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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

'LULVX��,0��2NXRQJKDH��(0

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

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

(EHUHJKZD�(0���2UKH�2*��$Q\DQZX�%(





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

� �'LULVX��,0 �	�2NXRQJKDH��(0

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

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

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

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

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

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

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

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

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

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

�WUDQVIXVLRQ�WLOO�GDWH�

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

5(68/76�

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

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

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

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



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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

JURXS
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�5KHVXV�
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1HJ�� ������� ������� ������� �������

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

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

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

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

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

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

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



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

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

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

�DQG�LQ�WKH�ORFDOLW\�

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

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

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

�DO�

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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