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0RUH� WKDQ� D� KXQGUHG� \HDUV� DJR�� .DUO� /DQGVWHLQHU�
$XVWULDQ� SK\VLRORJLVW� GLVFRYHUHG� WKH� V\VWHP� RI� $%2�
EORRG� JURXS� DQWLJHQV� DQG� UHFHLYHG� 1REHO� 3UL]H� LQ�
3K\VLRORJ\� �� 0HGLFLQH� LQ� ������ 6LQFH� WKH�
EUHDNWKURXJK�RI�$%2�EORRG�JURXS�V\VWHP�� WKH� VLQJOH�
EORRG� WHVW� WR� GHWHUPLQH� EORRG� JURXS� LV� $%2� EORRG�
JURXS� V\VWHP� LQ� ODERUDWRULHV� WR� DYRLG� GHDWK� DQG�
GLVHDVHV��7KH�PRVW� FRPPRQ� UHDVRQ�RI� GHDWK� GXH� WR�
EORRG� WUDQVIXVLRQ� LV� LQFRPSDWLELOLW\� RI� $%2� EORRG�
JURXS��� ,Q� WKH� \HDU� ������ $OH[DQGHU� 6� :LHQHU�
GLVFRYHUHG� 5K� EORRG� JURXS� V\VWHP� WKDW� LV� VHFRQG�
PRVW� VLJQLILFDQW� EORRG� JURXS� V\VWHP� EHFDXVH� RI�
KDHPRO\WLF�GLVHDVH�RI�LQIDQW�DQG�LWV�VLJQLILFDQFH�LQ�5K-
1HJDWLYH�SRSXODWLRQ�LQ�VXFFHVVLYH�WUDQVIXVLRQ�RI�EORRG�
RQFH�WKH\�IRUP�5K-DQWLERGLHV��� 
&ODVVLILFDWLRQ� RI� EORRG� JURXS� GHSHQGV� RQ� WKH�
SUHVHQFH�DEVHQFHV�RI�DQWLJHQV��$��%��DQG�+�DQWLJHQV��
DQG�WKHVH�DUH�FRPSOH[�FDUERK\GUDWH�PROHFXOHV��ZKLFK�
DUH� QRW� RQO\� DWWDFKHG� WR� WKH�PHPEUDQH� RI� UHG� EORRG�
FHOOV� EXW� DOVR� GLIIHUHQW� KXPDQ� FHOOV� DQG� WLVVXHV�
LQFOXGLQJ�SODWHOHWV��QHXURQV��HSLWKHOLD��XULQH�DQG�WHDUV�
WKDW� DUH� XVHG� LQ� IRUHQVLF� LQYHVWLJDWLRQV�� +HQFH�� LW� LV�
UHDVRQDEOH� K\SRWKHVL]HG� WKDW� WKHVH� FDUERK\GUDWH�
PROHFXOHV� DUH� QRW� RQO\� LPSRUWDQW� LQ� � WUDQVIXVLRQ�
PHGLFLQH� DQG� WUDQVSODQWDWLRQ� EXW� DOVR� IRU�
SDWKRJHQHVLV�RI�GLIIHUHQW�GLVHDVHV���%ORRG�JURXSV�DUH�
GHWHUPLQHG� E\� KHUHGLW\� DQG� H[KLELW� SRO\PRUSKLVP� LQ�
GLIIHUHQW� SRSXODWLRQV�� 7LOO� WR� GDWH� ��� EORRG� JURXS�
V\VWHPV� KDYH� EHHQ� GLVFRYHUHG� E\� WKH� LQWHUQDWLRQDO�

VRFLHW\� RI� EORRG� WUDQVIXVLRQ� �,6%7��� 7KHVH� EORRG�
JURXSV��JHQHWLFDOO\� WUDQVIHUUHG� IURP�ERWK�SDUHQWV�DQG�
FRQWUROOHG� WKURXJK� VLQJOH� JHQH� DWWDFKHG� RQ� ORQJ� DUP�
RI� QLQWK� FKURPRVRPH� ZLWK� WKUHH� GLIIHUHQW� DOOHOHV��
LQFOXGLQJ� L�� ,$� DQG� ,%� DOOHOHV� DUH� GRPLQDQW� RYHU� L��
H[SUHVVLQJ� D� VSHFLDO� GRPLQDQFH� DVVRFLDWLRQ�
�FRGRPLQDQFH���WKDW�PHDQV�W\SH�$�DQG�W\SH�%�SDUHQWV�
FDQ�KDYH�DQ�$%-W\SH�FKLOG�DQG�2-W\SH�FKLOG�LI�WKH\�DUH�
ERWK�KHWHUR]\JRXV��,%L��,$L����� 
7UHQGV� RI� $%2� EORRG� JURXS� GLIIHU� IURP� JHRJUDSKLFDO�
DUHDV�� LQ� UDFHV� DQG� ZLWKLQ� VXEJURXSV�� (YHQ� LQ�
3DNLVWDQ�YDULDWLRQV�RI�EORRG�JURXSV� LQ�GLIIHUHQW�DUHDV�
LQGLFDWLQJ� � GLIIHUHQFH� LQ� UDFHV� �� HYROXWLRQ�� DQG� WKHLU�
DVVRFLDWLRQ�WR�HQYLURQPHQW�DQG�GLVHDVH���7KHUHIRUH��LW�
ZDV� FRQVLGHUHG� ZRUWKZKLOH� WR� HVWDEOLVK� WKH� WUHQG� RI�
$%2� EORRG� JURXS� LQ� WKH� SRSXODWLRQ� UHVLGLQJ� LQ� WKH�
'LVWULFW�+\GHUDEDG��6LQGK�� 

0(7+2'2/2*< 

7KLV� FURVV-VHFWLRQDO� VWXG\� ZDV� FDUULHG� RXW� LQ�
SK\VLRORJ\�GHSDUWPHQW��XQLYHUVLW\�RI�VLQGK�-DPVKRUR��
IURP� $XJXVW-'HFHPEHU� ������ 6LPSOH� UDQGRP�
WHFKQLTXH� ZDV� XVHG� IRU� FROOHFWLRQ� RI� GDWD�� 7KH� GDWD�
FROOHFWHG� WKURXJK� LQWHUYLHZ� DQG� VHOI-VWUXFWXUHG�
TXHVWLRQQDLUH� WKDW� LQFOXGH� DJH�� VH[� ZHLJKW�� KHLJKW��
SK\VLFDO� DFWLYLW\�� VRFLR� GHPRJUDSKLF� FKDUDFWHUV��
HGXFDWLRQDO� VWDQGDUGV�� IRRG� KLVWRU\�� VPRNLQJ� KLVWRU\��
$%2� EORRG� JURXS� LI� NQRZQ�� DQG� KLVWRU\� RI� LOOQHVV�� ,Q�
WKLV� VWXG\�� WRWDO� QXPEHU� RI� ����� \RXQJ� KHDOWK\�
SDUWLFLSDQWV� ZHUH� UHFUXLWHG��2XW� RI� ����� SDUWLFLSDQWV��
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�����ZHUH�PDOH�DQG������ZHUH�IHPDOHV��,Q�WKLV�VWXG\��
9HUEDO� DQG� ZULWWHQ� FRQVHQW� ZHUH� WDNHQ� IURP� DOO�
SDUWLFLSDQWV� 
$%2� EORRG� JURXS� GHWHUPLQHG� WKURXJK� DQWLJHQ-
DQWLERG\� DJJOXWLQDWLRQ� WHVW�� 7KH� FROOHFWHG� GDWD� ZHUH�
DQDO\]HG�RQ�6366�YHUVLRQ������ 

5(68/76 

7KH� UHVXOWV� RI� RXU� VWXG\� GHVFULEH� WKH� IUHTXHQF\� RI�
$%2� DQG� 5K� %ORRG� JURXS� LQ� SDUWLFLSDQWV�� LQ� EORRG�
JURXS�$�RYHUDOO�SDUWLFLSDQW���������������PDOHV�ZHUH�
���� ��������� DQG� IHPDOHV� ZHUH� ���� ���������� ,Q� %�
EORRG� JURXS�� RYHUDOO� SDUWLFLSDQWV� ZHUH� ����� �������
PDOHV� ZHUH� ���� ���������� DQG� IHPDOHV� ZHUH� ����
����������,Q�$%�EORRG�JURXS��RYHUDOO�SDUWLFLSDQWV�ZHUH�
���� �������� PDOHV� ZHUH� ���� ��������� DQG� IHPDOHV�
ZHUH� ���� ���������� ,Q� 2� %ORRG� *URXS�� RYHUDOO�
SDUWLFLSDQWV�ZHUH� ����� WKDW� DUH� ��������PDOHV�ZHUH�
��������������DQG�IHPDOHV�ZHUH���������������,Q�5K-
3RVLWLYH�%ORRG�JURXS�V\VWHP��RYHUDOO�SDUWLFLSDQWV�ZHUH�
������������PDOHV�ZHUH����������������DQG�IHPDOHV�
ZHUH� ����� ���������� ,Q� 5K-1HJDWLYH� EORRG� JURXS�
V\VWHP�� RYHUDOO� SDUWLFLSDQWV� ZHUH� ���� ������ PDOHV�
ZHUH� ������������ DQG� IHPDOHV� ZHUH� ���� ��������
7DEOH�,�� 
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7KH�$%2�DQG�5K�EORRG�JURXS�V\VWHPV�DUH� WKH�PRVW�
FRPPRQO\� XWLOL]HG� JURXSLQJ� V\VWHPV� LQ� EORRG�
WUDQVIXVLRQ��7KH�DVVRFLDWLRQ�RI�GLIIHUHQW�EORRG�JURXSV�
ZLWK� GLVHDVHV� LV� LPSRUWDQW�� DV� VRPH� RI� WKH� EORRG�
JURXSV� DUH� SDUWLFXODUO\� SURQH� WR� GHYHORS� FHUWDLQ�
GLVHDVHV�� 7KHVH� V\VWHPV� DUH� DOVR� ZHOO� GHILQHG� DV� D�
JHQHWLF� PDUNHUV� DQG� DQWKURSRPHWULF� VWXGLHV�� %ORRG�
JURXS� UHPDLQV� DOZD\V� LPSRUWDQW� IRU� UHVHDUFKHUV�
EHFDXVH�RI� LWV� FRUUHODWLRQ�ZLWK�GLIIHUHQW� GLVHDVHV�H�J��
K\SHUWHQVLRQ�� VWURNH�� XOFHU�� GLDEHWHV�� DQG� YDULRXV�
FDQFHUV� HWF�� 7KH� WUHQG� RI� EORRG� JURXS� YDULHV�
HWKQLFDOO\�� UHJLRQDOO\� DQG� LQ� YDULRXV� SRSXODWLRQV���
7KHUHIRUH�� LW� LV� LPSRUWDQW� WR� GRFXPHQW� SUHYDOHQFH� RI�
$%2� DQG� 5K� EORRG� JURXSV� LQ� GLVWULFW� +\GHUDEDG�� ,Q�
WKLV� VWXG\�� ZH� UHSRUWHG� WKDW� %� EORRG� JURXS� LV� PRVW�
SUHYDOHQW� ZLWK� ����� 2 �������� $ ���� DQG�
$% ������ 7KH� WUHQG� ZH� IRXQG� LQGLFDWHV� WKDW� EORRG�
JURXS�%� LV�PRVW�SUHYDOHQW� IROORZHG�E\�2��$��DQG�$%��
ZKLOH� 5K-� 3RVLWLYH� DQG� 5K-� 1HJDWLYH� LQ� GLVWULFW�
+\GHUDEDG� SRSXODWLRQ�� 7KH� UHVXOW� RI� � WKLV� VWXG\� LV� LQ�
DJUHHPHQW� ZLWK� ,QGLDQ� 6XE-FRQWLQHQW� DQG� WKH� RWKHU�
VWXGLHV� FRQGXFWHG� LQ� GLIIHUHQW� DUHDV� RI� 3DNLVWDQ���
7DEOH�,,� 
+RZHYHU�� RWKHU� VWXGLHV� FRQGXFWHG� LQ� LQWHULRU� 6LQGK�
DQG� .DUDFKL�� DUH� LQ� FRQWUDVW� WR� RXU� UHVXOWV�� 7KLV�
GLIIHUHQFH� LQ� IUHTXHQF\� RI� EORRG� JURXSV� DUH� GXH� WR�
QXPEHU� RI� IDFWRUV� LQFOXGLQJ�� FRPSDWLELOLW\� ZLWKLQ�
PRWKHU� DQG� FKLOG�� H[WHUQDO� HQYLURQPHQW�� YDULDWLRQ� LQ�
JHRJUDSK\�� UDFLDO� DQG� JHQHWLF� GLIIHUHQFHV�� DQG�
PLJUDWLRQ�� +RZHYHU�� WKHVH� VWXGLHV� DUH� LQ� DJUHHPHQW�
ZLWK� 5K� EORRG� V\VWHP� WUHQGV� 5K-3RVLWLYH� !� 5K-
1HJDWLYH������ 
5HVXOW�RI�RXU�VWXG\� LV� LQ�DJUHHPHQW�ZLWK�WKH�WUHQGV�RI�
,QGLD��+RZHYHU��2�EORRG�JURXS� LV�PRVW�SUHYDOHQW�DQG�
$%�EORRG�JURXS� LV� OHVV�SUHYDOHQW� LQ�ZRUOG��$OO�VWXGLHV�
DUH�LQ�DJUHHPHQW�ZLWK�5K�WUHQG�RI�RXU�UHVXOW��+RZHYHU��
WKLV�GLIIHUHQFH�RI�WUHQGV�LQ�$%2�EORRG�JURXS�V\VWHP�LV�

$%2�DQG�5KHVXV�%ORRG�*URXS�LQ�+HDOWK\�3RSXODWLRQ 

��� 

%ORRG�*URXS 2YHUDOO��Q ����� 0DOH��Q ����� )HPDOH�Q ����� 
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7$%/(�,,���&203$5,621�2)�&855(17�678'<�2)�$%2�$1'�5+�%/22'�*5283�:,7+�27+(5�5(*,216�
2)�3$.,67$1 

&LWLHV $ % $% 2 5K-3RVLWLYH 5K-1HJDWLYH 5HIHUHQFH 

7KLV�6WXG\ ������ ��� ���� ������ ��� ��   

5DZDOSLQGL��,VODPDEDG ��� ��� ��� ��� ����� ���� � 

3HVKDZDU ��� ��� �� ��� ����� ���� � 

0DUGDQ ����� ��� ����� ����� ����� ���� � 

0XOWDQ ����� ����� ���� ����� ����� ���� � 

.DUDFKL ����� ����� ���� ����� ����� ���� � 

,QWHULRU�6LQGK ������ ������ ����� ������ ������ ����� � 
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GXH�WR�JHRJUDSKLFDO��UDFLDO��H[WHUQDO�HQYLURQPHQW��DQG�
KHUHGLWDU\�WUDLWV��-���7DEOH�,,,� 

&21&/86,21� 

,Q� WKLV� VWXG\�� ZH� FRQFOXGHG� WKDW� %ORRG� JURXS�
SKHQRW\SH� %� LV� PRUH� SUHYDOHQW� EORRG� JURXS� ZKLOH�
EORRG� JURXS� $%� IRXQG� OHVV� SUHYDOHQW�� ZKLOH� 5K-
SRVLWLYH� LV�PRUH�SUHYDOHQW� WKDQ�5K-QHJDWLYH� WUHQGV� LQ�
GLVWULFW�+\GHUDEDG�6LQGK�3DNLVWDQ��+DYLQJ�LQIRUPDWLRQ�
DERXW� RZQ� EORRG� JURXS� LV� KHOSIXO� IRU� HYHU\RQH�� ,W�
VDYHV� OLIH� ZKHQ� EORRG� WUDQVIXVLRQ� LV� UHTXLUHG�� 7KLV�
VWXG\� ZLOO� EH� KHOSIXO� IRU� EORRG� EDQN� IRU�PDQDJHPHQW�
DQG�EORRG�GRQDWLRQ�LQ�FULVLV� 

(WKLFDO� SHUPLVVLRQ�� 8QLYHUVLW\� RI� 6LQGK��
'HSDUWPHQW� RI� 3K\VLRORJ\�� ,5%� SHUPLVVLRQ� OHWWHU� 1R��
3K\VLRO�(5,�����GDWHG���-��-����� 

&RQIOLFW� RI� ,QWHUHVW�� 7KHUH�ZDV�QR�DQ\�FRQIOLFW�RI�
LQWHUHVW� 

)XQGLQJ��7KHUH�ZDV�QR�DQ\�IXQGLQJ�DJHQF\� 

$87+25�&2175,%87,216 

$KPHG�6��&RQFHSW��PDLQ�DXWKRU 
/DJKDUL�=��6XSHUYLVHG�DOO�DVSHFWV�RI�VWXG\ 
0HPRQ�6��'DWD�DQDO\VLV 
:DUVL�-��'DWD�&ROOHFWLRQ 

5()(5(1&(6� 

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

�� )ORUHV-%HOOR�$��0DV-3RQWH�'��5RVX�0(��%RVFK�(��
&DODIHOO�)��&RPDV�'��6HTXHQFH�GLYHUVLW\�RI�WKH�5K�
EORRG� JURXS� V\VWHP� LQ� %DVTXHV�� (XU� -� +XP�
*HQHW�� ������ �������� ����-���� GRL� ��������
V�����-���-����-�� 

�� &DSX]]R� (�� %RQIDQWL� &�� )UDWWLQL� )�� 0RQWRUVL� 3��
7XUGR� 5�� 3UHYLGL� 0*�� HW� DO�� 7KH� UHODWLRQVKLS�
EHWZHHQ� $%2� EORRG� JURXS� DQG� FDUGLRYDVFXODU�
GLVHDVH��UHVXOWV�IURP�WKH�&DUGLRULVN�SURJUDP��$QQ�
7UDQVO�0HG��������������������GRL� ���������DWP��
����������� 

�� /DZLFNL�6��&RYLQ�5%��3RZHUV�$$��7KH�.LGG� �-.��
EORRG�JURXS�V\VWHP��7UDQVIXV�0HG�5HY����������
��������-����GRL����������M�WPUY������������� 

�� %XWW� 6-�� 0DOLN� 6�� 0DOLN� +�� %XWW� $-�� $%2� DQG�
5KHVXV� %ORRG� *URXSLQJ� LQ� 9ROXQWDU\� %ORRG�
'RQRUV� DQG� LWV� JHQGHU� DVVRFLDWLRQ�� 3DN� -� 0HG�
+HDOWK�6FL������������������-��� 

�� $KPHG�0��0HPRQ�$��,TEDO�.��'LVWULEXWLRQ�SDWWHUQ�
RI�$%2�DQG�5KHVXV�EORRG�JURXSV�DPRQJ�GLIIHUHQW�
HWKQLF� SRSXODWLRQ� RI� .DUDFKL�� -� 3DN� 0HG� $VVRF��
������������������-��� 

�� 6KDLNK�6��-DPDO�6��0DLUDM�)��$VLP�$��)UHTXHQF\�
RI� $%2� %ORRG� *URXS� 'LVFUHSDQFLHV� DQG� LWV�
&ODVVLILFDWLRQ� LQWR� *URXSV� LQ� 7HUWLDU\� &DUH�
+RVSLWDO�.DUDFKL��3DN�-��0HG�'HQW��������������-��� 

�� 3DUYHHQ� 1�� 5HKPDQ� -�� +DVVDQ� 6+�� +DVVDQ� =��
5HKPDQ� 0�� 'LIIHUHQW� %ORRG� *URXSV�� $VVRFLDWLRQ�
ZLWK� ERG\� PDVV� LQGH[� LQ� PHGLFDO� VWXGHQWV� RI�
.DUDFKL��3URIHVVLRQDO�0HG�-��������������������-
���GRL����������730-��������� 

�� 1D]OL�5��+DLGHU� -��.KDQ�0$��$NKWDU�7��$VODP�+��
)UHTXHQF\� RI�$%2�EORRG� JURXSV� DQG�5K'� IDFWRU�
LQ�WKH�IHPDOH�SRSXODWLRQ�RI�'LVWULFW�3HVKDZDU��3DN�
-� 0HG� 6FL�� ������ ������� ���-��� GRL� ���������
SMPV���������� 

��� 0RKDPHG� $%�� +LQGDZL� 6,�� $O-KDUWKL� 6�� $ODP� 4��
$ODP�0=��+DTXH�$��HW�DO��$OOHOLF�YDULDQFH�DPRQJ�
$%2�EORRG�JURXS�JHQRW\SHV� LQ�D�SRSXODWLRQ�IURP�
WKH� ZHVWHUQ� UHJLRQ� RI� 6DXGL� $UDELD�� %ORRG� 5HV��
����������������-���GRL� ��������EU��������������� 

6KDNLO�$KPHG�6KDLNK��=XOILTDU�$OL�/DJKDUL��6DOPD�)DUXNK�0HPRQ��-DPVKHG�:DUVL 

��� 
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&RXQWU\ $ % $% 2 5K-3RVLWLYH 5K-1HJDWLYH 5HIHUHQFH 
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