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:HVW�1LOH�YLUXV��:19��EHORQJV�WR�WKH�IODYLYLUXV�IDPLO\�DQG�LV�PDLQO\�FDUULHG�
E\� PRVTXLWRHV� RI� WKH� JHQXV� &XOH[�� 7KH� YLUXV� FDQ� FDXVH� HQFHSKDOLWLV� LQ� KXPDQV��
KRUVHV� DQG� ELUGV��1HYHUWKHOHVV�� KXPDQV�� KRUVHV�� FDWV�� GRJV�� DQG� EDWV� DUH� D� ³GHDG�
HQG´� SDWKZD\�:19� WUDQVPLVVLRQ�� DQG� ELUGV� DUH� WKH�PDLQ� UHVHUYRLU� OHDGLQJ� WR� WKH�
FLUFXODWLRQ� RI� WKH� YLUXV�� $PRQJ� SHRSOH�� WKH� PDMRULW\� RI� LQIHFWHG� SHRSOH� DUH�
DV\PSWRPDWLF�� ����H[SHULHQFH�PLOG� IOX�OLNH� V\PSWRPV�� IHYHU�� KHDGDFKH��P\DOJLD��
DUWKUDOJLD�� ZHDNQHVV� DQG� QDXVHD�� ,Q� OHVV� WKDQ� RQH� SHUVRQ� RXW� RI� ����� WKH� YLUXV�
SHQHWUDWHV�WKH�FHQWUDO�QHUYRXV�V\VWHP��ZKLFK�FDQ�FDXVH�PHQLQJLWLV��HQFHSKDOLWLV�DQG�
GHDWK��PDLQO\�ROGHU�SHRSOH�ZLWK�LPPXQRVXSSUHVVLRQ��$W�WKH�VDPH�WLPH��DOPRVW�KDOI�
RI� WKH� UHFRYHUHG� SDWLHQWV� KDYH� QHXURORJLFDO� RU� UHQDO� FRPSOLFDWLRQV�� ZKLFK� PD\�
PDQLIHVW� DIWHU� ����� PRQWKV� >���@�� 0RUHRYHU�� LQ� VRPH� SDWLHQWV� ZLWK� ZHDNHQHG�
LPPXQLW\�� WKH�:19�DQWLJHQ� DQG�51$� DUH�GHWHFWHG� LQ� WKH� FHQWUDO� QHUYRXV� V\VWHP�
VHYHUDO� \HDUV� DIWHU� LQIHFWLRQ��ZKLFK� LQGLFDWHV� D� FKURQLF� LQIHFWLRQ� >��� �@�ZLWK�PRUH�
VHULRXV�KHDOWK�FRQVHTXHQFHV��

:19� LV� WKH�PRVW� JHRJUDSKLFDOO\� ZLGHVSUHDG� IODYLYLUXV�� LW� LV� RIWHQ� IRXQG� LQ�
$IULFD�� WKH� 0LGGOH� (DVW�� 6RXWK� $VLD�� &KLQD�� $XVWUDOLD�� 1RUWK� $PHULFD�� 6RXWK�
$PHULFD��(XURSH�� LQ�VRXWKHUQ�SDUWV�RI�5XVVLD�DQG� LQ�6LEHULD��&DVHV�RI�GHWHFWLRQ�RI�
:19�RU�DQWLERGLHV� WR� WKH�YLUXV�ZHUH� UHFRUGHG� LQ�&DPERGLD��0DOD\VLD�� ,QGRQHVLD��
0\DQPDU�DQG�WKH�3KLOLSSLQHV�>����@��$W� WKH�VDPH�WLPH�� WR�GDWH�WKHUH�LV�QR�GDWD�RQ�
WKH�FLUFXODWLRQ�RI�:19�LQ�9LHWQDP��DOWKRXJK�WKH�UDQJH�RI�GLVWULEXWLRQ�RI�PRVTXLWRHV�
RI�WKH�JHQXV�&XOH[�LQFOXGHV�WKLV�WHUULWRU\��,Q�DOO�OLNHOLKRRG��WKLV�LV�GXH�WR�WKH�IDFW�WKDW�
LQ� PRVW� FDVHV�� QR� V\PSWRPV� RFFXU� GXULQJ� LQIHFWLRQ� RU� WKH� GLVHDVH� SURFHHGV� YHU\�
PLOGO\��$W�WKH�VDPH�WLPH��WKH�V\PSWRPV�RI�WKH�GLVHDVH�DUH�LQ�PDQ\�ZD\V�VLPLODU�WR�
WKH�V\PSWRPV�RI�GHQJXH�IHYHU�DQG�-DSDQHVH�HQFHSKDOLWLV�HQGHPLF�LQ�9LHWQDP��ZKLFK�
FDQ� OHDG� WR� DQ� LQFRUUHFW� GLDJQRVLV�� ,Q� WKLV� ZRUN�� IRU� WKH� ILUVW� WLPH�� ZH� LGHQWLILHG�
:19�51$�LQ�VDPSOHV�IURP�SRXOWU\�LQ�9LHWQDP��

���0$7(5,$/�$1'�0(7+2'6�

�����6DPSOH�FROOHFWLRQ

/XQJ� KRPRJHQDWHV� IURP� ��� GHFHDVHG� GRPHVWLF� ELUGV� �FKLFNHQV� DQG� GXFNV��
FROOHFWHG� LQ� ���������� RQ� WKH� WHUULWRU\� RI� 4XDQJ� 7Uӏ�� 1JKH� $Q�� DQG� +D� 7LQK�
SURYLQFHV�ZHUH�WDNHQ�LQWR�WKH�ZRUN�

�����5HVHDUFK�PHWKRGV�

�������6DPSOH�SUHSDUDWLRQ�IRU�QH[W�JHQHUDWLRQ�VHTXHQFLQJ
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/XQJ�KRPRJHQDWHV�ZHUH�FHQWULIXJHG�DW������J�IRU���PLQ�DW���&��WKH�VXSHUQDWDQW�
ZDV�WDNHQ�IRU�DQDO\VLV��1H[W��WKH�VDPSOHV�ZHUH�WUHDWHG�ZLWK�%HQ]RQD]H��6LJPD��86$��
>��@�� 7RWDO� 51$� ZDV� H[WUDFWHG� XVLQJ� ([WUDFW� 51$� 5HDJHQW� �(YURJHQ�� 5XVVLD��
DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU
V�SURWRFRO��7KH�DTXHRXV�SKDVH�REWDLQHG�DIWHU�WKH�DGGLWLRQ�
RI�FKORURIRUP�DQG�VXEVHTXHQW�FHQWULIXJDWLRQ�ZDV�FROOHFWHG�DQG�GLOXWHG�����ZLWK�IUHVKO\�
SUHSDUHG�����HWKDQRO�DQG�SXULILHG�RQ�&OHDQXS�0LQL�VSLQ�FROXPQV��(YURJHQ��5XVVLD���
F'1$�OLEUDULHV�IRU�1*6�ZHUH�SUHSDUHG�XVLQJ�1(%1H[W�8OWUD�58�/LEUDU\�3UHS�.LW�ILUVW�
DQG� VHFRQG� VWUDQG� V\QWKHVLV� PRGXOHV� �1HZ� (QJODQG� %LRODEV�� 86$��� 7KH� REWDLQHG�
GRXEOH�VWUDQGHG�'1$�ZDV�SXULILHG� IURP� WKH�SURGXFWV�RI� WKH� UHDFWLRQ�PL[WXUH�EHIRUH�
VHTXHQFLQJ� XVLQJ� WKH� &OHDQXS� 6�&XS� NLW� �(YURJHQ�� 5XVVLD��� 7KH� FRQFHQWUDWLRQ� RI�
GV'1$�VDPSOHV�IRU�1*6�VHTXHQFLQJ�ZDV�DW�OHDVW�����QJ�SHU�VDPSOH�

�������'HWHUPLQDWLRQ�RI�'1$�QXFOHRWLGH�VHTXHQFHV��

/LEUDULHV� RI� GV'1$� ZHUH� DQDO\]HG� E\� 1*6� RQ� D� 0L6HT� VHTXHQFHU� XVLQJ�
,OOXPLQD� WHFKQRORJ\� �,OOXPLQD�� 86$��� 'DWD� DQDO\VLV� XVHG� &XWDGDSW� �YHUVLRQ� ������
DQG� 6$0WRROV� �YHUVLRQ� �������� WR� UHPRYH� WKH� ,OOXPLQD� DGDSWHUV� DQG� UH�UHDG�� 7KH�
FRQWLJV�ZHUH�DVVHPEOHG�GH�QRYR�XVLQJ�WKH�0,5$�DVVHPEOHU��YHUVLRQ���������

�������3K\ORJHQHWLF�DQDO\VLV�

0XOWLSOH�VHTXHQFH�DOLJQPHQW�ZDV�SHUIRUPHG� LQ�0(*$�;��368��86$��XVLQJ�
WKH�0XVFOH� LWHUDWLYH� DOLJQPHQW�PHWKRG�� 3K\ORJHQHWLF� WUHHV�ZHUH� FRQVWUXFWHG� XVLQJ�
WKH�PD[LPXP� OLNHOLKRRG� PHWKRG� XVLQJ� ����� UHSHWLWLRQV�� 1XFOHRWLGH� VHTXHQFHV� RI�
YDULRXV�:19�VWUDLQV�WDNHQ�IURP�WKH�*HQ%DQN�GDWDEDVH�ZHUH�XVHG�IRU�FRPSDULVRQ��

���5(68/76�$1'�',6&866,21

�����6HTXHQFHDQDO\VLV��

8VLQJ�UDQGRP�DPSOLILFDWLRQ�LQ�FRPELQDWLRQ�ZLWK�QH[W�JHQHUDWLRQ�VHTXHQFLQJ��
WKH�VSHFLHV�RI�ELUGV�FROOHFWHG�LQ�����������RQ�WKH�WHUULWRU\�RI�4XDQJ�WUӏ��1JKH�$Q��
DQG� +D� 7LQK� SURYLQFHV� ZDV� FKDUDFWHUL]HG�� ,Q� �� OXQJ� VDPSOHV� RI� WKH� ��� FKLFNHQV�
FROOHFWHG�LQ�1JKH�$Q�SURYLQFH�LQ�������:19�51$�ZDV�GHWHFWHG��7KH�OHQJWK�RI�WKH�
FRQILGHQW� UHDGLQJ�RI� WKH�16��JHQH� IUDJPHQW�ZDV�����QXFOHRWLGHV� �)LJ����� ,Q�RWKHU�
VDPSOHV�� :19� 51$� ZDV� QRW� GHWHFWHG�� 3K\ORJHQHWLF� DQDO\VLV� VKRZHG� WKDW� RQH�
LVRODWH��LVRODWH�����EHORQJV�WR�OLQHDJH��D�DQG�WZR�LVRODWHV��LVRODWHV��������EHORQJ�WR�
OLQHDJH����,VRODWH�����*HQ%DQN��23��������KDG�WKH�JUHDWHVW�KRPRORJ\�ZLWK�LVRODWHV�
01������� �7RPVN�� 5XVVLD��� $<�������� $<�������� $)������� �9ROJRJUDG��
5XVVLD���*4������� �1LJHULD���$)������� �5RPDQLD���0+������� �86$��� ,VRODWH���
�*HQ%DQN�� 23�������� KDG� WKH� PD[LPXP� KRPRORJ\� ZLWK� LVRODWHV� /5��������
/5������� �*HUPDQ\��� 07�������� 0.�������� 01�������� 01��������
01���������� 01���������� 0+������� �*UHHFH��� 0+�������� 0+�������
�6ORYDNLD��� 0)�������� 0)�������� 0)������� �$XVWULD��� .;�������� .7�������
�6HUELD��� ,VRODWH� ��� �*HQ%DQN�� 23�������� ZDV� PRVW� KRPRORJRXV� WR� LVRODWH�
$<��������,VUDHO��DQG�WR�D�OHVVHU�H[WHQW�WR�LVRODWHV�-;��������8NUDLQH���'4�������
�6HQHJDO��� +0������� �'HPRFUDWLF� 5HSXEOLF� RI� WKH� &RQJR��� 01��������
01������� �*UHHFH��� 0)������� �$XVWULD��� .7������� �6HUELD��� .8�������
�%XOJDULD���.7��������+XQJDU\����
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)LJXUH����3K\ORJHQHWLF�WUHH�FRQVWUXFWHG�E\�WKH�PD[LPXP�OLNHOLKRRG�PHWKRG�IRU�WKH�
16��IUDJPHQW�RI�WKH�:HVW�1LOH�YLUXV�JHQH������QXFOHRWLGHV�ORQJ��7KH�VWXGLHG�

VHTXHQFHV�DUH�LQGLFDWHG�E\�D�EODFN�VTXDUH��6XSSRUW�LQGLFHV�DUH�FDOFXODWHG�IRU������
UHSHWLWLRQV��-DSDQHVH�HQFHSKDOLWLV�YLUXV�VWUDLQ�1&�������ZDV�XVHG�WR�URRW�WKH�WUHH��

� :KHQ� DQDO\]LQJ� WKH� VHTXHQFHV� FORVHVW� WR� WKH� RQHV� ZH� IRXQG� LQ� %/$67�� LW�
WXUQHG� RXW� WKDW� LQ� LVRODWH� ���PRUH� WKDQ� ���� RI� WKH� FORVHVW� VHTXHQFHV� KRPRORJ\� RI�
PRUH� WKDQ� ����� ,Q� LVRODWH� ���� WKH� KRPRORJ\� RI� WKH� FORVHVW� VHTXHQFHV� YDULHG� IURP�
�������WR���������)RU�LVRODWH�����RQO\�RQH�LVRODWH�KDG�D�KRPRORJ\�RI���������WKUHH�
LVRODWHV� KDG� D� KRPRORJ\� RI� �������� DPRQJ� WKH� RWKHU� PRUH� WKDQ� ���� FORVHVW�
VHTXHQFHV�� WKH� KRPRORJ\� ZDV� EHORZ� ����� 7KH� SUHVHQFH� RI� RQO\� RQH� LVRODWH� ZLWK�
KLJK�KRPRORJ\�ZLWK� VXFK�D� VKRUW� IUDJPHQW�PD\� LQGLFDWH� WKDW� WKLV� LVRODWH� GRHV� QRW�
KDYH�HYROXWLRQDU\�DGYDQWDJHV�WKDW�DOORZ�LW� WR�DFWLYHO\�VSUHDG��+RZHYHU�� WR� WHVW� WKLV�
K\SRWKHVLV��LW�LV�QHFHVVDU\�WR�REWDLQ�JHQRPH�ZLGH�VHTXHQFHV��
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�����:19�GLVWULEXWLRQ�RI�LQ�6RXWKHDVW�$VLD

7KH�GDWD�REWDLQHG�LQ�WKH�ZRUN�LQGLFDWHG�WKDW�LQ�������LVRODWHV�RI�:19�OLQHDJHV�
�D����ZHUH�FLUFXODWLQJ�LQ�WKH�WHUULWRU\�RI�1JKH�$Q�SURYLQFH��:19�VWUDLQV�RI�OLQHDJHV�
�D�DQG���DUH�WKH�PRVW�HSLGHPLRORJLFDOO\�VLJQLILFDQW�DQG�FDXVH�WKH�JUHDWHVW�QXPEHU�RI�
KXPDQ�GLVHDVHV�LQ�(XURSH��$VLD�DQG�$IULFD��7KLV�LV�WKH�ILUVW�GDWD�RQ�WKH�GHWHFWLRQ�RI�
:19� LQ� 9LHWQDP�� ZKLFK� PD\� LQGLFDWH� LWV� SRVVLEOH� SHQHWUDWLRQ� IURP� QHDUE\�
FRXQWULHV��VLQFH�FDVHV�RI�GHWHFWLRQ�RI�:19�RU�DQWLERGLHV�WR�WKH�:19�ZHUH�UHFRUGHG�
LQ�PDQ\�FRXQWULHV�RI�6RXWKHDVW�$VLD��,Q�,QGRQHVLD��LQ�WKH�VHUXP�RI�D����\HDU�ROG�ER\�
WDNHQ�LQ�������D�:19�LVRODWH�EHORQJLQJ�WR�OLQHDJH���ZDV�GHWHFWHG��$W�WKH�VDPH�WLPH��
WKH�KLJKHVW�KRPRORJ\�ZDV�QRWHG�ZLWK�LVRODWHV�QRW�IURP�$XVWUDOLD��EXW�IURP�8JDQGD��
ZKLFK� LQGLFDWHV�DQ�HYHU�ZLGHU�JHRJUDSKLFDO�GLVWULEXWLRQ�RI�DUERYLUXVHV� >��@��:19�
OLQHDJH��E�ZDV�LVRODWHG�LQ�0DOD\VLD�LQ�WKH�VWDWH�RI�6DUDZDN�LQ������>�@��ZKLOH� WKLV�
VWUDLQ� LV� VR� GLIIHUHQW� IURP� RWKHU� OLQHDJH� �E� VWUDLQV� LGHQWLILHG� LQ�$XVWUDOLD� WKDW� LW� LV�
QRZ�FODVVLILHG�DV�D�OLQHDJH���VWUDLQ��7KLV�PD\�LQGLFDWH�WKDW� WKLV�VWUDLQ�KDV�GLYHUJHG�
IURP� $XVWUDOLDQ� VWUDLQV� IRU� D� ORQJ� WLPH� DQG� FRXOG� KDYH� EHHQ� FLUFXODWLQJ� LQ� WKLV�
WHUULWRU\� IRU� D� ORQJ� WLPH� >�@�� &XUUHQWO\��*HQ%DQN� KDV� GHSRVLWHG� DW� OHDVW� ���:19�
VHTXHQFHV�IURP�0DOD\VLD�IRXQG�LQ�&XOH[�PRVTXLWRHV��ZLOG�ELUGV��DQG�EDWV��$�VWXG\�
XVLQJ� VHURORJLFDO� WHVWV� SHUIRUPHG� LQ� ����� VKRZHG� WKH� SUHVHQFH� RI� QHXWUDOL]LQJ�
DQWLERGLHV�WR�:19�LQ�GRPHVWLF�GXFNV�DQG�FKLFNHQV�LQ�WKUHH�SURYLQFHV�RI�&DPERGLD�
>�@�� 9LHWQDP� DQG� &DPERGLD� VKDUH� D� FRPPRQ� ERUGHU�� UHVSHFWLYHO\�� LQIHFWHG�
PRVTXLWRHV�DQG�WLFNV��ZKLFK�DUH�OHVV�FRPPRQ��EXW�DOVR�LQYROYHG�LQ�WKH�WUDQVPLVVLRQ�
RI� :19� >��@�� FDQ� WUDYHO� EHWZHHQ� WKH� WZR� FRXQWULHV� E\� PHDQV� RI� WUDQVSRUW��
FRQWULEXWLQJ�WR�WKH�VSUHDG�RI�WKH�YLUXV��7KH�LQWURGXFWLRQ�RI�:19�LQWR�WKH�WHUULWRU\�RI�
9LHWQDP�E\�ZLOG�ELUGV�LV�DOVR�SRVVLEOH��8QOLNH�KXPDQV��KRUVHV��FDWV��GRJV��DQG�EDWV��
ZKLFK�UHSUHVHQW�D�GHDG�HQG�SDWK��ELUGV�KDYH�D�KLJK�YLUHPLD��GXH�WR�ZKLFK�WKH\�DUH�
DEOH� WR� WUDQVPLW�:19� QRW� RQO\� WR� PRVTXLWRHV�� EXW� DOVR� WR� RWKHU� ELUGV� >��@�� ,W� LV�
SRVVLEOH� WKDW�:19�KDV�EHHQ�FLUFXODWLQJ� LQ�9LHWQDP�IRU� D� ORQJ� WLPH�DQG� UHPDLQHG�
XQGHWHFWHG� GXH� WR� WKH� SUHGRPLQDQWO\� DV\PSWRPDWLF� RU� YHU\� PLOG� FRXUVH� RI� WKH�
GLVHDVH�� 7KH� KHDOWK� FDUH� V\VWHP� LV� IRFXVLQJ� RQ� RWKHU� IODYLYLUXVHV� WKDW� DUH� YHU\�
HQGHPLF�LQ�9LHWQDP��GHQJXH�YLUXV�DQG�-DSDQHVH�HQFHSKDOLWLV�YLUXV��7KH�VLPLODULW\�RI�
V\PSWRPV� LQ� D� ODUJH� QXPEHU� RI� SDWLHQWV� LQIHFWHG�ZLWK� WKHVH� YLUXVHV�PD\� LQWHUIHUH�
ZLWK�WKH�DFFXUDWH�GLIIHUHQWLDO�GLDJQRVLV�RI�:19��,Q�DGGLWLRQ��WKHVH�YLUXVHV�EHORQJ�WR�
WKH� VDPH� IDPLO\�� DQG� LQ� (/,6$� WHVWV� DQG� LQ� UDSLG� WHVWV�� IDOVH� SRVLWLYH� UHVXOWV� DUH�
SRVVLEOH�ZKHQ�WKH�:19�DQWLJHQ�FDQ�LQWHUDFW�ZLWK�DQWLERGLHV�WR�GHQJXH�DQG�-DSDQHVH�
HQFHSKDOLWLV�YLUXVHV��ZKLFK��DFFRUGLQJO\��ZLOO�OHDG�WR�DQ�LQFRUUHFW�GLDJQRVLV��

$OWKRXJK� PRVW� FDVHV� RI� :HVW� 1LOH� IHYHU� DUH� DV\PSWRPDWLF� RU� PLOG�� WKH�
LGHQWLILHG�LVRODWHV�DUH�RI�OLQHDJHV��D�DQG����ZKLFK�DUH�SDWKRJHQLF�WR�KXPDQV�DQG�DUH�
UHVSRQVLEOH� IRU� RXWEUHDNV� LQ� (XURSH� DQG� 1RUWK� $PHULFD�� &XUUHQWO\�� QRYDFFLQH�
DJDLQVW� :19� KDV� EHHQ� GHYHORSHG�� WKHUH� LV� QR� VSHFLILF� WUHDWPHQW�� WKHUHIRUH�� RQO\�
DQWL�HSLGHPLF�PHDVXUHV�DUH�DSSOLFDEOH� IRU�FRQWURO��ZKLFK�� LQ�SDUWLFXODU�� UHTXLUH� WKH�
FUHDWLRQ� RI� HIIHFWLYH� WHVW� V\VWHPV� IRU� DFFXUDWH� GLDJQRVLV� DQG� GHWHUPLQDWLRQ� RI� WKH�
GLVWULEXWLRQ�DUHD�RI�WKLV�YLUXV�
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���&21&/86,216�

)RU�WKH�ILUVW�WLPH��GDWD�ZHUH�REWDLQHG�RQ�WKH�GHWHFWLRQ�RI�:HVW�1LOH�YLUXV�51$�
LQ�GHFHDVHG�ELUGV�XVLQJ�WKH�1*6�PHWKRG�LQ�9LHWQDP��:19�51$�ZDV�IRXQG�LQ�WKUHH�
OXQJ�VDPSOHV�RI�FKLFNHQV�IURP�1JKH�$Q�SURYLQFH�FROOHFWHG�LQ�������2QH�VHTXHQFH�
EHORQJHG� WR� OLQHDJH� �D�� WZR� VHTXHQFHV� EHORQJHG� WR� OLQHDJH� ��� 7KH� LVRODWHV� RI�
OLQHDJHV� �D� DQG��� DUH� UHVSRQVLEOH� IRU�PDQ\�:19�RXWEUHDNV� LQ�(XURSH� DQG�1RUWK�
$PHULFD� DQG� WKHUHIRUH� UHTXLUH� FORVH� DWWHQWLRQ�� )XUWKHU� PRQLWRULQJ� RI� :19� LQ�
PRVTXLWRV��ELUGV�DQG�KXPDQV�LV�QHHGHG�LQ�9LHWQDP��

5()(5(1&(6�

�� 1RODQ�0��6���HW�DO���3UHYDOHQFH�RI�FKURQLF�NLGQH\�GLVHDVH�DQG�SURJUHVVLRQ�RI�
GLVHDVH� RYHU� WLPH� DPRQJ� SDWLHQWV� HQUROOHG� LQ� WKH� +RXVWRQ� ZHVW� 1LOH� YLUXV�
FRKRUW��3/R6�2QH������������������

�� 6DGHN� -�� 5��� HW� DO���3HUVLVWHQW� QHXURSV\FKRORJLFDO� LPSDLUPHQW� DVVRFLDWHG�ZLWK�
:HVW�1LOH�YLUXV�LQIHFWLRQ��-��&OLQ��([S��1HXURSV\FKRO����������������������

�� &RRN�5��/���HW�DO���'HPRJUDSKLF�DQG�FOLQLFDO�IDFWRUV�DVVRFLDWHG�ZLWK�SHUVLVWHQW�
V\PSWRPV� DIWHU� :HVW� 1LOH� YLUXV� LQIHFWLRQ�� $PHULFDQ� -RXUQDO� RI� 7URSLFDO�
0HGLFLQH�DQG�+\JLHQH�������������������������

�� &DUVRQ� 3�� -��� HW� DO��� /RQJ�WHUP� FOLQLFDO� DQG� QHXURSV\FKRORJLFDO� RXWFRPHV� RI�
:HVW�1LOH�YLUXV�LQIHFWLRQ��&OLQLFDO�,QIHFWLRXV�'LVHDVHV�����������������������

�� 0XUUD\�.��� HW�DO���3HUVLVWHQW� LQIHFWLRQ�ZLWK�:HVW�1LOH�YLUXV�\HDUV�DIWHU� LQLWLDO�
LQIHFWLRQ��-RXUQDO�RI�,QIHFWLRXV�'LVHDVHV��������������������

�� 3HQQ� 5�� *��� HW� DO��� 3HUVLVWHQW� QHXURLQYDVLYH� ZHVW� QLOH� YLUXV� LQIHFWLRQ� LQ� DQ�
LPPXQRFRPSURPLVHG�SDWLHQW��&OLQLFDO�,QIHFWLRXV�'LVHDVHV�����������������������

�� $XHUVZDOG�+���HW�DO���6HURORJLFDO�HYLGHQFH�IRU�-DSDQHVH�HQFHSKDOLWLV�DQG�:HVW�
1LOH�9LUXV� LQIHFWLRQV� LQ�'RPHVWLF�%LUGV� LQ�&DPERGLD��)URQW��9HW��6FL���������
�������

�� %RZHQ� (�� 7�� :��� HW� DO��� $UERYLUXV� LQIHFWLRQV� LQ� VDUDZDN�� 7KH� LVRODWLRQ� RI�
NXQMLQ� YLUXV� IURP�PRVTXLWRHV� RI� WKH� FXOH[� SVHXGRYLVKQXL� JURXS�� $QQ�� 7URS��
0HG��3DUDVLWRO������������������������

�� 0DF.HQ]LH�-��6���:LOOLDPV�'��7���7KH�]RRQRWLF�IODYLYLUXVHV�RI�VRXWKHUQ��VRXWK�
HDVWHUQ�DQG�HDVWHUQ�$VLD��DQG�DXVWUDODVLD��7KH�SRWHQWLDO�IRU�HPHUJHQW�YLUXVHV��
=RRQRVHV�DQG�3XEOLF�+HDOWK�������������������������

��� 0\LQW�.��6��$���HW�DO���6KRUW�UHSRUW��:HVW�1LOH�YLUXV�GRFXPHQWHG�LQ�,QGRQHVLD�
IURP�DFXWH�IHEULOH� LOOQHVV� VSHFLPHQV��$PHULFDQ�-RXUQDO�RI�7URSLFDO�0HGLFLQH�
DQG�+\JLHQH�����������������������

��� 5DR�7��5���,PPXQRORJLFDO�VXUYH\V�RI�DUERYLUXV�LQIHFWLRQV�LQ�6RXWK�(DVW�$VLD��
ZLWK�VSHFLDO�UHIHUHQFH�WR�GHQJXH��FKLNXQJXQ\D��DQG�.\DVDQXU�)RUHVW�GLVHDVH��
%XOOHWLQ�RI�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�������������������������
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��� 5RGJHUV�0�� $��� HW� DO��� 6HQVLWLYH� QH[W�JHQHUDWLRQ� VHTXHQFLQJ� PHWKRG� UHYHDOV�
GHHS�JHQHWLF� GLYHUVLW\� RI�+,9��� LQ� WKH� GHPRFUDWLF�5HSXEOLF� RI� WKH�&RQJR�� -��
9LURO����������������������

��� /DZULH� &�� +��� HW� DO��� ,[RGLG� DQG� DUJDVLG� WLFN� VSHFLHV� DQG� :HVW� 1LOH� YLUXV��
(PHUJ��,QIHFW��'LV��������������������������

��� *DPLQR�9���+|IOH�8���3DWKRORJ\�DQG�WLVVXH�WURSLVP�RI�QDWXUDO�:HVW�1LOH�YLUXV�
LQIHFWLRQ�LQ�ELUGV��$�UHYLHZ��9HWHULQDU\�5HVHDUFK���������������������
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&DVHV�RI�GHWHFWLRQ�RI�51$�RU�(/,6$�PDUNHUV�RI�:HVW�1LOH�YLUXV��:19��KDYH�
EHHQ�UHFRUGHG�LQ�PDQ\�FRXQWULHV�RI�6RXWKHDVW�$VLD��$W�WKH�VDPH�WLPH��WKHUH�ZHUH�QR�
UHSRUWV� RI� RXWEUHDNV� RI� IHYHUV� FDXVHG� E\� :19�� 3HUKDSV� WKLV� LV� GXH� WR� WKH�
DV\PSWRPDWLF�RU�YHU\�PLOG�FRXUVH�RI�WKH�GLVHDVH�RU�WR�WKH�IRFXV�RI�WKH�KHDOWK�V\VWHPV�
RI� WKHVH�FRXQWULHV�RQ�RWKHU�YLUDO�IHYHUV��,Q�WKLV�ZRUN��IRU� WKH�ILUVW� WLPH�LQ�9LHWQDP��
:HVW�1LOH� YLUXV� �:19��51$�ZDV� GHWHFWHG� LQ� SRXOWU\��:19�51$�ZDV� IRXQG� LQ�
WKUHH� OXQJ� VDPSOHV� RI� FKLFNHQV� IURP� 1JKH� $Q� SURYLQFH� FROOHFWHG� LQ� ������ 7KH�
LVRODWHV� EHORQJHG� WR� OLQHDJHV� �D� DQG� ��� UHVSRQVLEOH� IRU� PDQ\�:19� RXWEUHDNV� LQ�
(XURSH�DQG�1RUWK�$PHULFD�DQG�WKHUHIRUH�UHTXLUH�FORVH�DWWHQWLRQ��

.H\ZRUGV��7UDQVPLVVLEOH�LQIHFWLRQV��:HVW�1LOH�YLUXV��9LHWQDP��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

���� )%81�6WDWH�5HVHDUFK�&HQWHU� IRU�9LURORJ\�DQG�%LRWHFKQRORJ\� �9HFWRU�� RI�
5RVSRWUHEQDG]RU��.ROWVRYR��1RYRVLELUVN�UHJLRQ��5XVVLD��
���� -RLQW� 5XVVLD�9LHWQDP� 7URSLFDO� VFLHQFH� DQG� WHFKQRORJ\� UHVHDUFK� FHQWHU��
+DQRL��9LHWQDP��

/LrQ�K͏��5RPDQ�%RULVRYLFK�%D\DQGLQ

5XVVLD��1RYRVLELUVN�REODVW��.ROWVRYR��)%81�65&�9%�³9HFWRU´�
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