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2UJDQRWLQ� FRPSRXQG� WKDW� KDYH� DW� OHDVW� RQH� 6Q�&� ERQG� KDYH� ZLGH� FRPPHUFLDO� DSSOLFDWLRQV� DV� 39&�
VWDELOL]HU��DQWLIRXOLQJ�DJHQW�LQ�SDLQW�DQG�DV�DJURFKHPLFDOV��7KH�JHQHUDO�IRUPXOD�IRU�RUJDQRWLQ�FRPSRXQGV�
LV�5 < 6Q; <	=�> ZKHUH�5�LV�QRUPDOO\�DON\O�RU�DU\O�JURXSV�DQG�; &O = ��2+ = ��&+ ? &22 = ����,I�Q ���WKH�FRPSRXQG�
KDV� WKH� KLJKHVW� WR[LFLW\�� IRU� H[DPSOH� (W ? 6Q2$ @ � � KDV� /' A�B � � �PJ�.J� �� UDWV� �� DQG� WKLV� LV� WKH�PRVW� WR[LF�
FRPSRXQG��2UJDQRWLQ�FRPSRXQGV�DIIHFW�QDWXUDO�NLOOHU� �1.��RQ� O\PSKRF\WHV� LQ�KXPDQ�� ,W� LV�NQRZQ�1.�
O\PSKRF\WH� LV� WKH�SULPDU\� LPPXQH�GHIHQVH�PHFKDQLVP�DJDLQVW� WXPRU� DQG�YLUWXDOO\� LQIHFWHG� WKH� FHOO� LQ�
KXPDQ� ERGLHV�� 2UJDQRWLQ� FRPSRXQGV� SROOXWH� ZDWHU� DQG� VRLO� WKDW� FDQ� EH� WUDQVIHUUHG� WR� KXPDQ� ERG\�
WKURXJK� VHDIRRG�� � 'HVSLWH� WKH� RQJRLQJ� OHJLVODWLYH� UHVWULFWLRQV� IRU� WKH� XVH� RI� 2UJDQRWLQ� FRPSRXQGV� LQ�
:HVWHUQ� &RXQWULHV�� HQYLURQPHQWDO� SROOXWLRQ� RI� WKHVH� FRPSRXQGV� LV� VWLOO� D� ELJ� SUREOHP�� 7KHUHIRUH� WKH�
LQYHVWLJDWLRQ� RQ� WKH� DQDO\VLV� DQG� WKH� GHJUDGDWLRQ� RI� WKHVH� FRPSRXQGV� LQ� ZDWHU� DQG� VHGLPHQWV� LV�
LPSRUWDQW�� ,Q� WKLV� SDSHU�� ZH� SUHVHQW� WKH� FKDOOHQJHV� LQ� WKH� DQDO\VLV� DQG� WKH� GHJUDGDWLRQ� RI� 2UJDQRWLQ�
FRPSRXQGV���
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2UJDQRWLQ� FRPSRXQGV� �27&�� DUH�
FRPSRXQGV� WKDW� KDYH� DW� OHDVW� RQH� 6Q�&�
ERQG�7KH�JHQHUDO�IRUPXOD�RI�27&�LV��5Y 6Q;Y�Z
[ �� ,Q� WKLV� IRUPXOD�5� LV� DON\O� VXFK� DV�PHWK\O��
HWK\O��EXW\O��RFW\O�DOVR�WLRDON\O�DU\O�RU�WLRDU\O�
JURXSV�� �;�PD\�EH�KDOLGH��K\GUR[LGH��DFHWDWH�
RU� RWKHU� HVWHUV� RI� FDUER[\OLF� DFLG� RU� HVWHU� RI�
IDWW\� DFLG� RU� PHUFDSWR� JURXS�7KH� ILUVW� 27&�
ZDV� SUHSDUHG� LQ� ����� E\� /RZLQJ� EXW� FUHGLW�
IRU� WKH� ILUVW� FRPSUHKHQVLYH� VWXG\� RI� 27&�
EHORQJV� WR� (GZDUG� )UDQNODQG� ��������������
7KH� ILUVW� 27&� IRU� FRPPHUFLDO� XVH� ZDV�
GLRUJDQRWLQ�DV�39&�VWDELOL]HU�LQ������WKH�XVH�
RI� 27&� KDV� LQFUHDVHG� VXEVWDQWLDOO\� LQ� WKH�
SDVW� ��� \HDUV�� ,Q������ WKH�ZRUOG� SURGXFWLRQ�
RI� 27&� ZDV� ������������ WRQ� DQG� UHDFKHG�
������� DQG� ������� WRQV� LQ����DQG� ������
UHVSHFWLYHO\�� ,QGXVWULDO� XVHV� RI� 27&� DUH�
VKRZQ�LQ�WDEOH����
$QWLIRXOLQJ��

0RVW� LPSRUWDQW�XVHV�RI� WULEXW\O� WLQ� �7%7���
LV�DV�DQWLIRXOLQJ�DJHQW�LQ�SDLQW�FRDWLQJ�RQ�WKH�
VKLSV��*URZWK�RI�PLFUR�RUJDQLVP�RQ�WKH�KXOOV�
RI�YHVVHO�UHVXOWHG�LQFUHDVHG�LQ��WKH�ZHLJKW�RI�
WKH�VKLSV�DOVR�UHGXFH�WKH�VSHHG�DQG�WKXV��

�
LQFUHDVH�WKH�HQHUJ\�FRQVXPSWLRQ��-RKQ��������
�
7DEOH����,QGXVWULDO�XVHV�RI�27&��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
$JULFXOWXUH��

7KH� XVH� RI� 27&� DV� DJULFXOWXUH� ELRFLGHV�
UHVXOWHG� LQ� D� VLJQLILFDQW� LQFUHDVH� RI�
HQYLURQPHQWDO� SROOXWDQWV�� 6LQFH� �����V�
WULSKHQ\OWLQ� �)HQWLQ�� K\GUR[LGH� RU� DFHWDWH�
ZDV�XVHG�WR�FRQWURO�IXQJL� WKDW�DWWDFN�SRWDWR��
VXJDU� EHHWV�� FHOHU\�� FDUURW�� RQLRQ� DQG� ULFH���
7ULSKHQ\OWLQ�737�� DOVR� XVHG� WR� SUHYHQW�
WURSLFDO�GLVHDVH�LQ�SHDQXWV��FRIIHH�DQG�FRFRD��
$QQXDOO\� ���� WRQV� RI� 737� LV� XVHG� LQ�
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27&�
�
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(W ` 6Q2$F�
0H ` 6Q2$F�
0H ` 6Q&O�
0H ` 6Q2+�
0H a 6Q&O a �
0H6Q&O ` �
3K ` 6Q2+�
+H[ ` 6Q2$F�
�%X ` 6Q� a 2�
%X ` 6Q2$&�
%X a 6Q&O a �
%X6Q&O ` �
%X b 6Q�
2FW b 6Q�
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1HWKHUODQG�IRU�WKH�SURWHFWLRQ�SRWDWR�FURSV��
�

7R[LFLW\��
���,Q� 27&� � � 5Y 6Q; YIZ [�c � LI� Q �� �WULDON\O� RU�

WULDU\O� WLQ��� WKH\� DUH� WKH� PRVW� WR[LF�� ,Q� WKLV�
FODVV��(W d 6Q�2$ e � LV�WKH�PRVW�WR[LF�RI�DOO�27&�
IRU�PDPPDOV��2UDO�/' f!g �UDW��LV���PJ�.J��7R�
GHFUHDVH�WKH�WR[LFLW\�RI�27&��WKH�FKDLQ�OHQJWK�
RI� Q�DON\O� VKRXOG� EH� LQFUHDVHG� DV� LOOXVWUDWHG�
LQ�7DEOH�����
�

�����7DEOH����2UDO�WR[LFLW\�RI�27&��UDWV���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
2FW\O�WLQ� ZKLFK� KDV� /' f!g � RI� ���� ����� DUH�

HVVHQWLDOO\� QRQ�WR[LF� DQG� WKH\� DUH� XVHG� DV�
39&� VWDELOL]HU�&RPSDULVRQ�RI� WKH� WR[LFLW\� RI�
VHYHUDO� 27&� LV� JLYHQ� LQ� WDEOH� ���
$SSUR[LPDWHO\� ��� WRQV� RI� WULRUJDQRWLQ�
ELRFLGHV� HQWHU� WKH� HQYLURQPHQW� HDFK� \HDU��
/LWWOH� LV� NQRZQ� DERXW� WKH� HIIHFW� RI� 27&� LQ�
KXPDQ� �+RFK�� ������� ,Q� ����� DERXW� ����
GHDWKV�ZDV�UHSRUWHG�LQ�)UDQFH�EHFDXVH�RI�RUDO�
WUHDWPHQW� RI� GLHWK\OWLQ� WKDW�ZDV�PL[HG�ZLWK�
OLQROHLF�DFLG�IRU�WKH�FXULQJ�VNLQ�GLVHDVH���7KH�
WR[LFLW\�LV�GXH�WR�WULHWK\OWLQ�LRGLG�WKDW�SUHVHQW�
DV� DQ� LPSXULW\� LQ� WKLV� GUXJ�� 6\PSWRPV� RI�
SRLVLRQLQJ� RI� WULDON\O� RU� WULDU\OWLQ� DUH�
YRPLWLQJ�� KHDGDFKH�� YLVXDO� GHIHFW� DQG�
HOHFWURHQFHSKDORJ�UDSKLF� DEQRUPDOLWLHV��
7K\RF\WH� SOD\� DQ� LPSRUWDQW� UROH� LQ� KXPDQ�
LPPXQLW\�����KRXUV�DIWHU�H[SRVXUH�LQ�YLWUR�WR�
����QJ��PO�'%7�WKHLU�YLDELOLW\�ZDV�GHFUHDVHG�
E\� ���0%7�� 7%7� DIIHFWV� QDWXUDO� �1.��
O\PSKRF\WH� LQ� KXPDQ� EORRG�� � 1.�
O\PSKRF\WHV� DUH� WKH� SULPDU\� LPPXQH�
GHIHQVH�DJDLQVW� WXPRU�DQG�YLUWXDOO\� LQIHFWHG�
FHOO� LQ� KXPDQ� ERGLHV� 6RPH� LPSRVH[� ZDV�
UHSRUWHG�LQ�PDULQH�RUJDQV�VXFK�DV�VQDLOV�DQG�
PDULQH� ZKHONV� �*yPH]�$UL]D�� ������ 9LVKZ�
DNLUDQ�� ������� 7R� LQYHVWLJDWH� WKH� HQYLURQ�

PHQWDO� SUREOHPV� RI� 27&�� WKH� ILUVW� VWHS� LV�
GHWHFWLRQ� DQG� PHDVXUHPHQW� RI� WKHVH� FRPS�
RXQGV�LQ�ZDWHU��VHGLPHQWV�DQG�RUJDQV���7KHUH�
DUH� VRPH� UHSRUWV� LQ� 27&� SROOXWLRQ� RI�
GULQNLQJ�ZDWHU�WKDW�ZHUH�WUDQVIHUUHG�WKURXJK�
39&�SLSHV��39&�SLSHV�IRU�WKH�ILUVW�WLPH�XVDJH�
WUDQVIHU���PJ�P d �DV�6Q��5REHUWV���������

�
$1$/<6,6�

$XWKRUV�PHQWLRQHG�YDULRXV�PHWKRGV�VXFK�
DV� VSHFWURVFRSLF� DQG� FKRURPDWRJU�DSK\�
WKHQLTXHV� IRU� DQDO\VLV� RI� 27&�� 0RVW� RI� WKH�
DQDO\WLFDO� SURFHGXUHV� GHYHORSHG� IRU� 27&�
DQDO\VLV� DUH� EDVHG� RQ� FKURPDWRJUDSKLF�
VHSDUDWLRQ� �*RPH]�²$UL]D���������6HSDUDWLRQ�
FRXSOHG�ZLWK�D�VSHFLILF�GHWHFWRU�VXFK�DV�$(6��
$$6�� DWRPLF� IOXRUHVFHQW�� IODPH� SKRWRPHWU\�
DQG�PDVV�VSHFWURVFRS\���3UHWUHDWPHQWV�RI�WKH�
VDPSOHV� DUH� QHHGHG� EHIRUH� FKURPDWRJUDSK\�
DQDO\VLV�� 7KH� SUHWUHDWPHQW� VWHSV� �&RPSDQR��
������0DVDKLUR�7DNHXFKL�������DUH�DV�IROORZ��
��'LJHVWLRQ�
��([WUDFWLRQ�
��'HULYDWLRQ�
��3XULILFDWLRQ�

��� PHWKRGV� RI� H[WUDFWLRQ� RI� 27&� ZHUH�
FRPSDUHG�� ,W�ZDV� NQRZQ� SRODU� VROYHQW� VXFK�
DV�0H2+DQG� DFLGLF�PHGLD� LQFUHDVH� \LHOG� RI�
H[WUDFWLRQ��&DWHULQD�3HOOHJULQR���������)RU�*&�
DQDO\VLV� �UHTXLUHG�VDPSOH� WR�EH�YRODWLOH�� � WKH�
SRODU�27&��H[WUDFWHG�IURP�WKH�PDWUL[�KDG�WR�
EH� FRQYHUWHG� LQWR� YRODWLOH� FRPSRXQGV� E\�
DON\ODWLRQ� �ZKLFK� FDQ� EH� VHSDUDWHG� E\� WKLV�
DQDO\WLFDO�PHWKRG�DV�D�FRQVHTXHQFH�WKH�27&�
ILUVWO\� QHHG� WR� EH� H[WUDFWHG� LQWR� D� SRODU��
VROYHQW� XVXDOO\� E\� XVLQJ� FRPSOH[LQJ� DJHQW�
VXFK� WURSRORQH� RU� VRGLXPGLH� WK\OGLWKLRFDU�
EDPDWH� �1D''7&��� )LJ�� �� VKRZV� RQH� RI� WKH�
SURFHGXUHV� IRU� DQDO\VLV� RI� 27&� LQ� ZDWHU��
VHGLPHQW� DQG� RUJDQV�� 2QH� RI� WKH� PRVW�
LPSRUWDQW� VWHSV� RI� DQDO\VLV� RI� 27&� LV�
GHULYDWLVDWLRQ�� 7KHUH� DUH� WKUHH� PHWKRGV�
�5REHUWR� 0RUDELWR�� ������ 7VXQRL�� ������ IRU�
WKLV�VWHS��
��+\GULGH�JHQHUDWLRQ�E\�XVH�RI�1D%+ Y
��(WK\ODWLRQ�E\�1D�%�(W� Y ��
��$ON\ODWLRQ�E\�*ULJQDUG�UHDJHQW��

�
5HFHQWO\� VFLHQWLVW� XVHG� ELRPDUNHU� DV� D�

PHWKRG� IRU� LQYHVWLJDWLRQ� WKH� SROOXWLRQ� RI�
27&�� 9DULDQ� FRPSDQ\� SXEOLVKHG� D� UHSRUW�
DERXW� WKH�PHDVXULQJ� RI�27&� LQ� OLYHU� RI� ILVK�
DQG� ELUG� E\� XVLQJ� *&�0DVV� )LJ�� �� VKRZV�
FKRURPDWRJUDP� RI� VRPH� 27&�� 8QODEHOHG�
SHDNV� VKRZ� LQWHUQDO� VWDQGDUGV� 6WDE� HW� DO��
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�

�����)LJ������*�&�FKURPDWRJUDP�RI�VRPH�RUJDQRWLQ�FRPSRXQGV��
���
8QODEHOHG�SHDNV�VKRZ�LQWHUQDO�VWDQGDUGV��
�
5(68/76�$1'�',6&866,21�
$V� PHQWLRQHG�� 27&� LV� RQH� RI� WKH� PDMRU�

SROOXWDQWV� LQ�PDULQH� HQYLURQPHQW�� 3ROOXWLRQ�
RI� DTXDWLF� V\VWHP� E\� 7%7� DQG� 737� FDXVHV�
YDULRXV�V\PSWRPV�RQ�RUJDQV� OLNH� WKLFNHQLQJ�
RI�VKHOO�DQG�IDLOXUH�RI�VSDW� LQ�R\VWHU�DQG� WKH�
UHGXFWLRQ� RI� GRJZKHDON� SRSXODWLRQ� DOVR�
FDXVH� GLVWXUEDQFH� LQ� VH[XDO� KRUPRQHV� DQG�
FDXVHV� LPSRVH[� LQ� VRPH� PDULQH� RUJDQV�� 7R�
RYHUFRPH� WKHVH� SUREOHPV�� WKH�GHWHFWLRQ� DQG�
PHDVXUHPHQW�RI�WKHVH�FRPSRXQGV�ZLWK�TXLFN�
DQG� DFFXUDWH� PHWKRGV� ZLWK� DFFHSWDEOH�
GHWHFWLRQ� OLPLW� LV� XQDYRLGDEOH�� $OO�

PHDVXUHPHQW� VKRXOG� EH� GRQH� LQ� DTXHRXV�
PHGLD� WKXV� XVLQJ� *ULJQDUG� UHDJHQW� LV�
GLIILFXOW���

0RVW� RI�27&�KDV�KLJK�ERLOLQJ�SRLQW� WKXV�
QHHGV�WR�GHULYDWLVH�WKHVH�FRPSRX�QGV��2QH�RI�
WKH� EHVW� FKHPLFDO� PHWKRGV� IRU� GHULYDWLRQ� LV�
XVLQJ�1D%�(W� Y ��LQ�WKLV�PHWKRG�H[WUDFWLRQ�DQG�
GHULYDWLVDWLRQ� FDQ� EH� GRQH� VLPXOWDQHR�XVO\��
'HULYDWLVDWLRQ� ZLWK� 1D%�(W� Y � PDNH� WKH�
VDPSOH�SUHSDUDWLRQ�IDVWHU�DQG�HDVLHU�EHFDXVH�
LW� FRPELQHV� DQ� LQ�VLWX� GHULYDWLRQ� LQWR� DQ�
RUJDQLF�SKDVH��2QH�VFLHQWLVW�DIWHU�FRPSDULQJ�
FKHPLFDO� DQDO\VLV� ZLWK� ELRPDUNHU� PHWKRG�
FRQFOXGHV��ELRPDUNHU� LV�EHWWHU� WKDQ�FKHPLFDO�
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PHWKRGV��7KH�UHODWLYH�3HQLV�,QGH[�6L]H��536,��
LV� PRVWO\� XVHG� WR� LQGLFDWH� WKH� VWDJH� RI�
LPSRVH[�� � $QDO\VLV� RI� ZDWHU�� VHGLPHQW� DQG�
RUJDQV�LQ�VRPH�VHDVLGH�VXFK�DV�2VDND��%ODFN�
6HD��1HWKHUODQGV��&DQDGD�DQG�1HZ�=HDODQG�
VKRZ� WKHVH� SODFHV� ZHUH� SROOXWHG�� WKHUHIRUH�
ZH� VKRXOG� ILQG� VRPH� DSSURDFKHV� IRU�
GHFUHDVLQJ� RI� SROOXWLRQ� �+DULQR� )XNXVKLPD��
�������6RPH�DSSURDFKHV�DUH��
�
,�5HSODFHPHQW� RI� 7%7� DQG� 737� E\� RWKHU�
FRPSRXQGV�

0DQ\� ZRUNV� KDYH� EHHQ� GRQH� WR� UHSODFH�
WKHVH�FRPSRXQGV��,Q�UHVSRQVH�WR�WKH�QHJDWLYH�
SHUIRUPDQFH� DQG� HQYLURQPHQWDO� HIIHFWV� RI�
PDULQH� DQWLIRXOLQJ�SDLQWV� WKDW� FRQWDLQV�7%7��
WULEXW\OWLQ�PHWKDFU\ODWH��D�FRSRO\PHU�V\VWHP�
ZDV� GHYHORSHG� ZKLFK� KDV� VHOI�SROLVKLQJ�
EHKDYLRU�� 7KLV� QHZ� FRPSRXQG� FDQ� FRQWUROO�
OHDFKLQJ� DQG� LW� GRHVQ·W� OHDFK� WR� ZDWHU��
([WHQVLYH� UHVHDUFK� IRU� UHSODFHPHQW�SURGXFWV�
IRU� 7%7� SDLQWV� LV� EDVHG� RQ� ELQGHU� V\VWHPV�
PDGH� RI� FRSSHU� DFU\ODWH� DQG� ]LQF�
DFU\ODWH�5HFHQWO\� D� QHZ� DQWLIRXOLQJ� DJHQW� LQ�
WKH� QDPH� RI� VHD� QLQH�ZDV� XVHG� �-DFREVRQ� HW�
DO����������

�
,,�%DQQLQJ� RU� UHJXODWLRQ� RI� XVDJH� E\�

JRYHUQPHQWV�
'DPDJH� HIIHFWV� RI� FRQVXPSWLRQ� RI� 7%7�

FDXVHG�E\�DSSOLFDWLRQ�RI� WKHVH�FRPSRXQG�WR�
EH�DEDQGRQHG�LQ�)UDQFH�LQ�������8QLWHG�6WDWH�
DQG� (QJODQG�� DQG� (XURSHDQ� FRXQWULHV�
EDQGHG� WKHLU� DSSOLFDWLRQ� VLQFH� ������ :RUOG�
OHJLVODWLRQ� LV� EHLQJ� FRQVLGHUHG� IRU� WULDON\O�
WLQ�,Q� ����� )UDQFH� ZDV� WKH� ILUVW� FRXQWU\� WR�
EDQG�WKH�XVH�RI�27&�EDVHG�DQWLIRXOLQJ�SDLQWV�
RQ�VKLSV�OHVV�WKDQ���PHWHUV�ORQJ���

6LPLODU� UHJXODWLRQ� KDYH� DOVR� EHHQ� LPSRV�
HG� LQ�1RUWK�$IULFD�$XVWUDOLD�1HZ� �=HDODQG� ���
6RXWK�$IULFD�+RQJ�.RQJ�DQG�PRVW�(XURSHDQ�
FRXQWULHV��(XURSHDQ�FRXQWULHV�HQYLURQPHQWDO�
TXDOLW\�WDUJHWV�RI���QJ�O�RI�ZDWHU�VDPSOH�DQG�
����QJ�JP�VHGLPHQWV� DUH� QRZ� LPSOHPHQWHG�
IRU� GL� DQG� PRQR� 27&� WKDW� ZLOO� EH� IRUPHG�
WKURXJK� GHJUDGDWLRQ� DQG� PHWDEROL]DWLRQ� RI�
WULRUJDQRWLQ� �1R� OHJDO� VWDQGDUG� KDYH� EHHQ�
HVWDEOLVKHG��,Q�VSLWH�RI�WKH�EDQQLQJ�RI�27&�LQ�
�����LQ�-DSDQ�DQDO\VHV�RI�WKHVH�FRPSRXQGV�LQ�
ZDWHU�� VHGLPHQW�� SODQNWRQ� DQG� PXVVHOV�
VKRZV�27&�LQ�DTXDWLF�HQYLURQPHQW�RI�SRUW�RI�
2VDND� LV� DW� OHYHO� WKDW�PD\� EH� FDXVH� DGYHUVH�
HIIHFW� IRU� DTXDWLF� RUJDQLVP�� &DQDGLDQ�
JRYHUQPHQW� UHJXODWHG� 7%7� XQGHU� 3HVW�
&RQWURO� 3URGXFW� $FW�,QVSLWH� RI� EDQQLQJ� RU�

UHJXODWLRQ�XVLQJ�RI�7%7�LQ�VRPH�FRXQWULHV�WKH�
FRQFHQWUDWLRQ� RI� WKLV� FRPSRXQG� LV� KLJK�
HQRXJK� DQG� DGGLWLRQ� WR� EDQQLQJ� QHHG� WR�
RWKHU�DSSURDFKHV��&KDPS���������

�
3ROOXWLRQ�RI�27&�LQ�PDULQH��

2QH�RI� WKH�PDLQ�HQYLURQPHQWDO�SROOXWLRQ�
LQ�PDULQH�LV�7%7��,Q�3HQLQVXODU�0DOD\VLD��WKH�
FRQFHQWUDWLRQV� RI� 7%7� LQ� VHDZDWHU� UDQJHG�
IURP�����������QJ�/�LQ�XQH[SRVHG�DUHDV��L�H���
DZD\� IURP� ERDW� DQG� VKLSSLQJ� DFWLYLW\��� DQG�
IURP� ��� �� ������ QJ�/� LQ� FRDVWDO� DUHDV� ZLWK�
KLJK�ERDW�DQG�VKLS�DFWLYLWLHV� �&RQFHQWUDWLRQV�
RI�7%7�LQ�VHGLPHQWV�ZHUH�UHSRUWHG�WR�EH������
QJ�J� � � � � � LQ� DQ� XQH[SRVHG� DUHD� DQG� ����� ��
������QJ�J���LQ�H[SRVHG�DUHDV��,W�ZDV�UHSRUWHG�
WKDW� 7%7� FRQFHQWUDWLRQV� LQ� WKH� WLVVXH� RI�
FRFNOHV��$QDGDUD�JUDQRVD��DQG�FODPV��3DSKLD�
VS��� FROOHFWHG� IURP� 3HQLQVXODU� 0DOD\VLD�
ZDWHUV� UDQJHG� IURP� ����� �� ���� QJ�J� ZHW�
ZHLJKW�� ZKLOH� FRQFHQWUDWLRQV� LQ� JUHHQ�
PXVVHOV��3HUQD�VS���FROOHFWHG�IURP�WKH�PDUNHW�
DQG� IURP� IDUPV� FRQWDLQHG� ����� QJ�J� ZHW�
ZHLJKW� DQG� ����� QJ�J� ZHW� ZHLJKW��
UHVSHFWLYHO\�� $OVR� UHSRUWHG� WKDW� PDUNHW�
SXUFKDVHG� FODPVFRQWDLQHG� DV� PXFK� DV� ����
QJ�J� 7%7� DQG� WKDW� IDUP� FXOWXUH� RI� R\VWHUV�
KDG� WR� EH� H[WHQGHG� IURP� IRXU� \HDUV� WR� VL[�
\HDUV� GXH� LQ� SDUW� WR� 7%7� FRQWDPLQDWLRQ��
3ROOXWLRQV� RI� VHGLPHQWV� LV� PRVW� LPSRUWDQW�
EHFDXVH�WKH�KDOI�OLIH�RI�7%7�LQ�VHGLPHQWV�ZDV�
HVWLPDWHG� DV� �������� \HDUV��&RQFHQW�UDWLRQ� RI�
7%7� LQ� VHGLPHQWV� � LQ� 7KDLODQG� �������� LQ�
+RQJ� .RQJ� ���������� LQ� $XFNODQG� �1HZ�
=HDODQG�� ������� QJ�J�� 7KH� KLJKHVW� UHSRUWHG�
FRQFHQWUDWLRQ�RI�7%7� LQ� VHGLPHQW�ZDV�������
QJ�J�LQ�)LML��
�
,,,��'HJUDGDWLRQ�RI�27&��

'HJUDGDWLRQ� RI� 27&� PD\� EH� GHILQHG� DV�
WKH� VHTXHQWLDO� UHPRYDO� RI� WKH� DON\O� RU� DU\O�
JURXSV�DWWDFKHG�WR�WKH�6Q�DWRP��

7KLV�SURFHVV�VKRXOG�EH�VKRZQ�DV�EHORZ��
5 d 6Q;��Æ�5 ½ 6Q; ½ Æ�56Q; d ��Æ�6Q;Y �

7KH� EUHDNLQJ� RI� 6Q�&� ERQG� PD\� RFFXU�
WKURXJK��

���%LRWLF��UHDFWLRQ��
���3KRWRFKHPLFDO�UHDFWLRQ��
���&KHPLFDO�UHDFWLRQ�

0LFUR� DOJDH� DQG� EDFWHULD� SOD\� DQ� LPSRUWDQW�
UROH� LQ� WKH� 7%7� ELRGHJU�DGDWLRQ� LQ� DTXDWLF�
V\VWHPV��EXW� RQO\�D� OLPLWHG�QXPEHU�RI� WKHVH�
PLFURRUJDQLVPV� KDYH� EHHQ� LGHQWLILHG� YLD�
3VHXGRQRPDV� DHUXJLQRVD�� 3VHXGRPRQDV�
SXGLDF�DQG�$OFDOLJHQHV� IDFDOLV�DUH�NQRZQ� WR�



2UJDQRWLQ�&RPSRXQGV�DQG�WKH�(QYLURQPHQW�����������������������
���

�

GHJUDGDWH�27&��
0LFUR� DOJDH� VSHFLHV� VXFK� DV� 6NHOHWRQHP�

FRVWDWXP� DQG� &KORUHOOD� YXOJUDLV� DQG�
FKORUHOOD� VS�� FDQ� GHJUHGDWHV� DQG�PHWDEROL]H�
7%7� WR� OHVV� WR[LF� VSHFLHV� '%7� YLD�
GHDON\ODWLRQ� SURFHVV�� 737� LV� FRQYHUWHG� WR�
'37� DQG� LQRUJDQLF� WLQ� E\� WKH� SUHVHQFH� RI�
WKHVH�EDFWHULD��

3KRWR� GHJUDGDWLRQ� RI� 27&� KDV� WKH� VDPH�
VHTXHQFH� DV� ELRWLF� GHJUDGDWLRQ� �$YHUDJH�
ERQG� HQHUJ\� IRU� 6Q�&� LV� DERXW� ���� .-�PRO��
89� UDGLDWLRQ� ZLWK� D� ZDYHOHQJWK� RI� ���� QP�
SURYLGHV� HQHUJ\� DERXW� ���� .-�PRO��
7KHUHIRUH�� 89UDGLDWLRQ� RI� WKH� SURSHU� ZDYH�
OHQJWK� FDQ� FOHDYH� WKH� 6Q�&� EDQG�� 8QGHU�
QDWXUDO� FRQGLWLRQ�� SKRWRGHJUDGDWLRQ� LV� OHVV�
LPSRUWDQW� WKDQ� ELRORJLFDO� DFWLRQ�7KH� 6Q�&�
ERQG� FDQ� EH� DWWDFNHG� E\� ERWK� QXFOHRSKLOLF�
DQG�HOHFWURSKLOLF�UHDJHQWV��6NLQQHU���������
)RU�H[DPSOH�PLQHUDO�DFLG�FDUER[\OLF�DFLG�DQG��
DONDOL� PHWDO� DUH� DJHQWV� ZKLFK� DUH� DEOH� WR�
KHWURO\WLFDOO\�FOHDYH�RI�6Q�&�ERQGV��
�

5()(5(1&(6�
&DWHULQD�� 0�� ������� &RPSDULVRQ� RI� WZHOYH�

VHOHFWHG� H[WUDFWLRQ� PHWKRGV� IRU� WKH�
GHWHUPLQDWLRQ� RI� EXW\O�� DQG� SKHQ\OWLQ�
FRPSRXQGV� LQ�PXVVHO� VDPSOHV�� 7UHQGV� LQ�
DQDO\WLFDO�FKHPLVWU\���������������

&KDPS� 0LFKDHO�� $�������� $� UHYLHZ� RI�
RUJDQRWLQ� UHJXODWRU\� VWUDWHJLHV�� SHQGLQJ�
DFWLRQV�� UHODWHG� FRVWV� DQG� EHQHILWV�� 7KH�
6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW��������������

&RPSDQR� *UDQDRV�� 5�0�� ������� 'HULYDW�
L]DWLRQ�PHWKRGV� IRU� WKH� GHWHUPLQDWLRQ� RI�
RUJDQRWLQ� FRPSRXQGV� LQ� HQYLURQPHQWDO�
VDPSOHV�� $QDO\WLFD� &KLPLFD� $FWD�� �����
���������

'XEH\� �6�.�� DQG� 5R\�� 8�� ������� %LRGHJ�
UDGDWLRQ� RI� WULEXW\OWLQV� �RUJDQRWLQV�� E\�
PDULQH�EDFWHULD��$SSO��2UJDQRPHWDO��&KHP��
���������

*yPH]�$UL]D�� 0�� 6DQWRV�� 0�� � 0RUDOHV�� (��
*LUiOGH]�� ,��6iQFKH]�5RGDV��'��9LHLUD�� ��1���
.HPS�� -�)�� � %RRQ�� -�3�� � DQG� 7HQ�+DOOHUV�
7MDEEHV��&�&�� ������� �2UJDQRWLQ�&RQWDPL�
QDWLRQ�LQ�WKH�DWODQWLF�RFHDQ�RII�WKH�OEHULDQ�
SHQLQVXOD��&KHPRVSKHUH����������������

*RPH]�²$UL]D��-�/��������6DPSOH�WUHDWPHQW�LQ�
FKURPDWRJUDSK\�EDVHG� VSHFLDWLRQ� RI�
RUJDQRPHWDOOLF� SROOXWDQWV�� -RXUQDO� RI�
FKURPDWRJUDSK\�����������������

+DULQR�� +�� DQG� )XNXVKLPD�0�� �������
2UJDQRWLQ� FRPSRXQGV� LQ� ZDWHU��

VHGLPHQW��DQG�ELRORJLFDO�VDPSOHV�IURP�WKH�
SRUW� RI� 2VDND� -DSDQ�� $UFK�� (QY��&RQWDP��
7R[LFRO���������������

+RFK�� 0�� ������� � 2UJDQRWLQ� FRPSRXQGV� LQ�
WKH� HQYLURQPHQW� >DQ� RYHUYLHZ@�� $SSOLHG�
JHRFKHPLVWU\���������������

-DFREVRQ�� +�� :LOOLQJKDP�� $�� � DQG� *DU\�� /��
�������6HD�QLQH�DQWLIRXODQW��DQ�HQYLURQP�
HQWDOO\�DFFHSWDEOH�DOWHUQDWLYH�WR�RUJDQRWLQ�
DQWLIRXODQWV�� 7KH� VFLHQFH� RI� WKH� WRWDO�
HQYLURQPHQW�����������������

-DPDUL�� =�� ������� � $VHDQ� 0DULQH� :DWHU�
4XDOLW\� &ULWHLD� IRU� WULEXW\OWLQ�� 0DULQH�
(QYLURQPHQW� 'LYLVLRQ�� :DWHU� 4XDOLW\�
0DQDJHPHQW� %XUHDX�� 3ROOXWLRQ� &RQWURO�
'HSDUWPHQW��

0RUDELWR�5�� ������ �� 'HULYDWL]DWLRQ� PHWKRGV�
IRU� WKH� GHWHUPLQDWLRQ� RI� RUJDQRWLQ�
FRPSRXQGV� LQ� HQYLURQPHQWDO� VDPSOHV��
7UHQGV�LQ�DQDO\WLFDO�FKHPLVWU\���������������

-RKQ�� 0�%�������� 7KH� :RUOG� RI� RUJDQRWLQ�
FKHPLFDOV�$SSOLFDWLRQV�VXEVWLWXWHV�DQG�
WKH�HQYLURQPHQW�$WRILQD��&KHPLFDO�,QF��

0DVDKLUR�7�� .D]XNR�� 0��� DQG� 7RVKL\XN�����������
�������'HWHUPLQDWLRQ�RI�2UJDQRWLQ�&RPS�
RXQGV�LQ�(QYLURQPHQWDO�6DPSOHV��$QDO\WL�
FDO�VFLHQFH���������������

5REHUWV�� :�:�� &KXQJ�� 5�6�� (UQHVW�� <�&��
+DYOLFH�� :�5�� N�������� 7KH� ([WUDFWLRQ� RI�
RUJDQRWLQ� FRPSRXQGV� IURP� SRO\YLQ\O�
FKORULGHQYLURQ�&� SLSH�� $UFK�� (RQWDP���
WR[LFDO����������������

6NLQQHU��+�$�� �������7KH� VWUHQJWKV�RI�PHWDO�
WR�FDUERQ�ERQGV��$GY��2UJDQRPHW��&KHP�����
��������

6WDE��-��&RILQR�$��YDQ�+DWWXP��%�%ULQNPDQ�8��
$��DQG�)UHQVHQLXV�7���������*&�06�$QDO�
\VLV� RI� 2UJDQRWLQ� &RPSRXQGV� LQ� WKH�
(QYLURQPHQW���$QD��&KLPLFD�$FWD������������

��6WDE�� -�$��&RILQR��:�3�� YDQ�+DWWXP��%�� DQG�
%ULQNPDQ�� 8�$�7�� ������� $VVHVVPHQW� RI�
7UDQVSRUW��5RXWHV�RI�7ULSKHQ\OWLQ�8VHG�LQ�
3RWDWR� &XOWXUH� LQ� WKH� 1HWKHUODQGV��
$QDO\WLFD�&KLPLFD�$FWD����������������

��7VXQRL�� 6�� ������� � $QDO\VLV� RI� RUJDQRWLQ�
FRPSRXQGV� E\� JULJQDUG� GHULYDWL]DWLRQ�
DQG�JDV�FKURPDWRJUDSK\�LRQ�WUDS�WDQGHP�
PDVV� VSHFWURPHWU\�� -RXUQDO� RI� FKURPDW�
RJUDSK\�$�����������������

�9LVKZDNLUDQ��<��$QLO��$�&��9HQNDW�.��DQG��
��6DZDQW�� 6�6�� � ������� *\ULQHXP� QDWDWRU�� D�
SRWHQWLDO� LQGLFDWRU� RI� LPSRVH[� DORQJ� WKH�
,QGLDQ�FRDVW��&KHPRVKHUH�����������������

�


