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� 0\[REDFWHULD�DUH�*UDP�QHJDWLYH�EDFWHULD�FRPPRQO\�IRXQG�LQ�VRLO��WUHH�EDUN��DQG�GHFD\�ZRRG��7KHVH�EDFWHULD�KDYH�
XQLTXH�VRFLDO�EHKDYLRUV�E\�IRUPLQJ�IUXLWLQJ�ERGLHV��PRYLQJ�E\�JOLGLQJ�PRWLOLW\�DQG�SUH\LQJ�RQ�RWKHU�PLFURRUJDQLVPV��
7KH�UHVHDUFK�ZDV�FRQGXFWHG�WR�LVRODWH��FKDUDFWHUL]H��DQG�LGHQWLI\�LQGLJHQRXV�P\[REDFWHULD�IURP�6XPED�DQG�3DSXD�
,VODQGV�RI �,QGRQHVLD�DV�D�SUHOLPLQDU\�VWHS�WR�XWLOL]H�WKHLU�SRWHQWLDO�LQ�WKH�SKDUPDFHXWLFDO�LQGXVWU\��0\[REDFWHULD�ZHUH�
LVRODWHG� XVLQJ� ILOWHU� SDSHU� DQG� EDLWLQJ� ZLWK�(VFKHULFKLD� FROL� WR� REWDLQ� FHOOXORO\WLF� DQG� EDFWHULRO\WLF� P\[REDFWHULD��
UHVSHFWLYHO\��&KDUDFWHUL]DWLRQ�RI �P\[REDFWHULD�ZDV�SHUIRUPHG�ZLWK�*UDP�VWDLQLQJ��REVHUYDWLRQ�RQ�SLJPHQWDWLRQ��
PRUSKRORJ\�RI �YHJHWDWLYH�FHOOV��IUXLWLQJ�ERGLHV��DQG�P\[RVSRUHV��0ROHFXODU�LGHQWLILFDWLRQ�ZDV�FRQGXFWHG�EDVHG�RQ�
��6�U51$�JHQH�VHTXHQFH�DQDO\VLV��$�WRWDO�RI ����P\[REDFWHULDO�VWUDLQV�ZHUH�VXFFHVVIXOO\�LVRODWHG�DQG�SXULILHG��$OO�
LVRODWHV�REWDLQHG�ZHUH�*UDP�QHJDWLYH��URG�VKDSHG�ZLWK�\HOORZ�RU�RUDQJH�SLJPHQWDWLRQ��)UXLWLQJ�ERGLHV�REVHUYHG�
FRQWDLQHG� VSKHULFDO�P\[RVSRUHV��0ROHFXODU� LGHQWLILFDWLRQ� RI � WKHVH� EDFWHULDO� VWUDLQV� VKRZHG� WKDW� WKH\� EHORQJ� WR�
P\[REDFWHULD�IURP�VXERUGHU�&\VWREDFWHULQHDH��QDPHO\�0\[RFRFFXV�IXOYXV��0\[RFRFFXV�VWLSLWDWXV��DQG�0HOLWWDQJLXP�OLFKHQLFROD��
7R�RXU�NQRZOHGJH��WKLV�LV�WKH�ILUVW�UHFRUG�RI �WKHLU�RFFXUUHQFH�LQ�,QGRQHVLD��

� .H\ZRUGV��FKDUDFWHUL]DWLRQ��LGHQWLILFDWLRQ��LVRODWLRQ��P\[REDFWHULD

,1752'8&7,21

,Q� ������ D� *HUPDQ� ERWDQLVW� +HLQULFK�
)ULHGHULFK� /LQN� UHSRUWHG� KLV� REVHUYDWLRQ� RQ�
P\[REDFWHULDO� IUXLWLQJ� ERGLHV� RI � 3RO\DQJLXP�
YLWHOOLQXP�DQG�GHVFULEHG�WKHP�DV�´JDVWHURP\FHWHµ��
PHPEHU� RI � IXQJL� %DVLGLRP\FRWD� �/LQN� �������
7ZR� PRUH� VSHFLHV�� 6WLJPDWHOOD� DXUDQWLDFD� DQG�
&KRQGURP\FHV�FURFDWXV��ZHUH�GHVFULEHG����\HDUV�ODWHU�
�%HUNHOH\� ������� 7KH\� ZHUH� FODVVLILHG� DV�
K\SKRP\FHWHV��D�IXQJL�LPSHUIHFWL��7KH\�FRQWLQXHG�
WR� EH� PLVWDNHQ� IRU� IXQJL� XQWLO� D� 8QLWHG� 6WDWH�
ERWDQLVW� 5RODQG� 7KD[WHU� LQWURGXFHG� WKHP� DV�
P\[REDFWHULD� LQ� ����� �7KD[WHU� ������� ,W� WRRN�
DERXW� ��� \HDUV� EHIRUH� 7KD[WHU
V� ZRUN� EHFDPH�
ZLGHO\� DFFHSWHG�� 8QWLO� ������ WKHUH� ZHUH�
DSSUR[LPDWHO\� ��� VSHFLHV� RI � UHFRJQL]HG�
P\[REDFWHULD� ZKLFK� ZHUH� JURXSHG� LQWR� ��

VXERUGHUV����IDPLOLHV��DQG����JHQHUD��6KLPNHWV�HW�
DO��������

0\[REDFWHULD� DUH� *UDP� QHJDWLYH� EDFWHULD�
SUHGRPLQDQWO\�IRXQG�LQ�WHUUHVWULDO�KDELWDWV��VXFK�
DV�VRLO��GHFD\LQJ�SODQW�PDWHULDOV��DQG�EDUN�RI �OLYLQJ�
RU� GHDG� WUHHV��+RZHYHU�� VRPH� UHSRUWV� UHYHDOHG�
WKDW� P\[REDFWHULD� FDQ� DOVR� EH� LVRODWHG� IURP�
PDULQH�VDPSOHV��=KDQJ�HW�DO��������%ULQNKRII �HW�DO��
������� $PRQJ� WKH� UHSRUWHG� P\[REDFWHULD�
FROOHFWHG��WKRVH�IURP�PDULQH�VDPSOHV�ZHUH�QRYHO��
LQFOXGLQJ�+DOLDQJLXP�RFKUDFHXP��+��WHSLGXP��)XGRX�
HW�DO���������(QK\JURP\[D�VDOLQD��,L]XND�HW�DO������D���
3OHVLRF\VWLV� SDFLILFD� �,L]XND� HW� DO�� ����E�� DQG�
3VHXGHQK\JURP\[D� VDOVXJLQLV� �,L]XND� HW� DO�� �������
0\[REDFWHULD�LQ�JHQHUDO�DUH�FKDUDFWHUL]HG�E\�WKHLU�
DELOLW\� WR� IRUP� IUXLWLQJ�ERGLHV� DQG� WKHLU�JOLGLQJ�
PRWLOLW\�RQ�VROLG�VXUIDFH��7KH�IUXLWLQJ�ERGLHV�DUH�
IRUPHG�DIWHU�H[KDXVWLRQ�RI �WKH�IRRG�VXSSO\�DQG�
FRQWDLQ� GU\� UHVLVWDQW�P\[RVSRUHV��&RORQLHV� FDQ�
VSUHDG� LQWR�DQ�XQRFFXSLHG�DUHD��7KLV� VSUHDGLQJ��&RUUHVSRQGLQJ�DXWKRU��VLWL�PHOLDK#OLSL�JR�LG
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PRYHPHQW� LV� FDOOHG� VZDUPLQJ� EHKDYLRU�� 7KH�
VKDSH�� VL]H�� FRORU��RU�DUUDQJHPHQW�RI �YHJHWDWLYH�
FHOOV��VZDUPV��IUXLWLQJ�ERGLHV��DQG�P\[RVSRUHV�DUH�
LPSRUWDQW�LQ�GHWHUPLQLQJ�JHQXV�RI �P\[REDFWHULD��
,Q�FRQWUDVW�WR�PRVW�EDFWHULD��P\[REDFWHULD�DUH�DOVR�
FDSDEOH�RI �O\VLQJ�OLYLQJ�FHOOV��)RU�WKLV�UHDVRQ��WKH\�
DUH�FDOOHG�SUHGDWRUV��%DVHG�RQ�WKH�VSHFLDOL]DWLRQ�
RI � P\[REDFWHULD� LQ� GHJUDGLQJ� ELRPDFUR�
PROHFXOHV�� WKH\� DUH� GLYLGHG� LQWR� EDFWHULRO\WLF�
P\[REDFWHULD� WKDW� O\VH� ZKROH� FHOOV� RI � RWKHU�
PLFURRUJDQLVPV� DQG� FHOOXORO\WLF� P\[REDFWHULD�
WKDW� HIILFLHQWO\� GHFRPSRVH� FHOOXORVH� LQVWHDG� RI �
OLYLQJ�FHOOV��6LQJK�������+RX�HW�DO��������

0\[REDFWHULD� DUH�NQRZQ�IRU� WKHLU� HQRUPRXV�
SRWHQWLDO�LQ�SURGXFLQJ�VHFRQGDU\�PHWDEROLWHV�ZLWK�
YDULRXV�ELRORJLFDO� DFWLYLWLHV��)RU�FHUWDLQ� UHDVRQV��
WKHLU�XWLOL]DWLRQ�DV�SRWHQWLDO�VHFRQGDU\�PHWDEROLWH�
SURGXFHUV�LV�OLPLWHG��7KH\�DUH�UHODWLYHO\�GLIILFXOW�WR�
LVRODWH�DQG�SXULI\��,Q�DGGLWLRQ��RQO\�VRPH�RI �WKHLU�
VSHFLHV�DUH�HDVLO\�JURZQ�LQ� OLTXLG�FXOWXUH�GXULQJ�
IHUPHQWDWLRQ��7KXV��WKH\�DUH�RIWHQ�RYHUORRNHG�E\�
LQGXVWULDO�VHFWRUV��+RZHYHU��GXH�WR�WKH�HPHUJLQJ�
RI � PXOWLSOH� GUXJV� UHVLVWDQFH� LQ� SDWKRJHQLF�
PLFURRUJDQLVPV��WKH�QHHG�WR�ILQG�QHZ�DOWHUQDWLYHV�
RI � SRWHQWLDO� ELRDFWLYH� FRPSRXQGV� IURP�QDWXUDO�
UHVRXUFHV�� LQFOXGLQJ� P\[REDFWHULD� LV� LQHYLWDEOH��
0\[RVSRULQ��P\[RYDODUJLQ��DQG�P\[RWKLD]RO�DUH�
VRPH�RI �WKH�VHFRQGDU\�PHWDEROLWHV�SURGXFHG�E\�
P\[REDFWHULD� ZLWK� DQWLPLFURELDO� DFWLYLW\�� 7KHVH�
FRPSRXQGV� DUH� H[WUDFWHG� IURP� W\SLFDO�
EDFWHULRO\WLF� P\[REDFWHULD�� 0\[RFRFFXV� IXOYXV�
�'DZLG� ������� 7KH� JHQXV� 0\[RFRFFXV� LV� DOVR�
UHSRUWHG� WR� SURGXFH� P\[RYLUHVFLQ� �:LOOLDPV� 	�
0F*LOO�������DQG�P\[DODPLGHV��*HUWK�HW�DO��������
.RQRYDORYD� HW� DO�� ������� 7KXJJDFLQ� DQWLELRWLFV�
DFWLYH� DJDLQVW� 0\FREDFWHULXP� WXEHUFXORVLV�� WKH�
FDXVDWLYH�DJHQW�RI �WXEHUFXORVLV��ZHUH�UHSRUWHG�WR�
EH� &KRQGURP\FHV� FURFDWXV� �%XQWLQ� HW� DO�� �������
$QRWKHU� VHFRQGDU\� PHWDEROLWH�� HSRWKLORQH� WKDW�
DFWV� XSRQ� FDQFHU� FHOOV� ZDV� H[WUDFWHG� IURP�
FHOOXORO\WLF� P\[REDFWHULD�� 6RUDQJLXP� FHOOXORVXP�
�*HUWK�HW�DO��������

7KH�P\[REDFWHULD�ZHUH�LVRODWHG�IURP�YDULRXV�
VDPSOHV�DQG�SODFHV��VXFK�DV�VHDZDWHU�DQG�VHGLPHQW�
VDPSOHV�IURP�6KDQGRQJ�SURYLQFH�LQ�&KLQD��/L�HW�
DO���������PDULQH�VHGLPHQW�IURP�6DQWD�%DUEDUD�LQ�
86��7H[HO�LQ�1HWKHUODQGV��DQG�%RNXP�LQ�*HUPDQ\�
�6FKlEHUOH�HW�DO���������DQG�DOVR�VRLO�VDPSOHV�IURP�
<XQQDQ�� 4LQJKDL�� +HEHL� DQG� <XHQDQ� LQ� &KLQD�
�=KDQJ�HW�DO���������,QGLD��6LQJK�	�6LQJK��������
DQG�.LULWLPDWL�,VODQG��5HSXEOLF�RI �.LULEDWL��0RKU�
HW�DO���������7KHUH�LV�QR�VXIILFLHQW�UHFRUG�RI �WKLV�

EDFWHULDO�JURXS�WKDW�KDV�EHHQ�LVRODWHG�LQ�,QGRQHVLD�
GHVSLWH�WKHLU�PHGLFDO�LPSRUWDQFH��H[FHSW�D�UHSRUW�
RQ� D� FRPSDUDWLYH� DQDO\VLV� RI � SUHGDWLRQ� RI �
0\[RFRFFXV�[DQWKXV�LVRODWHG�IURP�6XODZHVL�LQ������
�0RUJDQ� HW� DO�� ������� +RZHYHU�� VWXGLHV� RQ�
GLYHUVLW\� DQG� FRPSRVLWLRQ� RI � SURNDU\RWLF�
FRPPXQLWLHV� LQ� 6XPDWHUD� XVLQJ� FXOWXUH�
LQGHSHQGHQW� PHWKRGV� UHYHDOHG� WKDW� IXQJL�OLNH�
P\[REDFWHULD� �6RUDQJLXP� DQG� +DOLDQJLXP�� ZHUH�
GHWHFWHG� LQ� WKH� VRLOV� VDPSOHV� DQG� ZHUH� VOLJKWO\�
PRUH� DEXQGDQW� LQ� WKH� PDQDJHG� VRLOV� WKDQ� LQ�
UDLQIRUHVW�VRLOV��6FKQHLGHU�HW�DO��������

6XPED� DQG� 3DSXD� LVODQGV� DUH� VRPH� RI � WKH�
RXWHUPRVW�LVODQGV�RI �,QGRQHVLD��7KH�JHRJUDSK\�
DQG�HFRORJ\�RI �WKHVH� LVODQGV�DUH�GLIIHUHQW�IURP�
HDFK�RWKHU��+RZHYHU��OLNH�PRVW�,QGRQHVLDQ�DUHDV��
WKH\�DUH�DVVXPHG�WR�EH�D�ELRGLYHUVLW\�ULFK�KDELWDW��
SDUWLFXODUO\�IRU�PLFUREHV��7KHUHIRUH��WKLV�UHVHDUFK�
LV�FRQGXFWHG�WR�LVRODWH��FKDUDFWHUL]H��DQG�LGHQWLI\�
LQGLJHQRXV�P\[REDFWHULD�LQ�RUGHU�WR�UHFRUG�WKHLU�
RFFXUUHQFH�LQ�,QGRQHVLD�DQG�LV�D�SUHOLPLQDU\�VWHS�
WR�H[SORLW�WKHLU�SRWHQWLDO�DV�D�QDWXUDO�SURGXFHU�RI �
DQWL�LQIHFWLYH�

0$7(5,$/6�$1'�0(7+2'6

0DWHULDOV�DQG�6DPSOLQJ�0HWKRGV

� 0DWHULDOV� XVHG� LQ� WKLV� UHVHDUFK� DUH� OLVWHG� LQ�
7DEOH����7KHVH�VDPSOHV�ZHUH�FROOHFWHG�IURP�WZR�
GLIIHUHQW� ORFDWLRQV� RI � ,QGRQHVLD� LQ�$SULO� ������
6RLOV�ZHUH�VDPSOHG�XVLQJ�FRPSRVLWH�PHWKRG��6RLO�
DQG�OLPHVWRQH�VDPSOHV�ZHUH�DLU�GULHG�RYHUQLJKW�WR�
UHGXFH� WKH� JURZWK� RI � XQWDUJHWHG� PLFUR�
RUJDQLVPV��,Q�WRWDO��WKH�QXPEHU�RI �VDPSOHV�XVHG�
LQ�WKLV�VWXG\�ZDV����

,VRODWLRQ� RI � &HOOXORO\WLF� DQG� %DFWHULRO\WLF�
0\[REDFWHULD

� 7KH�LVRODWLRQ�RI �FHOOXORO\WLF�DQG�EDFWHULRO\WLF�
P\[REDFWHULD� ZDV� FRQGXFWHG� XVLQJ� PHWKRGV�
GHVFULEHG� E\�5HLFKHQEDFK� DQG�'ZRUNLQ� �������
ZLWK� VRPH� PRGLI LFDW LRQV� � &HO OXORO\W LF�
P\[REDFWHULD�ZHUH�LVRODWHG�E\�SODFLQJ�D�GURS�RI �
VRLO�VDPSOH��OLPHVWRQH�VDPSOH��DQG�D�IUDJPHQW�RI �
GHFD\�ZRRG�RQWR�D�SLHFH�RI �:KDWPDQ�1R����ILOWHU�

�
SDSHU�VL]HG���FP �RQ�6WDQ����DJDU�PHGLD��D�PL[�RI �
$�VROXWLRQ����J�. +32 �������J�\HDVW�H[WUDFW�����J�� �

DJDU�LQ�����P/�GLVWLOOHG�ZDWHU��DQG�%�VROXWLRQ����J�
.12 ����J�0J62 ��+ 2����J�&D&O ��+ 2������J�� � � � �

)H&O �� ���� J� 0Q62 ��+ 2� LQ� ���� P/� GLVWLOOHG�� � �

���

%,27523,$�9RO�����1R���������



F\DQRFREDODPLQ�� VXSSOHPHQWHG�ZLWK�����J�P/�
F\FORKH[LPLGH�XVLQJ�VWHULOL]HG�V\ULQJH�QHHGOH��7KH�
WUDQVIHUULQJ�SURFHVV�ZDV�FRQGXFWHG�VHYHUDO�WLPHV�
XQWLO� SXUH� FXOWXUHV� RI � P\[REDFWHULD� ZHUH�
REWDLQHG�� 3XUH� FXOWXUHV� ZHUH� VWRUHG� LQ� ����
J\FHURO�VWRFN�VROXWLRQ� �VXSSOHPHQWHG�ZLWK������
&D&O ��+ 2�DW���� &�

R

� �

3KHQRW\SLF�&KDUDFWHUL]DWLRQ

� 7KH� LVRODWHV� REWDLQHG� ZHUH� PRUSKRORJLFDOO\�
REVHUYHG�ZLWK�WKH�KHOS�RI �GLVVHFWLQJ��2O\PSXV�
6=��DQG�ELQRFXODU��2O\PSXV�%;����PLFURVFRSHV��
6HYHUDO� FKDUDFWHUV� ZHUH� REVHUYHG� LQFOXGLQJ�
IUXLWLQJ�ERGLHV�WKDW�HPHUJH�GD\V�DIWHU�LQFXEDWLRQ��
YHJHWDWLYH�FHOOV��DQG�DOVR�WKH�SDWWHUQ�DQG�WKH�FRORU�
RI � VZDUP� FRORQLHV�� 7KH� IUXLWLQJ� ERGLHV� ZHUH�
FUXVKHG�WR�H[DPLQH�WKH�P\[RVSRUHV��(DFK�RI �WKH�
SXUH� LVRODWHV� ZDV� VXEMHFWHG� WR� *UDP� VWDLQLQJ�
XVLQJ�FU\VWDO�YLROHW��LRGLQH��DQG�VDIUDQLQ�UHDJHQWV�

0ROHFXODU�,GHQWLILFDWLRQ�EDVHG�RQ���6�U51$�
*HQH�$QDO\VLV

� 0ROHFXODU�LGHQWLILFDWLRQ�ZDV�FRQGXFWHG�EDVHG�
RQ���6�U51$�JHQH�DQDO\VLV��*HQRPLF�'1$�ZDV�
H[WUDFWHG� XVLQJ� D� VHW� RI � SURFHVVHV� VWDUWHG� E\�
ULQVLQJ�EDFWHULDO�FHOOV�ZLWK������/�7(�EXIIHU�S+�
����� $IWHU� FHQWULIXJDWLRQ� DW� ������� USP� IRU� ��
PLQXWHV��SHOOHW�REWDLQHG�ZDV�UHVXVSHQGHG�ZLWK����
�/�7(�EXIIHU�S+�����DQG������/�H[WUDFWLRQ�EXIIHU�
FRQVLVW� RI � 7ULV�+&O�� ('7$�� VRGLXP� GRGHF\O�
VXOIDWH�� DQG� 1D&O�� 7KLV� VXVSHQVLRQ� ZDV�
KRPRJHQL]HG�XVLQJ�YRUWH[�PL[HU�IRU���PLQXWHV��
$Q�DPRXQW�RI ������/��0�VRGLXP�DFHWDWH�ZDV�
DGGHG� WR� WKH� VXVSHQVLRQ� DQG� LQFXEDWHG� IRU� ���
PLQXWHV�DW�URRP�WHPSHUDWXUH��$IWHU�LQFXEDWLRQ��
WKH�VXVSHQVLRQ�ZDV�FHQWULIXJHG�DW��������USP�IRU�

ZDWHU��� 7KHVH� VROXWLRQV� ZHUH� DXWRFODYHG�
VHSDUDWHO\��6ROXWLRQ�$�DQG�%�ZHUH�FRPELQHG�DQG�
W K HQ � VXSS O HPHQ W HG � Z L W K � �� � �J�P/ �
F\FORKH[LPLGH�� 7KLV�PHGLXP�ZDV� GHVLJQDWHG� DV�
67��&;�� 7KH� VDPSOHV� LQ� 67��&;�PHGLD� ZHUH�

R
LQFXEDWHG�DW��� &�IRU�����ZHHNV�
� %DFWHULRO\WLF�P\[REDFWHULD�ZHUH�LVRODWHG�XVLQJ�
EDLWLQJ�WHFKQLTXH�ZLWK�(VFKHULFKLD�FROL��(��FROL�FHOOV�
ZHUH�FXOWXUHG�RQ�/XULD�%URWK��/%��PHGLXP�����
J�/�7U\SWRQH�����J�/�1D&O����J�/�\HDVW�H[WUDFW�
VXVSHQGHG�LQ��/�GLVWLOOHG�ZDWHU��IRU����KRXUV��(��
FROL� VXVSHQVLRQ� ZDV� WKHQ� FHQWULIXJHG� IRU� ���
PLQXWHV�DW��������USP��7KH�EDFWHULDO�SHOOHW�ZDV�
UHVXVSHQGHG� ZLWK� F\FORKH[LPLGH� VROXWLRQ� ���
�J�P/�HQRXJK�WR�PDNH�D�WKLFN�VOXUU\�RI �EDFWHULDO�
FHOOV��(��FROL�FHOOV�ZHUH�WKHQ�FURVV�VWULNHG�RQ�D�ZDWHU�
DJDU��:&;��PHGLXP����J�/�&D&O ��+ 2�����J�/�� �

DJ D U � � VXSS O HPHQ WHG � Z L WK � �� � �J�P/�
F\FORKH[LPLGH���,Q�WKH�FHQWHU�RI �WKH�FURVV��D�SHD�
VL]HG�DPRXQW�RI �VRLO�DQG� OLPHVWRQH�VDPSOH�ZDV�
LQRFXODWHG��7KH�VDPSOHV�LQ�:&;�PHGLD�ZHUH�WKHQ�

R
LQFXEDWHG�DW��� &�IRU�����ZHHNV�

3XULILFDWLRQ�RI �0\[REDFWHULD

� 0\[REDFWHULD� REWDLQHG� IURP� ERWK� PHWKRGV�
ZHUH�WUDQVIHUUHG�XVLQJ�VWHULOL]HG�V\ULQJH�QHHGOH�WR�
D� IUHVK� :&;� PHGLXP� FURVV� VWULNHG� ZLWK�
DXWRFODYHG� (�� FROL� WR� SXULI\� WKHP�� 'LVVHFWLQJ�
PLFURVFRSH� ZDV� XVHG� WR� UHFRJQL]H� WKH�
P\[REDFWHULD� VR� WKDW� WKLV� GLUHFW� SXULILFDWLRQ�
WHFKQLTXH� FDQ�EH�GRQH��7KH�EDFWHULD�ZHUH� WKHQ�

R
LQFXEDWHG�DW��� &�IRU�����ZHHNV�
� 7KH� IUXLWLQJ� ERGLHV� RU� VZDUP� FHOOV� WKDW�
SURGXFH�FOHDU�]RQHV�DURXQG�WKH�GHDG� �ZHUH�(��FROL
WUDQVIHUUHG� WR� D� PRGLILHG� 9<��&;� PHGLXP�
FRQVLVWLQJ�RI ���J�/�%DNHU
V�\HDVW�)HUPLSDQ����J�/�
&D&O ��+ 2�� ��� J�/� DJDU�� ���� �J�P/�� �

7DEOH���6DPSOLQJ�ORFDWLRQV�DQG�PDWHULDOV�XVHG�WR�LVRODWH�P\[REDFWHULD

6DPSOLQJ�ORFDWLRQ� $OWLWXGH��PDVO�� S+ � 7��R&� � 6DPSOHV �
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DQRWKHU���PLQXWHV��7KH�VXSHUQDWDQW�REWDLQHG�ZDV�
WUDQVIHUUHG�WR�D�QHZ�PLFURWXEH�DQG�JHQWO\�PL[HG�
ZLWK� LVRSURSDQRO� LQ� WKH� VDPH� YROXPH�� 7KLV�
PL[WXUH�ZDV�FHQWULIXJHG�IRU����PLQXWHV�DW��������
USP��7KH�SHOOHW�REWDLQHG�ZDV�VXVSHQGHG�ZLWK�����
HWKDQRO� �DQG�FHQWULIXJHG�IRU���PLQXWH�DW��������
USP�� 7KH� '1$� RU� SHOOHW� ZDV� DLU� GULHG� DQG�
UHVXVSHQGHG�ZLWK�����/�7(�EXIIHU�S+������7KH�
TXDOLW\� DQG� TXDQWLW\� RI � JHQRPLF� '1$� ZDV�
H[DPLQHG� E\� %LR6SHF�QDQR� PLFUR�YROXPH� 89�
9LV�VSHFWURSKRWRPHWHU��6KLPDG]X��
� 8QLYHUVDO� HXEDFWHULDO� SULPHUV� ��)� ��
�
$*$*777*$7&&7**&7&$*��
��DQG�����5�
��
�**77$&&77*77$&*$&77��
��ZHUH�XVHG�
WR� DPSOLI\� ��6� U51$� JHQH� �/DQH� ������� *HQH�
DPSOLILFDWLRQ�ZDV�SHUIRUPHG�XQGHU�WKH�IROORZLQJ�

R
FRQGLWLRQV�� SUH� GHQDWXUDWLRQ� DW� ��� &� IRU� ��
PLQXWHV�� VXEVHTXHQWO\� IROORZHG�E\���� F\FOHV�RI �

R
GHQDWXULQJ�DW���� &�IRU����VHFRQGV��DQQHDOLQJ�DW����
R R
&� IRU� ��� VHFRQGV�� HORQJDWLRQ� DW� ��� &� IRU� ��

R
PLQXWH��DQG�ILQDO�H[WHQVLRQ�DW���� &�IRU����PLQXWHV�
LQ� 0DVWHUF\FOHU� *UDGLHQW� �(SSHQGRUI��� 3&5�
SURGXFWV�ZHUH�FKHFNHG�RQ�����DJDURVH�JHO�VWDLQHG�
ZLWK� HWKLGLXP� EURPLGH� VROXWLRQ� DQG� REVHUYHG�
XQGHU� 89� WUDQVLOOXPLQDWRU�� 7KHVH� '1$�
IUDJPHQWV� ZHUH� VHTXHQFHG� E\� 0DFURJHQ� ,QF��
�6RXWK�.RUHD��XVLQJ���)�DQG�����5�SULPHUV� LQ�
$%,�����[O�'1$�$QDO\]HU�
� 7KH� VHTXHQFHV� RI � WKH� LVRODWHV� REWDLQHG�ZHUH�
DQDO\]HG�XVLQJ�%LR(GLW�SURJUDP��+DOO��������7KH�
LGHQWLILFDWLRQ� RI � SK\ORJHQHWLF� QHLJKERUV� ZDV�
LQLWLDOO\�FDUULHG�RXW�E\�WKH�%/$671��$OWVFKXO�HW�DO��
������ SURJUDP� DJDLQVW� WKH� GDWDEDVH� FRQWDLQLQJ�
W\SH� VWUDLQV� ZLWK� YDOLGO\� SXEOLVKHG� SURNDU\RWLF�
QDPHV� DQG� UHSUHVHQWDWLYHV� RI � XQFXOWXUHG�
SK\ORW\SHV� �.LP� HW� DO�� ������� 7KH� WRS� WKLUW\�
VHTXHQFHV� ZLWK� WKH� KLJKHVW� VFRUHV� ZHUH� WKHQ�
VHOHFWHG�IRU�WKH�FDOFXODWLRQ�RI �SDLUZLVH�VHTXHQFH�
VLPLODULW\�XVLQJ�JOREDO�DOLJQPHQW�DOJRULWKP��ZKLFK�
ZDV� LPSOHPHQWHG� DW� WKH� (]7D[RQ� VHUYHU�
�KWWS���ZZZ�H]ELRFORXG�QHW�H]WD[RQ��� 7KH� ��6�
U51$�JHQH�VHTXHQFHV�LQ�WKLV�VWXG\�ZHUH�VXEPLWWHG�
WR� *HQ%DQN� 1&%,� XQGHU� WKHVH� IROORZLQJ�
DFFHVVLRQ� QXPEHUV�� 0*������� �60'Z�������
0*��������60&Y�������0*��������60&Y�������
0*������� �60&Y������� 0*������� �36������
0*������� �36������ 0*������� �36������
0*��������606�������0*��������606������DQG�
0*��������606�������$OO�WKH�LGHQWLILHG�LVRODWHV�
ZHUH� DOVR� GHSRVLWHG� LQ� ,QGRQHVLDQ� &XOWXUH�
&ROOHFWLRQ��,QD&&��XVLQJ�WKH�QXPEHU�60'Z�����
�,QD&&� %������� 60&Y����� �,QD&&� %�������

60&Y����� �,QD&&� %������� 60&Y����� �,QD&&�
%������� 36���� �,QD&&� %������� 36���� �,QD&&�
%�������36�����,QD&&�%�������606������,QD&&�
%������� 606����� �,QD&&� %������ DQG� 606�����
�,QD&&�%������

3K\ORJHQHWLF�$QDO\VLV

� 0XOWLSOH�DOLJQPHQW�RI �DOO�WKH�'1$�VHTXHQFHV�
ZHUH� SHUIRUPHG� E\�086&/(� SURJUDP� �(GJDU�
������� 7\SH� VWUDLQV� DQG� WKHLU� VHTXHQFHV� ZHUH�
FROOHFWHG�IURP�D�OLVW�RI �SURNDU\RWLF�QDPHV�ZLWK�
VWDQGLQJ� LQ� QRPHQFODWXUH� �/361�� ZHEVLWH�
� Z ZZ� E D F W H U L R � Q H W � � D Q G � * H Q % D Q N �
�ZZZ�QFEL�QOP�QLY�JRY��� .LPXUD� ��SDUDPHWHU�
PRGHO� ZDV� VHOHFWHG� WR� FDOFXODWH� WKH� GLVWDQFH�
PDWULFHV� EHWZHHQ� VHTXHQFHV� �.LPXUD� �������
3K\ORJHQHWLF� WUHH� ZDV� FRQVWUXFWHG� XVLQJ�
QHLJKERU�MRLQLQJ� PHWKRG� �6DLWRX� 	� 1HL� ������
ZLWK� ������ UHSOLFDWHV� RI � ERRWVWUDS�� $OO� WKHVH�
SURJUDPV�DUH�LPSOHPHQWHG�LQ�0(*$�YHUVLRQ���
�7DPXUD� HW� DO�� ������� 'HVXOIRYLEULR� GHVXOIXULFDQV�
$FF�� 1R�� 0������ ZKLFK� EHORQJV� WR� GHOWD�
3URWHREDFWHULD�� ZDV� XVHG� DV� RXW�JURXS� LQ�
FRQVWUXFWLQJ�WKH�SK\ORJHQHWLF�WUHH�

�
5(68/76�$1'�',6&866,21

� 7D[RQRPLFDOO\�� WKH� IUXLWLQJ� JOLGLQJ� P\[R�
EDFWHULD�EHORQJ�WR�WKH�SK\OXP�RI �3URWHREDFWHULD��
VXESK\OXP�GHOWD�3URWHREDFWHULD��RUGHU�0\[RFR�
FDOOHV�� DQG� FRQVLVW� RI � �� VXERUGHUV� �&\VWR�
EDFWHULQHDH�� 1DQQRF\VWLQHDH�� 6RUDQJLLQHDH���
7KH\�DUH�FKDUDFWHUL]HG�E\�URG�DQG�\HOORZ��RUDQJH��
RU�UHG�SLJPHQWHG�FHOOV��,Q�WKLV�VWXG\��\HOORZ�DQG�
RUDQJH� SLJPHQWHG� VZDUPV� DQG� IUXLWLQJ� ERGLHV�
HPHUJHG� RQ� :KDWPDQ� 1R�� �� ILOWHU� SDSHU� RQ�
67��&;�DQG�RQ� VWUHDNHG�(�� FROL� RQ�:&;�DJDU�
PHGLD��DIWHU�����ZHHNV�RI �LQFXEDWLRQ��9LVLEOH�FOHDU�
]RQHV�DOVR�DSSHDUHG�DURXQG�WKH�VWUHDNHG�(��FROL�RQ�
:&;�PHGLD� DIWHU� ���� GD\V� RI � LQFXEDWLRQ�� ,W� LV�
NQRZQ�WKDW�EDFWHULRO\WLF�P\[REDFWHULD�FRQVXPH�
RWKHU� OLYLQJ� EDFWHULD� RU� \HDVWV� DV� WKHLU� QXWULHQW�
VRXUFH�� +HQFH�� WKHVH� FOHDU� ]RQHV� ZHUH� DQ�
LQGLFDWLRQ�RI �SUHGDWRU\� DFWLYLW\�RI �EDFWHULRO\WLF�
FHOOV��7KH�SUHGDWRU\�DFWLYLW\�RI �P\[REDFWHULD�RQ�
RWKHU� EDFWHULD� DQG� \HDVWV� LV� VXSSRUWHG� E\� WKH�
SURGXFWLRQ� RI � H[WUDFHOOXODU� O\WLF� HQ]\PHV� DQG�
DQWLELRWLFV��;LDR�HW�DO���������7KLV�PHFKDQLVP�DOVR�
SOD\V�DQ�LPSRUWDQW�UROH�LQ�FRPSHWLQJ�ZLWK�WKHLU�
QDWXUDO�RSSRQHQWV�LQ�D�KDELWDW�
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� 8QGHU� D� GLVVHFWLQJ�PLFURVFRSH�� VZDUPV� DQG�
IUXLWLQJ� ERGLHV� JURZQ� RQ� VDPSOHV� ZHUH�
WUDQVIHUUHG�WR�D�QHZ�:&;�PHGLD�ZLWK�GHDG�(��FROL�
DV�D�QXWULHQW�VRXUFH�DQG�VXEVHTXHQWO\�WUDQVIHUUHG�
WR�9<��&;� DJDU� XVLQJ� D� VWHULOH� V\ULQJH� QHHGOH��
7KLV�SXULILFDWLRQ�PHWKRG�ZDV�DEOH�WR�SURGXFH�D�
PRUH�XQLIRUP�FRORQ\�DSSHDUDQFH��)LJ������)URP�D�
WRWDO� RI � ��� VDPSOHV� XVLQJ� 67��&;� DQG� :&;�
PHGLXP�DV�LVRODWLRQ�PHGLD��RQO\����P\[REDFWHULDO�
LVRODWHV�ZHUH�VXFFHVVIXOO\�UHFRYHUHG�DQG�SXULILHG��
&RPSDUHG� WR� FRPPRQ�EDFWHULD�� SXULILFDWLRQ�RI �
P\[REDFWHULD�LV�UHODWLYHO\�WULFN\��7KH\�HDVLO\�FDUU\�
FRQWDPLQDWHV�� VXFK�DV� IXQJL��RWKHU�EDFWHULD�� DQG�
VRLO�DPRHED��EHFDXVH�WKH\�SURGXFH�VOLPH�WR�KHOS�
WKHP� PRYH� RQ� D� VROLG� PHGLXP�� $� QXPEHU� RI �
SXULILFDWLRQ� WHFKQLTXHV� KDYH� EHHQ� GHYHORSHG� WR�
LQFUHDVH�SURSRUWLRQ�RI �SXUH�FXOWXUHV�� ,PSURYHG�
PHWKRGV��VXFK�DV�SXULILFDWLRQ�ZLWK�FU\VWDO�YLROHW�
DQG�VHFRQG�EDLWLQJ�WHFKQLTXH�VXEMHFWHG�WR�IUXLWLQJ�
ERG\�FDQ�LPSURYH�WKH�SURSRUWLRQ�RI �SXUH�FXOWXUH�
REWDLQHG� XS� WR� ������ DQG� ������� UHVSHFWLYHO\�
�=KDQJ�HW�DO��������
� $OO�WKH����EDFWHULDO�LVRODWHV�ZHUH�*UDP�QHJDWLYH�
EDFWHULD�� 7KH\� ZHUH� URG� VKDSHG� ZLWK� VOLJKW�
GLIIHUHQFHV� LQ� VL]H��0RUSKRORJLFDOO\�� WKH� LVRODWHV�
REWDLQHG� YDU\� LQ� FRORU�� VKDSH� DQG� VZDUPLQJ�
SDWWHUQ�� 7KHVH� LVRODWHV� VKRZHG� FRQVSLFXRXV�
FKDUDFWHULVWLF� RI � P\[REDFWHULD� E\� SURGXFLQJ�
IUXLWLQJ�ERGLHV��5RXQG�RU� VSKHULFDO�P\[RVSRUHV�
ZHUH� REVHUYHG� XQGHU� WKH� PLFURVFRSH� IURP�

FUXVKHG� IUXLWLQJ� ERGLHV�� 7KHVH� FKDUDFWHULVWLFV�
ZHUH� LGHQWLFDO� WR�PRUSKRORJ\� RI �P\[REDFWHULD�
GHVFULEHG� LQ� %HUJH\
V� 0DQXDO� �5HLFKHQEDFK�
�������%DVHG�RQ�WKHLU�PRUSKRORJ\��WKHVH�LVRODWHV�
ZHUH� JURXSHG� LQWR� WKUHH�PRUSKRORJLFDO� JURXSV�
�7DEOH����
� 0RUSKRORJLFDO� LGHQWLILFDWLRQ� EDVHG� RQ�
YHJHWDWLYH� FHOOV�� VZDUPV�� IUXLWLQJ� ERGLHV�� DQG�
P\[RVSRUHV� LV�VWLOO�YDOLG�IRU�VRPH�P\[REDFWHULD�
JHQHUD��+RZHYHU��WKHVH�PRUSKRORJLFDO�FKDUDFWHUV�
DUH�QRW�VWDEOH�DQG�PD\�FKDQJH�RU�EH�ORVW�XQGHU�
DUWLILFLDO�JURZWK�FRQGLWLRQ�GHVSLWH�H[SUHVVHG�E\�
WKHLU� JHQRW\SH�� +HQFH�� LGHQWLILFDWLRQ� DQG�
FODVVLILFDWLRQ� RI � P\[REDFWHULD� UHPDLQV�
FKDOOHQJLQJ�IRU�PRVW�RI � WKH�JHQHUD�DQG�VSHFLHV�
�*DUFLD�HW�DO���������7KLV�LV�DOVR�SDUWO\�GXH�WR�WKH�
IDFW� WKDW� VRPH� UHFHQWO\� LVRODWHG� P\[REDFWHULD�
VWUDLQV�GR�QRW�XVXDOO\�KDYH�W\SLFDO�P\[REDFWHULDO�
PRUSKRORJLFDO� FKDUDFWHULVWLFV�� 7KHUHIRUH��
PROHFXODU�LGHQWLILFDWLRQ�LV�QHHGHG�WR�FRQILUP�WKH�
LGHQWLW\�RI �WKH�LVRODWHV�
� $QDO\VLV�RQ���6�U51$�JHQH�VHTXHQFHV�RI ����
LVRODWHG�EDFWHULD�UHYHDOHG�WKDW�WKHVH�LVRODWHV�ZHUH�
PHPEHU�RI �P\[REDFWHULD�JURXS��7KH\�EHORQJ�WR�
WKH�JHQHUD� �DQG� �ZLWK�PRUH�0\[RFRFFXV 0HOLWWDQJLXP
WKDQ� ���� VLPLODULWLHV� �7DEOH� ���� � DQG�0\[RFRFFXV
0HOLWWDQJLXP� JHQHUD� ZHUH� RIWHQ� IRXQG� LQ� VRLO�
VDPSOHV�WKURXJKRXW�WKH�ZRUOG��IURP�WURSLFDO�UDLQ�
IRUHVWV� � FHQWUD O � (XURSHDQ� IRUHVWV� � WR�
0HGLWHUUDQHDQ� UHJLRQV� DQG� VR� IDU�� WR� RXU�

D� E� F �

)LJXUH��� 0RUSKRORJLFDO�DSSHDUDQFH�RI �SXULILHG�P\[REDFWHULXP�FROOHFWHG�IURP�6XPED�606������D���60'Z������E���DQG�
3DSXD� 36���� �F�� RQ� 9<��&;� DJDU� PHGLXP� DIWHU� LQFXEDWLRQ� IRU� ����� GD\V�� )UXLWLQJ� ERGLHV� DSSHDUHG� DV�
\HOORZ�RUDQJH�FHOOV�DJJUHJDWH�

7DEOH���,VRODWHV�JURXSLQJ�EDVHG�RQ�PRUSKRORJLFDO�DSSHDUDQFH

0RUSKRORJLFDO�FKDUDFWHULVWLFV�RI �FRORQ\
�

0\[RVSRUHV
�

7RWDO�LVRODWHV

2UDQJH��FHQWULIXJDO�SDWWHUQ��RUDQJH�IUXLWLQJ�ERG\
�

6SKHULFDO
�

�
�<HOORZ�VZDUPV��RUDQJH�IUXLWLQJ�ERG\

�
6SKHULFDO

�
�

�2UDQJH�VZDUPV��VKRUW�VWDONHG�RUDQJH�IUXLWLQJ�ERG\ 6SKHULFDO �

���
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NQRZOHGJH� WKLV� LV� WKH� ILUVW� UHFRUG� RI � WKH� WKUHH�
VSHFLHV�RFFXUUHQFH�LQ�,QGRQHVLD�
� %DVHG� RQ� PRUSKRORJLFDO� REVHUYDWLRQ�
VXSSRUWHG�E\�PROHFXODU�LGHQWLILFDWLRQ��GLYHUVLW\�RI �
P\[REDFWHULD� REWDLQHG� IURP� WKLV� ZRUN�ZDV� QRW�
QXPHURXV��6RPH�LVRODWHV�PLJKW�QRW�IRUP�W\SLFDO�
IUXLWLQJ�ERGLHV�DW�WKH�WLPH�RI �REVHUYDWLRQ��KHQFH�
RYHUORRNHG�GXULQJ�WUDQVIHUULQJ�SURFHVV��,VRODWLRQ�
WHFKQLTXHV�� LQFXEDWLRQ� WLPH�� DQG�PHGLD� XVHG� WR�
LVRODWH�P\[REDFWHULD�VWLOO�XQDEOH�WR�FXOWXUH�YDULRXV�
VSHFLHV� RFFXU� LQ� D� KDELWDW� LQ� WKLV� VWXG\�� (YHU\�
PHWKRG� ZRXOG� EH� D� FRPSURPLVH�� DV� GLIIHUHQW�
P\[REDFWHULD� VSHFLHV� ZRXOG� JURZ� ZHOO� RQ� RQH�
PHGLXP��RWKHUV�ZRXOG�JURZ�OHVV�ZHOO�DQG�VKRZ�
OLWWOH� WHQGHQF\� WR� IRUP� IUXLWLQJ� ERGLHV� �'DZLG�
�������+HQFH��WKH�YDULDWLRQ�RQ�LVRODWLRQ�WHFKQLTXH��

SXULILFDWLRQ�WHFKQLTXH��DQG�HQULFKPHQW�PHGLD�DUH�
H[SHFWHG� WR� LQFUHDVH� WKH� SUREDELOLW\� WR� REWDLQ�
PRUH�GLYHUVH�P\[REDFWHULD�
� 3K\ORJHQHWLF�DQDO\VLV�RI �WKH����P\[REDFWHULD�
VHTXHQFHV�VKRZHG�WKDW�DOO�WKH�LVRODWHV�DUH�SODFHG�
LQ� VXERUGHU� &\VWREDFWHULQHDH� �)LJ�� ����
7D[RQRPLFDOO\�� JHQXV� 0\[RFRFFXV� DORQJ� ZLWK�
$JJUHJLFRFFXV�� &RUDOORFRFFXV� DQG� 3\[LGLFRFFXV� DUH�
FODVVLILHG� LQWR� WKH� IDPLO\�0\[RFRFFDFHDH� LQ� WKH�
VXERUGHU�&\VWREDFWHULQHDH��2Q� WKH�RWKHU�KDQG��
WKH� JHQXV� 0HOLWWDQJLXP� DORQJ� ZLWK� $QJLRFRFFXV��
$UFKDQJLXP��&\VWREDFWHU��+\DODQJLXP��6WLJPDWHOOD�DQG�
QHZO\�GHVFULEHG�JHQXV�9LWLRVDQJLXP��$ZDO�HW�DO��
����� � DUH � F ODVV L I L HG � LQ WR � WKH � IDPL O\ �
&\VWREDFWHUDFHDH� DOVR� LQ� WKH� VXERUGHU�
&\VWREDFWHULQHDH�

7DEOH���0ROHFXODU�LGHQWLILFDWLRQ�RI �LVRODWHG�P\[REDFWHULD

���

%,27523,$�9RO�����1R���������



)LJXUH��� 3K\ORJHQHWLF�WUHH�FRQVWUXFWHG�RQ�WKH�EDVLV�RI ���6�U51$�JHQH�VHTXHQFHV�XVLQJ�QHLJKERU�MRLQLQJ�PHWKRG��,VRODWHV�
IURP�6XPED��60��DQG�3DSXD��36��,VODQGV�ZHUH�SODFHG�LQ�WKH�VXERUGHU�&\VWREDFWHULQHDH�DPRQJ�P\[REDFWHULD�
VSHFLHV��%DU�PHDQV���VXEVWLWXWLRQ�SHU�����QXFOHRWLGHV��1XPHUDOV�DW�EUDQFK�SRLQWV�LQGLFDWH�WKH�ERRWVWUDS�YDOXH�DV�
SHUFHQWDJHV�GHULYHG�IURP������UHSOLFDWLRQV��2QO\�YDOXHV�JUHDWHU�WKDQ�����DUH�VKRZQ�

���
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� $� WRWDO� RI � ��� P\[REDFWHULDO� LVRODWHV� ZDV�
VXFFHVVIXOO\� LVRODWHG� IURP� VRLO�� OLPHVWRQH� DQG�
GHFD\� ZRRG� VDPSOHV� FROOHFWHG� IURP� WZR�
RXWHUPRVW� LVODQGV� RI � ,QGRQHVLD�� 6XPED� DQG�
3DSXD��7KH\�ZHUH�LVRODWHG�XVLQJ�ILOWHU�SDSHU�DQG�
EDLWLQJ�ZLWK�(��FROL�PHWKRGV��&KDUDFWHUL]DWLRQ�RI �
6XPED�DQG�3DSXD�LVRODWHV�UHYHDOHG�WKDW�WKH\�ZHUH�
*UDP� QHJDWLYH� DQG� URG� VKDSHG�� 7KHLU� FRORQLHV�
ZHUH� \HOORZ� DQG� RUDQJH� LQ� SLJPHQWDWLRQ�� DQG�
SURGXFH�IUXLWLQJ�ERGLHV��0ROHFXODU�LGHQWLILFDWLRQ�
VKRZHG�WKDW�WKH\�DUH�PHPEHUV�RI �P\[REDFWHULDO�
VSHFLHV�0\[RFRFFXV� IXOYXV��0\[RFRFFXV� VWLSLWDWXV� DQG�
0HOLWWDQJLXP� OLFKHQLFROD��7R�RXU�NQRZOHGJH�� WKLV� LV�
WKH� ILUVW� UHFRUG�RI � WKH�RFFXUUHQFH�RI � WKH� WKUHH�
VSHFLHV� LQ� ,QGRQHVLD�� $OO� WKH� LVRODWHV� ZHUH�
GHSRVLWHG� LQ� ,QGRQHVLDQ� &XOWXUH� &ROOHFWLRQ�
�,QD&&��XQGHU�WKH�QDPH�0\[RFRFFXV�IXOYXV�,QD&&�
%������0\[RFRFFXV�IXOYXV�,QD&&�%������0\[RFRFFXV�
IXOYXV� ,QD&&� %������ 0\[RFRFFXV� IXOYXV� ,QD&&�
%������ 0\[RFRFFXV� VWLSLWDWXV� ,QD&&� %������
0\[RFRFFXV� VWLSLWDWXV� ,QD&&� %������ 0\[RFRFFXV�
VWLSLWDWXV� ,QD&&� %������ 0HOLWWDQJLXP� OLFKHQLFROD�
,QD&&� %������ 0HOLWWDQJLXP� OLFKHQLFROD� ,QD&&�
%�����DQG�0HOLWWDQJLXP�OLFKHQLFROD�,QD&&�%�����
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� 7KLV� UHVHDUFK� ZDV� ILQDQFLDOO\� VXSSRUWHG� E\�
',3$� ����� /,3,�� :H� ZLVK� WR� WKDQN� 0DPDQ�
5DKPDQV\DK�DQG�HYHU\RQH�LQYROYHG�LQ�(NVSHGLVL�
:LG\D�1XVDQWDUD��(�:,1��DQG�1.5,�H[SHGLWLRQ�
GXULQJ�WKH�VDPSOHV�FROOHFWLRQ��:H�DOVR�WKDQN�7UL�
5DWQD� 6XOLVWL\DQL�� 5LQDWX� 6LVZL� DQG� 5LHVFD�
0DUWGL\DQWL� IRU� WKHLU� KHOS� GXULQJ� WKH� UHVHDUFK�
SHULRG�

5()(5(1&(6

$OWVFKXO�6)��0DGGHQ�7/��6FKDHIIHU�$$��=KDQJ�-��=KDQJ�=��
0LOOHU�:�� /LSPDQ�'-�� ������*DSSHG� %/$67� DQG�
36,�%/$67��$�QHZ�JHQHUDWLRQ�RI �SURWHLQ�GDWDEDVH�
VHDUFK�SURJUDPV��1XFOHLF�$FLGV�5HV�����������������

$ZDO� 53�� *DUFLD� 5�� *HPSHUOHLQ� .�� :LQN� -�� .XQZDU� %��
3DUDMXOL�1��0�OOHU�5�� ������9LWLRVDQJLXP� FXPXODWXP�
JHQ��QRY���VS��QRY��DQG�9LWLRVDQJLXP�VXEDOEXP�VS��QRY���
VRLO�P\[REDFWHULD�DQG�HPHQGHG�GHVFULSWLRQV�RI �WKH�
JHQHUD� $UFKDQJLXP� DQG� $QJLRVFRFFXV� DQG� RI � WKH�
IDPLO\�&\VWREDFWHUDFHDH��,QW�-�6\VW�(YRO�0LFURELRO�
�����������

%HUNHOH\�0-��������,QWURGXFWLRQ�WR�FU\SWRJDPLF�ERWDQ\��RQ�
6WLJPDWHOOD &KRQGURP\FHV� DQG� ��� /RQGRQ� �8.��� +��
%DLOOLHUH�3XEOLVKHUV��S��������

%ULQNKRII �7��)LVFKHU�'��9ROOPHUV�-��9RJHW�6��%HDUGVOH\�&��
7KROH� 6�� «� 6LPRQ� 0�� ������ %LRJHRJUDSK\� DQG�
SK\ORJHQHWLF� GLYHUVLW\� RI � D� FOXVWHU� RI � H[FOXVLYHO\�
PDULQH�P\[REDFWHULD��,60(�-��������������

%XQWLQ�.��,UVFKLN�+��:HLVVPDQ�.-��/X[HQEXUJHU�(��%ORFNHU�
+��0XOOHU�5��������%LRV\QWKHVLV�RI � WKXJJDFLQV� LQ�
P\[REDFWHULD��&RPSDUDWLYH�FOXVWHU�DQDO\VLV�UHYHDOV�
EDVLV�IRU�QDWXUDO�SURGXFW�VWUXFWXUDO�GLYHUVLW\��&KHP�
%LRO��������������

'DZLG� :�� ������ %LRORJ\� DQG� JOREDO� GLVWULEXWLRQ� RI �
P\[REDFWHULD� LQ� VRLOV�� )(06� 0LFURELRO� 5HY�
�������������

(GJDU� 5&�� ������086&/(�� XOWLSOH� VHTXHQFH� DOLJPDQW�0
ZLWK�KLJK� DFFXUDF\� DQG�KLJK� WKURXJKSXW��1XFOHLF�
$FLGV�5HV��� ���������� �

)XGRX�5��-RMLPD�<��,L]XND�7��<DPDQDND�6��������+DOLDQJLXP�
RFKUDFHXP +DOLDQJLXP�WHSLGXP�JHQ��QRY���VS��QRY��DQG� �
VS��QRY���1RYHO�PRGHUDWHO\�KDORSKLOLF�P\[REDFWHULD�
LVRODWHG� IURP� FRDVWDO� VDOLQH� HQYLURQPHQWV�� -�*HQ�
$SSO�0LFURELRO��������������

*DUFLD�5��*HUWK�.��6WDGOHU�0��'RJPD�,-��0XOOHU�5��������
([SDQGHG�SK\ORJHQ\�RI �P\[REDFWHULD�DQG�HYLGHQFH�
IRU� FXOWLYDWLRQ� RI � WKH� 
XQFXOWXUDEOHV
�� 0RO�
3K\ORJHQHWLFV�(YRO��������������

*HUWK� .�� -DQVHQ� 5�� 5HLIHQVWDKO� *�� +|IOH� *�� ,UVFKLN� +��
.XQ]H�%��«�7KLHUEDFK�*��������7KH�P\[DODPLGV��
QHZ� DQWLELRWLFV� IURP� �0\[RFRFFXV� [DQWKXV
�0\[REDFWHULDOHV��,��3URGXFWLRQ��SK\VLFR�FKHPLFDO��
ELRORJLFDO�SURSHUWLHV�DQG�PHFKDQLVPV�RI �DFWLRQ��-�
$QWLELRWLFV��������������

*HUWK�.��%HGRUI �1��+RIOH�*��,UVFKLN�+��������(SRWKLORQV�
$�DQG�%��$QWLIXQJDO�DQG�F\WRWR[LF�FRPSRXQGV�IURP�
6RUDQJLXP� FHOOXORVXP� �0\[REDFWHULD�� SURGXFWLRQ��
SK\VLFR�FKHPLFDO� DQG� ELRORJLFDO� SURSHUWLHV�� -�
$QWLELRWLFV���������������

+DOO 7$��������%LR(GLW�� �XVHU�IULHQGO\�ELRORJLFDO�VHTXHQFH�� $
DOLJQPHQW�HGLWRU�DQG�DQDO\VLV�SURJUDP�IRU�:LQGRZV�
������17��1XFO$FLGV 6\PS6HU ��������� � � �

+RX�3%��/L�<=��:X�%+��<DQ�=&��<DQ�%;��*DR�3-��������
&HOOXORO\WLF� FRPSOH[� H[LVWV� LQ� FHOOXORO\WLF�
P\[REDFWHULXP� ��(Q]\PH�0LFURE�7HFKQRO�6RUDQJLXP
��������������

,L]XND� 7�� -RMLPD� <�� )XGRX� 5�� 7RNXUD� 0�� +LUDLVKL� $��
<DPDQDND�6������D��(QK\JURP\[D�VDOLQD�JHQ��QRY���
VS��QRY���D�VOLJKWO\�KDORSKLOLF�P\[REDFWHULXP�LVRODWHG�
IURP� WKH� FRDVWDO� DUHDV� RI � -DSDQ�� ������ 6\VW�$SSO�
0LFURELRO��������������

,L]XND�7��-RMLPD�<��)XGRX�5��+LUDLVKL�$��$KQ�-:��<DPDQDND�
6�� ����E�� � JHQ�� QRY��� VS�� QRY��� D�3OHVLRF\VWLV� SDFLILFD
PDU L Q H � P\[RED F W H U L XP � W K D W � F RQ W D L Q V �
GLK\GURJHQDWHG� PHQDTXLQRQH�� LVRODWHG� IURP� WKH�
3DFLILF�FRDVWV�RI �-DSDQ�� �,QW�-�6\VW�(YRO�0LFURELRO
�������������
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,L]XND�7��-RMLPD�<��+D\DNZD�$��)XMLL�7��<DPDQDND�6��)XGRX�
5�������� �JHQ��QRY���VS��QRY���3VHXGHQK\JURP\[D�VDOVXJLQLV
D�P\[REDFWHULXP�LVRODWHG�IURP�DQ�HVWXDULQH�PDUVK��
,QW�-�6\VW�(YRO�0LFURELRO��������������

.LP26��&KR <-��/HH .��<RRQ 6+��.LP0��1D +�� �&KXQ -��� � � � � � ��� �
������ ,QWURGXFLQJ� (]7D[RQ�� � SURNDU\RWLF� ��6�$
U51$� HQH�VHTXHQFH�GDWDEDVH�ZLWK�SK\ORW\SHV�WKDW�J
UHSUHVHQW� XQFXOWXUHG� VSHFLHV�� ,QW� -� 6\VW� (YRO�
0LFURELRO��� ���²�������

.LPXUD� 0�� ������ $� VLPSOH� PHWKRG� IRU� HVWLPDWLQJ�
HYROXWLRQDU\� UDWH� RI � EDVH� VXEVWLWXWLRQV� WKURXJK�
FRPSDUDWLYH�VWXGLHV�RI �QXFOHRWLGH�VHTXHQFHV��-�0RO�
(YRO��� �����������

.RQRYDORYD� $�� 3HWWHUV� 7�� 6RJDDUG�$QGHUVHQ� /�� ������
([WUDFHOOXODU�ELRORJ\�RI � �)(06�0\[RFRFFXV�[DQWKXV�
0LFURELRO�5HY��������������

/DQH�'-����������6���6�U51$�VHTXHQFLQJ��,Q��6WDFNHEUDQGW�
(��*RRGIHOORZ�0��HGLWRUV��1XFOHLF�$FLG�7HFKQLTXHV�
LQ�%DFWHULDO�6\VWHPDWLFV��1HZ�<RUN��86���-RKQ�:LOH\�
	�6RQV��S���������

/L�<=��+X�:��=KDQJ�<4��4LX�=-��=KDQJ�<��:X�%+��������$�
VLPSOH�PHWKRG�WR�LVRODWH�VDOW�WROHUDQW�P\[REDFWHULD�
IURP� PDULQH� VDPSOHV�� -� 0LFURELRO� 0HWKRGV� ���
����������

/LQN� +)�� ������ 2EVHUYDWLRQHV� LQ� RUGLQHV� SODQWDUXP�
QDWXUDOHV��'LVVHUWDWLR�,��>2EVHUYDWLRQV�RQ�WKH�RUGHUV�
RI �SODQWV�IURP�QDWXUH��'LVVHUWDWLRQ�,@��*HV�1DWXUI �
)UHXQGH�%HUOLQ �0DJ�������������

0RKU�.,��6WHFKOLQJ�0��:LQN�-��:LOKDUP�(��6WDGOHU�0��������
&RPSDULVRQ� RI � P\[REDFWHULDO� GLYHUVLW\� DQG�
HYDOXDWLRQ� RI � LVRODWLRQ� VXFFHVV� LQ� WZR� QLFKHV��
.LULW LPDWL� ,VODQG� DQG� *HUPDQ� FRPSRVW��
0LFURELRORJ\RSHQ �������������

0RUJDQ�$'��0DF/HDQ�5&��+LOOHVODQG�./��9HOLFHU�*-��������
&RPSDUDWLYH�DQDO\VLV�RI � �SUHGDWLRQ�RQ�VRLO�0\[RFRFFXV
EDFWHULD��$SSO�(QYLURQ�0LFURELRO���������������

5HLFKHQEDFK� +�� 'ZRUNLQ� 0�� ������ 7KH� \[REDFWHULD��P
%DORZV� $�� 7UXSHU� +*�� 'ZRUNLQ� 0�� +DUGHU� :��

QG
6FKOHLIHU� .+�� �� ,Q�� 7KH� 3URNDU\RWHV � �HGLWRUV � �
(GLWLRQ � � ��9RO �,9 ³ $�+DQGERRN�RQ�WKH�%LRORJ\�RI �
%DFWHULD�� (FRSK\VLRORJ\�� ,VRODWLRQ�� ,GHQWLILFDWLRQ��
$SSOLFDWLRQV��1HZ<RUN ��6SULQJHU�9HUODJ���86�

5HLFKHQEDFK� +�� ������ 2UGHU� 9,,,� 0\[RFRFFDOHV� 7FKDQ��
3RFKRQ� DQG� 3UHYRW� ������ ��� �� ,Q�� %UHQQHU� '-��

$/

.ULHJ� 15�� 6WDOH\� -7�� HGLWRUV�� %HUJH\
V� 0DQXDO� RI �
6\VWHPDWLF�%DFWHULRORJ\��9ROXPH���� �(GLWLRQ��1HZ�

QG

<RUN��86���6SULQJHU�

6DLWRX�1��1HL�0��������7KH�QHLJKERU�MRLQLQJ�PHWKRG�� �$
QHZ�P WKRG�IRU� �SK\ORJHQHWLF�WUHHV��H UHFRQVWUXFWLQJ
0RO�%LRO�(YRO�� �����������

6FKlEHUOH� 7)�� *RUDOVNLL� (�� 1HX� (�� (URO� 2�� +|O]O� *��
'|UPDQQ� 3�� «� .|QLJ� *0�� ������ 0DULQH�
P\[REDFWHULD� DV� D� VRXUFH� RI � DQWLELRWLFV��
&RPSDULVRQ�RI � SK\VLRORJ\�� SRO\NHWLGH�W\SH� JHQHV�
DQG�DQWLELRWLF�SURGXFWLRQ�RI �WKUHH�QHZ�LVRODWHV�RI �
(QK\JURP\[D VDOLQD� ��0DU�'UXJV��������������

6FKQHLGHU� '�� (QJHOKDXSW� 0�� $OOHQ� .�� .XUQLDZDQ� 6��
.UDVKHYVND�9��+HLQHPDQQ�0��«�'DQLHO�5��������
,PSDFW� RI � ORZODQG� UDLQIRUHVW� WUDQVIRUPDWLRQ� RQ�
GLYHUVLW\� DQG� FRPSRVLWLRQ� RI � VRLO� SURNDU\RWLF�
FRPPXQLWLHV� LQ� 6XPDWHUD� �,QGRQHVLD��� )URQW�
0LFURELRO� �������� GRL�� � ���������)IPLFE�������
������

6KLPNHWV� /-�� 'ZRUNLQ� 0�� 5HLFKHQEDFK� +�� ������ 7KH�
P\[REDFWHULD��,Q��)DONRZ�6��5RVHQEHUJ�(��6FKOHLIHU�
.+��6WDFNHEUDQGW�(��HGLWRUV��7KH�3URNDU\RWHV�9RO���
³� 3URWHREDFWHULD��'HOWD� DQG� (SVLORQ� 6XEFODVVHV��
1HZ�<RUN��86���6SULQJHU�9HUODJ��S���������

6LQJK�%1��������0\[REDFWHULD�LQ�VRLOV�DQG�FRPSRVWV��WKHLU�
GLVWULEXWLRQ��QXPEHU�DQG�O\WLF�DFWLRQ�RQ�EDFWHULD��-�
*HQ�0LFURELRO������������

6LQJK� %1�� 6LQJK� 1%�� ������ 'LVWULEXWLRQ� RI � IUXLWLQJ�
P\[REDFWHULD�LQ�,QGLDQ�VRLOV��EDUN�RI �WUHHV��DQG�GXQJ�
RI �KHUELYRURXV�DQLPDOV��,QGLDQ�-�0LFURELRO�������
���

7DPXUD�.�� 6WHFKHU�*��3HWHUVRQ�'��)LOLSVNL�$��.XPDU� 6��
������0(*$���0ROHFXODU�(YROXWLRQDU\�*HQHWLFV�
$QDO\VLV�YHUVLRQ������0RO�%LRO�(YRO���������������

7KD[WHU�5��������2Q�WKH�0\[REDFWHULDFHDH��D�QHZ�RUGHU�RI �
6FKL]RP\FHWHV��%RW�*D]����������������

:LOOLDPV� '5�� 0F*LOO� -0�� ������ 7RWDO� V\QWKHVLV� RI �
P\[RYLUHVFLQ�%��-�2UJ�&KHP���������������

;LDR� <�� :HL� ;�� (EULJKW� 5�� :DOO� '�� ������ $QWLELRWLF�
SURGXFWLRQ� E\� P\[REDFWHULD� SOD\V� D� UROH� LQ�
SUHGDWLRQ��-�%DFWHULRO�����������������

=KDQJ�/3��:DQJ�+<��)DQJ�;0��6WDFNHEUDQGW�(��'LQJ�<%��
������ ,PSURYHG� PHWKRGV� RI � LVRODWLRQ� DQG�
SXULILFDWLRQ�RI �P\[REDFWHULD�DQG�GHYHORSPHQW�RI �
IUXLWLQJ�ERG\�IRUPDWLRQ�RU�WZR�VWUDLQV��-�0LFURELRO�
0HWKRGV������������

=KDQJ�<4��/L�<=��:DQJ�%��:X�=+��=KDQJ�&<��*RQJ�;��«�
=KDQJ�<��������&KDUDFWHULVWLF�DQG�OLYLQJ�SDWWHUQV�RI �
PDULQH� P\[REDFWHULDO� LVRODWHV�� $SSO� (QYLURQ�
0LFURELRO ������������� �
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,VRODWLRQ��FKDUDFWHUL]DWLRQ�DQG�LGHQWLILFDWLRQ�RI �0\[REDFWHULD�²�0HOLDK�DQG�/LVGL\DQWL


