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(QHUJ\�DQG�:HWODQGV�5HVHDUFK�*URXS��&HQWUH�IRU�(FRORJLFDO�6FLHQFH��,QGLDQ�,QVWLWXWH�RI �6FLHQFH��
%DQJDORUH��.DUQDWDND���������,QGLD

5HFHLYHG����$SULO������$FFHSWHG����2FWREHU�����

$%675$&7

� 6WXGLHV�RQ�LQVHFW�SROOLQDWRU�HFRORJ\�DQG�G\QDPLFV�DUH�YHU\�UDUHO\�FDUULHG�RXW� LQ�WUDGLWLRQDO�,QGLDQ�DJULFXOWXUH�
ODQGVFDSHV��,QGLVFULPLQDWH�ODQGVFDSH�FKDQJHV�LQ�WKH�UXUDO�DUHDV�DQG�WHQGHQFLHV�WRZDUGV�FURS�PRQRFXOWXUHV�FDQ�KDYH�
VLJQLILFDQW�HIIHFWV�RQ�SROOLQDWRU�KDELWDWV�DQG�HIIHFWLYHQHVV��7KLV�VWXG\�ZDV�DLPHG�DW�REVHUYLQJ�LQVHFW�SROOLQDWRUV��WKHLU�
YLVLWDWLRQ�IUHTXHQFLHV�DQG�WLPLQJV�RQ�PRQVRRQ�FXFXUELW�FURSV�VXFK�DV�&XFXPLV�VDWLYXV�/���&��SXEHVFHQV�:LOOG���0RPRUGLFD�
FKDUDQWLD�/���7ULFKRQVDQWKHV�DQJXLQD�/��DQG�/XIID�DFXWDQJXOD�/���5R[E����LQ�D�FRDVWDO�.DUQDWDND�9LOODJH���7KLV�VWXG\�ZDV�DOVR�
DLPHG�DW�FRYHULQJ�WKH�VLJQLILFDQFH�RI �WKH�VXUURXQGLQJ�ODQGVFDSH�HOHPHQWV�LQ�VXVWDLQLQJ�SROOLQDWRU�HOHPHQWV���%HHV��VXFK�
DV�$SLV�GRUVDWD��$��FHUDQD�DQG�7ULJRQD�VS���ZHUH�PDMRU�YLVLWRUV�RQ�DOO�FXFXUELWV��H[FHSW�VQDNH�JRXUG�ZKLFK�ZDV�SROOLQDWHG�
PDLQO\�E\�OHSLGRSWHUDQV��,QVHFW�VSHFLHV�ZHUH�IRXQG�WR�SDUWLWLRQ�IORUDO�UHVRXUFHV�RI �DQ\�JLYHQ�FURSV�EHWZHHQ�WKHP�E\�
PLQLPDO�RYHUODSSLQJ�LQ�WKHLU�YLVLWDWLRQ�WLPLQJV��1DWXUDO�HOHPHQWV�RI �WKH�ODQGVFDSH�DURXQG��PDLQO\�D�YLOODJH�IRUHVW�DQG�
URFN\� VDYDQQD� IXUQLVKHG� KDELWDWV� IRU� EHHV� DQG� OHSLGRSWHUDQV�� 3UROLILFDOO\� EORRPLQJ�PRQVRRQ� KHUEV� RQ� ODWHULWLF�
SODWHDXV��E\�SURYLGLQJ�QHFWDU�UHVRXUFHV�IRU�SROOLQDWRUV��SUHVXPDEO\�SOD\�NH\�UROH�LQ�PDNLQJ�WKH�FDVH�VWXG\�YLOODJH�ZHOO�
NQRZQ�IRU�PRQVRRQ�YHJHWDEOHV��

� .H\ZRUGV��$JURHFRV\VWHP��FURS�SROOLQDWLRQ��FXFXUELWV��IRUDJLQJ�EHKDYLRU��ODQGVFDSH��ODWHULWH
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=RRSKLORXV� SROOLQDWLRQ� E\� GLYHUVH� DQLPDO�
SROOLQDWRUV�LV�YHU\�LPSRUWDQW�LQ�IORZHULQJ�SODQWV��
$ERXW� ��� RI � ���� LPSRUWDQW� IRRG� FURSV� RI � � � � � � � � �
WKH�ZRUOG�GHSHQG�RQ�DQLPDO�SROOLQDWLRQ��.HYDQ�
������ 6WHIIDQ�'HZHQWHU� 	� :HVWSKDO� �������
,QVHFWV�SROOLQDWH�DQ�HVWLPDWHG�����RI �IORZHULQJ�
SODQWV��6FKRRQKRYHQ�HW�DO���������RI �ZKLFK�WKH�EHH�
FRPPXQLW\��IDPLO\�$SLGDH��LV�WKH�PRVW�LPSRUWDQW�
DQG� HIILFLHQW� SROOLQDWRUV� �'DQIRUWK� HW� DO�� �������
,QFUHDVHG�IORZHU�YLVLWDWLRQ�UDWH�E\�LQVHFWV�FDXVHV�
PRUH�SROOHQ�GHSRVLWV�RQ� WKH�VWLJPD��EHQHILWWLQJ�
KLJKHU� VHHG� VHWWLQJ� DQG� EHWWHU� VHHG� TXDOLW\� � � � �
�(QJHO�	�,UZLQ��������1DWXUDOO\��SHDN�IORZHULQJ�
VHDVRQV�FRUUHVSRQG�ZLWK�WKH�KLJKHVW�GHQVLWLHV�RI �
SROOLQDWRU�WD[D��:ROIH�	�%DUUHWW�������
6WXGLHV�IURP�DQ�HFRORJLFDO�SHUVSHFWLYH�UHYHDO�

ODQGVFDSH� OHYHO� KDELWDW� KHWHURJHQHLW\� DV� KDYLQJ�

VWURQJ� EHDULQJV� RQ� VXVWDLQLQJ� LQVHFW� SROOLQDWRUV�
�9HUKXOVW�HW�DO��������5RVFKHZLW]�HW�DO��������)DKULJ�
HW�DO���������/LQNDJHV�ZLWKLQ�SROOLQDWLRQ�JXLOGV�FDQ�
EH� GLVUXSWHG� LQ� FURS� DUHDV� LI � KDELWDW� SDWFKHV�
UHGXFWLRQ� FDXVLQJ� LQFUHDVLQJ� GLVWDQFHV� EHWZHHQ�
QHVWLQJ�DQG�IRUDJLQJ�DUHDV��6WHIIDQ�'HZHQWHU�HW�DO��
������ 3DXZ� ������� 0RVW� SROOLQDWRUV� UHTXLUH� D�
UHOLDEOH�VXSSO\�RI �QHFWDU�ZLWKLQ�QDWXUDO�SROOLQDWRU�
VSHFLILF� IRUDJLQJ�GLVWDQFHV� WR�SURYLGH� VXIILFLHQW�
SROOLQDWRU� VHUYLFHV� LQFOXGLQJ� JHQH� IORZ��
+RQH\EHHV�DUH�NQRZQ�WR�IRUDJH�LQ�������NP�UDGLXV�
IURP� WKH� FRORQ\� �ZLWKLQ� �� NP� IRU� $SLV� ÁRUHD�
)DEULFLXV������NP�IRU�$��FHUDQD�)DEULFLXV�DQG���NP�
IRU� $�� GRUVDWD� )DEULFLXV��� DOWKRXJK� SROOLQDWLRQ�
HIILFLHQF\� LV� DW� WKH� EHVW� EHWZHHQ� ���� ²� ����P� �
�)UHH�������$EURO���������/DQGVFDSH�PDLQWHQDQFH�
IRFXVLQJ� RQ� EHWWHU� SODQW�SROOLQDWRU� LQWHUDFWLRQV�
DQG� RQ� SHVWLFLGH�IUHH� IDUPLQJ� ZLOO� KDYH� PXFK�
VLJQLILFDQFH� LQ� HQVXULQJ� DGHTXDWH� IRRG� VXSSOLHV�
IRU� WKH�ZRUOG� �3DOPD� HW� DO���������7KH�PRUH�ZH�
NQRZ�DERXW�SROOLQDWRUV��SODQW�SROOLQDWLRQ�VHUYLFHV�
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�&RUUHVSRQGLQJ�DXWKRU��FHVWYU#FHV�LLVF�HUQHW�LQ
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DQG�WKH�LQWHUDFWLRQV�EHWZHHQ�DJUR�HFRV\VWHPV�DQG�
SROOLQDWLRQ� PDQDJHPHQW�� WKH� PRUH� ZH� FDQ�
XQGHUVWDQG�KRZ� WR� FRQVHUYH� WKHP� DQG�PDQDJH�
WKHP�WR�PDLQWDLQ�ELRGLYHUVLW\��HQVXUH�HFRV\VWHP�
KHDOWK� DQG� LPSURYH� KXPDQ� OLYHOLKRRGV� �)$2�
������
&XFXUELWDFHDH� ����� JHQHUD�� ���� VSHFLHV���

PHPEHUV� NQRZQ� DV� FXFXUELWV�� LV� DQ� LPSRUWDQW�
IDPLO\� RI � IRRG� FURSV� XVHG� DV� IUXLWV� �PHORQV���
VDODGV��FXFXPEHU��JKHUNLQV�� ORQJ�PHORQ���VZHHWV�
�DVK� JRXUG�� SRLQWHG� JRXUG��� SLFNOHV� �JKHUNLQV���
GHVVHUWV� �PHORQV��� $OWKRXJK� ZLGHO\� GLVWULEXWHG��
FXFXUELW�GLYHUVLW\�LV�PRUH�FRQFHQWUDWHG�LQ�WURSLFV�
DQG�VXEWURSLFV�ZLWK�KRWVSRWV� LQ�6RXWKHDVW�$VLD��
:HVW�$IULFD��0DGDJDVFDU�DQG�0H[LFR��6FKDHIHU�	�
5HQQHU��������,QGLD�LV�ULFK�LQ�FXFXUELWV�DQG�WKHLU�
ZLOG�UHODWLYHV�����JHQHUD�����VSHFLHV�LQFOXGLQJ����
HQGHPLFV��� � &XFXUELWV� JHQXV� ZLWK� WKH� KLJKHVW�
QXPEHUV�RI �VSHFLHV�DUH�7ULFKRVDQWKHV�����VSHFLHV���
&XFXPLV� ���� VSHFLHV���0RPRUGLFD� ��� VSHFLHV�� DQG�
=HKQHULD� ��� VSHFLHV�� �5HQQHU� 	� 3DQGH\� �������
+RQH\EHHV� DUH� FRQVLGHUHG� WKH� PRVW� HIILFLHQW�
SROOLQDWRU�IRU�FXFXUELW��*UHZDO�	�6LGKX�������
7KLV� VWXG\� RQ� FXOWLYDWLRQ� RI �PL[HG� FURS� RI �

FXFXUELWV� LQ� WKH�PRQVRRQ� SHULRG� FRQGXFWHG� LQ�
8WWWDUD�.DQQDGD�� GLVWULFW� RI � 6RXWK� ,QGLDQ�ZHVW�
FRDVW�� LV� LPSRUWDQW� EHFDXVH� LW� UHODWHV� WR� KLJK�
SURGXFWLRQ� RI � SHVWLFLGH� IUHH�� JRRG� TXDOLW\� DQG�
ZKROHVRPH�JRXUGV�IURP�D�UHODWLYHO\�VPDOO�DUHD�E\�
LQGLJHQRXV� IDUPHUV�� � 7KH� XQGXODWLQJ� WHUUDLQ�
ERUGHUV� WKH� IRRWKLOOV� RI � WKH� :HVWHUQ� *KDW�
PRXQWDLQ�UDQJHV��7KH�FXOWLYDWRUV�DUH�LQGLJHQRXV�
VXEVLVWHQFH�IDUPHUV�RI �+DODNNLYRNNDO�FRPPXQLW\�
ZKR�GHSHQGV�RQ�WUDGLWLRQDO�IDUPLQJ�WHFKQLTXHV��
FDWWOH� PDQXUH� DQG� OHDI � PDQXUH�� 7KH� UXUDO�
ODQGVFDSH�KDV�ULFK�ELRGLYHUVLW\�GHVSLWH�EHLQJ�LQ�WKH�

YLFLQLW\�RI �WKH�GHQVHO\�SRSXODWHG�PXQLFLSDO�WRZQ�
DQG�YLOODJHV��$OWKRXJK�FXFXUELWV�DUH�JURZQ�\HDU�
URXQG� LQ� ,QGLD�� VWXGLHV� RQ� SROOLQDWLRQ� GXULQJ�
PRQVRRQ� DUH� QHHGHG� LQ� 6RXWKZHVW� ,QGLD�ZKHQ�
FXFXUELW�FXOWLYDWLRQ�LV�DW�WKH�SHDN�
7KH� VWXG\� ZDV� DLPHG� DW� GRFXPHQWLQJ�

GLYHUVLWLHV� RI � SROOLQDWRU� LQVHFWV�� WKHLU� YLVLWDWLRQ�
WLPLQJV�DQG�IUHTXHQFLHV�RQ�FXFXUELWV�L�H��&XFXPLV�
VDWLYXV� &XFXPLV� � SXEHVFHQV/�� �FXFXPEHU��� � :LOOG��
�0DQJDORUH�JRXUG��� /���ELWWHU�0RPRUGLFD�FKDUDQWLD�
JRXUG��� /���VQDNH�JRXUG��DQG�7ULFKRQVDQWKHV�DQJXLQD�
/XIID�DFXWDQJXOD�/���5R[E����ULGJH�JRXUG��� � �7KLV�
VWXG\�DOVR�SUHVHQWHG�WKH�UROH�RI �GLYHUVH�HOHPHQWV�
RI �D�WUDGLWLRQDO�ODQGVFDSH�LQ�VXVWDLQLQJ�FXFXUELW�
SROOLQDWRUV� DQG� WKH� V\QFKURQLVP� RI � WKH�
SROOLQDWRUV�ZLWK�WKH�YDU\LQJ�IORZHULQJ�VFKHGXOHV�
RI �UHVSHFWLYH�FURSV�

0$7(5,$/6�$1'�0(7+2'6

6WXG\�$UHD

� 7DQQLUNXOL�9LOODJH������������1�DQG����������
�(���LQ�WKH�+HJGH�3DQFKD\DW�RI �.XPWD�7DOXN�RI �
8WWDUD�.DQQDGD� LQ�WKH�6RXWK�,QGLDQ�ZHVW�FRDVW� �
ZDV�FKRVHQ�IRU�WKH�VWXG\���7DQQLUNXOL�LV�GRPLQDWHG�
E\� +DODNNLYRNNDO� FRPPXQLW\� IDUPHUV� ZKR� DUH�
VNLOOHG� JURZHUV� RI � YHJHWDEOHV� XVLQJ� WUDGLWLRQDO�
DJULFXOWXUDO�WHFKQLTXHV��'XULQJ�WKH�LQWHQVH�FRDVWDO�
PRQVRRQ��WKH�IDUPHUV�PDLQO\�JURZ�FXFXUELWV�LQ�D�
���KD�ZHOO�GUDLQHG�JURXQG��ZKLOH�ULFH�LV�FXOWLYDWHG�
LQ�WKH�IORRGHG�ILHOGV��*URXQGQXW��YHJHWDEOHV�DQG�
FXFXUELWV�FRQVWLWXWH�WKH�VHFRQG�FURS�LQ�WKH�SRVW�
PRQVRRQ�ILHOGV�ZKHQ�WKH�KLOO�VORSHV�DUH�WRR�GU\�
IRU�FXOWLYDWLRQ��)LJ�����

3ROOLQDWRU�GLYHUVLW\�DQG�IRUDJLQJ�G\QDPLFV�RQ�PRQVRRQ�FURS�RI �FXFXUELWV�²�%DODFKDQGUDQ�HW�DO�

��

)LJXUH�����0DS�RI �VWXG\�DUHD��7DQQLUNXOL�9LOODJH��8WWDUD�.DQQDGD�'LVWULFW��.DUQDWDND�6WDWH��,QGLD



IORZHULQJ�DQG�FRQWLQXHG�DW�ZHHNO\�LQWHUYDOV�XQWLO�

IORZHULQJ�QHDUO\�VWRSSHG��%HODYDGL�	�*DQHVKDLDK�

�������1XPEHUV�RI �YLVLWRU�LQVHFWV�ZHUH�FRXQWHG�

VSHFLHV�ZLVH�� 7KH� IUHTXHQF\� RI � YLVLWDWLRQ� E\� D�

VSHFLHV�ZDV�FDWHJRUL]HG�DV�YHU\�IUHTXHQW��!����

RI �WKH�IORUDO�YLVLWV���IUHTXHQW��!����DQG��������

DQG� UDUH� �������� ,QVHFW� VSHFLPHQV� ZHUH�

FROOHFWHG�XVLQJ�D� �VZHHS�QHW�DQG�LGHQWLILHG�XVLQJ

6DPSOLQJ�'HVLJQ�

� 7KH�SUHOLPLQDU\�VWXGLHV�ZHUH�FDUULHG�RXW�IURP�
-XO\�WR�HDUO\�$XJXVW�������2EVHUYDWLRQV�RQ�LQVHFW�
YLVLWDWLRQV�RQ�IORZHUV�ZHUH�FRQGXFWHG�IURP�PLG�
$XJXVW� WR� WKH� HQG� RI � 6HSWHPEHU�� 7KH� FURSV�
VWXGLHG�ZHUH�FXFXPEHU��ELWWHU�JRXUG��VQDNH�JRXUG��
ULGJH�JRXUG� DQG�0DQJDORUH�JRXUG� �)LJ�� ����7KH�
REVHUYDWLRQV�RQ�SROOLQDWLRQ�ZHUH�VWDUWHG�DW����

%,27523,$�9RO�����1R���������
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)LJXUH����)ORZHU�DQG�IUXLW�RI �FXFXUELWV�SODQWV�� �

��



WD[RQRPLF� NH\V� �0LFKHQHU� ������ %HODYDGL� 	�
*DQHVKDLDK��������7KH�VSHFLPHQV�ZHUH�H[DPLQHG�
XVLQJ� VWHUHR� PLFURVFRSH� IRU� WKH� SUHVHQFH� RI �
SROOHQ� DQG� VHJUHJDWHG� DV� SROOLQDWRUV� DQG� QRQ�
SROOLQDWRUV��7KH�SROOHQ�JUDLQV�ZHUH�PDWFKHG�ZLWK�
WKH� KRVW� SROOHQ� VHSDUDWHO\� FROOHFWHG� EHIRUH�
DVFHUWDLQLQJ�WKH�YLVLWRU�LQVHFW�DV�D�SROOLQDWRU�RI �D�
VSHFLILHG�FURS�� LQ�DFFRUGDQFH�ZLWK�%HODYDGL�DQG�
*DQHVKDLDK��������� �7KH�LQVHFW�VSHFLPHQV�ZHUH�
PDLQWDLQHG�LQ�WKH�.XPWD�ILHOG�VWDWLRQ�RI �&HQWUH�
IRU� (FRORJLFDO� 6FLHQFHV�� ,QGLDQ� ,QVWLWXWH� RI �
6FLHQFH�

)RUDJLQJ�'\QDPLFV

� ,QVHFW�IRUDJLQJ�EHKDYLRU�ZDV�VWXGLHG�EHWZHHQ�
������DQG�������KRXUV��DW�KRXUO\�LQWHUYDOV�GXULQJ�
VSHFLHV�VSHFLILF�EORRPLQJ�WLPHV��7KH�REVHUYDWLRQ�
SURWRFROV� DQG� IUHTXHQF\� RI � YLVLWRUV� ZHUH�
PHDVXUHG� XVLQJ� D� KDQG� WDOO\� FRXQWHU� DQG�
VWRSZDWFK�IROORZLQJ�)UHH���������6DPSOLQJ�XQLWV�

�
RI ���P ��DSSUR[LPDWHO\�FRYHULQJ���������IORZHUV��
ZHUH� VHOHFWHG� DQG� WKH� YLVLWRU� LQVHFWV� ZHUH�
GRFXPHQWHG�� (DFK� REVHUYDWLRQ� SHULRG� IRU� DQ\�
FURS�VHOHFWHG�ZDV�IRU���PLQXWHV��DW���UHSOLFDWLRQV

SHU� KRXU�� 7KH� IRUDJLQJ� SDWWHUQV� ZHUH� DVVHVVHG�
EDVHG�RQ�WKH�GRPLQDQW�JURXSV�RI �YLVLWRU�LQVHFWV�
DQG�SHDN�IRUDJLQJ�WLPHV�

/DQGVFDSH�$QDO\VLV

� /DQGVFDSH�HOHPHQWV�RI ���NP�UDGLXV�DURXQG�WKH�
VWXG\�DUHD�ZHUH�GHFLSKHUHG�XVLQJ�UHPRWH�VHQVLQJ�
GDWD�IURP�*RRJOH�(DUWK�DQG�/DQGVDW���LPDJHULHV�
RI � ������ 7KH� WLPH� VHULHV� VSDWLDO� GDWD� DFTXLUHG�
IURP� /DQGVDW� 6HULHV� 0XOWLVSHFWUDO� VHQVRU� DQG�
WKHPDWLF�PDSSHU�VHQVRUV�ZHUH�GRZQORDGHG�IURP�
KWWS���JOFI�XPLDFV�XPG�HGX�GDWD�� /DQG� 8VH�
�/8�� DQDO\VLV� LQYROYHG� 3UHSURFHVVLQJ��
&ODVVLILFDWLRQ� DQG� $FFXUDF\� $VVHVVPHQW�� /DQG�
XVH� FODVVLILFDWLRQ� ZDV� GRQH� XVLQJ� VXSHUYLVHG�
SDWWHUQ� FODVVLILHU�*DXVVLDQ�PD[LPXP� OLNHOLKRRG�
DOJRULWKP�WKURXJK�RSHQ�VRXUFH�*,6�L�H��*5$66�
*HRJUDSKLF�5HVRXUFH�$QDO\VLV� 6XSSRUW� 6\VWHP�
GRZQORDGHG� IURP� KWWS���FHV�LLVF�HUQHW�LQ�JUDVV�
�)LJ������7KH�FODVVLILFDWLRQV�ZHUH�EDVHG�RQ�GHULYHG�
VLJQDWXUHV� �WUDLQLQJ� SRO\JRQV��� &ODVVLILHU�
SHUIRUPDQFH�ZDV�DVVHVVHG�FRQVLGHULQJ�UHIHUHQFH�
SL[HOV�XVLQJ�NDSSD��ª��VWDWLVWLFV��5DPDFKDQGUD�HW�
DO��������

)LJXUH����0HWKRG�IROORZHG�IRU�ODQG�XVH�DVVHVVPHQW��

6DWHOOLWH�'DWD

3UH�3URFHVVLQJ

$FTXLVLWLRQ

)DOVH�&RORXU
&RPSRVLWH

/DQG�XVH�FODVVLILFDWLRQ

$FFXUDQF\�DVVHVVPHQW

*URXQG�'DWD�

7RSRVKHHWV�

%KXYDQ�

*RRJOH�HDUW

��

3ROOLQDWRU�GLYHUVLW\�DQG�IRUDJLQJ�G\QDPLFV�RQ�PRQVRRQ�FURS�RI �FXFXUELWV�²�%DODFKDQGUDQ�HW�DO�
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'LYHUVLW\�RI � ,QVHFW�9LVLWRUV� DQG�$EXQGDQFH�

RQ�&XFXUELWV

� 7DEOH� �� OLVWV� WKH� VSDWLDO� H[WHQW� RI � ODQGVFDSH�

HOHPHQWV�LQ�WKH�VWXG\�DUHD��$ERXW�������RI �WKH�

DUHD�ZDV�XVHG�IRU�DJULFXOWXUDO�ILHOGV��PDLQO\�SDGG\�

FXOWLYDWLRQ��� ������ ZDV� XVHG� IRU� KRUWLFXOWXUH�

�FRFRQXW��DUHFD��������ZDV�XVHG�IRU� IRUHVW�DUHD��

�����ZDV�XVHG�IRU�EXLOW�XS�DUHD�DQG������ZDV�XVHG

IRU�YHJHWDEOH�JDUGHQV��7KH�RYHUDOO�DFFXUDF\�RI �WKH�
FODVVLILHG�GDWD�ZDV��������ZLWK�NDSSD�RI �������
�7DEOH����
� 0DOH� IORZHUV�RSHQHG�HDUOLHU� WKDQ� WKH� IHPDOH�
RQHV�LQ�DOO�VSHFLHV��,Q�ELWWHU�JRXUG��FXFXPEHU�DQG�
0DQJDORUH� JRXUG� DQWKHVLV� FRPPHQFHG� EHIRUH�
VXQULVH�� LQ� ULGJH� JRXUG� WRZDUGV� VXQVHW� DQG� LQ�
VQDNH�JRXUG�DIWHU�VXQVHW��7DEOH����
� $� WRWDO� RI � ��� LQVHFW� VSHFLHV� ���� JHQHUD�� ���
IDPLOLHV�� �� RUGHUV��� YLVLWHG� FXFXUELW� IORZHUV�
�7DEOH����

7DEOH����(OHPHQWV�RI �DJULFXOWXUDO�ODQGVFDSHV�ZLWK�EHQHILFLDU\�UHVRXUFH�IRU�SROOLQDWRUV

/DQG�8VH� &ODVVLILFDWLRQ�

$UHD��
�����NP��
UDGLXV��������������� )� 1�

KD� �

%XLOW�XS� 5HVLGHQWLDO�$UHD��,QGXVWULDO�$UHD��PL[HG�SL[HOV�ZLWK�EXLOW�XS�DUHD� ����� ���� � �

2SHQ�$UHD� 2SHQ�ODQGV��4XDUULHV� ������ ���� � �

2SHQ�:HWODQG� $TXDFXOWXUH�DQG�ZHWODQGV� ����� ���� � �

:DWHU� 5LYHU��'UDLQDJHV� ������ ����� � �

$JULFXOWXUH� $JULFXOWXUH�)LHOGV�&XUUHQW�)DOORZ�DQG�6RZQ��3DGG\�� ������ ����� � �

&DVKHZ� &DVKHZ�3ODQWDWLRQV�LQ�VFUXE�MXQJOH� ������ ���� �� ��

)RUHVW� (YHUJUHHQ�IRUHVWV��'HFLGXRXV�DQG�PL[HG�)RUHVWV � ������ ���� �� ��

+RUWLFXOWXUH� $UHFD�*DUGHQV��&RFRQXW�SODQWDWLRQV� ������ ����� �� �

/DWHULWH� /DWHULWH�4XDUU\��/DWHULWH�2SHQ�ODQGV� ������ ����� �� �

/DWHULWH�$FDFLD� $FDFLD�DXULFXOLIRUPLV�SODQWDWLRQ�LQ�ODWHULWH�SODWHDXV� ������ ���� � �

$FDFLD� $FDFLD�DXULFXOLIRUPLV�SODQWDWLRQ� ������ ���� � �

9HJHWDEOH�)DUP� &XFXUELW�YDULHWLHV�ZLWK�LQWHU�FURSV�OLNH�ODGLHV�ILQJHU� ����� ���� �� �

7RWDO�DUHD��KD�� �������� ���� � �

2YHUDOO�DFFXUDF\�RI �FODVVLILFDWLRQ�����������.DSSD�6WDWLVWLFV�������� � � � �

1RWHV�� 1� �1HVWLQJ�KDELWDWV��)� �)RUDJLQJ�KDELWDWV�� �� �SUHVHQW �

7DEOH����$QWKHVLV�WLPH�REVHUYHG�LQ�FXFXUELWV�VWXGLHG��LQ�WKH�PRQVRRQ�PRQWKV�
�

6SHFLHV� &RPPRQ�QDPH�
0DOH�IORZHU � )HPDOH�IORZHU �

6WDUWLQJ�WLPH � )XOO�EORRP � 6WDUWLQJ�WLPH � )XOO�EORRP �

0RPRUGLFD�FKDUDQWLD� %LWWHU�JRXUG� �����$�0� �����$�0 � �����$�0 � �����$�0 �

&XFXPLV�VDWLYXV� &XFXPEHU� �����$�0� �����$�0 � �����$�0 � �����$�0 �

&XFXPLV�SXEHVFHQV� 0DQJDORUH�JRXUG� �����$�0� �����$�0 � �����$�0 � �����$�0 �

/XIID�DFXWDQJXOD� 5LGJH� JRXUG� �����3�0 � �����3�0 � �����3�0 � �����3�0 �

7ULFKRVDQWKHV�DQJXLQD� 6QDNH�JRXUG �����3�0 �����3�0 �����3�0 �����3�0

��
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� :LWK���VSHFLHV�RI �EXWWHUIOLHV�DQG���VSHFLHV�RI �
PRWKV�IURP���IDPLOLHV��WKH�/HSLGRSWHUDQV�KDG�WKH�
KLJKHVW�QXPEHUV�RI �SROOLQDWRUV��+\PHQRSWHUDQV�
IROORZHG�ZLWK���VSHFLHV�RI �EHHV�DQG���VSHFLHV�RI �
ZDVSV�� %HHV� ZHUH� WKH� PRVW� IUHTXHQW� IORZHU�
YLVLWRUV��7KH�'LSWHUDQV� �IOLHV�� DQG�&ROHRSWHUDQV�
�EHHWOHV��� ZLWK� �� VSHFLHV� HDFK�� ZHUH� LQIUHTXHQW�
YLVLWRUV�DQG�KDG�QR�QRWDEOH�UROH�LQ�SROOLQDWLRQ�DV�
VSHFLPHQ� H[DPLQDWLRQ� UHYHDOHG� JHQHUDO� DEVHQFH�
RI � SROOHQ�� +\PHQRSWHUDQV� ZHUH� REVHUYHG� DV�
KDYLQJ� WKH� KLJKHVW� YLVLWDWLRQV� RQ� ULGJH� JRXUG��
IROORZHG� E\� 0DQJDORUH� JRXUG�� FXFXPEHU� DQG�
ELWWHU� JRXUG�� UHVSHFWLYHO\�� /HSLGRSWHUDQV� ZHUH�
GRPLQDQW�RQ�VQDNH�JRXUG�DQG�IUHTXHQW�RQ�ELWWHU�

JRXUG�� � %LWWHU� JRXUG� ZDV� DOVR� YLVLWHG� E\� EHHV��
&ROHRSWHUDQV�DQG�'LSWHUDQV�ZHUH�LQIUHTXHQW�RQ�
DOO�FXFXUELWV��H[FHSW�VQDNH�JRXUG�
� &URS�ZLVH� DEXQGDQFH� RI � LQVHFW� YLVLWRUV� LV�
VXPPDUL]HG�LQ�)LJXUH����$��GRUVDWD�KDG�WKH�KLJKHVW�
DEXQGDQFH� RI � YLVLWV� RQ� ULGJH� JRXUG� ��������
IROORZHG�E\�FXFXPEHU��������0DQJDORUH�JRXUG�
������ DQG� ELWWHU� JRXUG� ������� �$�� GRUVDWD�ZDV�
QHJOLJLEOH� RQ� VQDNH� JRXUG�� $�� FHUDQD�ZDV� PRVW�
DEXQGDQW� RQ� 0DQJDORUH� JRXUG� �������� DQG�
FXFXPEHU����������5LGJH�JRXUG�DQG�ELWWHU�JRXUG�
DOVR�KDG�JRRG�GHSHQGHQFH�RQ� �$��FHUDQD��7ULJRQD�
VS�� PRUH� IUHTXHQWO\� YLVLWHG� ELWWHU� JRXUG� WKDQ�
RWKHUV��%XWWHUIOLHV�DQG�PRWKV�ZHUH�SUHGRPLQDQW�

7DEOH����,QVHFW�VSHFLHV�IRXQG�RQ�FXFXUELW�IORZHUV�GXULQJ�WKH�PRQVRRQ�SHULRG

)DPLO\� 6SHFLHV� &RPPRQ�1DPH �
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+\PHQRSWHUD�

$SLGDH�

$SLV�GRUVDWD�)DEULFLXV������������ *LDQW�KRQH\EHH� � � � � � � � � �
$SLV�FHUDQD�LQGLFD�)DEULFLXV� ,QGLDQ�KRQH\EHH� � � � � � � � � �
7ULJRQD�-XULQH� 6WLQJOHVV�EHH� � � � � � � � � �
&HUDWLQD�/DWUHLOOH� 6PDOO�FDUSHQWHU�EHH� � � � � � � � � �
;\ORFRSD�/DWUHLOOH� &DUSHQWHU�EHH� � � � � � �

+DOLFWLGDH� +DOLFWXV�/DWUHLOOH� 6ZHDW�EHH� � � � � � � �

9HVSLGDH�
9HVSD�FLQFWD�'H*HHU� <HOORZ�EDQGHG�ZDVS� � � � � � � �
9HVSD�/�

�
&RPPRQ�ZDVS

� � � �
�
� �

3ROLVWHV� /DWUHLOOH� 3DSHU�ZDVS� � � � � � �

/HSLGRSWHUD
�

1\PSKDOLGDH� +\SROLPQDV�EROLQD�/�� *UHDW�HJJIO\� � � � � � �

3DSLOLRQLGDH
�

3DSLOLR� SRO\WHV�/�� &RPPRQ�PRUPRQ� � � � � � � �
*UDSKLXP�DJDPHPQRQ�/�� 7DLOHG�MD\� � � � � � � �

3LHULGDH�

&DWRSVLOLD�SRPRQD� )DEULFLXV� &RPPRQ�HPLJUDQW� � � � � � � �
(XUHPD�KHFDEH� /�� &RPPRQ�JUDVV�\HOORZ� � � � � � �
'HOLDV�HXFKDULV�'UXU\� &RPPRQ�MH]HEHO� � � � � � � �

3DSLOLRQLGDH 3DFKOLRSWD�KHFWRU /� &ULPVRQ�URVH �

+HVSHULGDH %RUER�FLQQDUD:DOODFH 5LFH�VZLIW � � � �

6SKLQJLGDH &HSKRQRGHV�K\ODV /� %HH�KDZN�PRWK � � � �

$UFWLLGDH $PDWD�ELFLQFWD .ROODU +DQGPDLGHQ�PRWK � � �

*HRPHWULGDH
�

'\VSKDQLD�SHUFRWD
�
6ZLQKRH

�
%OXH�7LJHU�PRWK

� � �
�
� �

�
�

&ROHRSWHUD

�
&KU\VRPHOLGDH $XODFRSKRUD�'HMHDQ /HDI �EHHWOH � � �

&RFFLQHOOLGDH
�

+HQRVHSLODFKQD
�
/L�	�&RRN

�
/DG\ELUG�EHHWOH

� � �
�
�

�
� �

'LSWHUD
�

7DEDQLGDH 7DEDQXV�/� +RUVHIO\ �

0XVFLGDH
�

0XVFD�GRPHVWLFD /�
�

+RXVHIO\
�

�
�

�
�

�
� � �

1RWH ���  �SUHVHQW

��

3ROOLQDWRU�GLYHUVLW\�DQG�IRUDJLQJ�G\QDPLFV�RQ�PRQVRRQ�FURS�RI �FXFXUELWV�²�%DODFKDQGUDQ�HW�DO�



RQ�VQDNH�JRXUG��%HHWOHV�DQG�IOLHV�ZHUH�WKH� OHDVW�
LPSRUWDQW�SROOLQDWRUV�RQ�DOO�FURSV�DQG�GLG�QRW�YLVLW�
VQDNH�JRXUG�
� ,Q�UHJDUGV�RI �SROOLQDWRUV�YLVLWDWLRQ�RQ� �&XFXPLV

VSS������LQVHFW�VSHFLHV�YLVLWHG� �DQG����&��SXEHVFHQV

VSHFLHV�YLVLWHG�� ��7DEOH������ ZDV�&��VDWLYXV $��GRUVDWD�

REVHUYHG�GRPLQDQW�YLVLWRU�RQ� VSS�������&XFXPLV�

RQ� 0DQJDORUH� JRXUG� DQG� ���� RQ� FXFXPEHU�� � � � � � �
$�� FHUDQD� KDG� ������ YLVLWDWLRQ� RQ� 0DQJDORUH�
JRXUG� DQG� ������ RQ� FXFXPEHU � ,Q� 'KDUZDG���

QHLJKERULQJ�GLVWULFW�RI �8WWDUD�.DQQDGD��3UDNDVK�
�������UHFRUGHG����VSHFLHV�RI � LQVHFWV�SROOLQDWHG� �
FXFXPEHU� GXULQJ� SRVW�PRQVRRQ VHDVRQ�� ZKHUH��

KRQH\EHHV�� DQG ��DV�$��GRUVDWD��$��FHUDQD� �$��IORUHD

ZHOO� DV� � 6PLWK� ZHUH� WKH�7ULJRQD� LULGLSHQQLV

GRPLQDWLQJ� YLVLWRUV�� YDOLGDWLQJ� RXU� ILQGLQJV� RQ�
KRQH\EHHV�DV�SULPH�SROOLQDWRUV�RI � VSS�&XFXPLV�
� %LWWHU�JRXUG�ZDV�YLVLWHG�E\����VSHFLHV�LQ�ZKLFK�
$�� GRUVDWD� 7ULJRQDDQG� � VS�� FRQVWLWXWHG� �������
1LGDJXQGL�DQG�6DWWDJL��������UHFRUGHG����LQVHFW�
YLVLWRUV� RQ� ELWWHU� JRXUG� LQ� 'KDUZDG� L�H�� ��
+\PHQRSWHUDQV� DQG� �� /HSLGRSWHUDQV� �
+\PHQRSWHUDQV� 7�� LULGLSHQQLV�� +DOLFWXV� JXWWXURVXV�

9DFKDO�DQG� ZHUH�LPSRUWDQW�SROOLQDWRUV�RI �$��IORUHD�

ELWWHU�JRXUG��6XEKDNDU� ���������,Q��%DQJDORUH���HW�DO�

�������RI �SROOLQDWRUV�RQ�ULGJH�JRXUG�ZHUH�EHHV��
PDLQO\� �DQG�$��FHUDQD��$��IORUHD 7HWUDJRQXOD�LULGLSHQQLV�

�.XEHUDSSD� ��������,Q�RXU�VWXG\��WKH�ZLOG�EHH�HW�DO�

$��GRUVDWD�KDG�WKH�SULPH�UROH�DV�SROOLQDWRU�����������
7KH�UHVW�RI �SROOLQDWRUV�FRQVLVWHG�RI �RWKHU�EHHV��
EXWWHUIOLHV��IOLHV��EHHWOHV�DQG�KDZN�PRWKV�

)RUDJLQJ�'\QDPLFV

� ,QVHFW� IRUDJH� LV� D� FROOHFWLYH� SURFHVV� RI �
LQGLYLGXDOV�� DV� ZHOO� DV� RI � WKH� JURXS� �7UDQLHOOR�
������� &URS�ZLVH� IRUDJLQJ� WLPHV� LQ� RXU� VWXG\�
�7ULFKRVDQWKHV� H[FOXGHG�� E\� GLIIHUHQW� LQVHFWV� DUH�
SUHVHQWHG� LQ� )LJXUHV� �� WR� ��� $�� GRUVDWD� DQG� � � � � � � � �
$��FHUDQD��YLVLWHG�FXFXPEHUV�IURP�������WR�������
KRXUV��XQWLO�WKH�IORZHUV�ZLOWHG��)LJ�����
� $��GRUVDWD �3HDN�YLVLW�RI � � ZDV�GXULQJ�������KRXUV�
������� YLVLWV�P ��� PLQXWHV�� DQG� ������ KRXUV� � � �

�

����YLVLWV�P ���PLQXWHV���7KH�YLVLWV�ZHUH� OHVVHU�
�

HDUOLHU� DQG� ODWHU� � ������ ���� DQG� ���� YLVLWV�P �� � � � � � � � � �
�

�� PLQXWHV� DW� ������� ������ DQG� ������ KRXUV��
UHVSHFWLYHO\��� 3HDN� IRUDJLQJ� E\� LQ� D�$�� GRUVDWD�
'KDUZDG�VWXG\�ZDV�EHWZHHQ�������WR�������KRXUV�
�3DWHHO�	�6DWWDJL��������&RQQHU�0LFKLJDQ��������
UHSRUWHG�WKDW�������WR�������KRXUV�DV� WKH�PRVW�
HIIHFWLYH�WLPH�IRU�FXFXPEHU�SROOLQDWLRQ�LQ�2KLR��
LQ�ZKLFK�D�IORZHU�UHTXLUHG�DW�OHDVW���WR����YLVLWV�E\�
EHHV� IRU� VDWLVIDFWRU\� IUXLW� VHW�� 7KH� PD[LPXP�
IRUDJLQJ�DFWLYLW\�RI � �LQ�RXU�VWXG\�QHDUO\�$��FHUDQD
RYHUODSSHG�ZLWK�WKDW�RI � ��$OWKRXJK�WKH�$��GRUVDWD
IORZHUV�EORRPHG�DW�VXQULVH��WKH�KLJKHVW�YLVLWDWLRQ�
IUHTXHQF\� RI � ZDV� DW� ����� KRXUV� �����$�� FHUDQD�
YLVLWV�P ��� PLQXQWHV�� DQG� ������ KRXUV� ������

�

YLVLWV�P ���PLQXWHV���9LVLWDWLRQV�GHFOLQHG� IURP�
�

������KRXUV�������YLVLWV�P ���PLQXWHV���UHDFKHG�
�

PLQLPXP� DW� ������ KRXUV� ������ YLVLW�P �� � � � � � �
�

��PLQXWHV��� VS��ZDV�RQO\�D�PLQRU�IRUDJHU�RI �7ULJRQD�
FXFXPEHU�� 2WKHU� LQIUHTXHQW� YLVLWRUV� OLNH�
EXWWHUIOLHV�� PRWKV� DQG� EHHWOHV� IRUDJHG� PDLQO\

)LJXUH����%DU�GLDJUDP�RI �LQVHFW�DEXQGDQFH�RQ�GLIIHUHQW�FXFXUELW�SODQWV

��
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5LGJH
JRXUG

&XFXPEHU 0DQJDORUH
JRXUG

%LWWHU
JRXUG

6QDNH
JRXUG

)OLHV

%HHWOHV

0RWKV

%XWWHUIOLHV
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)LJXUH����)RUDJLQJ�SDWWHUQV�RI �GLYHUVH�LQVHFW�YLVLWRUV�RQ�&XFXPLV�SXEHVFHQV

EHWZHHQ�������WR�������KRXUV��,QVHFW�IRUDJHUV�RQ�
0DQJDORUH� JRXUG�ZHUH� REVHUYHG� IURP� ������ WR�
������ KRXUV� �)LJ�� ���� 7KH� KLJKHVW� IRUDJLQJ�

�
IUHTXHQF\� RI � ����� YLVLWV�P ��� PLQXWHV� ZDV�
REVHUYHG�DW�������KRXUV�E\�$SLV�GRUVDWD�DQG�WKH�
OHDVW�ZDV�REVHUYHG�DW�������KRXUV��$SLV�FHUDQD�KDG�

�
SHDN�YLVLWDWLRQV�DW�������KRXUV�������YLVLWV�P ���
PLQXWHV���WKH�ORZHVW�ZDV�DW�������DQG�������KRXUV�

�
�����YLVLWV�P ��� PLQXWHV��� 7ULJRQD� VS�� IRUDJHG�

�
PD[LPXP� DW� ������ KRXUV� ZLWK� ���� YLVLWV�P ���
PLQXWHV� DQG� ZDV� QRW� WR� EH� IRXQG� IURP� ������
KRXUV�

�)LJXUH���)RUDJLQJ�SDWWHUQ�RI �GLYHUVH�LQVHFW�YLVLWRUV�RQ�&XFXPLV�VDWLYXV

��� �

��

3ROOLQDWRU�GLYHUVLW\�DQG�IRUDJLQJ�G\QDPLFV�RQ�PRQVRRQ�FURS�RI �FXFXUELWV�²�%DODFKDQGUDQ�HW�DO�
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$SLV�FHUDQD $SLV�GRUVDWD 7ULJRQD�VS 2WKHU�EHHV %HHWOH 0RWK

)OLHV 6WUDLJKW�OLQHV� �3ULPDU\�D[LV 'RW�OLQHV� �6HFRQGDU\�D[LV

$SLV�FHUDQD $SLV�GRUVDWD 7ULJRQD�VS %HHWOH %XWWHUIO\ 0RWK

6WUDLJKW�OLQHV� �3ULPDU\�D[LV 'RW�OLQHV� �6HFRQGDU\�D[LV



� ,QVHFWV� IRUDJHG� RQ� ELWWHU� JRXUG� �0RPRUGLFD�
FKDUDQWLD�� IURP� ������ WR� ������ KRXUV� �)LJ�� ���� �
7KH� VWLQJOHVV� EHH� 7ULJRQD� VS�� DV� WKH� PDMRU�
SROOLQDWRU� KDG� SHDN� YLVLWDWLRQV� DW� ������ KRXUV�

�
������YLVLWV�P ���PLQXWHV���OHVVHU�DW�������KRXUV�

�
������ YLVLWV�P ��� PLQXWHV��� %\� PLGGD\��
7ULJRQD� VS�� VKLIWHG� WR� RWKHU� FXFXUELWV��PDLQO\� WR�
&XFXPLV� VSS�� 9LVLWDWLRQV� RI � $�� GRUVDWD� � QHDUO\�
RYHUODSSHG� ZLWK� WKDW� RI � 7ULJRQD� VS�� LQ� WKH�

�
PRUQLQJ��SHDNLQJ� DW� ������KRXUV� ���YLVLWV�P ���

�
PLQXWHV�� DQG� ������ KRXUV� ������ YLVLWV�P ���
PLQXWHV��� $�� FHUDQD� VXFFHHGHG� UHDFKLQJ�

�
PD[LPXP� DW� ������ KRXUV� ������ YLVLWV�P ���
PLQXWHV���7KH�EXWWHUIOLHV�ZHUH�LQIUHTXHQW�RQ�ELWWHU�

JRXUG�� WKH� KLJKHVW� DW� ������ KRXUV� ������
�

YLVLWV�P ��� PLQXWHV��� $V� ELWWHU� JRXUG� IORZHUV�
EORRPHG�YHU\� HDUO\� LQ� WKH�PRUQLQJ�� IHZ�PRWKV�
FRXOG�EH�IRXQG�DW�������KRXUV��6WXG\�RI ��6XEKDNDU�
HW�DO��������� �LQ�7LUXSDWL�DOVR�VKRZHG�WKDW�7ULJRQD�
�LULGLSHQQLV��ZDV�WKH�PRVW�DEXQGDQW�DQG�IUHTXHQW�

�
YLVLWRU� RQ� ELWWHU� JRXUG� ������� YLVLWV�P ���
PLQXWHV��
� 5LGJH�JRXUG�/XIID� DFXWDQJXOD� LV� DQ� LPSRUWDQW�
YHJHWDEOH� LQ� FRDVWDO� 8WWDUD� .DQQDGD�� )RUDJLQJ�
ZDV�REVHUYHG�IURP�������WR�������KRXUV��)LJ�������
+RQH\EHHV�ZHUH�PDMRU�IRUDJHUV��$��GRUVDWD�PDGH�

�
������YLVLWV�P ���PLQXWHV�DW�������KRXUV��ZKLOH�

�
$��FHUDQD�KDG������YLVLWV�P ���PLQXWHV�DW�������

)LJXUH���)RUDJLQJ�SDWWHUQV�RI �GLYHUVH�LQVHFW�YLVLWRUV�RQ�0��FKDUDQWLD

� � �

)LJXUH����)RUDJLQJ�SDWWHUQV�RI�GLYHUVH�LQVHFW�YLVLWRUV�RQ�/XIID�DFXWDQJXOD

��
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$SLV�FHUDQD $SLV�GRUVDWD 7ULJRQD %HHWOH%XWWHUIO\ 0RWK

6WUDLJKW�OLQHV� �3ULPDU\�D[LV 'RW�OLQHV� �6HFRQGDU\�D[LV
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���� ���� ���� ���� ���������� ���������� �����

$SLV�FHUDQD $SLV�GRUVDWD 7ULJRQD�VS

%HHWOH

2WKHU�EHHV

0RWK

6WUDLJKW�OLQHV� �3ULPDU\�D[LV 'RW�OLQHV� �6HFRQGDU\�D[LV

:DVS



KRXUV�� %HHWOHV�� ZDVSV� DQG� RWKHU� EHHV�ZHUH� UDUH�
YLVLWRUV�� $�� FHUDQD�� $�� IORUHD� DQG� 7HWUDJRQXOD�
LULGLSHQQLV� ZHUH� UHSRUWHG� DV� PDLQ� SROOLQDWRUV� RI �
/XIID� VS�� LQ� %DQJDORUH� �.XEHUDSSD� HW� DO�� �������
6KULYDVWDYD��������UHSRUWHG�VSKLQJLG�PRWK�DV�DQ�
LPSRUWDQW� SROOLQDWRU� RI � /XIID� VS��� DQ� HYHQLQJ�
EORRPHU��)RU�VQDNH�JRXUG��D�QLJKW�EORRPHU�ZLWK�
ZKLWH�IORZHUV��PRWKV�ZHUH�WKH�PDLQ�YLVLWRUV�GXULQJ�
QLJKW��ZKLOH�EXWWHUIOLHV�IUHTXHQWHG�DIWHU�GD\EUHDN��
7KH� EHH�KDZN�PRWK�KDG� WKH� KLJKHVW� YLVLWDWLRQV�
EHWZHHQ�������DQG�������KRXUV��7KH�UDLQ\�QLJKWV�
RI � 6RXWKZHVW� 0RQVRRQ� KDPSHUHG� IXUWKHU�
REVHUYDWLRQ�LQ�WKH�PLGQLJKW�KRXUV�

(OHPHQWV�RI �WKH�/DQGVFDSH

� ,QVHFW�SROOLQDWRUV�DUH�NQRZQ�WR�UHO\�RQ�GLYHUVH�
HOHPHQWV� RI � ODQGVFDSHV� �KDELWDWV�� IRU� UHVRXUFHV�
OLNH�QHFWDU��SROOHQ��QHVWLQJ�PDWHULDOV�DQG�VSHFLHV�
VSHFLILF�QHVWLQJ�VLWHV��/DQGVFDSH�HOHPHQW�DQDO\VLV�
RI � WKH� VWXG\� DUHD� �ZLWK� �� NP�EXIIHU��ZDV�GRQH�
XVLQJ�UHPRWH�VHQVLQJ�GDWD�DQG�ILHOG�GDWD��)LJ������
� )RUHVWV�SURYLGH�QHVWLQJ�DQG�IRUDJLQJ�VLWHV�IRU�
LQVHFW�SROOLQDWRUV�� HQVXULQJ� WKHLU�SHUPDQHQFH� LQ�
WKH� ODQGVFDSH�� +LJK� SURSRUWLRQV� RI � QDWXUDO� RU�
VHPL�QDWXUDO�KDELWDWV�FORVH�WR�DJULFXOWXUDO�DUHD�DUH�
NQRZQ� WR� EHQHILW� EHH� GLYHUVLW\�� PXWXDOLVWLF�
LQWHUDFWLRQV� DQG� LQVHFW� IRUDJLQJ� PRYHPHQWV�
�+DJHQ� 	� .UDHPHU� ������� ,Q� WKH� �� NP� UDGLXV�
DURXQG� WKH� YHJHWDEOH� JURZLQJ� DUHD�� WKHUH� ZHUH�
IRUHVW��FDVKHZ�WUHHV��LQ�VFUXE�MXQJOH���KRUWLFXOWXUH��
ODWHULWH� SODWHDXV� DQG� YHJHWDEOH� IDUP�� ZKLFK�
SURYLGHG� IRRG� IRU� WKH� LQVHFWV�� 2QO\� IRUHVW� DQG�
FDVKHZ�WUHHV�LQ�VFUXE�MXQJOH�ZHUH�WKH�PDLQ�QHVWLQJ�
DUHDV�IRU�WKH�LQVHFWV��7KH�SUHVHQFH�RI �DOPRVW�����
KD�IRUHVW�SDWFK��ZLWKLQ�WKH���NP�UDGLXV�IURP�WKH�
+DONDU�9LOODJH��ZDV�RI �KLJK�VLJQLILFDQFH��HVSHFLDOO\

LQ�WKH�YLFLQLW\�RI �.XPWD��D�PXQLFLSDO�WRZQ��7KH�
IRUHVW�KDV�EHHQ�XQGHU�FDUHIXO�SURWHFWLRQ�E\�WKH�
YLOODJH� FRPPXQLW\� IRU� JHQHUDWLRQV� DQG� LV�
DFFODLPHG� DV� RQH� RI � WKH� EHVW� H[DPSOHV� RI �
FRPPXQLW\�PDQDJHG�IRUHVWV�LQ�,QGLD��&KDQGUDQ�
�������7KH�ORZ�ODWHULWH�SODWHDXV�FKDUDFWHULVWLF�RI �
8WWDUD� .DQQDGD� LV� WKH� NH\� UROH� LQ� SURYLGLQJ�
IRUDJLQJ� UHVRXUFHV� IRU� KRQH\EHHV� DQG�
OHSLGRSWHUDQV� �%DODFKDQGUDQ� � ������� 7KH�HW� DO�
IRUHVWV� DQG� VFUXE� RQ� ODWHULWH� KLOOV� SURYLGHG�
KDELWDWV� IRU � &KDQJHV� LQ� ODQGVFDSH�� $�� GRUVDWD�
VWUXFWXUH�DUH�FRQVLGHUHG�WR�EH�WKH�SULPDU\�FDXVH�
RI �OLPLWDWLRQ�LQ�SROOLQDWLRQ�VHUYLFHV�LQ�DJULFXOWXUDO�
V\VWHPV��9LDQD� ��������HW�DO
� ,Q�UHWURVSHFW��SODQWV�FDQ�HVFDSH�FRPSHWLWLRQ�
E\�XWLOL]LQJ�GLIIHUHQW�SROOLQDWRU�VSHFLHV�RU�JXLOGV��
GXH� WR� VSHFLHV�VSHFLILF� IORUDO� PRUSKRORJ\� DQG�
EORRPLQJ� WLPHV�� IDYRULQJ� UHVRXUFH� SDUWLWLRQLQJ��
FRQIHUULQJ� PXWXDO� EHQHILWV� WR� ERWK� KRVWV� DQG�
SROOLQDWRUV� �3OHDVDQWV� ������ 6FKRRQKRYHQ� �HW� DO�
������� %HHV� DUH� SURPLQHQW� DPRQJ� FXFXUELW�
SROOLQDWRUV��7KH�IRUDJLQJ�VFKHGXOHV�RQ�DQ\�JLYHQ�
VSHFLHV� VKRZHG� PLQLPDO� RYHUODSSLQJ� EHWZHHQ�
GLIIHUHQW�IRUDJHUV�� WRRN� �DGYDQWDJH�RI �$��GRUVDWD��
WKH� HDUO\� PRUQLQJ� EORRPLQJ� RI � ELWWHU� JRXUG��
FRQJUHJDWHG�RQ�LW�IURP�������WR�������KRXUV��DQG�
VKLIWHG�WR�FXFXPEHU�DQG�0DQJDORUH�JRXUG�DV�WKH�
GD\�SURJUHVVHV��DOWKRXJK�LW�FRQWLQXHG�WR�IRUDJH�LQ�
OHVVHU� IUHTXHQFLHV� XQWLO� WKH� IORZHUV� FHDVHG� E\�
PLGGD\��$IWHU�FRPSOHWLQJ�WKHLU�YLVLWV�RQ�&XFXPLV�
VSS��GXULQJ�WKH�UHVW�RI �WKH�GD\�� �H[WHQGHG�$��GRUVDWD
WKHLU� IRUDJLQJ� DFWLYLW\� LQWR� WKH� QLJKW� RQ� ULGJH�
JRXUG��DOWKRXJK�LQ�OHVVHU�IUHTXHQFLHV��XS�WR�������
KRXUV��7KH� NQRZOHGJH�RQ� IRUDJLQJ� DFWLYLW\� DQG�
ORFDO�FOLPDWH�LV��LPSRUWDQW�IRU�FDUU\LQJ�RXW�PXOWL�
VSHFLHV� FURSSLQJ� RI � JRXUGV� DQG� FXFXPEHUV� WR�
REWDLQ�PD[LPXP�FURS�SURGXFWLRQ�

)LJXUH�����/DQG�XVH�HOHPHQWV�LQ�WKH�ODQGVFDSH��ZLWK���NP�UDGLXV�VXUURXQGLQJ�
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� ,QVHFW� SROOLQDWRUV� FDQ� HQKDQFH� SURGXFWLRQ�
ZLWKRXW� DGGLWLRQDO� LQSXWV� RWKHU� WKDQ� RUJDQLF�
PDQXUH�� %HHV�� PDLQO\�$�� GRUVDWD�� $�� FHUDQD� DQG�
7ULJRQD� VS�� ZHUH� WKH� PDMRU� SROOLQDWRUV� RQ� DOO�
FXFXUELWV�� H[FHSW� VQDNH� JRXUG�� 7UDGLWLRQDO�
ODQGVFDSHV�RI �FRDVWDO�8WWDUD�.DQQDGD�KDG�DOO�WKH�
QHFHVVDU\�HOHPHQWV�IRU�VKHOWHULQJ�DQG�IHHGLQJ�RI �
SROOLQDWRU�JXLOGV�ZKLFK�FR�H[LVWHG�KDUPRQLRXVO\�
ZLWK�WKH�FURSSLQJ�VFKHGXOHV�RI �WKH�ORFDO�IDUPHUV��
7KH�UDUH�VXUYLYDO�RI �KLJKO\�SURGXFWLYH�WUDGLWLRQDO�
IDUPLQJ�V\VWHP�LQ�WKH�GHQVHO\�SRSXODWHG�,QGLDQ�
ZHVW� FRDVW�� WKH� RUJDQLF� SHVWLFLGHV� DQG� WKH� ULFK�
JXLOGV�RI �SROOLQDWRUV�FDOOV�IRU�DOVR�UHH[DPLQLQJ�WKH�
VXLWDELOLW\� RI � WUDGLWLRQDO� DJULFXOWXUDO� ODQGVFDSH�
PDQDJHPHQW�V\VWHPV�

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

� :H� DUH� JUHDWO\� LQGHEWHG� WR� WKH� 15'06�
'LYLVLRQ�� 0LQLVWU\� RI � 6FLHQFH� DQG� 7HFKQRORJ\��
*RYHUQPHQW� RI � ,QGLD�� �:H� DUH� JUDWHIXO� WR� WKH�
(19,6� 'LYLVLRQ�� 0LQLVWU\� RI � (QYLURQPHQW��
)RUHVWV� DQG� &OLPDWH� &KDQJH�� *RYHUQPHQW� RI �
,QGLD�DV�ZHOO�DV�WR�,QGLDQ�,QVWLWXWH�RI �6FLHQFH�IRU�
WKH�ILQDQFLDO�DQG�LQIUDVWUXFWXUH�VXSSRUWV�

5()(5(1&(6

$EURO� '3�� ������ 3ROOLQDWLRQ� ELRORJ\�� ELRGLYHUVLW\�
FRQVHUYDWLRQ�DQG�DJULFXOWXUDO�SURGXFWLRQ��1HZ�<RUN�
�86���6SULQJHU�'RUGUHFKW�+HLGHOEHUJ������S�

%DODFKDQGUDQ�&��&KDQGUDQ�0'6��5DPDFKDQGUD�79��������
.H\VWRQH� IRRG� UHVRXUFHV� IRU� KRQH\EHHV� LQ� 6RXWK�
,QGLD� ZHVW� FRDVW� GXULQJ� PRQVRRQ�� &XUU� 6FL�
����������������

%HODYDGL� 99�� *DQHVKDLDK� .1�� ������ ,QVHFW� SROOLQDWLRQ�
PDQXDO��%DQJDORUH��,1���8QLYHUVLW\�RI �$JULFXOWXUH�
6FLHQFHV�����S�

&KDQGUDQ�0'6��������+DONDU�9LOODJH��8WWDUD�.DQQDGD��,Q��
1HHPD� 3�� HGLWRU�� &RPPXQLW\� FRQVHUYHG� DUHD� LQ�
,QGLD�DQ�RYHUYLHZ��3XQH��,QGLD���.DOSDYULNVK�SUHVV��
S���������

&RQQHU�0LFKLJDQ�� ������ +RQH\EHH� SROO LQDWLRQ�
UHTXLUHPHQWV�RI �K\EULG�FXFXPEHUV� � ��&XFXPLV VDWLYXV
0�� 6F�� 7KHVLV�� (DVW� /DQVLQJ� �86���0LFKLJDQ� 6WDWH�
8QLYHUVLW\������S�

'DQIRUWK�%1��6LSHV�6��)DQJ�-��%UDG\�6*��������7KH�KLVWRU\�
RI �HDUO\�EHH�GLYHUVLILFDWLRQ�EDVHG�RQ�ILYH�JHQHV�SOXV�
PRUSKRORJ\��3URF�1DWO�$FDG�6FL��������������

(QJHO�&(��,UZLQ�5(��������/LQNLQJ�SROOLQDWRU�YLVLWDWLRQ�UDWH�
DQG�SROOHQ�UHFHLSW��$P�-�%RW�����������

)DKULJ�/��%DXGU\�-��%URWRQV�/��%XUHO�)*��&ULVW�72��)XOOHU�5-��
6LUDPL� &�� 6LULZDUGHQD� *0�� 0DUWLQ� -�� ������
)XQFWLRQDO� ODQGVFDSH� KHWHURJHQHLW\� DQG� DQLPDO�
ELRGLYHUVLW\� LQ� DJULFXOWXUDO� ODQGVFDSHV�� (FRO� /HWW�
����������

)RRG� DQG�$JULFXOWXUDO�2UJDQL]DWLRQ�� ������)$2
V� JOREDO�
DFWLRQ� RQ� SROOLQDWLRQ� VHUYLFHV� IRU� VXVWDLQDEOH�
DJULFXOWXUH��ZZZ�IDR�RUJ�SROOLQDWLRQ�HQ

)UHH�-%��������,QVHFW�SROOLQDWLRQ�RI �FURSV��6HFRQG�HGLWLRQ��
/RQGRQ��8.���$FDGHPLF�3UHVV������S�

*UHZDO�*6�� 6LGKX�$6�� ������ ,QVHFW� SROOLQDWLRQ� RI � VRPH�
FXFXUELWV�LQ�3XQMDE��,QG�-�$JULFXO�6FL����������

+DJHQ� 0�� .UDHPHU� 0�� ������ $JULFXOWXUDO� VXUURXQGLQJV�
VXSSRUW�IORZHU�YLVLWRU�QHWZRUNV�LQ�DQ�$IURWURSLFDO�
UDLQ�IRUHVW��%LRO�&RQVHUY����������������

.HYDQ�3*��������3ROOLQDWRUV�DV�ELRLQGLFDWRUV�RI �WKH�VWDWH�RI �
WKH� HQYLURQPHQW�� VSHFLHV�� DFWLYLW\� DQG� GLYHUVLW\��
$JULF�(FRV\VW�(QYLURQ�����������

.XEHUDSSD� *&�� 5DPHVK� 5*�� 9LVKZDV� $%�� ������
3ROOLQDWRU
V�IDXQD�ZLWK�VSHFLDO�UHIHUHQFH�WR�WKH�UROH�
RI �KRQH\EHHV�LQ�ULGJH�JRXUG��/XIID�DFXWDQJXOD�/��,Q��
%LRUHVRXUFHV�FRQVHUYDWLRQ�DQG�PDQDJHPHQW���1HZ�
'HOKL� �,1��� 7RGD\� DQG� 7RPRUURZ� 3ULQWHUV� DQG�
3XEOLVKHUV��S���������

0LFKHQHU�&'��������7KH�EHHV�RI �WKH�ZRUOG��6HFRQG�HGLWLRQ��
/RQGRQ��8.���-RKQV�+RSNLQV�8QLYHUVLW\�3UHVV������
S�

1LGDJXQGL� %5�� 6DWWDJL� +1�� ������ 3ROOLQDWRU� IDXQD� DQG�
IRUDJLQJ�DFWLYLW\�RI �EHHV�LQ�ELWWHU�JRXUG�.DUQDWDND��-�
$JULF�6FL��������������

3DOPD� $'�� .XKOPDQQ� 0�� 5REHUWV� 630�� 3RWWV� 6*��
%RUJHU� /�� +XGVRQ� /1�� /\VHQNR� ,�� 1HZEROG� 7��
3XUYLV� $�� ������ (FRORJLFDO� WUDLWV� DIIHFW� WKH�
VHQVLWLYLW\� RI � EHHV� WR� ODQGXVH� SUHVVXUHV� LQ�
(XURSHDQ�DJULFXOWXUDO�ODQGVFDSHV��-�$SSO�(FRO��������
��������

3DWHHO�0&��6DWWDJL�+1��������$EXQGDQFH�RI �GLIIHUHQW�LQVHFW�
SROOLQDWRUV�YLVLWLQJ�FXFXPEHU��&XFXPLV�VDWLYXV� �/��LQ�
5DEL�6HDVRQ��.DUQDWDND��-�$JULF�6FL��������������

3DXZ� $�� ������ � &ROODSVH� RI � D� SROOLQDWLRQ� ZHE� LQ� VPDOO�
FRQVHUYDWLRQ�DUHDV��(FRORJ\������������

3OHDVDQWV� -0�� ������ &RPSHWLWLRQ� IRU� EXPEOH� EHH�
SROOLQDWRUV�LQ�5RFN\�0RXQWDLQ�SODQW�FRPPXQLWLHV��
(FRORJ\��������²���

3UDNDVK� .%�� ������ 3ROOLQDWLRQ� SRWHQWLDOLW\� RI � ,QGLDQ�
KRQH\EHH� YL]��$SLV� FHUDQD� RQ� WKH� SURGXFWLRQ� RI �
FXFXPEHU��&XFXPLV�VDWLYXV���0�6F��7KHVLV��%DQJDORUH�
�,1���8QLYHUVLW\�RI �$JULFXOWXUDO�6FLHQFHV�

5DPDFKDQGUD� 79��&KDQGUDQ�0'6�� -RVKL�19�� 6HWWXUX�%��
������ /DQG� XVH� ODQG� FRYHU� G\QDPLFV� LQ� 8WWDUD�
.DQQDGD�'LVWULFW��&HQWUDO�:HVWHUQ�*KDWV��(19,6�
7HFK�5HSRUW�����&(6��,,6F��%DQJDORUH�

��

%,27523,$�9RO�����1R���������



5HQQHU�66��3DQGH\�$.��������7KH�&XFXUELWDFHDH�RI �,QGLD��
DFFHSWHG�QDPHV��V\QRQ\PV��JHRJUDSKLF�GLVWULEXWLRQ��
DQG� LQIRUPDWLRQ� RQ� LPDJHV� DQG�'1$� VHTXHQFHV��
3K\WR.H\V�����������

5RVFKHZLW]�,��7KLHV�&��7VFKDUQWNH�7��������$UH�ODQGVFDSH�
FRPSOH[LW\�DQG�IDUP�VSHFLDOLVDWLRQ�UHODWHG�WR�ODQG�
XVH� LQWHQVLW\� RI � DQQXDO� FURS� ILHOGV"� $JU� (FRV\VW�
(QYLURQ�����������

6FKDHIHU�+��5HQQHU�66��������3K\ORJHQHWLF�UHODWLRQVKLSV�LQ�
WKH�RUGHU�&XFXUELWDOHV�DQG�D�QHZ�FODVVLILFDWLRQ�RI �WKH�
JRXUG�IDPLO\��&XFXUELWDFHDH���7D[RQ��������������

6FKRRQKRYHQ�/0��-HUP\�7��9DQ�/RRQ��--$��������,QVHFW�
SODQW�ELRORJ\��IURP�SK\VLRORJ\�WR�HYROXWLRQ��/RQGRQ�
�8.���&KDSPDQ�DQG�+DOO������S�

6FKRRQKRYHQ�/0��9DQ�/RRQ�--$��'LFNH�0��������,QVHFW�
SODQW� ELRORJ\�� 6HFRQG� HGLWLRQ�� 1HZ� <RUN� �86���
2[IRUG�8QLYHUVLW\�3UHVV�������S�

6KULYDVWDYD�8��������,QVHFW�SROOLQDWLRQ�LQ�VRPH�FXFXUELWV�,Q��
WK

SURFHHGLQJV� RI � WKH� � � LQWHUQDWLRQDO� V\PSRVLXP�
3DOP��S���������

6WHIIDQ�'HZHQWHU� ,�� .OHLQ� $0�� $OIHUW� 7�� *DHEHOH� 9��
7VFKDUQWNH�� 7�� ������ %HH� GLYHUVLW\� DQG�
SODQW²SROOLQDWRU� LQWHUDFWLRQV� LQ� IUDJPHQWHG�
ODQGVFDSHV� ,Q�� :DVHU� 10�� 2OOHUWRQ� -�� HGLWRUV��

6SHFLDOL]DWLRQ�DQG�JHQHUDOL]DWLRQ�LQ�SODQW²SROOLQDWRU�
LQWHUDFWLRQV��&KLFDJR��86���&KLFDJR�3UHVV��S������
����

6WHIIDQ�'HZHQWHU� ,��:HVWSKDO� &�� ������ 7KH� LQWHUSOD\� RI �
SROOLQDWRU� GLYHUVLW\�� SROOLQDWLRQ� VHUYLFHV� DQG�
ODQGVFDSH�FKDQJH��-�$SSO�(FRO�����������

6XEKDNDU�*�� 6UHHGHYL�.��0DQMXOD�.��5HGG\�13(�� ������
3ROOLQDWRU�GLYHUVLW\�DQG�DEXQGDQFH�LQ�ELWWHU�JRXUG��
0RPRUGLFD� FKDUDQWLD� /LQQ�� 3HVW� 0DQDJ� +RUWLFXO�
(FRV\VW������������

7UDQLHOOR� -�� ������ )RUDJLQJ� VWUDWHJLHV� RI � DQWV�� $QQ� 5HY�
(QWRPRO������������

9HUKXOVW�-��%DOGL�$��.OHLMQ�'��������5HODWLRQVKLS�EHWZHHQ�
ODQG�XVH� LQWHQVLW\� DQG� VSHFLHV� ULFKQHVV� DQG�
DEXQGDQFH� RI � ELUGV� LQ� +XQJDU\�� $JU� (FRV\VW�
(QYLURQ������������

9LDQD� %)�� %RVFROR�'�� 1HWR� (0�� /RSHV� /(�� /RSHV� $9��
)HUULHUD� 3�� 3LJR]]R�� &0�� 3ULPR� /0�� ������ +RZ�
ZHOO� GR� ZH� XQGHUVWDQG� ODQGVFDSH� HIIHFWV� RQ�
SROOLQDWRUV� DQG� SROOLQDWLRQ� VHUYLFHV"� -� 3ROOLQDW�
(FRO�������

:ROIH�/0��%DUUHWW� 6&+�� ������7HPSRUDO� FKDQJHV� LQ� WKH�
SROOLQDWRU� IDXQD� RI � WULVW\ORXV�3RQWHGHULD� FRUGDWD�� DQ�
DTXDWLF�SODQW��&DQDGLDQ�-�=RRO���������������
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