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&ROOHJH�RI �$UWV�DQG�6FLHQFHV��8QLYHUVLW\�RI �0LQGDQDR��'DYDR�&LW\��3KLOLSSLQHV

�
5HVHDUFK�DQG�3XEOLFDWLRQ�&HQWHU��8QLYHUVLW\�RI �0LQGDQDR��'DYDR�&LW\��3KLOLSSLQHV

�
'UHVGHQHU�5LQJ�����'�������:ROIVEXUJ��*HUPDQ\

5HFHLYHG�����1RYHPEHU������$FFHSWHG�����6HSWHPEHU�����
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� 7KH�ILUVW�IDXQLVWLF�UHFRUG�RI �WLJHU�EHHWOHV��&ROHRSWHUD��&DUDELGDH��&LFLQGHOLQDH��LQ�&RPSRVWHOD�9DOOH\�3URYLQFH��
0LQGDQDR�ZLWK� QRWHV� RQ� WKHLU� KDELWDW� LV� SUHVHQWHG��2SSRUWXQLVWLF� VDPSOLQJ�� VWDQGDUG� OLJKW� WUDSSLQJ� DQG�SKRWR�
GRFXPHQWDWLRQ�ZHUH�FRQGXFWHG�LQ�VHOHFWHG�DUHDV�IURP�-DQXDU\�WR�$SULO������DQG�LQ�6HSWHPEHU�������2QH�KXQGUHG�
IRXU�WLJHU�EHHWOHV�EHORQJLQJ�WR�WZHOYH�VSHFLHV�DQG�VHYHQ�JHQHUD�ZHUH�UHFRUGHG��$Q�DVWRQLVKLQJ��������HQGHPLFLW\�ZDV�
REVHUYHG�LGHQWLILHG�WR�VXEVSHFLHV�OHYHO��7KRSHXWLFD�DQG�&DORPHUD�VSHFLHV��VSHFLILFDOO\�7KRSHXWLFD�DQLFKWFKHQNRL�:LHVQHU��
����� DQG�&DORPHUD�PLQGDRHQVLV�&DVVROD�������ZHUH�REVHUYHG� WR�EH�DEXQGDQW� LQ� WKH� VDPSOHV�PRVWO\� IRXQG� LQ� WKH�
PRXQWDLQRXV� DQG� IRUHVWHG� RSHQ� ULSDULDQ� HFRV\VWHP� RI � &DJDQ��1HZ� %DWDDQ��&\OLQGHUD� �,IDVLQD�� GLVFUHWD� HODSKURLGHV�
�'RNKWRXURII �������ZDV�WKH�PRVW�FRPPRQ�VSHFLHV�DQG�ZDV�IRXQG�LQ�GLIIHUHQW�KDELWDW�W\SHV��EXW�WKH�PDMRULW\�RI �WKH�
VSHFLHV�VKRZHG�D�QDUURZ�DQG�VSHFLDOL]HG�KDELWDW�SUHIHUHQFH��3URWHFWLRQ�DQG�FRQVHUYDWLRQ�RI �UHPDLQLQJ�IRUHVW�DUHDV�LQ�
&DJDQ�LV�HVSHFLDOO\�LPSRUWDQW�LQ�SUHVHUYLQJ�HQGHPLF�VSHFLHV��

� .H\ZRUGV��&RPSRVWHOD��FRQVHUYDWLRQ��HQGHPLFV��IDXQD��WLJHU�EHHWOH
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7KH�3KLOLSSLQH�WLJHU�EHHWOH�IDXQD�LV�RQH�RI �WKH�
PRVW�XQLTXH�LQ�WKH�ZRUOG�WKDW�GHVSLWH�LWV�VPDOO�ODQG�
DUHD�� 3KLOLSSLQHV� UDQNV� ILIWK� LQ� WHUPV� RI � WLJHU�
EHHWOH�ULFKQHVV�DQG�WKLUG�RQ�WKH�OHYHO�RI �HQGHPLVP�
DIWHU� 0DGDJDVFDU� DQG� $XVWUDOLD� �&DVVROD� 	�
3HDUVRQ� ������ &DVVROD� 	� :DUG� ������ &DVVROD�
������� %DVHG� RQ� HQGHPLVP� SHU� XQLW� DUHD��
3KLOLSSLQHV�UDQNV�QXPEHU�RQH��:LWK�YHU\�OLPLWHG�
HQWRPRORJLFDO�H[SHGLWLRQV��WKH�WLJHU�EHHWOH�IDXQD�
RI � WKH� 3KLOLSSLQHV� LV� SRRUO\� NQRZQ�� (DUO\�
FROOHFWLRQV� GDWH� EDFN� WR� ����� �� ����� E\� &�*��
6HPSHU� DQG� ���������� E\�*��%RHWWFKHU�� 7KHVH�
WLJHU� EHHWOHV� ZHUH� PDGH� NQRZQ� E\� (XURSHDQ�
HQWRPRORJLVW�� 6FKDXP� ������� ������ ������ DQG�
+RUQ� ������� ������ ������ ������ ������ �������
5HFHQW�SXEOLFDWLRQV�RQ�WKH�WLJHU�EHHWOH�IDXQD�RI �
WKH� 3KLOLSSLQHV� ZHUH� PDGH� E\� %RJHQEHUJHU�

��������&DVVROD� ��������������&DVVROD�DQG�:DUG�
��������&DVVROD�DQG�=HWWHO���������'HXYH���������
'KHXUOH� �������� 1DYLDX[� ������� ������ DQG�
:LHVQHU������������D������E������������D������E��
������
6LQFH�WKH�HDUO\�����
V��QHZ�WLJHU�EHHWOH�VSHFLHV�

KDYH� EHHQ� GHVFULEHG� IURP� WKH� GLIIHUHQW�� EXW�
SRRUO\�H[SORUHG� LVODQGV� VXFK�DV�3DODZDQ��/H\WH��
0LQGRUR�DQG�0LQGDQDR��7R�GDWH�� WKHUH�DUH�����
WLJHU�EHHWOH�VSHFLHV�NQRZQ�IURP�WKH�3KLOLSSLQHV��
RI �ZKLFK�������������DUH�HQGHPLF�WR�WKLV�FRXQWU\�
ZLWK�D�OLPLWHG�JHRJUDSKLF�UDQJH��6DQWRV��������,Q�
������DQ�LQWHUQDWLRQDO�ZRUNVKRS�RQ�WKH�1DWXUDO�
+LVWRU\� RI � WKH� 3KLOLSSLQHV� KHOG� DW� %HUOLQ��
*HUPDQ\� ZDV� FRQGXFWHG� ZKHUH� LQVHFW� VWXGLHV�
ZHUH�JUHDWO\�HPSKDVL]HG�KXUGOLQJ�WKH�FRQFHUQ�RQ�
LQFUHDVLQJ� ORVV� RI� 3KLOLSSLQHV� IRUHVW� WKURXJK�
GHIRUHVWDWLRQ��&DVVROD��������6LQFH�WKH�PDMRULW\�
RI �WKH�VSHFLHV�DUH�IRUHVW�GHSHQGHQW��ORVV�RI �WKH�
IRUHVW�KDV�FDXVHG�D�WUHPHQGRXV�WKUHDW�WR�GLIIHUHQW�
VSHFLHV�DQG�RWKHUV�PD\�KDYH�JRQH�H[WLQFW�ZLWKRXW�
EHLQJ�NQRZQ�WR�VFLHQFH�
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PQGBPHGLQD#XPLQGDQDR�HGX�SK��
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7LJHU� EHHWOHV� DUH� RIWHQ� XVHG� DV� JRRG�
ELRLQGLFDWRUV�RI �WKH�PLFURKDELWDW�FKDQJHV�RI �DQ�
HFRV\VWHP��6LQFH�PDQ\�IDXQDO�HOHPHQWV�LQFOXGLQJ�
VHYHUDO� WLJHU� EHHWOHV� DUH� DVVRFLDWHG� ZLWK� IRUHVW�
HFRV\VWHPV�DQG�KDYH�D�OLPLWHG�KDELWDW�UDQJH��WKH\�
DUH�PRVW�YXOQHUDEOH�WR�GHIRUHVWDWLRQ��&DVVROD�	�
:DUG��������7KH�3KLOLSSLQHV�KDG�DOUHDG\�ORVW�����
RI � LWV� IRUHVW� LQ� WKH� SDVW� FHQWXU\�� VR�PDQ\� WLJHU�
EHHWOHV� PD\� KDYH� GLVDSSHDUHG� ZLWKRXW� EHLQJ�
GHVFULEHG��&RPSRVWHOD�9DOOH\�3URYLQFH�EHORQJV�WR�
WKH�(DVWHUQ�%LRGLYHUVLW\�&RUULGRU�ZKLFK�LV�NQRZQ�
DV�RQH�RI �WKH�UHPDLQLQJ�ELRGLYHUVLW\�KRWVSRW�RI �
WKH�3KLOLSSLQHV��+RZHYHU��WKHUH�LV�D�JUHDW�FRQFHUQ�
RYHU� LWV� ELRGLYHUVLW\�� DV� WKH� SURYLQFH� LV�
H[SHULHQFLQJ� PDMRU� DQWKURSRJHQLF� GLVWXUEDQFHV�
LQFOXGLQJ� LOOHJDO� ORJJLQJ�DQG�PLQLQJ��7KLV�SDSHU�
SUHVHQWV�WKH�EDVHOLQH�GDWD�RI �WLJHU�EHHWOH�IDXQD�RI �
&RPSRVWHOD� 9DOOH\� 3URYLQFH� ZLWK� QRWHV� RQ� WKH�
KDELWDW� SUHIHUHQFH� RI � WLJHU� EHHWOHV�� 7KLV�
LQIRUPDWLRQ�LV�LPSRUWDQW�LQ�GUDIWLQJ�FRQVHUYDWLRQ�
HIIRUWV�IRU�WKLV�LQVHFW�JURXS�

0$7(5,$/6�$1'�0(7+2'6

� 2SSRUWXQLVWLF� VDPSOLQJ�� OLJKW� WUDSSLQJ� DQG�
SKRWR�GRFXPHQWDWLRQ�ZHUH�FRQGXFWHG�IRU�GLXUQDO�
DQG� QRFWXUQDO� WLJHU� EHHWOHV� LQ� VHOHFWHG� DUHDV� LQ�
&RPSRVWHOD�9DOOH\�3URYLQFH�IURP�-DQXDU\�WR�$SULO�
����� DQG� LQ� 6HSWHPEHU� ������ 6HYHQ� DUHDV�ZHUH�
VDPSOHG�� ���� &DJDQ�� 1HZ� %DWDDQ� ������
1��

R R������
(�������6DPSDR���� ��
�1����� ��
�(�������
0D\DRQ�� 0RQWHYLVWD� ������
1�� ������
(��� ����

R R%DUDQJD\�$QGLOL��0DZDE���� ��
�1����� ��
�(�������
3DVLDQ�� 0RQND\R� ������
1�� ������
(��� ���� 6DQ�

R R,VLGUR� ��� ��
�1�� ��� ��
�(�� DQG� ����&DEDOLQDQ��
1DEXQWXUDQ�������
�1��������
�(��
� 6SHFLPHQV� ZHUH� REWDLQHG� XVLQJ� LQVHFW� QHW�
GXULQJ� WKH� GD\� DQG� OLJKW� WUDSSLQJ� GXULQJ� WKH�
QLJKW�� 7KH� VSHFLPHQV� ZHUH� NLOOHG� XVLQJ� HWK\O�
DFHWDWH�� GULHG� DQG� VWRUHG� LQ� WKH� ILUVW� DXWKRUV
�
FROOHFWLRQ�

5(68/76�$1'�',6&866,21

� $� WRWDO� RI � ���� LQGLYLGXDOV� EHORQJLQJ� WR� ���
VSHFLHV� DQG� VHYHQ� JHQHUD� RI � WLJHU� EHHWOHV�ZHUH�
UHFRUGHG��7KUHH�VSHFLHV�ZHUH�UHFRUGHG�IRU�HDFK�
RI � WKH�JHQHUD�7KHUDWHV� DQG�7KRSHXWLFD��ZKLOH� WZR�
VSHFLHV�ZHUH�UHFRUGHG�IRU�WKH�JHQHUD�&DORPHUD�DQG�
&\OLQGHUD��3URWK\PD��7ULFRQG\OD�DQG�1HRFROO\ULV�ZHUH�
UHSUHVHQWHG� RQO\� E\� RQH� VSHFLHV�� 6HYHQ� VSHFLHV�
������ ZLGHO\� GLVWULEXWHG� IURP� /X]RQ� WR�
0LQGDQDR�DUH�3KLOLSSLQH�HQGHPLFV��7DEOH����ZKLOH�
ILYH� VSHFLHV� KDYH� QR� NQRZQ� UHFRUG� H[FHSW� LQ�
0LQGDQDR�DQG�DW�WKH�PRPHQW�WKH\�DUH�UHFRJQL]HG�
DV�0LQGDQDR�HQGHPLFV��7DEOH����)LJ�����XQOHVV�QHZ�
UHFRUGV�VD\�RWKHUZLVH��7ZR�VSHFLHV�RXW�RI �WKUHH�
&DORPHUD�SUHVHQW� LQ�0LQGDQDR�ZHUH�UHFRUGHG� LQ�
&RPSRVWHOD� 9DOOH\� 3URYLQFH� QDPHO\� &DORPHUD�
ODFU\PRVD��'HMHDQ�������DQG�&DORPHUD�PLQGDRHQVLV�
�&DVVROD�������
� 0DMRULW\�RI �WKH�VSHFLHV�ZHUH�FROOHFWHG�FORVH�WR�
WKH� ULYHUEDQNV� XVLQJ� OLJKW� WUDSSLQJ� PHWKRG��
6SHFLHV� RI � WKH� JHQHUD� 7KRSHXWLFD�� 3URWK\PD��

���
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)LJXUH���0DS�RI �VDPSOLQJ�VLWHV�LQ�&RPSRVWHOD�9DOOH\�3URYLQFH��3KLOLSSLQHV
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&\OLQGHUD�DQG�&DORPHUD�ZHUH�DOO�IRXQG�LQ�WKH�RSHQ�
DQG�VDQG\�ULYHUEDQNV�DQG�FDXJKW�XVLQJ�ERWK�OLJKW�
WUDSSLQJ�DQG�KDQG�QHWWLQJ�PHWKRGV��7KHVH�IRXU�
JHQHUD� ZHUH� IRXQG� WR� LQKDELW� RSHQ� DQG� VDQG\�
ULYHULQH�HFRV\VWHPV��DJUHHLQJ�ZLWK�'DQJDOOH�HW�DO��
��������6SHFLHV�RI �WKH�JHQHUD�7KHUDWHV��1HRFROO\ULV�
DQG� 7ULFRQG\OD� ZHUH� RIWHQ� IRXQG� SHUFKLQJ� RU�
UXQQLQJ� LQ� WKH� VKUXEV� DQG� WUHHV� QHDU� ULYHUV�
SUHIHUULQJ�VKDGH�UDWKHU�WKDQ�H[SRVHG�RSHQ�DUHDV��
7KHVH�VSHFLHV�ZHUH�HDVLO\�FDXJKW�XVLQJ�D�KDQG�QHW�
RU�E\�KDQG��6SHFLHV�IURP�WKH�JHQXV�7KHUDWHV�ZHUH�
HVSHFLDOO\�IRXQG�LQ�FORVH�SUR[LPLW\�WR�ULYHU�EDQNV�
ZKLOH�WKH�VSHFLHV�IURP�WKH�JHQHUD�1HRFROO\ULV�DQG�
7ULFRQG\OD�ZHUH�IRXQG�DORQJ�WKH�URDGV�DQG�VRPH�
ZHUH�QHDU�FUHHNV�DQG�ULYHUV�
� 7KH� PRVW� FRPPRQ� VSHFLHV� IRXQG� WR� EH�
ZLGHVSUHDG� LQ�&RPSRVWHOD�9DOOH\�ZHUH�&\OLQGHUD�
�,IDVLQD��GLVFUHWD�HODSKURLGHV��7KHUDWHV�IDVFLDWXV�IDVFLDWXV�
DQG� &DORPHUD� PLQGDQDRHQVLV� �7DEOH� ���� &\OLQGHUD�
�,IDVLQD��GLVFUHWD�HODSKURLGHV��ZDV�WKH�PRVW�GLVSHUVHG�
VSHFLHV�IRXQG�LQ�IRXU�PXQLFLSDOLWLHV��ZKLOH�7KHUDWHV�
IDVFLDWXV� IDVFLDWXV� DQG�&DORPHUD� PLQGDQDRHQVLV� ZHUH�
IRXQG�LQ�WKUHH�PXQLFLSDOLWLHV�LQGLFDWLQJ�WKH�ZLGH�
GLVWULEXWLRQ� RI � WKHVH� VSHFLHV� LQ� WKH� SURYLQFH��
7KRSHXWLFD� DQLFKWFKHQNRL� ZDV� DEXQGDQW� EXW�
H[FOXVLYHO\� IRXQG� LQ� D� VLQJOH� ORFDOLW\� LQ� &DJDQ�
ZKLFK�LV�FKDUDFWHUL]HG�E\�PRXQWDLQRXV�VHFRQGDU\�
IRUHVW�� 2WKHU� VSHFLHV� IURP� WKH� JHQHUD� 7KHUDWHV��
7ULFRQG\OD��1HRFROO\ULV�DQG�3URWK\PD�ZHUH�H[FOXVLYHO\�
GLVWULEXWHG� LQ� WKH� ORZODQG� ULSDULDQ� HFRV\VWHPV�
ZLWK�PL[HG�DJULFXOWXUDO�YHJHWDWLRQ��ZKLOH�VSHFLHV�

IURP�WKH�JHQHUD�&DORPHUD��&\OLQGHUD�DQG�7KHRSHXWLFD�
ZHUH� IRXQG� HLWKHU� LQ� ULYHULQH� HFRV\VWHPV� ZLWK�
VHFRQGDU\�IRUHVW�LQ�PRXQWDLQRXV�DUHDV�DV�ZHOO�DV�
LQ� ORZODQG�RSHQ�ULYHULQH�HFRV\VWHP�ZLWK�PL[HG�
DJULFXOWXUDO�YHJHWDWLRQ�
� $PRQJ� WKH� DUHDV� VDPSOHG��0D\DRQ� KDG� WKH�
KLJKHVW� VSHFLHV� ULFKQHVV�� 7KH� ORZODQG� ULSDULDQ�
HFRV\VWHP� ZLWK� PL[HG� DJULFXOWXUDO� YHJHWDWLRQ�
ZLWK�SDWFKHV�RI �UHPDLQLQJ�VHFRQGDU\�IRUHVWV�ZDV�
WKH�PRVW�SUHIHUUHG�KDELWDWV�E\�HLJKW� VSHFLHV�RI �
WLJHU� EHHWOHV� LQFOXGLQJ� &DORPHUD� PLQGDQDRHQVLV��
&DORPHUD� ODF\UPRVD�� &\OLQGHUD� �,IDVLQD�� PRXWKLH]L��
&\OLQGHUD� �,IDVLQD�� GLVFUHWD� HODSKURLGHV�� 7KHUDWHV�
FRUDFLQXV�FRUDFLQXV�(ULFKVRQ��������7KHUDWHV�IDVFLDWXV�
IDVFLDWXV��7KHUDWHV� IXOYLSHQQLV� HYHUHWWL� DQG�7KRSHXWLFD�
UROODQGPXOOHUL�� &DJDQ� ZKLFK� LV� D� PRXQWDLQRXV�
HFRV\VWHP� ZDV� UHSUHVHQWHG� E\� IRXU� VSHFLHV� RI �
WLJHU� EHHWOHV� QDPHO\� &DORPHUD� PLQGDQDRHQVLV��
7KRSHXWLFD� DQLFKWFKHQNRL�� 7KRSHXWLFD� UROODQGPXHOOHUL�
DQG�&\OLQGHUD��,IDVLQD��PRXWKLH]L��$PRQJ�WKH�VSHFLHV�
PHQWLRQHG� RQO\� 7KRSHXWLFD� DQLFKWFKHQNRL� ZDV�
H[FOXVLYHO\� IRXQG� LQ� &DJDQ� ZKLFK� LQIHUUHG� WKH�
KLJK�KDELWDW�SUHIHUHQFH�RI �WKLV�VSHFLHV�WR�IRUHVWHG�
ULYHULQH�HFRV\VWHPV�LQ�PRXQWDLQRXV�DUHDV�
� 7KH�VSHFLHV�RI �WKH�JHQHUD�&DORPHUD��&\OLQGHUD�
DQG� 7KRSHXWLFD� VKRZHG� D� KLJK� SUHIHUHQFH� WR�
PRXQWDLQRXV�DQG�IRUHVWHG�ULYHULQH�HFRV\VWHPV�DV�
LQGLFDWHG� E\� WKHLU� KLJK� DEXQGDQFH� LQ� &DJDQ��
ZKHUHDV� WKH� VSHFLHV� RI � WKH� JHQHUD� 7KHUDWHV��
1HRFROO\ULV��7ULFRQG\OD� DQG� 3URWK\PD� VKRZHG� KLJK�
SUHIHUHQFH� WR� ORZODQG� ULSDULDQ� HFRV\VWHP� ZLWK�
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PL[HG�DJULFXOWXUDO�YHJHWDWLRQ��7KH�DUERUHDO�QDWXUH�
RI � WKH� VSHFLHV�RI � WKH�JHQHUD�7KHUDWHV��1HRFROO\ULV�
DQG� 7ULFRQG\OD� DJUHHG� ZLWK� &DVVROD� ������� DQG�
'DQJDOOH� HW� DO�� ������� DERXW� WKH� KDELW� RI � WKHVH�
EHHWOHV��7KH�SUHIHUHQFH�RI �WKH�WLJHU�EHHWOHV�WR�OLYH�
LQ�FORVH�SUR[LPLW\�WR�WKH�ZDWHU�HQDEOHV�WKHP�WR�EH�
QHDU�ZDWHU�DQG�IRRG�DQG�SURYLGHV�D�JRRG�KDELWDW�
IRU�WKHLU�UHSURGXFWLRQ��%KDUJDY�	�8QL\DO�������
� 7KH� KLJK� DEXQGDQFH� RI � &\OLQGHUD� �,IDVLQD��
GLVFUHWD�HODSKURLGHV�EHLQJ�IRXQG�LQ�ILYH�VDPSOLQJ�VLWHV�
DV�FRPSDUHG�WR�RWKHU�VSHFLHV�FRXOG�LQGLFDWH�WKH�
KLJK� DGDSWDELOLW\� RI � WKH� VSHFLHV� WR� KDELWDW�
PRGLILFDWLRQ� VLQFH� LW� ZDV� IRXQG� LQKDELWLQJ� WKH�
PRXQWDLQRXV� IRUHVWHG� ULYHULQH� HFRV\VWHP� RI �
&DJDQ� DV�ZHOO� DV� WKH� ORZ� ODQG� ULYHU� EDQNV�ZLWK�
PL[HG� DJULFXOWXUDO� HFRV\VWHPV� LQ� 0D\DRQ�� 6DQ�
,VLGUR�� &DEDOLQDQ� DQG� 3DVLDQ�� 2Q� WKH� FRQWUDU\��
7KRSHXWLFD� DQLFKWFKHQNRL� ZDV� DEXQGDQW� EXW�
H[FOXVLYHO\� IRXQG� LQ� D� VLQJOH� ORFDOLW\� LQ� &DJDQ�
ZKLFK� ZDV� FKDUDFWHUL]HG� E\� PRXQWDLQRXV�
VHFRQGDU\�IRUHVW��7KH�H[FOXVLYH�GLVWULEXWLRQ�DQG�
KLJK�DEXQGDQFH�RI �WKLV�VSHFLHV�FRXOG�LQGLFDWH�LWV�
KLJK�SUHIHUHQFH�WR�PRXQWDLQRXV�IRUHVWHG�ULSDULDQ�
HFRV\VWHP�� 0DQ\� VSHFLHV� RI � WLJHU� EHHWOHV� DUH�
NQRZQ�IRU� WKHLU�DVVRFLDWLRQ�ZLWK� IRUHVW�KDELWDWV�
DQG�OLPLWHG�GLVWULEXWLRQDO�UDQJH�DV�ZHOO�DV�QDUURZ�
KDELWDW� SUHIHUHQFHV� DV� UHODWHG� WR� WHPSHUDWXUH��
H[SRVXUH� WR�VXQOLJKW��S+�DQG�VRLO�PRLVWXUH�DQG�
VDOLQLW\��'DQJDOOH�HW�DO��������
� 7KH�RWKHU�VSHFLHV�UHFRUGHG�LQ�&DJDQ�VXFK�DV�
&DORPHUD�PLQGDQDRHQVLV��7KRSHXWLFD�UROODQGPXOOHUL�DQG�
&\OLQGHUD��,IDVLQD��PRXWKLH]L�ZHUH�DOVR�IRXQG�LQ�WKH�
ORZODQG� ULYHULQH� HFRV\VWHPV� ZLWK� PL[HG�
VHFRQGDU\� IRUHVW� DQG� DJULFXOWXUDO� YHJHWDWLRQ�
LQGLFDWLQJ� WKH� VSHFLHV� DVVRFLDWLRQ� ZLWK� IRUHVWHG�
KDELWDWV��7KLV� DOVR� LPSOLHG� WKH� VSHFLHV� DELOLW\� WR�
DGDSW� DQG� WKULYH� LQ� KDELWDWV� ZLWK� KXPDQ�
HQFURDFKPHQW�EURXJKW�E\�FRQYHUVLRQ�RI �ODQG�WR�
IDUPLQJ�� 6DQWRV� ������� PHQWLRQHG� WKDW� IXUWKHU�
VWXGLHV� VKRXOG� EH� FRQGXFWHG� LQ� WLJHU� EHHWOHV
�
DELOLW\� WR� DGDSW� WR� WKH� FKDQJLQJ� HQYLURQPHQWDO�
FRQGLWLRQV�EURXJKW� E\�KXPDQ�GLVWXUEDQFHV� DQG�
QRQ�IRUHVWHG�KDELWDWV�
� &DJDQ� ZKLFK� LV� D� PRXQWDLQRXV� IRUHVWHG�
HFRV\VWHP� KDG� WKH� KLJKHVW� DEXQGDQFH� RI � WLJHU�
EHHWOHV�ZLWK������������LQGLYLGXDOV�EHORQJLQJ�WR�
IRXU�VSHFLHV�DQG�WKUHH�JHQHUD�IROORZHG�E\�0D\DRQ�
ZLWK�������������LQGLYLGXDOV�UHFRUGHG�EHORQJLQJ�
WR�HLJKW�VSHFLHV�DQG�IRXU�JHQHUD��3DVLDQ�KDG�WKH�
WKLUG� KLJKHVW� DEXQGDQFH� RI � WLJHU� EHHWOHV� ZLWK�
VHYHQWHHQ�LQGLYLGXDOV�UHFRUGHG�EHORQJLQJ�WR�ILYH�
VSHFLHV�DQG�WKUHH�JHQHUD��7KH�KLJK�DEXQGDQFH�RI �

WLJHU�EHHWOHV�LQ�&DJDQ�PD\�LQGLFDWH�WKH�SUHIHUHQFH�
RI � WKH� WZR�PRVW� DEXQGDQW� VSHFLHV� L�H��&DORPHUD�
PLQGDRHQVHV�DQG�7KRSHXWLFD�DQLFKWFKHQNRL�IRU�ULSDULDQ�
HFRV\VWHPV� LQ� PRXQWDLQRXV� DQG� IRUHVWHG�
HFRV\VWHP�GXH�WR�LWV�YHJHWDWLRQ��VRLO�PRLVWXUH�DQG�
S+�ZKLFK�DUH� LPSRUWDQW� IDFWRUV� WKDW�GHWHUPLQH�
WLJHU� EHHWOHV
� KDELWDW� SUHIHUHQFH� �'DQJDOOH� HW� DO��
�������7KH�KLJK�DEXQGDQFH�FRXOG�EH�GXH�WR�WKH�
DPSOH�DYDLODELOLW\�RI �IRRG�UHVRXUFHV�ZKLFK�LV�D�NH\�
IDFWRU�LQ�PRVW�LQVHFW�WD[RQ�DEXQGDQFH��$OWKRXJK�
0D\DRQ�KDG�WKH�KLJKHVW�VSHFLHV�ULFKQHVV��VSHFLHV�
DEXQGDQFH� ZDV� TXLWH� ORZ� LQGLFDWLQJ� WKH� KLJK�
FRPSHWLWLRQ�RI �IRRG�DPRQJ�WKH�GLIIHUHQW�VSHFLHV�
RI �WLJHU�EHHWOHV�
� 6SHFLHV� FRH[LVWLQJ� LQ� D� ORFDOLW\� KDG� EHHQ�
REVHUYHG�� &DORPHUD� ODFU\PRVD� DQG� &DORPHUD�
PLQGDRHQVLV� DV�PHQWLRQHG�E\�&DVVROD� ������� FDQ�
RFFXU�V\PSDWULFDOO\��%RWK�ZHUH�IRXQG�RFFXUULQJ�LQ�
0D\DRQ��&DORPHUD�ODFU\PRVD�ZDV�PRVW�FRPPRQ�LQ�
0D\DRQ�� ZKLOH� &DORPHUD� PLQGDRHQVLV� ZDV� PRVW�
DEXQGDQW�LQ�&DJDQ�DQG�3DVLDQ��7KHVH�WZR�VSHFLHV�
FDQ�EH�HDVLO\�PLVWDNHQ�DV�RQH�VSHFLHV��+RZHYHU��
XSRQ� FORVHU� LQVSHFWLRQ� LW� FRXOG� EH� IRXQG� WKDW�
&DORPHUD�ODFU\PRVD�ZDV�VPDOOHU�DW���������PP�ZLWK�
SDOHU� DQG� GXOO� HO\WUD� ZLWK� WKH� WZR� GLVFDO� GRWV�
FRQQHFWHG�WR�HDFK�RWKHU�E\�D�QDUURZ�OLQHROH��ZKLOH�
&DORPHUD�PLQGDRHQVLV�ZDV� ELJJHU�ZLWK� D� VL]H� WKDW�
UDQJHG�DERXW���� �� ���PP�DQG�KDG�YHOYHW\� DQG�
GDUNHU� HO\WUD�ZLWK� HO\WUDO�SXQFWXDWLRQ�SRRUO\�RU�
QRW� YLVLEOH� DW� DOO� DQG� WKH� WZR� GLVFDO� GRWV� QRW�
FRQQHFWHG�� ,Q�&DJDQ�&DORPHUD�PLQGDQDRHQVLV�DQG�
7KRSHXWLFD�DQLFKWFKHQNRL�ZHUH�WKH�PRVW�GRPLQDQW��
+RZHYHU�� 7KRSHXWLFD� URODQGPXOOHUL� DQG� &\OLQGHUD�
�,IDVLQD��PRXWKLH]L�ZHUH�DOVR�IRXQG��EXW�LQ�YHU\�ORZ�
QXPEHU�
� 0D\DRQ�ZKLFK�ZDV�LQKDELWHG�E\�VHYHQ�VSHFLHV�
RI � WLJHU� EHHWOHV� ZDV� GRPLQDWHG� E\� &\OLQGHUD�
�,IDVLQD�� GLVFUHWD� HODSKURLGHV� ZLWK� ��� UHFRUGHG�
LQGLYLGXDOV�� ZKLOH� WKH� RWKHU� VSHFLHV� ZHUH� RQO\�
UHSUHVHQWHG�E\� ORZ�DEXQGDQFH�RI �DURXQG��� ����
LQGLYLGXDOV��7KH�KLJK�VSHFLHV�ULFKQHVV�LQ�0D\DRQ�
FRXOG�EH�DWWULEXWHG�WR�WKH�RSWLPXP�VXQOLJKW�DQG�
EULJKWQHVV��ZKLFK�ZHUH�QHFHVVDU\�LQ�WKH�SUHGDWRU\�
DFWLYLWLHV� DV� ZHOO� DV� WKHUPRUHJXODWLRQ� RI � WKH�
GLIIHUHQW�VSHFLHV�RI �WLJHU�EHHWOHV��.QLVOH\�������� �
$UHDV� VDPSOHG�ZLWK� WKH� ORZHVW� VSHFLHV� ULFKQHVV�
DQG�DEXQGDQFH�ZHUH�&DEDOLQDQ��%DUDQJD\��$QGLOL�
DQG� 6DPSDR� ZLWK� RQO\� RQH� WR� WZR� VSHFLHV�
UHFRUGHG�� 7KHVH� ULSDULDQ� DUHDV� KDYH� D� PL[HG�
DJULFXOWXUDO� HFRV\VWHP�ZLWK� IHZ� VWDQGLQJ� IRUHVW�
DQG�KLJK�DQWKURSRJHQLF�GLVWXUEDQFHV�ZKLFK�FDQ�
LQKLELW�WKH�GLYHUVLW\�E\�UHGXFLQJ�WKH�KDELWDW��

� �²�7LJHU�EHHWOHV�RI �&RPSRVWHOD�9DOOH\�3URYLQFH��0LQGDQDR�,VODQG��3KLOLSSLQHV &DEUDV�HW�DO�
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� 0RVW� 3KLOLSSLQH� VSHFLHV� RI � WLJHU� EHHWOHV�
VKRZHG�D�FRQVLVWHQW�KDELWDW�SUHIHUHQFH��6SHFLHV�RI �
WKH�JHQHUD�7ULFRQG\OD��1HRFROO\ULV�DQG�7KHUDWHV�ZHUH�
DUERUHDO�VSHFLHV�IRXQG�LQ�VKUXEV�DQG�WUHHV�QHDU�WKH�
ULYHUV�DQG�URDGV��ZKLOH�RWKHU�VSHFLHV�RI �WKH�WLJHU�
EHHWOHV�ZHUH�IRXQG�LQ�RSHQ�ULSDULDQ�HFRV\VWHPV��$�
QDUURZ�GLVWULEXWLRQ�RI �7KRSHXWLFD�DQLFKWFKHQNRL�ZDV�
REVHUYHG�DQG�IRXQG�H[FOXVLYHO\�LQ�&DJDQ��&\OLQGHUD�
�,IDVLQD��GLVFUHWD�HODSKURLGHV�ZDV�WKH�PRVW�GLVSHUVHG�
VSHFLHV� IRXQG� LQ� DOPRVW� DOO� DUHDV� VDPSOHG�
LQGLFDWLQJ� LWV� KLJK� DGDSWDELOLW\�� ,PPHGLDWH�
FRQVHUYDWLRQ�HIIRUWV�VKRXOG�EH�FRQGXFWHG�IRU�WKH�
WLJHU� EHHWOHV� 7KRSHXWLFD� DQLFKWFKHQNRL�� &\OLQGHUD�
�,IDVLQD��PRXWKLH]L�DQG�7KRSHXWLFD�UROODQGPXOOHUL�ZKLFK�
ZHUH� KLJKO\� DVVRFLDWHG� ZLWK� IRUHVWHG� ULSDULDQ�
HFRV\VWHPV�DQG�KDG�QDUURZ�GLVWULEXWLRQ�

5()(5(1&(6

%KDUJDY�9.��8QL\DO�93��������&RPPXQDO�URRVWLQJ�RI �WLJHU�
EHHWOHV� �&LFLQGHOLGDH�� &ROHRSWHUD�� LQ� WKH� 6KLYDOLN�
+LOOV��+LPDFKDO�3UDGHVK��,QGLD��&LFLQGHOD�����������
���

%RJHQEHUJHU� -0��������7ZR�QHZ�VSHFLHV�RI � WLJHU�EHHWOHV�
IURP� 3DODZDQ� �&ROHRSWHUD�� &LFLQGHOLGDH���
0LWWHLOXQJHQ� GHU� 0�QFKQHU� (QWRPRORJLVFKHQ�
*HVHOOVFKDIW�����������

&DVVROD� )�� ������ 6WXGLHV� RQ� WLJHU� EHHWOHV�� &,,�� 7KH�
&LFLQGHOLGDH� FROOHFWHG� E\�5RODQG�$��0�OOHU� LQ� WKH�
3KLOLSSLQH� ,VODQGV�� ZLWK� GHVFULSWLRQ� RI � WKUHH� QHZ�
VSHFLHV��&ROHRSWHUD��&LFLQGHOLGDH���=RRO�0HG�/HLGHQ�
���������������

&DVVROD�)��������6WXGLHV�RI �7LJHU�%HHWOHV�&/;;;,;��$�QHZ�
&DORPHUD� VSHFLHV� IURP� 0LQGDQDR�� 3KLOLSSLQHV��
6SL[LDQD��������������

&DVVROD� )�� 3HDUVRQ� '/�� ������ *OREDO� SDWWHUQV� RI � WLJHU�
EHHWOHV�VSHFLHV� ULFKQHVV� �&ROHRSWHUD��&LFLQGHOLGDH���
WKHLU�XVH�LQ�FRQVHUYDWLRQ�SODQQLQJ��%LRO�&RQV��������
����

&DVVROD�)��:DUG�5'��������6\VWHPDWLFV�DQG�]RRJHRJUDSK\�
RI � WKH� 3KLOLSSLQH� VSHFLHV� RI � WKH� JHQXV� 7KRSHXWLFD�
&KDXGRLU��������$QQ�0XV�&LY�6WRU�1DW�*HQRYD������
���

&DVVROD�)��=HWWHO�+��������$�QHZ�VSHFLHV�DQG�D�QHZ�UHFRUG�RI �
7KRSHXWLFD�&KDXGRLU��������&ROHRSWHUD��&LFLQGHOLGDH��
IURP� 3ROLOOR� ,VODQG�� 4XH]RQ� 3URYLQFH�� WKH�
3KLOLSSLQHV��=�$UE�JHP��|VWHUU�(QWRPRO�����������

'DQJDOOH� &�� 3DOOHZDWWD� 1�� 9RJOHU� $�� ������ 7LJHU� EHHWOHV�
�&ROHRSWHUD�� &LFLQGHOLGDH�� RI � DQFLHQW� UHVHUYRLU�
HFRV\VWHPV�RI �6UL�/DQND��-�7KUHDW�7D[D�������������

'DQJDOOH�&��3DOOHZDWWD�1��9RJOHU�$��������'LVWULEXWLRQ�DQG�
KDELWDW� SUHIHUHQFHV� RI � WLJHU� EHHWOHV� �&ROHRSWHUD��
&LFLQGHOLGDH�� RI � WKH� ULYHULQH� HFRV\VWHPV� RI � 6UL�
/DQND��-�7KUHDW�7D[D���������������

'HXYH�7��������'HX[�QRXYHOOHV�&LFLQGqOHV�GHV�3KLOLSSLQHV�
HW� GX� 0R]DPELTXH� �&ROHRSWHUD�� &DUDERLGHD���
&ROpRSWqUHV��������������

'KHXUOH� &�� ������ &\OLQGHUD� �,IDVLQD�� PRXWKLH]L�� QRXYHOOH�
HVSqFH� GHV� 3KLOLSSLQHV� �&ROHRSWHUD� &LFLQGHOLGDH���
/
(QWRPRORJLVWH�������������

+RUQ�:��������$�QHZ�VXEVSHFLHV�RI �SKLOLSSLQH�&LFLQGHOLGDH��
3KLOLSS�-�6FL�����������

+RUQ�:��������3URWK\PD�VFKXOW]HL��D�QHZ�VSHFLHV�RI �SKLOLSSLQH�
&LFLQGHOLGDH��3KLOLSS�-�6FL���������

+RUQ�:��������=ZHL�QHXH�3KLOLSSLQHQ�3URWK\PDH��'WVFK��
HQWRPRO��=��������

+RUQ�:��������3KLOLSSLQH�VSHFLHV�RI �WKH�JHQXV�3URWK\PD�DQG�
RWKHU�&LFLQGHOLGDH��3KLOLSS�-�6FL������������

+RUQ� :�� ������ 7KUHH� QHZ� &LFLQGHOLGDH� IURP� WKH�
3KLOLSSLQHV��3KLOLSS�-�6FL���������

+RUQ�:�� ������'UHL� QHXH� RULHQWDOLVFKH� &LFLQGHOLGHQ� DXV�
GHP� 1DW��0XV�� LQ� :DVKLQJWRQ�� (QWRPRO� %O� �
%LRO�6\VW�.DHIHU������������

.QLVOH\�%��������(FRORJLFDO�'LVWULEXWLRQ�RI �7LJHU�%HHWOHV�
�&ROHRSWHUD��&LFLQGHOLGDH�� LQ�&ROID[�&RXQW\��1HZ�
0H[LFR��7KH�6RXWKZHVW�1DW��������������

1DYLDX[�5��������'LDJQRVH�GH�TXDWUH�1HRFROO\ULV�QRXYHDX[�
GHV�3KLOLSSLQHV�HW�GX�9LHWQDP��&RO��&LFLQGHOLGDH��� �
%XOO�6RF�(QWRPRO�)U�����������

1DYLDX[� 5�� ������ /HV� 7ULFRQG\OLQD� �&ROHRSWHUD��
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