGKHUH� WR� &29,'����
SUHYHQWLYH�PHDVXUHV��$V\PSWRPDWLF� LQIHFWLRQV�
W\SLFDOO\�DIIHFW�\RXQJ�VWXGHQWV��OHVV�WKDQ����\HDUV�
ROG��� ZKR� FDQ� WKHQ� LQIHFW� RWKHUV�� SDUWLFXODUO\�
WKRVH�LQ�KLJK�ULVN�JURXSV���

$OWKRXJK�D�QXPEHU�RI �VWXGLHV�KDYH�DWWHPSWHG�WR�
LQYHVWLJDWH� WKH� NQRZOHGJH� DQG� XSWDNH� RI � WKH�
&29,'����YDFFLQH�DPRQJ�YDULRXV�JURXS�RI �WKH�
SRSXODWLRQ�� HYLGHQFH� LV� VFDUFH� DPRQJ� WHUWLDU\�
VWXGHQWV�LQ�2JKDUD��'HOWD�VWDWH��1LJHULD��'XH�WR�
SRSXODWHG� FODVV� VHWWLQJV� DQG� FRPPXQDO� OLYLQJ��
WHUWLDU\�LQVWLWXWLRQV�PD\�FRQWULEXWH�WR�WKH�UDSLG�
VSUHDG� RI � &RYLG����� $OVR�� LW� LV� DVVXPHG� WKDW�
VWXGHQWV�RI �KLJKHU�OHDUQLQJ�DUH�DJHQWV�RI �FKDQJH�
DQG� ZRXOG� KDYH� D� EHWWHU� LQÁXHQFH� RQ� WKHLU�
IDPLOLHV��IULHQGV��DQG�VRFLHW\��7KXV��DVVHVVLQJ�WKH�
NQRZOHGJH�DQG�XSWDNH�RI �WKH�&RYLG����YDFFLQH�
DPRQJVW� WKHVH� VWXGHQWV� ZRXOG� KHOS� LQIRUPHG�
GHFLVLRQV� WRZDUGV� UHGXFLQJ� WKH� VSUHDG� RI � WKH�
GLVHDVH��,W�LV�WKHUHIRUH�DJDLQVW�WKLV�EDFNJURXQG��
WKDW� WKH� VWXG\� ZDV� FRQGXFWHG� WR� DVVHVV�
NQRZOHGJH� DQG� XSWDNH� RI � &RYLG� ���� YDFFLQH�
DPRQJ� VWXGHQWV� RI � WHUWLDU\� LQVWLWXWLRQV� LQ�
2JKDUD��'HOWD�6WDWH��1LJHULD�

0$7(5,$/6�$1'�0(7+2'6

7KH� VWXG\� ZDV� FRQGXFWHG� DPRQJ� WHUWLDU\�
LQVWLWXWLRQV� LQ� 2JKDUD�� 'HOWD� VWDWH�� 1LJHULD��
2JKDUD� LV� ORFDWHG� LQ� (WKLRSH� :HVW� /RFDO�
*RYHUQPHQW�$UHD�RI �'HOWD�6WDWH��1LJHULD��,W�LV�
KRPH� WR� WKH� 8UKRER� HWKQLF� JURXS� RI � 'HOWD�
6WDWH�� 7KH� ����� ÀQDO� FHQVXV� UHVXOWV� SXW� WKH�
SRSXODWLRQ� RI � (WKLRSH� ZHVW� DW� ��������
SHUVRQV� �+RZHYHU��WKH�SRSXODWLRQ�RI �WKH�DUHD�LV���

HVWLPDWHG� WR�EH�RYHU���������SHUVRQV� LQ������
XVLQJ� WKH� QDWLRQDO� JURZWK� UDWH� RI � �� SHUFHQW� ���

2JKDUD� LV� KRPH� WR� �� WHUWLDU\� �KHDOWK� DQG�
HGXFDWLRQDO��� LQVWLWXWLRQV� QDPHO\�� 'HOWD� 6WDWH�
8QLYHUVLW\� 7HDFKLQJ� +RVSLWDO� �'(/687+���
'HOWD� 6WDWH�3RO\WHFKQLF� �'(632�� DQG�:HVWHUQ�
'HOWD� 8QLYHUVLW\� �:'8��7KH� FOLQLFDO� VWXGHQWV�
�QXUVLQJ�DQG�PHGLFDO��RI �'HOWD�6WDWH�8QLYHUVLW\�
�'(/68��� $EUDND� DUH� VHQW� WR� '(/687+� IRU�
WKHLU�FOLQLFDO�WUDLQLQJ�DQG�SRVWLQJ�

$� GHVFULSWLYH� FURVV�VHFWLRQDO� VWXG\� GHVLJQ� ZDV�
HPSOR\HG�WR�FROOHFW�GDWD�IURP�VWXGHQWV�RI �WHUWLDU\�
LQVWLWXWLRQV� LQ�2JKDUD��'HOWD� VWDWH� EHWZHHQ� WKH�
SHULRGV�RI �-XO\�²�6HSWHPEHU�������
$OO� FRQVHQWLQJ� DGXOW� VWXGHQWV� RI � WHUWLDU\�
LQVWLWXWLRQV� LQ� 2JKDUD� ZKR� ZHUH� SK\VLFDOO\�
SUHVHQW�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��6WXGHQWV�RI �
WHUWLDU\� LQVWLWXWLRQV�ZKR�ZHUH�EHORZ���\HDUV�RI �
DJH�DQG�LQ�WKH�ÀUVW�\HDU�RI �VWXG\�ZHUH�H[FOXGHG�
IURP�WKLV�VWXG\�

$�PXOWLVWDJH�6DPSOLQJ�WHFKQLTXH�ZDV�HPSOR\HG�
LQ�WKLV�VWXG\��,Q�WKH�ÀUVW�VWDJH��WZR�IDFXOWLHV�ZHUH�
VHOHFWHG�E\�VLPSOH�UDQGRP�VDPSOLQJ�E\�EDOORWLQJ�
IURP� WKH� OLVW� RI � IDFXOWLHV� LQ� HDFK� RI � WKH� WKUHH�
WHUWLDU\� LQVWLWXWLRQV� LQ� 2JKDUD�� ,Q� WKH� VHFRQG�
VWDJH��WZR�GHSDUWPHQWV�ZHUH�VHOHFWHG�IURP�WKH�OLVW�
RI �GHSDUWPHQWV�LQ�HDFK�RI �WKH�VHOHFWHG�IDFXOWLHV�
XVLQJ�VLPSOH�UDQGRP�VDPSOLQJ�E\�EDOORWLQJ��,Q�WKH�
WKLUG� VWDJH�� RQH� FODVV� ZDV� VHOHFWHG� E\� VLPSOH�
UDQGRP� VDPSOLQJ� �EDOORWLQJ�� IURP� WKH� OLVW� RI �
FODVVHV�LQ�HDFK�VHOHFWHG�GHSDUWPHQW��(YHU\�HOLJLEOH�
SDUWLFLSDQW�LQ�WKH�VHOHFWHG�FODVV�ZDV�LQWHUYLHZHG�
FRQVHFXWLYHO\�XQWLO�WKH�DVVLJQHG�VDPSOH�VL]H�ZDV�
FRPSOHWHG���

7KH� PLQLPXP� VDPSOH� VL]H� IRU� WKLV� VWXG\� ZDV�
FDOFXODWHG� XVLQJ� )LVFKHU
 � %DVHG� RQ���V� IRUPXOD�
SUHYDOHQFH�RI �NQRZOHGJH�RI �&RYLG�����YDFFLQH�RI �
������IURP�D�SUHYLRXV�VWXG\� DQ�HUURU�PDUJLQ�RI ����

���DQG�D�VWDQGDUG�QRUPDO�GHYLDWLRQ�RI ������DW�
����FRQÀGHQFH�OHYHO��WKH�GHWHUPLQHG�PLQLPXP�
VDPSOH�VL]H�ZDV������&RQVLGHULQJ�D�QRQ�UHVSRQVH�
UDWH�RI ������WKH�VDPSOH�VL]H�IRU�WKLV�VWXG\�ZDV�
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LQFUHDVHG�WR������+RZHYHU������TXHVWLRQQDLUHV�
ZHUH�GLVWULEXWHG������LQ�'(/68������LQ�:'8�
DQG�����LQ�'(632��IRU�WKH�VWXG\�DQG�����ZHUH�
UHWULHYHG�DQG�DQDO\VHG�JLYLQJ�D�UHVSRQVH�UDWH�RI �
������

'DWD� FROOHFWLRQ� ZDV� GRQH� XVLQJ� D� SUH�WHVWHG�
VHPL�VWUXFWXUHG�VHOI�DGPLQLVWHUHG�TXHVWLRQQDLUH�
DV�WKH�SULPDU\�UHVHDUFK�LQVWUXPHQW�FRQVLVWLQJ�RI �
D� VHULHV� RI � TXHVWLRQV� WR� JDWKHU� WKH� UHOHYDQW�
L Q I R U PD W L R Q � I U RP � U H V SRQG HQ W V � 7 K H�
TXHVWLRQQDLUH� FRPSULVHG� RI � IRXU� VHFWLRQV�
QDPHO\�� VRFLR�GHPRJUDSKLF� FKDUDFWHULVWLFV� RI �
UHVSRQGHQWV��NQRZOHGJH�RI � FRYLG����YDFFLQHV��
DFFHSWDELOLW\� DQG� XSWDNH� RI � FRYLG���� YDFFLQH�
DQG� IDFWRUV� LQÁXHQFLQJ� XSWDNH� RI � FRYLG� ����
YDFFLQHV� UHVSHFWLYHO\�� 7KH� TXHVWLRQQDLUH� ZDV�
YDOLGDWHG�WR�HQVXUH�IDFH�DQG�FRQWHQW�YDOLGLW\�E\�
H[SHUWV� ZKR� UHYLHZHG� WKH� FRQWHQWV� RI � WKH�
LQVWUXPHQW��7R�HQVXUH�UHOLDELOLW\��WKH�LQVWUXPHQW�
ZDV� SUHWHVWHG� DPRQJ� ��� VWXGHQWV� LQ� D� QRQ�
SDUWLFLSDWLQJ� WHUWLDU\� LQVWLWXWLRQ� LQ�'HOWD�6WDWH��
ZKLFK�SURYLGHG�QHFHVVDU\�IHHGEDFN�WR�UHÀQH�WKH�
TXHVWLRQV�� HQVXUH� FODULW\� DQG� DYRLG� DPELJXLW\���
7KH� WHVW�UHWHVW� PHWKRG� ZDV� XVHG� DQG� WKH�
UHVXOWLQJ�GDWD�\LHOGHG�D�FRUUHODWLRQ�FRHIÀFLHQW�RI �
����LQGLFDWLQJ�KLJK�UHOLDELOLW\�

'DWD� FROOHFWHG�ZDV� VRUWHG� DQG� DQDO\]HG� XVLQJ�
,%0�6366� �6WDWLVWLFDO� 3URGXFW� DQG� 6HUYLFH�
6ROXWLRQ�� YHUVLRQ� ���� %RWK� GHVFULSWLYH� DQG�
LQIHUHQWLDO� VWDWLVWLFV� ZDV� GRQH� DQG� UHVXOWV�
SUHVHQWHG� XVLQJ� IUHTXHQF\� WDEOHV�� FURVV�
WDEXODWLRQV� DQG� FKDUWV�� &RQWLQXRXV� YDULDEOHV�
ZHUH� VXPPDUL]HG� XVLQJ� PHDQ�� PHGLDQ� DQG�
VWDQGDUG� GHYLDWLRQ� DQG� FDWHJRULFDO� YDULDEOHV�
ZHUH� VXPPDUL]HG� XVLQJ� IUHTXHQFLHV� DQG�
SHUFHQWDJHV�� &KL�VTXDUH� ZDV� XVHG� WR� WHVW� IRU�
VLJQLÀFDQW�DVVRFLDWLRQ�EHWZHHQ�LQGHSHQGHQW�DQG�
GHSHQGHQW�YDULDEOHV��ZLWK� OHYHO�RI �VLJQLÀFDQFH�
VHW�DW�S�������

(WKLFDO�DSSURYDO��+5(&�3$1����������������
IRU� WKLV� VWXG\� ZDV� REWDLQHG� IURP� WKH� +HDOWK�
5HVHDUFK� (WKLFV� &RPPLWWHH� RI � 'HOWD� 6WDWH�
8QLYHUVLW\� 7HDFKLQJ� +RVSLWDO� �'(/687+���
3HUPLVVLRQ�ZDV�DOVR�JUDQWHG�E\�WKH�KHDGV�RI �WKH�
UHVSHFWLYH� LQVWLWXWLRQV�� ,QIRUPHG� FRQVHQW� ZDV�
REWDLQHG� IURP� HDFK� SDUWLFLSDQW� SULRU� WR� GDWD�
FROOHFWLRQ�� 3DUWLFLSDWLRQ� ZDV� YROXQWDU\�� DQG�
UHVSRQGHQWV�ZHUH�DVVXUHG�RI �WKH�FRQÀGHQWLDOLW\�
DQG�DQRQ\PLW\�RI �WKHLU�UHVSRQVHV��

5(68/76��
6RFLR�'HPRJUDSKLFV�&KDUDFWHULVWLFV
7KLV� VWXG\� UHYHDO� WKDW� WKH� PHDQ� DJH� RI �
UHVSRQGHQWV� ZDV� ������ �� ����� DQG� PRVW�
UHVSRQGHQWV� ZHUH� EHWZHHQ� WKH� DJHV� RI � ������
�������� ZLWK� IHPDOHV� FRQVWLWXWLQJ� ������� 7KH�
UHVSRQGHQWV� ZHUH� GLVWULEXWHG� DFURVV� YDULRXV�
GHSDUWPHQWV�� ZLWK� WKH� KLJKHVW� UHSUHVHQWDWLRQ�
IURP� 0HGLFLQH� �������� DQG� WKH� ORZHVW� IURP�
(QJLQHHULQJ���������0DMRULW\�RI �WKH�UHVSRQGHQWV�
ZHUH� &KULVWLDQV� ��������� 8UKRER� ZDV� WKH�
GRPLQDQW� WULEH� ZLWK� ������ DQG� D� JUHDWHU�
SURSRUWLRQ� RI � UHVSRQGHQWV� �������� ZHUH�
VWXGHQWV�RI �'HOWD�VWDWH�XQLYHUVLW\��WDEOH����

.QRZOHGJH�RI �5HVSRQGHQWV�5HJDUGLQJ�&RYLG�
����YDFFLQHV�
0DMRULW\� RI � UHVSRQGHQWV� �������� KDG� JRRG�
NQRZOHGJH�RI �&RYLG����9DFFLQH�ZKLOH�������KDG�
SRRU� NQRZOHGJH� �ÀJXUH� ���� 0RVW� UHVSRQGHQWV�
�������� DJUHH� WKDW� WKH� YDFFLQH� KHOSV� EXLOG�
LPPXQLW\�ZKLOH��������GLVDJUHH�WKDW�&RYLG����
YDFFLQH� FDQ� SUHYHQW� WKH� GLVHDVH�� 6RFLDO� PHGLD�
�������� ZDV� WKH� PRVW� FRPPRQ� VRXUFH� RI �
LQIRUPDWLRQ� DERXW� WKH� YDFFLQH� IROORZHG� E\�
WHOHYLVLRQ�UDGLR� ��������� 7KH� OHDVW� FRPPRQ�
VRXUFH� RI � LQIRUPDWLRQ� DERXW� FRYLG���� YDFFLQH�
ZDV� QHZVSDSHUV�QHZVOHWWHU� ��������� +RZHYHU��
1&'&� ZHEVLWH� �������� ZDV� WKH� WKLUG� PRVW�
FRPPRQ�VRXUFH�RI �LQIRUPDWLRQ�UHJDUGLQJ�FRYLG�
���YDFFLQH��0DMRULW\�RI �UHVSRQGHQWV�NQRZ�DERXW�
WKH� 3À]HU� �������� DQG� 0RUGHQD� ������ ����
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YDFFLQHV�� :KLOH� ������ RI � UHVSRQGHQWV� NQRZ�
DERXW�-RKQVRQ�	�-RKQVRQ��������NQRZ�DERXW�
$VWUD=HQHFD� YDFFLQH�� 6HYHQW\� QLQH� SRLQW� QLQH�
SHUFHQW�RI �UHVSRQGHQWV�DUH�DZDUH�WKDW�&29,'�
���YDFFLQH�UHTXLUHV�DW�OHDVW���GRVHV�DQG�������
NQRZ� WKDW� LW� LV� JLYHQ� LQWUDPXVFXODUO\�� :KLOH�
������RI �SDUWLFLSDQWV�DUH�DZDUH�WKDW�WKH�YDFFLQH�
PD\�KDYH�VLGH�HIIHFWV��������UHFRJQL]H�WKH�VLGH�
HIIHFWV�PD\�EH�SDLQ�DW�WKH�VLWH�RI �LQMHFWLRQ�DQG�
IHYHU�UHVSHFWLYHO\��WDEOH�����

8SWDNH� DQG� $FFHSWDELOLW\� RI � &RYLG����
9DFFLQH�DPRQJ�5HVSRQGHQWV�
2QO\�����RI �UHVSRQGHQWV��Q ����KDYH�WDNHQ�WKH�
&RYLG����YDFFLQH�ZKLOH�PDMRULW\��Q ����������
ZHUH� XQYDFFLQDWHG� �ÀJXUH� ���� $PRQJ� WKRVH�
XQYDFFLQDWHG�� RQO\� ������ ZHUH� ZLOOLQJ� WR� JHW�
YDFFLQDWHG�ZKLOH�PRVW�RI �WKHP���������ZHUH�QRW�
ZLOOLQJ�WR�JHW�FRYLG����YDFFLQDWLRQ��WDEOH����7KH�
PRVW�FRPPRQ�UHDVRQ�IRU�XQZLOOLQJQHVV�WR�JHW�
FRYLG� ���� YDFFLQDWLRQ� ZDV� VLGH� HIIHFWV� RI � WKH�
YDFFLQH��������+RZHYHU��������RI �UHVSRQGHQWV�
ZKR� ZHUH� XQYDFFLQDWHG� EHOLHYH� WKHUH� LV� D�

FRQVSLUDF\� EHKLQG� WKH� YDFFLQH�� ZKLFK� ZDV� WKH�
UHDVRQ� IRU� WKHLU� XQZLOOLQJQHVV� WR� EH� YDFFLQDWHG�
�ÀJXUH����

)DFWRUV� $VVRFLDWHG� ZLWK� $FFHSWDQFH� DQG�
8SWDNH�RI �&RYLG����9DFFLQH�
� 7KLV� VWXG\� UHYHDOHG� WKDW� FRYLG���� YDFFLQH�ZDV�
VOLJKWO\� PRUH� DFFHSWDEOH� WR� UHVSRQGHQWV� ZLWK�
JRRG� NQRZOHGJH� �������� RI � WKH� YDFFLQH�
FRPSDUHG�WR�WKRVH�ZLWK�SRRU�NQRZOHGJH���������
RI �WKH�YDFFLQH��WKXV�WKH�XSWDNH�ZDV�PRUH�DPRQJ�
UHVSRQGHQWV�ZLWK�JRRG�NQRZOHGJH���������RI �WKH�
YDFFLQH�FRPSDUHG�WR�WKRVH�ZLWK�SRRU�NQRZOHGJH�
���������7KH�DVVRFLDWLRQ�EHWZHHQ�NQRZOHGJH��3 �
������� DQG� XSWDNH� RI � FRYLG���� YDFFLQH� ZDV�
VWDWLVWLFDOO\� VLJQLÀFDQW� �WDEOH� ���� 6LPLODUO\��
UHVSRQGHQWV� ZKR� KDG� UHFHLYHG� DQ\� IRUP� RI �
,QIRUPDWLRQ�� (GXFDWLRQ�� DQG� &RPPXQLFDWLRQ�
�,(&��UHJDUGLQJ�WKH�LPSRUWDQFH�RI �WKH�FRYLG����
YDFFLQH�KDG�D�KLJKHU�XSWDNH����������FRPSDUHG�
WR�WKRVH�ZKR�KDYH�QRW�UHFHLYH�DQ\�IRUP�RI �,(&�
���������7KH�DVVRFLDWLRQ�EHWZHHQ�UHFHLYLQJ�,(&�
�3 ������� DQG� XSWDNH� RI � WKH� YDFFLQH� ZDV� DOVR�
VWDWLVWLFDOO\�VLJQLÀFDQW��WDEOH���
�
�
�
�
�
�
�
�
�
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.QRZOHGJH�DQG�8SWDNH�RI �&RYLG����9DFFLQH�$PRQJVW�6WXGHQWV�RI �7HUWLDU\�,QVWLWXWLRQV�LQ�2JKDUD��'HOWD�6WDWH��1LJHULD ��
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7DEOH��E��6RFLR�GHPRJUDSKLF�FKDUDFWHULVWLFV�FRQW
G�

9DULDEOH �� &DWHJRULHV�� )UHTXHQF\�
�Q ����� 3HUFHQWDJH��
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&RPSXWHU�VFLHQFH�� ��� �����



2WKHUV���
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7DEOH���:LOOLQJQHVV�WR�5HFHLYH�&RYLG����9DFFLQH�DPRQJ�8QYDFFLQDWHG�5HVSRQGHQWV

9DULDEOHV ��

�
&DWHJRU\ � )UHTXHQF\ � 3HUFHQW �

:LOOLQJQHVV�WR �UHFHLYH �FRYLG��� �
YDFFLQDWLRQ ��Q ���� ��

�

<HV �� ��� � ���� �

1R �� ��� � ���� �
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7DEOH���$VVRFLDWLRQ�EHWZHHQ�.QRZOHGJH�DQG�8SWDNH�RI �&RYLG����9DFFLQH

� � +DYH �\RX �EHHQ �YDFFLQDWHG" �

9DULDEOH � &DWHJRULHV � <HV ���� � 1R ���� � 7RWDO � 7HVW �6WDWLVWLFV �

.QRZOHGJH �RI �
FRYLG��� �YDFFLQH ��

3RRU �
.QRZOHGJH �

�������� � ��������� � ��� � ;
�

� ������ �
3 � ������ �GI � �� �*RRG �.QRZOHGJH �

�������� � ��������� � ��� �

7RWDO
�

��
�

���
�

���
�

7DEOH����$VVRFLDWLRQ�EHWZHHQ�5HFHSWLRQ�RI �,(&�DQG�8SWDNH�RI �WKH�9DFFLQH

� � +DYH �\RX �EHHQ �YDFFLQDWHG" �

9DULDEOH � &DWHJRULHV � <HV ���� � 1R ���� � 7RWDO � 7HVW �6WDWLVWLFV �

+DYH �\RX �
UHFHLYHG �DQ\ �
,(&�UHJDUGLQJ �
WKH�LPSRUWDQFH �
RI�FRYLG ��� �YDFFLQHV"

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

� ������ �
3 � ������ �
GI � �� ��1R �� �� ������� � ��� ������� � ��� �

7RWDO �� �� � ��� � ��� �

)LJXUH����.QRZOHGJH�RI�&RYLG����YDFFLQH�DPRQJ�UHVSRQGHQWV

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

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



)LJXUH����8SWDNH�RI �&RYLG����9DFFLQH

)LJXUH����5HDVRQV�IRU�XQZLOOLQJQHVV�WR�WDNH�&RYLG����9DFFLQH�DPRQJ�8QYDFFLQDWHG�5HVSRQGHQWV

',6&866,21
7KLV�VWXG\�UHYHDOHG�WKDW�WKH�PRVW�UHVSRQGHQWV�
ZHUH� EHWZHHQ� WKH� DJHV� RI � �����\HDUV� ZLWK�
IHPDOHV� FRQVWLWXWLQJ� PRUH� WKDQ� KDOI � RI � WKH�
UHVSRQGHQWV��7KLV�REVHUYDWLRQ�LV�FRQWUDU\�WR�D�
SUHYLRXV�VWXG\�LQ�/DJRV�ZHUH�DERXW�KDOI �RI �WKH�
UHVSRQGHQWV�ZHUH�OHVV�WKDQ����\HDUV�DQG�PDMRULW\�

���ZHUH�PDOHV� 7KLV�FRXOG�EH�GXH�WR�GLIIHUHQFHV�LQ�
WKH�JHRJUDSKLFDO�ORFDWLRQV�RI �WKH�VWXGLHV��

7KH�REVHUYDWLRQ�WKDW�PDMRULW\�RI �UHVSRQGHQWV�LQ�
WKLV�VWXG\�KDYH�JRRG�NQRZOHGJH�DERXW�FRYLG����
YDFFLQH�LV�FRPSDUDEOH�WR�WKH�ÀQGLQJV�RI �SUHYLRXV�

�����VWXGLHV� FRQGXFWHG� LQ�1LJHULD� 7KLV� VWXG\� DOVR�
UHYHDOHG�WKDW�VRFLDO�PHGLD�������WHOHYLVLRQ�UDGLR�
������DQG��1&'&�ZHE�VLWH�������ZHUH�WKH�PDMRU�
VRXUFHV� RI � LQIRUPDWLRQ� UHJDUGLQJ� FRYLG����

�YDFFLQH�DPRQJ�WKH�UHVSRQGHQWV�7KLV�ÀQGLQJ�LV�LQ�
DJUHHPHQW�ZLWK�SUHYLRXV�VWXGLHV�GRQH�LQ�1LJHULD�

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

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



ZKHUH�VRFLDO�PHGLD�ZDV�UHSRUWHG�DV�WKH�SULPDU\�
� � � �VRXUFH� RI � LQIRUPDWLRQ� � ,W� LV� DOVR� LQ�

FRQVRQDQFH�ZLWK�WKH�ÀQGLQJV�RI �D�VWXG\�GRQH�
DPRQJ� XQLYHUVLW\� VWXGHQWV� LQ� 7XUNH\� ZKHUH�
VRFLDO�PHGLD�ZDV�UHSRUWHG�DV�RQH�RI �WKH�PDMRU�

���VRXUFHV�RI �LQIRUPDWLRQ�RQ�LQÁXHQ]D�SDQGHPLF�
7KH� LPSOLFDWLRQ� RI � WKLV� ÀQGLQJ� LV� WKDW� VRFLDO�
PHGLD�FDQ�EH�H[SORLWHG�DV�D�YHULWDEOH�FKDQQHO�IRU�
KHDOWK� SURPRWLRQ�� 7KLV� REVHUYDWLRQ� VXSSRUWV�
WKH�WUHQG�WKDW�PDMRULW\�RI �\RXQJ�DGXOWV�JHW�YLWDO�
LQIRUPDWLRQ�IURP�VRFLDO�PHGLD�EHFDXVH�LW�HDV\�WR�
DFFHVV� DQG� DOVR� EHFDXVH� HYHQWV� FDQ� EH�
EURDGFDVWHG�LQ�UHDO�WLPH���

&RQWUDU\� WR� H[SHFWDWLRQ�� PRVW� UHVSRQGHQWV�
NQRZ� DERXW� WKH�3À]HU� DQG�0RUGHQD� YDFFLQHV�
PRUH�WKDQ�WKH�RWKHU�YDFFLQHV��7KLV�ÀQGLQJ�ZDV�
LQ�VSLWH�RI �WKH�IDFW�WKDW�$VWUD=HQHFD�YDFFLQH�ZDV�
PRUH�SRSXODU�DQG�DYDLODEOH�LQ�RXU�ORFDOLW\��7KLV�
REVHUYDWLRQ�FRXOG�EH�GXH�WR�WKH�IDFW�WKDW�3À]HU�
ZDV�WKH�ÀUVW�YDFFLQH�WR�EH�DSSURYHG�IRU�XVH�DQG�LW�
DURXVHG�WKH�PRVW�FRQWURYHUVLHV�PDLQO\�RQ�VRFLDO�

��PHGLD� � 0DMRULW\� RI � UHVSRQGHQWV� ZHUH� DZDUH�
WKDW�FRYLG����YDFFLQH�UHTXLUHV�DW�OHDVW���GRVHV��
7KLV�ÀQGLQJ�LV�FRPSDUDEOH�WR�WKH�ÀQGLQJV�RI �D�
VWXG\�FRQGXFWHG� LQ�-RUGDQ�ZKLFK�VKRZHG�WKDW�
WZR�WKLUGV�RI �SDUWLFLSDQWV�NQHZ�WKDW�WKH�FRYLG�

�����YDFFLQH�VKRXOG�EH�LVVXHG�LQ���GRVHV�

7KH�XSWDNH�RI �WKH�FRYLG����YDFFLQH�REVHUYHG�LQ�
WKLV� VWXG\�ZDV�SRRU�� 6LPLODU�ÀQGLQJV�KDG� DOVR�

������EHHQ�UHSRUWHG�LQ�SUHYLRXV�VWXGLHV� 7KLV�VWXG\�
UHYHDOHG�WKDW�IHDU�RI �VLGH�HIIHFWV�DQG�EHOLHI � LQ�
FRQVSLUDF\� WKHRU\�ZHUH� WKH�PDMRU� UHDVRQV� IRU�
XQZLOOLQJQHVV� WR� WDNH� FRYLG���� YDFFLQH�� 7KLV�
ÀQGLQJ�LV�LQ�DJUHHPHQW�ZLWK�D�VLPLODU�VWXG\�GRQH�

��LQ�,QGLD� �+RZHYHU��LW�LV�LQ�FRQWUDVW�ZLWK�VLPLODU�
VWXGLHV�FRQGXFWHG� LQ�1LJHULD� LQ�ZKLFK�YDFFLQH�
HIÀFDF\�DQG�YDFFLQH�VDIHW\�ZHUH�UHSRUWHG�DV�WKH�

����PDLQ�UHDVRQ�IRU�YDFFLQH�KHVLWDQF\�UHVSHFWLYHO\�
7KLV� VWXG\� REVHUYHG� D� VWDWLVWLFDOO\� VLJQLÀFDQW�
DVVRFLDWLRQ� EHWZHHQ� NQRZOHGJH� RI � FRYLG����
YDFFLQH� DQG� XSWDNH� RI � WKH� YDFFLQH�� 6LPLODU�

ÀQGLQJ�ZDV�UHSRUWHG�DPRQJ�XQGHUJUDGXDWHV�LQ�D�
WHUWLDU\� LQVWLWXWLRQ� LQ�/DJRV�� DQG�RWKHU� VHOHFWHG�

�����XQLYHUVLWLHV� LQ� 1LJHULD� � 7KLV� ÀQGLQJ� LPSOLHV�
WKDW� NQRZOHGJH� DERXW� WKH� YDFFLQH� LV� FUXFLDO� WR�
PLWLJDWLQJ�YDFFLQH�KHVLWDQF\��$OWKRXJK�LW�KDV�EHHQ�
UHSRUWHG�WKDW�NQRZOHGJH�DORQH�LV�LQVXIÀFLHQW�WR�

���FKDQJH�DWWLWXGHV�DQG�EHKDYLRUV�VLJQLÀFDQWO\� ,Q�D�
VWXG\� WR� DVVHVV� YDFFLQDWLRQ� KHVLWDQF\� DQG�
FRQVSLUDF\� EHOLHI � LQ� 8QLWHG� .LQJGRP� GXULQJ�
FRYLG����SDQGHPLF��LW�ZDV�UHSRUWHG�WKDW�GHVSLWH�
KLJK� OHYHOV� RI � NQRZOHGJH�� YDFFLQH� KHVLWDQF\�
SHUVLVWHG� GXH� WR� XQGHUO\LQJ� PLVWUXVW� DQG�

��PLVFRQFHSWLRQV� �7KLV�XQGHUVFRUHV�WKH�QHHG�IRU�
FRPSUHKHQVLYH� LQWHUYHQWLRQV� WKDW� DGGUHVV� ERWK�
NQRZOHGJH�JDSV�DQG�DWWLWXGLQDO�EDUULHUV�WKURXJK�
VWUDWHJLF�KHDOWK�FRPPXQLFDWLRQ�DQG�HQJDJHPHQW��
)XUWKHUPRUH�� WKLV� VWXG\� DOVR� REVHUYHG� D�
VWDWLVWLFDOO\�VLJQLÀFDQW�DVVRFLDWLRQ�EHWZHHQ�WKRVH�
ZKR� UHFHLYHG� LQIRUPDWLRQ�� HGXFDWLRQ�� DQG�
FRPPXQLFDWLRQ��,(&��RQ�FRYLG����DQG�XSWDNH�RI �
WKH� YDFFLQH�� 7KLV� REVHUYDWLRQ� FRUURERUDWHV�
SUHYLRXV�VWXGLHV�LQ�8QLWHG�.LQJGRP�DQG�8QLWHG�
$UDE� (PLUDWH� ZKHUH� ODFN� RI � LQIRUPDWLRQ� ZDV�
UHSRUWHG� D� PDMRU� UHDVRQ� IRU� QRW� UHFHLYLQJ� WKH�

�����FRYLG���� YDFFLQH� � 7KLV� ÀQGLQJ� IXUWKHU�
KLJKOLJKWV� WKH� QHHG� IRU� VWUDWHJLF� KHDOWK�
FRPPXQLFDWLRQ�DV�D�ZD\�RI �SURPRWLQJ�FRYLG����
YDFFLQDWLRQ��

7KLV�VWXG\�VKRXOG�KRZHYHU��EH�LQWHUSUHWHG�ZLWK�
FDXWLRQ� VLQFH� LW� IRFXVHG� RQO\� RQ� VWXGHQWV� RI �
WHUWLDU\�LQVWLWXWLRQV�LQ�2JKDUD��KHQFH�FDQQRW�EH�
JHQHUDOL]HG�WR�VWXGHQWV�LQ�DOO�WHUWLDU\�LQVWLWXWLRQV�
LQ�1LJHULD�

&21&/86,21
0DMRULW\� RI � VWXGHQWV� RI � WHUWLDU\� LQVWLWXWLRQV� LQ�
2JKDUD�'HOWD� VWDWH�KDG�JRRG�NQRZOHGJH� DERXW�
FRYLG����YDFFLQH�ZLWK�VRFLDO�PHGLD�EHHQ�WKH�PDMRU�
VRXUFH�RI �LQIRUPDWLRQ��+RZHYHU��8SWDNH�RI �WKH�
YDFFLQH�ZDV� SRRU� ZLWK� IHDU� RI � WKH� VLGH� HIIHFWV�
EHLQJ�WKH�PDMRU�FDXVH�RI �YDFFLQH�KHVLWDQF\��7KH�
DVVRFLDWLRQ� EHWZHHQ� NQRZOHGJH� RI � WKH� YDFFLQH��
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VRFLDO� PHGLD� DQG� RWKHU� YHULWDEOH� VRXUFHV� RI �
FRPPXQLFDWLRQ�VKRXOG�EH�HPSOR\HG�E\�PHGLFDO�
SURIHVVLRQDOV � � JRYHUQPHQWDO � DQG� QRQ�
JRYHUQPHQWDO� RUJDQL]DWLRQV� WR� HGXFDWH�� GLVSHO�
IHDU� DQG� PLVFRQFHSWLRQ�� DQG� SURYLGH� FRUUHFW�
LQIRUPDWLRQ� UHJDUGLQJ� FRYLG���� YDFFLQHV��
6WXGHQWV� VKRXOG� EH� SURYLGHG� ZLWK� WKH� ULJKW�
VRXUFHV� RI � LQIRUPDWLRQ� DQG� HQFRXUDJHG� WR�
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SUHYHQWLYH�PHDVXUHV�OLNH�FRYLG����YDFFLQDWLRQ�
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V� NQRZOHGJH� DERXW� &29,'����
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����)HGHUDO�5HSXEOLF�RI �1LJHULD��/HJDO�1RWLFH�
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([WUDRUGLQDU\� )HGHUDO� 5HSXEOLF� RI � 1LJHULD�
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DIULFD�DUFKLYH�QJ������QJ�JRYHUQPHQW�
JD]HWWH�GDWHG������������QR���SGI

����,JEHQ�-/��(UHJDUH�()��3UHGLFWLYH�DQDO\VLV�RI �
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����$NLQVXQPDGH�20��2JXQ\HPL�$2��,VLNHNSHL�
%&��0DGXDIRNZD�%$��2WRNSD�(��2NHULQGH�
66�� 3HUFHSWLRQV� DQG� XSWDNH� RI � &29,'����
YDFFLQHV�DPRQJVW�XQGHUJUDGXDWH�VWXGHQWV�LQ�D�
WHUWLDU\� LQVWLWXWLRQ� LQ� /DJRV� 6WDWH�� 1LJHU�
3R V W J UDG � 0HG � - � � ���� ������ �������� ��
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����,VLJX]R� *&�� 6WHIDQRYLFV� (�� 8QDPED� 11��
0EDP�77��$Q\DHKLH�8*��&KXNZX�&&��HW�DO��
3HUFHSWLRQV� RI � WKH�&29,'���� YDFFLQH� DQG�
ZLOOLQJQHVV� WR� UHFHLYH� YDFFLQDWLRQ� DPRQJ�
KHDOWK� ZRUNHUV� LQ�1LJHULD�� D� FURVV�VHFWLRQDO�
VWXG\��1LJHU� -�&OLQ�3UDFW����������������������
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WKH�LQÁXHQFH�RI �NQRZOHGJH�RQ�WKHLU�GHFLVLRQ�
WR� JHW� YDFFLQDWHG�� -� $P� 3KDUP� $VVRF��
���������� ����²����� $YDL ODEOH� IURP��
KWWSV���GRL�RUJ���������M�MDSK�������������

����(IÀRQJ� )%�� +DVVDQ� ,$�� 2ODZX\L� '$��
2JERQQD� &3�� $UDR\H� -%�� %DVVH\� ((�� HW� DO��
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REWDLQHG�IURP�GLJLWDO�DUFKLYHV�RI �D�7HDFKLQJ�+RVSLWDO��5DGLRORJ\�GHSDUWPHQW��LQ�1LJHULD��'HOWD�6WDWH��
DIWHU�HWKLFDO�FOHDUDQFH��7KH�VLWH�RI �VXSHULRU�DWWDFKPHQW��RULHQWDWLRQ��GHYLDWLRQ��DWHOHFWDVLV�DQG�DHUDWLRQ�RI �
WKH�83�ZHUH�HYDOXDWHG��7KH�GDWD�ZHUH�UHSRUWHG�LQ�IUHTXHQFLHV�DQG�IXUWKHU�FRPSDUHG�XVLQJ��WKH�&KL�VTXDUH�
WHVW��$�S�YDOXH�RI �������LPSOLHG�VWDWLVWLFDO�VLJQLILFDQFH�

5HVXOWV��7KH�83�FRPPRQO\�LQVHUWHG�VXSHULRUO\�RQWR�WKH�ODPLQD�SDS\UDHFHD�������������IROORZHG�E\�WKH�
PLGGOH�WXUELQDWH������������DQG�WKH�VNXOO�EDVH�����������+RUL]RQWDOO\�RULHQWHG�83�ZDV�PRUH�FRPPRQ�
������������FRPSDUHG�WR�YHUWLFDO�83��������������7KH�SUHYDOHQFH�RI �WKH�XQFLQDWH�WLS�GHYLDWLRQ�ZDV�
������������PHGLDOO\�DQG������������ODWHUDOO\��ZLWK�VLJQLILFDQW�VH[�GLIIHUHQFHV��S��������7KH�XQFLQDWH�
EXOOD�ZDV�SUHVHQW�LQ������������

&RQFOXVLRQ��7KLV�VWXG\�HQOLJKWHQV�RQ�WKH�H[LVWLQJ�IRUPV�RI �WKH�83�DPRQJ�SDWLHQWV�HYDOXDWHG��WKXV�WKH�
QHHG� IRU� WKHLU� LGHQWLILFDWLRQ� SULRU� WR� IXQFWLRQDO� HQGRVFRSLF� VLQXV� VXUJHU\� WR� PLQLPL]H� LDWURJHQLF�
FRPSOLFDWLRQV�

.H\ZRUGV��XQFLQDWH�SURFHVV��HWKPRLG��SQHXPDWL]DWLRQ��DWWDFKPHQW��GHYLDWLRQ��RULHQWDWLRQ

&RUUHVSRQGLQJ�DXWKRU��

,1752'8&7,21
7KH�XQFLQDWH�SURFHVV��83��LV�D�FUHVFHQW�VKDSHG�
SURMHFWLRQ�IURP�WKH�HWKPRLG�ERQH�VLWXDWHG�DORQJ�

�WKH� ODWHUDO� ERUGHU� RI � WKH� QDVDO� FDYLW\� � ,W� LV�
ERUGHUHG� E\� WKH� LQIHULRU� QDVDO� FRQFKD� DQG�
ODFULPDO� ERQH� LQIHULRUO\� DQG� DQWHULRUO\�

���UHVSHFWLYHO\� � 3RVWHULRUO\�� WKH� 83� SRVVHVVHV� D�
IUHH�PDUJLQ��7KH�RVWHRPHDWDO�FRPSOH[��20&���D�
SDWKZD\�WKDW�GUDLQV� WKH�DQWUXP�RI �+LJKPRUH��
DQWHULRU� HWKPRLGDO� SOXV� IURQWDO� VLQXVHV�� LV�
GHOLQHDWHG� E\� WKH� PLGGOH� FRQFKD�� HWKPRLGDO�
LQIXQGLEXOXP��HWKPRLG�EXOOD��XQFLQDWH�SURFHVV��

KLDWXV�VHPLOXQDULV��PD[LOODU\�VLQXV�RVWLXP�DQG�WKH�
����IURQWRQDVDO�UHFHVV� �7KH�83�IRUPV�WKH�LQIHULRU�

ERXQGDU\�RI �WKH�VHPLOXQDU�KLDWXV�DQG�WKH�PHGLDO�
����OLPLW�RI �WKH�HWKPRLG�LQIXQGLEXOXP� �

7KH� VXSHULRU� DWWDFKPHQW� RI � 83� �6$83�� LV�
YDULDEOH�LQÁXHQFLQJ�WKH�FKDQQHO�IRU�GUDLQLQJ�WKH�
IURQWDO�VLQXV�DQG�DIIHFWLQJ�WKH�VL]H�RI �LWV�RVWLXP�

���DQG� EHDN� � 7KH� 83� LV� ERXQG� WR� WKH� ODPLQD�
SDS\UDFHD � RQ� WKH � PHGLD O � RUE L WD O � ZD O O ��
6XEVHTXHQWO\��WKH�IURQWDO�VLQXV�GUDLQV�PHGLDO�WR�

�WKH�83�DQG�GLUHFWO\�YLD�WKH�PLGGOH�QDVDO�PHDWXV� �

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



$Q� HQODUJHG� $JJHU� 1DVL� FHOO� FDQ� SRWHQWLDOO\�
GLVSODFH� WKH� 83� PHGLDOO\� FDXVLQJ� LW� WR� DWWDFK�
RQWR� WKH� PLGGOH� FRQFKD�� WXUELQDWH�� ,Q� WKLV�
VFHQDULR��IURQWDO�VLQXV�VHFUHWLRQV�DUH�GLUHFWHG�RQ�
WKH� ODWHUDO� VLGH� RI � WKH� 83� YLD� WKH� HWKPRLGDO�

���LQIXQGLEXOXP� LQWR� WKH� PLGGOH� PHDWXV� � 7KLV�
GUDLQDJH� FRQGXLW� LV� DOVR� REVHUYHG� LQ� UDUH�
LQVWDQFHV�ZKHUH�WKH�83�VXSHULRUO\�DWWDFKHV�RQ�WR�

� ����WKH� URRI � RI � HWKPRLG� DW� WKH� FUDQLDO� EDVH�
,QIXQGLEXODU� GLVHDVH� LV� PRUH� FRPPRQO\� VHHQ�
ZKHQ�WKH�6$83�DOORZV�WKH�IURQWDO�VLQXV�DLU�FHOO�
UHFHVV�WR�RSHQ�WKURXJK�WKH�LQIXQGLEXOXP�WKDQ�

��VWUDLJKW�LQWR�WKH�PLGGOH�QDVDO�PHDWXV�

7KH�83�FRXOG�EH�RULHQWHG�HLWKHU�KRUL]RQWDOO\�RU�
� �YHUWLFDOO\� � $� YHUWLFDOO\� RULHQWHG� 83� KDV� WKH�

FDSDFLW\�IRU�H[SDQVLRQ�RU�GHIRUPDWLRQ�ZKLOH�D�
KRUL]RQWDOO\� RULHQWHG� RQH� PD\� FRH[LVW� ZLWK� D�
JUHDW�HWKPRLG�EXOOD�RU�FRQWUDODWHUDOO\�GHYLDWHG�

�����QDVDO�VHSWXP� 7KH�XQFLQDWH
V�XSSHU�HQG�FRXOG�
GHYLDWH�UHODWLYH�WR�WKH�SRVLWLRQ�RI �PLGGOH�QDVDO�

���PHDWXV��UHVHPEOLQJ�D�VHFRQG�PLGGOH�WXUELQDWH�
7KH�ODWHUDO�GLYHUJHQFH�RI �WKH�WLS�FRQVWULFWV�WKH�
VHPLOXQDU� KLDWXV� DQG� WKH� LQIXQGLEXOXP��
UHGXFLQJ�WKH�JDS�DPLG�WKH�83�DQG�WKH�RUELWDO�
SDS\UDFHRXV� ODPLQD�� &RQVHTXHQWO\�� FDXWLRQ�
VKRXOG� EH� H[HUFLVHG� GXULQJ� XQFLQHFWRP\� WR�

� ��SUHYHQW� RUELWDO� LQMXU\� $� PHGLDOO\� GHYLDWHG�
XQFLQDWH� WLS� KDV� EHHQ� VLJQLÀFDQWO\� OLQNHG� WR�
DQWHULRU� HWKPRLGDO� VLQXVLWLV� UHVXOWLQJ� IURP�

��PLGGOH�PHDWXV�REVWUXFWLRQ�

7KH�HWKPRLGDO�SURFHVV�PD\�EH�DHUDWHG�IRUPLQJ�
���DQ�XQFLQDWH�EXOOD�� �7KLV�YDULDWLRQ�FDQ�LPSDFW�

WKH�H[WHQW�RI �20&�SDWHQF\�SRWHQWLDOO\�OHDGLQJ�
�����WR�SDQVLQXVLWLV� $Q�DWHOHFWDWLF�83�LV�DGKHUHQW�WR�

WKH�PHGLDO�RUELWDO�ZDOO�LQIHULRUO\��DQG�LV�W\SLFDOO\�
DVVRFLDWHG� ZLWK� D� K\SRSODVWLF� DQWUXP� RI �

� �+LJKPRUH� RU� K\SRSODVWLF� HWKPRLGDO� EXOOD� �
,GHQWLI\LQJ� WKLV� YDULDQW� SUHRSHUDWLYHO\� LV�
HVVHQWLDO�WR�SUHYHQW�DFFLGHQWDO�LQMXU\�WR�RUELWDO�
FRQWHQWV � O LNH � WKH � RSW LF � QHU YH � GXU LQJ�
XQFLQHFWRP\� LQ� WKH� FRXUVH� RI � IXQFWLRQDO�

���HQGRVFRSLF�VLQXV�VXUJHU\��)(66��� �

7KH�XQFLQDWH
V�GLYHUVH�PRUSKRORJLFDO�IRUPV�FDQ�
SRWHQWLDOO\�FDXVH�20&�REVWUXFWLRQ�DQG�LPSHGH�
VLQXV� GUDLQDJH�� SUHGLVSRVLQJ� WR� FKURQLF�

��UKLQRVLQXVLWLV�ZKLFK�RIWHQ�QHFHVVLWDWHV�)(66� �,Q�
WKH�OLWHUDWXUH��VWUXFWXUDO�PRGLÀFDWLRQV�RI �WKH�83�
H[KLELW� YDULDWLRQV� DPRQJ� GLIIHUHQW� SRSXODWLRQ�

�����JURXSV�� � 7KHVH� GLVFUHSDQFLHV� DUH� ODUJHO\�
LQÁXHQFHG� E\� JHQHWLFV�� UDFLDO�� ORFDWLRQDO� DQG�

����HFRORJLFDO�IDFWRUV� �5HFRJQL]LQJ�WKHVH�YDULDQWV�LV�
FUXFLDO�IRU�DFKLHYLQJ�EHWWHU�VXUJLFDO�DSSURDFK�WR�
WKH�VLQXV�RXWÁRZ�DQG�PLQLPL]LQJ�LQWUDRSHUDWLYH�

��� ���FRPSOLFDWLRQV�� � &RQVHTXHQWO\�� WKLV� VWXG\�
IRFXVHG�RQ�XWLOL]LQJ�FRPSXWHG�WRPRJUDSKLF��&7��
LPDJHV� WR� DVFHUWDLQ� WKH� GLVWULEXWLRQ� RI � WKH�
VWUXFWXUDO� YDULDQWV� RI � WKH� 83� ZLWKLQ� WKH� DGXOW�
SRSXODWLRQ�LQ�1LJHULD���

0$7(5,$/6�$1'�0(7+2'6
7KLV�ZDV�DQ�REVHUYDWLRQDO�FURVV�VHFWLRQDO�DQDO\VLV�
RI � UHWURVSHFWLYH� QDWXUH�� ZKLFK� ZDV� XQGHUWDNHQ�
ZLWKLQ� WKH� 5DGLRORJ\� 6HFWLRQ� RI � 'HOWD� 6WDWH�
8QLYHUVLW\� 7HDFKLQJ� +RVSLWDO� �'(/687+��
ORFDWHG� LQ�2JKDUD��1LJHULD��$IWHU� UHYLHZLQJ� WKH�
VWXG\
V�SURWRFRO��WKH�KRVSLWDO
V�HWKLFDO�FRPPLWWHH�
JUDQWHG�DSSURYDO�EHIRUH�FRPPHQFHPHQW�RI �WKLV�
LQYHVWLJDWLRQ� �(5(&�3$1�����������������
1RQ�FRQWUDVW�EUDLQ�&7�VFDQV�FDSWXUHG�LQ�D�WLPH�
IUDPH�RI ���\HDUV��-XQH���������WR�-XO\����������DQG�
VWRUHG�LQ�GLJLWDO�UDGLRORJLFDO�GDWDEDQN�ZHUH�XVHG��
7KHVH� VFDQV� ZHUH� DFTXLUHG� WR� LQYHVWLJDWH�
VXVSLFLRXV� GLYHUVH� SDWKRORJLHV� LQFOXGLQJ� VSDFH�
RFFXS\LQJ�OHVLRQV��FKURQLF�KHDGDFKH��VWURNH�DQG�
HPEROL��6FDQV�RI �����VXEMHFWV������IHPDOHV�DQG�
���� PDOHV�� DJHG� ��� \HDUV� DQG� EH\RQG� ZHUH�
VHOHFWHG�� 3DWLHQWV� EHORZ� WKLV� DJH� ZHUH� QRW�
FRQVLGHUHG� GXH� WR� LPPDWXULW\� RI � WKH� VLQXVHV�

�ZKLFK�W\SLFDOO\�UHDFK�WKHLU�DGXOW�VL]H�E\����\HDUV�
������ 3RRU� TXDOLW\� VFDQV� ZLWK� YLVLEOH� DUWLIDFWV��
LQDGHTXDWH�H[SRVXUH��DQG�REVFXUHG�ÀHOG�RI �YLHZ�
ZHUH� DOVR� QRW� LQFOXGHG�� $GGLWLRQDOO\�� LPDJHV�
GLVSOD\LQJ� DSSDUHQW� SDWKRORJLFDO� DEQRUPDOLWLHV��

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

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



FRQJHQLWDO�DQRPDOLHV�RU�SURRI �RI �HDUOLHU�VXUJHU\�
ZHUH�RPLWWHG��

,GHQWLÀFDWLRQ� RI � WKH� 83� ZDV� FRQGXFWHG� RQ�
FRURQDO�VOLFHV��7KH�VXSHULRU�DWWDFKPHQW�RI �WKH�
83��6$83��HLWKHU�RQ�HWKPRLG� �ODPHOOD��ODPLQD�
SDS\UDFHD���PLGGOH�WXUELQDWH��RU�FUDQLDO�EDVH�ZDV�
DVVHVVHG��)LJXUH�����7KH�XQFLQDWH
V�RULHQWDWLRQ�

RU� DOLJQPHQW� HLWKHU� YHUWLFDOO\� RU� KRUL]RQWDOO\�
EHVLGHV�WKH�GHYLDWLRQ�RI �LWV�WLS�HLWKHU�PHGLDOO\�RU�
ODWHUDOO\�ZHUH�HYDOXDWHG��7KH�XQFLQDWH�EXOOD�ZDV�
GHÀQHG�E\�DQ\�H[WHQW�RI �SQHXPDWL]DWLRQ��)LJXUH�
���� )XUWKHUPRUH�� DQ\� 83� DGKHULQJ� RQWR� WKH�
LQIHURPHGLDO� RUELWDO� ZDOO� DQG� DVVRFLDWHG� ZLWK�
HLWKHU�D�K\SRSODVWLF�HWKPRLGDO�EXOOD�RU�PD[LOODU\�

���VLQXV�ZDV�FRQVLGHUHG�DV�DQ�DWHOHFWDWLF�83��

$ % &

)LJXUH� ��� �2ULJLQDO��5HIRUPDWWHG�&RURQDO� &7� LPDJHV� RI � WKH� VNXOO� �ERQH�ZLQGRZ�� GHSLFWLQJ� WKH�
VXSHULRU�DWWDFKPHQW�RI �WKH�XQFLQDWH�SURFHVV�$��2Q�ODPLQD�SDS\UDHFHD�%��2Q�PLGGOH�WXUELQDWH�&��2Q�
VNXOO�EDVH

)LJXUH� �� �2ULJLQDO�� 5HIRUPDWWHG� &RURQDO� &7� LPDJHV� RI � WKH� VNXOO� �ERQH� ZLQGRZ�� VKRZLQJ�
SQHXPDWL]DWLRQ�RI �WKH�OHIW�XQFLQDWH�SURFHVV��

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

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



7KH�,%0�&RUSRUDWLRQ
V�6WDWLVWLFDO�3DFNDJH�IRU�
6RFLDO� 6FLHQFHV� �6366�� YHUVLRQ� ���� ORFDWHG� LQ�
$UPRQN��1HZ�<RUN��86$�ZDV�HPSOR\HG�LQ�WKH�
DQDO\VLV�RI �GDWD��'DWD�ZHUH�RUJDQL]HG�E\�JHQGHU�
DQG�WKH�GLVWULEXWLRQ�RI �WKH�YDULDQWV�UHSUHVHQWHG�
DV� SHUFHQWDJHV�� 7R� DVVHVV� GLVSDULWLHV� LQ� WKH�
IUHTXHQFLHV� EDVHG� RQ� VLGH� DQG� JHQGHU�� WKH�
3HDUVRQ
V�&KL�VTXDUH�WHVW�ZDV�DSSOLHG��$�3�YDOXH�
OHVV� WKDQ� ����� ZDV� UHJDUGHG� DV� VWDWLVWLFDOO\�
VLJQLÀFDQW�

5(68/76�
7KH� SUHYDOHQW� SODFHPHQW� RI � WKH� 6$83� ZDV�
W\SLFDOO\� RQ� HWKPRLG� ODPHOOD�� REVHUYHG�

EL ODWHUDO O\� LQ� ���� �������� �)LJXUH� �$���
6XEVHTXHQWO\��WKH�6$83�ZDV�IRXQG�RQ�WKH�PLGGOH�
FRQFKD�WXUELQDWH�ELODWHUDOO\�������������DQG�ODVWO\�
RQ�WKH�VNXOO�EDVH������������)LJXUHV��%�DQG��&���
1R�VLJQLÀFDQW�GLIIHUHQFHV�EDVHG�RQ�JHQGHU�ZHUH�
REVHUYHG� DPRQJ� WKHVH� WKUHH� W\SHV� RI � 6$83�
�3!������ �7DEOH� ���� &RQYHUVHO\�� DOO� WKH� WKUHH�
LQVHUWLRQV� GHPRQVWUDWHG� VWDWLVWLFDOO\� VLJQLÀFDQW�
GLVVLPLODULWLHV� EHWZHHQ� VLGHV� �3 ������ HDFK���
7DEOH� �� SUHVHQWV� WKH�RFFXUUHQFH�RI � WKH� YDULDQW�
6$83�LQ�GLIIHUHQW�VWXGLHV�
�

7DEOH����*HQGHU�GLIIHUHQFHV�LQ�WKH�VXSHULRU�DWWDFKPHQW�RI �WKH�83

$WWDFKPHQW�6LWH� $YHUDJH����� 0DOHV����� )HPDOHV����� 3�YDOXH�

/DPLQD�SDS\UDHFHD� ����������� ����������� ���������� ������

0LGGOH��WXUELQDWH� ���������� ���������� ���������� ������

6NXOO�EDVH� �������� ���������� ���������� ������

7DEOH����7KH�SUHYDOHQFH�RI �YDULDQW�VXSHULRU�DWWDFKPHQW�RI �WKH�83�LQ�GLIIHUHQW�VWXGLHV��2ULJLQDO�

$XWKRU� &RXQWU\� /DPLQD�SDS\UDHFHD� 6NXOO�EDVH����� 0LGGOH�7XUELQDWH�

$UXQ�HW�DO���� ,QGLD� ����� ����� ����

2JKHQHUR�HW�DO���� 1LJHULD� ��� ���� ���

7XOL�HW�DO���� ,QGLD� ����� ����� ����

.DQVX��HW�DO����� 7XUNH\� ����� ��� ��

&XUUHQW�VWXG\�� 1LJHULD� ����� ��� �����

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

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



7KH� 83� GHPRQVWUDWHG� HTXDO� SUHYDOHQFH� LQ�
ELODWHUDO�RULHQWDWLRQ�RFFXUULQJ�HLWKHU�YHUWLFDOO\�RU�
KRUL]RQWDOO\�� 3UHYDLOLQJ� SUHVHQFH� RI � WKH�
KRUL]RQWDOO\�RULHQWHG�83��������������IROORZHG�
E\�YHUWLFDO�RULHQWDWLRQ��������������ZHUH�QRWHG��
%RWK� LQGLFDWHG�QRWHZRUWK\�YDULDWLRQV�EHWZHHQ�

VLGHV��3 ������HDFK��EXW�ODFNHG�DVVRFLDWLRQ�ZLWK�
JHQGHU��3 ���������������7DEOH�����7KH�XQFLQDWH
V�
WLS�ZDV�PHGLDOO\� GHYLDWHG� DQG� ODWHUDOO\� GHYLDWHG�
ELODWHUDOO\�LQ�������������DQG������������SDWLHQWV�
UHVSHFWLYHO\��7KHVH�GHYLDWLRQV�ZHUH� VLJQLÀFDQWO\�
DVVRFLDWHG�ZLWK�JHQGHU��3 ��������������DQG�VLGH�
�3 ��������7DEOH����
�

7DEOH����2ULHQWDWLRQ�RI �WKH�83�DQG�GHYLDWLRQ�RI �WKH�83�WLS��2ULJLQDO�

7KH�IUHTXHQF\�RI �WKH�SQHXPDWL]HG�XQFLQDWH�ZDV������������RFFXUULQJ�XQLODWHUDOO\�LQ�DOO�WKH�FDVHV��%HVLGHV��
LW�GLG�QRW�H[KLELW�DQ\�QRWDEOH�GLIIHUHQFHV�EHWZHHQ�VLGHV��S �������RU�LQ�HLWKHU�JHQGHU��3 ������DQG�
��������7DEOH���DQG�)LJXUH������,WV�RFFXUUHQFH�GLIIHUV�DFURVV�YDULRXV�SRSXODWLRQV�DV�LQGLFDWHG�LQ�7DEOH����
7KHUH�ZHUH�QR�LQVWDQFHV�RI ��DWHOHFWDWLF�83�REVHUYHG�LQ�DQ\�RI �WKH�H[DPLQHG�LPDJHV�

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

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



',6&866,21
7KH�VXSHULRU�LQVHUWLRQ�RI �WKH�XQFLQDWH�ZDV�RQ�
WKH�ODPLQD�SDS\UDHFHD����������PLGGOH�WXUELQDWH�
�������� DQG� FUDQLDO� EDVH� ������ LQ� WKDW�
GHVFHQGLQJ�RUGHU�RI �IUHTXHQFLHV��7KHVH�YDULHG�
IURP�UHSRUWV�E\� D�SUHYLRXV�1LJHULDQ� VWXG\�E\�

�2JKHQHUR� HW� DO�� �ZKR� HYDOXDWHG�&7� VFDQV�RI �
DGXOWV�LQ�2VXQ�6WDWH��)XUWKHUPRUH��RXU�ÀQGLQJV�

ZHUH�GLIIHUHQW�IURP�WKRVH�GRFXPHQWHG�LQ�7XUNH\�
���������DQG�,QGLD��7DEOH���� &RQWUDGLFWLQJ�WKH�DFFRXQWV�

�SURYLGHG� E\� 7XOL� HW� DO��� � RXU� VWXG\� IRXQG� QR�
DVVRFLDWLRQ�EHWZHHQ�6$83�DQG�JHQGHU��+RZHYHU��
DOO�WKH�WKUHH�VXSHULRU�LQVHUWLRQV�H[KLELWHG�QRWDEOH�
GLIIHUHQFHV�EHWZHHQ�VLGHV�ZKLFK�ZHUH�VLJQLÀFDQW��
,W�LV�WKHUHIRUH�LPSRUWDQW�WR�UHFRJQL]H�WKH�VLWH�RI �
XQFLQDWH� LQVHUWLRQ� RQ� HDFK� VLGH� WR� DYRLG�

7DEOH����3UHYDOHQFH�RI �XQFLQDWH�EXOOD���2ULJLQDO�

$XWKRU &RXQWU\

�

3QHXPDWL]HG 83 ���

)DGGD HW DO� � ,WDO\ ���

6KHLNK HW

�

DO�

�

�

�

,QGLD

�

����

�

'DVDU DQG

�

*RNFH�

�

�

�

7XUNH\

�

����

�

*XQJRU DQG

�

2NXU

�

�

�

7XUNH\

�

����

�

7XOL HW DO�

�

�

�

,QGLD

�

�

�

.D\D HW DO�

�
��

�

7XUNH\

�

���

�

6KSLOEHUJ

�
HW

�
DO�

�
��

�
$PHULFD

�
����

�

$EHVL HW DO�
�

��
�

,UDQ
�

���
�

&XUUHQW VWXG\�� 1LJHULD �� ��� �

� S �YDOXH �� ����� � � �����

7DEOH����3UHYDOHQFH�RI �WKH�SQHXPDWL]HG�83�LQ�GLIIHUHQW�VWXGLHV��2ULJLQDO�
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DJJUHVVLYH� WUDFWLRQ� DQG� WRUTXH� ZKLFK� PD\�
����LQDGYHUWHQWO\�GDPDJH�WKH�HWKPRLG�URRI�� �7KH�

6$83�ZDV�LGHQWLFDO�RQ�HLWKHU�VLGHV�LQ�DOO��������
LPDJHV� DVVHVVHG�� FRQWUDU\� WR� WKH� REVHUYDWLRQV�

��SUHVHQWHG� E\� .DQVX� � ZKR� IRXQG� LGHQWLFDO�
LQVHUWLRQ�LQ�������

:H� KLJKOLJKW� D� SUHYDLOLQJ� RFFXUUHQFH� RI � WKH�
KRUL]RQWDOO\� RULHQWHG� 83� ELODWHUDOO\� ��������
ZLWKLQ� RXU� VWXGLHG� GHPRJUDSKLF�� 7KLV� VOLJKWO\�
H[FHHGHG�WKH�ÀJXUH�HDUOLHU�UHSRUWHG�E\�/LQJDLDK�

�� �HW�DO� �LQ�,QGLD� 'XH�WR�LWV�IUHTXHQW�DVVRFLDWLRQ�
ZLWK� JUHDW� HWKPRLG� EXOOD� RU� FRQWUDODWHUDOO\�
GHYLDWHG� QDVDO� VHSWXP�� D� KRUL]RQWDO� XQFLQDWH�
VKRXOG�UDLVH�WKH�VXVSLFLRQ�RI �WKH�VLPXOWDQHRXV�
SUHVHQFH�RI � WKH�DGGLWLRQDO� WZR�YDULDQWV�ZKLFK�

�����VKRXOG� EH� LGHQWLÀHG�� 7KH� SUHYDOHQFH� RI �
YHUWLFDOO\� RULHQWHG�83� ��������ZDV�PDUJLQDOO\�

�OHVV�WKDQ�WKH�IUHTXHQF\�GRFXPHQWHG�LQ�,QGLD�� �
,WV� UHFRJQLWLRQ� LV� FUXFLDO� EHFDXVH� LW� LV� PRUH�

���VXVFHSWLEOH�WR�GHIRUPDWLRQ�� �

7KH�83�WLS�H[KLELWHG�ELODWHUDO�PHGLDO�GHYLDWLRQ�
LQ�������VXUSDVVLQJ�WKH�GRFXPHQWHG�ÀJXUHV�RI �

� ���������� LQ� ,WDO\� DQG� ����� LQ� 7XUNH\��
��$OWHUQDWLYHO\��0DKDMDQ�HW�DO�� �UHSRUWHG�D�JUHDWHU�

SUHYDOHQFH� RI � ���� SULPDULO\� ZLWK� ELODWHUDO�
RFFXUUHQFH�������DPRQJ�,QGLDQV���7KH�ELODWHUDO�
HWKPRLG� SURFHVVHV� ZHUH� GHYLDWHG� ODWHUDOO\� LQ�
������ H[FHHGLQJ� WKH� GRFXPHQWHG� ÀJXUH� RI ��

��������LQ�7XUNH\�� ,Q�FRQWUDVW��RXU�SUHYDOHQFH�ZDV�
����OHVVHU�WKDQ�WKH�HDUOLHU�UHSRUWHG�UDWHV�� �7KHVH�

GLIIHUHQFHV�PD\�VWHP�IURP�YDULDWLRQV�LQ�UDFH�DQG�
GLVVLPLODULWLHV� LQ� WKH� PHWKRGRORJLHV� DGRSWHG��

� �H L W K H U � HQGRVFRS L F � R U � U DG LR ORJ L F D O � �
8QGHUVWDQGLQJ� WKH� XQFLQDWH
V� GHYLDWLRQ� LV�
HVVHQWLDO�� DV� LW�PD\�EH� OLQNHG� WR�FRPSURPLVHG�
VLQXV�YHQWLODWLRQ�DQG�SUHVHQW�FKDOOHQJHV�GXULQJ�

������)(66�

7KH�H[LVWHQFH�RI � WKH�XQFLQDWH�EXOOD� LQ� �������
�VXUSDVVHG� WKH� UDWHV� LQ� ,WDO\� ������� �� 2XU�

IUHTXHQF\�ZDV�ZLWKLQ�WKH�GRFXPHQWHG�UDQJHV�LQ�

WKH� ,QGLDQ� ����������� DQG� 7XUNLVK� ������
�������������SRSXODWLRQV�� �+LJKHU�IUHTXHQFLHV�KDYH�

EHHQ�QRWHG�LQ�WKH�$PHULFDQV���������DQG�$UDEV�
�� � ��������� DV� LQGLFDWHG� LQ� 7DEOH� ��� � 7KH�

GLVFUHSDQFLHV�PD\�VWHP�IURP�GLIIHULQJ�GHÀQLWLRQV�
HPSOR\HG�LQ�WKH�YDULRXV�VWXGLHV��:H�FRQVLGHUHG�
DQ\�H[WHQW�RI �SQHXPDWL]DWLRQ�RU�DHUDWLRQ�RI �WKH�

��83�� +RZHYHU�� %ROJHU� HW� DO�� � UHSRUWHG� VRPH�
SQHXPDWL]DWLRQ� LQ� ���DQG�GHÀQHG� DQ�XQFLQDWH�
EXOOD�WR�EH�WKDW�ZKLFK�LV�H[WHQVLYHO\�SQHXPDWL]HG��

��%ROJHU� HW� DO�� � UHFRJQL]HG� WKH� RFFXUUHQFH� RI �
SQHXPDWL]HG� XQFLQDWH� XQLODWHUDOO\� ����� DQG�

��ELODWHUDOO\���������,Q�,UDQ��$EHVL�HW�DO�� �QRWHG�D�
������� ELODWHUDO� RFFXUUHQFH� ZKLOH� XQLODWHUDO�
H[LVWHQFH� ZDV� KLJKHU� RQ� WKH� � OHIW� �������� LQ�
FRPSDULVRQ�WR�WKH�ULJKW����������&RXQWHU�WR�WKHVH�
ÀQGLQJV�� DOO� SQHXPDWL]HG� 83� KHUHLQ� RFFXUUHG�
XQLODWHUDOO\��������ZLWK�QR�SUHIHUHQFH�IRU�HLWKHU�
VLGH��3 ��������7KHVH�GLVSDULWLHV�FRXOG�EH�OLQNHG�
WR�UDFH��UHJLRQDO�ORFDWLRQ��DQG�SRSXODWLRQ�VL]H��$Q�
DWHOHFWDWLF�83�ZDV�DEVHQW�DQG�WKLV�LV�DOLJQV�ZLWK�
HDUOLHU�VWXGLHV�WKDW�UHFRUGHG�LW�WR�EH�UDUH��ZLWK�ORZ�

���IUHTXHQFLHV�RI ����������LQ�7XUNH\�DQG�,QGLD�� �,WV�
SUHVHQFH�SUHGLVSRVHV�WR�WKH�XQLQWHQWLRQDO�LQMXU\�
WR�RUELWDO�VWUXFWXUHV�GXULQJ�XQFLQHFWRP\�LQ�)(66��
�

7KH�SRSXODWLRQ�GLVSDULWLHV�LQ�83�YDULDQWV�PLJKW�
EH�FDXVHG�E\�UHJLRQDO��JHQHWLF��HQYLURQPHQWDO�DQG�
UDFLDO� IDFWRUV� RQ� WKH� 83� PRUSKRORJ\�� 7KH�
REVHUYHG�DVVRFLDWLRQ�EHWZHHQ�83�GHYLDWLRQ�DQG�

�JHQGHU�DOLJQV�ZLWK�WKH�REVHUYDWLRQV�E\�7XOL�HW�DO�� �
KHQFH��LPSO\LQJ�WKDW�VH[�JHQHV�DQG�KRUPRQHV�SOD\�
D�VLJQLÀFDQW�UROH�LQ�WKHVH�YDULDQWV��7KH�VLJQLÀFDQW�
YDULDWLRQV�EHWZHHQ�VLGHV�LQ�WKH�PRUSKRORJLFDO�83�
YDULDQWV�PD\�EH�OLQNHG�WR�WKH�VHSDUDWH�LQWUDXWHULQH�

�����GHYHORSPHQW�RI �ELODWHUDOO\�H[LVWLQJ�VWUXFWXUHV�

&21&/86,21
7KH�SUHVHQW�VWXG\�VKHGV�OLJKW��RQ�WKH�RFFXUUHQFH�
RI �WKH�YDULDQW�VWUXFWXUDO�IRUPV�RI �WKH�83�LQ�DGXOW�
UHVLGHQWV�RI �'HOWD�6WDWH��1LJHULD��7KLV�KLJKOLJKWV�
WKH�LPSRUWDQFH�RI �SUHRSHUDWLYH�LGHQWLÀFDWLRQ�WR�
PLWLJDWH�VXUJLFDO�FRPSOLFDWLRQV��
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6WUHQJWKV�RI �VWXG\
� &RPSXWHG� WRPRJUDSKLF� VFDQV� XVHG� ZHUH�
VXLWDEOH�VLQFH�WKLV�PRGDOLW\�SUHFLVHO\�LOOXVWUDWHV�
WKH�VNXOO�ERQHV�DQG�WKH�LQWULFDWH��RUJDQL]DWLRQ�RI �
WKH�VLQRQDVDO�UHJLRQ��

/LPLWDWLRQ�RI �VWXG\
7KH� VWXG\� RPLWWHG� &7� LPDJHV� IHDWXULQJ�
VLQRQDVDO�SDWKRORJ\��SUHYHQWLQJ�D�GHWHUPLQDWLRQ�
RI � WKHVH� YDULDQWV
� FRQWULEXWLRQ� WR� FKURQLF�
UKLQRVLQXVLWLV�� 7KH� UHODWLYHO\� UHVWULFWHG� VDPSOH�
VL]H� UHVXOWHG� IURP� WKH� UHWURVSHFWLYH�GHVLJQ�RI �
WKLV� VWXG\� DQG� WKH� XVH� RI � &7� LPDJHV� IURP� D�
VLQJOH�FHQWHU�

$FNQRZOHGJHPHQWV��2XU�DSSUHFLDWLRQ�JRHV�WR�
3ULVFLOOD�(MLURJKHQH��DQG�(PPDQXHO�$NSR\LER���
IRU� WKHLU� FRQWULEXWLRQV� GXULQJ� GDWD� FROOHFWLRQ�
DQG�DQDO\VLV�

6RXUFH�RI �)XQGLQJ��1RQH
&RQÁLFW�RI �,QWHUHVW��1RQH

5()(5(1&(6
��� $UXQ�*��0RLGHHQ�� 63��0RKDQ�0�� $IUR]H�

.+��7KDPS\�$6��$QDWRPLFDO�YDULDWLRQV�LQ�
VXSHULRU� DWWDFKPHQW� RI � XQFLQDWH� SURFHVV�
DQG� ORFDOL]DWLRQ� RI � IURQWDO� VLQXV� RXWÁRZ�
WUDFW�� ,QW� -� 2WRUKLQRODU\QJRO� +HDG� 1HFN�
6XUJ�������������������'2,��� K W W S V � � ��
GRL�RUJ����������LVVQ�����������LMRKQV�
��������

��� 2JKHQHUR�*��2QLRYR�.��2ORWX�%��6DJERGMH�
'��0RUSKRORJ\� DQG� DQDWRPLFDO� YDULDWLRQV�
RI �HWKPRLGDO�VLQXV�LQ�DGXOW�1LJHULDQV��$IU�-�
0HG�6XUJ������������������

��� 2PLQGH� %6�� � ,NXERU� -(�� ,JELJEL� 36��
3UHYDOHQFH� RI � 3URPLQHQW� (WKPRLG� %XOOD�
DQG�$JJHU�1DVL�&HOO�LQ�$GXOW�1LJHULDQV�DQG�
7KHLU�&OLQLFDO�,PSOLFDWLRQV��&7�6WXG\��$FWD�
6FLHQWLÀF�$QDWRP\�������������������

��� /LQJDLDK� 5.�� 3XWWDUDM� 1&�� &KLNNDVZDP\�
+$�� 1DJDUDMDLDK� 3.�� 3XUXVKRWKDPD� 6��

3UDNDVK� 9�� HW� DO�� $QDWRPLFDO� 9DULDWLRQV� RI �
3DUDQDVDO� 6LQXVHV� RQ� &RURQDO� &7�6FDQ� LQ�
6XEMHFWV�ZLWK�&RPSODLQWV�3HUWDLQLQJ�WR�316��
,QW�-�$QDW�5DGLRO�6XUJ����������5����5����

��� )DGGD� */�� 5RVVR� 6�� $YHUVD� 6�� 3HWUHOOL� $��
2QGROR� &�� 6XFFR� *�� 0XOWLSDUDPHWULF�
VWDWLVWLFDO� FRUUHODWLRQV� EHWZHHQ� SDUDQDVDO�
VLQXV� DQDWRPLF� YDULDWLRQV� DQG� FKURQLF�
5KLQRVLQXVLWLV�� $FWD� 2WRUKLQRODU\QJRO� ,WDO��
�����������������

��� 6KLHNK� <�� :DQ� $+�� .KDQ� $-�� %KDW� 0,��
$QDWRPLFDO�9DULDWLRQV�RI �3DUDQDVDO�6LQXVHV���
$�0'&7�%DVHG�6WXG\��,QW�$UFK�,QWHJU�0HG��
����������������

��� 'DVDU�8��*RNFH�(��(YDOXDWLRQ�RI �YDULDWLRQV�LQ�
VLQRQDVDO�UHJLRQ�ZLWK�FRPSXWHG�WRPRJUDSK\��
:RUOG� -� 5DGLR�� �������� �������� '2,��
��������ZMU�Y��L����

��� 7XOL� ,3�� 6HQJXSWD� 6�� 0XQMDO� 6�� .HVDUL� 63��
&KDNUDERUW\� 6�� $QDWRPLFDO� YDULDWLRQV� RI �
XQFLQDWH� SURFHVV� REVHUYHG� LQ� FKURQLF�
VLQXVLWLV�� ,QGLDQ� -� 2WRODU\QJRO� +HDG� 1HFN�
6XUJ�������������������'2,����������V������
������������

��� *XQJRU�*��2NXU�1��(YDOXDWLRQ�RI �SDUDQDVDO�
VLQXV�YDULDWLRQV�ZLWK�FRPSXWHG�WRPRJUDSK\��
+D\GDUSDVD�1XPXQH�0HG� -�� ��������� ����
�����'2,�����������KQKM�����������

����2PLQGH� %6�� ,JELJEL� 36�� )URQWDO� VLQXV�
GLPHQVLRQV��$Q�DLG�LQ�JHQGHU�GHWHUPLQDWLRQ�
LQ� DGXOW�1LJHULDQV�� ,QW� -�)RUHQVLF�2GRQWRO��
��������������'2,����������LMIR�LMIRB�B��

����2PLQGH � %6� � ,NXERU � -� � , JE LJE L � 36��
3QHXPDWL]DWLRQ� SDWWHUQV� RI � WKH� VSKHQRLG�
VLQXV� LQ� DGXOW� 1LJHULDQV� DQG� WKHLU� FOLQLFDO�
LPSO L FD W LRQV� � (WK LRS � - � +HD O WK � 6F L ��
����������������� '2,�� ��������HMKV�Y�
��L����

����.DQVX�/��7KH�UHODWLRQVKLS�EHWZHHQ�VXSHULRU�
DWWDFKPHQW� RI � WKH� XQFLQDWH� SURFHVV� RI � WKH�
HWKPRLG� DQG� YDU\LQJ� SDUDQDVDO� VLQXV�
DQDWRP\�� DQ� DQDO\VLV� XVLQJ� FRPSXWHUL]HG�
WRPRJUDSK\��(17�8SGDWHV�� �������� ��²����
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'2,�����������HQWXSGDWHV�������
����2PLQGH�%6��,JELJEL�36��7KH�&RH[LVWHQFH�RI �

&RQFKD� %XOORVD� DQG� 1DVDO� 6HSWXP�
'HYLDWLRQ� LQ� $GXOW� 1LJHULDQV�� ,QGLDQ� -�
+HDOWK� 6FL�%LRPHG�5HV�� ������ ������� ����
�����'2,����������NOHXKVM�NOHXKVMB���B��

����.D\D�0��dDQNDO�)��*XPXVRN�0��$SD\GLQ�1��
7HNGHPLU�,��5ROH�RI �DQDWRPLF�YDULDWLRQV�RI �
SDUDQDVDO� VLQXVHV� RQ� WKH� SUHYDOHQFH� RI �
VLQXVLWLV�� &RPSXWHG� WRPRJUDSK\� ÀQGLQJV�
RI � ���� SDWLHQWV� � 1LJHU � - � &O LQ� 3UDF ��
������������²������ '2,�� ���������
QMFS�QMFSB���B��

����0DKDMDQ� $�� $QXSDPD� 0�� .DUXQHVK� *��
3DQNDM� 9�� $QDWRPLFDO� 9DULDWLRQV� RI �
2VWHRPHDWDO� &RPSOH[�� $Q� (QGRVFRSLF�
6WXG\�� $QDWRP\� 3K\VLRO� %LRFKHP�� ,QW� -��
���� �� � � ������ � � '2, � � �� � �������
$3%,-����������������

����6KSLOEHUJ� .$�� 'DQLHO� 6&�� 'RVKL� $+��
/DZVRQ� :�� 6RP� 30�� � &7� RI � DQDWRPLF�
YDULDQWV�RI �WKH�SDUDQDVDO�VLQXVHV�DQG�QDVDO�
FDYLW\��SRRU�FRUUHODWLRQ�ZLWK�UDGLRORJLFDOO\�
VLJQLÀFDQW�UKLQRVLQXVLWLV�EXW�LPSRUWDQFH�LQ�
VXUJLFDO� SODQQLQJ�� � $P� -� 5RHQWJHQRO��
���������� ��������� '2,�� ���������
$-5����������

����%ROJHU� :(�� :RRGUXII � :�� 3DUVRQV� '�� &7�
GHPRQVWUDWLRQ� RI � SQHXPDWL]DWLRQ� RI � WKH�
XQFLQDWH�SURFHVV��$P�-�1HXURUDGLRO�����������
����

����$EHVL�)��+DJKDQLIDU�6��.KDIUL�6��0RQWD]HUL�$��
7KH�HYDOXDWLRQ�RI �WKH�$QDWRPLFDO�9DULDWLRQV�
RI � 2VWHRPHDWDO� &RPSOH[� LQ� &RQH� %HDP�
&RPSXWHG� 7RPRJUDSK\� ,PDJHV�� -� %DERO�
8QLY� 0HG� 6FL�� ��������� ������� 85/��
KWWS���MEXPV�RUJ�DUWLFOH��������HQ�KWPO

����2PLQGH� %6�� ,NXERU� -�� ,MX� :�� 1HNZX� 2��
,JELJEL� 36�� 9DULDQW� $QDWRP\� RI � WKH�1DVDO�
7XUELQDWHV�LQ�$GXOW�1LJHULDQV��(XU�-�5KLQRO�
$OOHUJ\� ����������������� '2,�� ���������
HMUD������������

�

2PLQGH�%6��,NXERU�-��(QDRKZR�07��,MX�:-��
,JELJEL� 36�� $� &RPSXWHG� 7RPRJUDSKLF�
6WXG\�RQ�WKH�0RUSKRORJLFDO�9DULDQWV�RI �WKH�
8QFLQDWH� 3URFHVV� LQ� D� 6HOHFWHG� 1LJHULDQ�
3RSXODWLRQ��$IU�� -��7URS��0HG��	�%LRPHG��
5HV�������������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���
�
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7KH� 3KDUPDFRORJLFDO� 3URILOH�� 7KHUDSHXWLF�
,PSRUWDQFH� DQG� /LPLWDWLRQV� ZLWK� WKH� 8VH� RI �
2[\FRGRQH��$�5HYLHZ�

� � � �8PXNRUR��(. ��(OLMDK�2% ��,JEHQ�9-2 ��0RNH�(*

���'HSDUWPHQW�RI �3KDUPDFRORJ\�DQG�7KHUDSHXWLFV��)DFXOW\�RI �%DVLF�&OLQLFDO�6FLHQFHV��'HOWD�6WDWH�8QLYHUVLW\��$EUDND
���'HSDUWPHQW�RI �3KDUPDFRORJ\��)DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��'HOWD�6WDWH�8QLYHUVLW\��$EUDND

$EVWUDFW
,QWURGXFWLRQ��3DLQ� LV� SHUKDSV� WKH� FRPPRQHVW� V\PSWRP� IRU�ZKLFK� SDWLHQWV� VHHN�PHGLFDO� FDUH� DQG�
UHSUHVHQWV� D�PDMRU� VRFLRHFRQRPLFDO� EXUGHQ�RQ�KHDOWKFDUH� V\VWHPV� JOREDOO\��'HVSLWH� D� JUHDW� GHDO� RI �
UHVHDUFK� LQWR� SDLQ� DQG� DQDOJHVLF� VWUDWHJLHV�� WKH� HIIHFWLYH� PDQDJHPHQW� RI � SDLQ� UHPDLQV� FKDOOHQJLQJ��
2[\FRGRQH�LV�DQ�ROG�GUXJ�EXW�VWLOO�KROGV�VLJQLILFDQW�WKHUDSHXWLF�XWLOLW\�WRGD\��,WV�XVH�KDV�KRZHYHU�EHHQ�
IUDXJKW�ZLWK�FKDOOHQJHV�VXFK�DV�DEXVH��)XUWKHUPRUH��WKH�SUHFLVH�PHFKDQLVP�RI �DFWLRQ�UHFHSWRUV�WKURXJK�
ZKLFK�LW�DFWV�LV�VWLOO�WKH�VXEMHFW�RI �VRPH�FRQWURYHUV\�

0DWHULDOV�DQG�0HWKRGV��$�OLWHUDWXUH�VHDUFK�RQ�3XE0HG�DQG�JRRJOH�VFKRODU�ZDV�SHUIRUPHG�XVLQJ�WKH�
WHUPV� 
RSLRLG� FULVLV
� 
SDLQ� SDWKZD\
�� 
W\SHV� RI � QRFLFHSWLRQ
�� 
RSLRLG� UHFHSWRUV
� 
SHULSKHUDO� DQG� FHQWUDO�
VHQVLWLVDWLRQ
��
GHVFHQGLQJ�PRGXODWLRQ�SDWKZD\
��
SDLQ�PDQDJHPHQW
��6WXGLHV��UHYLHZ�DUWLFOHV�DQG�HGLWRULDOV�
SXEOLVKHG�LQ�(QJOLVK�IURP��VW�-DQ������WR��VW�'HF������ZHUH�LQFOXGHG�LQ�WKLV�VWXG\�

5HVXOWV��7KH�GHSWK�RI � WKH�SUREOHP�RI � WKH�RSLRLG�FULVLV� DQG� WKH�HIIHFWV� LQ�GLIIHUHQW�FRQWLQHQWV�KDV�
SUHYHQWHG�WKH�JOREDO�XWLOL]DWLRQ�RI �R[\FRGRQH��WKH�SKDUPDFRORJLFDO�SURILOH�RI �R[\FRGRQH�ZKLFK�LV�DQ�ROG�
GUXJ� ZLWK� FXUUHQW� FOLQLFDO� UHOHYDQFH� ZDV� DOVR� UHYLHZHG�� 6LJQLILFDQWO\�� WKHUH� H[LVWV� D� JDS� LQ� H[LVWLQJ�
NQRZOHGJH�RI �WKH�PHFKDQLVP�RI �DFWLRQ�DQG�SUHFLVH�UHFHSWRUV�WKURXJK�ZKLFK�R[\FRGRQH�DFWV�

&RQFOXVLRQ��7KH�SDLQ�SDWKZD\�LV�D�FRPSOH[�SURFHVV�ZLWK�PXOWLSOH�LQWHUGHSHQGHQW�SURFHVVHV�DQG�XQGHU�
PRGXODWLRQV�IURP�QHXURQDO��HQGRFULQH��DQG�LQIODPPDWRU\�V\VWHPV��2[\FRGRQH�H[SORLWV�WKH�SDLQ�SDWKZD\�
LQ�SURGXFLQJ�DQDOJHVLD�EXW�SUHVHQWV�D�UHDO�DQG�SUHVHQW�GDQJHU�RI �DGGLFWLRQ�DQG�GHSHQGHQFH��

.H\ZRUGV��2[\FRGRQH��SDLQ�SDWKZD\��RSLRLG�FULVLV��RSLRLG�UHFHSWRUV

&RUUHVSRQGLQJ�DXWKRU��(OLMDK��2JKHQHNSDURERU�%OHVVLQJ��ND\EHH(OLMDK#JPDLO�FRP�������������

,1752'8&7,21
2[\FRGRQH��DOVR�NQRZQ�DV�´KLOOELOO\�KHURLQµ�LV�
DQ� RSLRLG� DONDORLG� WKDW� LV� RQH� RI � WKH� PRVW�
FRPPRQO\� XVHG� RSLRLG� DQDOJHVLFV� LQ� WKH�
WUHDWPHQW�RI �GLIIHUHQW�IRUPV�RI �SDLQ��HVSHFLDOO\�
DFXWH�SRVW�RSHUDWLYH�SDLQ�DQG�LV�FRPSDUDEOH�WR�
PRUSKLQH�LQ�WHUPV�RI �HIÀFDF\��7KH�RSLRLG�FULVLV�
JDYH� WKH� GUXJ�PRUH� QRWRULHW\� WKDQ� IDPH�� EXW�
EHLQJ�DQ�ROG�GUXJ��WKH�EDVLF�SKDUPDFRORJ\�RI �
R[\FRGRQH� LV�RIWHQ�RYHUORRNHG� LQ� WKH�ÀHOG�RI �
UHVHDUFK�DQG�DV�VXFK��ZKDW� LV�NQRZQ�DERXW� LWV�
PHFKDQLVP� RI � DFWLRQ� LV� VXEMHFW� WR� VRPH�

FRQWURYHUV\�� �.DOVR�������� �'UXJ�GLVFRYHU\�KDV�
GHYHORSHG� LQ� OHDSV� DQG� ERXQGV� VLQFH� WKH�
GLVFRYHU\� RI � R[\FRGRQH� DQG� FRQWHPSRUDU\�
WHFKQLTXHV�DQG�IDFLOLWLHV�QHHG�WR�EH�DSSOLHG�WR�ROG�
GUXJV� WR� FRQÀUP� RU� GLVFRYHU� WKHLU� IXOO�
SKDUPDFRORJLFDO�SURÀOH��

2[\FRGRQH�LV�DOVR�D�FRPPRQ�VXEVWDQFH�RI �DEXVH�
DQG� DV� VXFK� LV� D� FRQWUROOHG� VXEVWDQFH� LQ� PRVW�
FRXQWULHV� RI � WKH� ZRUOG�� 7KH� RSLRLG� HSLGHPLF�
UHPDLQV�D�VLJQLÀFDQW�SUHVVLQJ�LVVXH�DQG�ZLOO�QRW�
UHVROYH� HDVLO\�� 1XPHURXV� IDFWRUV�� LQFOXGLQJ� WKH�

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

5HYLHZ�DUWLFOHV



LQDSSURSULDWH� SUHVFULSWLRQ� RI � RSLRLGV�� ODFN� RI �
XQGHUVWDQGLQJ�RI � WKH�SRWHQWLDO�DGYHUVH�HIIHFWV�
RI �ORQJ�WHUP�WKHUDS\��RSLRLG�PLVXVH��DEXVH��DQG�
GHSHQGHQFH�� KDYH� FRQWULEXWHG� WR� WKH� FXUUHQW�
FULVLV��$ODUPLQJO\��WKH�RYHUZKHOPLQJ�PDMRULW\�RI �
RSLRLG� DEXVHUV� EHJLQ� WKHLU� DGGLFWLRQ� ZLWK�
SUHVFULSWLRQ�PHGLFDWLRQV��SULPDULO\�IRU�FKURQLF�
SDLQ�

0(7+2'2/2*<
:H�SHUIRUPHG� D� OLWHUDWXUH� VHDUFK�RQ�3XE0HG�
DQG� *RRJOH� 6FKRODU� XVLQJ� WKH� WHUPV� 
RSLRLG�
FULVLV
� 
SDLQ� SDWKZD\
�� 
W\SHV� RI � QRFLFHSWLRQ
��

RSLRLG� UHFHSWRUV
� 
SHULSKHUDO� DQG� FHQWUDO�
VHQVLWLVDWLRQ
��
GHVFHQGLQJ�PRGXODWLRQ�SDWKZD\
��

SDLQ� PDQDJHPHQW
�� :H� LQFOXGHG� DQ\� VWXGLHV��
UHYLHZ� DUWLFOHV� DQG� HGLWRULDOV� SXEOLVKHG� LQ�
(QJOLVK� EHWZHHQ� ����� WR� ������ 'XH� WR� WKH�
UHODWLYHO\�ODUJH�QXPEHU�RI �DUWLFOHV�SXEOLVKHG�RQ�
WKH�VXEMHFW��UHYLHZ�DUWLFOHV�WKDW�ZHUH�SXEOLVKHG�
LQ� ZHOO�HVWDEOLVKHG� MRXUQDOV� LQ� WKH� ÀHOG� ZHUH�
SULRULWLVHG�

',6&866,21

+LVWRU\
2[\FRGRQH�ZDV� V\QWKHVL]HG� IURP� WKHEDLQH� LQ�
�����DQG�DFKLHYHG�FOLQLFDO�DSSOLFDWLRQ�LQ�������,W�
ZDV�XVHG�LQ�PDQ\�SDUWV�RI �(XURSH�PDLQO\�IRU�
DFXWH� SDLQ�� DORQH� RU� LQ� FRPELQDWLRQ� ZLWK�
DFHWDPLQRSKHQ�DQG�SKHQDFHWLQ��.DOVR�������

2[\FRGRQH�LV�DOVR�RQH�RI �WKH�PRVW�DEXVHG�GUXJV�
ZRUOGZLGH�� 6LQFH� LWV� UHOHDVH� LQ� ������ LW� KDV�
SURYHQ� WR� EH� D� GUXJ� ZLWK� VLJQLÀFDQW� ULVN� RI �
GHSHQGHQFH� DQG� IDWDO� WR[LFLW\� LI � PLVXVHG�� ,Q�
������ R[\FRQWLQ� �RQH� RI � WKH� EUDQGV� RI �
R[\FRGRQH�� PDQXIDFWXUHUV�� 3XUGXH� )UHGHULF�
&RPSDQ\�,QF����DQ�DIÀOLDWH�RI �3XUGXH�3KDUPD���
SOHG� JXLOW\� WR� PLVOHDGLQJ� UHJXODWRUV� DQG�
SUHVFULEHUV�DERXW� WKH�ULVNV�RI �DGGLFWLRQ�DEXVH�
SRWHQWLDO�RI �WKLV�GUXJ��7KH�ODZ�VXLW�DURVH�GXH�WR�
WKH�LQFUHDVH�LQ�LQFLGHQFH�RI �R[\FRGRQH�UHODWHG�

GHDWKV�ZKHQ�WKHUH�ZDV�DQ�LQFUHDVH�LQ�SUHVFULSWLRQ�
DQG�VXSSO\�RI �R[\FRGRQH�DQG�RWKHU�UHODWHG�ODZ�
VXLWV�KDYH�EHHQ�ÀOHG�VLQFH�WKHQ���9DQ�=HH��������
:HEVWHU��������7KHUH�DUH�SUHVHQWO\�PRUH�GHDWKV�
GXH�WR�SUHVFULSWLRQ�RSLRLGV�WKDQ�GXH�WR�FRFDLQH��
KHURLQ�DQG�SV\FKR�VWLPXODQWV�FRPELQHG�DQG�WKLV�
DSSHDUV�WR�EH�DLGHG�E\�D�KLJK�VWUHHW�GHPDQG�IRU�
RSLRLGV��ZLWK�VWUHHW�YDOXH�IRU�D�VLQJOH�R[\FRGRQH�
WDEOHW�HVWLPDWHG�WR�EH�DERXW������3LOJULP�HW�DO���
������0RVW�RI �WKH�SUHVFULEHUV�RI �R[\FRGRQH�LQ�
WKH�86$�DUH�ORFDWHG�LQ�)ORULGD�DQG�WKHUH�KDV�EHHQ�
D�VWHDG\�LQFUHDVH�LQ�LWV�SUHVFULSWLRQ�DQG�VXSSO\�LQ�
WKDW� UHJLRQ�� 2[\FRGRQH� UHODWHG� GHDWKV� LQ� WKH�
UHJLRQ� EHWZHHQ� ����� DQG� ����� � LQFUHDVHG� E\�
������ZKLOH�GXULQJ�WKLV�VDPH�WLPH�IUDPH��WKHUH�
ZDV� D� GHFUHDVH� LQ� GHDWKV� DWWULEXWHG� WR� RWKHU�
SDLQNLOOHUV� VXFK� DV� PHWKDGRQH� ������ GHFUHDVH��
DQG�K\GURFRGRQH��������GHFUHDVH���7KHVH�ZHUH�
WKH� ÀQGLQJV� XSRQ� DXWRSV\� DQG� WR[LFRORJLFDO�
VFUHHQV� WR� GHWHUPLQH� WKH� FDXVH� RI � GHDWK� LQ�
DFFLGHQWDO� GHDWKV�� )LQGLQJV� ZHUH� FRPSDUHG� WR�
GDWD�IURP�SUHYLRXV�\HDUV�DQG�IURP�RWKHU�UHJLRQV�
LQ� WKH� 86$�� �2JOH� HW� DO��� ������ ,Q� ����� DORQH��
�������SHRSOH�GLHG�RI �GUXJ�RYHUGRVHV��ZLWK�RYHU�
�������RI �WKRVH�SHRSOH�G\LQJ�IURP�RSLRLG�GUXJV��
$�UHFHQW�FRPPXQLW\�IRUXP�OHG�E\�WKH�&OHYHODQG�
&OLQLF�FRQWUDVWHG�WKLV�\HDUO\�GHDWK�UDWH�ZLWK�WKH�
ORVV�RI ��������$PHULFDQ�OLYHV�LQ���\HDUV�RI �WKH�
9LHWQDP�:DU���9DGLYHOX�������

1RQ�PHGLFDO� SUHVFULSWLRQ� RSLRLG� XVH� LV�
SDUWLFXODUO\�SUREOHPDWLF�LQ�UXUDO�DUHDV�H[DPSOH�RI �
ZKLFK� DUH� VRPH�$PHULFDQ� DUHDV� HQFRPSDVVLQJ�
SRYHUW\�VWULFNHQ��HGXFDWLRQDOO\�OHVV�GHYHORSHG�DQG�
JHRJUDSKLFDOO\� PRXQWDLQRXV� $SSDODFKLDQ�
.HQWXFN\��9LUJLQLD�DQG�:HVW�9LUJLQLD�DQG�WKLV�LV�
ZKHUH�R[\FRGRQH�GHULYHV�LWV�RWKHU�QDPH�́ KLOOELOO\�
KHURLQµ���<RXQJ�HW�DO���������7XQQHOO��������

&ODVVLÀFDWLRQ�RI �2SLRLGV
2SLDWHV�DUH�WKH�QRQ�SHSWLGH�V\QWKHWLF�PRUSKLQH�
OLNH�GUXJV�ZKLOVW�WKH�WHUP�RSLRLG�LV�PRUH�JHQHULF��

7KH�3KDUPDFRORJLFDO�3URILOH��7KHUDSHXWLF�,PSRUWDQFH�DQG�/LPLWDWLRQV�ZLWK�WKH�8VH�RI �2[\FRGRQH��$�5HYLHZ� ��
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LQFOXGLQJ�DOO�VXEVWDQFHV�WKDW�KDYH�HIIHFWV�VLPLODU�
WR�PRUSKLQH�DQG�FDQ�EH�FODVVLÀHG�LQWR�IRXU�

¾ (QGRJHQRXV� RSLRLG� SHSWLGHV� �H�J��
HQGRUSKLQ�G\QRUSKLQ�DQG�HQNHSKDOLQ�

¾ 2SLRLG� DONDORLGV� VXFK� DV� PRUSKLQH�
SXULÀHG� IURP� WKH� SRSS\ � � 3DSDYHU�
VRPQLIHUXP�

¾ 6HPL� V\QWKHWLF� RSLRLGV� VXFK� DV� KHURLQ�
ZKLFK� KDYH� PRGLÀFDWLRQV� WR� WKH� EDVLF�
PRUSKLQH� VWUXFWXUH� LQ� WKLV� FDVH��
GLDFHW\ODWLRQ�

¾ 6\QWKHWLF� GHULYDWLYHV� ZLWK� VWUXFWXUH�
XQUHODWHG�WR�PRUSKLQH
([DPSOHV� DUH�� 7KH� SKHQ\OSLSHULGLQH�

VHULHV�H�J��)HQWDQ\O
7KH� 0HWKDGRQH� VHULHV� H�J��
0HWKDGRQH
7KH�%HQ]RPRUSKDQ�VHULHV�H�J��
3HQWD]RFLQH�
6HPL�V\QWKHW LF � WKHED LQH�
GHULYDWLYHV� H�J�� R[\FRGRQH���
�$GDSWHG�IURP�0F'RQDOG�DQG�
/DPEHUW�������

6RXUFHV�RI �2[\FRGRQH�
3KHQDQWUHQHV�DQG�%HQ]\O�LVRTXLQROLQHV�PDNH�XS�
WKH� WZR� DONDORLG� FKHPLFDO� FODVVHV� RI � 2SLXP��
7KHEDLQH�� D� SKHQDQWUHQH� DONDORLG�� LV� SUHVHQW� LQ�
����RI �WKH�RSLXP�GHULYHG�IURP�3DSDYHU�EUDFWHDWXP�
ZKLFK� LV�PRUSKLQH�IUHH�� ,W� LV� DOVR� SUHVHQW� WR� D�
OHVVHU� H[WHQW� ����������� LQ� 3DSDYHU� VRPQLIHUXP�
ZKLFK�FRQWDLQV�PRUSKLQH��:KLOH�WKHEDLQH�LV�WKH�
SUHFXUVRU�RI �R[\FRGRQH��LW�LV�YHU\�WR[LF�DQG�ODFNV�
DQDOJHVLF� SURSHUWLHV�� �0F'RQDOG� DQG� /DPEHUW��
�����

6WUXFWXUH�RI �2[\FRGRQH
7KH�R[\FRGRQH�PROHFXOH�FRQVLVWV�RI �IRXU�ULQJV�
�WZR�SODQDU�DQG�WZR�DOLSKDWLF���,WV�EDVLF�FKHPLFDO�
IRUPXOD�LV���GHR[\�������GLK\GUR�������2�PHWK\O�
��R[RPRUSKLQH�DQG�GLIIHUV�IURP�PRUSKLQH�E\�D�
GHK\GUR[\ODWHG��WK�FDUERQ�DWRP���)LJXUH����

)LJXUH����&KHPLFDO�VWUXFWXUDO�FRPSDULVRQ�RI �R[\FRGRQH�DQG�PRUSKLQH��2UGRQH]�HW�DO���������

7KH�3KDUPDFRORJLFDO�3URILOH��7KHUDSHXWLF�,PSRUWDQFH�DQG�/LPLWDWLRQV�ZLWK�WKH�8VH�RI �2[\FRGRQH��$�5HYLHZ���
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3KDUPDFRNLQHWLFV�RI �2[\FRGRQH
2[\FRGRQH� LV� DYDLODEOH� LQ� VHYHUDO� GLIIHUHQW�
SUHSDUDWLRQV�IRU�RUDO�LPPHGLDWH��RUDO�H[WHQGHG��
FRQWUROOHG�UHOHDVH�DQG�LQWUDYHQRXV�XVH��2QVHW�RI �
DFWLRQ� ZLWK� SDLQ� UHOLHI � LV� UDSLG�� DV� WKH� HIIHFW�
RFFXUV� DV� HDUO\� DV� ��� PLQXWHV�� DQG� SHDNV� DW�
DSSUR[LPDWHO\� RQH� KRXU� IROORZLQJ� RUDO�
DGPLQLVWUDWLRQ�� 3HDN� 2[\FRGRQH� SODVPD�
FRQFHQWUDWLRQV�ZHUH�QRWHG�DW�EHWZHHQ�����KRXUV�
DQG���KRXUV�DIWHU�DGPLQLVWUDWLRQ�GHSHQGLQJ�RQ�
WKH�W\SH�RI �SUHSDUDWLRQ�

2[\FRGRQH� KDV� DQ� DSSDUHQWO\� KLJKHU�
ELRDYDLODELOLW\� WKDQ� PRUSKLQH� GXH� WR� WKH� ��
PHWKR[\� VXEVWLWXHQW� WKDW� SUHYHQWV� VLJQLILFDQW�
ILUVW� SDVV� PHWDEROLVP�� 7KLV� LV� UHSRUWHG� DW�
EHWZHHQ�����DQG���������5LOH\�HW�DO��������

2[\FRGRQH � L V � ���� SURWH LQ � ERXQG � �
SUHGRPLQDQWO\� WR� DOEXPLQ� DQG� LV� H[WHQVLYHO\�
GLVWULEXWHG�LQWR�WLVVXHV�LQFOXGLQJ�VNHOHWDO�PXVFOH��
OLYHU��LQWHVWLQDO�WUDFW��OXQJV��VSOHHQ�DQG�EUDLQ��7KH�
DSSDUHQW�YROXPH�RI �GLVWULEXWLRQ�RI �R[\FRGRQH�
LV� ���� �� ���� /�.J� IROORZLQJ� LQWUDYHQRXV�

DGPLQLVWUDWLRQ�� 2[\FRGRQH� KDV� UHODWLYHO\� ORZ�
OLSLG� VROXELOLW\� DQG� WKXV� LV� QRW� VXLWDEOH� IRU�
VXEOLQJXDO�DGPLQLVWUDWLRQ���/XJR�HW�DO��������

7KH�PDMRU�PHWDEROLF�SDWKZD\�RI �R[\FRGRQH�LQ�
PDQ� LV� E\�1�GHPHWK\ODWLRQ�ZKLFK� OHDGV� WR� WKH�
IRUPDWLRQ� RI � QRUR[\FRGRQH�� 2[\FRGRQH� DQG�
RFFDVLRQDO O\ � QRUR[\FRGRQH� LV � IXU WKHU�
PHWDERO L]HG� WR� QRUR[\PRUSKRQH� DQG�
R[\PRUSKRQH�PRVW� OLNHO\� E\�2�GHPHWK\ODWLRQ��
2[\PRUSKRQH� DQG� QRU[\PRUSKRQH� DUH� DFWLYH�
PHWDEROLWHV�����EXW�DV�WKHLU�SODVPD�FRQFHQWUDWLRQV�
DUH� VLJQLILFDQWO\� ORZHU� WKDQ� WKDW� RI � WKH� SDUHQW�
FRPSRXQG�� R[\FRGRQH�� WKH\� SUREDEO\� GR� QRW�
FRQWULEXWH�PDUNHGO\�WR�WKH�DQDOJHVLF�HIIHFWV��/HVV�
WKDQ�����RI �R[\FRGRQH�DOVR�JHWV�EURNHQ�GRZQ�WR�
R[\FRGRO� YLD� ��NHWR� UHGXFWLRQ�� �/RIGGDO� HW� DO���
�����

1�GHPHWK\ODWLRQ� LV� FDUULHG� RXW� E\� &<3�$����
ZKLOH� 2�GHPHWK\ODWLRQ� LV� FDUULHG� RXW� E\�
&<3�'��� 7KH� JHQHWLF� SRO\PRUSKLVPV� RI �
&<3�'��FDXVHV�LQWHU�LQGLYLGXDO�DQG�LQWHUHWKQLF�
YDULDELOLW\�LQ�WKH�UDWH�RI �PHWDEROLVP�JLYLQJ�ULVH�WR�
SRRU�� LQWHUPHGLDWH�� H[WHQVLYH� DQG� XOWUD�UDSLG�
PHWDEROL]HUV���.RNNL�HW�DO��������

7KH�3KDUPDFRORJLFDO�3URILOH��7KHUDSHXWLF�,PSRUWDQFH�DQG�/LPLWDWLRQV�ZLWK�WKH�8VH�RI �2[\FRGRQH��$�5HYLHZ� ��
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3KDUPDFRG\QDPLFV�RI �2[\FRGRQH
$OWKRXJK� WKH� PDMRU� RSLRLG� UHFHSWRUV� DUH� *��
SURWHLQ�FRXSOHG�DQG�DV�VXFK�VLPLODU�LQ�VWUXFWXUH�
DQG� IXQFWLRQ�� ELQGLQJ� DIILQLW\� SURILOHV� DQG�
LQWULQVLF�HIILFDF\�H[KLELWHG�ZLWK�GLIIHUHQW�OLJDQGV�

FOHDUO\�GLVWLQJXLVK�WKHP�

7\SHV�RI �RSLRLG�UHFHSWRUV
7KH�RSLRLG�UHFHSWRU�IDPLO\� LQFOXGHV�0X�RSLRLG�
UHFHSWRUV��025���'HOWD�RSLRLG�UHFHSWRUV��'25���

)LJXUH����0HWDEROLVP�RI �2[\FRGRQH��.RNNL�HW�DO��������

7KH�3KDUPDFRORJLFDO�3URILOH��7KHUDSHXWLF�,PSRUWDQFH�DQG�/LPLWDWLRQV�ZLWK�WKH�8VH�RI �2[\FRGRQH��$�5HYLHZ���
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.DSSD� RSLRLG� UHFHSWRUV� �.25�� DQG� 25/�
UHFHSWRUV��7KH\�DUH�HQFRGHG�E\�2SUP���2SUG���
2SUN��DQG�SURQRFLFHSWLQ�SUHSURRUSKDQLQ�)4�
JHQHV� UHVSHFWLYHO\� EXW� DOO� KDYH� DSSUR[LPDWHO\�
����DPLQR�DFLG�VHTXHQFH�KRPRORJ\�ZLWK�HDFK�
RWKHU��$�QXPEHU�RI �VXEW\SHV�DUH�DOVR�NQRZQ�WR�
H[LVW� VXFK� DV� 025 �� 025 � '25� '25� � � ��� ��� � �

.25 .25 DQG�.25 �DQG�ZHUH�VXJJHVWHG�RQ���� ��� �

WKH� EDVLV� RI � LQYLWUR� DQG� LQYLYR�SKDUPDFRORJLFDO�
VWXGLHV�� 6RPH� WHFKQLTXHV� KDYH� EHHQ� DQG� DUH�
EHLQJ� HPSOR\HG� WR� GHILQH� WKH� VWUXFWXUH� DQG�
PHFKDQLVPV�RI �WKH�RSLRLG�UHFHSWRUV� LQFOXGLQJ�
DJRQLVW� GLUHFWHG� VLJQDOOLQJ� DW� WKH� GLIIHUHQW�
UHFHSWRUV� DQG� IOXRUHVFHQFH� UHFRYHU\� DIWHU�
SKRWREOHDFKLQJ��)5$3����/RPEHUN�HW�DO��������
7KH� SURWRW\SH� DJRQLVW� DW� 025� LV� PRUSKLQH�
ZKLOH� WKDW� RI �.25� LV� NHWRF\FOD]RFLQH�� 7KHVH�
DJRQLVWV� ZHUH� XVHG� WR� GHILQH� WKHLU� UHVSHFWLYH�
UHFHSWRUV�� 7KH� GHOWD� UHFHSWRU� ZDV� GHILQHG� E\�
FRPSDULQJ� WKH� DFWLYLW\� RI � HQGRJHQRXV� RSLRLG�
SHSWLGHV� DQG� RSLDWH� OLJDQGV� DFURVV� YDULRXV�
V\VWHPV�ZKLOH�QRFLFHSWLQ�RUSKDQLQ�LV�WKH�OLJDQG�
DW� WKH� 25/� UHFHSWRU�� 7KHLU� ORFDWLRQ� DQG�
IXQFWLRQ�DSSHDUV�WR�YDU\�DV�GR�WKHLU�OLJDQGV��,Q�
IDFW � � 25/� UHFHSWRU� SOD\V� D� UROH� LQ�
DQWLQRFLFHSWLRQ�� �0DF'RQDOG� DQG� /DPEHUW��
������%DLXOD�HW�DO��������

$OO�UHFHSWRUV�DSSHDU�WR�KDYH�D�KLJK�DIILQLW\�IRU�
WKH� RSLRLG� UHFHSWRU� DQWDJRQLVW�� 1DOR[RQH��

)XUWKHU� VWXGLHV� KDYH� DOVR� VXJJHVWHG� 025��

VXEW\SH�DQWDJRQLVW��QDOR[RQD]LQH���&KDLMDOH��HW�DO���

2SLRLG�UHFHSWRU�VLJQDOOLQJ�DQG�EHKDYLRXU
$OO� IRXU� RSLRLG� UHFHSWRUV� DUH� FRXSOHG� WR�
KHWHURWULPHULF� �*ơƢ� �� LQKLELWRU\� *� SURWHLQV�
*�* ��DV�VHHQ�LQ���)ROORZLQJ�OLJDQG�ELQGLQJ��WKH�L �

*�SURWHLQ�GLVVRFLDWHV�LQWR�VXEXQLWV�DQG�LQLWLDWHV�D�
FDVFDGH� RI � HYHQWV� HQGLQJ� LQ� LQWHUDFWLRQ� ZLWK�
LQZDUG�UHFWLI\LQJ�SRWDVVLXP�FKDQQHOV��NLU���DQG�
LQKLELWLRQ� RI � DGHQ\O\O� F\FODVH� DFWLYLW\� ZLWK� D�
GHFUHDVH� LQ� F\FOLF� DGHQRVLQH� PRQRSKRVSKDWH�
�F$03��DQG�SURWHLQ�NLQDVH�$��3.$��ZKLOH�WKHUH�
LV�DQ�LQFUHDVH�LQ�PLWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVH�
�0$3.�� SKRVSKRU\ODWLRQ�� 7KHUH� LV� DOVR� D�
UHGXFWLRQ�LQ�YROWDJH�DFWLYDWHG�RSHQLQJ�RI �FDOFLXP�
LRQ�FKDQQHOV��,QWHUDFWLRQ�ZLWK�WKHVH�LRQ�FKDQQHOV�
FDXVHV� FHOOXODU� K\SHUSRODUL]DWLRQ� DQG� LQKLELWLRQ�
RI �WRQLF�QHXUDO�DFWLYLW\���&RVWDQWLQR�HW�DO���������$O�
+DVDQL�DQG�%UXFKDV��������6WXGLHV�KDYH�VKRZQ�
WKDW� DOO� RSLRLG� UHFHSWRU� VXEW\SHV� PD\� FRPH�
WRJHWKHU� WR� IRUP� KRPRPHULF� RU� KHWHURPHULF�
FRPSOH[HV�����7KHVH�FRPSOH[HV�DSSHDU�WR�VKRZ�D�
XQLTXH�SKDUPDFRORJLFDO�SURILOH�GLVWLQFW�IURP�WKDW�
RI � LQGLYLGXDO� UHFHSWRUV�� 7KHUH� LV� DOVR� HYLGHQFH�
WKDW� FRPSOH[HV� PD\� DOVR� EH� IRUPHG� EHWZHHQ�
VRPH� RSLDWH� UHFHSWRUV� DQG� FDQQDELQRLG� RU� ơ��
DGUHQHUJLF�UHFHSWRUV�RU�HYHQ�SURWHLQV�VXFK�DV�Ƣ�
DUUHVWLQ� �� DW� WKH� OHYHO� RI � GHVHQVLWL]DWLRQ��
�&RVWDQWLQR�HW�DO���������
�
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(IIHFWV�RI �2[\FRGRQH�DQG�WKH�&RQWURYHUV\�
6XUURXQGLQJ�LWV�0HFKDQLVP�RI �$FWLRQ
7KH�EHQHILFLDO�DQG�DGYHUVH�HIIHFWV�RI �R[\FRGRQH�
LQ� SDUW�� FRQWULEXWH� WR� WKH� FRQWURYHUV\�
VXUURXQGLQJ� LWV� PHFKDQLVP� RI � DFWLRQ�� 6RPH�
DXWKRUV�VXJJHVW�WKDW�EDVHG�RQ�WKH�PHFKDQLVP�RI �
LWV� HIIHFWV�� R[\FRGRQH� LV� SULPDULO\� D� .25�
DJRQLVW�ZLWK�RQO\�D�OLWWOH�DIILQLW\�IRU�WKH�025��
�2UGRQH]� HW� DO��� ������ ZKLOH� RWKHUV� MRLQ� WKH�
VFKRRO�RI �WKRXJKW�WKDW�R[\FRGRQH�LV�DQ�025�
DJRQLVW�SULPDULO\��

3DLQ
7KH�PRVW�YLWDO�HIIHFW�RI �WKH�RSLRLG�IDPLO\�LV�RQ�
SDLQ�FRQWURO�DQG�DV�VXFK�WKH\�DUH�WKH�PDLQVWD\�RI �
WUHDWPHQW�IRU�PRGHUDWH�WR�VHYHUH�SRVWRSHUDWLYH�
SDLQ� DV� ZHOO� DV� RWKHU� W\SHV� RI � SDLQ�� 3DLQ� LV�
GHILQHG�DV�DQ�XQSOHDVDQW�VHQVRU\�RU�HPRWLRQDO�
H[SHULHQFH� DVVRFLDWHG� ZLWK� DFWXDO� RU� SRWHQWLDO�
WLVVXH�GDPDJH���7HUPDQ�DQG�%RQLFD��������3DLQ�
PD\� DOVR� EH� FODVVLILHG� DV� SK\VLRORJLFDO� RU�
SDWKRORJLFDO�� 3K\VLRORJLFDO� SDLQ� RFFXUV� LQ� WKH�
DEVHQFH� RI � DFWXDO� WLVVXH� RU� QHUYH� GDPDJH��
VHUYLQJ�DV�D�ZDUQLQJ�VLJQ�IRU�LPSHQGLQJ�LQMXU\��
([DPSOHV�LQFOXGH�PXVFOH�FUDPS�DQG�DEGRPLQDO�
FROLF�� ,Q� SDWKRORJLFDO� SDLQ�� WLVVXH� RU� QHUYH�
GDPDJH�RFFXUV���/LX�DQG�.HOOLKHU�������
3DLQ�FDQ�EH�DFXWH�RU�SHUVLVWHQW�DQG�LW�LV�LQ�WKH�
ODWWHU� WKDW� RSLRLGV� ILQG� WKH� PRVW� VLJQLILFDQFH��
3HUVLVWHQW�SDLQ�LV�FODVVLILHG�LQWR�QRFLFHSWLYH�SDLQ�
�VXFK�DV�SRVW�RSHUDWLYH�RU�FKURQLF�LQIODPPDWRU\�
SDLQ��RU�QHXURSDWKLF�SDLQ�ZKLFK�LV�D�G\VIXQFWLRQ�
RI �WKH�QHUYRXV�V\VWHP�FDXVLQJ�SDLQ�SHUFHSWLRQ�
LQ�WKH�DEVHQFH�RI �WLVVXH�LQMXU\��VXFK�DV�SKDQWRP�
OLPE� SDLQ� DQG� SRVW�VWURNH� SDLQ��� :KLOH�
QRFLFHSWLYH� SDLQ� UHDGLO\� UHVSRQGV� WR� RSLRLGV��
QHXURSDWKLF�SDLQ�GRHV�QRW��1RFLFHSWRUV�DUH�SDLQ�
UHFHSWRUV� WKDW� DUH� ORFDWHG� LQ� WKH� GRUVDO� URRW�
JDQJOLD� DQG� WULJHPLQDO� JDQJOLD�� 7KH\� UHFHLYH�
VHQVRU\�LQIRUPDWLRQ�IURP�WKH�SHULSKHUDO�WLVVXHV�
DQG�WUDQVPLW�WKHVH�VLJQDOV�WR�WKH�KLJKHU�FHQWUHV�
YLD� WKH� SHULSKHUDO� DQG� FHQWUDO� EUDQFKHV�
UHVSHFWLYHO\��7KH�VRXUFH�RI �VHQVRU\�LQIRUPDWLRQ�

LV� XVXDOO\� IURP� UHOHDVH� RI � QHXURWUDQVPLWWHUV�
IROORZLQJ�WLVVXH�GDPDJH��7KHUH�DUH�WZR�W\SHV�RI �
QRFLFHSWRUV�� SHSWLGHUJLF� QRFLFHSWRUV� ZKLFK�
H[SUHVV�QHXURSHSWLGHV�DQG�WHUPLQDWH�LQ�WKH�PRVW�
VXSHUILFLDO� ODPLQDH�RI �WKH�GRUVDO�KRUQ�WDUJHWLQJ�
ODPLQD�,�SURMHFWLRQ�QHXURQV�DQG�LQWHUQHXURQV�RI �
RXWHU�ODPLQD�,,��DQG�QRQ�SHSWLGHUJLF�QRFLFHSWRUV�
ZKLFK� WDUJHW� LQWHUQHXURQV� RI � LQQHU� ODPLQD� ,,��
7KHVH�DUH�LPSRUWDQW�LQ�QRFLFHSWLRQ�DQG�FRPSOH[�
LQWHUDFWLRQV� EHWZHHQ� H[FLWDWRU\� DQG� LQKLELWRU\�
SDUWV�RI � WKH�SDLQ�SDWKZD\�RFFXU�� �=KDQJ�HW�DO���
������7LVVXH�LQMXU\�HYRNHG�K\SHUDOJHVLD�HYROYHV�
LQ� WZR� GLVWLQFWLYH� IRUPV�� )LUVW� LV� SULPDU\�
K\SHUDOJHVLD�ZKLFK�LV�FKDUDFWHULVHG�E\�HQKDQFHG�
QRFLFHSWRU�H[FLWDELOLW\�ZLWKLQ�WKH�GDPDJHG�]RQH�
DQG�FDXVHG�E\�DFFXPXODWLRQ�RI �SUR�LQIODPPDWRU\�
PHGLDWRUV�� 6HFRQGDU\� K\SHUDOJHVLD� GHYHORSV�
PRUH�VORZO\�DURXQG�WKH�]RQH�RI �LQMXU\�DQG�LV�GXH�
WR� FHQWUDO� VHQVLWL]DWLRQ� ZKLFK� LV� QHXURQDO�
VHQVLWL]DWLRQ�DW�WKH�VSLQDO�FRUG�OHYHO��6HFRQGDU\�
K\SHUDOJHVLD�JLYHV�ULVH�WR�UHIHUUHG�SDLQ�LQ�YLVFHUDO�
LQIODPPDWLRQ�� �7UHHGH� DQG�0DJHUL�� ������%RWK�
WKHVH� IRUPV� RI � K\SHUDOJHVLD� LQYROYH� DVFHQGLQJ�
DQG� GHVFHQGLQJ� WUDFWV�� ��� 7KH� DVFHQGLQJ� WUDFWV�
FRQWDLQ� VHFRQG�RUGHU�QHXURQV�ZKLFK�DVFHQG� WR�
KLJKHU�FHQWUHV�YLD�WKH�FRQWUDODWHUDO�VSLQRWKDODPLF�
DQG�VSLQRUHWLFXODU�WUDFWV��ZKLFK�DUH�ORFDWHG�LQ�WKH�
DQWHURODWHUDO�ZKLWH�PDWWHU�RI �WKH�VSLQDO�FRUG�DQG�
WHUPLQDWH� LQ� WKH� SULPDU\� DQG� VHFRQGDU\�
VRPDWRVHQVRU\� FRUWLFHV�� WKH� LQVXOD� DQG� WKH�
DQWHULRU� FLQJXODWH� FRUWH[� DQG� WKH� SUHIURQWDO�
FRUWH[��,QIRUPDWLRQ�WUDYHOOLQJ�DORQJ�WKLV�WUDFW�JHWV�
SURFHVVHG� LQ� WKH� WKDODPXV�� �/LX� DQG� .HOOLKHU��
������7KH�GHVFHQGLQJ�SDWKZD\V�DUH�UHVSRQVLEOH�
IRU� PRGXODWLQJ� SDLQ� DQG� DUH� LQKLELWRU\�� 7KH\�
LQYROYH� WKH� SHUL� DTXHGXFWDO� JUD\� �3$*�� ZKLFK�
UHFHLYHV�LQSXW�IURP�WKH�WKDODPXV��K\SRWKDODPXV�
DQG� FRUWH[� DQG� DOVR� FROODWHUDOV� IURP� WKH�
VSLQRWKDODPLF� WUDFW��025�LV�IRXQG�PDLQO\�SUH�
V\QDSWLFDOO\�LQ�WKH�SHULDTXHGXFWDO�JUD\�DQG�LQ�WKH�
VXSHUILFLDO�GRUVDO�KRUQ�RI �WKH�VSLQDO�FRUG��7KH\�
DUH�DOVR�ORFDWHG�LQ�H[WHUQDO�SOH[LIRUP�OD\HU�RI �WKH�
ROIDFWRU\�EXOE��WKH�QXFOHXV�DFFXPEHQV�LQ�VHYHUDO�
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OD\HUV�RI �WKH�FHUHEUDO�FRUWH[�DQG�LQ�VRPH�RI �WKH�
QXFOHL�RI �WKH�DP\JGDOD�DV�ZHOO�DV�WKH�QXFOHXV�RI �
WKH� VROLWDU\� WUDFW�� �/LX� DQG� .HOOLKHU�� ������
0F'RQDOG� DQG� /DPEHUW�� ������ 7KH� 3$*�
QHXURQV� H[FLWH� FHOOV� LQ� WKH� 1XFOHXV� 5DSKH�
0DJQXV��150��WKDW�LQ�WXUQ�SURMHFWV�GRZQ�WR�WKH�
VSLQDO�FRUG�WR�LQKLELW�SDLQ�WUDQVPLVVLRQ�E\�WKH�
GRUVDO�KRUQ�FHOOV��150�FHOO�ERGLHV�V\QDSVH�RQ�
FHOOV�LQ�ODPLQD�,,�DQG�,,,�DQG�VWLPXODWLRQ�RI �WKLV�
UHJLRQ� SURGXFHV� D� SRZHUIXO� DQDOJHVLD� E\�
DFWLYDWLRQ� RI � LQKLELWRU\� LQWHUQHXURQV�� �6WHHGV��
������.25� ORFDOL]HV� WR� WKH� OLPELF� DQG� RWKHU�
GLHQFHSKDOLF�DUHDV��EUDLQ�VWHP�DQG�VSLQDO�FRUG�
DQG�KDV�EHHQ�LPSOLFDWHG�LQ�VSLQDO��VXSUD�VSLQDO�

DQG� SHULSKHUDO� DQDOJHVLD�� 7KH� '25� DUH� IRXQG�
SULPDULO\� LQ� WKH� EUDLQ� DQG� SDUWLFLSDWH� LQ� VXSUD�
VSLQDO�DQG�VSLQDO�DQDOJHVLD���/RPEHUN�HW�DO��������

8QGHU�SK\VLRORJLFDO�FRQGLWLRQV��RSLRLG�UHFHSWRUV�
DUH�WUDQVSRUWHG�IURP�SULPDU\�DIIHUHQW�QHXURQDO�
FHOO�ERGLHV�WR�FHQWUDO�VSLQDO�WHUPLQDOV��&HOO�ERGLHV�
RI � WKH� '5*� QHXURQV� H[SUHVV� P51$� DQG�
SURWHLQV� RI � RSLRLG� UHFHSWRUV� ZKLFK� DUH� DOVR�
VXEVHTXHQWO\� WUDQVSRUWHG� WR� WKH� VPDOO�PHGLXP�
DQG� ODUJH� GLDPHWHU� SHULSKHUDO� QHUYH� WHUPLQDOV��
7LVVXH�LQMXU\�LQGXFHV�WKLV�SURFHVV�HYHQ�PRUH�VR��
7KHVH�RSLRLG�UHFHSWRUV�PHGLDWH�DQWL�K\SHUDOJHVLD�
E\�RSLRLG�DJRQLVW�ELQGLQJ���6WHLQ�DQG�/DQJ�������

)LJXUH����7KH�SDLQ�SDWKZD\�DQG�WKH�UROH�RI �RSLRLGV��$O�+DVDQL�DQG�%UXFKDV�������

0HFKDQLVP�RI �DFWLRQ
7KH� PHFKDQLVP� RI � DFWLRQ� RI � R[\FRGRQH� LQ�
DQDOJHVLD� LV� VWLOO� FRQWURYHUVLDO�� ,Q� RQH� VWXG\��
H[SHULPHQWDO� UDWV� ZLWK� FKURQLF� FRQVWULFWLRQ�

LQMXU\� RI � WKH� VFLDWLF� QHUYH� DQG� VWUHSWR]RWRFLQ�
LQGXFHG�GLDEHWHV�ZHUH�JLYHQ�HLWKHU�PRUSKLQH�RU�
R[\FRGRQH� LQWUDYHQRXVO\� RU� VXEFXWDQHRXVO\��
%HKDYLRXUDO� VWXGLHV�FRQÀUPHG�DQDOJHVLF�HIIHFWV�
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RI � R[\FRGRQH� DQG�PRUSKLQH� RQ� WHVW� DQLPDOV��
7KH� HIIHFWV� RI � R[\FRGRQH� KRZHYHU�� ZHUH�
DEROLVKHG�E\�WKH�VHOHFWLYH�.25�DQWDJRQLVW�QRU�
ELQDOWRUSKLPLQH� �QRU%1,��� ZKLOH� WKRVH� RI �
PRUSKLQH�ZHUH�QRW��7KLV�ZDV�DOVR�VXSSRUWHG�E\�
UDGLROLJDQG� ELQGLQJ� ZKLFK� IRXQG� SUHIHUHQWLDO�
ELQGLQJ� RI � R[\FRGRQH� WR� .25� VSHFLÀFDOO\�
.25 �RYHU�025�LQ�WKH�&16���5LOH\�HW�DO����������Ƣ

6LPLODU�VWXG\�E\�1LHOVRQ�HW�DO���LQ������DSSHDU�WR�
FRQÀUP� WKLV�� )ROORZLQJ� FKURQLF� FRQVWULFWLRQ�
LQMXU\� �&&,�� RI � WKH� VFLDWLF� QHUYH� LQ� UDWV�� WKH�
DQWLQRFLFHSWLYH� HIIHFWV� RI � LQWUDWKHFDO� �L�W���
R[\FRGRQH��EXW�QRW�LQWUDWKHFDO�PRUSKLQH��ZHUH�
DEROLVKHG� E\� QRU�%1,�� 7KH\� WKHUHIRUH�
FRQFOXGHG�WKDW�R[\FRGRQH�LV�DFWLYH�DW�.25�LQ�
FRQWUDVW� WR� PRUSKLQH�� .25� KDV� DOVR� EHHQ�
LPSOLFDWHG�LQ�DHWLRORJ\�RI �YLVFHUDO�SDLQ�LQ�DQLPDO�
PRGHOV�DV�PLFH� ODFNLQJ�.25�DUH� IRXQG� WR�EH�
PRUH�VXVFHSWLEOH� WR�YLVFHUDO� LQÁDPPDWLRQ�DQG�
KHQFH� YLVFHUDO� SDLQ�� )XUWKHUPRUH� IROORZLQJ�
DEGRPLQDO� LQÁDPPDWLRQ�� .25� VLJQDOOLQJ��
P51$�DQG�SURWHLQ�H[SUHVVLRQ�DUH�XS�UHJXODWHG�
VXJJHVWLQJ�WKDW�DJRQLVWV�ZLWK�VLJQLÀFDQW�HQRXJK�
DFWLYLW\�DW�.25�FDQ�FDXVH�VXIÀFLHQW�DQDOJHVLD�LQ�
SDWKRORJLF�FRQGLWLRQV�EXW�QRW�LQ�KHDOWK���+XJKHV�
HW� DO��� ������ 7KH� HIIHFW� RI � R[\FRGRQH� DQG�
PRUSKLQH�RQ�YLVFHUDO�SDLQ�ZDV�VWXGLHG�LQ�KXPDQ�
VXEMHFWV� ZKR� UHFHLYHG� PXOWLPRGDO� SDLQ�
VWLPXODWLRQ�WR�WKH�RHVRSKDJXV�LQ�RUGHU�WR�HOLFLW�
SDLQ�� ,W� ZDV� REVHUYHG� WKDW� R[\FRGRQH� ZDV�
VXSHULRU� WR� PRUSKLQH� LQ� LPSURYLQJ� SDLQ�
WKUHVKROG��WKRXJK�WKLV�FRXOG�QRW�EH�FDWHJRULFDOO\�
DWWULEXWHG�WR�.25���5LOH\�HW�DO���������$�IXUWKHU�
VWXG\�RQ�HIÀFDF\�RI �R[\FRGRQH�DQG�PRUSKLQH�LQ�
FKURQLF�SDQFUHDWLWLV�FRQFOXGHG�WKDW�R[\FRGRQH�
ZDV�D�PRUH�HIIHFWLYH�PRGH�RI �SDLQ�PDQDJHPHQW�
WKDQ�PRUSKLQH�� �6WDDKO� HW� DO��� ������ 7RJHWKHU��
WKHVH� VWXGLHV� SURYLGH� SUHVXPDEO\� VXIÀFLHQW�
HYLGHQFH�WKDW�R[\FRGRQH�LV�D�.25�DJRQLVW�DW�WKH�
YHU\�OHDVW�

,I �WKH�GDWD�WKDW�R[\FRGRQH�DFWV�E\�VWLPXODWLQJ�
.25� SULPDULO\� DSSHDUV� FRPSHOOLQJ�� WKH�

HYLGHQFH�WKDW�LW�LV�D�025�DJRQLVW�LV�HYHQ�PRUH�VR��
,Q�IDFW��PRVW�RI �WKH�HIIHFWV�RI �R[\FRGRQH�KDYH�
EHHQ� VXJJHVWHG� DV� EHLQJ� FDXVHG� E\� 025�
VWLPXODWLRQ��+RZHYHU��.RNNL�HW�DO����������RSLQHV�
WKDW� R[\FRGRQH� LV� D� 025� DJRQLVW� EXW� ZLWK�
FRPSDUDWLYHO\� VLJQLÀFDQW� ORZHU� ELQGLQJ� DIÀQLW\�
WKDQ�PRUSKLQH��,W�DOVR�KDV�DIÀQLW\�IRU�WKH�.25�
DQG�'25�EXW�FRPSDUDWLYHO\�ORZHU�WKDQ�WKDW�IRU�
WKH�025��1R]DNL�DQG�.DPHL��������DJUHHG�ZLWK�
WKLV�VXJJHVWLRQ�DW�OHDVW�LQ�SDUW�E\�H[SHULPHQWV�RQ�
QRUPDO�PLFH�DQG�PLFH�ZLWK�VWUHSWR]RFLQ�LQGXFHG�
GLDEHWHV�PHOOLWXV��'LIIHUHQW�JURXSV�RI �ERWK�VHWV�
RI � PLFH� ZHUH� SUH�WUHDWHG� ZLWK� QRU%1,� �.25�
VHOHFWLYH� DQWDJRQLVW��� Ƣ�IXQDOWUH[DPLQH� DQG�
QDOR[RQD]LQH� �VHOHFWLYH�025� DQWDJRQLVW��� WKHQ�
DGPLQLVWHUHG� R[\FRGRQH�� %HKDYLRXUDO� DQDO\VHV�
ZHUH�WKHQ�FDUULHG�RXW�WR�DVVHVV�WKH�HIIHFWV�RI �DOO�
WKH�GUXJV�RQ�SDLQ�WKUHVKROG��,W�ZDV�IRXQG�WKDW�WKH�
DQDOJHVLF� HIIHFWV� RI � R[\FRGRQH�ZHUH� DEROLVKHG�
FRPSOHWHO\�E\�QDOR[RQD]LQH��DWWHQXDWHG�WR�D�OHVVHU�
H[WHQW� E\� � � Ƣ�IXQDOWUH[DPLQH� DQG� SDUWLDOO\� EXW�
VLJQLÀFDQWO\� E\� QRU%1,�� ,W� ZDV� WKHUHIRUH�
FRQFOXGHG� WKDW� R[\FRGRQH� SURGXFHV� LWV�
DQWLQRFLFHSWLYH�HIIHFWV�SULPDULO\�WKURXJK�025 ���
DQG� WR� D� OHVVHU� H[WHQW� WKURXJK�.25�DQG�RWKHU�
025�VXEW\SHV�

&RQVWLSDWLRQ�� D� FRPPRQ� VLGH� HIIHFW� RI �
R[\FRGRQH� FKDUDFWHULVHG� E\� LQKLELWLRQ� RI �
SURSXOVLRQ� LQ� WKH� *,7�� DSSHDUV� WR� EH� D� GLUHFW�
FRQVHTXHQFH�RI �025�DFWLYDWLRQ��$KPHG]DL�HW�DO���
������� FOLQLFDOO\� SURYHG� WKLV� E\� FDUU\LQJ� RXW� D�
VWXG\�RQ�SDWLHQWV�ZLWK�PRGHUDWH�WR�VHYHUH�FDQFHU�
SDLQ��3DWLHQWV�ZHUH�VZLWFKHG�IURP�RWKHU�RSLRLGV�
WR�HLWKHU�R[\FRGRQH�DORQH�RU�D�FRPELQDWLRQ�RI �
R[\FRGRQH�DQG�QDOR[RQH��7KH�SDWLHQWV�VZLWFKHG�
WR�WKH�FRPELQDWLRQ�WKHUDS\�H[SHULHQFHG�FOLQLFDOO\�
UHOHYDQW�DQG�VWDWLVWLFDOO\�VLJQLÀFDQW�LPSURYHPHQW�
LQ�FRQVWLSDWLRQ�FRPSDUHG�WR�WKRVH�RQ�R[\FRGRQH�
DORQH��)XUWKHUPRUH��'HOJDGR�$URV�HW�DO����������
FRPSDUHG�WKH�HIIHFWV�RI �VHOHFWLYH�.25�DJRQLVW�
$VLPDGROLQH�DQG�D�SODFHER�RQ�YLVFHUDO�VHQVDWLRQ�
DQG�JDVWURLQWHVWLQDO�PRWRU�IXQFWLRQV�LQ�KXPDQV�

7KH�3KDUPDFRORJLFDO�3URILOH��7KHUDSHXWLF�,PSRUWDQFH�DQG�/LPLWDWLRQV�ZLWK�WKH�8VH�RI �2[\FRGRQH��$�5HYLHZ� ��
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DQG�FRQFOXGHG�WKDW�LW�GLG�QRW�FDXVH�LQKLELWLRQ�RI �
JDVWURLQWHVWLQDO� UHÁH[HV� WKXV� UHGXFLQJ� WKH�
SRVVLELOLW\�WKDW�HIIHFWV�QRWHG�E\�$KPHG]DL�HW�DO���
������� FRXOG� KDYH� EHHQ� FDXVHG� E\� QDOR[RQH�
DQWDJRQLVP� DW�.25�� ,QYLWUR� SKDUPDFRORJLFDO�
WHFKQLTXHV�KDYH�DOVR�EHHQ�XVHG�WR�FRPSDUH�
WKH� PHFKDQLVP� RI � LQKLELWLRQ� LQ� FLUFXODU�
PXVFOH� DQG� ORQJLWXGLQDO� PXVFOH�� 3KH�&\V�
7\U�'�7US�$UJ�7KU�3HQ�7KU�1+ ��&7$3����

QDOWULQGROH��QRU%1,��'$0*2�>7\U�'�$OD�
*O\��1²0H�3KH�*O\�RO@� DQG� '$'/(� >G�

� �$OD �� G�/HX @�HQNHSKDOLQ� DFHWDWH� DPRQJVW�
RWKHUV�� ZKLFK� DUH� DOO� DQWDJRQLVWV� DQG�
DJRQLVWV�DW�025��'25�RU�.25�ZHUH�XVHG�
WR�GHÀQH�WKH�PHFKDQLVP�RI �LQKLELWLRQ�DQG�
WKH�FRQFOXVLRQ�ZDV�WKDW�025�DQG�QRW�.25�
PHGLDWHG� WKH� LQKLELWLRQ� RI � FRQWUDFWLRQ� LQ�
ORQJLWXGLQDO�PXVFOH���*UD\�HW�DO��������
7KH� UROH� RI � 025� LQ� RQVHW� RI � SK\VLFDO�
GHSHQGHQFH� ZDV� VWXGLHG� XVLQJ� NQRFNRXW�
PLFH� ZLWK� 025� JHQH� GHOHWLRQV� DQG�
VWUHQJWKHQV�WKH�FDVH�IRU�025�VWLPXODWLRQ�DV�
WKH� PHFKDQLVP� RI � DFWLRQ� RI � R[\FRGRQH��
7KH\�GLVSOD\HG�QR�H[SUHVVLRQ�RI �QDOR[RQH�
LQGXFHG� ZLWKGUDZDO� V\PSWRPV�� �1DULWD��
������ 6WLPXODWLRQ� RI � WKH� UHZDUG� SDWKZD\�
UHVXOWV�LQ�FUDYLQJ�ZKLFK�LV�WKH�SV\FKRORJLFDO�
FRPSRQHQW� RI � GHSHQGHQFH� DQG� WKLV� LV�
PHG LD WHG � E\ � 025� ORFD WHG � LQ � WKH�
PHVRFRUWLFROLPELF� SDWKZD\� RULJLQDWLQJ� LQ�
WKH� YHQWUDO� WHJPHQWDO� DUHD� �97$�� DQG�
SURMHFWLQJ� WR� WKH� QXFOHXV� DFFXPEHQV��
DP\JGDOD�DQG�SUHIURQWDO�FRUWH[��2[\FRGRQH�
DSSHDUV� WR� LQGXFH� GRSDPLQH� UHOHDVH�
LQGLUHFWO\� E\� GHFUHDVLQJ� *$%$�LQKLELWLRQ�
YLD�025�ORFDWHG�LQ�WKH�97D�ZKLFK�UHOHDVHV�
GRSDPLQH���7KLV�UHOHDVH�RI �GRSDPLQH�FDXVHV�
HXSKRULD� DQG� UHLQIRUFHPHQW� RI � GUXJ�
VHHNLQJ� EHKDYLRXUV�� 6WLPXODWLRQ� RI � .25�
KRZHYHU�� DSSHDUV� WR� LQKLELW� VWULDWDO�

GRSDPLQH� UHOHDVH�� �1DULWD��������%DOODQW\QH�
DQG� /D� )RUJH�� ������ (XSKRULD�� QDXVHD��
YRPLWLQJ�� SXSLO ODU\� FRQVWULFWLRQ� DQG�
UHVSLUDWRU\�GHSUHVVLRQ�ZKLFK�DUH�ORQJ�NQRZQ�
WR�EH�FDXVHG�E\�VWLPXODWLRQ�RI �025�DUH�PRUH�
FRPPRQO\�DVVRFLDWHG�ZLWK�2[\FRGRQH�XVH��
�(OGDODO�HW�DO���������

$OO� WRJHWKHU�� WKHVH� VWXGLHV� VXJJHVW� D�
SUHSRQGHUDQFH�RI �HYLGHQFH�IRU�R[\FRGRQH�DV�
D�025�DJRQLVW�� KRZHYHU��ZKHQ� FRQWUDVWHG�
ZLWK� HYLGHQFH� IRU� R[\FRGRQH� DV� D� .25�
DJRQLVW�ZKLFK�DSSHDUV�FRPSHOOLQJ�E\�LWVHOI��LW�
KLJKOLJKWV�WKH�FRQWURYHUV\�RQ�WKH�VXEMHFW�DQG�
MXVWLÀHV�WKH�QHHG�IRU�IXUWKHU�UHVHDUFK�LQ�WKH�
DUHD��2[\FRGRQH� UHPDLQV� D� GUXJ�SRRUO\� RU�
LQFRPSOHWHO\�VWXGLHG��XQLYHUVDOO\�DEXVHG�\HW�
FOLQLFDOO\� UHOHYDQW� DQG� DV� VXFK� H[WHQVLYH�
UHVHDUFK� RI � LWV� PHFKDQLVP� RI � DFWLRQ� LV�
QHFHVVDU\� WR� EHWWHU� LPSURYH� LWV� EHQHÀW�
SURÀOH�

2[\FRGRQH�DV�D�VXEVWDQFH�RI �DEXVH
2[\FRGRQH�LV�DSSURYHG�E\�WKH�86�)RRG�DQG�
'UXJ�$GPLQLVWUDWLRQ��)'$��DV�D�VFKHGXOH�,,�
QDUFRWLF�DQDOJHVLF�WKRXJK�LW�LV�QRW�FRPPRQO\�
SUHVFULEHG� LQ� 1LJHULD�� &RQVHTXHQWO\�� WKH�
RSLRLG� FULVLV� LQ� 1LJHULD� ZDV� PRUH� FHQWUHG�
DURXQG� FRGHLQH� DQG� WUDPDGRO�� �'XPELOL��
������(DFK�\HDU�KRZHYHU��SUHVFULSWLRQ�RSLRLG�
DEXVH� DQG� PLVXVH� UHVXOWV� LQ� DSSUR[LPDWHO\�
������� GHDWKV� DQG� �������� HPHUJHQF\�
GHSDUWPHQW�YLVLWV�DV�UHSRUWHG�LQ��2YHU��������
DGPLVVLRQV� WR� DGGLFWLRQ� WUHDWPHQW� IDFLOLWLHV�
IRU�SUHVFULSWLRQ�RSLRLG�DEXVH�RFFXU�DQQXDOO\��
3UHVFULSWLRQ� RSLRLG� DEXVHUV� LQFXU� PRUH�
KHDOWKFDUH�FRVWV�WKDQ�QRQ�DEXVHUV��DQG�IUDXG�
DVVRFLDWHG� ZLWK� SUHVFULSWLRQ� RSLRLGV� LV�
HVWLPDWHG� WR� FRVW�SXEOLF� DQG�SULYDWH�SD\HUV�
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DERXW�����ELOOLRQ�SHU�\HDU��,W�LV�HVWLPDWHG�WKDW�
QHDUO\� D� WKLUG�RI �SHRSOH�ZKR�DEXVH�GUXJV�
VWDUWHG�ZLWK�SUHVFULSWLRQ�RSLRLG�PHGLFLQHV��
7KLV� KDV� VHYHUHO\� OLPLWHG� WKH� XVH� RI �
R[\FRGRQH� LQ� KHDOWKFDUH�� �9DGLYHOX� HW� DO���
�����

&21&/86,21
,Q� FRQFOXVLRQ�� R[\FRGRQH� LV� D� SRWHQW�
DQDOJHVLF�WKDW�ZRUNV�SULPDULO\�E\�VWLPXODWLQJ�
RSLRLG� UHFHSWRUV�� 7KH� SDUWLFXODU� UHFHSWRUV�
VWLPXODWHG�LV�VWLOO�RI �VRPH�GLVSXWH�DV�PRGHUQ�
WHFKQRORJ\�LV�\HW�WR�EH�DSSOLHG�WR�UHVHDUFK�
WKH� PHFKDQLVP� RI � DFWLRQ� RI � WKH� GUXJ��
)XUWKHUPRUH�� WKH� XVH� RI � WKHVH� GUXJV� KDV�
RYHU�WLPH�EHHQ�VHYHUHO\�OLPLWHG�E\�WKH�KLJK�
DEXVH�SRWHQWLDO�DV�R[\FRGRQH�SOD\HG�D�PDMRU�
UROH� LQ� WKH� RSLRLG� FULVHV�� ,W� ZLOO� DOVR� EH�
EHQHÀFLDO�WR�UHVHDUFK�WKH�VSHFLÀF�UHFHSWRUV�
R[\FRGRQH�VWLPXODWHV�LQ�EULQJLQJ�DERXW�LWV�
HIIHFWV�DV�ZHOO�DV�WKH�UHODWLYH�DEXQGDQFH�RI �
GLIIHUHQW�RSLRLG�UHFHSWRUV�LQ�GLIIHUHQW�WLVVXH�

5()(5(1&(6
��� $KPHG]DL� 6+�� 1DXFN� )�� %DU�6HOD� *��

%RVVH� %�� /H\HQGHFNHU� 3�� +RSS� 0�� $�
UDQGRPL]HG� GRXEOH�EOLQG� DFWLYH�
FRQWUROOHG� GRXEOH�GXPP\� SDUDOOHO�
JURXS�VWXG\�WR�GHWHUPLQH�WKH�VDIHW\�DQG�
HIÀFDF\� RI � R[\FRGRQH�QDOR[RQH�
SURORQJHG�UHOHDVH� WDEOHWV� LQ� SDWLHQWV�
ZLWK� PRGHUDWH�VHYHUH� FKURQLF� FDQFHU�
SDLQ��3DOOLDWLYH�PHGLFLQH�����������������
����

��� $O�+DVDQL� 5�� %UXFKDV� 0�� 0ROHFXODU�
PHFKDQLVPV� RI � RSLRLG� UHFHSWRU�
GHSHQGHQW� VLJQDOLQJ� DQG� EHKDYLRU��
$QHVWKHVLRORJ\� ������ �������� �����
������

��� %DLXOD�0��%HGLQL�$��6SDPSLQDWR�60��5ROH�
R I � QRF L F H S W L Q�R U SKDQ LQ � )4� L Q�
WKHUPRUHJXODWLRQ�� 1HXURSHSWLGHV� ������
�����������

��� &KDLMDOH�11��$OR\R�9-��6LPDQVN\�.-��$�
QDOR[RQD]LQH� VHQVLWLYH� �Ƭ�� UHFHSWRU��
PHFKDQLVP� LQ� WKH� SDUDEUDFKLDO� QXFOHXV�
PRGXODWHV� HDWLQJ�� %UDLQ� UHVHDUFK� ������
������������������

��� &RVWDQWLQR�&��*RPHV�,��6WRFNWRQ�6��/LP�
0��'HYL�/��2SLRLG�UHFHSWRU�KHWHURPHUV�LQ�
DQDOJHVLD�� ([SHUW� UHYLHZV� LQ� PROHFXODU�
PHGLFLQH�����������H���

��� 'HOJDGR�$URV�6��=LQVPHLVWHU�$��&KLDO�+��
&DPLOOHUL�0��6]DUND�/��:HEHU�)��-DFRE�-��
)HUEHU�,��0F.LQ]LH�6��%XUWRQ�'��(IIHFWV�
RI �D�NDSSD�RSLRLG�DJRQLVW�DVLPDGROLQH�RQ�
VDWLDWLRQ� DQG� *,� PRWRU� DQG� VHQVRU\�
IXQFWLRQV� LQ� KXPDQV�� $PHULFDQ� MRXUQDO�
RI �SK\VLRORJ\�JDVWURLQWHVWLQDO� DQG�/LYHU�
SK\VLRORJ\���������������*����*����

��� 'XPELOL�(:��2GHLJDK�2:��3UHVFULSWLRQ�
2S LR LG V � DQG � 1HZ� 3V\FKRDF W LYH�
6XEVWDQFHV�8VH�LQ�1LJHULD��$�6\VWHPDWLF�
5HYLHZ�DQG�3ROLF\�,PSOLFDWLRQV�

��� (OGDODO�2��0RVD�)��2\HEDQML�2��0DKDMDQ�
$�� 2URV]L� 7�� 7KH� &RUUHODWLRQ� EHWZHHQ�
3KD UPDFR ORJ L F D O � 3D U DPHWH U V � R I �
2[\FRGRQH� DQG� 2SLRLG� (SLGHPLF��
-RXUQDO� RI �3KDUPDF\�	�3KDUPDFHXWLFDO�
6FLHQFHV�������������

��� *UD\� $&�� :KLWH� 3-� � &RXSDU� ,0��
&KDUDFWHULVDWLRQ� RI � RSLRLG� UHFHSWRUV�
LQYROYHG� LQ� PRGXODWLQJ� FLUFXODU� DQG�
ORQJLWXGLQDO�PXVFOH�FRQWUDFWLRQ�LQ�WKH�UDW�
LOHXP�� �%ULWLVK�MRXUQDO�RI �SKDUPDFRORJ\�
������������������������

����+XJKHV�3��&DVWUR�-��+DUULQJWRQ�$��,VDDFV�
1��0RUHWWD�0��+LFNV�*��8UVR�'��%ULHUOH\�
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6�� ,QFUHDVHG� NDSSD�RSLRLG� UHFHSWRU�
H[SUHVVLRQ�DQG�IXQFWLRQ�GXULQJ�FKURQLF�
YLVFHUDO� K\SHUVHQVLWLYLW\�� *XW� ������
������������������

����.DOVR� (��2[\FRGRQH�� -RXUQDO� RI � SDLQ�
DQG�V\PSWRP�PDQDJHPHQW�������������
6XSSOHPHQW��������

����.LHIIHU�%/��(YDQV�&-��2SLRLG�UHFHSWRUV��
)URP�ELQGLQJ�VLWHV�WR�YLVLEOH�PROHFXOHV�
LQ�YLYR�� �1HXURSKDUPDFRORJ\�����������
���������

����.RNN L � + � � .RNN L � 0 � � 6 M|YD O O � 6��
2[\FRGRQH� IRU� WKH� WUHDWPHQW� RI �
SRVWRSHUDWLYH� SDLQ��([SHUW� RSLQLRQ� RQ�
SKDUPDFRWKHUDS\� ������ ������� �����
������

����/LX�6��.HOOLKHU�/��3K\VLRORJ\�RI �SDLQ³D�
QDUUDWLYH�UHYLHZ�RQ�WKH�SDLQ�SDWKZD\�DQG�
LWV�DSSOLFDWLRQ�LQ�WKH�SDLQ�PDQDJHPHQW��
'LJHVWLYH� 0HGLFLQH� 5HVHDUFK� ������ ���
������

����/ | I G D O � .& 6 � � $ Q G H U V V R Q � 0/ ��
*XVWDIVVRQ� //�� &\WRFKURPH� 3����
0HGLDWHG� &KDQJHV� LQ� 2[\FRGRQH�
3KDUPDFRNLQHWLFV�3KDUPDFRG\QDPLFV�
DQG�7KHLU�&OLQLFDO� ,PSOLFDWLRQV��'UXJV�
���������������������

����/RPEHUN� *�� &UXFLDQL� 5�� 8UUXWLD� 5��
3ULPHUV�RQ�0ROHFXODU�3DWKZD\V�³�3DLQ�
DQG�2SLRLG�5HFHSWRUV�,��3DQFUHDWRORJ\�
���������������������

����/ X J R � 5 $ � � . H U Q � 6 ( � � 7 K H�
3KDUPDFRNLQHWLFV� RI � 2[\FRGRQH��
-RXUQDO� RI � 3DLQ� DQG� 3DOOLDWLYH� &DUH�
3KDUPDFRWKHUDS\���������������������

����0F'RQDOG� -�� � /DPEHUW� '*�� 2SLRLG�
PHFKDQ L VPV � DQG � RS LR LG � G U XJV��
$QDHVWKHVLD�	�,QWHQVLYH�&DUH�0HGLFLQH�
�������������������

����0F'RQDOG� -�� � /DPEHUW� '*�� 2SLRLG�
PHFK DQ L VPV � D QG � RS L R L G � G U X J V ��
$QDHVWKHVLD�	� ,QWHQVLYH� &DUH�0HGLFLQH�
��������������������

����0F'RQDOG� -�� � /DPEHUW� '*�� 2SLRLG�
UHFHSWRUV�� &RQWLQXLQJ� HGXFDWLRQ� LQ�
DQDHVWKHVLD�FULWLFDO�FDUH�	�SDLQ�������������
������

����1LHOVHQ�&.��5RVV�)%��/RWÀSRXU�6��6DLQL�
.6��(GZDUGV�65��6PLWK�07��2[\FRGRQH�
DQG� PRUSKLQH� KDYH� GLVWLQFWO\� GLIIHUHQW�
SKDUPDFRORJLFDO� SURÀOHV�� UDGLROLJDQG�
ELQGLQJ�DQG�EHKDYLRXUDO�VWXGLHV�LQ�WZR�UDW�
PRGHOV�RI �QHXURSDWKLF�SDLQ��3DLQ�������
����������������

����1R]DNL�&��.DPHL�-��,QYROYHPHQW�RI �Ƭ��
RSLRLG� UHFHSWRU� RQ� R[\FRGRQH�LQGXFHG�
DQWLQRFLFHSWLRQ� LQ� GLDEHWLF� PLFH��
(XURSHDQ� MRXUQDO� RI � SKDUPDFRORJ\� ������
�����²�������������

���� 2JOH� $�� 0RRUH� .�� %DUUHWW� %�� <RXQJ� 06��
3HDUVRQ�-��&OLQLFDO�KLVWRU\�DQG�FKDUDFWHULVWLFV�
RI �SHUVRQV�ZLWK�R[\FRGRQH�UHODWHG�GHDWKV�LQ�
+LOOVERURXJK� &RXQW\� )ORULGD� LQ� ������
)RUHQVLF�6FLHQFH�,QWHUQDWLRQDO��2QOLQH��������
���������������

���� 2UGyxH]�*$��*RQ]iOH]�%0��(VSLQRVD�$(��
2[\FRGRQH�� D� SKDUPDFRORJLFDO� DQG� FOLQLFDO�
UHYLHZ��&OLQLFDO� DQG�7UDQVODWLRQDO�2QFRORJ\�
���������������������

���� 3LOJULP� -/�� <DÀVWKDP� 63�� *D\D� 6�� 6DDU� (��
'UXPPHU� 2+�� $Q� XSGDWH� RQ� R[\FRGRQH��
OHVVRQV� IRU� GHDWK� LQYHVWLJDWRUV� LQ�$XVWUDOLD��
)RUHQVLF� 6FLHQFH� 0HGLFLQH� DQG� 3DWKRORJ\�
�������������������

���� 5LOH\� -�� (LVHQEHUJ� (�� 0�OOHU�6FKZHIH� *��
'UHZHV�$0��$UHQGW�1LHOVHQ�/��2[\FRGRQH��
D�UHYLHZ�RI �LWV�XVH�LQ�WKH�PDQDJHPHQW�RI �SDLQ��
&XUUHQW�PHGLFDO�UHVHDUFK�DQG�RSLQLRQ�������
����������������

���� 6WDDKO� &�� 'LPFHYVNL� *�� 'XH� $QGHUVHQ� 6��
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7KRUVJDDUG� 1�� &KULVWUXS� //�� $UHQGW�
1LHOVHQ� /�� 0RKU� 'UHZHV� $�� 'LIIHUHQWLDO�
HIIHFW� RI � RSLRLGV� LQ� SDWLHQWV� ZLWK� FKURQLF�
SDQFUHDWLWLV�� $Q� H[SHULPHQWDO� SDLQ� VWXG\��
6FDQGLQDYLDQ� -RXUQDO� RI �*DVWURHQWHURORJ\�
����������������������

���� 6WHHGV�&(��7KH�DQDWRP\�DQG�SK\VLRORJ\�RI �
SDLQ�� 6XUJHU\� �2[IRUG�� ������ �������� ����
�����

���� 6WHLQ�&��/DQJ�/-��3HULSKHUDO�PHFKDQLVPV�RI �
RSLRLG� DQDOJHVLD�� &XUUHQW� 2SLQLRQ� LQ�
3KDUPDFRORJ\������������������

���� 7HUPDQ�*:��%RQLFD�--��6SLQDO�PHFKDQLVPV�
DQG� WKHLU� PRGXODW LRQ�� ,Q� � %RQLFD 
V�
0DQDJHPHQW�RI �3DLQ��/RHVHU�-'��%XWOHU�6+��
&KDSPDQ�&5��7XUN�'&�� �HGV��� �� HGLWLRQV��
3KLODGHOSKLD�3HQQV\OYDQLD�86$��/LSSLQFRWW�
:LOOLDPV�DQG�:LONLQV����������

���� 7UHHGH�5'��0DJHUO�:��0XOWLSOH�PHFKDQLVPV�
RI �VHFRQGDU\�K\SHUDOJHVLD��3URJUHVV�LQ�EUDLQ�
UHVHDUFK��������������������

���� 7XQQHOO�.'��&XOWXUDO�&RQVWUXFWLRQV�RI �WKH�
+LOOELOO\� +HURLQ� DQG� &ULPH� 3UREOHP��
,QWURGXFWLRQ��FRQVWUXFWLQJ�WKH�SUREOHP��,Q�
&XOWXUDO�FULPLQRORJ\�XQOHDVKHG�����������
����

���� 9DGLYHOX�1��.DL�$0��.RGXPXGL�9��6UDPFLN�
-� � . D\H � $'� � 7KH � RS LR LG � F U L V L V � � D�
FRPSUHKHQVLYH�RYHUYLHZ��&XUUHQW�SDLQ�DQG�

KHDGDFKH�UHSRUWV���������������
���� 9DQ�=HH�$��7KH�3URPRWLRQ�DQG�0DUNHWLQJ�RI �

2[\&RQWLQ�� &RPPHUFLDO� 7ULXPSK� 3XEOLF�
+HDOWK�7UDJHG\��$PHULFDQ�-RXUQDO�RI �3XEOLF�
+HDOWK����������������������

����:HEVWHU�3&��2[\FRGRQH�FODVV�DFWLRQ�ODZVXLW�
ÀOHG��&0$-��&DQDGLDQ�0HGLFDO�$VVRFLDWLRQ�
MRXUQDO� � MRXUQDO� GH� O
$VVRFLDWLRQ�PHGLFDOH�
FDQDGLHQQH���������������(����(����

���� <RXQJ�$0��+DYHQV�-5��/HXNHIHOG�&*��5RXWH�
RI � DGPLQLVWUDWLRQ� IRU� LOOLFLW� SUHVFULSWLRQ�
RSLRLGV�� $� FRPSDULVRQ� RI � UXUDO� DQG� XUEDQ�
GUXJ� XVHUV�� +DUP� 5HGXFWLRQ� -RXUQDO� ������
����������

���� =KDQJ� -�� &DYDQDXJK� '-�� 1HPHQRY� 0,��
%DVEDXP� $,� � 7KH� PRGDO L W\ � VSHFLÀF�
FRQWULEXWLRQ� RI � SHSWLGHUJLF� DQG� QRQ�
SHSWLGHUJLF� QRFLFHSWRUV� LV� PDQLIHVW� DW� WKH�
OHYHO�RI �GRUVDO�KRUQ�QRFLUHVSRQVLYH�QHXURQV��
7KH� -RXUQDO� RI � SK\VLRORJ\� ������ ��������
����������

8PXNRUR� (.�� (OLMDK� 2%�� ,JEHQ� 9-2��
0RNH�� (*�� 7KH� 3KDUPDFRORJLFDO� SURÀOH��
WKHUDSHXWLF�LPSRUWDQFH�DQG�OLPLWDWLRQV�ZLWK�
WKH� XVH� RI � R[\FRGRQH�� $� UHYLHZ�� � $IU�� -��
7URS��0HG��	�%LRPHG��5HV������������������
KWWSV���G[�GRL�RUJ���������DMWPEU�Y�L���

7KH�3KDUPDFRORJLFDO�3URILOH��7KHUDSHXWLF�,PSRUWDQFH�DQG�/LPLWDWLRQV�ZLWK�WKH�8VH�RI �2[\FRGRQH��$�5HYLHZ� ��
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$FXWH�.LGQH\�,QMXU\�LQ�7KH�&ULWLFDOO\�LOO�3DWLHQW��$�
5HYLHZ�RI �(SLGHPLRORJLFDO�6WXGLHV�LQ�/RZ�PLGGOH�
,QFRPH�&RXQWULHV�

� ��$MX\DK�5 ��2NR\H�2

���6HQLRU�5HJLVWUDU��1HSKURORJ\�8QLW��'HSDUWPHQW�RI �,QWHUQDO��0HGLFLQH��'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��'(/687+���
2JKDUD��'HOWD�6WDWH��1LJHULD������������������5ROLBDMX\DK#\DKRR�FRP�
���$VVRFLDWH�3URIHVVRU�RI �0HGLFLQH��'HOWD�6WDWH�8QLYHUVLW\��$EUDND��1LJHULD��&RQVXOWDQW�1HSKURORJLVW��'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO�
2JKDUD��1LJHULD������������������RJRQZRVX����#\DKRR�FRP

$EVWUDFW
,QWURGXFWLRQ�

�$FXWH�NLGQH\�LQMXU\��$.,��UHIHUV�WR�WKH�VXGGHQ�UHGXFWLRQ�LQ�WKH�NLGQH\
V�DELOLW\�WR�FDUU\�RXW�LWV�IXQFWLRQV�
$.,�SRVHV�D�PDMRU�KHDOWK�EXUGHQ�LQ�ERWK�ORZ�DQG�PLGGOH�LQFRPH�FRXQWULHV��/0,&��UHVXOWLQJ�LQ�LQFUHDVHG�
PRUELGLW\�DQG�PRUWDOLW\��,W�LV�D�FRPPRQ�FRPSOLFDWLRQ�LQ�FULWLFDOO\�LOO�SDWLHQWV�DQG�KDV�WKH�SRWHQWLDO�RI �
SURJUHVVLQJ�WR�&.'�7KH�REMHFWLYH�RI �WKLV�DUWLFOH�LV�WR�UHYLHZ�WKH�H[LVWLQJ�HSLGHPLRORJLFDO�VWXGLHV�RQ�$.,�
LQ�,&8V�LQ�/0,&�

0HWKRGV�
3XEPHG��*RRJOH�6FKRODU��:HE�RI �6FLHQFH�DQG�WKH�6FLHQWLILF�(OHFWURQLF�/LEUDU\�RQOLQH��6FL(/2��ZHUH�
VHDUFKHG�IRU�SXEOLVKHG�UHSRUWV��LQFOXGLQJ�DUWLFOH�UHYLHZV�RQ�$.,�LQ�FULWLFDOO\�LOO�SDWLHQWV�LQ�/0,&��6HDUFK�
LWHPV� LQFOXGHG� NH\� ZRUGV� VXFK� DV� ´DFXWH� NLGQH\� LQMXU\µ�� 
FULWLFDOO\� LOO� SDWLHQWµ�� 
LQWHQVLYH� FDUH� XQLW
��

HSLGHPLRORJ\
�ORZ�DQG�PLGGOH�LQFRPH�FRXQWULHV��
GHYHORSLQJ�FRXQWULHV
��7KH�6HDUFK�RFFXUUHG�EHWZHHQ�
6HSWHPEHU�WR�1RYHPEHU������$UWLFOHV�SXEOLVKHG�IURP������WR������ZHUH�LQFOXGHG�LQ�WKH�VHDUFK��7KH��
UHVXOWV�UHSRUWHG�DFFRUGLQJ�WR�35,60$������JXLGHOLQHV�

5HVXOWV
6L[WHHQ�VWXGLHV�GRQH�LQ����/0,&�ZHUH�LGHQWLILHG��ZLWK�WKHVH�VWXGLHV�DQDO\]LQJ�GDWD�IURP�������SDWLHQWV�
IURP����,&8V�ZLWKLQ�WKHVH�FRXQWULHV�IURP������WR�������2XW�RI �WKH�VWXGLHV�UHYLHZHG��6L[�ZHUH�IURP�
$IULFDQ�FRXQWULHV�DQG�WHQ�IURP�QRQ�$IULFDQ�FRXQWULHV�ZLWK�PDOH�VH[�SUHSRQGHUDQFH��7KH�PHDQ�DJH�RI �
SDWLHQWV�LQ�WKH�YDULRXV�VWXGLHV�UDQJHG�IURP����WR����\HDUV�ZLWK�VLPLODU�FRPRUELGLWLHV�UHSRUWHG�VXFK� � �DV�
K\SHUWHQVLRQ��GLDEHWHV�PHOOLWXV��VWURNH�DQG�KHDUW�IDLOXUH��7KH�RYHUDOO�LQFLGHQFH�RI �$.,�LQ�,&8�UDQJHG�
IURP�����WR��������5,)/(�FULWHULD�ZDV�XVHG�WR�GHILQH�$.,�LQ���RI �WKH�UHSRUWHG�VWXGLHV�ZLWK�VDPH�
QXPEHU�XVLQJ�$.,1�FULWHULD�DQG�ODVWO\��.',*2�XVHG�LQ���VWXGLHV��:KLOH�PRVW�RI �WKH�VWXGLHV�XVHG�MXVW�
VHUXP�FUHDWLQLQH�WR�GHILQH�$.,��WKH�VWXG\�GRQH�E\�3DVVRQL�HW�DO�LQFOXGHG�XULQH�RXWSXW�DV�ZHOO��0RUWDOLW\�

�UDWH�ZDV�EHWZHHQ������WR������5LVN�IDFWRUV�IRU�$.,�LQ�FULWLFDOO\�LOO�SDWLHQWV�UHSRUWHG�IURP�PRVW�RI �WKH�
VWXGLHV�UHYLHZHG�LQFOXGH�LQFUHDVLQJ�DJH��PDOH�VH[��VHSVLV��LQFUHDVLQJ�OHQJWK�RI �,&8�VWD\��K\SRYROHPLD�DQG�
YDVRSUHVVRU� XVH�� $OVR�� FRPRUELGLWLHV� VXFK� DV� K\SHUWHQVLRQ� ���������� DQG� GLDEHWHV�PHOOLWXV� �����
�������ZDV�FRPPRQ�DPRQJ�SDWLHQWV��7KH�OHQJWK�RI �,&8�VWD\�YDULHG�IURP���WR����GD\V�ZLWK�ORQJHU�
GXUDWLRQ�RI �VWD\�QRWLFHG�IRU�SDWLHQWV�ZLWK�$.,�IRU�WKRVH�UHSRUWHG�

&RQFOXVLRQ�
LW�LV�UHDVRQDEOH�WR�FRQFOXGH�WKDW�WKH�KLJK�LQFLGHQFH�RI �$.,�DQG�LWV�FRQWULEXWRU\�IDFWRUV�DUH�SHUVLVWHQW�LQ�
/0,&V�ZLWK�WKH�DVVRFLDWHG�SRRU�RXWFRPHV�

.H\�ZRUGV��DFXWH�NLGQH\�LQMXU\µ��
FULWLFDOO\�LOO�SDWLHQWµ��
LQWHQVLYH�FDUH�XQLW
��
HSLGHPLRORJ\
�ORZ�DQG�PLGGOH�
LQFRPH�FRXQWULHV��
GHYHORSLQJ�FRXQWULHV


&RUUHVSRQGLQJ�DXWKRU��5ROL�$MX\DK��6HQLRU�5HJLVWUDU��1HSKURORJ\�8QLW��'HSDUWPHQW�RI �,QWHUQDO��0HGLFLQH��'HOWD�
6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��'(/687+���2JKDUD��'HOWD�6WDWH��1LJHULD������������������
5ROLBDMX\DK#\DKRR�FRP�
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,1752'8&7,21
$FXWH�NLGQH\�LQMXU\��$.,��UHIHUV�WR�WKH�VXGGHQ�
GURS�LQ�WKH�NLGQH\�IXQFWLRQDO�FDSDFLW\�IROORZLQJ�
DQDWRPLFDO� RU� SK\VLRORJLFDO� DEQRUPDOLWLHV� RU�

�²�ERWK� /RZ�0LGGOH�LQFRPH�&RXQWULHV��/0,&V��
DUH� FRXQWULHV� LQ� ZKLFK� WKH� *URVV� 1DWLRQDO�
,QFRPH� �*1,�� SHU� FDSLWD� LV� OHVV� WKDQ� IRXU�
WKRXVDQG�WZR�KXQGUHG�DQG�ILIW\�ILYH�GROODUV��ZLWK�

����WKH�FRXQWU\�1LJHULD�EHLQJ�D� W\SLFDO�H[DPSOH�
/0,&V�DUH�DOVR�NQRZQ�DV�GHYHORSLQJ�FRXQWULHV�
$.,� SRVHV� D� PDMRU� KHDOWK� EXUGHQ� LQ� /0,&V�

�UHVXOWLQJ�LQ�LQFUHDVHG�PRUELGLW\�DQG�PRUWDOLW\� �
$.,�LV�D�FRPPRQ�FRPSOLFDWLRQ�LQ�FULWLFDOO\� LOO�
SDWLHQWV�DQG�KDV�WKH�SRWHQWLDO�RI �SURJUHVVLQJ�WR�
&.'�� 5LVN� IDFWRUV� IRU� $.,� LQ� FULWLFDOO\� LOO�
SDWLHQWV� LQFOXGH� LQFUHDVLQJ� DJH�� PDOH� VH[��
K\SRYRODHPLD�� QHSKURWR[LF� PHGLFDWLRQV� DQG�

�SUHVHQFH�RI �FRUPRELGLWLHV�

(SLGHPLRORJLFDO� VWXGLHV� RI � $.,� LQ� ,&8� KDV�
VKRZHG� YDULDEOH� UHVXOWV� DFURVV� GLIIHUHQW�
FRXQWULHV�ZKLFK�FRXOG�EH�GXH�WR�IDFWRUV�VXFK�DV�
WKH� SRSXODWLRQ� VWXGLHG� �� JHQHUDO�� KRVSLWDOL]HG��
VSHFLILF�SDWLHQW� VXE�JURXSV� H�J� VXUJLFDO�� ,&8���
GLIIHUHQFHV� LQ� GHILQLWLRQ� FULWHULD� XVHG� IRU� WKH�
VWXG\��VRFLR�GHPRJUDSKLF�DQG�HFRQRPLF�VWDWXV�

���RI � SRSXODWLRQV� VWXGLHG� �$.,� EHLQJ�PRUH� LQ�
ROGHU�SDWLHQWV�LQ�KLJK�LQFRPH�FRXQWULHV�PD\�EH�
GXH� WR� DGYDQFHPHQW� LQ� PHGLFDO� FDUH� DQG�
LQWHUYHQWLRQDO� SURFHGXUHV�� DYDLODELOLW\� RI �ZHOO�
HTXLSSHG�KHDOWKFDUH�IDFLOLWLHV�DQG�ORQJ�OLIHVSDQ��
7KLV� LV� XQOLNH� ORZ� PLGGOH� LQFRPH� FRXQWULHV�
ZKHUH�$.,� LQ� ,&8�SDWLHQWV� LV�PRUH� LQ� \RXQJ�
DGXOWV�ZKLFK�PD\�EH� GXH� WR� UHGXFHG� OLIHVSDQ��
KLJKHU� RFFXUUHQFH� RI � LQIHFWLRXV� GLVHDVHV� DQG�

�����SRRU� LQIUDVWUXFWXUDO� GHYHORSPHQW� � 7KH�
REMHFWLYH�RI �WKLV�DUWLFOH�LV�WR�UHYLHZ�WKH�H[LVWLQJ�
HSLGHPLRORJLFDO� VWXGLHV� RQ� $.,� LQ� ,&8V� LQ�
/0,&V� WR� SRVVLEO\� SURYLGH� LQVLJKWV� LQWR� WKH�
PRGLILDEOH�IDFWRUV�WKDW�ZRXOG� LPSURYH�GLVHDVH�
RXWFRPH�

0(7+2'6
6HDUFK�6WUDWHJ\�DQG�6HOHFWLRQ�&ULWHULD
3XEPHG��*RRJOH�6FKRODU��:HE�RI �6FLHQFH��:+2�
*OREDO� +HDOWK� /LEUDU\� GDWDEDVHV� DQG� WKH�
6FLHQWLILF� (OHFWURQLF� /LEUDU\� RQOLQH� �6FL(/2��
ZHUH�VHDUFKHG�IRU�SXEOLVKHG�UHSRUWV�RQ�$.,�LQ�
FULWLFDOO\�LOO�SDWLHQWV�LQ�/RZ��DQG�0LGGOH�LQFRPH�
&RXQWULHV�� 7KH� 6HDUFK� LWHPV� LQFOXGHG� � 
DFXWH�
NLGQH\� LQMXU\µ�� 
DFXWH� UHQDO� IDLOXUH
�� 
FULWLFDOO\� LOO�
SDWLHQWµ��
LQWHQVLYH�FDUH�XQLW
��
HSLGHPLRORJ\
�ORZ�
DQG� PLGGOH� LQFRPH� FRXQWULHV�� 
GHYHORSLQJ�
FRXQWULHV
�� JOREDO� VRXWK� FRXQWULHV�� 7KH� 6HDUFK�
RFFXUUHG� EHWZHHQ� 6HSWHPEHU� WR� 1RYHPEHU�
�����$UWLFOHV�SXEOLVKHG�IURP������WR������ZHUH�
LQFOXGHG�LQ�WKH�VHDUFK�

7KH�DEVWUDFWV�RI �DOO�VHOHFWHG�VWXGLHV�LQFOXGLQJ�WKH�
FRPSOHWH� DUWLFOHV� ZHUH� UHYLHZHG� IRU� LQFOXVLRQ��
2EVHUYDWLRQDO�DQG�FRKRUW�VWXGLHV��UHWURVSHFWLYH�
RU� SURVSHFWLYH�� LQYROYLQJ� FULWLFDOO\� LOO� DGXOWV�
SDWLHQWV� LQ� /0,&V� ZHUH� HOLJLEOH� IRU� LQFOXVLRQ��
6HOHFWHG�SDSHUV�ZHUH�IURP�ERWK�(QJOLVK�VSHDNLQJ�
DQG� QRQ�(QJOLVK� VSHDNLQJ� FRXQWULHV�� +RZHYHU��
SDSHUV� IURP� QRQ�(QJOLVK� VSHDNLQJ� FRXQWULHV�
ZHUH� DYDLODEOH� RQOLQH� LQ� WKH� (QJOLVK� YHUVLRQ�
8QSXEOLVKHG� DUWLFOHV�� UHYLHZV�� FDVH� UHSRUWV� DQG�
6WXGLHV� LQYROYLQJ� SDHGLDWULF� DJH� JURXSV�� RU�
SDWLHQWV�RQ�WKH�RSHQ�ZDUGV��PHGLFDO��VXUJLFDO�RU�
J\QDHFRORJLFDO� DQG� PDWHUQLW\� ZDUG�� RU�
RXWSDWLHQWV�ZHUH�H[FOXGHG��$�IXUWKHU�UHYLHZ�RI �
DUWLFOHV�ZDV�GRQH�WR�HQVXUH�DSSURSULDWHQHVV�DQG�
IRU� VXEVHTXHQW� � GDWD� H[WUDFWLRQ�� � 7KH� UHVXOWV�
UHSRUWHG�DFFRUGLQJ�WR�35,60$������JXLGHOLQHV

$FXWH�.LGQH\�,QMXU\�LQ�7KH�&ULWLFDOO\�LOO�3DWLHQW��$�5HYLHZ�RI �(SLGHPLRORJLFDO�6WXGLHV�LQ�/RZ�PLGGOH�,QFRPH�&RXQWULHV� ���

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



5(68/76
6L[WHHQ�VWXGLHV�GRQH�LQ����/0,&�ZHUH�LGHQWLILHG��
ZLWK� WKHVH� VWXGLHV� DQDO\]LQJ� GDWD� IURP� ������
SDWLHQWV� IURP���� ,&8V�ZLWKLQ� WKHVH� FRXQWULHV�
IURP������WR�������2XW�RI �WKH�VWXGLHV�UHYLHZHG��
VL[�ZHUH�IURP�$IULFDQ�FRXQWULHV�DQG�WHQ�IURP�
QRQ�$IULFDQ� FRXQWULHV� ZLWK� PDOH� VH[�
SUHSRQGHUDQFH��7KH�PHDQ�DJH�RI �SDWLHQWV�LQ�WKH�

�� ����YDULRXV�VWXGLHV�UDQJHG�IURP��� �WR����\HDUV �
ZLWK� VLPLODU� FRPRUELGLWLHV� UHSRUWHG� VXFK� DV�
K\SHUWHQVLRQ�� GLDEHWHV� PHOOLWXV�� VWURNH� DQG� �

������������KHDUW� IDLOXUH� � 7KH� RYHUDOO� LQFLGHQFH� RI �
�� ��$.,� LQ� ,&8� UDQJHG� IURP� ��� � WR� ����� ��

5,)/(�FULWHULD�ZDV�XVHG�WR�GHILQH�$.,�LQ�IRXU�
RI � WKH� VWXGLHV��$FXWH�.LGQH\� ,QMXU\�1HWZRUN�
�$.,�� FULWHULD� LQ� IRXU� DQG� .LGQH\� 'LVHDVH�
,PSURYLQJ�� *OREDO� 2XWFRPHV� �.',*2��

FULWHULD�XVHG�LQ�HLJKW�VWXGLHV��:KLOH�PRVW�RI �WKH�
VWXGLHV�XVHG�MXVW�VHUXP�FUHDWLQLQH�WR�GHILQH�$.,��
WKH� VWXG\� GRQH� E\�3DVVRQL� HW� DO� LQFOXGHG� XULQH�
RXWSXW�DV�ZHOO��

5LVN� IDFWRUV� IRU� $.,� LQ� FULWLFDOO\� LOO� SDWLHQWV�
UHSRUWHG� IURP� PRVW� RI � WKH� VWXGLHV� UHYLHZHG�
LQFOXGH�LQFUHDVLQJ�DJH��PDOH�VH[��VHSVLV��LQFUHDVLQJ�
OHQJWK� RI � ,&8� VWD\�� K\SRYRODHPLD� DQG�
YDVRSUHVVRU� XVH�� &RPRUELGLWLHV� VXFK� DV�
K\SHUWHQVLRQ� ���������� DQG� GLDEHWHV� PHOOLWXV�
������������ZDV�FRPPRQ�DPRQJ�SDWLHQWV��7KH�
OHQJWK�RI �,&8�VWD\�YDULHG�IURP���WR����GD\V�ZLWK�
ORQJHU�GXUDWLRQ�RI �VWD\�QRWLFHG�IRU�SDWLHQWV�ZLWK�
$.,� IRU� WKRVH� UHSRUWHG�� 0RUWDOLW\� UDWH� ZDV�

�� ��EHWZHHQ� ����� WR� ��� �� 7DEOH� �� SURYLGHV�
GHWDLOHG�LQIRUPDWLRQ�RQ�VWXGLHV�UHYLHZHG�

$FXWH�.LGQH\�,QMXU\�LQ�7KH�&ULWLFDOO\�LOO�3DWLHQW��$�5HYLHZ�RI �(SLGHPLRORJLFDO�6WXGLHV�LQ�/RZ�PLGGOH�,QFRPH�&RXQWULHV����
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7DEOH����6XPPDU\��I �,QIRUPDWLRQ�$ERXW�WKH�(SLGHPLRORJ\�RI �$NL�LQ��&ULWLFDOO\�,OO�3DWLHQWV�LQ�/0,&�
,Q�5HYLHZHG�$UWLFOHV

3RSXODWLRQ�&KDUDFWHULVWLFV (SLGHPLRORJLFDO�'DWD /HQJWK�RI�,&8�VWD\
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',6&866,21
7KLV�VWXG\�ZDV�DLPHG�DW�UHYLHZLQJ�WKH�H[LVWLQJ�
HSLGHPLRORJLFDO�VWXGLHV�RQ�,&8�UHODWHG�$.,�LQ�
/0,&���2XU�ILQGLQJV�VKRZ�WKDW�LQFLGHQFH�UDWH�RI �
$.,�ZDV�KLJK��UDQJLQJ�IURP��������EDVHG�RQ�
WKH� SRSXODWLRQ� VWXGLHG� DQG� $.,� GHILQLWLRQ�
FULWHULD�DSSOLHG��7KH�PRVW�FRPPRQ�ULVN�IDFWRUV�
IRU�$.,�ZHUH�PRGLILDEOH�DQG�PRUWDOLW\�UDWH�ZDV�
KLJK�

7KH� KLJK� LQFLGHQFH� RI � $.,� LQ� GHYHORSLQJ�
FRXQWULHV�PD\�EH�GXH�WR�KLJKHU�RFFXUUHQFH�RI �
FRPPXQLFDEOH� GLVHDVHV�� SRRU� KHDOWK� VHHNLQJ�
DWWLWXGH�DQG�GHOD\�RI �DSSURSULDWH�LQWHUYHQWLRQ��
,Q� DGGLWLRQ�� PRVW� RI � WKH� FULWLFDOO\� LOO� SDWLHQWV�
IURP� WKH� VWXGLHV� UHYLHZHG�� KDG� FRPRUELGLWLHV�

����������VXFK� DV� K\SHUWHQVLRQ�� GLDEHWHV� PHOOLWXV ��
SUREDEO\� LQFUHDVLQJ� WKH� GLVHDVH� EXUGHQ� DQG�
ZRUVHQLQJ� WKH� RXWFRPH�� 2WKHU� FRPRUELGLWLHV�
SUHVHQW� LQFOXGH�� &23'�� PDOLJQDQFLHV�� &.'��
LVFKDHPLF� KHDUW� GLVHDVH�� +,9� DQG� SHULSKHUDO�

�����������YDVFXODU� GLVHDVHV� � 7KH� SUHVHQFH� RI �
FRPRUELGLWLHV�LQFUHDVH�WKH�ULVN�IRU�$.,�GLUHFWO\�
RU�LQGLUHFWO\�E\�DOWHULQJ�WKH�UHQDO�DXWRUHJXODWRU\�
SURFHVVHV� OHDGLQJ� WR� UHQDO� K\SRSHUIXVLRQ� DQG�

��LQMXU\�

7KH�\RXQJ�DQG�PLGGOH�DJH�JURXSV�ZHUH�PRVWO\�
DIIHFWHG� DQG� WKLV� SUREDEO\� UHIOHFWV� WKH� ORZHU�
DYHUDJH� OLIH�VSDQ� LQ� /0,&� FRPSDUHG� WR�
DGYDQFHG�FRXQWULHV��)XUWKHUPRUH��VRPH�RI �WKH�

ULVN�IDFWRUV�IRU�$.,�VXFK�DV�VHSVLV��K\SRYRODHPLD�
IURP� LQMXULHV�� +,9� DQG� XVH� RI � QHSKURWR[LF�
PHGLFLQHV�WHQG�WR�EH�FRPPRQHU�LQ�WKH�\RXQJHU�
DJH� JURXS��7KHUH�ZHUH�PRUH� FULWLFDOO\� LOO�PDOHV�
ZLWK�$.,�FRPSDUHG�WR�IHPDOHV�DQG�WKLV�PD\�EH�
EHFDXVH�LQ�PDQ\�/0,&��PDOHV�WHQG�WR�KDYH�EHWWHU�
DFFHVV�WR�KHDOWK�FDUH��EHLQJ�WKH�KHDG�RI �WKH�IDPLO\�
DQG�EUHDG�ZLQQHU��

7KH�ULVN�IDFWRUV�UHSRUWHG�LQ�WKH�VWXGLHV�UHYLHZHG�
�����LQFOXGH� \RXQJ� DQG�PLGGOH� DJH� JURXSV ��PDOH�

���������� �������� ��VH[ �� VHSVLV �� VXUJHULHV �� K\SRYRODHPLD��
�� �� ��KHDG� LQMXU\ �� PHFKDQLFDO� YHQWLODWLRQ �� +,9 ��

��������QHSKURWR[LF�PHGLFLQHV�VXFK�DV�16$,'V �DQG�
�����LQFUHDVLQJ� OHQJWK� RI � ,&8� VWD\� � 6HSVLV� ZDV� D�

FRPPRQO\�UHSRUWHG�ULVN�IDFWRU�DQG�FDXVH�RI �$.,�
LQ�FULWLFDOO\�LOO�SDWLHQWV�DFURVV��PRVW�RI �WKH�VWXGLHV�
UHYLHZHG�� 6HSVLV�ZDV� DVVRFLDWHG�ZLWK�ZRUVHQHG�

���������PRUELGLW\��OHDGLQJ�WR�DQ�LQFUHDVH�LQ�,&8�VWD\
�� ����6HSVLV�LQFUHDVHV�WKH�ULVN�IRU�$.,�E\������� � �
7KH� SDWKRSK\VLRORJLFDO� PHFKDQLVPV� RI � VHSVLV�
LQGXFHG�$.,�LQ�FULWLFDOO\�LOO�SDWLHQWV�LV�FRPSOH[��
RIWHQ� OHDGLQJ� WR� JORPHUXODU�� LQWHUVWLWLDO� DQG�
WXEXODU� GDPDJH� SRVVLEO\� H[SODLQLQJ� LWV� VHYHULW\�

��DQG�SRRU�WUHDWPHQW�RXWFRPHV�
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LV�EDVHOLQH�UHQDO�G\VIXQFWLRQ��-LDQJ�HW�DO��LQ�D�ODUJH�
PXOWLFHQWHU� VWXG\� LQYROYLQJ� ��� ,&8V� � XVLQJ�
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*OREDO�2XWFRPHV��5,)/(���5LVN��,QMXU\��)DLOXUH��/RVV��(QG�VWDJH�NLGQH\�GLVHDVH��557�²�5HQDO�UHSODFHPHQW�WKHUDS\��+71�+\SHUWHQVLRQ��
'0�'LDEHWHV� 0HOOLWXV�� &23'�� &KURQLF� 2EVWUXFWLYH� 3XOPRQDU\� GLVHDVH�&.'�� &KURQLF� .LGQH\� GLVHDVH�� &9'�� &HUHEURYDVFXODU�
GLVHDVH�,+'�,VFKDHPLF�KHDUW�GLVHDVH��39'��3HULSKHUDO�9DVFXODU�'LVHDVH��02'6��PXOWLSOH�RUJDQ�G\VIXQFWLRQ�V\QGURPH��3URV��SURVSHFWLYH��
5��5HWURVSHFWLYH���'5&��'HPRFUDWLF�5HSXEOLF�RI �&RQJR��$.,��$FXWH�NLGQH\�LQMXU\
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$.,�SDWLHQWV�DOUHDG\�KDG�ZRUVH�EDVHOLQH�UHQDO�
IXQFWLRQ� ZKHQ� FRPSDUHG� ZLWK� WKRVH� ZLWKRXW�

��$.,� � 6LPLODUO\�� 0DVHZX� HW� DO�� LQ� D� ODUJH�
PXOWLFHQWHU�SURVSHFWLYH�VWXG\�YHULILHG�WKDW�$.,�

��KDG�ZRUVH� EDVHOLQH� VHUXP� FUHDWLQLQH� �+HQFH��
FULWLFDOO\� SDWLHQWV� ZLWK� EDFNJURXQG� UHQDO�
LPSDLUPHQW�VKRXOG�EH�FDUHIXOO\�PRQLWRUHG�DQG�
LQWHUYHQWLRQV� SURPSWO\� LQVWLWXWHG� WR� SUHYHQW�
IXUWKHU�GHWHULRUDWLRQ�

7KH�OHQJWK�RI �,&8�VWD\�ZDV�KLJKHU�LQ�SDWLHQWV�
ZLWK�$.,�FRPSDUHG�WR�WKRVH�ZLWKRXW��7KLV�PD\�
EH�DWWULEXWHG�WR�WKH�LQFUHDVHG�VHYHULW\�RI �LOOQHVV�
DQG�SURORQJHG�WUHDWPHQW�UHTXLUHG�LQ�WKRVH�ZKR�
GHYHORS� $.,� DQG� VRPHWLPHV� RWKHU� RUJDQ�V��
G\VIXQFWLRQ�� ,QFUHDVHG� OHQJWK�RI �KRVSLWDO� VWD\�
DPRQJ� WKH� FULWLFDOO\� LOO� LV� DVVRFLDWHG� ZLWK�
LQFUHDVHG� WKH� RXW�RI�SRFNHW� KHDOWK� FRVWV� DQG�
IXUWKHU� LPSRYHULVKPHQW� RI � SDWLHQWV� DQG� WKHLU�
IDPLOLHV��

7KH� ULVN�RI �GHDWK�DVVRFLDWHG�ZLWK�$.,� LQ� WKH�
,&8�LV�DOVR�KLJK�LQ�/0,&�DQG�FDQ�EH�DVFULEHG�WR�
ODWH� UHFRJQLWLRQ�� VHYHULW\� RI � LOOQHVV� DQG� WKH�
OLPLWHG� UHVRXUFHV� DYDLODEOH� IRU� WKH� SURPSW�

�� ��� ��� �PDQDJHPHQW� RI � WKH� FRPSOLFDWLRQ�
)XUWKHUPRUH��WKH�SUHVHQFH�RI �FRPPXQLW\�DQG�
KRVSLWDO� DFTXLUHG� LQIHFWLRXV� GLVHDVHV� LQ�
GHYHORSLQJ�QDWLRQV�FRQWULEXWHV�WR�WKLV�LQFUHDVH�

�������������LQ�SDWLHQWV
�PRUELGLW\�DQG�PRUWDOLW\� �7KLV�
�VWXG\� VKRZHG� D�PRUWDOLW\� UDWH�RI � � ������ � WR�

�������� �LQ�SDWLHQWV�ZLWK�$.,�FRPSDUHG�WR�������
� ��� WR� ������ � LQ� WKRVH� ZLWKRXW�� $GHODMD� HW� DO�
UHSRUWHG�WKDW�WKH�SUHVHQFH�RI �$.,�LQ�FULWLFDOO\�LOO�
SDWLHQWV� UHVXOWHG� LQ� SRRU� RXWFRPH� ZLWK� D�
PRUWDOLW\� UDWH� RI � ���� FRPSDUHG� WR� WKRVH�

���ZLWKRXW�$.,��KDYLQJ�D�PRUWDOLW\�UDWH�RI �����
7KHVH�YDOXHV�ZHUH�KLJKHU�FRPSDUHG�WR�ZKDW�ZDV�
UHSRUWHG� LQ� D� ODUJHU� PXOWLFHQWHU� VWXG\� IURP�
&KLQD��ZLWK�$.,�SDWLHQWV�KDYLQJ�PRUWDOLW\�UDWH�

���RI �������DQG�QRQ��$.,�SDWLHQWV�KDYLQJ������
2WKHU� VWXGLHV� KDG� VLPLODU� SDWWHUQ�� WKHUHE\�
FRQILUPLQJ� WKDW� $.,� LQFUHDVHV�PRUELGLW\� DQG�

������PRUWDOLW\�LQ�FULWLFDOO\�LOO�SDWLHQWV� +RZHYHU��WKH�
VWXG\� FRQGXFWHG� LQ� -RUGDQ� VKRZHG� DQ� DOPRVW�
HTXLYDOHQW�PRUWDOLW\� UDWH� EHWZHHQ� SDWLHQWV�ZLWK�
������DQG�ZLWKRXW�$.,��������7KH�UHDVRQ�IRU�
WKLV�REVHUYDWLRQ�LV�XQFOHDU�EXW�PD\�EH�GXH�WR�D�
JHQHUDOO\� VHYHUHO\� LOO� FRKRUW� RU� LQHIILFLHQW� ,&8�
WUHDWPHQW�SURWRFROV��

7KH�OLPLWHG�QXPEHU�RI �DUWLFOHV�UHYLHZHG�PD\�QRW�
DGHTXDWHO\�UHIOHFW�WKH�HSLGHPLRORJ\�RI �$.,�LQ�WKH�
,&8V�RI �/0,&V��+RZHYHU��WKH�ODFN�RI �QDWLRQDO�
$.,�UHJLVWULHV�LQ�PRVW�RI �WKHVH�FRXQWULHV�PDNHV�
WKH�FXUUHQW�VWXG\�ILQGLQJV�YDOXDEOH��

&21&/86,21
7KLV� V\VWHPDWLF� UHYLHZ� GHPRQVWUDWHV� WKDW� WKH�
EXUGHQ� RI � $.,� LQ� FULWLFDOO\� LOO� SDWLHQWV� LQ�
GHYHORSLQJ�FRXQWULHV�LV�HQRUPRXV��+DYLQJ�QRWHG�
WKH�PHWKRGRORJLFDO�GLIIHUHQFHV�DFURVV�VWXGLHV��LW�LV�
UHDVRQDEOH�WR�FRQFOXGH�WKDW�WKH�KLJK�LQFLGHQFH�RI �
$.,�DQG�LWV�FRQWULEXWRU\�IDFWRUV�DUH�SHUVLVWHQW�LQ�
/0,&V�ZLWK�WKH�DVVRFLDWHG�SRRU�RXWFRPHV��7KH�
LQIRUPDWLRQ� SURYLGHG� LQ� WKLV� VWXG\� SURYLGHV�
RSSRUWXQLWLHV�IRU�SURPSWO\�UHFRJQLVLQJ�KLJK�ULVN�
SDWLHQWV� DQG�PRGLILDEOH� IDFWRUV� UHVSRQVLEOH� IRU�
$.,�LQ�FULWLFDOO\�LOO�SDWLHQWV��WKHUHE\�UHGXFLQJ�WKH�
DGYHUVH�RXWFRPHV��5HOHYDQW�VSHFLDOLVWV�VKRXOG�FR�
SURGXFH� D� VLPSOH� $.,� ULVN� DVVHVVPHQW� WRRO� WR�
SURPSWO\�LGHQWLI\�DW�ULVN�SDWLHQWV�DQG�LQWHUYHQH�
��
0RUH�PHWKRGRORJLFDOO\�VRXQG�ODUJH�SURVSHFWLYH�
VWXGLHV� WKDW�ZRXOG� FRQVLGHU� H[WHQVLYH� SRWHQWLDO�
ULVNV�IDFWRUV�DUH�UHTXLUHG�IURP�/0,&���

5()(5(1&(
���� %HOORPR�5��5RQFR�&��.HOOXP�-$��0HKWD�5/��

3DOHYVN\�3��$FXWH� UHQDO� IDLOXUH� �� GHILQLWLRQ��
RXWFRPH� PHDVXUHV�� DQLPDO� PRGHOV�� IOXLG�
WKHUDS\�DQG� LQIRUPDWLRQ� WHFKQRORJ\�QHHGV��
WKH� 6HFRQG� ,QWHUQDWLRQDO� &RQVHQVXV�
&RQIHUHQFH� RI � WKH� $FXWH� 'LDO\VLV� 4XDOLW\�
,QLWLDWLYH� �$'4,�� *URXS�� &ULW� &DUH�
>,QWHUQHW@�� ����� >FLWHG� ����� 1RY� ��@�������

$FXWH�.LGQH\�,QMXU\�LQ�7KH�&ULWLFDOO\�LOO�3DWLHQW��$�5HYLHZ�RI �(SLGHPLRORJLFDO�6WXGLHV�LQ�/RZ�PLGGOH�,QFRPH�&RXQWULHV� ���
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$YDLODEOH� IURP�� KWWSV���SXEPHG�QFEL��
QOP�QLK�JRY����������

���� 5RQFR� &�� %HOORPR� 5�� .HOOXP� -$�� $FXWH�
NLGQH\� LQMXU\�� /DQFHW� �/RQGRQ�� (QJODQG��
>,QWHUQHW@�� �����1RY� ��� >FLWHG� �����1RY�
��@����������������²���� $YDLODEOH� IURP��
KWWSV���SXEPHG�QFEL�QOP�QLK�JRY�������
���

���� 7KRPDV� 0(�� %ODLQH� &�� 'DZQD\� $��
'HYRQDOG�0$-��)WRXK�6��/DLQJ�&��HW�DO��7KH�
GHILQLWLRQ�RI �DFXWH�NLGQH\�LQMXU\�DQG�LWV�XVH�
LQ� SUDFWLFH�� .LGQH\� ,QW�� ����� -DQ�
����������²����

���� 1D]UXO�0��0RQGDO�,��6KLWDQ�0��,PSDFW�RI �
6RFLR�+HDOWK�)DFWRUV�RQ�/LIH�([SHFWDQF\�LQ�
WKH� /RZ� DQG� /RZHU� 0LGGOH� ,QFRPH�
&RXQWULHV��,UDQ�-�3XEO�+HDO�>,QWHUQHW@�������
>FLWHG� ����� )HE� ��@������������²����
$YDLODEOH�IURP��KWWS���LMSK�WXPV�DF�LU

���� 0LGGOH� ,QFRPH� &RXQWULHV� 2YHUYLHZ��
'HYHORSPHQW�QHZV��UHVHDUFK��GDWD�_�:RUOG�
%DQN� >,QWHUQHW@�� >FLWHG� ����� )HE� ��@��
$YDLODEOH� IURP�� KWWSV���ZZZ�ZRUOG�
EDQN�RUJ�HQ�FRXQWU\�PLF�RYHUYLHZ

���� 0XUUD\�&-/��/RSH]�$'��+DUYDUG�6FKRRO�RI �
3 X E O L F � + H D O W K � � � :R U O G � + H D O W K �
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