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,QWURGXFWLRQ��7KH�FOLQLFDO�DQG�HSLGHPLRORJLFDO�DVSHFWV�DVVRFLDWHG�ZLWK�3RUWXJXHVH�PDQ�RI�ZDU�HQYHQRPDWLRQ�ZHUH�LQYHVWLJDWHG�
DQG�FKDUDFWHUL]HG��0HWKRGV��'DWD�IURP�UHFRUGHG�HQYHQRPDWLRQ�HYHQWV�EHWZHHQ������DQG������ZHUH�SURYLGHG�E\�WKH�*%0DU�
�*URXS�RI�)LUHPHQ�0DULWLPH�RI�0DUDQKmR�6WDWH��DQG�6(086&��0XQLFLSDO�6HFUHWDU\�RI�6HFXULW\�ZLWK�&LWL]HQVKLS���5HVXOWV�
0RVW�YLFWLPV�ZHUH�FKLOGUHQ��DQG�FOLQLFDO�PDQLIHVWDWLRQV�LQFOXGHG�LQWHQVH�SDLQ��HGHPD��HU\WKHPD��DQG�UDUH�V\VWHPLF�PDQLIHVWDWLRQV��
&RQFOXVLRQV��7KH�HQYHQRPDWLRQ�HYHQWV�ZHUH�SUHGLFWDEOH�DQG�EDVHG�RQ�SDWWHUQV�LQYROYLQJ�PXOWLSOH�IDFWRUV��HQYLURQPHQWDO�DQG�
RU�KXPDQ�EHKDYLRU���KRZHYHU��WKH�LQLWLDOO\�DSSOLHG�PHDVXUHV�GLG�QRW�PDWFK�WKH�FXUUHQW�UHFRPPHQGDWLRQV�RI�WKH�+HDOWK�0LQLVWU\�
RI�%UD]LO�

.H\ZRUGV��'DQJHURXV�PDULQH�DQLPDOV��&QLGDULDQV��%LWHV�DQG�VWLQJV�

7KH� OHLVXUH� DQG�ZRUN� DTXDWLF� DFWLYLWLHV� SHUIRUPHG� DORQJ�
WKH�%UD]LOLDQ� FRDVWV� KDYH� OHG� WR� IUHTXHQW� LQMXULHV� FDXVHG�E\�
PDULQH� RUJDQLVPV����� 7KH� JURZLQJ� SUHVHQFH� RI� KXPDQV� LQ�
DTXDWLF�HQYLURQPHQWV�KDV�LQFUHDVHG�WKH�SUREDELOLW\�RI�FRQWDFW�
ZLWK�WKHVH�RUJDQLVPV��DV�ZHOO�DV�LQFUHDVHG�ULVNV�RI�WUDXPD�DQG�
HQYHQRPDWLRQ���� �����$GGLWLRQDOO\�� VWXGLHV�KDYH�VKRZQ� WKDW� WKH�
LQMXULHV�ZHUH�PRVWO\�LQFXUUHG�E\�PRUH�YXOQHUDEOH�LQGLYLGXDOV�
DQG�ZHUH�PDLQO\�DWWULEXWHG�WR�D�ODFN�RI�LQIRUPDWLRQ�RU�FRPSOHWH�
XQDZDUHQHVV�DERXW�WKHVH�RUJDQLVPV����

,Q�%UD]LO��LQMXULHV�FDXVHG�E\�PDULQH�DQLPDOV�DUH�FRQVLGHUHG�
D� SXEOLF� KHDOWK� LVVXH�� JLYHQ� WKH� QXPEHU� DQG� VHYHULW\� RI�
HQYHQRPDWLRQ�FDVHV�����7KHVH�LQMXULHV�FDQ�FDXVH�VHTXHODH�VXFK�

�����
,QMXULHV�FDXVHG�E\�FQLGDULDQV��SDUWLFXODUO\�WKH�3RUWXJXHVH�PDQ�
RI�ZDU��3K\VDOLD�SK\VDOLV���IUHTXHQWO\�DIIHFW�EHDFKJRHUV�DORQJ�
WKH� QRUWKHDVWHUQ� FRDVW���� �����7KH� IUHTXHQF\� RI� HQYHQRPDWLRQ�
YDULHV� WKURXJKRXW� WKH� \HDU�� DV� KLJKHU� QXPEHUV� RI� FQLGDULDQ�
FRORQLHV�DUH�DEOH�WR�UHDFK�WKH�EHDFKHV�LQ�VRPH�PRQWKV��������

7KH�3RUWXJXHVH�PDQ�RI�ZDU� LV� D� FRORQLDO� RUJDQLVP� WKDW�
EHORQJV� WR� WKH� 3K\OXP�&QLGDULD�� ,WV�PDLQ� IHDWXUHV� DUH� WKH�

SUHVHQFH� RI� D� JDV� EODGGHU�� RU� SQHXPDWRSKRUH�� DQG� VHYHUDO�
WHQWDFOHV� FRPSULVLQJ� W\SLFDO� FHOO� SRSXODWLRQV�ZLWK� GLIIHUHQW�
IXQFWLRQV� �GDFW\OR]RRLG�� JDVWUR]RRLG�� DQG� JRQR]RRLG���
0RUSKRORJLFDOO\��WKH�3RUWXJXHVH�PDQ�RI�ZDU�H[KLELWV�YLEUDQW�
FRORULQJ�WKDW�PD\�YDU\�IURP�JUHHQ�WR�OLODF����

&QLGDULDQV�DUH�IHDUHG�EHFDXVH�WKH\�SRVVHVV�FQLGRF\WHV��RU�
VSHFLDO�GHIHQVH�DQG�DWWDFN�FHOOV��7KHVH�VRSKLVWLFDWHG�FHOOV�IHDWXUH�
DQ� DSSDUDWXV� IRU� YHQRP� LQRFXODWLRQ�� WKH� FQLGDV� �HVSHFLDOO\�
QHPDWRF\VWV���7KH�YHQRP�FRPSULVHV�D�FRPSOH[�PL[�RI�WR[LF�
SRO\SHSWLGHV� DQG�KLJK�PROHFXODU�ZHLJKW� HQ]\PHV�� LQFOXGLQJ�
PHWK\O�DPPRQLXP�K\GUR[LGH��VHURWRQLQ��DQG�KLVWDPLQH����

,Q� KXPDQ� EHLQJV�� W\SLFDO� OHVLRQV� WKDW� DULVH� LPPHGLDWHO\�
DIWHU�FRQWDFW�ZLWK�D�3RUWXJXHVH�PDQ�RI�ZDU��L�H���ZKLOH�VWLOO�LQ�
WKH�ZDWHU��LQFOXGH�OLQHDU�SODTXHV�ZLWK�DQ�XUWLFDULIRUP�DVSHFW��
GXH� WR�HGHPD�DQG�HU\WKHPD��DQG�H[FUXFLDWLQJ�SDLQ�� ,Q� VRPH�
FDVHV��HQYHQRPDWLRQ�FDQ�LQGXFH�V\VWHPLF�PDQLIHVWDWLRQV�VXFK�
DV� QDXVHD� DQG� YRPLWLQJ�� FROG� VZHDWLQJ�� FDUGLDF� DUUK\WKPLD��
V\QFRSH��DQG�GHDWK��,Q�DGGLWLRQ��DOOHUJLF�UHVSRQVHV�WR�YHQRP�
PD\�PDQLIHVW�DV�DQDSK\ODFWLF�VKRFN�� OHDGLQJ�WR�GHDWK�ZLWKLQ�
PLQXWHV�����������������7KH�DERYH�GHVFULEHG�ULVNV�DQG�JOREDO�VSUHDG�
RI� WKLV� VSHFLHV�KDYH� OHG� WR� LWV�GHVLJQDWLRQ�DV�D�SXEOLF�KHDOWK�
LVVXH�ZRUOGZLGH����� (QYHQRPDWLRQ� RXWEUHDNV� KDYH� DOUHDG\�
EHHQ�UHJLVWHUHG�LQ�$XVWUDOLD��&KLOH��3RUWXJDO��6SDLQ��DQG�1HZ�
=HDODQG������ ,Q�%UD]LO�� RXWEUHDNV� KDYH� EHHQ� REVHUYHG� LQ� WKH�
6WDWHV�RI�5LR�*UDQGH�GR�6XO��3DUDQi��6mR�3DXOR��5LR�GH�-DQHLUR��
3HUQDPEXFR��DQG�0DUDQKmR�������������
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),*85(�����$��8UEDQ�EHDFKHV�PRQLWRUHG�LQ�WKLV�VWXG\���%��&RPPRQ�OHVLRQ�W\SHV���&��3RUWXJXHVH�PDQ�RI�ZDU�VSHFLPHQV�IRXQG�RQ�XUEDQ�EHDFKHV�

*LYHQ�WKH�LPSRUWDQFH�RI�WKLV�LVVXH�LQ�RXU�UHJLRQ��WKH�SUHVHQW�
VWXG\� DLPHG� WR� LQYHVWLJDWH� DQG� FKDUDFWHUL]H� WKH� DVSHFWV� WKDW�
FRPSULVH�UHJLVWHUHG�3RUWXJXHVH�PDQ�RI�ZDU�HQYHQRPDWLRQ�HYHQWV�
LQ�6mR�/XLV��7KLV�VWXG\�XVHG�GDWD�SURYLGHG�E\�WKH�/LIHJXDUG�7URRSV�
RI�*URXS�RI�)LUHPHQ�0DULWLPH�RI�0DUDQKmR�6WDWH��*%0DU��DQG�
0XQLFLSDO�6HFUHWDU\�RI�6HFXULW\�ZLWK�&LWL]HQVKLS�RI�0DUDQKmR�6WDWH�
>6HFUHWDULD�0XQLFLSDO�GH�6HJXUDQoD�FRP�&LGDGDQLD��6(086&�@�
WR�DQDO\]H�UHSRUWHG�3RUWXJXHVH�PDQ�RI�ZDU�LQMXULHV�WKDW�RFFXUUHG�
IURP������ WR������RQ� WKH�PRVW�SRSXODU�EHDFKHV� LQ�6mR�/XLV�
�)LJXUH��$���ZKLFK�LV�ORFDWHG�RQ�0DUDQKmR�,VODQG�DQG�VHUYHV�DV�
WKH�0DUDQKmR�6WDWH�FDSLWDO��7KHVH�GDWD�ZHUH�FURVV�UHIHUHQFHG�ZLWK�
WUHDWPHQW�UHFRUGV�IURP�WKH�*%0DU�IRU�HYHQWV�UHSRUWHG�DW�&DOKDX��
6mR�0DUFRV��DQG�$UDoDJ\�EHDFKHV��DQG�IURP�6(086&�IRU�HYHQWV�
UHSRUWHG�DW� WKH�2OKR�G¶ÈJXD�DQG�3RQWD�G¶$UHLD�EHDFKHV��'DWD�
IURP������ZHUH�XQDYDLODEOH�EHFDXVH�RI�WHFKQLFDO�DQG�RSHUDWLRQDO�
SUREOHPV��DQG�RQO\�*%0DU�KHOG� UHJLVWHUV� IURP������ WR������

7KH�3K\VDOLD�3URMHFW�FUHDWHG�D�SURWRFRO�WR�REWDLQ�PDQ�RI�
ZDU�HQYHQRPDWLRQ�GDWD��ZKLFK�*%0DU�DSSOLHG�WR�WKHLU�GHWDLOHG�
LQIRUPDWLRQ��+HUH��ZH�RQO\�FRQVLGHUHG�PRUH�FRPSOHWH�LQMXU\�
GDWD� >H�J��� DJH�� ERG\� UHJLRQ�� QXPEHU� RI� HQYHQRPDWLRQV� SHU�
LQGLYLGXDO��HPHUJHQF\�FDUH��OHVLRQ�FKDUDFWHULVWLFV��)LJXUH��%���
DQG�V\PSWRPV@�LQ�������$�WRWDO�RI����UHJLVWHUHG�3RUWXJXHVH�PDQ�
RI�ZDU�HQYHQRPDWLRQ�HYHQWV�RFFXUUHG�GXULQJ�WKH�VWXG\�SHULRG�
DQG�ZHUH�VXEMHFWHG�WR�D�GHVFULSWLYH�VWDWLVWLFDO�DQDO\VLV�LQYROYLQJ�
DQQXDO�DQG�PRQWKO\�FRPSDULVRQV��2WKHU�SURWRFRO�GHVFULSWLRQV�
ZHUH�LPSOHPHQWHG�WR�RUJDQL]H�TXDQWLWDWLYH�GDWD��IROORZHG�E\�
FRPSDULVRQ�XVLQJ�SHUFHQWDJH�JUDSKV��

$FFRUGLQJ� WR� JHQHUDO� GDWD� REWDLQHG� IURP�*%0DU� DQG�
6(086&��EHWZHHQ������DQG������������3RUWXJXHVH�PDQ�RI�
ZDU�HQYHQRPDWLRQ�HYHQWV�ZHUH� UHJLVWHUHG�DORQJ� WKH�FRDVW�RI�
6mR�/XLV�&LW\��)LJXUH��&���

)LJXUH� �$� LOOXVWUDWHV� D� FRPSDULVRQ� RI� WKH� QXPEHUV� RI�
HQYHQRPDWLRQ�HYHQWV�GXULQJ� WKLV�SHULRG�� ,QFUHDVLQJ�QXPEHUV�
RI� HYHQWV�ZHUH� UHJLVWHUHG� EHWZHHQ�'HFHPEHU� DQG� -DQXDU\�
WKURXJKRXW�WKH�VWXG\�SHULRG��,Q�DGGLWLRQ��WKH�QXPEHU�RI�DFFLGHQWV�
DSSHDUHG�WR�LQFUHDVH�IURP�-XQH�WR�'HFHPEHU��EHIRUH�GHFUHDVLQJ�
DW�WKH�HQG�RI�-DQXDU\��)LJXUH��%��

7KH�PDMRULW\� RI� LQMXULHV� RFFXUUHG� GXULQJ� WKH� DIWHUQRRQ��
1HDUO\�����RI�WKH�LQMXULHV�UHJLVWHUHG�DW�&DOKDX�DQG�6mR�0DUFRV�
EHDFKHV�LQ������RFFXUUHG�GXULQJ�KLJK�WLGH��)LJXUH��&�LOOXVWUDWHV�
WKH�PDLQ�FLUFXPVWDQFHV�UHODWHG�WR�WKH�HQYHQRPDWLRQV��0RVW�FDVHV�
RFFXUUHG�GXULQJ�EDWKLQJ��������IROORZHG�E\�LQWHQGHG�FRQWDFW�ZLWK�
FQLGDULDQV��L�H���WRXFKLQJ��SUHFLSLWDWHG�E\�EDWKHUV
�FXULRVLW\��������
,QGLYLGXDOV�ZLWK�DJHV�UDQJLQJ�IURP������DQG�������\HDUV�WHQGHG�
WR�LQFXU�LQMXU\��)LJXUH��'��EHFDXVH�RI�D�ODFN�RI�DWWHQWLRQ�WR�DQG�
LQIRUPDWLRQ�DERXW�WKH�DQLPDOV��$Q�DJJUDYDWLQJ�IDFWRU�ZDV�UHSRUWHG�
DPRQJ�YLFWLPV�ZLWK�DJHV� UDQJLQJ� IURP�������\HDUV�� WUHDWPHQW�
SUHFLSLWDWHG�QHZ�HQYHQRPDWLRQV��DV�VHOI�FRQWDFW�ZLWK�WKH�LQMXUHG�
UHJLRQV�DOORZHG�WKH�IXUWKHU�WUDQVIHU�RI�VWLQJLQJ�FHOOV��)LJXUH��'��

7KH�PRVW� IUHTXHQWO\� LQMXUHG� ERG\� UHJLRQV�ZHUH� WKH� OHJV�
�������KDQGV��������DUPV��������DQG�DEGRPHQ����������)LJXUH�
�$���$OO�YLFWLPV� UHSRUWHG� LQMXULHV�RYHU� VHYHUDO� UHJLRQV�RI� WKH�
ERG\��)LJXUH��%���,Q�PRVW�FDVHV��������YLFWLPV�SUHVHQWHG�ZLWK�
HU\WKHPD�DQG�HGHPD�LQ�OLQHDU�SODTXHV��9HVLFOHV�ZHUH�REVHUYHG�
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LQ�VRPH�FDVHV��������)LJXUH��&�VKRZV�WKDW�WKH�PRVW�FRPPRQO\�
UHSRUWHG�V\PSWRP�ZDV�SDLQ�DQG�RU�EXUQLQJ�DW�WKH�SRLQW�RI�FRQWDFW�
������� IROORZHG�E\�PDODLVH� ������DQG�G\VSQHD� ������2WKHU�
V\PSWRPV�LQFOXGHG�LUULWDWLRQ��DQ[LHW\��DQG�SDOSLWDWLRQ��WKHVH�ZHUH�
SUHVHQW� LQ�QHDUO\�����RI� FDVHV��2QH�SHUVRQ�GHYHORSHG� VKRFN�
DQG�ZDV�UHJLVWHUHG�DW�&DOKDX�OLIHVDYLQJ�VWDWLRQ�GXULQJ�WUHDWPHQW��
KRZHYHU�� WKLV� FDVH�ZDV� QRW� UHJLVWHUHG� E\� D�PHGLFDO� WHDP��
5HJDUGLQJ�WUHDWPHQW��OLIHJXDUGV�PRVW�IUHTXHQWO\�DSSOLHG�YLQHJDU�
�DFHWLF� DFLG�� DQG� VXOIDGLD]LQH��1RQH�RI� WKH� YLFWLPV� UHSRUWHG�
ZDVKLQJ� RI� WKH� DIIHFWHG� DUHDV�ZLWK� IUHVKZDWHU� �)LJXUH� �'��

3RUWXJXHVH�PDQ�RI�ZDU� HQYHQRPDWLRQ� LV� D� VHULRXV� LVVXH�
IRU�EHDFKJRHUV�DORQJ�WKH�FRDVW�RI�6mR�/XLV�&LW\��KRZHYHU��WKLV�
LVVXH� LV� QRW� RQ� DXWKRULWLHV
� UDGDU�� GHVSLWH� WKH� UHTXLUHPHQW� RI�

PRQWKV�� HVSHFLDOO\� GXULQJ� WKH� VXPPHU� DQG� VFKRRO� KROLGD\V��
5HFHQW�VWXGLHV�KDYH�VKRZQ�D�FRUUHODWLRQ�EHWZHHQ�WKH�SUHVHQFH�
RI� FQLGDULDQV� DQG� JOREDO�ZDUPLQJ���� ������ ,Q� ������ 6mR�/XLV�
UHJLVWHUHG�LWV�KLJKHVW�HYHU�QXPEHU�RI�HQYHQRPDWLRQV��$FFRUGLQJ�
WR�*RQ]DOH]� HW� DO������� WKH�(O�1LxR�/D�1LxD� SKHQRPHQRQ� LQ�
�����DQG������FRQWULEXWHG�WR�FKDQJHV�LQ�UDLQIDOO�DQG�RFHDQLF�
FKDUDFWHULVWLFV�LQ�1RUWKHUQ�DQG�1RUWKHDVWHUQ�6RXWK�$PHULFD��DQG�
PLJKW�KDYH�FRUUHODWHG�ZLWK�WKH�LQFUHDVHG�QXPEHU�RI�FQLGDULDQ�
LQMXULHV�LQ�6mR�/XLV�GXULQJ�WKLV�SHULRG��7KH�3RUWXJXHVH�PDQ�RI�
ZDU�GHSHQGV�RQ�ERWK�VHD�DQG�ZLQG�FXUUHQWV�IRU�ORFRPRWLRQ��D�

IHDWXUH�WKDW�PLJKW�H[SODLQ�WKH�LQFUHDVHG�SUHVHQFH�RI�FQLGDULDQV�
GXULQJ�WKHVH�\HDUV�RI�VKLIWLQJ�FOLPDWLF�SKHQRPHQD��ZKHQ�WKH�
FRORQLHV�DUH�GUDJJHG�LQWR�VKDOORZHU�ZDWHUV�

OHG�WR�WKH�FRQVLGHUDWLRQ�RI�VRPH�EHDFKHV�DV�FRPSOHWHO\�RU�SDUWO\�
DSSURSULDWH�IRU�EDWKLQJ��7KLV�GHVLJQDWLRQ�PLJKW�KDYH�FRQWULEXWHG�
WR�WKH�LQFUHDVH�LQ�3RUWXJXHVH�PDQ�RI�ZDU�HQYHQRPDWLRQ�HYHQWV�
GXULQJ� ������ZKLFK� RFFXUUHG� SUHGRPLQDWHO\� DW� WLPHV�ZKHQ�
DEXQGDQW� QXPEHUV� RI� FQLGDULDQV�ZHUH� OLNHO\� DYDLODEOH� �L�H���
KLJK�WLGH�DQG�DIWHUQRRQ��-/61��SHUVRQDO�FRPPXQLFDWLRQ���������

7KLV�VWXG\�REVHUYHG�D�SUHGRPLQDQFH�RI�YLFWLPV�DJHG������
\HDUV��DQG�IRXQG�WKDW�FKLOGUHQ�ZHUH�HQYHQRPHG�ZKLOH�EDWKLQJ�RU�

LQGLFDWRU�WKDW�PXVW�EH�FRQVLGHUHG�ZKHQ�GHVLJQLQJ�SUHYHQWLYH�
VWUDWHJLHV��1HYHV�HW�DO�����FRQVLGHUHG�WKH�FXULRVLW\�RI�FKLOGUHQ�
WR�EH�D�SRVVLEOH�IDFWRU�UHODWHG�WR�HQYHQRPDWLRQ��DV�FQLGRF\WHV�
UHPDLQ� DFWLYH� HYHQ� DIWHU� WKH� DQLPDO� KDV� GLHG������$� ODFN� RI�
LQIRUPDWLRQ�DERXW� WKH�GDQJHUV�RI�FRQWDFW�ZLWK� WKHVH�DQLPDOV�
PLJKW�KDYH�LQFUHDVHG�WKH�ULVN�RI�HQYHQRPDWLRQ���������

7KH�FLUFXPVWDQFHV�RI�WKHVH�LQMXULHV�ZHUH�DOVR�OLQNHG�WR�EDWKHUV
�
FXULRVLW\�DQG�LQREVHUYDQFH�RI�ULVNV�ZKHQ�HQWHULQJ�WKH�VHD��6RPH�
YLFWLPV�HQFRXQWHUHG�FQLGDULDQV�ZKHQ�KHOSLQJ�EDWKHUV�ZKR�KDG�
VXIIHUHG�LQMXULHV�RU�ZKHQ�WRXFKLQJ�D�YLFWLP
V�LQMXULHV��,Q�RWKHU�
FDVHV��YLFWLPV��HVSHFLDOO\�FKLOGUHQ��ZHUH�LQMXUHG�ZKLOH�SOD\LQJ�RU�
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ZDONLQJ�RQ�WKH�VDQG��$FFRUGLQJ�WR�+DGGDG�-U������D�VLQJOH�FRQWDFW�
ZLWK�WKH�WHQWDFOHV�FDQ�FDXVH�LQMXULHV�LQ�KXPDQV��DV�WKH�GLIIHUHQFHV�
LQ�SUHVVXUH�FDXVH�QHPDWRF\VWV�WR�GLVUXSW�DQG�LQRFXODWH�YHQRP�LQWR�
WKH�YLFWLP��7KH�HQYHQRPDWLRQ�UHJLVWU\�LQ�6mR�/XLV�LQGLFDWHG�WKDW�
WKH�PDMRULW\�RI�OHVLRQV�RFFXUUHG�RQ�EDWKHUV
�OHJV��KDQGV��DUPV��DQG�
DEGRPHQV��ZKHUHDV�LQ�FKLOGUHQ��DGROHVFHQWV��DQG�\RXQJVWHUV��PRVW�
LQMXULHV�RFFXUUHG�RQ�WKH�KDQGV�DV�D�UHVXOW�RI�LQWHQWLRQDO�FRQWDFW�
ZLWK�WKH�DQLPDO�SRVVHVVLQJ�WKH�QHPDWRF\VWV��0RVW�YLFWLPV�ZHUH�
HQYHQRPHG�RQO\�RQFH�� UHJDUGOHVV�RI� DJH��3HxD� DQG�&DUGHOO���

KLJKOLJKWHG�DQ�LPSRUWDQW�DVSHFW�FRPPRQ�WR�DOO�LQMXULHV�FDXVHG�E\�
FQLGDULDQV��WKRVH�ZKR�KDG�EHHQ�HQYHQRPHG�RQFH�PLJKW�EH�PRUH�
VHQVLWLYH�WR�YHQRP�LQ�FDVH�RI�D�VHFRQG�DWWDFN�DV�D�UHVXOW�RI�DOOHUJLF�
SURFHVVHV�ZLWK�YDULDEOH�VHYHULW\��LQFOXGLQJ�DQDSK\ODFWLF�VKRFN�

7KH�PDLQ�UHSRUWHG�VLJQV�DQG�V\PSWRPV�ZHUH�OLQHDU�SODTXHV�
ZLWK�HU\WKHPD�HGHPD�DQG�LQWHQVH�EXUQLQJ�SDLQ�LQ�WKH�DUHDV�RI�
FRQWDFW��+DGGDG� -U� HW� DO����� H[SODLQHG� WKDW� LQMXULHV� FDXVHG�E\�
FQLGDULDQV� GLG� QRW� WUXO\� LQYROYH� EXUQLQJ�� DOWKRXJK� WKH� SDLQ�
DQG�VNLQ�DSSHDUDQFH�UHVHPEOH�WKRVH�DVVRFLDWHG�ZLWK�VXQ�RU�KRW�
ZDWHU�EXUQV�����$FFRUGLQJ�WR�+DGGDG�-U����DQG�+DGGDG�-U�HW�DO�������
WKH�DIIHFWHG�DUHD�VKRXOG�EH�ZDVKHG�ZLWK�DFHWLF�DFLG�DQG�FROG�
VHDZDWHU��DQG�DQ�LFH�EDJ�DQG�FROG�VHDZDWHU�FRPSUHVV�VKRXOG�
EH�DSSOLHG�IRU������PLQ��3DLQNLOOHUV�DUH�DOVR�UHFRPPHQGHG��7KH�
*%0DU�XVHG� WRSLFDO� VXOIDGLD]LQH�DQG�$QGROED�� �EHQ]RFDLQH��
PHQWKRO��EHQ]R[LTXLQH�� DQG�EHQ]HWKRQLXP�FKORULGH�� DV� LQLWLDO�
WUHDWPHQW�PHDVXUHV��$OO�SDWLHQWV�ZHUH� WUHDWHG�ZLWK�DFHWLF�DFLG��
$OWKRXJK�DXWKRUV�KDYH�YDU\LQJ�RSLQLRQV�RQ�WKH�XVH�RI�DFHWLF�DFLG������

D�PDMRULW\�GR�QRW�UHFRPPHQG�WKH�XVH�RI�IUHVKZDWHU�EHFDXVH�WKH�
RVPRWLF�GLIIHUHQFH�ZRXOG� WULJJHUV� WKH�QHPDWRF\VWV��+DGGDG�-U�
HW�DO�����VWDWHG�WKDW�HLWKHU�KRW�RU�FROG�ZDWHU�ZDV�DQ�LPSRUWDQW�VWHS�LQ�
DWWHQXDWLQJ�WKH�DVVRFLDWHG�SDLQ�EHFDXVH�WKH�H[WUHPH�WHPSHUDWXUH�
YDULDWLRQ�ZRXOG� KDYH� DQ� DQHVWKHWLF� HIIHFW� �FROG� RU� KRW�����

,Q�FRQFOXVLRQ��UHSRUWV�RI�HQYHQRPDWLRQ�HYHQWV�QRUPDOO\�EHJDQ�
LQ�-XO\�DQG�LQFUHDVHV�XQWLO�-DQXDU\��1HYHUWKHOHVV��HYHQWV�RFFXUUHG�
DW� WKH�JUHDWHVW� IUHTXHQF\�GXULQJ�'HFHPEHU� DQG� -DQXDU\��7KH�
OHJV��KDQGV��DUPV��DQG�DEGRPHQ�ZHUH�PRVW�OLNHO\�WR�EH�DIIHFWHG�
E\�FRQWDFW�ZLWK�D�3RUWXJXHVH�PDQ�RI�ZDU��$OWKRXJK� V\VWHPLF�

UHSRUWHG��)LQDOO\��VHOI�DSSOLHG�WUHDWPHQWV�DQG�WKRVH�DGPLQLVWHUHG�
E\� OLIHJXDUGV� LPPHGLDWHO\�DIWHU� WKH� LQFLGHQWV�GLG�QRW�PHHW� WKH�
FXUUHQW� UHFRPPHQGDWLRQV� RI� WKH�+HDOWK�0LQLVWU\� RI�%UD]LO�

7KH�GDWD�SUHVHQWHG�LQ�WKLV�UHVHDUFK�DUH�D�SDUW�RI�SUHYLRXV�
VWXGLHV�DSSURYHG�E\�WKH�(WKLFV�&RPPLWWHH�RI�WKH�8QLYHUVLGDGH�
)HGHUDO� GR�0DUDQKmR� �&$$(����������������������&(3�
����������DQG�&$$(����������������������&(3������������

$FNQRZOHGJPHQWV

7KH� DXWKRUV� WKDQN� WKH� 8QLYHUVLGDGH� )HGHUDO� GR� 0DUDQKmR� IRU� WHFKQLFDO�
VXSSRUW�� *URXS� RI� )LUHPHQ� 0DULWLPH� RI� 0DUDQKmR� 6WDWH� �*%0DU�� DQG�
0XQLFLSDO�6HFUHWDU\�RI�6HFXULW\�DQG�&LWL]HQVKLS �6(086&��

%DVWRV�'05)�HW�DO����3K\VDOLD�SK\VDOLV�HQYHQRPDWLRQ�LQ�1RUWKHDVW�%UD]LO
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)LQDQFLDO�VXSSRUW

:H�WKDQN�WKH�
GR�0DUDQKmR

�� +DGGDG� -U� 9�� 9LUJD� 5�� %HFKDUD� $�� 6LOYHLUD� )/�� 0RUDQGLQL� $&��
$Q� RXWEUHDN� RI� 3RUWXJXHVH� PDQ�RI�ZDU� �3K\VDOLD� SK\VDOLV� ��
/LQQDHXV��������HQYHQRPLQJ�LQ�6RXWKHDVWHUQ�%UD]LO��5HY�6RF�%UDV�
0HG�7URS�������������������

�� 1HYHV� 5)�� $PDUDO� )'�� 6WHLQHU� $4�� /HYDQWDPHQWR� GH� UHJLVWURV�
GRV� DFLGHQWHV� FRP� FQLGiULRV� HP� DOJXPDV� SUDLDV� GR� OLWRUDO� GH�
3HUQDPEXFR��%UDVLO���&LHQ�6DXGH�&ROHW�������������������

�� %RFKQHU� 5�� 6WUXFKLQHU� &-�� $FLGHQWHV� SRU� DQLPDLV� SHoRQKHQWRV�
H� VLVWHPDV� QDFLRQDLV� GH� LQIRUPDomR�� &DG� 6DXGH� 3XEOLFD� ������
�����������

�� %DUGL�-��0DUTXHV�$&��7D[RQRPLF� UHGHVFULSWLRQ�RI� WKH�3RUWXJXHVH�
PDQ�RI�ZDU��3K\VDOLD�SK\VDOLV��&QLGDULD��+\GUR]RD��6LSKRQRSKRUDH��
&\VWRQHFWDH��IURP�%UD]LO��,KHULQJLD�6pULH�=RRO�������������������

��
SUROLIHUDWLRQV�DQG�HQYLURQPHQWDO�SHUWXUEDWLRQV��$QQ�5HY�0DU�6FL�
�����������������

�� 5LVN� <-�� &DUGRVR� -/&�� +DGGDG� -U� 9�� (QYHQRPLQJ� FDXVHG� E\� D�
3RUWXJXHVH�PDQ�RI�ZDU��3K\VDOLD�SK\VDOLV��PDQLIHVWLQJ�DV�SXUSXULF�
SDSXOHV��$Q�%UDV�'HUPDWRO�������������������

�� 0DUWtQH]�5DPtUH]�0��9LOOHQD�=iOYH]�0(��0DUtQ�-DUD�,��0RQHGHUR�
/D�2UGHQ�-��3LFDGXUD�SRU�&DUDEHOD�3RUWXJXHVD��XQD�³PHGXVD´�DOJR�
HVSHFLDO��5HY�&OLQ�0HG�)DP�����������������

�� *XWLpUUH]�GH�OD�3HxD�-��0DUTXpV�&DUGHOO�&��3LFDGXUDV�GH�PHGXVDV��
0HG�%DOHDU����������������

�� 0ROHLUR� 6�� 3HUHLUD�$�� 3DLYD� /RSHV�0-��'HUPDWRVH�0DUtWLPD� SRU�
&RQWDWR� FRP� XPD� &DUDYHOD�3RUWXJXHVD�� $FWD� 0HG� 3RUW� ������
���������

��� 1DVWDY�%��0DOHM�0��0DOHM�-U�$��0DOHM�$��,V�LW�SRVVLEOH�WR�GHWHUPLQH�

VWXG\�±�6ORYHQLD��0HGLWHUU�0DU�6FL�������������������

��� +DGGDG�-U�9��$QLPDLV�DTXiWLFRV�GH�LPSRUWkQFLD�PpGLFD�QR�%UDVLO��
5HY�6RF�%UDV�0HG�7URS�������������������

��� 'XDUWH�&0��3LWW�.$��/XFDV�&+��3XUFHOO�-(��8\H�6,��5RELQVRQ�.��

(QYLURQ����������������

��� $UD~MR�*RQ]DOH]�5��$QGUHROL�59��&DQGLGR�/$��.D\DQR�07��6RX]D�

(TXDWRULDO� QD� SUHFLSLWDomR� VREUH� DV� UHJL}HV� QRUWH� H� QRUGHVWH� GD�
$PpULFD�GR�6XO��$FWD�$PD]������������������

��� +DGGDG�-U�9��$QLPDLV�$TXiWLFRV�3RWHFLDOPHQWH�3HULJRVRV�GR�%UDVLO��
*XLD� 0pGLFR� H� %LROyJLFR�� �VW� HGLWLRQ�� 6mR� 3DXOR�� (GLWRUD� 5RFD��
�����

��� )HUUHU� /�� =DOGXD�0HQGL]DEDO� 1�� GHO� &DPSR� $�� )UDQFR� -�� 0DGHU�
-�� &RWDQR� 8�� HW� DO�� 3URWRFROR� RSHUDFLRQDO� SDUD� HO� DYLVWDPLHQWR� \�
VHJXLPLHQWR�GHO�FQLGDULR�3K\VDOLD�SK\VDOLV� �&DUDEHOD�SRUWXJXHVD��
HQ�HO�VXUHVWH�GHO�JROIR�GH�%L]NDLD��5,0�5HYLVWD�,QYHVWLJ�0DU�������
�����������

5HY�6RF�%UDV�0HG�7URS�


