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5HFHLYHG����-XQH������$FFHSWHG����-XQH�����

$%675$&7

� +\SWLV�FDSLWDWD�-DFT���FRPPRQ�QDPH��.QREZHHG�RU�)DOVH�,URQZRUW��EHORQJV�WR�/DPLDFHDH�IDPLO\�DQG�LV�DPRQJ�
NQRZQ�WUDGLWLRQDO�PHGLFLQH��7KH�$QDN�'DODP�7ULEH�RI �-DPEL�3URYLQFH�XVHV�WKH�OHDYHV�RI�+��FDSLWDWD�WR�FXUH�H[WHUQDO�
DQG� LQWHUQDO�ZRXQGV��7KLV� VWXG\�ZDV� DLPHG� DW� LGHQWLI\LQJ� DQG�DQDO\]LQJ� VHFUHWRU\� VWUXFWXUH�� KLVWRFKHPLVWU\� DQG�
SK\WRFKHPLFDO�FRQWHQW�RI�+��FDSLWDWD�OHDYHV��7KH�UHVXOWV�VKRZHG�WKDW�+��FDSLWDWD�OHDYHV�KDYH�VHFUHWRU\�VWUXFWXUHV�LQ�WKH�
IRUP�RI �SHOWDWH��FDSLWDWH�DQG�XQLVHULDWH�JODQGXODU�WULFKRPHV�RQ�WKH�XSSHU�DQG�ORZHU� OHDI �VXUIDFHV��ZLWK� LGLREODVW�
FHOOV�VFDWWHUHG�WKURXJKRXW�WKH�OHDI �PHVRSK\OO��+LVWRFKHPLFDO�WHVWV�LQGLFDWHG�WKDW�WKH�SHOWDWH�WULFKRPHV�KDYH�IRXU�KHDG�
FHOOV��FRQWDLQLQJ�DONDORLGV�DQG�WHUSHQRLGV��7KLV�VWXG\�FODVVLILHG�FDSLWDWH�WULFKRPHV�LQWR�WZR�W\SHV�����W\SH�,�KDV�RQH�
VWDON�FHOO�DQG�WZR�KHDG�FHOOV��DOO�FRQWDLQLQJ�DONDORLGV��WHUSHQRLGV�DQG�OLSRSKLOLF�FRPSRXQGV�����W\SH�,,�KDV�ORQJ�VWDON�
FHOOV�FRQVLVWLQJ�RI�VHYHQ�WR�WHQ�FHOOV�ZLWK�RQH�KHDG�FHOO��DOO�FRQWDLQLQJ�DONDORLGV�DQG�WHUSHQRLGV��8QLVHULDWH�JODQGXODU�
WULFKRPHV�RI�+��FDSLWDWD�OHDYHV�FRQVLVW�RI �IRXU�WR�HLJKW�FHOOV�FRQWDLQLQJ�DONDORLGV�DQG�WHUSHQRLGV��7KH�LGLREODVW�FHOOV�DUH�
URXQG�VKDSHG�DQG�FRQWDLQ�OLSRSKLOLF�FRPSRXQGV��*&�06�DQDO\VLV�VKRZHG�WKDW�+��FDSLWDWD�OHDYHV�FRQWDLQ�WHUSHQRLG�
FRPSRXQGV�DVVXPHG�WR�VHUYH�DV�DQWL�LQIHFWLYH�DJHQWV��LQFOXGLQJ�O�OLPRQHQH��HXJHQRO��IDUQHVRO�LVRPHUV�$��G�QHUROLGRO��
KH[DK\GURIDUQHVRO�DQG�QHRSK\WDGLHQH��

� .H\ZRUGV��*ODQGXODU�WULFKRPH��+\SWLV�FDSLWDWD��LGLREODVW���PHGLFLQDO�SODQWV��SK\WR�FRPSRXQGV

,1752'8&7,21

5DSLG�GHIRUHVWDWLRQ�LQ�-DPEL�DUHD�ZLOO�FDXVH�D�
JUHDW� ORVV� RI � PHGLFLQDO� SODQWV�� ,W� LV�� WKHUHIRUH��
LPSRUWDQW� WR� SUHVHUYH� WKH� WULEDO� NQRZOHGJH� RQ�
KHUEDO�PHGLFLQH� �LV�RQH�RI �YDULRXV��+\SWLV�FDSLWDWD
SODQW� VSHFLHV� XVHG� DV� KHUEDO�PHGLFLQH� E\�$QDN�
'DODP�7ULEH��ZKLFK�LV�QDWLYH�WR�-DPEL�3URYLQFH�LQ�
6XPDWHUD��,QGRQHVLD�

+\SWLV� FDSLWDWD DQ� HUHFW� KHUEDFHRXV� SODQW��� LV�
QDWLYH�WR�&HQWUDO�DQG�WURSLFDO�6RXWK�$PHULFD���7KH�
SODQW� LV�XVXDOO\�DEXQGDQWO\�IRXQG�LQ�RSHQ�ILHOGV�
DQG�URDGVLGHV�� �,Q�,QGRQHVLD��SDUWLFXODUO\�LQ�-DPEL
3URYLQFH +��FDSLWDWD��WKH�OHDYHV�RI � ��)LJ�����DUH�XVHG�
E\� WKH� WULEH DV�KHUEDO�PHGLFLQH� WR�$QDN�'DODP� �
FXUH�H[WHUQDO�DQG�LQWHUQDO�ZRXQGV�

7KH�WULEH�FUXVKHV�RU�VTXHH]HV�WKH�OHDYHV�SULRU�
WR�XVLQJ�WKHP�WR�FXUH�ZRXQG���7KH�OHD � �FDQ�EH�I VDS
FRQVXPHG� WR� WUHDW� LQQHU� LQMXULHV� �7 PHQJJXQJX �
7DULS��$QDN�'DODP�7ULEH��SHUV��FRPP���������7KLV�
SODQW�LV�DOVR�XVHG�DV�WUDGLWLRQDO�PHGLFLQH�LQ�,QGLD��
-DPDLFD�DQG�%DQJODGHVK��0LFKHOO�	�$KPDG�������
%LVZDV� HW� DO�� ���� SK\WRFKHPLFDO� VWXG\���� $�
FRQGXFWHG� E\�2NDFK� HW� DO�� ������� UHSRUWHG� WKDW�
VHYHUDO RWKHU�VSHFLHV�� RI �WKH�/DPLDFHDH�IDPLO\��VXFK�
DV� � �(�0H\� ([ � %HQWK��%HFLXP� RERYDWXP � � 1�(�%U���
/HXFDV� FDORVWDFK\V� 2OLY�� 2FLPXP� NLOLPDQGVFKDULFXP�
%DNHU�([��*XUNH��3OHFWUDQWKXV�EDUEDWXV 6DWXUHMD��DQG�
ELIORUD��+DP�([��$QGUHZV�'��'RQ��%ULJ���FRQWDLQ�
VWHUROV��WHUSHQRLGV��DONDORLGV��VDSRQLQV��JO\FRVLGHV��
IODYRQRLGV�DQG�WDQQLQV�
'LFNLVRQ��������UHSRUWHG�WKDW�PRVW�PHGLFLQDO�

SODQWV�KDYH�VHFUHWRU\�VWUXFWXUHV�WKDW�SOD\�D�SDUW�LQ�
PHWDEROLWH� SURGXFWLRQ�� 9DULRXV� FKHPLFDO��&RUUHVSRQGLQJ�DXWKRU��\RBVXOLVW\D#\DKRR�FRP
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FRPSRXQGV�� VXFK� DV� HVVHQWLDO� RLOV�� UHVLQV�� ODWH[��
PLQHUDO� VDOWV�� DONDORLGV� DQG� JO\FRVLGHV�� DUH�
SURGXFHG�E\�VHFUHWRU\�VWUXFWXUHV��:HUNHU��������
VWDWHG� WKDW� SK\WRFKHPLFDO� VXEVWDQFH� RI �
WHUSHQRLGV�� DONDORLGV� DQG� YDULRXV� YRODWLOH�
FRPSRXQGV� DUH� JHQHUDOO\� SURGXFHG� E\� WKH�
JODQGXODU� WULFKRPHV� �FRQWDLQHG� LQ� WKH� VSHFLHV� RI
/DPLDFHDH�� � 6FLHQWLILF� VWXG\� WR� LGHQWLI\� WKH�
VHFUHWRU\� VWUXFWXUHV� � �ZKLFK PLJKW� EH� WKH� VLWH� RI
DFFXPXODWLRQ�DQG�RU�ELRV\QWKHVLV�RI �PHWDEROLWH�
DQG�SK\WRFKHPLFDO�FRPSRXQGV�LQ� �ZLOO�+��FDSLWDWD
LPSURYH� WKH� SURGXFWLRQ� RI � LWV� GHVLUDEOH�
SK\WRFKHPLFDO�FRPSRXQGV�WKURXJK�WLVVXH�RU�FHOO�
FXOWXUH��7KLV� VWXG\�ZDV� DLPHG� DW� LGHQWLI\LQJ� WKH�
VHFUHWRU\� VWUXFWXUH DQDO\] ��� LQJ WKH� DFFXPXODWHG�
PHWDEROLWH�FRPSRXQGV�LQ�WKH�VHFUHWRU\�VWUXFWXUH�
DQG� DQDO\]LQJ� WKH +��� SK\WRFKHPLFDO� FRQWHQW� LQ�
FDSLWDWD �� �7KLV� UHVHDUFK�DOVR�H[DPLQHG� WKH�� OHDYHV
HIILFDF\� RI �+�� FDSLWDWD� SODQW�� VR� WKDW� WKH� QDWXUDO�
VXEVWDQFH� FRQWDLQHG� LQ� WKH� SODQW� FDQ� EH�
VFLHQWLILFDOO\� MXVWLILHG� IRU� LWV� SKDUPDFHXWLFDO�
SURSHUWLHV�

0$7(5,$/6�$1'�0(7+2'6

3ODQW�0DWHULDO�&ROOHFWLRQ

� 7KH�VWXG\�ZDV�FDUULHG�RXW�LQ�WURSLFDO�ORZODQG�
UDLQ�IRUHVW�RI �%XNLW�'XD�%HODV�1DWLRQDO�3DUN�LQ�
-DPEL�3URYLQFH��6XPDWHUD��,QGRQHVLD�������
�����
6��������
�����(�����P�DVO���/HDI �VDPSOHV� �ZHUH�
FROOHFWHG�IURP�DUHDV�RI �MXQJOH�UXEEHU�DJURIRUHVW��

ZKLFK� LV� DQ� DJURIRUHVWU\� V\VWHP� WKDW� FRPELQHV�
UXEEHU�WUHHV�ZLWK�QDWXUDO�ZLOG�SODQW�VSHFLHV�JURZQ�
VXUURXQGLQJ� WKH� UXEEHU� WUHHV�� /HDYHV� ZHUH�
KDUYHVWHG�LQ�WKH�GU\�VHDVRQ�RI �-XO\������DW�DYHUDJH�
WHPSHUDWXUH� RI � ��� �&� DQG� DYHUDJH� UHODWLYH�
KXPLGLW\�RI �����
� 0LFURVFRSLF� REVHUYDWLRQ� DQG� KLVWRFKHPLFDO�
DQDO\VLV�ZHUH�SHUIRUPHG�RQ�OHDYHV�IURP�WKH�WKLUG�
QRGH� RI � WKH� SODQW�� ZLWK� WKUHH� UHSOLFDWLRQV�� $�
FRPSRVLWH� RI � OHDYHV� WDNHQ� IURP � SODQW�� VHYHUDO
VDPSOHV�ZDV�VXEMHFWHG�WR�SK\WRFKHPLFDO�DQDO\VLV��� �
)RU� PLFURVFRS � REVHUYDWLRQ � OHDYHV�LF � SXUSRVH�
ZHUH� ���� RU�SUHVHUYHG�LQ� HWKDQRO���) REVHUYDWLRQ�
XVLQJ�6FDQQLQJ�(OHFWURQ�0LFURVFRSH ���6(0� �WKH�
OHDYHV� ZHUH� LQ� )$$� VROXWLRQ�SUHVHUYHG�
�IRUPDOGHK\GH�� JODFLDO� DFHWLF� DFLG� DQG� ����
HWKDQRO � � � � ���� � � � ���� )UHVK�OHDYHV�ZHUH�FROOHFWHG�IRU�
WKH�KLVWRFKHPL � � RU�*&�06�DQDO\VLV�FDO DQDO\VLV� )
WKH� VDPSOHV�ZHUH� GULHG� IRU� WKUHH� GD\V� DQG�VXQ�
WKHQ GULHG�DW���� �IRU�WKUHH�GD\V�RYHQ� �& �

2EVHUYDWLRQ�XVLQJ�/LJKW�0LFURVFRSH�

� 3DUDGHUPDO� OHDI � VHFWLRQV� ZHUH� SUHSDUHG� DV�
VHPL�SHUPDQHQW� VOLGHV�� IROORZLQJ� D� SURFHGXUH�
VXJJHVWHG�E\�6DVV� ��������7KH�SUHVHUYHG� OHDYHV�
ZHUH�ZDVKHG�ZLWK�GLVWLOOHG�ZDWHU�IRU�ILYH�PLQXWHV��
VRDNHG�LQ�����+12 �VROXWLRQ�IRU�ILYH�PLQXWHV���

ULQVHG�ZLWK� GLVWLOOHG�ZDWHU� IRU� RQH�PLQXWH�� DQG�
WKHQ�WKH�DGD[LDO�DQG�DED[LDO�VXUIDFHV�RI �WKH�OHDYHV�
ZHUH�SHHOHG��7KH�VDPSOHV�ZHUH�REVHUYHG�XVLQJ�D�
OLJKW�PLFURVFRSH� �2O\PSXV�&;���� DW� ���[�DQG�
���[�PDJQLILFDWLRQV�

,GHQWLILFDWLRQ�RI �PHGLFLQDO�SURSHUWLHV�RI �+\SWLV�FDSLWDWD�-DFT��²�5XSD�HW�DO�

��

)LJXUH����+��FDSLWDWD�JURZV�ZLOGO\��LQ��WKH�MXQJOH�UXEEHU�DJURIRUHVW�DW�%XNLW�'XDEHODV�1DWLRQDO�3DUN��-DPEL�3URYLQFH



����HWKDQRO�DQG�REVHUYHG�XVLQJ�OLJKW�PLFURVFRSH�
DW����[��PDJQLILFDWLRQ��7KH�SUHVHQFH�RI �OLSRSKLOLF�
FRPSRXQG �ZDV� �E\�WKH�SURGXFWLRQ�RI �V LQGLFDWHG
UHG��\HOORZ��RU�RUDQJH�FRORUV�LQ�WKH� �OHDI �WLVVXH��
IROORZLQJ HW�DO ��%RL[� �� ������

3K\WRFKHPLFDO� L$QDO\V V

� SK\WRFKHPLFDO�FRPSRQHQWV�7KH�SUHVHQFH�RI �
LQ� WKH� OHDI � WLVVXH� ZDV� �LGHQWLILHG� XVLQJ� *&�06
WHFKQLTXH��7ZR�PLOOLJUDPV�RI �SRZGHUHG�VDPSOH�
ZDV� SODFHG� LQ� WKH� FKDPEHU� RI � WKH� *&�06�
LQVWUXPHQW� 6KLPDG]X 43���� � � 7R� DQDO\]H� � �� � � �
WKH� FKHPLFDO� FRPSRVLWLRQ�� WKH� VDPSOH� ZHQW�
WKURXJK� WKH� IROORZLQJ� SURFHVVHV�� S\URO\VLV�
WHPSHUDWXUH� �� �� RYHQ� WHPSHUDWXUH� � ��

R R
� � & �� &

LQMHFWRU� WHPSHUDWXUH� ��� �� LQWHU�VXUIDFH�
R

� &
WHPSHUDWXUH����� �

R
&�DQG�LRQ�VRXUFH�WHPSHUDWXUH�

���� �� � 7KH� FDUULHU� JDV� ZDV� KHOLXP�� 7KH�
R
&

VSHFWURJUDP�PDVV�UHVXOWLQJ�IURP�WKRVH�SURFHVVHV�
ZDV� FDOFXODWHG�WKHQ�DXWRPDWLFDOO\� E\�WKH�*&�06�
LQVWUXPHQW�� �7KH� FDOFXODWLRQ�ZDV� EDVHG�RQ� WKH�
VLPLODULW\� RI� PDVV� QXPEHU�FKDUJH� QXPEHU�
SDWWHUQ� UHIHUULQJ� WR� WKH� *&�06� LQVWUXPHQW
V�
GDWDEDVH1,67 :LOH\�GDWDEDVHV�� �
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� ,Q� WKH� OHDYHV� RI �+�� FDSLWDWD�� WKHUH�ZHUH� WZR�
W\SHV� RI � VHFUHWRU\� VWUXFWXUH� REVHUYHG� L�H��
JODQGXODU�WULFKRPHV�DQG�LGLREODVW�FHOOV��*ODQGXODU�
WULFKRPHV� ZHUH� IRXQG� RQ� WKH� XSSHU� �DGD[LDO��
VXUIDFH�DQG�ORZHU��DED[LDO��VXUIDFH�RI �WKH�OHDYHV��
,GLREODVW� FHOOV� ZHUH� IRXQG� WKURXJKRXW� WKH� OHDI �
PHVRSK\OO�� IURP� WKH� SDOLVDGH� WR� WKH� VSRQJ\�
SDUHQFK\PD�� �7KHUH�ZHUH�RQH�SHOWDWH��WZR�W\SHV�
RI �FDSLWDWH�DQG�RQH�XQLVHULDWH�JODQGXODU�WULFKRPH�
LGHQWLILHG�LQ�WKLV�VSHFLHV��)LJ�����
� 0HPEHUV� RI � WKH� /DPLDFHDH� IDPLO\�� VXFK� DV�
2FLPXP�FDQXP��0HQWKD�VSLFDWD�DV�ZHOO�DV�6FXWHOODULD�
OLQHDULV�%HQWK���6��EDLDFDOHQVLV��6��JDOOHULFXODWD�/��DQG�
6 � DJUHVWLV� �6KDQJ� HW� DO�� ������ 9HQNDWHVKDSS� 	��
6UHHQDWK�������2OLYHLUD�HW�DO���������JHQHUDOO\�KDYH�
JODQGXODU� WULFKRPHV�� �6HYHUDO�VSHFLHV�KDYH�ERWK�
SHOWDWH�DQG�FDSLWDWH�WULFKRPHV��ZKLOH�RWKHUV�KDYH�
HLWKHU� RQO\� SHOWDWH� RU� RQO\� FDSLWDWH� WULFKRPHV�
�+XDQJ� ���������6SHFLHV�RI �/DPLDFHDH�IDPLO\�HW�DO
KDYLQJ� YDULRXV� W\SHV� RI � JODQGXODU� WULFKRPHV�
LQFOXGH�6DOYLD� FKU\VRSK\OOD��(J\SWLDQ� EDOORWD�� ,VRGRQ�
UXEHVFHQV��3RJRVWHPRQ�FDEOLQ�%HQWK���6FXWHOODULD�DJUHVWLV�
DQG�5RVPDULQXV� RIILFLQDOLV� �.DKUDPDQ� HW� DO�� ������

2EVHUYDWLRQ� XVLQJ� 6FDQQLQJ� (OHFWURQ�
0LFURVFRSH��6(0�

� 7KH�OHDI �VDPSOHV�ZHUH�ZDVKHG�LQ�FDFFRG\ODWH�
EXIIHU�IRU�WZR�KRXUV�XVLQJ�DQ�XOWUDVRQLF�FOHDQHU�
�6LEDWD� 68��7+(�� -DSDQ��� SUH�IL[HG� LQ� D� �����
JOXWDUDOGHK\GH�VROXWLRQ�IRU�WZR�GD\V�DW����&��DQG�
WKHQ�IL[HG�LQ����WDQQLF�DFLG�VROXWLRQ��IRU���KRXUV��
7KH� VDPSOHV� ZHUH� WKHQ� ZDVKHG� WZLFH� LQ�
FDFFRG\ODWH� EXIIHU� IRU� ��� PLQXWHV� HDFK� WLPH��
ULQVHG� ZLWK� GLVWLOOHG� ZDWHU� IRU� ��� PLQXWHV�� DQG�
GHK\GUDWHG� LQ� D� JUDGHG� HWKDQRO� VHULHV� RI � �����
����DQG����� �IRU����PLQXWHV�HDFK��IROORZHG�E\�
WZLFH�GHK\GUDWLRQ�LQ������HWKDQRO�IRU����PLQXWHV�
HDFK�WLPH��7KH�VDPSOHV�ZHUH�WKHQ�VRDNHG�WZLFH�LQ�
WHUW�EXWDQRO� IRU� ���PLQXWHV� HDFK� WLPH�� GULHG� LQ�
YDFXXP�GULHU� IRU����PLQXWHV�� FRDWHG�ZLWK�JROG��
DQG� ILQDOO\� REVHUYHG� XVLQJ� D� 6FDQQLQJ�(OHFWURQ�
0LFURVFRSH��-(2/�-60������/9�+LWDFKL��DW����
N9������[�����[��DQG������[�PDJQLILFDWLRQV��

+LVWRFKHPLFDO�$QDO\VLV

� )RU� KLVWRFKHPLFDO� DQDO\VLV�� IUHVK� OHDYHV�ZHUH�
WUDQVYHUVHO\�VHFWLRQHG�DW����������P��XVLQJ�D�GXDO�
SXUSRVH� PLFURWRPH� �<DPDWR� 59������� $� VPDOO�
SLHFH� RI � IUHVK� OHDI � ODPLQD� ZDV� LQVHUWHG� LQ� WKH�
VSHFLPHQ�KROGHU�� �7KH�VSHFLPHQ�KROGHU�ZDV�WKHQ�
ILOOHG� ZLWK� ZDWHU� DQG� IUR]HQ� XVLQJ� WKH� IUHH]LQJ�
V\VWHP��7KH� VSHFLPHQ� HPEHGGHG� LQ� WKH� IUR]HQ�
ZDWHU� ZDV� WKHQ� VHFWLRQHG� GLUHFWO\� XVLQJ� D�
PLFURWRPH�EODGH��/HDI �VHFWLRQV�ZHUH�WKHQ�WUHDWHG�
ZLWK�VSHFLILF�UHDJHQWV�WR�LGHQWLI\�WKH�SUHVHQFH�DQG�
VSHFLILF� ORFDOLW\� RI � WHUSHQRLGV�� DONDORLGV� DQG�
OLSRSKLOLF�FRPSRXQG ��7HUSHQRLG� �LQ�WKH�V SUHVHQFH
OHDI �WLVVXHV�ZDV�LGHQWLILHG�E\�VRDNLQJ� OHDI �VHFWLRQ�D�
LQ� ��� FXSULF� DFHWDWH� VROXWLRQ�� DV� VXJJHVWHG� LQ�
+DUERQH ���� �� $� SRVLWLYH� WHVW� IRU� WHUSHQRLGV�� � �
ZDV� LQGLFDWHG� E\� WKH� DSSHDUDQFH� RI � \HOORZ� RU�
EURZQLVK \HOORZ� FRORU� LQ� WKH� WLVVXH�� $ONDORLG��
SUHVHQFH� ZDV � ODPLQD� WHVWHG� E\� VRDNLQJ� OHDI �
VHFWLRQV�LQ�:DJQHU�UHDJHQW���$�SRVLWLYH�UHVXOW�ZDV�
LQGLFDWHG� E\� WKH� SUHVHQFH� RI � UHGGLVK EURZQ� RU��
\HOORZ� GHSRVLWV�� )RU� QHJDWLYH� FRQWURO�� WKH� OHDI �
VHFWLRQV�ZHUH�SUH WUHDWHG�ZLWK����WDUWDULF�DFLG�LQ��
����HWKDQRO�IRU����KRXUV�DW�URRP�WHPSHUDWXUH��DV�
VXJJHVWHG� LQ �� )XUU� 	� 0DK,EHUJ� ������� 7KH�
SUHVHQFH� RI � VOLSRSKLOLF� FRPSRXQG � ZDV� WHVWHG�
XVLQJ�VOLFHG�VDPSOHV�ZDVKHG�LQ�����HWKDQRO�IRU�
RQH �� ZKLFK� ZHUH ��PLQXWH � WKHQ� VRDNHG� LQ� � ����
VXGDQ�,9�IRU����PLQXWHV��DW���� &�LQ��D�ZDWHU�EDWK��

R

7KH�VOLFHG�VDPSOH �Z �WKHQ�ZDVKHG�TXLFNO\�LQ�V HUH

�

�
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6DOPDNL�HW�DO��������/LX�	�/LX�������5XV\GL�HW�DO��
������2OLYHLUD�HW�DO��������%RL[�HW�DO���������6SHFLHV�
EHORQJ�WR�JHQXV� �KDYLQJ�SHOWDWH�DQG�FDSLWDWH�+\SWLV
JODQGXODU� WULFKRPHV� LQFOXGH� DQG+�� FDHVSLWRVD� �
+�� VXDYHROHQV� �5XGDOO� ������ -HODQL� 	� 3UDEKDNDU�
������� �KDV�SHOWDWH�JODQGXODU�WULFKRPHV�+��FDSLWDWD
LQ� D� VXEPHUJHG� �VXQNHQ�� SRVLWLRQ� LQ� WKH�
HSLGHUPDO�WLVVXH��7KLV�W\SH�RI �JODQGXODU�WULFKRPHV�
ZDV� DOVR� IRXQG� LQ� VHYHUDO� VSHFLHV�� VXFK� DV�
2FL XP�EDVLOLFXP��2FL XP� LUYLQHL� �+�� FDHVSLWRVDP P DQG �
�2JXQNXOH�	�2ODGHOH��������5XGDOO��������

*ODQGXODU�7ULFKRPHV

� 3HOWDWH� JODQGXODU� WULFKRPHV�� IRXQG� RQ� WKH�
OHDYHV�RI �+��FDSLWDWD��FRQVLVWHG�RI�IRXU�KHDG�FHOOV�
DQG� RQH� EDVDO� FHOO�� 7KH� KHDG� FHOOV� RI � SHOWDWH�
JODQGXODU� WULFKRPHV� LQ� /DPLDFHDH� IDPLO\� YDU\�
ZLGHO\� LQ� WHUPV� RI� FHOO� QXPEHUV�� 6RPH� VSHFLHV�
KDYH�WKUHH�WR�VL[�KHDG�FHOOV��IRU�H[DPSOH�WKRVH�RI �
,VRGRQ�UXEHVFHQV��/LX�	�/LX�������� �6HYHUDO�VSHFLHV�
RI �JHQXV�=L]LSKRUD�KDYH����WR����KHDG�FHOOV��QDPHO\�
=L]LSKRUD�FOLQRSRGLRLGHV��=��WHQXLRU��=��WDXULFD�DQG�=��
WDXULFD�VXEVS��FOHRQLRLGHV��.D\D�HW�DO���������7KHUH�DUH�
��KHDG�FHOOV�LQ�WKH�SHOWDWH�JODQGXODU�WULFKRPHV�RI �
ERWK�+��FDSLWDWD�DQG���+��FDHVSLWRVD��5XGDOO��������

� &DSLWDWH� JODQGXODU� WULFKRPHV� LQ� /DPLDFHDH�
IDPLO\�XVXDOO\�FRQVLVWHG�RI�RQH�WR�WZR�KHDG�FHOOV�
ZLWK�VKRUW�RU�ORQJ�VWDONV�FRQVLVWHG�RI �RQH�WR�WKUHH�
FHOOV�� �7KHVH�DUH�IRXQG�LQ�PDQ\�VSHFLHV��VXFK�DV�
/DYDQGXOD�SLQQDWD��7K\PXV�O\NDH��,VRGRQ�UXEHVFHQV�DQG�
5RVPDULQXV�RIILFLQDOLV��+XDQJ�HW�DO��������0DULQ�HW�DO��
������/LX�	�/LX�������%RL[�HW�DO���������$OO�WKUHH�
W\SHV�RI�JODQGXODU�WULFKRPH�ZHUH�IRXQG�VFDWWHUHG�
RQ�ERWK�OHDI �VXUIDFHV�RI �+��FDSLWDWD�� �7\SH�,�RI �
FDSLWDWH�JODQGXODU�WULFKRPHV�LQ�+��FDSLWDWD�KDG�D�
VKRUW�VWDON�ZLWK�RQH�FHOO�DQG�RQH�KHDG�FRQVLVWHG�
RI � WZR� FHOOV�� � 7\SH� ,,� RI � FDSLWDWH� JODQGXODU�
WULFKRPHV�KDG�D�ORQJ�VWDON�FRQVLVWHG�RI�VHYHQ�WR�
WHQ�FHOOV�DQG�RQH�KHDG�FHOO��8QLVHULDWH�JODQGXODU�
WULFKRPHV�FRQVLVWHG�RI �IRXU�WR�HLJKW�FHOOV�DQG�KDG�
D�WDSHUHG�WLS��)LJ�����
� 3HOWDWH� JODQGXODU� WULFKRPHV� ZHUH� JHQHUDOO\�
VKRUWHU� WKDQ� RWKHU� WULFKRPHV� +RZHYHU�� W� KHLU�
KHDG ZDV�PXFK�ODUJHU�WKDQ�WKDW�RI �FDSLWDWH��VL]H�
JODQGXODU�WULFKRPHV��7KH�VL]H�RI �HDFK�WULFKRPH�LQ�
WKH�DGD[LDO�DQG�DED[LDO�VXUIDFHV�ZDV�VLPLODU��7DEOH�
����,Q�IDFW��PRVW�WULFKRPH�GLPHQVLRQV�LQ�DGD[LDO�
DQG� DED[LDO� VXUIDFHV� VKRZHG� QR� VLJQLILFDQW�
GLIIHUHQFHV��H[FHSW�IRU�WKH�ZLGWK�RI �W\SH�,�FDSLWDWH�
JODQGXODU� WULFKRPH� ZKLFK� ZDV� JUHDWHU� LQ� WKH�
DED[LDO�VXUIDFH�WKDQ�WKDW�LQ�DGD[LDO�VXUIDFH�

��
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� 3HOWDWH�DQG�FDSLWDWH�JODQGXODU�WULFKRPHV�ZHUH�
UDQGRPO\� VFDWWHUHG� LQ� WKH� DGD[LDO� DQG� DED[LDO�
VXUIDFHV� RI � OHDYHV�� 7KH� GHQVLW\� RI � SHOWDWH�
JODQGXODU� WULFKRPHV� ZDV� PXFK� KLJKHU� LQ� WKH�
DED[LDO� WKDQ� WKDW LQ� WKH� DGD[LDO� ��� VXUIDFH 7KH�
GLVWULEXWLRQ� GHQVLWLHV� RI � ERWK� W\SHV� RI� FDSLWDWH�
JODQGXODU� WULFKRPHV ZHUH� VLPLODUO\� KLJKHU� LQ��
DED[LDO� WKDQ� LQ� DGD[LDO KH� LVHULDWH� VXUIDFHV�� 7 XQ �
WULFKRPHV�ZHUH GLVWULEXWHG�HTXDOO\�� LQ�WKH�DGD[LDO�
DQG�DED[LDO� �7DEOH���VXUIDFHV� �
� 6 � VSHFLHV�WXGLHV� RQ� YDULRXV VKRZHG� WKDW�
JODQGXODU�WULFKRPHV�DUH�XVXDOO\�IRXQG�WR�EH�PRUH�
GHQVHO\�GLVWULEXWHG �VXUIDFH�RI �WKH�OHDI�LQ�DED[LDO ��
2QO\� LQ�FHUWDLQ�VSHFLHV�WKDW JODQGXODU�WULFKRPHV��
DUH VXFK�DV� +���PRUH�DEXQGDQW�LQ�WKH�DGD[LDO�VLGH�� LQ�
VXDYHROHQV� �2�� EDVLOLFXPDQG � �2JXQNXOH�	�2ODGHOH� �
������
� 7KH�SHOWDWH� DQG� FDSLWDWH� JODQGXODU� WULFKRPHV�
IRXQG� LQ� WKH� OHDYHV� RI � � DUH�+�� FDSLWDWD PRUH�
DEXQGDQW �VXUIDFH�LQ�DED[LDO�WKDQ�LQ�DGD[LDO ��7KLV�
GLVWULEXWLRQ� SDWWHUQ� LV REVHUYHG� LQ� VHYHUDO�� DOVR�
VSHFLHV� EHORQJ� WR� /DPLDFHDH� IDPLO\� L�H��0HQWKD�
SLSHULWD��6DOYLD�FKU\VRSK\OOD� �5RVPDULQXV�RIILFLQDOLVDQG �
�7XUQHU� ��� ��.DKUDPDQ� ����� ��%RL[�HW�DO ���� HW�DO �� HW�
DO � ��� ��� �� 7KH� VDPH�SDWWHUQ� LV� DOVR�REVHUYHG� LQ�
VHYHUDO�RWKHU� IDPLOLHV�� VXFK�DV�'LSWHURFDUSDFHDH� �
�3DUDVKRUHD � ��*RVV\SLXP�KLUVXWXP��VSS�� 0DOYDFHDH /���
DQG�)DEDFHDH /��� �'DKOLQ� ��� �3KDVHROXV� YXOJDULV� HW� DO
������ 1RUDLQL� 	� &XWOHU� ������ %RQGDGD� 	�
2RVWHUKXLV�������

,GLREODVW�FHOOV

� +��FDSLWDWD,GLREODVW�FHOOV�LQ�WKH�OHDYHV�RI � �ZHUH�
URXQG�VKDSH �DQG �WKH�PHVRSK\OO�RI �WKH�G �IRXQG�LQ
OHDI��IURP�WKH�SDOLVDGH�WR�WKH�VSRQJ\� �SDUHQFK\PD �
,GLREODVW� FHOOV� LQ� WKH� OHDYHV� RI � GLIIHUHQW� SODQW�
VSHFLHV� DUH� QRW� DOZD\V� IRXQG� WKURXJKRXW� WKH�
PHVRSK\OO�� ,Q� VRPH� FDVHV� LGLREODVW� FHOOV� DUH�
IRXQG� RQO\� LQ� VSHFLILF� WLVVXHV�� , /LWVHD� HXRVPD��Q�
/LWVHD� SUDHFR[� � $FWLQRGDSKQH� WULFKRFDUSD WKH�DQG �
LGLREODVW� FHOOV�ZHUH� RQO\� SUHVHQW� LQ� WKH� SDOLVDGH�
SDUHQFK\PD WKH� OHDYHV� RI ��� ZKLOH� LQ� 3KRHEH�
IRUUHVWLL�� WKH\� ZHUH� IRXQG� LQ� WKH� VSRQJ\�
SDUHQFK\PD +DL��*DQJ�	� �������
� ,GLREODVW� FHOOV� IRXQG� LQ� WKH� SDOLVDGH�
SDUHQFK\PD�RI � �ZHUH�ODUJHU�WKDQ�VLPLODU�+��FDSLWDWD
FHOOV�ORFDWHG�LQ�WKH�VSRQJ\�SDUHQFK\PD��ZKLOH�WKH�
FHOO� GHQVLWLHV� VKRZHG� QR� VLJQLILFDQW� GLIIHUHQFH�
�7DEOH� ���� � VSHFLHV� � D� YDULHW\�RI �'LIIHUHQW H[KLELW
VL]HV�DQG�GHQVLWLHV�RI �LGLREODVW�FHOO��)RU�H[DPSOH��
LQ �� VHYHUDO� VSHFLHV�RI �0DFKLOXV� DQG�3HUVHD� JHQHUD �

YDULRXV� VL]HV� DQG� GHQVLWLHV� RI � LGLREODVW� FHOOV�
KDYH� EHHQ� SUHYLRXVO\� UHSRUWHG� L�H�� WKH� VL]H� RI �
LGLREODVW�FHOOV�LQ�SDOLVDGH�DQG�VSRQJ\�SDUHQFK\PD�
RI �0DFKLOXV� OHSWRSK\OOD� ZHUH� ��� �� ��� �P� ZLWK� D�
GHQVLW\�RI ���PP Q�0��\XQQDQHQVLV��WKH�LGLREODVW�

��
���L

FHOOV�ZHUH����������P�ZLWK�D�GHQVLW\�RI ����PP �� �
��

LQ�0��VDOLFRLGHV�WKH�LGLREODVW�FHOOV�ZHUH����������P�
ZLWK�D�GHQVLW\�RI ����PP KH�ODUJHVW�LGLREODVW�

��
�� �W

FHOOV�ZHUH�IRXQG�LQ�3HUVHD�DPHULFDQD�DW����������P�
ZLWK�D�GHQVLW\�RI ����PP ��*DQJ�	�+DL��������

��

5HIHUULQJ� WR� WKHVH� GDWD � WKH� VL]H� RI � LGLREODVW��
FHOOV� LQ� SDOLVDGH� DQG� VSRQJ\� SDUHQFK\PD�WKH�
RI �+�� FDSLWDWD� ZHUH� PXFK� VPDOOHU� LQ� VL]H� WKDQ�
WKRVH� LQ�0DFKLOXV� DQG� 3HUVHD� JHQHUD�� ZKLOH� WKH�
GHQVLW\�ZDV�PXFK�KLJKHU�WKDQ�WKRVH�RI �WKH�WZR�
JHQHUDV�

+LVWRFKHPLFDO� $QDO\VLV� RI � *ODQGXODU�
7ULFKRPH �DQG�,GLREODVW�&HOOV

� +LVWRFKHPLFDO� WHVWLQJ� RI � W\SH� ,� FDSLWDWH�
JODQGXODU� WULFKRPHV� JDYH� D� SRVLWLYH� UHVXOW� IRU�
WHUSHQRLGV�� DV� FRQILUPHG�E\� WKH�\HOORZ�FRORUHG�
UHVSRQVH�WR�D�FXSULF�DFHWDWH�UHDJHQW��7KH�SUHVHQFH�
RI � ZDV�LQGLFDWHG�E\�DONDORLGV� WKH�IRUPDWLRQ�RI �D�
EURZQLVK� \HOORZ� GHSRVLW�� ZKHQ� WUHDWHG� ZLWK�
:DJQHU
V� UHDJHQW�� 7\SH� ,,� FDSLWDWH� JODQGXODU�
WULFKRPHV�ZHUH�VKRZQ�WR� �WHUSHQRLGV��DV�FRQWDLQ
LQGLFDWHG�E\�WKH�IRUPDWLRQ�RI �D�\HOORZ�FRORU�LQ�WKH�
UHVXOWDQW� PL[WXUH� 7KLV� W\SH� ,,� DOVR� FRQWDLQHG��
DONDORLGV EURZQ�FRORU�DV�LQGLFDWHG�E\� �UHVSRQVH�DV�
ZHOO� DV� V DV� LQGLFDWHG� E\�OLSRSKLOLF� FRPSRXQG �
\HOORZ�FRORUHG� UHDFWLRQ�� 3HOWDWH� JODQGXODU�
WULFKRPHV�ZHUH�WHVWHG�SRVLWLYH�IRU�WHUSHQRLGV�DQG�
DONDORLGV�LQGLFDWHG�E\�\HOORZ�WR�EURZQLVK�\HOORZ�
FRORU� LVHULDWH�W\SH� WULFKRPHV� ZHUH� WHVWHG�� 8Q
SRVLWLYH� IRU� WHUSHQRLGV� DV� LQGLFDWHG� E\� EURZQ�
FRORU�DV�ZHOO�DV�IRU�DONDORLGV�LQGLFDWHG�E\�\HOORZ�WR�
EURZQLVK�JUHHQ�FRORU��)LJ�� ���
� 9DULRXV� VWXGLHV� UHSRUWHG� RQ� WKH�PHWDEROLWHV�
SURGXFHG� E\� WKH� JODQGXODU� WULFKRPHV� LQ�
/DPLDFHDH�SODQWV��1D]]DU� HW� DO�� ������� UHSRUWHG�
WKDW�SHOWDWH� DQG�FDSLWDWH�JODQGXODU� WULFKRPHV� LQ�
/DPLDFHDH�JHQHUDOO\� VHFUHWH�HVVHQWLDO�RLOV� LQ� WKH�
IRUP� RI � WHUSHQRLG� FRPSRXQGV�� $FFRUGLQJ� WR�
*DQJ�HW�DO����������WHUSHQRLGV�LQ�2FLPXP�EDVLOLFXP�
�/DPLDFHDH�� ZHUH� SURGXFHG� E\� WKH� SHOWDWH�
JODQGXODU� WULFKRPHV�� *ODQGXODU� WULFKRPHV� LQ�
0HQWKD� SLSHULWD� DQG� 0HQWKD� VSLFDWD� SURGXFHG�
WHUSHQRLGV� LQ� IRUP� RI� PRQRWHUSHQHV� �)DKQ�
������� ,Q� 6DOYLD� VFODUHD� /��� FDSLWDWH� JODQGXODU�
WULFKRPHV�SOD\� D� UROH� LQ�SURGXFLQJ� HVVHQWLDO� RLO�

��
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FRPSRXQGV� OLNH�GLWHUSHQH�DQG�PRQRWHUSHQHV� LQ�
IRUP�RI � OLQDORRO�DQG� OLQDO\O�DFHWDWH�FRPSRXQGV�� �
3HOWDWH� JODQGXODU� WULFKRPHV� RI � 6DOYLD� VFODUHD� /��
SURGXFH� VHVTXLWHUSHQH� FRPSRXQGV� �6FKPLGHUHU�
HW� DO�� ������� /LX� DQG� /LX� ������� UHSRUWHG� WKDW�

WKH� JODQGXODU� WULFKRPHV� LQ� WKH� OHDYHV� RI� ,VRGRQ�
UXEHVFHQV� �/DPLDFHDH�� FRQWDLQ� D� FRPELQDWLRQ� RI �
SK\WRFKHPLFDO� FRPSRXQGV�� FRQVLVWLQJ� RI �
SKHQROLF� FRPSRXQGV�� WHUSHQRLGV�� IODYRQRLGV��
FDUERK\GUDWHV�DQG�DONDORLGV�

��

)LJXUH��� *ODQGXODU�WULFKRPHV�LQ�+��FDSLWDWD��+LVWRFKHPLFDO�WHVWV�XVLQJ�FXSULF�DFHWDWH�IRU�WHUSHQRLG��$��(��,�DQG�0���6XGDQ�,9�
WHVW�IRU�OLSRSKLOLF�VXEVWDQFH��%��)��-�DQG�1���JODQGXODU�WULFKRPH�LQ�ZDWHU��FRQWURO���/���:DJQHU�WHVW�IRU�DONDORLG��&��*��
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)LJXUH��� +LVWRFKHPLFDO�UHVXOWV�IRU�LGLREODVW�FHOOV�LQ�OHDI �WUDQVYHUVDO�VHFWLRQ��XVLQJ�VXGDQ�,9�IRU�OLSRSKLOLF�FRPSRXQGV��$��
DQG�ZDWHU�DV�D�FRQWURO��%�

� (S� �(SLGHUPLV��3O� �3DOLVDGH�SDUHQFK\PD�DQG�6S� �6SRQJ\�SDUHQFK\PD
� �1RWH���%DU�� ������P�

$�

(S�

3O�

6S� %�

,GHQWLILFDWLRQ�RI �PHGLFLQDO�SURSHUWLHV�RI �+\SWLV�FDSLWDWD�-DFT��²�5XSD�HW�DO�



1R� 5�7LPH�����0HWDEROLWH�*URXS � ����5, �
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�� ������� .HWRQH� �������� � ���� � ������&<&/23(17$1(',21( �

�� ������� 3KHQRO� �������� � ���� � ��3KHQRO��&$6��,]DO �

�� ������� 7HUSHQRLG��0RQRWHUSHQH� � ��������� � ����� �� ��/�/LPRQHQH �

�� ������� .HWRQH� �������� � ���� � ���� �&\FORSHQWHQ���RQH����K\GUR[\���PHWK\O� ��&$6��&RU\ORQ �

�� ������� 3KHQRO� �������� � ���� � ��3K �HQRO����PHWKR[\� ��&$6��+TPPH �

��� ������� $OGKHLGD�DON\O � �������� � ���� � ��3HQWDQDO��&$6��Q�3HQWDQDO �

��� ������� $URPDWLF�DOGHK\GH � ������� � ���� � ��%HQ]DOGHK\GH����PHWK\O� ��&$6��R�7ROXDOGHK\GH �
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��� ������� $FHWLF�DFLG� �������� � ���� � ������GLK\GUR�EHQ]RIXUDQ �
��� ������� $URPDWLF�KHWHURF\FOLF � �������� � ���� � ���+�,QGROH��&$6��,QGROH �
��� ������� 3KHQRO� �������� � ���� � ��3KHQRO����HWKHQ\O���PHWKR[\� �
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� +LVWRFKHPLFDO�WHVWV�FRQGXFWHG�RQ�WKH�LGLREODVW�
FHOOV� LQ� WKH� OHDYHV� RI �+�� FDSLWDWD� GLG� QRW� GHWHFW�
WHUSHQRLGV� DQG� DONDORLGV� LQ� WKHVH� VWUXFWXUHV��
+RZHYHU��WKHVH�FHOOV��GHPRQVWUDWHG�WKH��SUHVHQFH�
RI LQGLFDWHG�E\��OLSRSKLOLF�FRPSRXQGV��DV� \HOORZ�WR�
RUDQJH�FRORUV��)LJ�� �� �IRXQG�� �6XFK�FHOO�W\SHV�ZHUH
LQ� ��/����/DPLDFHDH���/HUVWHQ�	�3K\VRVWHJLD�YLUJLQLDQD

&XUWLV� ������� EXW� WKH� LGLREODVW� FHOOV� FRQWDLQLQJ�
VXFK�FRPSRXQGV�DUH�QRW� VSHFLILF� WR� WKLV� IDPLO\��
6LPLODU� FHOO� W\SHV� DUH SUHVHQW �� DOVR� � LQ� YDULRXV
IDPLOLHV�� VXFK� DV� /DXUDFHDH�� $VWHUDFHDH��
&DSULIRO LDFHDH� � 5RVDFHDH�� /HJXPLQRVDH�
� ��DQG�%L[DFHDH� �&DHVDOSLQLD� HFKLQDWD &RFKORVSHUPXP�

UKHJLXP HW� DO HW� DO�� �/HUVWHQ� ��������7HL[HLUD� ��������
)LOKR HW�DO �� �������

*DV &KURPDWRJUDSK 0DVV� 6SHFWURPHWHU�� �
� � �*& 06

� *&�06� DQDO\VLV� UHYHDOHG� WKH� SUHVHQFH� RI �
DONDORLGV�� WHUSHQRLGV�� IDWW\� DFLGV� DQG� SKHQROLF�
FRPSRXQGV� �7DEOH� ���� /�OLPRQHQH�� HXJHQRO��
I D U Q H V R O � L V R P H U V � $ � � G � Q H U R O L G R O � �
KH[DK\GURIDUQHVRO�� QHRSK\WDGLHQH� DQG� GRGHFD�
����GLHQ����RO�� �����GLPHWK\O� ZHUH� WKH�
SUHGRPLQDQW�WHUSHQRLGV�IRXQG�LQ�WKH�OHDI �WLVVXH��
/�OLPRQHQH�ZDV�WHUSHQRLG�GHWHFWHG�LQ�WKH�ODUJHVW�
TXDQWLW\�����������7KH�DONDORLGV�ZHUH�GHWHFWHG�LQ�
RQO\�RQH�VXEVWDQFH� L�H���+�,QGROH����PHWK\O����
0HWK\OLQGROH��� 7KRVH� FRPSRXQGV� VXSSRUW� WKH�
KHDOLQJ� RI � ZRXQG� RU� LQIHFWLRQ� DQG� DOVR� DFW� DV�
DQWLEDFWHULDO�DJHQWV��$FFRUGLQJ�WR�3HL�HW�DO����������

���

7DEOH����3K\WRFKHPLFDO�FRPSRXQGV�RI �+��FDSLWDWD�OHDYHV�XVLQJ�*&�06
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HXJHQRO� �D�PHPEHU� RI � WHUSHQRLGV�� DOVR� DFWV� DV�
DQWLEDFWHULDO�DJHQW��(XJHQRO�LV�DEOH�WR�LQKLELW�WKH�
JURZWK� RI � JUDP�QHJDWLYH� DQG� JUDP�SRVLWLYH�
EDFWHULD��&DWKHULQH�HW�DO���������$QWLEDFWHULDO�WHVWV�
RI�HXJHQRO�SURYHG�WKDW�WKLV�VXEVWDQFH�FDQ�LQKLELW�
WKH� JURZWK� RI� 6DOPRQHOOD� W\SKL D� JUDP�QHJDWLYH���
EDFWHULD��'HYL�HW�DO���������'
$OHVVLR�HW�DO���������
UHSRUWHG� WKDW� G�OLPRQHQH� DFWV� DV� DQ� DQWL�
LQIODPPDWRU\� WKDW� FDQ� VLJQLIFDQWO\� KHDO� VNLQ�
LQI ODPPDWLRQ� FDXVHG� E\� PXULQH� ���2�
7HWUDGHFDQR\OSKRUERO����DFHWDWH� �73$��� 7KLV�
VXEVWDQFH� FDQ� DOVR� KHDO� ZRXQGV� E\� UHGXFLQJ�
QHRYDVFXODUL]DWLRQ� LQ�PLFH��.XVPD� HW� DO�� �������
UHSRUWHG�WKDW�HVVHQWLDO�RLO�RI�6DOYLD�VFODUHD�OHDYHV�LV�
XVHG�DV�DQDOJHVLF��DQWL�LQIODPPDWRU\��DQWLR[LGDQW��
DQWLIXQJDO�DQG�DQWLEDFWHULDO�DJHQWV��7KLV�RLO�LV�WR[LF�
WR� YDULRXV� SDWKRJHQLF� PLFUREH � LQFOXGLQJ�V�
6WDSK\ORFRFFXV� DXUHXV�� 6�� HSLGHUPLGLV�� (QWHURFRFFXV�
IDHFDOLV�� (VFKHULFKLD� FROL�� 3VHXGRPRQDV� DHUXJLQRVD� DQG�
&DQGLGD� DOELFDQV� IXQJXV�� &XUYHOR� HW� DO�� �������
UHSRUWHG� WKDW� QHUROLGRO� H[WUDFWHG� IURP� 3LSHU�
FODXVVHQLDQXP� �0LT���&��'&�� LV�DEOH�WR� LQKLELW� WKH�
GHYHORSPHQW�RI �& �DOELFDQV��D�IXQJXV�ZKLFK�FDXVHV��
FDQGLGLDVLV�� $FFRUGLQJ� WR� 5DJDVD� HW� DO�� ��������
QHRSK\WDGLHQH� FDQ� LQKLELW� WKH� JURZWK� RI� VRPH�
IXQJL�DQG�EDFWHULD �LQFOXGLQJ�&��DOELFDQV��$VSHUJLOOXV��
QLJHU�� 7ULFKRSK\WRQ� PHQWDJURSK\WHV�� ( � FROL� DQG� �
3 V HXGRPRQDV � D H U XJ LQR VD � � 1HRSK\WDG LHQH�
FRPSRXQGV� VHUYH� DV� DQWLS\UHWLF�� DQDOJHVLF�� DQWL�
LQIODPPDWRU\�� DQWLPLFURELDO� DQG� DQWLR[LGDQW�
DJHQWV��5DPDQ�HW�DO��������
� OHDI � RI �+�� VXDYHROHQV LV�7KH� � H[WUDFW � XVHG� DV�
WUDGLWLRQDO� PHGLFLQH� LQ� %UD]LO� WR� WUHDW�
LQIODPPDWLRQ�� SHSWLF� XOFHUV� LQIHFWLRQV FDQ�� � DQG�
UHGXFH�JDVWULF�OHVLRQV�LQ�RUDO�DSSOLFDWLRQ�LQ�PLFH�
� HW� DO HW� DO-HVXV� �� ������� $FFRUGLQJ� WR� 6KDLNDW� ��
������� KH� H[WUDFW�FDQ�FXUH�GLDUUKHD��W OHDI � LQ�PLFH�
SUHYLRXVO\� WUHDWHG� ZLWK� �+� VXDYHROHQVFDVWRU� RLO� � �
FRQWDLQV�D�FRPELQDWLRQ�RI �WHUSHQRLGV��FRQVLVWLQJ�
RI �HXFDOLSWRO��JDPPD�HOOHPHQH��EHWD�S\QHQH������
��&DUHQH�� WUDQV�EHWD�FDULRSK\O OHQH� DQG�
JHUPDFUHQH� �0RUHLUD� �� �����HW� DO �� $FFRUGLQJ� WR�
0DODU� �� ������ � �HW� DO � +� VXDYHROHQV DOVR� FRQWDLQV�
DONDORLGV�� JO\FRVLGHV�� VDSRQLQV�� WDQQLQV� DQG�
IODYRQRLGV KH� OHDI � H[WUDFW� RI � � FDQ��� W +�� VXDYHROHQV
LQKLELW� WKH� JURZWK� RI � YDULRXV� EDFWHULD� VXFK� DV�
$HURPRQDV� IRUPLFDQV��$HURPRQDV� K\GURSKLOD�� %DFLOOXV�
VXEWLOLV��(��FROL��.OHEVLHOOD�SQHXPRQLDH�DQG�3VHXGRPRQDV�
DHUXJLQRVD�� HW�DO �DV�ZHOO�DV�0DODU� �������� WKH�JURZWK�
RI �SDWKRJHQLF�IXQJL�$VSHUJLOOXV�IODYXV��$��SDUDVLWLFXV��
$��RFKUDFHXV��$��IXPLJDWXV� �$��QLJHU� HW�DODQG �0RUHLUD� ��
������

� +� YHUWLFLOODWD� � -DFT�� LV� XVHG� DV� WUDGLWLRQDO�
PHGLFLQH�LQ�&HQWUDO�$PHULFD��7K �SODQW�FRQWDLQVLV �
OLJQDQV�� WULWHUSHQHV�� GLWHUSHQHV�� VHVTXLWHUSHQHV��
PRQRWHUSHQHV�� IODYRQRLGV�� SRO\SKHQROV� DQG�
DONDORLGV��7KH �SODQW� H[WUDFWV� DQG� LVRODWHG�� FUXGH
SK\WRFKHPLFDOV� SOD\� D� UROH� LQ� DQWLEDFWHULDO� DQG�
DQWL�IXQJDO� WUHDWPHQW� RI � LQIHFWLRXV� GLVHDVHV�
�3LFNLQJ� ��������HW�DO �

&21&/86,216

� +��FDSLWDWD�OHDYHV�KDYH�VHFUHWRU\�VWUXFWXUHV�LQ�
WKH� IRUP� RI � JODQGXODU� WULFKRPHV� DQG� LGLREODVW�
FHOOV��7KH�VHFUHWRU\�VWUXFWXUHV�SURGXFH�VHFRQGDU\�
PHWDEROLWH� FRPSRXQGV�� *ODQGXODU� WULFKRPHV�
JHQHUDOO\� FRQWDLQ� WHUSHQRLGV� DQG� DONDORLGV��
,GLREODVW� FHOOV� FRQWDLQ� OLSRSKLOLF� FRPSRXQGV��
7KH� WHUSHQRLG� FRPSRXQGV�� VXFK� DV� OLPRQHQH��
HXJHQRO�� IDUQHVRO� LVRPHUV� $�� G�QHUROLGRO��
NRXPDULQ� DQG� QHRSK\WDGLHQH�� SOD\� UROHV� LQ� WKH�
KHDOLQJ�SURFHVV�RI �ZRXQG�RU�LQIHFWLRQ�DQG�DFW�DV�
DQWLEDFWHULDO�DJHQWV�

$&.12:/('*(0(176

� 7KH� DXWKRUV� WKDQN� ,QVWLWXW� 3HUWDQLDQ� %RJRU�
�,3%�%RJRU�$JULFXOWXUDO�8QLYHUVWL\��� ,QGRQHVLD�
DQG� *|HWWLQJHQ� 8QLYHUVLW\�� *HUPDQ\�� WKURXJK�
WKH� &ROODERUDWLYH� 5HVHDUFK� &HQWUH� �&5&�� ����
6WDUW�8S�3URMHFW�LQ�������DV�ZHOO�DV�WKH�'LUHFWRUDWH�
*HQHUDO�RI �+LJKHU�(GXFDWLRQ�WKURXJK�%2371�
IXQGLQJ�RI ������� �'HHS�DSSUHFLDWLRQ�JRHV�WR�'U�
0RKDPDG� 5DIL� IRU� KLV� DVVLVWDQFH� LQ� *&�06�
DQDO\VLV�

5()(5(1&(6

%LVZDV�$��%DUL�0$��5R\�0��%KDGUD�6.��������,QKHULWHG�IRON�
SKDUPDFHXWLFDO�NQRZOHGJH�RI � WULEDO�SHRSOH� LQ� WKH�
&KLWWDJRQJ�+LOO�WUDFWV��%DQJODGHVK��,QGLDQ�-�7UDGLW�
.QRZ������������

%RL[�<)��9LFWyULR�&3��'HIDYHUL�$&$��$UUXGD�5&2��6DWR�$��
/DJH�&/6����� � *ODQGXODU�WULFKRPHV�RI �� � 5RVPDULQXV�
RIILFLQDOLV�/���DQDWRPLFDO�DQG�SK\WRFKHPLFDO�DQDO\VHV�
RI �OHDI �YRODWLOHV�� ������������3ODQW�%LRV\VW

%RQGDGD�%5��2RVWHUKXLV�'��������&RPSDUDWLYH�HSLGHUPDO�
XOWUDVWUXFWXUH�RI �FRWWRQ�� �/���OHDI��*RVV\SLXP�KLUVXWXP
EUDFW�DQG�FDSVXOH�ZDOO�� ��������������$QQ�%RW

&DWKHULQH�$$��'HHSLND�+�� �1HJL�36��������$QWLEDFWHULDO�
DFWLYLW\� RI � HXJHQRO� DQG� SHSSHUPLQW� RLO� LQ�PRGHO�
IRRG�V\VWHPV���-�(VVHQW�2LO�5HV����������

���

,GHQWLILFDWLRQ�RI �PHGLFLQDO�SURSHUWLHV�RI �+\SWLV�FDSLWDWD�-DFT��²�5XSD�HW�DO�



&XUYHOR�-$5���0DUTXHV�$0���%DUUHWR�$/6��5RPDQRV�079��
3RUWHOD�0%�� �.DSODQ�0$&�� �6RDUHV�50$��������$�
QRYHO� QHUROLGRO�ULFK� HVVHQWLDO� RLO� IURP� 3LSHU�
FODXVVHQLDQXP�PRGXODWHV�&DQGLGD�DOELFDQV�ELRILOP��-�0HG�
0LFURELRO������������

'
$OHVVLR�3$��0LUVKDKL�0��%LVVRQ�-)��%HQH�0&� ������6NLQ��
UHSDLU�SURSHUWLHV�RI � OLPRQHQH�DQG�SHULOO\O�DOFRKRO�G�
LQ�PXULQH�PRGHOV��$QWLLQIODPP�$QWLDOOHUJ\�$JHQWV�
0HG�&KHP�������������

'DKOLQ�50��%ULFN�0$��2JJ�-%��������&KDUDFWHUL]DWLRQ�DQG�
GHQVLW\� RI � WULFKRPHV� RQ� WKUHH� FRPPRQ� EHDQ�
FXOWLYDUV��(FRQ�%RW���������������

'HYL�.3��1LVKD�6$��6DNWKLYHO�5��3DQGLDQ�6.��������(XJHQRO�
�DQ� HVVHQWLDO� RLO� RI � FORYH�� DFWV� DV� DQ� DQWLEDFWHULDO�
DJHQW� DJDLQVW� 6DOPRQHOOD� W\SKL� E\� GLVUXSWLQJ� WKH�
FHOOXODU�PHPEUDQH��-�(WKQRSKDUPDFRO�����������

'LFNLVRQ� :&�� ������ � ,QWHJUDWLYH� SODQW� DQDWRP\�� )LUVW�
HGLWLRQ���1HZ�<RUN��86���$FDGHPLF�3UHVV������S�

)DKQ�$�� �������6HFUHWRU\�WLVVXHV�LQ�SODQWV��1HZ�<RUN��86���
$FDGHPLF�3UHVV�������S�

)LOKR�6&9��)HUUHLUH�$//��9DVFRQFHORV�-0��6LOYD�/6��3HUHLUD�
/&6�� ������ 6HFUHWRU\� VWUXFWXUHV� LQ� &RFKORVSHUPXP�
UKHJLXP� �6FKUDQN��3LOJ�� �%L[DFHDH��� GLVWULEXWLRQ� DQG�
KLVWRFKHPLVWU\��-�0HG�3ODQWV�5HV���������������

)XUU� <�� 0DK,EHUJ� 3*�� ������ +LVWRFKHPLFDO� DQDO\VLV� RI �
ODWLFLIHUV�DQG�JODQGXODU�WULFKRPHV�LQ� ��-�&DQQDELV�VDWLYD
1DW�3URG����������

*DQJ�&4��+DL�+=��������&RPSDUDWLYH�DQDWRP\�RI �RLO�FHOOV�
DQG�PXFLODJH�FHOOV�LQ�WKH�OHDYHV�RI �WKH�/DXUDFHDH�LQ�
&KLQD��$FWD�3K\WRWD[RQ�6LQ�����������

*DQJ�'5��6LPRQ�-��/HZLQVRKQ�(��3LFKHUVN\�(��������3HOWDWH�
JODQGXODU� WULFKRPHV�RI �2FLPXP� EDVLOLFXP�/�� �6ZHHW�
%DVLO��FRQWDLQ�KLJK�OHYHOV�RI �HQ]\PHV�LQYROYHG�LQ�WKH�
ELRV\QWKHVLV� RI � SKHQ\OSURSHQHV�� -�� +HUEV� 6SLFHV�
0HG�3ODQWV����������

+DUERUQH� -%�� ����� 7KH� IODYRQRLGV � DGYDQFH� LQ� UHVHDUFK�� �
VLQFH����� 1HZ�<RUN��86� HVV �����S��� ��&5&�3U �

+XDQJ�66��.LUFKRII �%.��/LDR�-3��������7KH� DSLWDWH�DQG�F
S /DYDQGXOD�SLQQDWDHOWDWH�JODQGXODU�WULFKRPHV�RI � �/��
�/DPLDFHDH��� LVWRFKHPLVWU\�� XOWUDVWUXFWXUH� DQG�K
VHFUHWLRQ��-�7RUUH\�%RW�6RF��������²���

-HODQL�6��3UDEKDNDU�0��������)DUPDFRJQRVWLF�VWXG\�RI �OHDI �
RI � �/�� ���������+\SWLV�VXDYHROHQV $QF�6FL�/LIH

-HVXV� 1=7�� )DOFmR� +6�� /LPD� *50�� &DOGDV�)LOKR�05'��
6DOHV� ,53�� *RPHV� ,)�� ���� %DWLVWD� /0�� ������
+\SWLV� VXDYHROHQV� �/��� 3RLW� �/DPLDFHDH��� D�PHGLFLQDO�
SODQW� SURWHFWV� WKH� VWRPDFK� DJDLQVW� VHYHUDO� JDVWULF�
XOFHU�PRGHOV�������������²��

.DKUDPDQ�$��&HOHS�)��'RJDQ�0���������$QDWRP\��WULFKRPH�
PRUSKRORJ\� DQG� SDO\QRORJ\� RI � �6DOYLD� FKU\VRSK\OOD
6WDSI ��/DPLDFHDH��� �������²���6�$IU�-�%RW

.D\D� $�� 6DWLO� )�� 'LUPHQFL� 7�� 6HOYL� 6�� ������ 7ULFKRPH�
PLFURPRUSKRORJ\�LQ�7XUNLVK�VSHFLHV�RI � �=L]LSKRUD�
�/DPLDFHDH� 1RUG�- %RW��������������� � �

.X]PD�/��.DOHPED�'��5y]DOVNL�0��5y]DOVND�%��6]DNLHO�0:��
.UDMHZVND� 8�� :\VRNLQVND� +�� ������ &KHPLFDO�
FRPSRVLWLRQ�DQG�ELRORJLFDO�DFWLYLWLHV�RI �HVVHQWLDO�RLO�
IURP � SODQWV� UHJHQHUDWHG� ��� 6DOYLD� VFODUHD LQ� YLWUR
0ROHFXOHV ������������

/HUVWHQ� � 15�� &XUWLV� -'�� ������ )ROLDU� LGLREODVWWV� LQ�
3K\VRVWHJLD� YLUJLQLDQD �� �/DPLDFHDH��� - 7RUUH\�%RW�6RF�
�������²��

/HUVWHQ� 15�� &]ODSLQVNL� $5�� &XUWLV� -'�� )UHFNPDQQ� 5��
+RUQHU�+7��������2LO�ERGLHV�LQ�OHDI �PHVRSK\OO�FHOO�
RI �DQJLRVSHUPV��RYHUYLHZ�DQG�D�VHOHFWHG�VXUYH\��$P�
-�%RW�������������²��

/LX�0�� /LX� -�� ������ 6WUXFWXUH� DQG� KLVWRFKHPLVWU\� RI � WKH�
JODQGXODU�WULFKRPHV�RQ�WKH�OHDYHV�RI � �,VRGRQ�UXEHVFHQV
�/DPLDFHDH� $IU � � ��� �%LRWHFKQRO �� �������

0DODU�75-- � XVKQD�6/�� RKQVRQ�0��-DQDNLUDPDQ�1��(WKDO�� 6 -
75--�� ������%LR�HIILFDF\�RI � WKH� OHDYHV� H[WUDFWV�RI �
+\SWLV�VXDYHROHQV� 3�/��� RLW�DJDLQVW�WKH�ILVK�SDWKRJHQV��
,QW�-�/LIH�6FL�3KDUPD�5HV�� �� ���������

0DULQ� 0�� %XGLPLU� 6�� -DQRäHYLF� '�� 0DULQ� 3'�� 'XOHWLF�
ODXäHYLF� 6�� /MDOMHYLF�JUELF� 0�� ������ 0RUSKRORJ\��
GLVWULEXWLRQ�� DQG� KLVWRFKHPLVWU\� RI � WULFKRPHV� RI �
7K\PXV� O\NDH�'HJHQ�	�-DY�� �/DPLDFHDH���$UFK�%LRO�
6FL ��������������

0LFKHOO� 6$ � $KPDG�0+ � ������ $� HYLHZ� RI �PHGLFLQDO�� � � U
�SODQW� UHVHDUFK� DW� WKH� 8QLYHUVLW\� RI WKH� :HVW�

,QGLHV�� -DPDLFD� ����������� :HVW� ,QGLDQ� 0HG� -�
����������

0RUHLUD�$&3��/LPD�$'2��:DQGHUOH\�3$��&DUPR�(6��6RX]D�
(/'��������&KHPLFDO� FRPSRVLWLRQ�DQG�DQWLIXQJDO�
DFWLYLW\�RI �+\SWLV�VXDYHROHQV��/���3RLW�OHDYHV�HVVHQWLDO�
RLO�DJDLQVW�$VSHUJLOOXV�VSHFLHV��%UD]�-�0LFURELRO �������
���

1RUDLQL� 7�� &XWOHU� ')�� ���� /HDI � DQDWRPLFDO� DQG���
PLFURPRUSKRORJLFDO�FKDUDFWHUV�RI �VRPH�0DOD\VLDQ�
3DUDVKRUHD �� �'LSWHURFDUSDFHDH�� -� 7URS� )RU� 6FL�
���������²���

2JXQNXOH� $7-�� 2ODGHOH� )$�� ������ 'LDJQRVWLF� YDOXH� RI �
WULFKRPH�LQ�VRPH�1LJHULDQ�VSHFLHV�RI � �� �2FLXP +\SWLV
-D]T�� QG� �.RWVFK\�DQG�3H\V�� �/DPLDFHDH���D 7LQQHD -�
$SSO�6FL�����������

2NDFK�'2��1\XQMD�$52��2SDQGH�*��������3K\WRFKHPLFDO�
VFUHHQLQJ�RI �VRPH�ZLOG�SODQWV�IURP�/DPLDFHDH�DQG�
WKHLU�UROH�LQ�WUDGLWLRQDO�PHGLFLQH�LQ�8ULUL�'LVWULFW���
.HQ\D��,QW�-�+HUE�0HGLF�����������

2OLYHLUD� $%'�� 0HQGRQoD� 06'�� 0HLUD� 506$�� ������
$QDWRP\�RI �YHJHWDWLYH�RUJDQV�RI � ��6FXWHOODULD�DJUHVWLV
D�PHGLFLQDO�SODQW�FXOWLYDWHG�E\�ULYHULQH�SRSXODWLRQV�
RI �WKH�%UD]LOLDQ�$PD]RQ��%UD]�-�3KDUPD�����������
����

3HL�56��=KRX�)��-L�%3��;X�-��������(YDOXDWLRQ�RI �FRPELQHG�
DQWLEDFWHULDO� HIIHFWV� RI � HXJHQRO�� FLQQDPDOGHK\GH��
WK\PRO�� DQG� FDUYDFURO� DJDLQVW� (�� FROL� ZLWK� DQ�
LPSURYHG�PHWKRG��-�)RRG�6FL�����������
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3LFNLQJ�'��'HOJRGD�5��%RXORJQH�,��0LWFKHOO�6��������+\SWLV�
YHUWLFLOODWD� -DFT�� D� UHYLHZ� RI � LWV� WUDGLWLRQDO� XVHV��
SK\WRFKHPLVWU\�� SKDUPDFRORJ\� DQG� WR[LFRORJ\�� -�
(WKQRSKDUPDFRO��������������

5DJDVD� &<�� 7VDL� 3:�� 6KHQ� &&�� ������ $QWLPLFURELDO�
WHUSHQRLGV�IURP�(ULJHURQ�VXPDWUHQVLV��15&3�5HV�-�
���������

5DPDQ�%9��6DPXHO�/$��6DUDGKL�03��5DR�%1��.ULVKQD�$19��
6XGKDNDU� 0�� 5DGKDNULVKQDQ� 70�� ����� �
$QWLEDFWHULDO�� DQWLR[LGDQW� DFWLYLW\� DQG� � �*& 06
DQDO\VLV�RI � ��$VLDQ�-�3KDUP�&OLQ�(XSDWRULXP�RGRUDWXP
5HV ���������� �

5XGDOO� 3- � $QDWRP\� RI � ORZHULQJ� ODQWV�� Q��� ����� I S D
L V GQWURGXFWLRQ� WR� WUXFWXUH� DQG� HYHORSPHQW�� 1HZ�
<RUN �&DPEULGJH�8QLY�3U��86�� HVV������S�

5XV\GL�$��7DOLS�1��/DWLS� -�� �5DKPDQ�5$��6KDULI � ,��������
0RUSKRORJ\�RI �WULFKRPHV�LQ� %HQWK��3RJRVWHPRQ�FDEOLQ�
�/DPLDFHDH���$-&6������������

6DOPDNL�<��=DUUH�6��-DP]DG�=��%UlXFKOHU�&��������7ULFKRPH�
PLFURPRUSKRORJ\� RI � ,UDQLDQ� 6WDFK\V� �/DPLDFHDH��
ZLWK�HPSKDVLV�RQ� LWV� V\VWHPDWLF� LPSOLFDWLRQ��)ORUD�
�������²���

6DVV� -(�� ���� %RWDQLFDO� PLFURWHKQLTXH 6HFRQ LWLRQ�� �� G� HG ��
,RZD��86� ,RZD�6WDWH�&ROOHJH�3UHVV������S���

6FKPLGHUHU � *UDVVL ��1RYDN ��:HEHU )UDQ]�& � �3 �- �0�� �&��������
'LYHUVLW\�RI �HVVHQWLDO�RLO�JODQGV�RI �FODU\�VDJH��6DOYLD�
VFODUHD�/���/DPLDFHDH���3ODQW�%LRO ������²��� �

6KDLNDW� =+�� +RVVDLQ� 7�� $]DP� *�� ������ 3K\WRFKHPLFDO�
VFUHHQLQJ� DQG� DQWLGLDUUKRHDO� DFWLYLW\� RI � +\SWLV�
VXDYHROHQV�� �,QWO�-�$SS�5HV�1DW�3URG ���������

6KDQJ�;��+HD�;��/L�0��=KDQJD�5��)DQD�3��=KDQJD�4��-LD�=�
������7KH�JHQXV� DQ�HWKQRSKDUPDFRORJLFDO�6FXWHOODULD�
DQG� SK\WRFKHPLFDO� UHYLHZ� -� (WKQRSKDUPDFRO� �
������������

7HL[HLUD��3iGXD�6'��0DFKDGR��5RGULJXHV�6��������*ODQGXODU�
GRWV� RI � &DHVDOSLQLD� HFKLQDWD� /DP�� �/HJXPLQRVDH���
'LVWULEXWLRQ��VWUXFWXUH�DQG�XOWUDVWUXFWXUH��-�7RUUH\�
%RW�6RF�������������

7XUQHU� 7�� � *HUVKHQ]RQ� -�� 1LHOVRQ� ((�� )URHKOLFK� -(��
&URWHDX�5��������/LPRQHQH�V\QWKDVH�� WKH�HQ]\PH�
UHVSRQVLEOH� IRU� PRQRWHUSHQH� ELRV\QWKHVLV� LQ�
SHSSHUPLQW��LV�ORFDOL]HG�WR�OHXFRSODVWV�RI �RLO�JODQG�
VHFUHWRU\�FHOO��3ODQW�3K\VLRO��������²����

9HQNDWHVKDSSD�60��6UHHQDWK�.3��������3RWHQWLDO�PHGLFLQDO�
SODQWV�RI �/DPLDFHDH��$,-5)$16�����������

:HUNHU�(��3XWLHYVN\�(��5DYLG�8��'XGDL�1��.DW]LU�,��������
*ODQGXODU�KDLUV�DQG�HVVHQWLDO�RLO�LQ�GHYHORSLQJ�OHDYHV�
RI � 2FLPXP� EDVLOLFXP� /�� �/DPLDFHDH��� $QQ� %RW�
/RQGRQ����������
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