
:RUNVKRS�´(PHUJLQJ�5LVNV�DQG�
(DUO\�:DUQLQJ�6\VWHPVµ��
�
'HHOSURMHFW������0LQLFRQIHUHQWLH�RYHU�YURHJWLMGLJ�VLJQDOHULQJ�HQ�
ZDDUVFKXZV\VWHPHQ��

1LFROH�.RHQGHULQN�
)iWLPD�.UHIW�
/DUV�+XO]HERV�
�
�

5HSRUW������



��$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�*URXS��PHPEHU�RI�:DJHQLQJHQ�85���

&RORSKRQ�
�

7KH�TXDOLW\�PDQDJHPHQW�V\VWHP�RI�$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�*URXS�LV�
FHUWLILHG�E\�6*6�,QWHUQDWLRQDO�&HUWLILFDWLRQ�6HUYLFHV�((69�DFFRUGLQJ�WR�,62�
������������

7LWOH� :RUNVKRS�´(PHUJLQJ�5LVNV�DQG�(DUO\�:DUQLQJ�6\VWHPVµ�
$XWKRU�V�� 1LFROH�.RHQGHULQN��)iWLPD�.UHIW��/DUV�+XO]HERV�
$)6*�QXPEHU� $)6*�QXPEHU�
,6%1�QXPEHU� ,6%1�������������������
'DWH�RI�SXEOLFDWLRQ� 0DUFK������
&RQILGHQWLDOLW\� 1R�
23'�FRGH� ��
$SSURYHG�E\� +HQUL�/XLWMHV�
�
$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�*URXS�
3�2��%R[����
1/������$$�:DJHQLQJHQ�
7HO���������������������
(�PDLO��LQIR�DIVJ#ZXU�QO�
,QWHUQHW��ZZZ�DIVJ�ZXU�QO�
�
��$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�*URXS�
$OOH�UHFKWHQ�YRRUEHKRXGHQ��1LHWV�XLW�GH]H�XLWJDYH�PDJ�ZRUGHQ�YHUYHHOYRXGLJG��RSJHVODJHQ�LQ�HHQ�JHDXWRPDWLVHHUG�
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RU�E\�DQ\�PHDQV��HOHFWURQLF��PHFKDQLFDO��SKRWRFRS\LQJ��UHFRUGLQJ�RU�RWKHUZLVH��ZLWKRXW�WKH�SULRU�SHUPLVVLRQ�RI�WKH�SXEOLVKHU��7KH�SXEOLVKHU�
GRHV�QRW�DFFHSW�DQ\�OLDELOLW\�IRU��LQDFFXUDFLHV�LQ�WKLV�UHSRUW��
�
�
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6XPPDU\��
�
7KLV�UHSRUW�LV�WKH�UHVXOW�RI�WKH�ZRUNVKRS�´(PHUJLQJ�ULVNV�DQG�HDUO\�ZDUQLQJ�V\VWHPµ�KHOG�LQ�
:DJHQLQJHQ��7KH�1HWKHUODQGV�RQ�2FWREHU�WKH��� � � �������
�
7KH�ZRUNVKRS�LV�SDUW�RI�WKH�SURMHFW�´(PHUJLQJ�5LVNV�LQ�'XWFK�)RRG�&KDLQVµ�ZKLFK�LV�IXQGHG�E\�
WKH�'XWFK�0LQLVWU\�RI�$JULFXOWXUH��1DWXUH�DQG�)RRG�4XDOLW\�DQG�VXSHUYLVHG�E\�WKH�'XWFK�)RRG�
DQG�&RQVXPHU�3URGXFW�6DIHW\�$XWKRULW\��7KH�SXUSRVH�RI�WKLV�SURMHFW�LV�WR�GHYHORS�D�SURFHGXUH�
WR�LGHQWLI\�SRWHQWLDO�ULVNV�LQ�WKH�IRRG�FKDLQ�LQ�DQ�HDUO\�VWDJH��DOORZLQJ�SUR�DFWLYH�LQWHUYHQWLRQ�RQ�
WKH�LGHQWLILHG�ULVN��7KH�GXUDWLRQ�RI�WKH�SURMHFW�LV���\HDU���������������
�
)RU� WKH� VHFRQG� \HDU� RI� WKH� SURMHFW�� ������ WKH� VXESURMHFW� ���� ´0LQL� FRQIHUHQFH� RQ� HDUO\�
LGHQWLILFDWLRQ� DQG� �HDUO\�� ZDUQLQJ� V\VWHPVµ� ZDV� GHILQHG�� 7KLV� VXE�SURMHFW� ���� ZDV� FDUULHG� RXW��
UHVXOWLQJ�LQ�WKH�SUHSDUDWLRQ�DQG�KROGLQJ�RI�WKLV�ZRUNVKRS���������
�
7KH�DLP�RI�WKLV�ZRUNVKRS�ZDV��

� WR�OHDUQ�IRUP�HDFK�RWKHUV·�H[SHULHQFH�DQG�NQRZOHGJH�RQ�HDUO\�ZDUQLQJ�V\VWHPV��
� WR�GHILQH�WKH�FRQWRXUV�RI�D�IXWXUH�(DUO\�:DUQLQJ�6\VWHP��
� WR�GLVFXVV�WKH�UROH�RI�WKH�VWDNHKROGHUV�DQG�WKHLU�SHUFHSWLRQV�RQ�HPHUJLQJ�ULVNV��
� WR�H[FKDQJH�LQIRUPDWLRQ�RQ�HPHUJLQJ�ULVNV�DQG�HDUO\�ZDUQLQJ�V\VWHPV��

,Q�WKH�ILUVW�SODFH�D�VFDQ�ZDV�SHUIRUPHG�WR�LGHQWLI\�WKH�DOUHDG\�H[LVWLQJ�DQG�LQ�GHYHORSPHQW��HDUO\��
ZDUQLQJ�V\VWHPV�DQG�WKH�H[SHUWV�LQYROYHG�LQ�WKLV�ILHOG��%DVHG�RQ�WKLV�VFDQ�WKH�VSHDNHUV�V\VWHPV�
ZHUH� FKRVHQ� LQ� RUGHU� WR� KDYH� D� EDODQFHG� VHW� RI� SUHVHQWDWLRQV� �GLIIHUHQW� NLQGV� RI� DSSURDFK��
GLIIHUHQW�VWDJHV�LQ�GHYHORSPHQW��GLIIHUHQW�FRXQWULHV��HWF����
�
7KLV� GRFXPHQW� GHVFULEHV� WKH� ZRUNVKRS� LQ� WKH� VDPH� VHTXHQFH� DV� WKH� SURJUDPPH� RI� WKH�
ZRUNVKRS��VKRUW�GHVFULSWLRQ�RI�SUHVHQWDWLRQV��UHVSHFWLYH�TXHVWLRQV�DQG�GHWDLOHG�GHVFULSWLRQ�RI�WKH�
GLVFXVVLRQ�� $SSHQGL[� �� FRQWDLQV� WKH� VOLGHV� RI� WKH� SUHVHQWDWLRQV� DQG� $SSHQGL[� �� EDFNJURXQG�
LQIRUPDWLRQ�RQ�WKH�VSHDNHUV�DQG�WKHLU��HDUO\�ZDUQLQJ��V\VWHPV��7KLV�GRFXPHQW�LV�DOVR�WKH�UHSRUW�
RI�VXESURMHFW������
��
,Q�DGGLWLRQ�WR�WKLV�ZULWWHQ�GRFXPHQW��WKH�ZRUNVKRS�LV�UHSRUWHG�LQ�WKH�IROORZLQJ�LQWHUDFWLYH�ZHE�
VLWH��http://www.afsg.nl/emergingrisks.�
7KH�ZHE�VLWH�SUHVHQWV�WKH�UHFRUGHG�SUHVHQWDWLRQV��ERWK�LPDJH�DQG�VRXQG�FRPELQHG�ZLWK�WKH�
VOLGHV�SUHVHQWDWLRQ��DQG�WKH�GHVFULSWLRQ�RI�WKH�GLVFXVVLRQ�EORFNV��
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&RQWHQW�
6XPPDU\� � 

� ,QWURGXFWLRQ� � 

� 3URJUDPPH� � 

� 'HVFULSWLRQ�RI�WKH�ZRUNVKRS��SUHVHQWDWLRQV�DQG�GLVFXVVLRQ�� � 
��� 3UHVHQWDWLRQ����:RUNVKRS�(PHUJLQJ�5LVNV�DQG�(DUO\�:DUQLQJ�6\VWHPV�$	)���)iWLPD�

.UHIW� � 
��� 3UHVHQWDWLRQ����(SLGHPLF�LQWHOOLJHQFH�IRU�SXEOLF�KHDOWK�('&'���0DUFR�%DOGDUL� �� 
��� 3UHVHQWDWLRQ����9LJLODQFH�DQG�VLJQDOOLQJ�RI�KXPDQ�LQIHFWLRXV�GLVHDVH�HYHQWV�LQ�WKH�

1HWKHUODQGV�5,90���:LOIULG�YDQ�3HOW� �� 
��� 'LVFXVVLRQ�%ORFN�,� �� 
��� 3UHVHQWDWLRQ����(PHUJLQJ�5LVNV�DQG�(DUO\�:DUQLQJ�6\VWHPV�DQG�+RUL]RQ�6FDQQLQJ�

'()5$���0DULRQ�:RROGULGJH� �� 
��� 3UHVHQWDWLRQ����6\VWHPDWLF�,GHQWLILFDWLRQ�RI�(PHUJLQJ�5LVNV��D�+ROLVWLF�$SSURDFK�9:$�

��:LP�2RPV� �� 
��� 'LVFXVVLRQ�%ORFN�,,� �� 
��� 6XPPDU\�RI�WKH�0RUQLQJ�6HVVLRQV� �� 
��� 3UHVHQWDWLRQ����(DUO\�,GHQWLILFDWLRQ�RI�(PHUJLQJ�5LVNV�712���)UHG�YDQ�GH�%UXJ� �� 
���� 3UHVHQWDWLRQ����(PHUJLQJ�5LVN�'HWHFWLRQ�6XSSRUW�$	)���/DUV�+XO]HERV� �� 
���� 'LVFXVVLRQ�%ORFN�,,,� �� 
���� 3UHVHQWDWLRQ����(PHUJLQJ�5LVNV�LQ�WKH�'XWFK�)RRG�6XSSO\�&KDLQ��6FRSLQJ�6WXGLHV�/(,���

7KRP�$FKWHUERVFK� �� 
���� 3UHVHQWDWLRQ����:RUNVKRS�RQ�(PHUJLQJ�5LVNV�DQG�(DUO\�:DUQLQJ�6\VWHPV�)$2���.LVDQ�

*XQMDO� �� 
���� 3UHVHQWDWLRQ�����7KH�)XWXUH�RI�(PHUJLQJ�5LVN�6\VWHPV�)RU�7KH�)RRG�&KDLQ�()6$���

'MLHQ�/LHP� �� 
���� 'LVFXVVLRQ�%ORFN�,9� �� 
���� 5HVHDUFK�$JHQGD� �� 
���� 6XPPDU\�RI�WKH�$IWHUQRRQ�6HVVLRQV� �� 

$SSHQGLFHV� �� 
 

� $SSHQGL[�,�²�3UHVHQWDWLRQV�
� $SSHQGL[�,,�²�%DFNJURXQG�LQIRUPDWLRQ�RQ�VSHDNHUV�DQG��HDUO\��ZDUQLQJ�V\VWHPV�
� $SSHQGL[�,,,²�7RZDUGV�DQ�(PHUJLQJ�5LVN�'HWHFWLRQ�6XSSRUW�6\VWHP�
�
�
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� �,QWURGXFWLRQ���
�
7KLV� UHSRUW� LV� WKH� UHVXOW� RI� WKH� ZRUNVKRS� ´(PHUJLQJ� ULVNV� DQG� HDUO\� ZDUQLQJ� V\VWHPµ� KHOG� LQ�
:DJHQLQJHQ��7KH�1HWKHUODQGV�RQ�2FWREHU� WKH��� � � �������7KH�PDLQ�REMHFWLYH�RI� WKLV�ZRUNVKRS�
ZDV� WR� GLVFXVV� WKH� SRVVLELOLWLHV� RI� SUR�DFWLYH� LGHQWLILFDWLRQ� RI� HPHUJLQJ� ULVNV� DQG�H[FKDQJH�
H[SHULHQFHV�DQG�NQRZOHGJH�IURP��HDUO\��ZDUQLQJ�V\VWHPV�DOUHDG\�GHYHORSHG�RU�LQ�GHYHORSPHQW��
�
7KH�SUHSDUDWLRQ�RI� WKH�ZRUNVKRS� LV� LQLWLDWHG�ZLWK�D� VFDQ� WR� LGHQWLI\� WKH�DOUHDG\�H[LVWLQJ�DQG� LQ�
GHYHORSPHQW��HDUO\��ZDUQLQJ�V\VWHPV�DQG�WKH�H[SHUWV�LQYROYHG�LQ�WKLV�ILHOG��%DVHG�RQ�WKLV�VFDQ�WKH�
VSHDNHUV�V\VWHPV�ZHUH�FKRVHQ�LQ�RUGHU�WR�KDYH�D�EDODQFHG�VHW�RI�SUHVHQWDWLRQV��GLIIHUHQW�NLQGV�RI�
DSSURDFK��GLIIHUHQW�VWDJHV�LQ�GHYHORSPHQW��GLIIHUHQW�FRXQWULHV��HWF���
�
7KH�VHW�XS�RI�WKH�ZRUNVKRS�DOORZHG�IRU�HQRXJK�WLPH�IRU�GLVFXVVLRQ��,Q�DGGLWLRQ��ODUJH�HIIRUW�ZDV�
LQYHVWHG� LQ� WKH�SUHSDUDWLRQ�RI� WKH�ZRUNVKRS� WR�JDWKHU�DV�PXFK� LQIRUPDWLRQ�DV�SRVVLEOH�RQ� WKH�
H[LVWLQJ�DQG�LQ�GHYHORSPHQW�V\VWHPV�WKDW�ZRXOG�EH�SUHVHQWHG�DW�WKH�ZRUNVKRS��7KLV�LQIRUPDWLRQ�
ZDV�SURFHVVHG�LQ�D�GRFXPHQW�DQG�VHQW�WR�WKH�SDUWLFLSDQWV�VRPH�WLPH�EHIRUH�WKH�ZRUNVKRS��,Q�WKLV�
ZD\� WKH� SDUWLFLSDQWV� FRXOG� EH� IXOO\� SUHSDUHG� DQG� WKH� ZRUNVKRS� FRXOG� EH� IRFXVVHG� RQ� WKH�
GLVFXVVLRQ�UDWKHU�WKDQ�RQ�WKH�GHWDLOHG�FRQWHQW�RI�WKH�GLIIHUHQW�V\VWHPV��
�
7KLV� GRFXPHQW� GHVFULEHV� WKH� ZRUNVKRS� LQ� WKH� VDPH� VHTXHQFH� DV� WKH� SURJUDPPH� RI� WKH�
ZRUNVKRS��VKRUW�GHVFULSWLRQ�RI�SUHVHQWDWLRQV��UHVSHFWLYH�TXHVWLRQV�DQG�GHWDLOHG�GHVFULSWLRQ�RI�WKH�
GLVFXVVLRQ�� $SSHQGL[� �� FRQWDLQV� WKH� VOLGHV� RI� WKH� SUHVHQWDWLRQV� DQG� $SSHQGL[� �� EDFNJURXQG�
LQIRUPDWLRQ� RQ� WKH� VSHDNHUV� DQG� WKHLU� �HDUO\� ZDUQLQJ�� V\VWHPV�� ,Q� WKH� IROORZLQJ� FKDSWHU� WKH�
SURJUDPPH�RI�WKH�GD\�LV�GHVFULEHG��
�
�,Q�DGGLWLRQ�WR�WKLV�ZULWWHQ�GRFXPHQW��WKH�ZRUNVKRS�LV�UHSRUWHG�LQ�WKH�IROORZLQJ�LQWHUDFWLYH�ZHE�
VLWH��http://www.afsg.nl/emergingrisks��
7KH�ZHE�VLWH�SUHVHQWV�WKH�UHFRUGHG�SUHVHQWDWLRQV��ERWK�LPDJH�DQG�VRXQG�FRPELQHG�ZLWK�WKH�
VOLGHV�SUHVHQWDWLRQ��DQG�WKH�GHVFULSWLRQ�RI�WKH�GLVFXVVLRQ�EORFNV��
�
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� 3URJUDPPH����
�
'DWH��� 2FWREHU����������
9HQXH���1RO�LQ�¶W�%RVFK��:DJHQLQJHQ��7KH�1HWKHUODQGV�
�
������ � 5HFHSWLRQ�ZLWK�FRIIHH�WHD�
������ � :HOFRPH�DQG�LQWURGXFWLRQ�RI�HYHU\RQH��)ORRU�9HUGHQLXV��
������ � ,QWURGXFWLRQ�ZRUNVKRS��)iWLPD�.UHIW��
�������� 3UHVHQWDWLRQ�EORFN�,�

• (&'&��0DUFR�%DOGDUL��(SLGHPLF�LQWHOOLJHQFH�IRU�SXEOLF�KHDOWK��
• 5,90��:LOIULG�YDQ�3HOW� �9LJLODQFH�DQG�VLJQDOLQJ�RI�KXPDQ� LQIHFWLRXV�GLVHDVH�

HYHQWV�LQ�WKH�1HWKHUODQGV��
������� 'LVFXVVLRQ�EORFN�,��7KH�VHWXS�RI�D�HPHUJLQJ�ULVNV�V\VWHP�
������� %UHDN�
������� 3UHVHQWDWLRQ�EORFN�,,�

• '()5$��0DULRQ�:RROGULGJH��+RUL]RQ�VFDQQLQJ��
• 9:$��:LP�2RPV��(05LVN�DSSURDFK��

������� 'LVFXVVLRQ�EORFN�,,��8VLQJ�HPHUJLQJ�ULVNV�V\VWHPV�
������� /XQFK�
������� 6XPPDU\�RI�WKH�PRUQLQJ�VHVVLRQ��)ORRU�9HUGHQLXV��
������� 3UHVHQWDWLRQ�EORFN�,,,�

• 712��)UHG�YDQ�GH�%UXJ��$XWRPDWLF�OLWHUDWXUH�VHDUFK��
• :DJHQLQJHQ�85����$)6*���/DUV�+XO]HERV��&DXVDO�QHWZRUN�DSSURDFK��

������� 'LVFXVVLRQ�EORFN�,,,��+RZ�WR�HQVXUH�TXDOLW\�RI�LQIRUPDWLRQ�LQ�HPHUJLQJ�ULVNV�V\VWHPV�
������� %UHDN�
������� 3UHVHQWDWLRQ�EORFN�,9�

• /(,�5LNLOW��7KRP�$FKWHUERVFK��6\QWKHVLV�%2�SURMHFW��
• )$2��.LVDQ�*XQMDO��*LHZV��V\VWHP��
• ()6$�� 'MLHQ� /LHP� �5HTXLUHPHQWV� HDUO\� ZDUQLQJ� V\VWHPV� DQG� WKH� UROH� RI��

JRYHUQPHQWV��
������� 'LVFXVVLRQ�EORFN�,9��7KH�IXWXUH�RI�(PHUJLQJ�5LVN�V\VWHPV�IRU�WKH�IRRG�FKDLQ�
������� 6XPPDU\�RI�WKH�DIWHUQRRQ��)ORRU�9HUGHQLXV��
�������� &ORVLQJ�UHPDUNV��+DQV�0DUYLQ��
�������� ,QIRUPDO�JDWKHULQJ�DW�WKH�EDU�
�������� 'LQQHU�LQ�WKH�UHVWDXUDQW�
�
�
0HGLDWRU��)ORRU�9HUGHQLXV�
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� 'HVFULSWLRQ�RI�WKH�ZRUNVKRS��SUHVHQWDWLRQV�DQG�GLVFXVVLRQ��
�

��� 3UHVHQWDWLRQ����:RUNVKRS�(PHUJLQJ�5LVNV�DQG�(DUO\�:DUQLQJ�6\VWHPV�
$	)���)iWLPD�.UHIW�

�
6XPPDU\�
7KH� ILUVW�SUHVHQWDWLRQ�ZDV�JLYHQ�E\�)iWLPD�.UHIW��6KH�JDYH� DQ� LQWURGXFWLRQ� LQ� IRRG� VDIHW\� DQG�
OLQNHG�WKLV�WR�WKH�SXUSRVH�RI�WKH�ZRUNVKRS��
�
(DUO\�:DUQLQJ�6\VWHPV�DQG�(PHUJLQJ�5LVNV�
7KLV� ZRUNVKRS� LV� SDUW� RI� WKH� SURMHFW� ´(PHUJLQJ� 5LVNV� LQ� 'XWFK� )RRG� &KDLQVµ� ZKLFK� LV�
FRRUGLQDWHG�E\�'U��+�-�3��0DUYLQ��5,.,/7��,QVWLWXWH�RI�)RRG�6DIHW\��DQG�LV�IXQGHG�E\�WKH�'XWFK�
0LQLVWU\� RI� $JULFXOWXUH�� 1DWXUH� DQG� )RRG� 4XDOLW\� DQG� VXSHUYLVHG� E\� WKH� 'XWFK� )RRG� DQG�
&RQVXPHU�3URGXFW�6DIHW\�$XWKRULW\��7KH�SXUSRVH�ZLWKLQ�WKLV�SURMHFW�LV�WR�GHYHORS�D�SURFHGXUH�WR�
LGHQWLI\�SRWHQWLDO�ULVNV�LQ�WKH�IRRG�FKDLQ�LQ�DQ�HDUO\�VWDJH��DOORZLQJ�SUR�DFWLYH�LQWHUYHQWLRQ�RQ�WKH�
LGHQWLILHG�ULVN��7KH�GXUDWLRQ�RI�WKH�SURMHFW�LV���\HDU��
�
7KH�UHDVRQ�IRU�ZRUNLQJ�RQ�WKLV�SURMHFW�LV�WKH�UHDOL]DWLRQ�WKDW�IRRG�VDIHW\� LV�DQ�LPSRUWDQW�LVVXH��
$OO�NLQGV�RI�RUJDQL]DWLRQV�DUH�GHDOLQJ�ZLWK�IRRG�VDIHW\��0RUHRYHU��SXEOLF�DZDUHQHVV�DQG�DWWHQWLRQ�
IRU� IRRG� VDIHW\� LV� KLJK�� $W� WKH� VDPH� WLPH�� IRRG� DQG� IHHG� SURGXFWLRQ� JHWV� PRUH� DQG� PRUH�
FRPSOH[��7KHUHIRUH��WKH�QHHG�IRU�SUR�DFWLYH�SUHYHQWLRQ�RI�ULVNV�JURZV��
�
,Q�RUGHU� WR�GHYHORS� DQ� HPHUJLQJ� ULVNV� V\VWHP�� VRPH�GHILQLWLRQV� DUH�QHHGHG�� ,Q� WKH� ´(PHUJLQJ�
5LVNV�LQ�'XWFK�)RRG�&KDLQVµ�SURMHFW��WKH�IROORZLQJ�GHILQLWLRQV�ZHUH�XVHG��
• )RRG� KD]DUG�� D� ELRORJLFDO�� FKHPLFDO� RU� SK\VLFDO� DJHQW� LQ� IRRG� RU� IHHG� ZLWK� WKH� SRWHQWLDO� WR�

FDXVH�DQ�DGYHUVH�KHDOWK�HIIHFW��
• (PHUJLQJ�5LVN��D�SRWHQWLDO�IRRG�KD]DUG�WKDW�PD\�EHFRPH�D�ULVN�IRU�KXPDQ�KHDOWK�LQ�WKH�IXWXUH�
• ,QFLGHQW�� WKH� LQVWDQFH� WKDW� WKH� XVH� RI� WKH� SURGXFW� FDQ� RU� ZLOO� UHVXOW� LQ� DGYHUVH� KHDOWK�

FRQVHTXHQFHV� IRU� DQLPDOV� RU� KXPDQ� EHLQJV�� GLYLGHG� LQ� GLIIHUHQW� FODVVHV� GHSHQGLQJ� RQ� WKH�
GHJUHH�RI�VHYHULW\�RI�WKH�SUREOHP�WR�DQLPDO�DQG�KXPDQ�KHDOWK��

• (DUO\� :DUQLQJ� 6\VWHP�� D� V\VWHP� RU� SURFHGXUH� DEOH� WR� SUR�DFWLYHO\� LGHQWLI\� DQG� SUHYHQW� D�
SRWHQWLDO�KD]DUG�WR�EHFRPH�D�ULVN��

�
(PHUJLQJ�ULVNV�PD\�RFFXU�LQ�PDQ\�SODFHV�LQ�WKH�IRRG�SURGXFWLRQ�FKDLQ��(DFK�ULVN�FDQ�EH�VSRWWHG�
E\� RQH� RU�PRUH� LQGLFDWRUV� WKDW� DUH� XVHG� WR� LGHQWLI\� WKH� ULVNV�� (DFK� LQGLFDWRU� KDV� GDWD� VRXUFHV�
FRQQHFWHG� WR� LW� WKDW� FDQ�EH� XVHG� WR�PRQLWRU� WKH� GLIIHUHQW� LQGLFDWRUV��7KHUH� FDQ� EH� LQWHUDFWLRQ�
EHWZHHQ�LQGLFDWRUV�DQG�EHWZHHQ�GDWD�VRXUFHV��7KH�HDUO\�ZDUQLQJ�V\VWHP�KDV�WKH�WDVN�WR�PRQLWRU�
WKH�YDULRXV�GDWD�VRXUFHV��%\�GHILQLQJ�OHYHOV�IRU�VSHFLILF�LQGLFDWRUV��WKH�ULVN�LQ�WKH�IRRG�FKDLQ�FDQ�
EH�TXDQWLILHG��+HUHWR��ZH�KDYH�WR�WDNH� LQWR�DFFRXQW�ZKLFK� LQWHUDFWLRQV�WDNH�SODFH�EHWZHHQ�GDWD�
VRXUFHV�DQG�LQGLFDWRUV��:KHQ�D�ULVN�LV�GHWHFWHG��WKH�HDUO\�ZDUQLQJ�V\VWHP�KDV�WR�LQGLFDWH�KRZ�WKLV�



�$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�*URXS��PHPEHU�RI�:DJHQLQJHQ�85����

ULVN�PD\�SURSDJDWH�WKURXJK�WKH�IRRG�SURGXFWLRQ�FKDLQ��,Q�WKH�V\VWHP��ZH�DOVR�QHHG�D�GHILQLWLRQ�
RI�DSSURSULDWH�DFWLRQV�WR�EH�XQGHUWDNHQ�ZKHQ�VRPHWKLQJ�KDSSHQV��$OO� WKHVH�IDFWRUV�QHHG�WR�EH�
GHWHUPLQHG�LQ�WKH�GHVLJQ�RI�DQ�HDUO\�ZDUQLQJ�V\VWHP��
�
,Q�RXU�DSSURDFK��WKH�KROLVWLF�ZD\�RI�WKLQNLQJ�LV�FHQWUDO��&RQVHTXHQFHV�RI�WKLV�DSSURDFK�DUH�H�J��
• 7KH�QRWLRQ�WKDW�HPHUJLQJ�ULVN�LQGLFDWRUV�PD\�EH�ERWK�LQVLGH�DQG�RXWVLGH�WKH�IRRG�FKDLQ��
• 7KH�XVH�RI�D�PXOWLGLVFLSOLQDU\�DSSURDFK�FRYHULQJ�SURGXFWV�DQG�SURFHVVLQJ��FOLPDWH��HFRQRP\��

FRQVXPHU�EHKDYLRXU��JRYHUQPHQW�SROLWLFV��HWF��HWF��
• 7DNLQJ�LQWR�DFFRXQW�WKH�IDFW�WKDW�D�IRRG�SURGXFWLRQ�FKDLQ�PD\�KDYH�DQ�LQWHUQDWLRQDO�JOREDO�

GLPHQVLRQ�
�
7KH� LGHQWLILHG� VWDNHKROGHUV� LQ� RXU� (DUO\� :DUQLQJ� 6\VWHP� DUH�� FRPPHUFLDO� FRPSDQLHV� GLUHFWO\�
LQYROYHG� LQ� WKH� SURGXFWLRQ� DQG� GLVWULEXWLRQ� RI� WKH� IRRG� LQ� WKH� IRRG� FKDLQ�� 1DWLRQDO� DQG�
(XURSHDQ� JRYHUQPHQWDO� LQVWLWXWHV�� VFLHQWLVWV� 	� H[SHUWV� GHDOLQJ� ZLWK� IRRG� VDIHW\�� FRQVXPHUV��
1*2V�LQ�WKH�DUHD�RI�HQYLURQPHQW��DQLPDO�ZHOIDUH�DQG�FRQVXPHU�RUJDQLVDWLRQV��DQG��ODVW�EXW�QRW�
OHDVW��WKH�SUHVV�DQG�PHGLD��7KHVH�VWDNHKROGHUV�PD\�DOO�KDYH�GLIIHUHQW�SULRULWLHV��7KH�TXHVWLRQ�KRZ�
LPSRUWDQW� D� FHUWDLQ� ULVN� LV� LQ� WKH� H\HV� RI� D� FHUWDLQ� VWDNHKROGHU� EHFRPHV� UHOHYDQW�� VLQFH� LW�PD\�
DIIHFW�WKH�SRVVLELOLW\�WR�GHWHFW�DQ�HPHUJLQJ�ULVN�LQ�DQ�HDUO\�VWDJH���
�
3XUSRVH�RI�WKH�ZRUNVKRS�
7KH�SXUSRVH�RI� WKH�ZRUNVKRS� LV� WR� OHDUQ� IRUP�HDFK�RWKHUV·� H[SHULHQFH� DQG�NQRZOHGJH� DQG� WR�
GHILQH�WKH�FRQWRXUV�RI�D�IXWXUH�(DUO\�:DUQLQJ�6\VWHP��2QH�RI�WKH�GLVFXVV�WRSLFV�ZLOO�EH�WKH�UROH�
RI� WKH� VWDNHKROGHUV� DQG� WKHLU� SHUFHSWLRQV� RQ� HPHUJLQJ� ULVNV�� 0RUHRYHU�� WKH� ZLOOLQJQHVV� WR�
H[FKDQJH�LQIRUPDWLRQ�ZLOO�EH�FRQVLGHUHG�DV�ZHOO��
�
$V�D�UHVXOW�RI� WKH�ZRUNVKRS��:DJHQLQJHQ�85�ZLOO�SURGXFH�D�GRFXPHQW�FRQWDLQLQJ�EDFNJURXQG�
LQIRUPDWLRQ� RI� WKH� SUHVHQWHG� DSSURDFKHV�� WKH� SUHVHQWDWLRQ� VOLGHV�� DQG� D� ZULWWHQ� UHSRUW� RI�
GLVFXVVLRQ��7KHUH�ZLOO�EH�D�OLQN�WR�WKH�ZHEVLWH�ZLWK�WKH�UHFRUGLQJV�RI�WKH�SUHVHQWDWLRQV��
�
4XHVWLRQV�IURP�WKH�DXGLHQFH��
• ,V�UDGLDWLRQ�D�SRWHQWLDO�KD]DUG�DV�ZHOO��$QVZHU�IURP�WKH�DXWKRU���<HV��
• ,�PLVV�QXWULWLRQDO�KD]DUGV�LQ�WKH�OLVW��WRR�PXFK�IDW��WRR�PXFK�VXJDU�«���LV�WKLV�GHOLEHUDWH"�$QVZHU�IURP�WKH�

DXWKRU��<HV��LW�LV�PLVVLQJ�EHFDXVH�DW�ILUVW�WKH�IRFXV�ZLWKLQ�WKH�SURMHFW�LV�WKH�ELRORJLFDO��FKHPLFDO�DQG�SK\VLFDO�
NLQG�RI�KD]DUGV��7KH�GHILQLWLRQ�RI�HPHUJLQJ�ULVN�LV�RIWHQ�GLVSXWDEOH��7KH�PLQLVWU\�RI�KHDOWK�LQFOXGHV�QXWULWLRQDO�
KD]DUGV��IRRG�DXWKRULWLHV�GR�QRW���3DUW�RI�RXU�SURMHFW�KDV�EHHQ�WR�VWXG\�WKH�VWDNHKROGHU·V�SHUFHSWLRQ�RI�HPHUJLQJ�
ULVNV�LQ�WKH�IRRG�FKDLQ��
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�
��� 3UHVHQWDWLRQ����(SLGHPLF�LQWHOOLJHQFH�IRU�SXEOLF�KHDOWK�

('&'���0DUFR�%DOGDUL�
�
6XPPDU\�
$� SUHVHQWDWLRQ� DERXW� HSLGHPLRORJLFDO� LQWHOOLJHQFH� DFWLYLWLHV� DW� (&'&�� WKH� (XURSHDQ� DXWKRULW\�
FKDUJHG�ZLWK�SURYLGLQJ�HPHUJLQJ�FRPPXQLFDEOH�GLVHDVHV�ULVN�DVVHVVPHQW�IURP�D�(XURSHDQ�SRLQW�
RI�YLHZ��
�
7KH�(XURSHDQ�SHUVSHFWLYH�
�
7KH� (XURSHDQ�&HQWUH� IRU�'LVHDVH� 3UHYHQWLRQ� DQG� &RQWURO� �(&'&�� KDV� EHHQ� HVWDEOLVKHG� DV� D�
(XURSHDQ�UHVSRQVH�WR�WKH�H[SRQHQWLDO�LQFUHDVH�RI�JRRGV��SHRSOH��VHUYLFHV�DQG�FDSLWDO�PRYLQJ�DOO�
DURXQG� WKH�ZRUOG��ZKLFK� DOVR� HQWDLOV� DQ� LQFUHDVHG��PXFK� IDVWHU� FLUFXODWLRQ� RI�PLFUR�RUJDQLVPV�
DQG�WKH�QHHG�RI�D�FRRUGLQDWHG�3XEOLF�+HDOWK�DSSURDFK�WKURXJKRXW�(XURSH��7KH�(&'&�KDV�EHHQ�
WDVNHG�ZLWK�HVWDEOLVKLQJ�SURFHGXUHV� IRU� LGHQWLI\LQJ�HPHUJLQJ�FRPPXQLFDEOH�GLVHDVH� WKUHDWV� DQG�
ZLWK�LGHQWLI\LQJ��DVVHVVLQJ�DQG�SURYLGLQJ�LQIRUPDWLRQ�WR�06��0HPEHU�6WDWHV���WKH�(&�DQG�WR�WKH�
SXEOLF�DERXW� LWV� ILQGLQJV��$OO� VXFK�DFWLYLWLHV�PD\�EH� LQGLFDWHG�DV�´(SLGHPLRORJLFDO� ,QWHOOLJHQFHµ�
�(�,����7KH�DGRSWLRQ�RI�SXEOLF�KHDOWK�PHDVXUHV�EDVHG�RQ�(�,��DFWLYLWLHV�LV�QRW�LQ�(&'&·V�PDQGDWH��
�
(SLGHPLRORJLFDO�LQWHOOLJHQFH��IURP�GDWD�VRXUFH�WR�DOHUW�
7KH� (&'&� GHILQHV� HSLGHPLF� LQWHOOLJHQFH� DV� WKH� SURFHVV� WR� GHWHFW�� YHULI\�� DQDO\VH�� DVVHVV� DQG�
LQYHVWLJDWH� VLJQDOV� WKDW� PD\� UHSUHVHQW� D� WKUHDW� WR� SXEOLF� KHDOWK�� (SLGHPLF� LQWHOOLJHQFH�
HQFRPSDVVHV� QRW� RQO\� HDUO\� ZDUQLQJ� DFWLYLWLHV�� EXW� DOVR� ULVN� DVVHVVPHQW� DQG� RXWEUHDN�
LQYHVWLJDWLRQ��7KH�DFWLYLWLHV�RI�(&'&�VWDUW�ZLWK�PRQLWRULQJ�LQIRUPDWLRQ��:KHQ�D�SRWHQWLDO�ULVN�LV�
GHWHFWHG�� WKH� FRUUHVSRQGLQJ� VLJQDO� LV� DVVHVVHG�� 7KHVH� DFWLYLWLHV� DUH� SDUW� RI� WKH� HSLGHPLF�
LQWHOOLJHQFH�SURFHVV��7KH�DQDO\VHG� LQIRUPDWLRQ� LV�VXEVHTXHQWO\�FRPPXQLFDWHG�WR�WKH�FRPSHWHQW�
DXWKRULWLHV��ZKR�PD\�RU�PD\�QRW�DFW�XSRQ�LW���
�
7KH�LQIRUPDWLRQ�WKDW�LV�PRQLWRUHG�EHORQJV�WR�WZR�FDWHJRULHV��2Q�RQH�VLGH�WKHUH�DUH�WKH�LQGLFDWRUV�
SURYLGHG� E\� 3XEOLF� +HDOWK� DQG� RWKHU� PRQLWRULQJ� V\VWHPV� �HQYLURQPHQWDO�� EHKDYLRXUDO�� HWF���
7KHVH� GDWD� QHHG� DQDO\VLV� DQG� LQWHUSUHWDWLRQ�� DIWHU� ZKLFK� VLJQDOV� SRLQWLQJ� WR� 3XEOLF� +HDOWK�
SUREOHPV�PLJKW�EH�JHQHUDWHG��7KLV�LV�WKH�´LQGLFDWRU�EDVHG�(�,�µ��2Q�WKH�RWKHU�VLGH�WKHUH�DUH�HYHQWV�
RI�SRWHQWLDO�3XEOLF�+HDOWK�UHOHYDQFH�UHSRUWHG�DV�VXFK�E\�D�VHULHV�RI�VRXUFHV��ZLWK�D�YHU\�GLIIHUHQW�
GHJUHH�RI�GHSHQGDELOLW\�� WKHVH�HYHQWV�QHHG�FROOHFWLQJ�� ILOWHULQJ��YDOLGDWLQJ�DQG�DVVHVVLQJ�� �7KLV� LV�
WKH� ´HYHQW�EDVHG� (�,�µ�� %RWK� EUDQFKHV� RI� (�,�� HQG� XS� SURYLGLQJ� VLJQDOV� ZKLFK� QHHG� EHLQJ�
DVVHVVHG�DQG�²�RIWHQ���IXUWKHU�LQYHVWLJDWHG��:KDW�(&'&�FRQVLGHUV�WR�EH�UHOHYDQW�IRU�(8�3XEOLF�
KHDOWK�EHFRPHV�DQ�DOHUW��
�
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7KH�FHQWUHSLHFH�RI�WKH�(�,��SURFHVV�DW�(&'&�LV�WKH�GDLO\�URXQG�WDEOH��ZKLFK�VXSSRUWV�WKH�ILOWHULQJ�
SURFHVV��SURYLGHV�WR�HPHUJLQJ�WKUHDWV�DVVHVVPHQW��UH�DVVHVVHV�WKUHDWV�XSRQ�ZKLFK�PHDVXUHV�KDYH�
EHHQ�WDNHQ��FR�RUGLQDWHV�HSLGHPLRORJLFDO�LQYHVWLJDWLRQV��FRQFOXGHV�WKH�IROORZ�XS�RI�WKUHDWV�ZKLFK�
KDYH� EHHQ� FRQWUROOHG� DQG� GHFLGHV� RQ� PRGDOLWLHV� WR� SURYLGH� LQIRUPDWLRQ� WR� WKH� VWDNHKROGHUV�
�(&'&�XVHV�VHYHUDO�PHDQV�WR�FRPPXQLFDWH��LQFOXGLQJ�D�YDULHW\�RI�EXOOHWLQV���
7R�FRPSOHWH� WKH� WKUHDWV� DVVHVVPHQW� DQG�FRPPXQLFDWLRQ�F\FOH�� D�ZHHNO\�YLGHR�FRQIHUHQFH�ZLWK�
WKH� KHDOWK�WKUHDWV� 8QLW� RI� WKH� &RPPLVVLRQ� �6$1&2�&��� LV� KHOG� DQG� LW� UHVXOWV� LQ� D� ZHHNO\�
EXOOHWLQ�IRU�WKH�&RPPLVVLRQHUV��
�
7KH�(SLGHPLF�,QWHOOLJHQFH�,7�V\VWHP�DW�(&'&�
7KH�(&'&�358��3UHSDUHGQHVV�DQG�5HVSRQVH�8QLW��KDV�GHYHORSHG�D�WKUHDW�GDWDEDVH�WR�IDFLOLWDWH�
WKH� SURFHVV� RI� FROOHFWLQJ�� YHULI\LQJ�� DVVHVVLQJ� DQG� IROORZLQJ� XS� LQIRUPDWLRQ� RQ� HPHUJLQJ�
FRPPXQLFDEOH�GLVHDVH� WKUHDWV��7KLV� GDWDEDVH� �FDOOHG� WKH� ´7KUHDW�7UDFNLQJ�7RROµ�� RIIHUV� WR� WKH�
XVHU� WKH� SRVVLELOLW\� WR� YLVXDOL]H� FXUUHQWO\� IROORZHG�XS� WKUHDWV�� DV�ZHOO� DV� WR� VHDUFK� DPRQJ� SDVW�
RQHV� RU� WR� LQVHUW� QHZ� RQHV�� ,W� DOVR� KDV� WKH� FDSDELOLW\� WR� DXWRPDWLFDOO\� JHQHUDWH� UHSRUWV� DQG�
DQDO\VHV���
�
4XHVWLRQV�IURP�WKH�DXGLHQFH��
• +RZ�GRHV�WKH�ILOWHULQJ�RI�LQIRUPDWLRQ�ZRUN"�$QVZHU�IURP�WKH�DXWKRU��5DWKHU�UDZ�PDWHULDO�LV�EURXJKW�WR�

WKH� URXQG� WDEOH��(&'&�DVVHVVHV� ZKHWKHU� VRPHWKLQJ� LV� SRWHQWLDOO\� LPSRUWDQW� IRU� SXEOLF� KHDOWK��$OO� JURVVO\�
XQOLNHO\� RU� XQ�UHOHYDQW� QHZV� DUH� GLUHFWO\� ILOWHUHG� RXW� E\� WKRVH� LQ� FKDUJH� RI� VFDQQLQJ� WKH� QHZV�� 7KH� UHVW� LV�
EURXJKW� WR� WKH�5RXQG�7DEOH� �57���7KLV�ZD\� WKH� LQFRPLQJ�GDWD�VWUHDP�WR� WKH�57�LV� VWLOO�PDQDJHDEOH��7KH�
ILOWHULQJ�DW�57�OHYHO�LV�UHODWLYHO\�LQWXLWLYH��

• :KR�LV�SDUWLFLSDWLQJ� LQ�URXQG� WDEOH�PHHWLQJV"�$QVZHU�IURP�WKH�DXWKRU��7KH�(&'&�LV�PDGH�RI� WKUHH�
7HFKQLFDO�8QLWV��358��3UHSDUHGQHVV�DQG�5HVSRQVH���6&8��6XUYHLOODQFH�DQG�&RPPXQLFDWLRQ���DQG�6$8�
�6FLHQWLILF�$GYLFH��� �(DFK�XQLW�JHQHUDOO\�KDV�RQH�SHUVRQ�DW�WKH�URXQG�WDEOH��6RPHWLPHV�JXHVWV�SDUWLFLSDWH�DV�
ZHOO��HYHU\RQH�RIILFLDOO\�YLVLWLQJ�DW�(&'&�LV�ZHOFRPH���

• $ERXW� VWDWLVWLFV�� \RX� GHDO� ZLWK� PDQ\� UHSRUWV� HQWDLOLQJ� SRWHQWLDO� WKUHDWV��:KDW� LV� WKH� SHUFHQWDJH� RI� ´IDOVH�
DODUPVµ�� WKDW� LV�RI� VXSSRVHG� WKUHDWV� WKDW� HQG�XS�EHLQJ�QRWKLQJ�ZRUWK�ZRUU\LQJ�DERXW"�$QVZHU�IURP�WKH�
DXWKRU��(&'&�SURGXFHV� D� \HDUO\� UHSRUW�� ,Q� WKLV� UHSRUW� VWDWLVWLFV� DUH� SURYLGHG��$Q\ZD\� ZKHQ� VRPHWKLQJ�
UHDFKHV�XS� WR� WKH�5RXQG�7DEOH��DQG� LW�GHFLGHV� LW� LV�ZRUWK� IROORZLQJ�XS�� WKDW� HYHQW�JHQHUDOO\� LV� FRQILUPHG�DV�
VRPHWKLQJ� UHDOO\� UHOHYDQW��1RWH� WKDW�(&'&� RQO\� IROORZV� XS� WKUHDWV� WR�(8� FLWL]HQV� ZLWKLQ�(XURSH� �H�J���
PDODULD��HVVHQWLDOO\�WKUHDWHQLQJ�LQWHUQDWLRQDO�WUDYHOOHUV��LV�OHIW�RXW���

�
��� 3UHVHQWDWLRQ����9LJLODQFH�DQG�VLJQDOOLQJ�RI�KXPDQ�LQIHFWLRXV�GLVHDVH�HYHQWV�

LQ�WKH�1HWKHUODQGV�
5,90���:LOIULG�YDQ�3HOW�

6XPPDU\�
,Q�WKH�1HWKHUODQGV��WKH�LQVWLWXWH�5,90�LV�UHVSRQVLEOH�IRU�SXEOLF�KHDOWK�FRRUGLQDWLRQ�ZLWK�UHVSHFW�
WR�FRQWURO�RI�LQIHFWLRXV�GLVHDVHV�DW�D�QDWLRQDO�OHYHO��,Q�WKLV�SUHVHQWDWLRQ��:LOIULG�YDQ�3HOW�JLYHV�DQ�
RYHUYLHZ�RI�WKH�WRROV�DQG�WHFKQLTXHV�WKDW�DUH�HPSOR\HG�E\�5,90�IRU�WKHLU�SXEOLF�KHDOWK�WDVN��
�
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,QIHFWLRXV�GLVHDVH�FRQWURO�DW�5,90�
7KH�1HWKHUODQGV�DUH�VXEGLYLGHG�LQWR����UHJLRQV�WKDW�KDYH�UHVSRQVLELOLW\�IRU�GLVHDVH�FRQWURO��7KH�
5,90�IXOILOV�D�FRRUGLQDWLQJ�UROH�DW�WKH�QDWLRQDO�OHYHO��$W�5,90��D�JURXS�RI�VFLHQWLVWV��IRUPLQJ�WKH�
(DUO\�:DUQLQJ� &RPPLWWHH�� JDWKHUV� HDFK� ZHHN� WR� GLVFXVV� SRVVLEOH� HYHQWV� RI� KXPDQ� LQIHFWLRXV�
GLVHDVHV�� 5HFHQW� ODUJH� RXWEUHDNV� �´FULVLVµ�� WKDW� KDYH� EHHQ� GLVFXVVHG� DQG� KDYH� OHG� WR� FRQWURO�
PHDVXUHV�E\�5,90�DUH�/HJLRQQDLUHV·�GLVHDVH��DYLDQ�LQIOXHQ]D�+�1���5XEHOOD��DQG�056$���
�
,QIHFWLRXV�GLVHDVHV��IURP�GDWD�WR�DOHUW�
:KHQ�D�KXPDQ� LQIHFWLRXV�GLVHDVH� LV� LGHQWLILHG� LQ�PRUH� WKDQ�RQH� UHJLRQ��5,90�KDV� WKH� WDVN� WR�
SURYLGH�QDWLRQDO�FRQWURO��7KH�SURFHVV�RI�HDUO\�ZDUQLQJ�LGHQWLILFDWLRQ�VWDUWV�ZLWK�VFUXWLQLVLQJ�GDWD�
VRXUFHV�� 7KHVH� GDWD� VRXUFHV� FRQVLVW� RI� QRWLILFDWLRQV� DQG� ODE� UHSRUWV�� UXPRXUV� LQ� SURIHVVLRQDO�
QHWZRUNV�DQG�PHGLD��DQG�LQWHUQDWLRQDO�EXOOHWLQV��$OJRULWKPV�DUH�XVHG�WR�ILQG�XVHIXO�VLJQDOV�LQ�WKH�
KXJH�DPRXQW�RI�GDWD��7KH�QH[W� VWHS� LV� WR�SHUIRUP�D� ILUVW�YHULILFDWLRQ�RI� VHULRXV�VLJQDOV��7KLV� LV�
GRQH� E\� 5,90� DW� WKH� &HQWUH� IRU� ,QIHFWLRXV� 'LVHDVHV� &RQWURO�� ,Q� D� ZHHNO\� PHHWLQJ� ZLWK� WKH�
VLJQDOOLQJ� FRPPLWWHH�� FRQVLVWLQJ� RI� PLFURELRORJLVWV�� YHWHULQDULHV�� FOLQLFDO� VSHFLDOLVWV��
HSLGHPLRORJLVWV� DQG� IRRG� VDIHW\� H[SHUWV�� WKH� VFUXWLQL]HG� VLJQDOV� DUH� GLVFXVVHG� DQG� D� GHFLVLRQ� LV�
PDGH� RQ� ZKHWKHU� RU� QRW� WR� IROORZ� XS� RQ� WKH� DOHUW�� $� ZHHNO\� UHSRUW� LV� FRPSRVHG� IRU� WKH�
LQVSHFWRUDWH�� WKH�PLQLVWU\�RI�KHDOWK�� IRRG�VDIHW\�DXWKRULWLHV��PXQLFLSDO�KHDOWK�VHUYLFHV�DQG�RWKHU�
SURIHVVLRQDOV� LQYROYHG� LQ� WKH�FRQWURO�RI� LQIHFWLRXV�GLVHDVHV� LQ� WKH�1HWKHUODQGV�DQG�HQWHUHG� LQ�D�
VHDUFKDEOH�GDWDEDVH��
�
7KH�,QIHFWLRXV�'LVHDVH�,7�V\VWHP�DW�5,90�
5HSRUWV�RI�LQIHFWLRXV�GLVHDVH�DOHUWV�DUH�HQWHUHG�LQWR�D�VHDUFKDEOH�GDWDEDVH�RSHQ�IRU�WKH�SXEOLF�WKDW�
UHFHLYH� WKH� ZHHNO\� UHSRUW�� ,Q� WKLV� GDWDEDVH�� WKH� W\SH� RI� GLVHDVH�� WKH� GDWD� RI� GHWHFWLRQ� DQG� WKH�
ORFDWLRQ�DQG�RWKHU�LWHPV�RI�LQWHUHVW�DUH�VKRZQ��6WDWLVWLFDO�DOJRULWKPV�DUH�XVHG�E\�5,90�WR�GHWHFW�
RXWEUHDNV��7KH�DOJRULWKPV�DUH�WXQHG�WR�VSRW�HDFK�RXWEUHDN��EXW�QRW�WR�JLYH�WRR�PDQ\�IDOVH�DODUPV��
'HPRJUDSKLF�IDFWRUV�DUH�WDNHQ�LQWR�DFFRXQW�LQ�WKHVH�DOJRULWKPV��7KH�DOJRULWKPV�KDYH�SURYHG�WR�
EH�VXFFHVVIXO�IRU�SDWKRJHQV�WKDW�KDYH�D�JRRG�QDWLRQDO�FRYHUDJH�OLNH�VDOPRQHOOD��
�
4XHVWLRQV�IURP�WKH�DXGLHQFH��
• :KDW�GRHV�5,90�VWRUH�DQG�NHHS� LQ� WKH�GDWDEDVH"�'R�\RX� VWRUH� WKH� FRPSOHWH�GHFLVLRQ�PDNLQJ�SURFHVVHV"�

$QVZHU�IURP�WKH�DXWKRU�� �)RU�6DOPRQHOOD�GHWHFWLRQV�5,90�KDV�D�GDWDEDVH� WKDW�JRHV�EDFN�WR�������
7KLV� GDWDEDVH� LV� XVHG� E\� WKH� DOJRULWKPV� HDFK� ZHHN�� 7KH� GHFLVLRQ� PDNLQJ� SURFHVV� LV� DOVR� VWRUHG� LQ� WKH�
GDWDEDVH��

• ,Q�RQH�RI� WKH�JUDSKV� WKH� H[SHFWDWLRQ� FXUYH� VHHPV� WR�EH�D�SRRU�SUHGLFWLRQ��,V� WKLV� WUXH"�$QVZHU�IURP�WKH�
DXWKRU��1R��FHUWDLQ�SDWKRJHQV�DUH�GHWHFWHG�RQO\�RQFH�D�\HDU��WKH�H[SHFWDWLRQ�LV�TXLWH�ORZ��RI�FRXUVH�LQFLGHQWV�
SHDN�DERYH�WKH�H[SHFWDWLRQ�FXUYH���

• 'RHV�WKH�H[SHFWDWLRQ�FXUYH�GLIIHU�HDFK�\HDU��LV�LW�D�SURFHVV�RI�WUHQG�ZDWFKLQJ"�+RZ�GRHV�WKH�H[SHFWDWLRQ�FXUYH�
FRPH�LQWR�H[LVWHQFH"�$QVZHU�IURP�WKH�DXWKRU���,W�GHSHQGV�RQ�WKH�WLPH�VHULHV��,W�GHSHQGV�RQ�KRZ�WKH�WUHQG�
ZDV�LQ�WKH�SDVW��6R�5,90�GRHV�QRW�XVH�H[WHUQDO�VRXUFHV� IRU�DGGLWLRQDO� LQIRUPDWLRQ"�$QVZHU�IURP�WKH�
DXWKRU��1R�� WKH� H[SHFWDWLRQ� FXUYH� LV� EDVHG� RQ� D� PDWKHPDWLFDO� PRGHO�� 7KH� FDVHV� WKDW� DUH� VSRWWHG� RFFXU�
VSRUDGLFDOO\�� VR� LQFLGHQWV� �WKDW� DUH� ILOWHUHG� DQ\ZD\�� GR� QRW� SOD\� DQ� LPSRUWDQW� UROH� LQWR� WKH� SUHGLFWLRQ� RI�
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RFFXUUHQFH�OHYHOV�LQ�D�QH[W�PRQWK��5,90�KDV�FKRVHQ�WR�XVH�DQ�HPSLULFDO�PRGHO��PDGH�SRVVLEOH�GXH�WR�WKH�KLJK�
TXDOLW\�RI�WKH�GDWD��

• 'HIUD�KDV�GRQH�VRPHWKLQJ�VLPLODU��EXW�WR�VHW�XS�D�ZHOO�SUHGLFWLQJ�PRGHO�LV�YHU\�GLIILFXOW��EHFDXVH�PDQ\�WKLQJV�
QHHG� WR�EH� WDNHQ� LQWR�DFFRXQW��7KLV� LV� HVSHFLDOO\� WUXH� LQ�D�KROLVWLF�DSSURDFK��$QVZHU�IURP�WKH�DXWKRU��
7UXH��EXW�FDOLEUDWLRQ�RQ�WKH�EDVLV�RI�HPSLULFDO�GDWD�LV�VWLOO�YHU\�LPSRUWDQW��

• 7KHUH�VHHPV�WR�EH�FRQIXVLRQ�RQ�KRZ�H[SHFWDWLRQV�DUH�IRUPHG��+RZ�GRHV�5,90�GR�WKLV"�$QVZHU�IURP�WKH�
DXWKRU��5,90�XVHV�DQ�HPSLULFDO�GDWD�PRGHO��

��� 'LVFXVVLRQ�%ORFN�,�

�
2QH�LPSRUWDQW�LVVXH�LQ�HDUO\�ZDUQLQJ�V\VWHPV�LV�KRZ�WR�WDNH�LQWR�DFFRXQW�WKH�TXDOLW\�RI�GDWD�RQ�ZKLFK�ZDUQLQJV�
DUH�EDVHG��:H�KDYH�VHHQ�D�ORW�RI�KXPDQ�LQWHUSUHWDWLRQ�RI�GDWD�LQ�WKH�SUHYLRXV�SUHVHQWDWLRQV��:KHQ�ZH�WDON�DERXW�
HDUO\�ZDUQLQJ�V\VWHPV�WKDW�DUH�FRPSXWHU�EDVHG��ZH�QHHG�WR�NQRZ�KRZ�WR�EDODQFH�WKH�DYDLODEOH�GDWD��:KDW�DUH�WKH�
LGHDV�RQ�WKLV�VXEMHFW"�
�
$XWRPDWLF�(DUO\�:DUQLQJ�6\VWHPV�DQG�WKH�WDVN�RI�H[SHUWV�
$Q� HDUO\�ZDUQLQJ� V\VWHP� FDQ� EH� XVHG� WR� DXWRPDWLFDOO\� GHWHFW� VLJQDOV� RI� SRWHQWLDO� KD]DUGV��7KH�
JHQHUDO� IHHOLQJ�� KRZHYHU�� ZDV� WKDW� D� KXPDQ� H[SHUW� ZLOO� DOZD\V� EH� QHFHVVDU\� WR� YDOLGDWH� DQG�
LQWHUSUHW�WKHVH�VLJQDOV��7KH�H[SHUWV�KDYH�WR�GHFLGH�ZKHWKHU�DFWLRQ�VKRXOG�EH�XQGHUWDNHQ�DQG�LI�VR��
ZKLFK�DFWLRQV�DUH�FDOOHG�IRU���
�
:KHQ� XVLQJ� H[SHUWV�� WKH� ULVN� H[LVWV� WKDW� WKH� EDFNJURXQG� RI� WKH� H[SHUW� LQWURGXFHV� D� VXEMHFWLYH�
DVVHVVPHQW� RI� D� VLJQDO�� 7R� RYHUFRPH� VXFK� D� ELDV�� WKH� H[SHUWV� VKRXOG� ZRUN� LQ� WHDPV� DQG� WKH�
FRPSRVLWLRQ�RI�WKHVH�WHDPV�VKRXOG�YDU\�RQ�D�UHJXODU�EDVLV��
�
7KH�SDUWLFLSDQWV�RI�WKLV�GLVFXVVLRQ�IHHO�WKDW��DW�SUHVHQW��ILQGLQJ�HDUO\�ZDUQLQJ�VLJQDOV�ZLWK�DQ�$,�
V\VWHP�LV�GLIILFXOW��:KHQ�WKH�DPRXQW�RI�LQSXW�GDWD�JURZV�DQG�WKH�VLJQDOV�WKDW�DUH�WR�EH�DVVHVVHG�
DUH� QRW� NQRZQ� RQ� EHIRUHKDQG�� WKH\� EHOLHYH� WKDW� WKH� XVH� RI� FRPSXWHUV� IRU� �VHPL��DXWRPDWLF�
DQDO\VLV�RI�WKH�GDWD�EHFRPHV�QHFHVVDU\���
�
$FFXUDF\�RI�(DUO\�:DUQLQJ�6\VWHPV�
2EWDLQLQJ� UHSUHVHQWDWLYH� GDWD� DV� LQSXW� IRU� HDUO\� ZDUQLQJ� V\VWHPV� LV� H[WUHPHO\� GLIILFXOW�� (YHQ�
ZKHQ� WKH� JDWKHULQJ� RI� GDWD� LV�PRUH� RU� OHVV� UHJXODWHG� RQ� D� ORFDO� VFDOH�� JOREDO� GDWD� JDWKHULQJ� LV�
LQIHDVLEOH� DW� SUHVHQW�� ,Q�PDQ\� FDVHV�� LW� LV� QRW� RQ� EHIRUHKDQG� NQRZQ�ZKLFK� RXWVLGH� IDFWRUV� �LQ�
WHUPV� RI� GDWD� VRXUFHV� DQG� VLJQDOV�� QHHG� WR� EH�PRQLWRUHG�� 7KLV� RQO\� FRPSOLFDWHV� WKH� SUREOHP��
'LIIHUHQW�GDWD�VRXUFHV�UHTXLUH�DOVR�GLIIHUHQW�KDQGOLQJ�SURFHGXUHV��
�
7KH�DFFXUDF\�RI�WKH�HDUO\�ZDUQLQJ�V\VWHP�LV�LQIOXHQFHG�E\�D�QXPEHU�RI�IDFWRUV��)LUVWO\��RQH�QHHGV�
D� JRRG� RYHUYLHZ� RI� WKH� VLJQDOV� LQ� D� ´QRUPDO� VLWXDWLRQµ�� 6HFRQGO\�� WKH� DFFXUDF\� ZLWK� ZKLFK�

Discussion Block I 
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LQGLFDWRUV�FDQ�EH�GHWHUPLQHG�LQIOXHQFHV�WKH�TXDOLW\�RI�WKH�DVVHVVPHQW��7KLUGO\��WKH�GHYHORSPHQW�
RI�D�JRRG�ILOWHU�IRU�UHOHYDQW�VLJQDOV��GHFUHDVHV�WKH�QXPEHU�RI�IDOVH�DOHUWV�LQ�WKH�V\VWHP��)LQDOO\��WKH�
V\VWHP�LWVHOI�GHSHQGV�RQ�D�QXPEHU�RI�DOJRULWKPV�WKDW�DUH�²�LQ�JHQHUDO�²�LWHUDWLYHO\�UHILQHG��7KH�
PRUH�LWHUDWLRQV�WKH�V\VWHP�KDV�JRQH�WKURXJK��WKH�PRUH�DFFXUDWH�WKH�V\VWHP�ZLOO�EH��
�
2EMHFWLYHV�RI�(DUO\�:DUQLQJ�6\VWHPV�
(DUO\�:DUQLQJ�6\VWHPV�FDQ�VHUYH�PDQ\�SXUSRVHV��
• ,GHQWLILFDWLRQ�RI�HPHUJLQJ�ULVNV�LQ�RUGHU�WR�GHFLGH�RQ�DFWLRQ��WKLV�SXUSRVH�VHUYHV�VKRUW�WHUP�

GHFLVLRQ�PDNLQJ�DQG�LV�IRU�SROLF\�PDNHUV�WKH�PRVW�LQWHUHVWLQJ��
• ,GHQWLILFDWLRQ� RI� LQFUHDVLQJ� WUHQGV� LQ� HPHUJLQJ� ULVNV� WR� XQGHUVWDQG�ZKDW� LV� KDSSHQLQJ� DW� D�

PLFUR�RUJDQLVP�OHYHO��WKLV�DQDO\VLV�FDOOV�IRU�ORQJ�WHUP�UHVHDUFK��7KLV�LV�VFLHQWLILFDOO\�WKH�PRVW�
LQWHUHVWLQJ��

$W� SUHVHQW��PRVW� SDUWLFLSDQWV� RI� WKH� GLVFXVVLRQ� DUH� ZRUNLQJ� RQ� SLFNLQJ� XS� VLJQDOV� RI� SRVVLEOH�
HPHUJLQJ�ULVNV��DQDO\]LQJ�WKHVH�VLJQDOV��DGYLVLQJ�WKH�SROLF\�PDNHUV�RQ�WKH�DFWLRQV�WKDW�QHHG�WR�EH�
XQGHUWDNHQ��8QGHUVWDQGLQJ�RXWEUHDNV�DIWHU�WKHLU�RFFXUUHQFH�KDV�D�ORZHU�SULRULW\��3UHGLFWLRQ�DQG�
DQWLFLSDWLRQ�KDV��LQ�PRVW�FDVHV��QR�SULRULW\��DOWKRXJK�WKLV�EHFRPHV�HDVLHU�ZKHQ�WKH�UHDVRQ�IRU�WKH�
RFFXUUHQFH�RI�LQFLGHQWV�EHFRPHV�PRUH�GHWDLOHG��
�
1RWH�WKDW�LQ�(DUO\�:DUQLQJ�6\VWHPV��XVHUV�ZRUN�ZLWK�WKUHH�W\SHV�RI�OHYHOV�RI�D�VLJQDO��WKH�QRUPDO�
OHYHO��ZKHQ�QR�LQFLGHQW�LV�RFFXUULQJ���WKH�H[SHFWHG�OHYHO��EDVHG�RQ�D�QXPEHU�RI�IDFWRUV���DQG�WKH�
DFFHSWDEOH�OHYHO��7KLV�ODVW�OHYHO�LQGLFDWHV�ZKHQ�D�VLJQDO�VKRXOG�EH�DVVHVVHG�DV�D�ULVN��7KLV�OHYHO�LV�RI�
LPSRUWDQFH�IRU�WKH�GHFLVLRQ�PDNHUV��
�
�
��� 3UHVHQWDWLRQ����(PHUJLQJ�5LVNV�DQG�(DUO\�:DUQLQJ�6\VWHPV�DQG�+RUL]RQ�6FDQQLQJ�

'()5$���0DULRQ�:RROGULGJH�
�
6XPPDU\�
0DULRQ�:RROGULGJH�KDV�SUHVHQWHG�WKH�HDUO\�ZDUQLQJ�DSSURDFK�WKDW�LV�XVHG�DW�9/$��7KH�SXUSRVH�
RI�WKLV�DSSURDFK�LV�WR�SURYLGH�'()5$�ZLWK�LQIRUPDWLRQ�DQG�HDUO\�ZDUQLQJV�E\�PRQLWRULQJ�WUHQGV�
DQG�FKDQJHV�DQG�E\�LGHQWLI\LQJ�QHZ�GLVHDVHV�DQG�SDWKRJHQV��
�
6WUXFWXUH�RI�9/$�
9/$�LV�D�'()5$�VFLHQFH�DJHQF\�WKDW�SHUIRUPV�VXUYHLOODQFH�ZLWK�WKH�REMHFWLYH�WR�LGHQWLI\�WUHQGV�
DQG� FKDQJHV� LQ�PHDVXUHG� OHYHOV� RI� PLFUR�RUJDQLVPV�� WR� LGHQWLI\� QHZ� GLVHDVHV�� DQG� WR� XVH� WKLV�
LQIRUPDWLRQ� WR�VXSSO\�'HIUD�ZLWK�(DUO\�:DUQLQJV��+HUHWR��9/$�KDV�D�QXPEHU�RI� UHVHDUFK�DQG�
UHIHUHQFH�ODEV��7KH\�DOVR�KDYH�UHJLRQDO�ODEV�WKDW�KRXVH�9HWHULQDU\�,QYHVWLJDWLRQ�2IILFHUV��9,2V��
ZKR� IRFXV� RQ� LQYHVWLJDWLQJ� RXWEUHDNV� RQ� IDUPV�� 7KH� IRFXV� RI� 9/$� LV� RQ� DQLPDO� KHDOWK� DQG�
ZHOIDUH�DV�ZHOO�DV�RQ�YHWHULQDU\�SXEOLF�KHDOWK��
�
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)DUPILOH�9,'$�²�+RUL]RQ�6FDQQLQJ�
7KH�GDWD�WKDW�DUH�JDWKHUHG�E\�WKH�9,2V�DUH�VWRUHG�LQ�DQ�DSSURSULDWH�GDWDEDVH��$OO�GDWDEDVHV�DUH�
DFFHVVLEOH� DW� WKH� KHDGTXDUWHUV� RI�9/$� LQ�:H\EULGJH��+HUH�� UHVHDUFKHUV� DQDO\VH� WKH� GDWD� LQ� WKH�
GDWDEDVHV�� 7\SLFDO� LQIRUPDWLRQ� LQ� WKH� GDWDEDVHV� FRQVLVWV� RI� IDUP� DQG� DQLPDO� GHWDLOV�� FOLQLFDO�
SLFWXUHV�� VDPSOHV�� WHVWV�� GLDJQRVHV�� DQG� URXWLQH� UHSRUWV� ZLWK� WUHQGV�� (DUO\� ZDUQLQJ� SRWHQWLDO� LV�
LQGLFDWHG�DV�ZHOO���
�
6WDWLVWLFDO�PHWKRGV�DUH�XVHG�IRU�WUHQG�LGHQWLILFDWLRQ��7KLV�LV�FDOOHG�KRUL]RQ�VFDQQLQJ��$W�SUHVHQW��D�
EDVHOLQH� WKUHVKROG� KDV� EHHQ� HVWDEOLVKHG� IRU� 6DOPRQHOOD� DQG� VHDVRQDOLW\� LV� WDNHQ� LQWR� DFFRXQW��
7KHUH�DUH�VWLOO�PHWKRGRORJLFDO�LVVXHV�WR�LPSURYH�SUHGLFWLRQV�RI�VHDVRQDOLW\��9/$�WULHV�WR�H[SDQG�
WKH�VFDQQLQJ�WR�RWKHU�SDWKRJHQV�WKDQ�6DOPRQHOOD�DQG�WR�9,'$�QRQ�GLDJQRVHG�FDVHV��
�
6SHFLDOLVW�6SHFLHV�*URXSV�
9/$� KDV� VHW� XS� D� QXPEHU� RI� VSHFLDOLVW� VSHFLHV� JURXSV�� 7KH\� FRQVLVW� RI� 9,2V� ZLWK� VSHFLDOLVW�
LQWHUHVW� DQG� NQRZOHGJH�� DQG� UHSUHVHQWDWLYHV� ZLWK� H�J�� EDFWHULRORJLFDO�� YLURORJLFDO�� SDWKRORJLFDO�
EDFNJURXQGV�� 7KH� SXUSRVH� RI� WKHVH� VSHFLDOLVW� VSHFLHV� JURXSV� LV� WR� LQYHVWLJDWH� RXWEUHDNV�� $�
V\VWHPDWLF�DSSURDFK�KDV�EHHQ�WKRXJKW�RI��WKH�FKDLU�RI�WKH�VSHFLHV�JURXS�LV�QRWLILHG�LI�WKHUH�LV�DQ�
XQGLDJQRVHG�FDVH�RI�LQWHUHVW��DQ�XQH[SODLQHG�WUHQG��RU�D�FOXVWHU�RI�XQGLDJQRVHG�V\QGURPHV��7KH�
VSHFLHV�JURXSV�FDQ�WKHQ�VHW�XS�DQ�LQYHVWLJDWLRQ��ZLWK�DSSURSULDWH�SULRULW\����
�
$QRWKHU�ZD\�WR�XWLOLVH�WKH�GDWDEDVHV�DUH�WKH�UDSLG�IDUP�OHYHO�TXDOLWDWLYH�ULVN�DVVHVVPHQWV��7KH�JRDO�
RI�WKHVH�ULVN�DVVHVVPHQWV�LV�WR�UDSLGO\�HVWLPDWH�ULVNV�RI�WKH�VSUHDG�RI�SDWKRJHQV�RU�GLVHDVHV�RQ�D�
IDUP��WKH�ULVN�RI�VXFK�D�VSUHDG�WR�IDUP�ZRUNHUV�DQG�RWKHU�KXPDQV��DQG�WKH�ULVN�RI�D�IRRGERUQH�RU�
DQLPDO� SURGXFW� VSUHDG�� 7KLV� ULVN� DQDO\VLV� KHOSV� LQ� GHFLGLQJ� ZKR� QHHGV� WR� EH� QRWLILHG�� ZKDW�
VDIHJXDUGV�DUH�QHFHVVDU\��DQG�ZKHWKHU�RU�QRW�ORQJ�WHUP�UHVHDUFK�QHHGV�WR�EH�VWDUWHG�XS��
�
&RQFOXVLRQ�
9/$�KDV�D�ODUJH�QHWZRUN�RI�ODERUDWRU\�FDSDFLW\��9,2V�DQG�UHVHDUFK�DW�LWV�GLVSRVDO��2Q�D�URXWLQH�
EDVLV�� VFDQQLQJ� VXUYHLOODQFHV� DUH�EHLQJ� H[HFXWHG�DQG� WKH� JDWKHUHG�GDWD� DUH� VWRUHG� LQ� D� GDWDEDVH�
DQG�DQDO\VHG��0RUHRYHU�� VSHFLHV�JURXSV� DQG� ULVN� DVVHVVPHQW�PHFKDQLVPV�DUH� LQ�SODFH�� HQDEOLQJ�
LQWHUDFWLRQ� RI� DOO� DERYH�� ,Q� WKH� SURMHFW� ´GHOLYHULQJ� LQWHOOLJHQW� VXUYHLOODQFHµ� GDWD� PLQLQJ� IURP�
SXEOLFDWLRQV��JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHPV�IRU�YLVXDOLVDWLRQV��DQG�GDWD�DQDO\VLV�IURP�H[LVWLQJ�
GDWDEDVHV�DUH�LQFOXGHG�WR�PD[LPLVH�LQWHUDFWLRQ�RI�DOO�DYDLODEOH�LQIRUPDWLRQ��
�
4XHVWLRQV�IURP�WKH�DXGLHQFH��
• 9/$� KDV� DQ� LQWHUQDO� ORRN� DW� WKH� SUREOHPV�� LV� WKHUH� DQ\� FDOLEUDWLRQ� IRU� ZKDW� LV� LPSRUWDQW� WR� KXPDQV"�

$QVZHU� IURP� WKH� DXWKRU��<HV�� WKHUH� LV� D� OLQN�ZLWK�+XPDQ�+HDOWK�� ,I� DQ� RXWEUHDN� RFFXUV��9/$� LV�
DVNHG� WR� WUDFH� LW� EDFN� WR� WKH� IDUPV��0DQ\� SURMHFWV� DUH� MRLQWO\� IXQGHG�DQG� DQDO\VHG� EHWZHHQ� GHSDUWPHQW� RI�
KHDOWK��IRRG�VDIHW\�DXWKRULW\�DQG�WKH�ZRUN�RI�9/$��

• ,V� WKLV� D� SXUHO\� QDWLRQDO� V\VWHP"� )$2� KDV� RSHQHG� D� FULVLV� PDQDJHPHQW� FHQWUH�� GRHV� 9/$� GHDO� ZLWK�
LQWHUQDWLRQDO� LPSRUWLQJ� RI� ULVNV"� $QVZHU� IURP� WKH� DXWKRU��9/$� UHJXODUO\� DVVHVVHV� LPSRUWHG� ULVN��
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0RUHRYHU�� 9/$� KDV� D� QHWZRUN� RI� UHIHUHQFH� ODERUDWRULHV� WKDW� GR� D� ORW� RI� WHVWV�� $PRQJ� WKHVH� DUH� DOVR�
LQWHUQDWLRQDO� SURGXFWV� ODERUDWRULHV� WKDW� JDWKHU� LQIRUPDWLRQ� LQ� D� GDWDEDVH�� ,Q� DGGLWLRQ�� 9/$� ORRNV� DW�
DQLPDOV�DURXQG�WKH�FRXQWU\��7KLV�DOVR�OLQNV�WR�WKH�LPSRUW�ULVN�DQDO\VLV��

�
��� 3UHVHQWDWLRQ����6\VWHPDWLF�,GHQWLILFDWLRQ�RI�(PHUJLQJ�5LVNV��D�+ROLVWLF�$SSURDFK�

9:$���:LP�2RPV�
6XPPDU\�
:LP�2RPV�SUHVHQWHG�WKH�KROLVWLF�DSSURDFK�WR�WKH�LGHQWLILFDWLRQ�RI�(PHUJLQJ�5LVNV�LQ�)RRG�DQG�
)HHG��IRU�KXPDQ�KHDOWK��DV�GHYHORSHG�ZLWKLQ�WZR�FRQVHFXWLYH�(XURSHDQ�SURMHFWV��IXQGHG�E\�WKH�
(XURSHDQ� &RPPLVVLRQ� DQG� ()6$� UHVSHFWLYHO\� DQG� FRRUGLQDWHG� E\� WKH� 'XWFK� )RRG� DQG�
&RQVXPHU�3URGXFW�6DIHW\�$XWKRULW\��9:$���
�
5DWLRQDOH�IRU�WKH�QHHG�IRU�(PHUJLQJ�5LVNV�,GHQWLILFDWLRQ�
,Q�UHFHQW�\HDUV��WKH�IRRG�SURGXFWLRQ�FKDLQV�KDYH�EHFRPH�PRUH�DQG�PRUH�FRPSOH[��7KH�*HQHUDO�
)RRG�/DZ�DQG�WKH�/DZ�RQ�,QGHSHQGHQW�5LVN�$VVHVVPHQW�LQWURGXFHG�WKH�UHTXLUHPHQWV�IRU�()6$�
DQG�9:$�WR�DFW�SURDFWLYHO\�FRQFHUQLQJ�IRRG�VXSSO\�FKDLQ�ULVNV��7KH�DSSURDFK�WR�HPHUJLQJ�ULVN�
LGHQWLILFDWLRQ�WKDW�KDV�EHHQ�GHYHORSHG�E\�WKH�FRQVRUWLD� OHG�E\�9:$��QH[W�UHIHUUHG�WR�DV�9:$�
FRQVRUWLXP��KDV� WKH�REMHFWLYH� WR�GHYHORS�D�SURFHGXUH� WR�SUHYHQW� D� SRWHQWLDO� KD]DUG� IURP�EHFRPLQJ�D�
ULVN� IRU� KXPDQ� KHDOWK�� ,Q� WKH� VHDUFK� RI� WKH� 9:$�FRQVRUWLXP� IRU� SRWHQWLDO� KD]DUGV�� GLHW�UHODWHG�
LVVXHV�DUH�DOVR�WDNHQ�LQWR�DFFRXQW��
�
7\SH�RI�KD]DUGV�
7KH�9:$�FRQVRUWLXP�UHFRJQLVHV�WKUHH�W\SHV�RI�KD]DUGV��

• 8QLGHQWLILHG�QHZ�IRUPV�RI�D�JURXS�RI�NQRZQ�KD]DUGV���H�J��D�¶QHZ·�P\FRWR[LQ�
• 1RW�ZHOO�NQRZQ�KD]DUGV���H�J��DFU\ODPLGH�
• 5H�HPHUJLQJ�KD]DUGV���H�J��DYLDQ�IOX�

7KH� DVVXPSWLRQ� LQ� WKH� DSSURDFK� LV� WKDW� NQRZOHGJH� RI� IRRG�� IHHG� RU� GLHW� UHODWHG� PDWWHUV� ZLOO�
SURYLGH�DOO� UHOHYDQW� LQIRUPDWLRQ�RQ�KD]DUGV��:KHQ�D�ULVN� LV�DV�\HW�XQNQRZQ��VWXG\LQJ�WKH�IRRG��
IHHG� DQG� GLHWDU\� UHODWHG�PDWWHUV� LV� HVVHQWLDO�� EXW�PD\� SURYLGH� LQVXIILFLHQW� LQIRUPDWLRQ�� ,Q� WKDW�
FDVH��LW�LV�LPSRUWDQW�WR�VWXG\�WKH�HQYLURQPHQW�UHODWHG�WR�WKH�IHHG�DQG�IRRG�VXSSO\�FKDLQ�DV�ZHOO���
�
7KH�FKRVHQ�DSSURDFK�
7KH�9:$�FRQVRUWLXP�KDV�GHYHORSHG�D�KROLVWLF�DSSURDFK��IRU�LGHQWLI\LQJ�HPHUJLQJ�KD]DUGV��QRW�RQO\�
LQIRUPDWLRQ� LV� XVHG� IURP�ZLWKLQ� WKH� IRRG� VXSSO\� FKDLQ� EXW� DOVR� LQIRUPDWLRQ� IURP�RXWVLGH� WKH�
IRRG� VXSSO\� FKDLQ�� 7KH� 9:$�FRQVRUWLXP� KDV� LGHQWLILHG� WKH� IROORZLQJ� VHFWRUV� DV� KDYLQJ� DQ�
LPSDFW�RQ�WKH�IRRG�FKDLQ��

• (QYLURQPHQW�	�(QHUJ\�
• *RYHUQPHQW�	�3ROLWLFV�
• ,QGXVWU\�	�7UDGH�
• 3RSXODWLRQV�	�6RFLDO�FRQGLWLRQV�
• +HDOWK�	�:HOIDUH�
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• $JULFXOWXUH�
• (FRQRP\�	�)LQDQFH�
• ,QIRUPDWLRQ�	�&RPPXQLFDWLRQ�
• 6FLHQFH�	�7HFKQRORJ\�

7RJHWKHU�ZLWK� WKH� IHHG�DQG� IRRG� VHFWRU� FKDLQ� WKHVH� VHFWRUV� IRUP� WKH�KRVW� HQYLURQPHQW�RI� WKH�
IRRG� VXSSO\� FKDLQ�� ,Q� WKH� DERYH�PHQWLRQHG�SURMHFWV�� WKH�9:$�FRQVRUWLXP�KDV�ZRUNHG�RQ� WKH�
SUREOHP�RI�KRZ�WR�REWDLQ�SRVVLEO\�UHOHYDQW�LQIRUPDWLRQ�V\VWHPDWLFDOO\��,Q�WKH�3HULDSW�SURMHFW��WKH�
IRFXV�ZDV�RQ� LGHQWLI\LQJ�WKH�PRVW�FULWLFDO� IDFWRUV� LQ� WKH�DERYH�PHQWLRQHG�VHFWRUV��7KH�(PULVN�
SURMHFW��IRFXVHV�PRUH�RQ�LPSRUWDQW�LQGLFDWRUV�DQG�LQIRUPDWLRQ�VRXUFHV��
�
7KH�DSSURDFK�
7R� LGHQWLI\� HPHUJLQJ� ULVNV�� ILUVW� WKH� LQIOXHQWLDO� VHFWRUV� ZHUH� LGHQWLILHG� DQG� HVSHFLDOO\� WKHLU�
SUR[LPLW\�WR�WKH�IRRG�VXSSO\�FKDLQ�DQG�LWV�SRWHQWLDO�KD]DUGV��7KH�FORVHU�WKH�VHFWRU�LV�WR�WKH�IRRG�
VXSSO\�FKDLQ��WKH�PRUH�LQIOXHQFH�LW�KDV�RQ�SRWHQWLDO�KD]DUG�GHYHORSPHQW��WKH�PRUH�LPSRUWDQW�LW�
LV��DQG�WKH�FORVHU�LW�VKRXOG�EH�PRQLWRUHG��$IWHU�LGHQWLILFDWLRQ�RI�WKH�UHOHYDQW�VHFWRUV��WKH�FULWLFDO�
IDFWRUV� ZLWKLQ� HDFK� VHFWRU� QHHG� WR� EH� GHWHUPLQHG�� :LWK� WKHVH� IDFWRUV� NQRZQ�� FRUUHVSRQGLQJ�
LQGLFDWRUV�FDQ�EH�SLQSRLQWHG�DQG�UHOHYDQW�LQIRUPDWLRQ�VRXUFHV�FDQ�EH�LGHQWLILHG�WR�REWDLQ�YDOXHV�
RI� WKHVH� LQGLFDWRUV��7KH�FKDQJHV� LQ� WKH�YDOXHV�RI� WKH� LQGLFDWRUV�PXVW�EH� VFLHQWLILFDOO\�HYDOXDWHG�
DQG�WKH�UHVXOWV�FRPPXQLFDWHG�WR�WKH�UHOHYDQW�DXWKRULWLHV���
�
$V� DQ�H[DPSOH�� LW� LV� UHOHYDQW� WR�GHYHORS� LQGLFDWRUV� LQ� WKH� VHFWRU�´QDWXUH�DQG�HQYLURQPHQWµ� IRU�
PRQLWRULQJ� D� QHZ�P\FRWR[LQ�� $� FULWLFDO� IDFWRU� LV� WKH� FOLPDWH� DQG� DQ� LQGLFDWRU� IRU� WKH� FOLPDWH�
FRQGLWLRQ�LV�IRU�LQVWDQFH�WKH��PRQWKO\��DPRXQW�RI�UDLQIDOO��7R�SUHGLFW�DQ\��SUHIHUDEO\�PHDVXUDEOH��
FKDQJHV� VXIILFLHQW� LQIRUPDWLRQ� LV� QHHGHG� IURP� FOLPDWH� VFHQDULRV� DQG� FOLPDWH�PRGHOOLQJ�� ZKLFK�
ZLOO�EH�DYDLODEOH�DW�PHWHRURORJLFDO�LQVWLWXWHV��
�
&RQFOXVLRQ�
7KH� FRQFOXVLRQ� LV� WKDW� LW� LV� ZRUWKZKLOH� WR� SXUVXH� WKH� KROLVWLF� DSSURDFK� WDNHQ� E\� WKH� 9:$�
FRQVRUWLXP��1HFHVVDU\� LQIRUPDWLRQ� IURP� WKH� KRVW� HQYLURQPHQW� FDQ� EH� JDWKHUHG� E\� LGHQWLI\LQJ�
LQGLFDWRUV�DQG�OLQNLQJ�WKHVH�WR�WKH�UHOHYDQW�GDWD�VRXUFHV���
�
4XHVWLRQV�IURP�WKH�DXGLHQFH��
• 'LG�WKH�XVHG�H[SHUWV�SULRULWLVH�WKH�LQGLFDWRUV"�$QVZHU�IURP�WKH�DXWKRU��<HV��WKLV�ZDV�WKH�PRVW�GLIILFXOW�

SDUW��HVSHFLDOO\�VLQFH�LQGLFDWRUV�PD\�LQIOXHQFH�HDFK�RWKHU��7KHVH�UHODWLRQVKLSV�DOVR�QHHGHG�WR�EH�ZHLJKWHG��7KH�
UHVXOWV�DUH�DYDLODEOH�RQ�WKH�()6$�ZHEVLWH��PRUH�GHWDLOV�DUH�DYDLODEOH�RQ�UHTXHVW��

• 'LG�9:$� XVH� DQ� H[SHUW� GHFLVLRQ� WRRO"� $QVZHU� IURP� WKH� DXWKRU�� <HV� EXW� RQO\� IRU� GHWHUPLQLQJ� WKH�
UHOHYDQW�LQIOXHQWLDO�VHFWRUV�DQG�FULWLFDO�IDFWRUV��1RW�IRU�SULRULWL]LQJ�WKH�LQGLFDWRUV��VLQFH�WKHUH�ZDV�QRW�HQRXJK�
WLPH�WR�GR�WKLV��

• ,V� WKHUH� DOUHDG\� D� YLHZ� RQ� WKH� UHDO� DUHDV� ZKHUH�9:$� H[SHFWV� WKH� PRVW� SUREOHPV"� $QVZHU� IURP� WKH�
DXWKRU��<HV��9:$�GHFLGHG�WR�ILUVWO\�DGGUHVV�WKH�VHFWRUV�RI�DJULFXOWXUH��HQYLURQPHQW��DQG�KHDOWK��,Q�D�ODWHU�
VWDJH��PRUH�DUHDV�ZLOO�EH�WDNHQ�LQWR�DFFRXQW��7KH�KRVW�HQYLURQPHQW�WKDW�WDNHV�DOO�WKHVH�VHFWRUV�LQWR�DFFRXQW�LV�
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QRW�\HW�ILQDOLVHG�DQG�VXVWDLQDEOH��7R�PDNH�WKLV�KRVW�HQYLURQPHQW�PRUH�VXVWDLQDEOH�LW�LV�QHFHVVDU\�WR�FRQYHQH�
PRUH�ZRUNVKRSV�RQ�WKLV�WRSLF�RI�LGHQWLI\LQJ�VHFWRUV��IDFWRUV�DQG�LQGLFDWRUV�

• +RZ�GLG�9:$�FRQFOXGH�WKDW�WKHVH�VHFWRUV�DUH�WKH�PRVW�LPSRUWDQW"�$QVZHU�IURP�WKH�DXWKRU��7KH�PRVW�
LPSRUWDQW�VHFWRUV�DUH�LGHQWLILHG�EDVHG�RQ�WKH�SUR[LPLW\�WR�WKH�IRRG�VXSSO\�FKDLQ�LQ�ZKLFK�WKH�SRWHQWLDO�KD]DUG�
ZLOO�RFFXU��7KLV�VHOHFWLRQ�ZDV�EDVHG�RQ�WKH�DVVHVVPHQW�E\�H[SHUWV��

• 'RHV�WKLV�PHDQ�WKDW�GDWD�FROOHFWLRQ�SURFHVV�GLIIHUV�RYHU�WLPH"�$QVZHU�IURP�WKH�DXWKRU��<HV��LW�GRHV��,W�LV�D�
G\QDPLF�ZRUOG�ZH� OLYH� LQ�DQG� WKDW�ZLOO�EH� UHIOHFWHG� LQ� WKH� KRVW� HQYLURQPHQW� RI� WKH� IRRG� VXSSO\� FKDLQ��7KDW�
UDLVHV�UHOLDELOLW\�LVVXHV��VLQFH�WKH�GHFLVLRQV�RQ�ZKDW�WKLQJV�WR�LQFOXGH�LQIOXHQFH�WKH�VDIHW\�RI�WKH�V\VWHP��

��� 'LVFXVVLRQ�%ORFN�,,�

�
5HOLDELOLW\�RI�GDWD�IRU�ULVN�DVVHVVPHQW�
$Q�HPHUJLQJ�ULVNV�V\VWHP�FDQ�RQO\�IXQFWLRQ�ZHOO�ZKHQ�WKH�GDWD�RQ�ZKLFK�WKH�DQDO\VHV�DUH�EDVHG�
DUH�FRPSOHWH��UHOLDEOH�DQG�REMHFWLYH��7R�LOOXVWUDWH�WKH�LPSRUWDQFH�RI�WKLV�SRLQW�DQG�WKH�RFFXUULQJ�
GLIILFXOWLHV�� WKH� IROORZLQJ� H[DPSOH� ZDV� XVHG�� ,Q� WKH� FDVH� RI� '()5$�� 9HWHULQDU\� ,QYHVWLJDWLRQ�
2IILFHUV� �9,2�� SOD\� DQ� LPSRUWDQW� UROH� LQ� DGGLQJ� GDWD� LQWR� WKH� GDWDEDVH�� ,GHDOO\�� WKH�9,2V� DUH�
EURXJKW� LQ�RQ�D�FDVH�E\� ORFDO�YHWHULQDULDQV�ZKHQ� VRPHWKLQJ�RGG� LV�REVHUYHG��7KH\�DQDO\VH� WKH�
FDVH�DQG�HQWHU�WKH�GDWD�LQWR�WKH�V\VWHP��,I�WKH�IDUPHU�GRHV�QRW�ZDUQ�WKH�YHWHULQDULDQ��KRZHYHU��RU�
LI�WKH�YHWHULQDULDQ�GRHV�QRW�ZDUQ�WKH�9,2��WKHQ�UHOHYDQW�LQIRUPDWLRQ�PD\�JHW�ORVW��
�
,W�LV�LPSRUWDQW�WR�QRWH�WKDW�IDUPHUV�PD\�QRW�DOZD\V�ZDQW�WR�UHSRUW�UHOHYDQW�LQIRUPDWLRQ��7KLV�LV�
EHFDXVH��L��LW�FRVWV�PRQH\�WR�FDOO�LQ�D�YHWHULQDULDQ��RU��LL��LI�WKH�GLVHDVH�WXUQV�RXW�WR�EH�FRQWDJLRXV��
WKH� OLYHOLKRRG� RI� WKH� IDUPHU� FRXOG� EH� LQ� GDQJHU�� 7KH�PRUDO� UHVSRQVLELOLW\� RI� WKH� VWDNHKROGHUV�
SOD\V� DOVR� DQ� LPSRUWDQW� UROH� LQ� WKH� UHOLDELOLW\� RI� WKH� V\VWHP�� 7KH� :RUOG� %DQN� DQG� VHYHUDO�
JRYHUQPHQWV� KDYH� FRPH� XS� ZLWK� D� ILQDQFLDO� FRPSHQVDWLRQ�� WR� PDNH� VXUH� WKDW� IDUPHUV� UHSRUW�
RFFXUULQJ� FDVHV�� %\� HQVXULQJ� WKDW� DV� PDQ\� GDWD� DV� SRVVLEOH� DUH� JDWKHUHG� LQ� WKH� HPHUJLQJ� ULVN�
V\VWHP��WKH�ULVN�DQDO\VLV�EHFRPHV�PRUH�UHOLDEOH��VLQFH�LW�LV�EDVHG�RQ�D�ODUJH�GDWD�VHW��
�
(YHQ�ZKHQ�PRVW�FDVHV�DUH�HQWHUHG�LQWR�WKH�GDWDEDVH��WKH�SURFHVV�RI�ULVN�DQDO\VLV�PD\�PLVV�FHUWDLQ�
V\PSWRPV�� ,I� IRU� H[DPSOH� WZR� YHWHULQDULDQV� GHVFULEH� D� SUREOHP� LQ� QDWXUDO� ODQJXDJH�� EXW� XVH�
GLIIHUHQW� WHUPLQRORJ\�WR�GR�VR�� WKH�GHWHFWLRQ�RI�PXOWLSOH�RFFXUUHQFHV�RI� WKH�GHVFULEHG�SUREOHP�
PD\�EHFRPH�GLIILFXOW�ZKHQ�WKH�OLNHOLQHVV�RI�WKH�V\PSWRPV�LV�QRW�UHFRJQLVHG��
�
$Q� DGGLWLRQDO� LVVXH� IRU� VXFFHVVIXOO\� SHUIRUPLQJ� WKH� ULVN� DVVHVVPHQW� WDVN� LV� WKH� XQFHUWDLQW\� RI�
ZKLFK�LQIRUPDWLRQ�PD\�EH�UHOHYDQW��:KHQ�D�V\QGURPH�LV�XQNQRZQ�RQ�EHIRUHKDQG��LW�LV�GLIILFXOW�
WR�LQGLFDWH�ZKLFK�GDWD�VRXUFHV�PD\�FRQWDLQ�UHOHYDQW�LQIRUPDWLRQ�DQG�QHHG�WR�EH�PRQLWRUHG��
�
7KH�UROH�RI�WKH�H[SHUW�
,Q�PRVW�HPHUJLQJ�ULVNV�V\VWHPV��WKH�ULVN�DVVHVVPHQW�LV�SHUIRUPHG�E\�KXPDQ�H[SHUWV��7KH\�DQDO\VH�
DQG� LQWHUSUHW� WKH�GDWD�DQG�FRPPXQLFDWH� WKHLU� ILQGLQJV� WR�WKH�ULVN�PDQDJHUV��7KH�XVH�RI�KXPDQ�

Discussion Block II 
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H[SHUWV�KDV�D�FHUWDLQ�ULVN��WKRXJK��VLQFH�WKH\�PD\�QRW�EH�REMHFWLYH�ZLWK�UHVSHFW�WR�WKH�ULVN�WR�EH�
VSRWWHG��7KH�SHUVRQDOLW\�RU�EDFNJURXQG�RI�WKH�H[SHUW�PD\�KDYH�LQIOXHQFH�RQ�WKH�LQWHUSUHWDWLRQ�RI�
WKH� VLJQDOV��'DWD�PD\� JHW� FRORXUHG�� GXH� WR� WKH� SHUFHSWLRQ� RI� WKH� H[SHUW�� ,Q� WKH�PRVW� H[WUHPH�
FDVHV� WKLV� PD\� OHDG� WR� WKH� GHWHFWLRQ� RI� ¶VHOI�IXOILOOLQJ� SURSKHFLHV·�� DQ� H[SHUW� QRWLFHV� D� VLJQDO��
LGHQWLILHV�LW�DV�LPSRUWDQW��DQG�ORRNV�IRU�DQ\�RFFXUUHQFH�RI�WKH�VLJQDO�WKDW�DPSOLILHV�LW��7KLV�SURFHVV�
RI�¶K\SLQJ·�D�VLJQDO�PD\�RFFXU�XQLQWHQWLRQDO��EXW�WKH�FXUUHQW�IXQGLQJ�V\VWHP�DOVR�VWUHQJWKHQV�WKH�
GHOLEHUDWH�K\SLQJ�RI�FHUWDLQ�LQWHUHVWLQJ�VLJQDOV�WR�REWDLQ�DGGLWLRQDO�UHVHDUFK�JUDQWV��
�
7R�RYHUFRPH�WKHVH�LVVXHV��RQH�FRXOG�FKRRVH�WR�UHO\�QRW�RQ�RQH�H[SHUW��EXW�RQ�D�PXOWLGLVFLSOLQDU\�
WHDP�RI�H[SHUWV�DQG�VWDNHKROGHUV��$V�DGGLWLRQDO�SDUDPHWHU�LQ�WKH�ULVN�DVVHVVPHQW��RQH�FRXOG�WDNH�
VWDWLVWLFDO� LQIRUPDWLRQ� RI� WKH� RFFXUUHQFH� RI� VLJQDOV� DQG� WKH� UHOLDELOLW\� RI� WKH� LQIRUPDWLRQ� LQWR�
DFFRXQW��
�
7KH�UROH�RI�DQ�DXWRQRPRXV�GDWD�DQDO\VLV�V\VWHP�
,Q� JHQHUDO�� DQ� HDUO\� ZDUQLQJ� V\VWHP� FDQ� EH� XVHG� WR� IDFLOLWDWH� WKH� SURFHVV� RI� ULVN� GHWHFWLRQ��
+RZHYHU��LW�FDQ�RQO\�EH�XVHG�WR�VXSSRUW�WKH�H[SHUWV��QRW�WR�UHSODFH�WKHP��7KLV�LV�EHFDXVH�DQ�HDUO\�
ZDUQLQJ�V\VWHP� LV� LQGHHG�FDSDEOH�RI�GHWHFWLQJ�VLJQDOV��EXW�QRW�RI�DXWRPDWLFDOO\� ILOWHU� VLJQDOV�RQ�
WKHLU�LPSRUWDQFH��VLQFH�LW�FDQQRW�DVVHVV�ZKHWKHU�D�VLJQDO�LV�DPSOLILHG�RU�UHGXFHG��)LOWHULQJ�LV�WKH�
OLQN�EHWZHHQ�GDWD�SLFNLQJ�DQG�WKH�UHTXLUHG�DFWLRQ�DIWHUZDUGV���
�
$Q�HDUO\�ZDUQLQJ� V\VWHP�WKDW�RSHUDWHV� DXWRQRPRXVO\� LV� D�ELJ� DVVHW� LQ� FDVH�RQH�GRHV�QRW�NQRZ�
ZKLFK�LQGLFDWRUV�PD\�EH�LPSRUWDQW��,Q�FDVH�\RX�ZDQW�WR�EH�YLJLODQW�RQ�D�EURDG�VFDOH��ORRNLQJ�IRU�
XQNQRZQ�ULVNV��\RX�QHHG�D�ODUJH�GDWD�VHW�DQG�D��VHPDQWLFV�EDVHG��VRIWZDUH�PRGXOH�WR�DQDO\VH�WKH�
GDWD��1RWH�� WKRXJK�� WKDW� WKH� DYDLODELOLW\� RI�PDQ\� GDWD�PD\� OHDG� WR� WKH� GHWHFWLRQ� RI�PDQ\� IDOVH�
DODUPV��7KH� ILOWHULQJ�RI� WKHVH� DODUPV� LV� GLIILFXOW�� EXW� UHOHYDQW��7KH� ULVN�PDQDJHU�QHHGV� WR� JHW� D�
FOHDU�DGYLFH�RQ�ZKLFK�ULVNV�KH�VKH�QHHGV�WR�DFW�XSRQ���
�

��� 6XPPDU\�RI�WKH�0RUQLQJ�6HVVLRQV�
�
,Q�WKH�ILUVW�VHVVLRQ��WKH�IRFXV�ZDV�RQ�WKH�VHWXS�RI�D�ULVN�PDQDJHPHQW�V\VWHP��,W�WXUQHG�RXW�WKDW�LQ�
JHQHUDO��DQ�HPHUJLQJ�ULVN�V\VWHP�FRQVLVWV�RI�ILYH�SDUWV��7KHVH�SDUWV�DUH�GLVSOD\HG�LQ�)LJXUH����
�
,I�DQ\�WRROV�DUH�WR�EH�XVHG�LQ�WKH�SURFHVV�RI�ULVN�DVVHVVPHQW��LW�ZLOO�EH�PRVW�OLNHO\�KDSSHQ�LQ�WKH�
ILUVW� WZR� VWHSV�� )URP� WKH� PRPHQW� RI� KD]DUG� LGHQWLILFDWLRQ�� KXPDQ� H[SHUWV� WDNH� RYHU�� 7KH\�
LQWHUSUHW� VLJQDOV� DQG� SUHVHQW� WKHLU� FRQFOXVLRQV� WR� ULVN� PDQDJHUV�� 7KH� ULVN� PDQDJHUV� GHFLGH�
ZKHWKHU� RU� QRW� SUHYHQWLYH� RU� FXUDWLYH� DFWLRQ� QHHGV� WR� WDNH� SODFH�� :KHWKHU� D� WRRO� IRU� VLJQDO�
GHWHFWLRQ�DQG�GDWD�LQWHUSUHWDWLRQ�LV�GHVLUDEOH��LV�VWLOO�D�SRLQW�RI�GLVFXVVLRQ��2QH�UHOHYDQW�IDFWRU�LQ�
WKLV�GHFLVLRQ�LV�ZKHWKHU�WKH�V\VWHP�ORRNV�IRU�NQRZQ�RU�XQNQRZQ�ULVNV��
�
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:LWK� DQ� HPHUJLQJ� ULVNV� V\VWHP�� WZR� DSSURDFKHV� DUH� SRVVLEOH��
7KH�V\VWHP�FDQ�EH�XVHG�WR�OHDUQ�KRZ�ULVNV�FRPH�DERXW�IURP�D�
VFLHQWLILF�SRLQW�RI�YLHZ��RU�WR�JLYH�D�ULVN�DVVHVVPHQW�WKDW�FDQ�EH�
XVHG�WR�GHFLGH�KRZ�WR�DFW�RQ�WKH�LGHQWLILHG�ULVN���
�
)URP�WKH�VWHS�RI�KD]DUG�LGHQWLILFDWLRQ��KXPDQ�H[SHUWV�LQWHUSUHW�
GDWD� DQG� PDNH� D� ULVN� DVVHVVPHQW�� 7KH� XVH� RI� H[SHUWV� LV�
DPELJXRXV�� VLQFH� WKH\� DUH� LQIOXHQFHG�E\� WKHLU� RZQ�KLVWRU\� DQG�
YLHZSRLQW��7KHUHIRUH�� WKHLU� MXGJPHQW�PD\�QRW�EH�REMHFWLYH��7R�
RYHUFRPH� WKHVH� VXEMHFWLYLW\� LVVXHV�� RQH� FDQ� H�J�� EULQJ� H[SHUWV�
ZLWK� D� PXOWLGLVFLSOLQDU\� EDFNJURXQG� WRJHWKHU� LQ� D� URXQG� WDEOH�
VHVVLRQ��7KH�PRVW�LPSRUWDQW�TXHVWLRQ�WR�DQVZHU�LV�ZKHWKHU�WKH�
H[SHUWV�DVVHVVPHQW�LV�REMHFWLYH�HQRXJK�RU�QRW���
�
�
�
�
�
�
�
�
�
�
�

��� 3UHVHQWDWLRQ����(DUO\�,GHQWLILFDWLRQ�RI�(PHUJLQJ�5LVNV�
712���)UHG�YDQ�GH�%UXJ�

�
6XPPDU\�
)UHG�YDQ�GH�%UXJ�SUHVHQWHG�WKH�(PHUJLQJ�5LVNV�,GHQWLILFDWLRQ�6\VWHP�ZKLFK�712�LV�GHYHORSLQJ�
LQ�WKH�)RRG�,QIRUPDWLFV�VXE�SURJUDPPH�EHLQJ�SDUW�RI�WKH�9/�H�SURMHFW��7KLV�LQIRUPDWLRQ�V\VWHP�
ZLOO�KHOS�XV�ZLWK�SUHYHQWLQJ�IRRG�VDIHW\�LQFLGHQWV�OLNH�ZH�KDYH�KDG�LQ�WKH�SDVW��
�
)RFXV�
7KH�VFRSH�RI�WKH�712�SURMHFW�ILWV�YHU\�ZHOO�ZLWK�WKH�VXEVHTXHQW�(8�SURMHFWV�3HULDSW�DQG�(PULVN�
LQ� VXFK� D�ZD\� WKDW� WKH� LQIRUPDWLRQ� V\VWHP�ZLOO� XVH� DV� LQSXW� WKH� LQIRUPDWLRQ� VRXUFHV� WKDW� KDYH�
EHHQ�FODVVLILHG�DV�UHOHYDQW�E\�WKH�(PULVN�SURMHFW��712�IRFXVHV�RQ�WKH�SURFHVVLQJ�RI�WKH�DQDO\VHG�
LQIRUPDWLRQ� VRXUFHV��7KH�SXUSRVH�RI� WKH� DSSURDFK�RI�712� LV� WR� LGHQWLI\� HPHUJLQJ� ULVNV� LQ� DQ�
HDUO\�VWDJH���
�
�
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Figure 1: The five stages of 
an emerging risk system 
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&RQVRUWLXP�
,Q�WKH�'XWFK�QDWLRQDO�SURMHFW�9/�H��9LUWXDO�/DE�H�6FLHQFH���UHVHDUFK�LV�GRQH�RQ�GHYHORSPHQW�RI�
RQWRORJLHV� DQG�RWKHU�NQRZOHGJH�PDQDJHPHQW� WRROV��7KH� ILYH�SDUWQHUV� LQ� WKH�)RRG� ,QIRUPDWLFV�
FRQVRUWLXP�� 8QLOHYHU�� )ULHVODQG� )RRGV�� 712�� :85� DQG� :&)6� KDYH� GHILQHG� FRPPRQ�
UHTXLUHPHQWV�WR�UHVROYH�WKHLU� LQGLYLGXDO�FDVH�VWXGLHV��7KH�FDVH�VWXG\�RI�712�LV�DERXW�GHWHFWLQJ�
HPHUJLQJ� ULVNV� LQ� DQ� HDUO\� VWDJH�� 6R� IDU�� RQ� WKH� EDVLV� RI� D� KLVWRULFDO� FDVH� VWXG\�� DQ� RQWRORJ\�
�NQRZOHGJH� PRGHO�� KDV� EHHQ� FUHDWHG�� DQG� WKH� GHYHORSHG� WRROV� ZLOO� EH� HYDOXDWHG� XVLQJ� WKH�
KLVWRULFDO�FDVHV�¶DFU\ODPLGH�LQ�IULHG�IRRG�������·�DQG�¶GLR[LQ�LQ�NDROLQLWLF�FOD\�������·��
�
7KH�KLVWRULFDO�FDVHV�¶DFU\ODPLGH�LQ�IULHG�IRRG·�DQG�¶GLR[LQ�LQ�NDROLQLWLF�FOD\·�
,Q� ������ UHVXOWV� IURP� RFFXSDWLRQDO� VWXGLHV� RQ� DFU\ODPLGH� �DFU\ODPLGH� LQ� WKH� EORRG� RI� QRQ�
H[SRVHG�QRQ�VPRNLQJ�SHUVRQV��ZHUH�SXEOLVKHG�RXWVLGH�WKH�IRRG�GRPDLQ��,Q������DFU\ODPLGH�LQ�
UDW�EORRG�ZDV�OLQNHG�WR�IULHG�UDW�IHHG��2QO\�IURP�������ZH�EHFDPH�VHULRXVO\�DZDUH�RI�WKH�GDQJHU�
RI�DFU\ODPLGH�LQ�IULHG�IRRG��$�VROXWLRQ�WR�OHVVHQ�WKH�RFFXUUHQFH�RI�DFU\ODPLGH�LQ�IULHG�IRRG�ZDV�
SUHVHQWHG�LQ��������
�
:LWK�UHJDUG�WR�GLR[LQ��DOUHDG\�LQ������WKH�)'$�ZDUQHG�DERXW�WKH�SRVVLEOH�SUHVHQFH�RI�GLR[LQ�LQ�
NDROLQLWLF� FOD\� DQG� WKDW� NDROLQLWLF� FOD\� VKRXOG�QRW�EH�XVHG� IRU�SURGXFWLRQ�RI� IHHG��+RZHYHU�� LQ�
�����D�'XWFK�FRPSDQ\�XVHG�NDROLQLWLF�FOD\�IRU�WKH�VRUWLQJ�RI�SRWDWRHV��
�
$SSURDFK�
712�ZDQWV� WR� FRPELQH�SLHFHV� RI� SXEOLVKHG� GDWD� WR�PHDQLQJIXO� LQIRUPDWLRQ��$V� GDWD� VRXUFHV��
712�GRFXPHQWV��VHOHFWHG�ZHEVLWHV��SXEOLF�	�FRPPHUFLDO�GDWDEDVHV�DQG�LQIRUPDWLRQ�VXSSOLHG�E\�
712� FRQVXPHUV� DUH� XVHG�� 7KHVH� GRFXPHQWV� DUH� SURFHVVHG� DQG� DQDO\VHG� XVLQJ� WKH� )RRG�
,QIRUPDWLFV�V\VWHP��DQG�WKH�RXWSXW�LV�HYDOXDWHG�E\�D�ULVN�DQDO\VW���
�
&RQFOXVLRQ�
7KH�)RRG�,QIRUPDWLFV�WRROV�FUHDWH�OLQNV�EHWZHHQ�SLHFHV�RI�LQIRUPDWLRQ��5LVN�PDQDJHUV�FDQ�FRPH�
LQWR�DFWLRQ�EDVHG�RQ�WKH�RXWSXW�RI�WKH�V\VWHP��7KH�HDUO\�GHWHFWLRQ�RI�HPHUJLQJ�ULVNV�ZLOO�UHGXFH�
WKH� SRVVLELOLW\� RI� WKUHDWV� WR� KXPDQ� KHDOWK� DQG� HFRQRPLFDO� GDPDJH� DV� D� UHVXOW� RI� IRRG� VDIHW\�
LQFLGHQWV��
�
4XHVWLRQV�IURP�WKH�DXGLHQFH��
• 'RHV�WKH�V\VWHP�GHSHQG�RQ�WKH�XVHG�ODQJXDJH�LQ�WKH�YDULRXV�GDWD�VRXUFHV"�$QVZHU�IURP�WKH�DXWKRU��712�

SULPDULO\�IRFXVHV�RQ�(QJOLVK�GRFXPHQWV��$GGLWLRQDO�ODQJXDJH�PRGXOHV�FRVW�PRQH\�DQG�ZLOO�RQO\�EH�DGGHG�ZKHQ�
WKH\�DUH�QHFHVVDU\���

• $UH� V\VWHPV� WKDW� DUH� QRW� EDVHG� RQ� QDWXUDO� ODQJXDJH�� QRW� EHWWHU� VXLWHG� IRU� WKLV� SUREOHP"� :LWK� WKRVH�
V\VWHPV��\RX�RQO\�KDYH�VWDWLVWLFDO�GDWD�DQG�\RX�PLVV�D�ORW�RI�LQIRUPDWLRQ��

• 'R�WKH�)RRG�,QIRUPDWLFV�SDUWQHUV�DOO�GHYHORS�WKH�VDPH�V\VWHP"�$QVZHU�IURP�WKH�DXWKRU��1R��7KHUH�DUH�
VRPH�JHQHULF�PRGXOHV� WKDW� FDQ�EH�XVHG�E\�DQ\�XVHU�JURXS��EXW� HDFK�)RRG�,QIRUPDWLFV�SDUWQHU�DGGV�KLV�RZQ�
WRROV��7KH�FRPELQDWLRQ�RI�WKH�VSHFLILF�PRGXOHV�LV�XQLTXH��DQG�GHILQHV�WKH�DSSOLFDWLRQ��
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• ,V�WKH�V\VWHP�WH[W�EDVHG�RU�FRQWH[W�EDVHG"�$QVZHU�IURP�WKH�DXWKRU��,W�LV�FRQWH[W�EDVHG���
• ,V�WKH�V\VWHP�VHOI�OHDUQLQJ"�$QVZHU�IURP�WKH�DXWKRU��,Q�WKH�IXWXUH�KRSHIXOO\�\HV��EXW�WKLV�LV�VWLOO�SDUW�RI�D�

GUHDP��
• +RZ� GRHV� 712� UHODWH� WR� H�J�� 9:$"� $QVZHU� IURP� WKH� DXWKRU� ��712� LV� DQ� LQGHSHQGHQW� 5	'�

RUJDQL]DWLRQ��:H�GR� D� ORW� RI�ZRUN� IRU�'XWFK� DQG�(8�JRYHUQPHQW��:H� JHW� D� ODUJH� DPRXQW� RI� IXQGLQJ� RI�
JRYHUQPHQW���

���� 3UHVHQWDWLRQ����(PHUJLQJ�5LVN�'HWHFWLRQ�6XSSRUW�
$	)���/DUV�+XO]HERV�

�
6XPPDU\�
/DUV�+XO]HERV�SUHVHQWHG�D�SURWRW\SH�IRU� WKH�KROLVWLF�DSSURDFK�WR�HPHUJLQJ�ULVN�GHWHFWLRQ��7KLV�
DSSURDFK� LV�EHLQJ�GHYHORSHG�E\� VHYHUDO� LQVWLWXWHV�RI�:DJHQLQJHQ�85�� WRJHWKHU�ZLWK�9:$�DQG�
WKH�0LQLVWU\�RI�$JULFXOWXUH��1DWXUH�DQG�)RRG�4XDOLW\��
�
$SSURDFK�
)RU� WKH� HDUO\� ZDUQLQJ� V\VWHP�� D� NQRZOHGJH� PRGHO� KDV� EHHQ� GHYHORSHG� LQ� ZKLFK� IRRG� VDIHW\�
DFWLYLWLHV�DUH�GLYLGHG�LQWR�IRXU�PDMRU�DUHDV��
�� (DUO\�ZDUQLQJ�GHWHFWLRQ�� LQ�WKLV�DUHD��WKH�PRQLWRULQJ�RI�IRRG�FKDLQV� WDNHV�SODFH��0HDVXUHPHQWV�

DUH�PDGH��VDPSOHV�DUH�WDNHQ�DQG�GHWHFWHG�YDOXHV�DUH�FRPSDUHG�WR�WKH�GHWHFWLRQ�WKUHVKROG�RI�
WKH�SKHQRPHQD�RI�LQWHUHVW��7KH�UHVXOW�RI�DFWLYLWLHV�LQ�WKLV�DUHD�LV�D�UHSRUW�ZLWK�SRVVLEOH�IRRG�
VDIHW\�KD]DUGV��

�� 5LVN�FRPPXQLFDWLRQ��LQ�WKH�DUHD�RI�ULVN�FRPPXQLFDWLRQ��ULVN�DQDO\VWV�GHFLGH�KRZ�WR�DFW�RQ�WKH�
UHSRUWHG�SRWHQWLDO�KD]DUGV���

�� )RRG�VDIHW\�UHVHDUFK��RQ�D�ORQJHU�WLPH�VFDOH��DFDGHPLF�DQG�LQGXVWULDO�UHVHDUFK�LV�GRQH�LQ�WKH�ILHOG�
RI�IRRG�VDIHW\��.QRZOHGJH�JDSV�DUH�GHWHFWHG�DQG�QHZ�UHVHDUFK�LV�FDUULHG�RXW�WR�ILOO�WKHVH�JDSV��

�� (PHUJLQJ�ULVN�GHWHFWLRQ�� LQ� WKH�ILHOG�RI�HPHUJLQJ�ULVN�GHWHFWLRQ��NQRZOHGJH�IURP�HDUO\�ZDUQLQJ�
V\VWHPV� DQG� IURP� IRRG� VDIHW\� UHVHDUFK� DUH� FRPELQHG� DQG� XVHG� WR� GHWHFW� HPHUJLQJ� ULVNV��
:KHQ�HPHUJLQJ�ULVNV�DUH�GHWHFWHG��WKH\�DUH�QRW�RQO\�UHSRUWHG�WR�WKH�SURSHU�DJHQFLHV��EXW�WKH\�
DUH�XVHG�WR�LPSURYH�WKH�UHVSRQVH�WR�IXWXUH�WKUHDWV�IURP�WKH�H[LVWLQJ�HDUO\�ZDUQLQJ�V\VWHPV�DV�
ZHOO��

2QH�RI�WKH�NH\�HOHPHQWV�LQ�WKH�SUHVHQWHG�DSSURDFK�LV�WKH�UHDOLVDWLRQ�WKDW�D�IRRG�VDIHW\�QHWZRUN�LV�
KROLVWLF��7KLV�PHDQV�WKDW�PDQ\�DUHDV�DUH�UHODWHG�WR�WKH�IRRG�SURGXFWLRQ�FKDLQ��DQG�DOO�WKHVH�DUHDV�
PD\�KDYH�DQ�HIIHFW�RQ�IRRG�VDIHW\��7KLV� LV�FORVHO\�UHODWHG�WR�WKH�SUHVHQWHG�KROLVWLF�DSSURDFK�E\�
9:$��
�
)DOVH�DODUP�HOLPLQDWLRQ�
%\�JDWKHULQJ� NQRZOHGJH� IURP�PDQ\� UHODWHG�DUHDV�RI� WKH� IRRG� FKDLQ�� RQH�REWDLQV� DQ� HQRUPRXV�
DPRXQW�RI�GDWD��,Q�RUGHU�WR�HOLPLQDWH�LUUHOHYDQW�ULVNV�RQ�EHIRUHKDQG��WKH�SURMHFW�FRQVRUWLXP�KDV�
GHYHORSHG�DQ�DVVRFLDWLYH�WKLQNLQJ�WRRO�WR�VXSSRUW�WKH�IRRG�VDIHW\�H[SHUW�LQ�FUHDWLQJ�D�¶NQRZOHGJH�
ILOWHU·�IRU�UHOHYDQW�DQG�LUUHOHYDQW�ULVNV��$Q�LPSRUWDQW�UHTXLUHPHQW�IRU� WKLV�DFWLYLW\� LV�WR�NHHS�WKH�
UHVXOWLQJ�LQIRUPDWLRQ�IURP�WKH�HPHUJLQJ�ULVN�GHWHFWLRQ�VXSSRUW�V\VWHP�PDQDJHDEOH��
�
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(5�GHWHFWLRQ�SURFHVV���
7KH�SURFHVV� WKDW� LV� FDUULHG�RXW�E\� WKH�(PHUJLQJ�5LVN�'HWHFWLRQ�6\VWHP�FRQVLVWV�RI� WZR�PDMRU�
VWHSV��
• )RFXV�RI�WKH�)RRG�VDIHW\�H[SHUW��WKH�IRRG�VDIHW\�H[SHUW�KDV�WR�DQVZHU�WKH�TXHVWLRQ�ZKHWKHU�WKHUH�LV�

D�OLQN�EHWZHHQ�WZR�GHWHFWHG�SKHQRPHQD��,I�VR��D�SRVVLEOH�FDXVDO�SDWK�LV�IRXQG��
• =RRPLQJ� LQ� RQ� D� FDXVDO� SDWK�� RQ� DOO� SRVVLEOH� FDXVDO� SDWKV�� ´ZKDW�LIµ�VFHQDULRV� DQG� GLDJQRVWLF�

DQDO\VHV�FDQ�EH�FDUULHG�RXW��,Q�D�´ZKDW�LIµ�VFHQDULR��D�TXHVWLRQ�LV�UDLVHG�DQG�DOO�FRQVHTXHQFHV�
DUH�GHWHUPLQHG�DQG�FDOFXODWHG��,Q�WKH�GLDJQRVWLF�DQDO\VLV��WKH�FDXVH�RI�DQ�RFFXUULQJ�HPHUJLQJ�
ULVN�LV�WUDFHG��

�
3URWRW\SH�
8VLQJ�D�UDSLG�SURWRW\SLQJ�PHWKRG��D�ILUVW�YHUVLRQ�RI� WKH�IXWXUH�HPHUJLQJ�ULVNV�V\VWHP�KDV�EHHQ�
GHYHORSHG��7KH�SXUSRVH�RI�WKLV�SURWRW\SH�LV�WR�PDNH�HPHUJLQJ�ULVN�GHWHFWLRQ�SURFHVV�WDQJLEOH�IRU�
XVHUV�DQG�UHVHDUFKHUV��7KH�GHPR�ZHEVLWH�DOUHDG\�KDV�WKH�IROORZLQJ�IXQFWLRQDOLW\��
• ,W� LV� SRVVLEOH� WR� VHOHFW� VHFWRUV� RI� LQWHUHVW� DQG� WZR� WHUPV� LQ� WKHVH� VHFWRUV� IRU�ZKLFK� FDXVDO�

SDWKV�QHHG�WR�EH�IRXQG��
• 7KH�V\VWHP�FDQ�LQGLFDWH�DOO�SDWKV�EHWZHHQ�WKH�WZR�VHOHFWHG�WHUPV��QRGHV��LQ�D�QHWZRUN�RQ�D�

KLJK�OHYHO��
• 7KH�IRRG�VDIHW\�H[SHUWV�KDV� WKH�SRVVLELOLW\� WR�SHUIRUP�´ZKDW� LIµ�VFHQDULR·V�E\�FKDQJLQJ�WKH�

YDOXHV�DORQJ�RQH�RU�PRUH�IRXQG�SDWKV��7KH�FRQVHTXHQFHV�RI�WKHVH�FKDQJHG�YDOXHV�DUH�EHLQJ�
SURSDJDWHG�DORQJ�WKH�VHOHFWHG�SDWK��

• 7KH� V\VWHP�SUHVHQWV� WR� WKH� IRRG� VDIHW\� H[SHUW� D� VXPPDU\�RI� WKH� VWHSV� WKDW� WKH� V\VWHP�KDV�
WDNHQ�DQG�WKH�FRUUHVSRQGLQJ�FRQFOXVLRQV��

7KH�GHYHORSPHQW�RI�WKLV�WRRO�LV�VWLOO�ZRUN�LQ�SURJUHVV���
�
&RQFOXVLRQ�
7KH�FRPELQDWLRQ�RI� IRRG�FKDLQ� UHODWHG�NQRZOHGJH�IURP�D�KROLVWLF�SRLQW�RI�YLHZ�� WRJHWKHU�ZLWK�
WKH�SRVVLELOLW\� WR�SHUIRUP�´ZKDW� LIµ�VFHQDULRV�DQG�GLDJQRVWLF�DQDO\VHV�RIIHU�DGGLWLRQDO�YDOXH� IRU�
WKH� IRRG� VDIHW\� H[SHUW�� ,Q� WKH� QHDU� IXWXUH�� WKH� V\VWHP� ZLOO� EH� H[WHQGHG�� 2SWLPDO� VXSSRUW� RI�
HPHUJLQJ�ULVNV�GHWHFWLRQ�E\�ILQH�WXQLQJ�IXQFWLRQDOLW\�DQG�FRQWHQW�ZLOO�EH�LPSOHPHQWHG��
�
4XHVWLRQV�IURP�WKH�DXGLHQFH��
• 7KH�SUHVHQWHG�PRGHO�VKRZHG�WKH�LGHQWLILHG�SDWKZD\V��'RHV�WKH�PRGHO�WDNH�LQWR�DFFRXQW�KRZ�OLNHO\�D�SDWKZD\�

LV"�$QVZHU�IURP�WKH�DXWKRU���1R��WKH�SUREDELOLW\�LV�YHU\�TXDOLWDWLYH��WKH�V\VWHP�WULJJHUV�WKH�NQRZOHGJH�RI�
WKH�IRRG�H[SHUW��)RU�QRZ��VXFK�ZHLJKWV�RQ�SRVVLEOH�SDWKZD\V�DUH�WRR�FRPSOH[�WR�KDQGOH��ZH�PD\�ZRUN�RQ�WKLV�
LQ�WKH� IXWXUH��+RZ�XVHIXO� LV� WKH�V\VWHP�LI�\RX�GR�QRW�NQRZ�WKH�UHOHYDQFH�RI�VRPH�SDWKZD\V"�'R�\RX�SXW� LQ�
H[SHUW�NQRZOHGJH� LQ� WKH�QRGHV"�$QVZHU�IURP�WKH�DXWKRU��<HV�� IURP�H[SHUWV� IURP�GLIIHUHQW� ILHOGV��)URP�
H[SHULHQFH��ZH�NQRZ�WKDW�SUREDELOLW\�DQG�SRVVLELOLW\�DUH�HDVLO\�FRQIXVHG�E\�H[SHUWV��,Q�RXU�RSLQLRQ��SUREDELOLW\�
RI�WKH�SDWKZD\V�LV�UHOHYDQW��

• 6R��GR�\RX�QHHG�VRPH�ULVN�DVVHVVPHQW�SHU�QRGH"�$QVZHU�IURP�WKH�DXWKRU��<HV��ZH�GR��
• 7R�ZKDW�H[WHQG�LV�WKLV�DSSURDFK�JHQHULF"�'R�\RX�QHHG�FDVH�E\�FDVH�VSHFLILF�PRGXOHV�WR�GHVLJQ"�$QVZHU�IURP�

WKH�DXWKRU��7KH�QHWZRUN�ZLOO�JURZ�DQG�JURZ�ZLWK�HYHU\�FDVH��6R��ZLWK�HYHU\�FDVH�\RX�LPSURYH�\RXU�V\VWHP�
DQG�LQ�WKH�HQG�LW�LV�JHQHULF"�$QVZHU�IURP�WKH�DXWKRU��<HV��WKDW�LV�WUXH��
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���� 'LVFXVVLRQ�%ORFN�,,,�

�
:H�KDYH�VHHQ�WZR�DSSURDFKHV�WR�ULVN�DVVHVVPHQW��%RWK�V\VWHPV�KDYH�DVVXPSWLRQV�RQ�TXDOLW\�RI�LQIRUPDWLRQ�\RX�FDQ�
JHW�IURP�WKH�V\VWHPV��:KDW�VKRXOG�WKH�TXDOLW\�EH�DQG�KRZ�GR�\RX�JXDUG�WKH�TXDOLW\�RI�WKH�LQSXW�GDWD"�
�
$�VKRUW�RYHUYLHZ�RI�WKH�WZR�SUHVHQWHG�V\VWHPV�
,Q�WKH�SUHYLRXV�VHVVLRQ��WKH�:DJHQLQJHQ�85�V\VWHP�DQG�WKH�712�V\VWHP�KDYH�EHHQ�SUHVHQWHG��
7KH�SURWRW\SH�WKDW�ZDV�SUHVHQWHG�E\�:DJHQLQJHQ�85�ZDV�EDVHG�RQ�D�FDVH�VWXG\�RQ�VDOPRQV��7KH�
DPRXQW�RI�UHOHYDQW�QRGHV�DQG�SDWKV�LQ�WKLV�FDVH�VWXG\�ZDV�VWLOO�PDQDJHDEOH��:KHQ�WKH�V\VWHP�LV�
H[SDQGHG��PDQ\�QRGHV�DQG�SDWKV�ZLOO�EH�DGGHG�WR�WKH�V\VWHP��,Q�WKH�IXWXUH��WKH�XVHU�LQWHUIDFH�RI�
WKH�SUHVHQWHG�V\VWHP�ZLOO�EH�LPSURYHG��DQG�WKH�FRQWHQW�ZLOO�EH�H[SDQGHG��
�
7KH� SXUSRVH� RI� WKH� :DJHQLQJHQ� 85� V\VWHP� LV� �L�� WR� GHWHFW� SDWKZD\V� DQG� �LL�� WR� SHUIRUP�
VLPXODWLRQV� RQ� WKHVH� SDWKZD\V�� %\� DGGLQJ� PRUH� DQG� PRUH� LQIRUPDWLRQ� WR� WKH� V\VWHP�� WKH�
LQIRUPDWLRQ� ZLOO� JHW� PRUH� FRPSOHWH�� ,Q� SUDFWLFH�� RQO\� SDUW� RI� DOO� UHOHYDQW� LQIRUPDWLRQ� FDQ� EH�
FRQWDLQHG� LQ� WKH� V\VWHP�� ,I� WKH� V\VWHP�FDQ� FRPH�XS�ZLWK�SDWKZD\V� WKDW�ZHUH� XQNQRZQ� WR� WKH�
H[SHUW��EXW�WKDW�WXUQ�RXW�WR�EH�YDOLG��WKH�H[SHUW�KDV�EHQHILWHG�IURP�WKH�V\VWHP��7KLV�V\VWHP�ZLOO�
VXSSRUW�WKH�GHWHFWLRQ�RI�UH�HPHUJLQJ�ULVNV�ZLWKRXW�DGGLWLRQDO�H[SHUW�LQWHUYLHZV��IRU�QHZ�GRPDLQV��
D�NQRZOHGJH�DFTXLVLWLRQ�DFWLYLW\�QHHGV� WR� WDNH�SODFH��1RWH� WKDW�H[SHUWV�DUH�FRQVLGHUHG� WR�EH�DQ�
LPSRUWDQW�VRXUFH�RI�QHZ�NQRZOHGJH��
�
7KH�V\VWHP�WKDW�ZDV�SUHVHQWHG�E\�712�VKRZV�WKH�XVHU�D�UDQNHG� OLVW�RI�SRWHQWLDO� ULVNV��2Q�WKH�
EDVLV� RI� WKLV� OLVW� SURWRFROV� DUH� LQYRNHG�� 7KH� XVHU� FDQ� WZHDN� WKH� XVHG� ILOWHU� DW� ZLOO� WR� REWDLQ�
UHOHYDQW�RXWSXW��+RZ�WKH�RXWSXW�LV�GHDOW�ZLWK�LV�RXWVLGH�WKH�VFRSH�RI�WKH�V\VWHP��
�
7KH�LQSXW�NQRZOHGJH�LV�LPSRUWDQW�LQ�WKH�712�V\VWHP��:KHQ�PRUH�LQIRUPDWLRQ�LV�DYDLODEOH��WKH�
V\VWHP� EHFRPHV� PRUH� DQG� PRUH� UHOLDEOH� DQG� REMHFWLYH�� 8VHUV� DQG� VWDNHKROGHUV� FDQ� SURYLGH�
LQIRUPDWLRQ�WR�WKH�V\VWHP��
�
7KH�:DJHQLQJHQ� V\VWHP�DQG� WKH�712�V\VWHP�DUH� FRPSOHPHQWDU\��7KH�712�V\VWHP�FRXOG�EH�
XVHG�WR�SUHVHQW�UHOHYDQW�LQSXW�GDWD�WR�WKH�:85�V\VWHP��$V�DQ�H[DPSOH��LQ�WKH�GLR[LQ�FOD\�FDVH��
WKH�IDFW�WKDW�0F&DLQ�VWDUWHG�XVLQJ�FOD\�WR�VRUW�SRWDWRHV�FRXOG�EH�SUHVHQWHG�DV�D�QHZ�SDWK�LQ�WKH�
:DJHQLQJHQ�V\VWHP��7KH�712�V\VWHP�VKRXOG�EH�DEOH�WR�PRQLWRU�SUHVV�FRYHUDJH�DQG�SUHVHQW�WKH�
OLQN�WR�WKH�:DJHQLQJHQ�V\VWHP��)RU�WKH�712�V\VWHP��WKH�LQSXW�VRXUFHV�DUH�PDLQO\�GDWDEDVHV�DQG�
WKH�LQWHUQHW��ZKLOH�LQ�WKH�:DJHQLQJHQ�V\VWHP��WKH�LQSXW�LV�FKLHIO\�SURYLGHG�E\�KXPDQ�H[SHUWV�DQG�
GDWDEDVHV��
�
�

Discussion Block III 
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'HWHUPLQH�WKH�TXDOLW\�RI�DQ�HPHUJLQJ�ULVNV�V\VWHP�
,Q�JHQHUDO��LW�LV�GLIILFXOW�WR�DVVHUW�WKH�TXDOLW\�RI�DQ�HPHUJLQJ�ULVN�V\VWHP��$V�DQ�LQLWLDO�FKHFN��RQH�
FDQ� ORRN�DW�VRPH�H[DPSOH�FDVHV�DQG�VHH�ZKHWKHU� WKH�RXWSXW�RI� WKH�V\VWHP�HTXDOV� WKH�H[SHFWHG�
RXWSXW�� ,Q� D� ODWHU� VWDJH�� \RX� KDYH� WR� DVVHVV� WKH� TXDOLW\� RI� WKH� V\VWHP� LQ� XQNQRZQ�� UHDO�OLIH�
FLUFXPVWDQFHV��7KLV�LV�H[WUHPHO\�GLIILFXOW��:KHQ�D�TXDOLW\�DVVHVVPHQW�FDQ�EH�PDGH��WKRXJK��LW�FDQ�
EH�XVHG�WR�LPSOHPHQW�D�VHOI�OHDUQLQJ�FDSDFLW\�LQWR�WKH�V\VWHP��7KDW�ZD\��WKH�V\VWHP�ZLOO�JHW�EHWWHU�
DQG�EHWWHU�LQ�WLPH��7KH�XQGHUO\LQJ�NQRZOHGJH�PRGHOV��RQWRORJLHV��QHHG�WR�EH�XSGDWHG�DV�ZHOO�RQ�
D�UHJXODU�EDVLV��
�
,Q�JHQHUDO��LW�LV�EHWWHU�WR�SURGXFH�IDOVH�DODUPV��WKDQ�WR�PLVV�UHDO�LVVXHV��,W�LV�SUREDEO\�LPSRVVLEOH�
WR�EH�FHUWDLQ�WKDW�DOO�HPHUJLQJ�ULVNV�DUH�GHWHFWHG��$�V\VWHP�FDQQRW�RQO\�VFDQ�PRUH�GDWD��LW�LV�DOVR�D�
WRRO� WR� VXSSRUW� WKH� XVHU� LQ� RUJDQLVLQJ� WKH� LQIRUPDWLRQ�� 7KLV� KHOSV� WKH� XVHU� LQ� UHGXFLQJ� WKH�
QXPEHU�RI�LVVXHV�WKDW�DUH�PLVVHG��
�
4XDOLW\�LVVXHV�
2QH�LPSRUWDQW�DVSHFW�IRU�WKH�TXDOLW\�RI�WKH�V\VWHP�LV�GHWHUPLQHG�E\�WKH�ILOWHULQJ�SURFHGXUH�XVHG�
WR� ILOWHU�RXW� IDOVH�DODUPV��7KH�YDOXH�RI� WKH�XVHG�SURFHGXUH� LV� LQ�JHQHUDO�GLIILFXOW� WR�DVVHUW� LQ�DQ�
REMHFWLYH�ZD\��WKH�VWDNHKROGHUV�SOD\�DQ�LPSRUWDQW�UROH�LQ�YDOLGDWLQJ�WKH�TXDOLW\�RI�WKH�RXWSXW�RI�DQ�
HPHUJLQJ� ULVNV� V\VWHP��2QH� RI� WKH� QH[W� VWHSV� LQ� LPSURYLQJ� HPHUJLQJ� ULVNV� V\VWHPV� LV� WR� JHW� D�
JRRG�JULS�RQ�WKH�SULRULWL]LQJ�RI�WKH�RXWSXW�LQIRUPDWLRQ��
�
���� 3UHVHQWDWLRQ����(PHUJLQJ�5LVNV�LQ�WKH�'XWFK�)RRG�6XSSO\�&KDLQ��6FRSLQJ�6WXGLHV�

/(,���7KRP�$FKWHUERVFK�
6XPPDU\�
7KRP� $FKWHUERVFK� �/(,�:DJHQLQJHQ� 8QLYHUVLW\� DQG� 5HVHDUFK� &HQWUH�� KDV� SUHVHQWHG� D� VWXG\�
SHUIRUPHG�E\�VHYHUDO�:85�LQVWLWXWHV�WR�H[DPLQH�WKH�SXUSRVH�RI�HPHUJLQJ�ULVN�LGHQWLILFDWLRQ�DQG�
WR�LGHQWLI\�UHOHYDQW�LQGLFDWRUV�FRQQHFWHG�WR�WKH�KRVW�HQYLURQPHQW��7KH�SUHVHQWDWLRQ�SUHVHQWV�WKH�
V\QWKHVLV� RI� WKHVH� VFRSLQJ� VWXGLHV�� ZKLFK� LV� DYDLODEOH� LQ� GUDIW� IURP� WKH� SUHVHQWHU�� 7KH� ILQDO�
YHUVLRQ�EHFRPHV�DYDLODEOH�IURP�5,.,/7�LQ�������
�
5DWLRQDOH�
(PHUJLQJ�5LVN� LGHQWLILFDWLRQ� EHFRPHV�PRUH� DQG�PRUH� LPSRUWDQW� LQ� WKH� IRRG� VXSSO\� FKDLQ�� ,Q�
UHFHQW�\HDUV��WKH�UHVSRQVLELOLW\�KDV�VKLIWHG�IURP�WKH�JRYHUQPHQW�WRZDUGV�WKH�IRRG�FKDLQ�SDUWQHUV�
�LQFOXGLQJ� WKH� FRQVXPHUV��� 7KH� JOREDOLVDWLRQ� RI� WUDGH� IORZV�� WKH� G\QDPLF� FKDUDFWHU� RI� IRRG�
LQGXVWULHV�� FRQVXPHUV� DQG� SROLFLHV�� DQG� WKH� ZLVK� WR� PLQLPLVH� WKH� QXPEHU� RI� IRRG� UHODWHG�
LQFLGHQWV��KDV�OHDG�WR�DQ�LQFUHDVHG�LQWHUHVW�LQ�HPHUJLQJ�ULVNV�LGHQWLILFDWLRQ��
�
:LWK�HPHUJLQJ�ULVN� LGHQWLILFDWLRQ�� WKH�:85�WHDP�UHIHUV� WR�D�V\VWHP�RU�SURFHGXUH�DLPHG�DW� LGHQWLI\LQJ�
SRWHQWLDO�IRRG�KD]DUGV��DOORZLQJ�SURDFWLYH�LQWHUYHQWLRQV�WKDW�SUHYHQW�D�SRWHQWLDO�KD]DUG�IURP�EHFRPLQJ�D�ULVN��,Q�
WKH�IRXU�\HDU�:DJHQLQJHQ�85�SURJUDP�RQ�(PHUJLQJ�5LVNV��VHH�SUHVHQWDWLRQ�RI�/DUV�+XO]HERV���
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WKH�WHDP�KDV�XVHG�WKH�ILUVW�\HDU�WR�SHUIRUP�KRVW�HQYLURQPHQW�VWXGLHV��7KH�UHVXOW�RI�WKLV�DFWLYLW\�
ZDV�DQ�LQVLJKW�LQ�UHOHYDQW�LQGLFDWRUV�IRU�ULVN�LGHQWLILFDWLRQ��
�
3HUVSHFWLYHV�RQ�HPHUJLQJ�ULVNV�
7KH�FDVH�VWXGLHV�UHVXOWHG� LQ� WKH�UHDOLVDWLRQ�WKDW�PDQ\�GLIIHUHQW�YLHZV�RQ�HPHUJLQJ�ULVNV�H[LVW�DW�
WKH�GLIIHUHQW�VWDNHKROGHUV��(DFK�VWDNHKROGHU�KDV�DQRWKHU�SHUFHSWLRQ�RQ�WKH�QHFHVVDU\�FRQGLWLRQV�
WR� IXUWKHU� EXLOG� WUXVW� LQ� WKH� IRRG� VDIHW\� V\VWHP�� $� EURDG� VFRSH� LV� QHFHVVDU\� WR� NHHS� DOO�
VWDNHKROGHUV�SRVLWLYHO\�LQYROYHG��
�
5LVN�DQDO\VLV�IURP�DQ�HPHUJLQJ�ULVNV�SRLQW�RI�YLHZ�LV�DQ�LQWHUWZLQHG�DFWLYLW\��RQH�KDV�WR�DQWLFLSDWH�
RQ� WKH� DVVHVVPHQW�RI� HPHUJLQJ� ULVNV�� RQH�KDV� WR� IRFXV�RQ� FRPPXQLFDWLQJ� DSSURSULDWH� DFWLRQV��
DQG�RQH�KDV�WR�ZRUN�RQ�SUHYHQWLQJ�ULVNV�IURP�UH�HPHUJLQJ�LQ�WKH�IXWXUH���
�
&XUUHQW�EHKDYLRXU�RI�VWDNHKROGHUV�
:KHQ�DQ�HPHUJLQJ�ULVN�DSSURDFK�LV�GHYHORSHG��WKH�FXUUHQW�EHKDYLRXU�RI�IRRG�FKDLQ�SDUWQHUV�DQG�
FRQVXPHUV� LV� DQ� LQWHUHVWLQJ� VXEMHFW� IRU� UHVHDUFK�� 7KH� IDFWRUV� WKDW� LQIOXHQFH� SURGXFHU� DQG�
FRQVXPHU� EHKDYLRXU� FRPSULVH� LPSRUWDQW� LQIRUPDWLRQ� IRU� WKH� LGHQWLILFDWLRQ� RI� ULVN�� DQG� WKH�
SULRULWLVLQJ� RI� VLJQDOV� RQ� ULVN�� :KHQ� WKHVH� IDFWRUV� DUH� NQRZQ�� DSSURSULDWH� ILOWHUV� IRU� VRUWLQJ�
REWDLQHG�HPHUJLQJ�ULVNV�LQIRUPDWLRQ�FDQ�EH�FUHDWHG���
�
&RQFOXVLRQ�
:LWK� WKH� UHVXOWV� RI� WKH� KRVW� HQYLURQPHQW� VWXGLHV� LQ� PLQG�� D� FDVH� VWXG\� RQ� ILVK� IHHG� ZLOO� EH�
SHUIRUPHG��2QH�DVSHFW�RI�WKH�IXWXUH�ZRUN�LV�WR�OLQN�HPHUJLQJ�ULVNV�DVVHVVPHQW�WR�ULVN�SURILOLQJ�
DQG�WR�ULVN�EHQHILW�DVVHVVPHQWV���
�
1R�TXHVWLRQV�IURP�WKH�DXGLHQFH�WR�WKLV�SUHVHQWDWLRQ��

���� 3UHVHQWDWLRQ����:RUNVKRS�RQ�(PHUJLQJ�5LVNV�DQG�(DUO\�:DUQLQJ�6\VWHPV�
)$2���.LVDQ�*XQMDO�

�
6XPPDU\�
.LVDQ�*XQMDO�SUHVHQWHG�WKH�)$2·V�*OREDO�,QIRUPDWLRQ�DQG�(DUO\�:DUQLQJ�6\VWHP�RI�)RRG�DQG�
$JULFXOWXUH��*,(:6���
�
+LVWRU\�
,Q�������WKH�*,(:6�V\VWHP�RQ�IRRG�DQG�DJULFXOWXUH�ZDV�HVWDEOLVKHG�ZLWK�D�SULPDU\�SXUSRVH�WR�
PRQLWRU�WKH�IRRG�VXSSO\�DQG�GHPDQG�VLWXDWLRQ�DW�QDWLRQDO��UHJLRQDO��DQG�JOREDO�OHYHOV�WR�SURYLGH�
HDUO\�ZDUQLQJV�RI�LPSHQGLQJ�VHULRXV�IRRG�VKRUWDJHV�RU�IRRG�HPHUJHQFLHV��7KH�IRFXV�RI�*,(:6�
LV�RQ�IRRG�VHFXULW\��L�H��WKH�DFFHVV�WR�DQG�DYDLODELOLW\�RI�VDIH�IRRG��7KH�*,(:6�V\VWHP�LV�XVHG�WR�
VSRW�D� VKRUWIDOO� LQ�DJJUHJDWH� IRRG�VXSSOLHV�� WKH�ZLGHVSUHDG� ODFN�RI�DFFHVV� WR� IRRG��DQG�FDVHV�RI�
VHYHUH�ORFDOLVHG�IRRG�VKRUWDJH��7KH�IRRG�FULVLV�LQ�WKH�HDUO\�����V�LQ�:HVWHUQ�$IULFD�ZDV�WKH�PDLQ�
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UHDVRQ� WR� VWDUW� PRQLWRULQJ� WKH� ZRUOGZLGH� IRRG� VLWXDWLRQ�� 6LQFH� WKHQ� WKH� V\VWHP� LV� XVHG� IRU�
FRQWLQXRXV� PRQLWRULQJ� RI� DOO� PHPEHU� FRXQWULHV�� 8QIDYRXUDEOH� SURVSHFWV� IRU� FRXQWULHV� DUH�
DVVHVVHG�� $� EURDG� DSSURDFK� LV� XVHG�� UDLQIDOO�� HDUWKTXDNHV�� VRFLDO�HFRQRPLF� IDFWRUV�� DQG� ZDU�
FRQIOLFW� VLWXDWLRQV� DUH� WDNHQ� LQWR� DFFRXQW� DV� LPSRUWDQW� LQGLFDWRUV�� ,Q� VRPH� FDVHV� D� FRXQWU\� FDQ�
SURGXFH�HQRXJK�IRRG��EXW�LW�PD\�KDSSHQ�WKDW�QRW�DOO�JURXSV�RI�WKH�SRSXODWLRQ�KDYH�DFFHVV�WR�WKH�
SURGXFHG�IRRG��
�
$V�DQ�H[DPSOH�RI�WKH�ZRUOGZLGH�FRYHUDJH�RI�WKH�V\VWHP��D�PDS�RI�WKH�ZRUOG�ZDV�VKRZQ�LQ�WKH�
SUHVHQWDWLRQ��RQ�ZKLFK�VRPH����FRXQWULHV�ZLWK�GHWHFWHG�IRRG�LQVHFXULW\�LVVXHV�ZDV�VKRZQ��)$2�
FRQVLGHUV� HPHUJLQJ� ULVNV� WR� EH� IDFWRUV� WKDW� ZLOO� WXUQ� LQWR� D� IDFW� ZLWKLQ� D� VKRUW� WLPH� XQOHVV�
DGHTXDWH�PLWLJDWLQJ�PHDVXUHV�DUH�HPSOR\HG��7KH�*,(:6�V\VWHP�KDV�PDLQWDLQHG�GDWDEDVH�VLQFH�
WKH�HDUO\�����V���
�
3XEOLFDWLRQV�
7KH� *,(:6� V\VWHP� SURYLGHV� D� QXPEHU� RI� SXEOLFDWLRQV� RQ� IRRG� VHFXULW\�� 7KHVH� DUH� �L�� FURS�
SURVSHFWV�DQG�IRRG�VLWXDWLRQ���LL��IRRG�RXWORRN�UHSRUWV���LLL�� WKH�6DKHO�UHSRUWV���LY�� ODWHVW�FRXQWU\�
XSGDWHV��DQG� �Y�� VSHFLDO� UHSRUWV�DQG�DOHUWV��7KHVH� UHSRUWV�DUH�DYDLODEOH�RYHU� WKH� LQWHUQHW�� ,Q� WKH�
ZHE�EDVHG�LQWHUIDFH��GHWHFWHG�ULVNV�DUH�SURMHFWHG�RQ�VDWHOOLWH�REWDLQHG�PDSV��
�
&RQFOXVLRQ�
7KH�)$2�*,(:6�LV� WKH�PRVW�JOREDOO\�FRPSOHWH�V\VWHP�WKDW�PRQLWRUV�ZRUOGZLGH�ERWK�QDWXUDO�
GLVDVWHUV� �KHDY\� UDLQIDOO�� GURXJKW�� HDUWKTXDNHV�� YROFDQRHV�� IORRGV�� ORFXVWV�� DYLDQ� LQIOXHQ]D�� HWF���
DQG�PDQ�PDGH�GLVDVWHUV��ZDU��FLYLO�VWULIH��FXUUHQF\�HFRQRPLF�SUREOHPV��HWF���DIIHFWLQJ�FRXQWU\·V�
IRRG�VXSSO\�DQG� IRRG�VHFXULW\��2QH�FDQ�FOHDUO\� VHH�DQ� LQFUHDVH� LQ�PDQ�PDGH�GLVDVWHUV�RYHU� WKH�
ODVW�WKLUW\�\HDUV���
�
4XHVWLRQV�IURP�WKH�DXGLHQFH��
• $UH�WKHUH�VSHFLILF�FURSV�WKDW�)$2�LV�PRQLWRULQJ� IRU� IRRG�VXSSO\"�$QVZHU�IURP�WKH�DXWKRU��7KLV� LV� WKH�

FDVH�IRU�IRRG�VXSSO\��EXW�IRU�JHQHUDO�DQDO\VLV�)$2�DOVR�ORRNV�DW�FDVK�H[SRUW�FURSV��DQG�OLYHVWRFN��
• :KDW� LV� WKH� WLPHIUDPH� RI� WKH� )$2� GDWDEDVH�� GRHV� LW� JHW� GDWD� HDFK� \HDU"� $QVZHU� IURP� WKH� DXWKRU��

6FDQQLQJ�LQSXW�LV�SURYLGHG�RQ�D�GDLO\�EDVLV�LQ�FROODERUDWLRQ�ZLWK�:)3��:RUOG�)RRG�3URJUDPPH���:HDWKHU�
LQIRUPDWLRQ��JURXQG�OHYHO�DV�ZHOO�DV�VDWHOOLWH�EDVHG��LV�DGGHG�WR�WKH�GDWDEDVH�LQ����GD\V�LQWHUYDOV��

• ,V� WKH� LQFUHDVH�RI� HPHUJHQFLHV� IDFWXDO��RU� LV� LW�GXH� WR�DQ� LQFUHDVHG�TXDOLW\�RI� WKH� LQIRUPDWLRQ� IORZ"�$QVZHU�
IURP� WKH� DXWKRU�� ,W� LV� QRW� GXH� WR� D� GLIIHUHQW� GHILQLWLRQ� RI� HPHUJHQFLHV�� +RZHYHU�� WKH� PRQLWRULQJ� KDV�
LPSURYHG�� VR� LW� LV� OLNHO\� WKDW�ZH� VSRW�PRUH� FDVHV� RI� HPHUJHQFLHV��7KH� FRXQWULHV�DUH�DOVR�TXLFNHU� LQ� UHSRUWLQJ�
HPHUJHQFLHV��

• $UH�WKH�XVHG�FULWLFDO�IDFWRUV�VWLOO�WKH�VDPH�DV�LQ�WKH�����V"�$QVZHU�IURP�WKH�DXWKRU��7KH\�KDYH�FKDQJHG��
WKH\�XVHG�WR�EH�PDLQO\�FURS�RULHQWHG��1RZDGD\V��PRUH�DQG�PRUH�HFRQRPLF�IDFWRUV�DUH�LQFOXGHG���

• ,V�WKHUH�D�ZHLJKLQJ�SURFHVV�LQ�WKH�XVH�RI�WKH�IDFWRUV"�$QVZHU�IURP�WKH�DXWKRU��1R��ZKDWHYHU�LV�DFFHVVLEOH�LV�
XVHG���
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���� 3UHVHQWDWLRQ�����7KH�)XWXUH�RI�(PHUJLQJ�5LVN�6\VWHPV�)RU�7KH�)RRG�&KDLQ�
()6$���'MLHQ�/LHP�

�
6XPPDU\�
'MLHQ�/LHP�SUHVHQWHG�DERXW� WKH�WDVN�DQG�WRROV�RI�()6$�� WKH�(XURSHDQ�)RRG�6DIHW\�$XWKRULW\��
ZLWK�UHVSHFW�WR�HPHUJLQJ�ULVNV�DQG�HDUO\�ZDUQLQJ��
�
+LVWRU\�
()6$�ZDV�IRXQGHG� LQ������ZLWK�WKH�WDVN�WR�HVWDEOLVK�PRQLWRULQJ�SURFHGXUHV�IRU�V\VWHPDWLFDOO\�
VHDUFKLQJ� IRU�� FROOHFWLQJ�� FROODWLQJ�� DQG� DQDO\]LQJ� LQIRUPDWLRQ� DQG� GDWD� ZLWK� D� YLHZ� WR� WKH�
LGHQWLILFDWLRQ�RI�HPHUJLQJ�ULVNV�LQ�WKH�ILHOGV�ZLWKLQ�LWV�PLVVLRQ��7KHVH�ILHOGV�DUH�WKH�DUHDV�RI�IRRG�
DQG�IHHG�VDIHW\��
�
$FWLYLWLHV�
()6$�IXQGHG�WKH�(05,6.�SURMHFW��()6$�KDV�UHTXHVWHG�DGYLFH�IURP�LWV�6FLHQWLILF�&RPPLWWHH�RQ�
WKH� SUHIHUUHG� IXQFWLRQDOLWLHV� DQ� HPHUJLQJ� ULVN� V\VWHP� QHHGV� WR� HVWDEOLVK�� RQ� SURFHGXUHV� IRU�
HYDOXDWLQJ�DQG�SULRULWLVLQJ�LGHQWLILHG�LVVXHV��DQG�RQ�DQ�RSHUDWLRQDO�V\VWHP�WR�PDLQWDLQ�DSSURSULDWH�
FRQWDFWV� LQ�D�QHWZRUN�WKDW�V\VWHPDWLFDOO\�FROOHFWV� LQIRUPDWLRQ�RQ�HPHUJLQJ�ULVNV�IURP�LGHQWLILHG�
VRXUFHV��7KH�6FLHQWLILF�&RPPLWWHH�LQFOXGHG�LWV�DGYLFH�LQ�D�JXLGDQFH�GRFXPHQW�WKDW�KDV�EHFRPH�
DYDLODEOH�LQ�-XO\������WRJHWKHU�ZLWK�WKH�UHSRUW�RI�WKH�(05,6.�SURMHFW��
�
7KH�6FLHQWLILF�&RPPLWWHH�LGHQWLILHG�YDULRXV�GDWD�VRXUFHV�PDQ\�RI�ZKLFK�DUH�DYDLODEOH� LQ�ZULWLQJ�
�H�J�� SXEOLFDWLRQV�� UHSRUWV��� ([SHUWV�� VWDNHKROGHUV�� 1*2V�� IRRG� DJHQFLHV�� DQG� LQWHUQDWLRQDO�
RUJDQLVDWLRQV�KDYH�DOVR�EHHQ�LGHQWLILHG�DV�D�UHOHYDQW�VRXUFH�RI�LQIRUPDWLRQ���
�
&RRSHUDWLRQ�
()6$�VWURQJO\�EHOLHYHV� LQ�FRRSHUDWLRQ�ZLWK�0HPEHU�6WDWHV�DQG�VLVWHU�RUJDQLVDWLRQV�WR�EXLOG� LWV�
HPHUJLQJ�ULVN�FDSDELOLW\�DQG� LQWHQGV�WR� LQYHVWLJDWH�WKH�IXQFWLRQDOLW\�RI�HDUO\�ZDUQLQJ�RU�KRUL]RQ�
VFDQQLQJ�V\VWHPV�WKDW�DOUHDG\�H[LVW��$�IHZ�H[DPSOHV�RI�WKHVH�DUH��
• *3+,1�� D� WRRO� GHYHORSHG� E\� WKH� SXEOLF� KHDOWK� DJHQF\� RI�&DQDGD�� ,W� LV� D� VHFXUH�� LQWHUQHW�

EDVHG��HDUO\�ZDUQLQJ��V\VWHP�WKDW�JDWKHUV�SUHOLPLQDU\�UHSRUWV�RI�SXEOLF�KHDOWK�VLJQLILFDQFH�LQ�
VHYHQ�ODQJXDJHV�RQ�D�UHDO�WLPH�EDVLV��

• ,1)26$1�� WKH� LQWHUQDWLRQDO� IRRG� VDIHW\� DXWKRULWLHV� QHWZRUN� RI� WKH� :+2�� 7KLV� V\VWHP�
FDWHUV�WR�WKH�QHHG�WR�H[FKDQJH�IRRG�VDIHW\�LQIRUPDWLRQ�DQG�WR�LPSURYH�FROODERUDWLRQ�DPRQJ�
IRRG�VDIHW\�DXWKRULWLHV�DW�QDWLRQDO�DQG�LQWHUQDWLRQDO�OHYHO��

• 3DWKILQGHU��GHYHORSHG�E\�WKH�&HQWUHV�IRU�(SLGHPLRORJ\�DQG�WKH�$QLPDO�+HDOWK�&HQWUHV�IRU�
(PHUJLQJ�,VVXHV��

• *2$51��WKH�*OREDO�2XWEUHDN�DQG�$OHUW�DQG�5HVSRQVH�1HWZRUN�RI�:+2��
• */(:6��WKH�*OREDO�(DUO\�:DUQLQJ�DQG�5HVSRQVH�6\VWHP��
�
�
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(PHUJLQJ�5LVN�3URFHGXUH�
()6$� LV� GHYHORSLQJ� D� SURFHGXUH� WR� GHWHFW� DQG� YHULI\� HPHUJLQJ� ULVNV�� 6XFK� D� SURFHGXUH�ZRXOG�
SUREDEO\� FRQVLVW� RI� YDULRXV� ILOWHULQJ� VWHSV�� 7KH� VLJQDOV� WKDW� WKHQ�ZRXOG� UHPDLQ� FRXOG� WKHQ� EH�
IRUZDUGHG�WR�D�6FLHQWLILF�3DQHO�IRU�D�PRUH�FRPSUHKHQVLYH�ULVN�DVVHVVPHQW��
�
&RQFOXVLRQ�
$W� WKH� HQG� RI� ������ ()6$� DLPV� WR� KDYH� DQ� RSHUDWLRQDO� KRUL]RQ� VFDQQLQJ� WRRO� LQ� SODFH� �LQ�
FROODERUDWLRQ�ZLWK�RWKHU�RUJDQL]DWLRQV���+HUHWR�� D� JOREDO�SHUVSHFWLYH�� D�KROLVWLF� DSSURDFK�� FORVH�
LQWHUQDWLRQDO� FROODERUDWLRQ�� DQG� PXOWLGLVFLSOLQDU\� ILOWHULQJ� DUH� FRQVLGHUHG� WR� EH� LPSRUWDQW�� ,Q�
RUGHU�WR�OHW�WKH�V\VWHP�IXQFWLRQ�SURSHUO\��IUHH�H[FKDQJH�RI�LQIRUPDWLRQ�EHWZHHQ�0HPEHU�6WDWHV�
LV�LPSRUWDQW���
�
4XHVWLRQV�IURP�WKH�DXGLHQFH��
• &DQ�\RX�HODERUDWH�RQ�V\VWHP�WKDW�\RX�ZDQW�WR�KDYH�QH[W�\HDU"�$QVZHU�IURP�WKH�DXWKRU��:H�VKRXOG�DW�

OHDVW�KDYH�VRPHWKLQJ�WKDW�LV�SDUWO\�EDVHG�RQ�DQ�,7�V\VWHP�LQ�KRXVH��:H�ZDQW�WR�KDYH�SURFHGXUHV�LQ�SODFH�IRU�
IXUWKHU� HYDOXDWLQJ� VLJQDOV�� ILOWHULQJ� HWF��0RUHRYHU��ZH�ZDQW� WR�DGG�D� VWUXFWXUHG�ZD\� WR�GHDOLQJ�ZLWK�SRVVLEOH�
UHOHYDQW�VLJQDOV��7KLV�VKRXOG�EH�LPSOHPHQWHG�DV�D�ILUVW�VWHS��

• 'R�WKH�H[SHUWV�KDYH�WKH�SRVVLELOLW\�WR�ZRUN�LQWHQVLYHO\�RQ�DQ�LVVXH�RQ�VKRUW�QRWLFH"�2XU�VWDII�ZRXOG�OLNH�WR�
FRQWULEXWH��EXW�FDQQRW�ZLWKRXW�IXQGLQJ�RU�SODQQLQJ��$QVZHU�IURP�WKH�DXWKRU��:H�KDYH�WULHG�WR�VHW�XS�D�
OLVW� RI� RUJDQLVDWLRQV� WR� DVVLVW� ()6$� LQ� WKLV� ZRUN�� 7KH� OLVW� LV� H[SHFWHG� WR� EH� DGRSWHG� E\� ()6$·V�
0DQDJHPHQW�%RDUG�EHIRUH�WKH�HQG�RI�������

• &RXOG�\RX�SOHDVH�HODERUDWH�RQ�WKH�LVVXH�RI�WUDGH"�$QVZHU�IURP�WKH�DXWKRU���)RRGV�DUH�GLVWULEXWHG�DOO�RYHU�
(XURSH��5LVNV�FDQ�VSUHDG�TXLFNO\��

�
���� 'LVFXVVLRQ�%ORFN�,9�

�
,Q�WKLV�GLVFXVVLRQ�EORFN��ZH�IRFXV�RQ�WKH�IXWXUH�RI�(PHUJLQJ�5LVNV��
�
*DWKHULQJ�RI�GDWD�
$Q\�HPHUJLQJ� ULVN�V\VWHP�KDV� WR�KDYH�VXIILFLHQW� LQSXW�GDWD��)$2�FROOHFWV�GDWD� IURP�VHFRQGDU\�
SXEOLFDWLRQV�� EXW� DOVR� IURP� LQIRUPDWLRQ� SURYLGHG� E\� PHPEHU� FRXQWULHV�� 7KH� JRYHUQPHQWV� RI�
WKHVH�PHPEHU�VWDWHV�PDNH�VXUH�WKDW�GDWD�DUH�JDWKHUHG��6RPH�FRXQWULHV�DUH�DVVHVVHG�PDQXDOO\��,Q�
PRVW�FDVHV��WKH�PDQXDO�DVVHVVPHQW�RI�GDWD�JHWV�UHSODFHG�E\�DXWRPDWHG�DVVHVVPHQW��XVXDOO\�ZLWK�
DQ�LQFUHDVH�LQ�WKH�TXDOLW\�RI�WKH�GDWD��
�
&RPPLWPHQW�RI�VWDNHKROGHUV�
*RYHUQPHQWV�FDQ�SOD\�DQ�LPSRUWDQW�UROH�LQ�HQVXULQJ�WKH�DYDLODELOLW\�RI�UHOHYDQW�GDWD��7KLV�LV�WUXH�
IRU�ERWK�WKH�QDWLRQDO�DQG�WKH�LQWHUQDWLRQDO�OHYHO��,I�WKH�LQWHUQDWLRQDO�DVSHFW�RI�HPHUJLQJ�ULVN�GDWD�
LV� LPSRUWDQW�� LW� LV�QHFHVVDU\� WKDW�FRXQWULHV�FROODERUDWH��$Q� LPSRUWDQW�DVSHFW�KHUH�� LV� WKH�VHFXULW\�

Discussion Block IV 
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LVVXH��1RW�DOO�VWDNHKROGHUV�DUH�ZLOOLQJ�WR�VKDUH�DOO�LQIRUPDWLRQ��6RPH�SDUWV�RI�WKH�GDWD�QHHG�WR�EH�
NHSW� VHFUHW�� VRPH�SDUW� QHHG� WR� EH�PDGH� DQRQ\PRXV�� 6WXG\� KDV� VKRZQ� WKDW� VRPH� VWDNHKROGHUV�
ZRXOG�EH� LQWHUHVWHG� LQ� H[FKDQJLQJ� WKHLU� DQRQ\PRXV� LQIRUPDWLRQ� IRU�PRQH\�RU� IRU� DQRQ\PRXV�
LQIRUPDWLRQ�RI�RWKHU�VWDNHKROGHUV�� �,Q�DQ\�FDVH��WKH�FRPPLWPHQW�RI�VWDNHKROGHUV�WR�SURYLGH�DQ�
HPHUJLQJ�ULVN�V\VWHP�ZLWK�UHOHYDQW�GDWD�LV�YHU\�LPSRUWDQW��
�
+DUPRQL]DWLRQ�RI�HPHUJLQJ�ULVN�WHFKQRORJ\�
(PHUJLQJ�ULVN�V\VWHPV�LV�D�WRSLF�RQ�ZKLFK�PDQ\�H[SHUWV�DUH�ZRUNLQJ��7R�SUHYHQW�V\VWHPV�IURP�
EHLQJ�GHYHORSHG� LQ�SDUDOOHO�� DQG� WKXV� WR�SUHYHQW� D�ZDVWH�RI� HIIRUW� IURP�FRPSHWLWLRQ� LQVWHDG�RI�
FROODERUDWLRQ�� D� KDUPRQL]DWLRQ� HIIRUW� QHHGV� WR� WDNH� SODFH�� 2QH� RI� WKH� WDVNV� RI� ()6$� LV�
KDUPRQL]DWLRQ��7KH� SDUWLFLSDQWV� RI� WKLV�ZRUNVKRS� FDQ� VHH� DQ� LPSRUWDQW� UROH� IRU�()6$� LQ� WKLV�
UHVSHFW�� �()6$�KDV�QR�EXGJHW�WKRXJK�WR�JUDQW�UHVHDUFK��$�SRVVLELOLW\�WR�IXOILOO� WKH�FRRUGLQDWLRQ�
UROH�ZRXOG�EH�WR�JLYH�LQSXW�DQG�DGYLVH�RQ�HPHUJLQJ�ULVN�SURMHFWV���
�

���� 5HVHDUFK�$JHQGD�
�
3OHDVH�WKLQN�IRU�ILYH�PLQXWHV�RQ�WKH�PRVW�LPSRUWDQW�LVVXH�IRU�GHYHORSLQJ�DQG�XVLQJ�IXWXUH�(5�V\VWHPV��:H�FRPSRVH�
D�OLVW�IURP�WKLV�DV�D�FRPPRQ�UHVHDUFK�DJHQGD��
�
7KH�IROORZLQJ�LWHPV�ZHUH�PHQWLRQHG��
• :RUN�RQ�DQ�REMHFWLYH�ILOWHULQJ�RI�GDWD�VLJQDOV��
• ([SORLW�WKH�KROLVWLF�DSSURDFK��
• )RUPXODWH�FOHDU�V\VWHP�UHTXLUHPHQWV�E\�LQYHVWLJDWLQJ�FXUUHQW�LQWHUDFWLRQ�EHWZHHQ�H[SHUWV�DQG�

WKHLU�PHWKRG�RI�GHWHFWLQJ�HPHUJLQJ�ULVNV��
• &ROODERUDWLRQ�DQG�FRRUGLQDWLRQ�RQ�QDWLRQDO�DQG�LQWHUQDWLRQDO�OHYHO�QHHGV�WR�EH�SURPRWHG��
• ,QFOXGH�LQFHQWLYHV�IRU�IRRG�VDIHW\�ULVN�SUHYHQWLRQ�LQ�WKH�SULYDWH�VHFWRU��
• 'HILQH� WKH� VSHFLILFLW\� �L�H�� WKH�QXPEHU�RI� VLJQDOV� WKDW� UHDOO\� LQGLFDWH� D� ULVN�� KRZ�PDQ\� IDOVH�

VLJQDOV��RI�KROLVWLF�HDUO\�ZDUQLQJ�V\VWHPV��
• $FFHSW� D� WULDO�DQG�HUURU� DSSURDFK�� H[SORUH� WKH� SRVVLELOLWLHV� LQVWHDG� RI� IRFXVVLQJ� RQ� WKH�

SUREOHPV��
• 'HYHORSHUV�VKRXOG�ZRUN�PRUH�FORVHO\�WRJHWKHU�ZLWK�VWDNHKROGHUV��
• &RQWLQXH�LGHQWLILFDWLRQ�RI�UHOHYDQW�GDWD�VRXUFHV�IRU�QHZO\�HPHUJLQJ�LVVXHV�LQ�IRRG�DQG�IHHG�

VDIHW\��
• ´%HWWHU� D� VLPSOH�ZRUNLQJ� VROXWLRQ� WKDQ� ORRNLQJ� IRU� WKH� DEVROXWH� WUXWKµ�� D� VLPSOH�PRGHO� LV�

HDVLHU�WR�DFFHSW�IRU�XVHUV���
• ,GHQWLI\�WUXH�LQGLFDWRUV�DQG�WKHLU�ZHLJKLQJ�IDFWRUV��
• 5HVHDUFK�KRZ�WR�WDNH�WKH�´KXPDQ�IDFWRUµ�LQWR�DFFRXQW�ZLWK�ILOWHULQJ��
• 9HUWLFDOO\�LQWHJUDWH�RU�FRRUGLQDWH�LQIRUPDWLRQ�V\VWHPV�ZLWK�WKH�HQG�XVHUV��
• 6HW� XS� D� FRPPXQLFDWLRQV� QHWZRUN� RQ� �WHFKQRORJLFDO�� GHYHORSPHQWV� GHVLJQHG� WR� LPSURYH�

HDUO\�KD]DUG�LGHQWLILFDWLRQ��
• 6SUHDG� RQ� D� UHJXODU� EDVLV� H[FHUSWV� RI� VLJQDOV� LGHQWLILHG� E\� VLJQDOOLQJ�PHHWLQJV� LQ� YHWHULQDU\�

DQG�IHHG�GRPDLQ��
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• /HDUQ�IURP�HDUOLHU�H[SHULHQFHV��DQDO\VH�SUREOHPV�DQG�LPSURYH�RQ�WKHP��
• :H�QHHG�D�VDIH�HQYLURQPHQW�IRU�DOO�VWDNHKROGHUV��
• :LVK��9ROXQWDU\�UHSRUWLQJ�VKRXOG�EH�FKDQJHG�WR�REOLJDWRU\�UHSRUWLQJ��
�
2Q�WKH�EDVLV�RI�WKLV�OLVW�RI�UHVHDUFK�LVVXHV��ZH�KDYH�GHFLGHG�WR�LQYHVWLJDWH�WKH�SRVVLELOLWLHV�WR�VHW�
XS�DQ�,3�SURMHFW��:DJHQLQJHQ�85�VKDOO�WDNH�WKH�LQLWLDWLYH�IRU�WKLV�SODQ��
�

���� 6XPPDU\�RI�WKH�$IWHUQRRQ�6HVVLRQV�
�
7KH� ILUVW� VHVVLRQ� LQ� WKH� DIWHUQRRQ�KDG� D� WHFKQLFDO�EDFNJURXQG��ZKLOH� WKH� VHFRQG� VHVVLRQ�KDG� D�
IRFXV�RQ�SROLF\�DVSHFWV�RI�HDUO\�ZDUQLQJ�V\VWHPV��2Q�WKH�EDVLV�RI�WKH�GLVFXVVLRQ�DIWHUZDUGV��ZH�
KDYH�LGHQWLILHG�VRPH�IHDWXUHV�WKDW�PD\�EH�LPSRUWDQW�LQ�WKH�XVHIXOQHVV�RI�HPHUJLQJ�ULVN�V\VWHPV��
7KHVH�DUH��
• $� G\QDPLF�VHOI�OHDUQLQJ� FKDUDFWHU� RI� XVHG� PRGHOV�� ZKHQ� PRGHOV� KDYH� WKH� DELOLW\� WR� OHDUQ�

IURP� WKH� SUHGLFWLRQV� DQG� IURP� H[SHUW� IHHGEDFN� RQ� WKHVH� SUHGLFWLRQV�� WKH� SRZHU� RI� WKHVH�
PRGHOV�LQFUHDVHV�VLJQLILFDQWO\��

• 7KH�TXDOLW\�RI�PRGHOV�GDWD��'DWD�VRXUFHV�KDYH�WR�EH�RI�KLJK�TXDOLW\�WR�EH�RI�XVH�IRU�HPHUJLQJ�
ULVN�GHWHFWLRQ���

• 7KH�GLVWLQFWLRQ�EHWZHHQ�VHDUFKLQJ�IRU�NQRZQ�RU�IRU�XQNQRZQ�ULVNV�LV�LPSRUWDQW��7KH�DPRXQW�
RI�LQIRUPDWLRQ�LQYROYHG�LQ�WKH�VHDUFK�IRU�XQNQRZQ�ULVNV�LV�KXJH��

• :LWK�WKH�GHYHORSPHQW�RI�HPHUJLQJ�ULVN�V\VWHPV��WKH�LQWHUDFWLRQ�ZLWK�XVHUV�QHHGV�WR�EH�WDNHQ�
LQWR�DFFRXQW��7KH�XVHUV�DUH�QRW�MXVW�FOLHQWV�EXW�DOVR�FR�GHYHORSHUV��

&RPPLWPHQW�RI�WKH�VWDNHKROGHUV�LV�RI�XWPRVW�LPSRUWDQFH��:KHQ�JRYHUQPHQWV�DQG�LQGXVWULHV�GR�
QRW�FRPPLW�WR�GHOLYHU�GDWD��WKH�XVHIXOQHVV�RI�DQ�HPHUJLQJ�ULVN�V\VWHP�GHFUHDVHV��GXH�WR�D�ODFN�RI�
UHOHYDQW�LQIRUPDWLRQ��,Q�WKH�ILHOG�RI�HDUO\�ZDUQLQJ��PDQ\�LQLWLDWLYHV�H[LVW�WR�FUHDWH�HPHUJLQJ�ULVN�
V\VWHPV�� ,W�PD\� EH�ZLVH� WR� VWLPXODWH� FROODERUDWLRQ� LQVWHDG� RI� FRPSHWLWLRQ��()6$�PD\� SOD\� DQ�
LPSRUWDQW� UROH� LQ� KDUPRQLVLQJ� HIIRUWV��:H� FDQ� DOVR� OHDUQ� IURP� KLVWRU\�� )$2� VKRZHG� WKHLU� ���
\HDUV�RI�H[SHULHQFH�RQ�WKH�ILHOG�RI�HDUO\�ZDUQLQJ��
�
�
�
�
�
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Workshop Emerging Risks and 
Early Warning Systems

Fátima Kreft
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Background of the workshop

Workshop is part of project: “Emerging risks in Dutch 
Food Chain”
Research project for Dutch Food Safety Authority 
(VWA); Min. Agriculture, Nature Management and Food 
Quality (LNV)
Objective of project: develop procedure/system to 
identify potential risks on an early stage, allowing a 
proactive intervention on the potential risk. 
Duration: 4 years



Why such project?

Food safety is an important issue

There is much public awareness and attention for 
food safety

Increased complexity of food and feed production 
and distribution systems (eg. increased global 
trading)

There is a need for pro-active prevention of risks



Definitions 

Food hazard: biological, chemical or physical agent in food 
or feed with the potential to cause an adverse health effect. 

Emerging Risk: potential food hazard that may become a 
risk for human health in the future.

Incident: the use of the product can or will result in adverse 
health consequences for animals or human beings; divided in 
different classes depending on the degree of severity of the 
problem to animal and human health.

Early Warning System: a system or procedure able to 
proactively identify and prevent a potential hazard to become 
a risk. 



Emerging Risks in the Food Chain 

Indicator 2

Raw materials

Grower

Distribution

Retailer

End product

Producer
Risk

Risk

Risk

Consumer

Data source3.1

Data source3.2

Data source3.3

Indicator 1

Indicator 3

Indicator 9

Indicator 8

Indicator 7

Indicator 4

Indicator 5

Indicator 6

DS 2.1

DS 2.2

DS 1.1

DS 1.2
DS 1.3 DS 9.3

DS 9.1
DS 9.2

DS 7.1

DS 7.2
DS 7.3 DS 8.1

DS 4.1 … 4.n

DS 5.1 … 5.n
DS 6.1 … 6.n



Operational description of an Early Warning System

Monitor data sources

Define levels for indicators in order to quantify the risk

Take into account with interactions between data sources 
and between indicators

Define how the risk propagates in the chain

Define actions 



Which indicators are the most relevant?

How much are the data sources related to the indicators?

When should action be taken, and what action is 
necessary? 

What is the interaction between different data sources?

How fast can a risk spread out in the chain?

Some questions…



Holistic approach – System design 

Indicators inside and outside the food chain

Multidisciplinary approach covering:
Product and processing information
Climate
Economy
Consumer behavior
Government politics
etc 

International/global dimension



Commercial companies direct involved in 
the production and distribution food chain
National and European governmental 
institutions
Scientists and experts dealing with food 
safety
Consumers
NGO’s (environment organisations, 
consumer organisations, animal protecting 
organisations, etc)
Press/Media

Who are the stakeholders 



More questions…

How important is a certain risk to the different 
stakeholders?

What is the risk perception?

Does this perception affects the possibility to detect 
an emerging risk on an early stage?

Are stakeholders willing to cooperate?



Objective workshop  

Learn from each others experience and knowledge

Define contours of the ideal Early Warning System 
(future vision)

Discuss role of stakeholders and their perception

Exchange information



Result of the workshop  

Document containing:

Background information on speakers, short description of 
the system and specific information on relevant system 
issues (hand-outs)
Presentations of the speakers
Written report of the discussion
Link to website with the recorded film of today’s 
presentations



Programme for the day  
Morning: 4 presentations and discussion blocks:

Discussion I: set up of the system
Discussion II: use of the system

Lunch

Afternoon: 5 presentations and discussion blocks
Discussion III: the quality of the system 
Discussion IV: future of EWS for the food chain

Get together and diner



End

© Wageningen UR
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Epidemiological intelligence
and risk assessment 

from a European point of view

Marco Baldari, MD IDS DTM&H, Senior Expert

European Centre for Disease Prevention and Control, Stockholm
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Why a new Centre?

• EU got much larger (now EU 27 !) 
• Limited coordination of response capacity

– European surveillance networks 
– EWRS

• New threats emerge and old ones re-emerge
(SARS, Pandemic flu, AMR, bioterror, etc.)

• International travel/commerce has 
enormously increased both in volume and in 
speed

• Europe is especially vulnerable (the “5th

Freedom“)
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International barriers are falling down:
The Fifth Freedom

• Free [and fast] movement of people *

• F&F movement of services *

• F&F movement of goods *

• F&F movement of capital *

• F&F movement of micro-organisms

*Adapted from Summary of Legislation - Internal Market
http://europa.eu.int/scadplus/leg/en/s70000.htm
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Mission and tasks of the Centre in the 
field of Epidemiological intelligence 

(851/2004/EC)

• ECDC shall
– Establish, in cooperation with MS, procedures

for the identification of emerging health 
threats

– Identify, assess and communicate current and 
emerging communicable disease threats

– Inform EC and MS about emerging health 
threats requiring their immediate attention

– Communicate on emerging health threats, 
including to the public

Reg. 851/2004 of the European Parliament and of the Council, 21/4/2004
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E.I.: Definition

« Epidemic intelligence is the process
to detect, verify, analyze, assess
and investigate signals that may
represent a threat to public health. 
It encompasses all activities related
to early warning but also  to signal
assessment and outbreak
investigation »



Emerging risks & early warning – Wageningen - Oct 19th, 2006 

History of E.I.

• Epidemic intelligence service at US-CDC established 1951,
following to the start of the Korean War

• Founded by Alexander Langmuir – chief for 29 years
• Started as an early-warning system against: 

– biological warfare and 
– man-made epidemics

• 2 year epidemiology training programme for approx. 80 
medical doctors, researchers and scientists 

• Included also chronic diseases, environmental diseases and 
injuries

• Starting point for similar programs all over the world 
(FETP, TEPHINET, EPIET)
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Risk management

E.I., risk assessment & risk management

Implement control measures

Disseminate informationRisk communication

Monitor information

Assess signal

Early warning

E.I.

Investigate PH alert

Risk assessment
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E.I. Framework

Data Report
Collect

Analyse
Interpret

Capture
Filter
Validate

Assess
Investigate

Signal

“Surveillance” systems

Indicator-based component Event-based component

Control measures

Public health 
Alert

EWRS
Network inquiries
IHR 
CDTR 
Eurosurveillance w.
(E-Alerts) 
Press Releases
Website

Disseminate

Event monitoring

Eurosurveillance weekly, 2006, vol 11, Issue 2



Emerging risks & early warning – Wageningen - Oct 19th, 2006 

Director

Unit for
Scientific
Advice

Unit for
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&
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&
Response

Management 
&

Administration

Director’s Cabinet

ECDC’s internal structure
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Surveillance networks funded
through the EU PH programme

EWGLINet

Enter-Net

Influenza

VIH/SIDA 

IPSE

ENIVD 

EARSS

EU-IBIS 

EUVAC

Basic  Surveillance NetworkH. influenza

CJD 

Tuberculosis 

ESSTI ESAC 

Divine-net 
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• Identified risks
–Mandatory notification
–Laboratory surveillance

• Emerging risks
–Syndromic surveillance
–Mortality monitoring
–Health care activity monitoring
–Prescription monitoring
–Poison centres

A) Health-care system data:

Indicator-based EI component - 1
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Indicator-based EI component - 2

• Emerging risks

- Behavioural surveillance
–Environmental surveillance
–Veterinary surveillance
–Food safety/water supply
–Drug post-licensing monitoring
–Meteorological data

B) Additional data sources:
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E.I. Framework

Data Report
Collect

Analyse
Interpret

Capture
Filter
Validate

Assess
Investigate

Signal

“Surveillance” systems

Indicator-based component Event-based component

Control measures

Public health 
Alert

EWRS
Network inquiries
IHR 
CDTR 
Eurosurveillance w.
(E-Alerts) 
Press Releases
Website

Disseminate

Event monitoring

Eurosurveillance weekly, 2006, vol 11, Issue 2
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Sources routinely utilized for Event-based 
EI at ECDC

– EI focal points; partner organisations

– P.H. specialized mailing lists: 
• Confidential (EWRS, MediSys, Enternet, WHO-OVL, etc.)
• Subscription (GPHIN, etc.)
• Public (Promed, OIE alert ms., GoogleAlert etc.)

– Websites
• National P.H. institutes (of EU MS and from abroad)
• EU PH agencies/projects (Epinorth, Eurosurveillance, …) 
• International Health agencies (WHO, FAO, OIE, etc.)
• Internat. news providers (Alertnet, EC press rew.,…)
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From event to signal: 
filtering and validation

No

Would the event 
be relevant

for P.H? Yes

Immediate
validation
required?

Status

Decision

Process

Discarded event

Event

No

Validation
deferred

Event not validated

Yes

Validation

Signal
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For the time being at least, ECDC has 
less strict criteria for validation than 
those adopted by WHO for 
verification. In IHR2005 
terminology verification means the 
provision of information by a State 
Party confirming the status of an 
event within its territory. 

Event Validation
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–Cross-checking independent sources

–Active search for additional 
information

Event validation
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Event Validation

• The systematic 
process by which 
ECDC checks the 
reality of reported 
events
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No

No

Yes

No

Yes

Yes

No

Yes

Signal

Alert of National scope
requiring 

European information
Alert of National scope

Alert of national scope
requiring

European support

Alert of European scope
Requiring

European coordination

Significant 
public health

impact?

Insufficient
national capacity

for response?

Risk of European
spread?

Need for European
information?

Status

Decision

Alert not confirmed

From signal to alert: 
assessment
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Event’s importance for P.H.

• High potential for spread
• High morbidity or mortality 
• Limited treatment 
• Infection control measures required
• Suddenly emerging disease
• Suddenly change in spread or resistance 

patterns
• Unknown aethiology (possibly c.d.)

Criteria for Signal Assessment :
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Event’s European dimension

• a) Events related in place and time across more than 
one MS

• b) Events related to a source to which citizens from 
more than one MS may have been exposed

• c) Risk of importation through trade and travel
• d) Exposure to a contaminated vehicle produced in a 

MS or imported with unknown level of distribution
• e) Affecting a single MS but requiring information of 

national health authorities of other European MS 
• f) Affecting a single MS but requiring support from 

ECDC or other European MS
• g) Event receiving high media or political

attention 

Criteria for Signal Assessment :
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T T T

ECDC daily coord. mtg. (‘Round Table’)
Signal Assessment
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ECDC daily coordination meeting
(‘Round Table’).  Tasks: 

• Monitoring of the ‘events’ validation process
• Initial assessment of new signals
• Follow-up assessment of ongoing events 
• Assessment of possible needs for an ECDC-

facilitated response
• Monitoring of ECDC-facilitated responses 
• Choice of events to be reported, and how

Signal Assessment
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ROUND -TABLE :

INPUT
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ROUND -TABLE :

OUTPUT
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DRAFT 
CDTR

ECDC – SANCO C3 weekly teleconference

DRAFT 
EIWR

TTT

PRU SANCO/C3

CDTR EIWR

SAU

SCU

Signal Assessment
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EIWR: the ECDC/C3 bulletin for the EC
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Keeping track of and report threats 
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Event Registration
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Event follow-up
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ECDC external Reports/Alerts range

• Early Warning and Response System 
(EWRS) messages

• EIWR (for the European Commission)
• CDTR (ECDC Weekly Bulletin)
• Eurosurveillance (and E-alerts)
• Ad-hoc epidemiological updates
• ECDC website
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ECDC/PRU routine internal reports

• Latest 24 hours news report
• Open threats report
• Daily Roundtable report
• Single threat dossier
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CDTR: ECDC’s Weekly Bulletin
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Daily updates to the CDTR
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Eurosurveillance: weeky &  monthly
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Eurosurveillance: E-alerts
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Ad-hoc epidemiological updates
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ECDC’s website (includ. CDTR online)



    



    



Vigilance and signalling of human 
infectious disease events in the 

Netherlands

Mini-conference EMRisk 19th october 2006 Nol in ’t Bosch, Wageningen               Wilfrid van Pelt

Wilfrid van Pelt, also on behalf of
the “Early-Warning Committee”
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Infectious disease control in The Netherlands

• Public health coordination at national level
• Regional level is responsible for disease control

• Recent large outbreaks, “Crisis”: 
– Legionella (1999)
– Avian Influenza H7N7 (2003)
– Rubella (2005)
– MRSA (2006)
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Municipalities
= 500

PHS=36 •decentralized control and

Responsibility

•national control policy:

>1 region

LCI guidelines

crisis OMT

Infectious disease control in the Netherlands
36 Regional / municipal health services: 

responsible for control of infectious diseases
notification of communicable diseases to Inspectorate and 
RIVM
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Vigilance, signalling of events
• Signals

• 1st Verification
also outbreak investigation

• “Signalling Committee”,
a weekly meeting of experts
microb, clin, vet, epid, VWA

• Weekly Report

• From RIVM (notifications, lab 
reports, algorithms), PHS, 
LCI, WHO, promed, ECDC, 
EWRS, int. alert networks

• (RIVM) Centre Infectious
Diseases Control (CIb)

• Scrutiny of signals and 
judgment: further
investigation, alert, action?

• to Inspectorate and Minist. of 
Health, PHservices, Food
SafetyA, Animal Health 
Service
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Disease reporting in The Netherlands

Patients GP’s / Hospitals Laboratories

Municipal Health 
Services (GGD)

25 diseases
10 diseases

Inspectorate of 
Healthcare 

(IGZ), now CIb

National Institute for
Public Health and the 

Environment (RIVM/ CIb)

>350 
PathogensOSIRIS

@ Internet
foodborne OB 
VWA/GGD

ISIS 
Lab - link

Salmonella

Campylobacter
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Salmonella and Campylobacter are
NOT notifiable!

Reason
– GP needs no regional/national help

– normally a selflimiting disease, 

– no antibiotic treatment necessary 

Consequences
– Only severe cases are laboratory diagnosed

– Sentinel laboratories, 50-65% coverage
– Special permissions needed to get to patient:    

1st laboratory, 2nd GP.
Loss of time in case of outbreak, incomplete data
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Early Warning

• Signals from surveillance
– Algorithms, manual analysis

• Rumours
– Professional network, media, public

• Human, veterinary, environmental
• International bulletins / Alert systems

– MMWR, WER, ProMED, EWRS, RASFF, 
ENTERNET, etc



9
Mini-conference EMRisk 19th october 2006 Wageningen               Wilfrid van Pelt

Importance of information

“Early-Warning” of medium / long term trends 
and prevention

- health policy (proactive)

Detection of “outbreaks”
- urgent/rapid action (reactive)

Timeliness / resources / collaboration
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Algorithm for detection of outbreaks
Prospectively expected frequencies and tolerances

• Optimising sensitivity and specificity
Not miss outbreaks but also not too much false alarms

• time-geography and time-age clusters 
and demographic aberrations
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ExplosionsExplosions of S. Typhimurium ft 20of S. Typhimurium ft 20

october 1997
Groningen

April 1998
Roermond October 1999
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1st step signal
verification:

region

Silver wedding:
• Case-control study rPHA
• Coburgerham, salting

process insufficient
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1st step
signalverification:

region-crossing

Place, Age, Gender
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1st step 
signalverification:

precedent
No cause found:
• RIVM trawling

questionnair, too late
• Animal Health Service, 

no clou in region
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Explosion of Salmonella Typhimurium DT104 cases
In the after summer of 2005 an explosion of DT104 

infections occurred, resulting in an extra 167 lab-
confirmed cases of salmonellosis

(tip of the Iceberg).

This means an estimated 4.000 extra cases of 
gastro-enteritis in the general population.

An estimated 65 hospital uptakes

And an estimated 5 extra cases of death due to the 
infection within 2-years
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Outbreak investigation
• Case-control study, ENTERNET-request
• Molecular typing of bacterial isolates (RIVM-LIS)

- Genotyping: PFGE and MLVA (NPHI) unique for 
explosion

- DNA-fingerprint identical Carpaccio event Denmark July 
2005 involving imported beef (ENTERNET-request)
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Case-control study

Case Control study
• Cases (109 eligible)
• Controls (411 eligible)
Result

– Filet-Americain OR 4.2 (1.5–12.0)
– Mobile-Caterer OR 4.9 (1.1–22.1)
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• Trace-back of incriminated foodstuff VWA (Food and 
Consumer Product Safety Authority)

–General Food Law > RASFF-signal outbreak DK with details 
on incriminated beef transported through Holland. 

No succes trace-back half september
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Traceback by VWA, october 2005
October new try: 3 Dutch companies (May): 2 ship catering, 1 wholesale trader

• Wholesale trader:
– 1000 kg > within portion of 2500 kg > exported to EU-memberstate
– 2000 kg > within portion of 3000 kg > exported to England > 2500 kg 

back to NL > 1000 kg to DK and 21 kg to Dutch butcher

• Butcher:
– Portion sold for barbecue meat
– Portion sold to restaurant in Germany

– 7 kg still present!!!!
• Rest batch:

– STM DT 104 with identical DNA-profile found!!
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Conclusion 2005 DT104 outbreak

Imported contaminated beef caused two outbreaks in 
Europe in raw meat products

– Netherlands: filet americain
– Denmark: carpaccio

Trace-back succesfull. But if really started after the DK-
signal (ENTERNET/RASSF) withdrawal could have 
prevented cases

Main portion not traceable anymore or already consumed

ENTERNET feed-back and MLVA-testing by the Norwegian 
PHI, extremely usefull!! (tandem publication in E&I)
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Signal Salm. Enteritidis Pt 4b
• Monday 27/11: cluster in Salmonella database NRL

• 12 cases, regionally clustered (1st time in Holland)
• 2 isolates q-control beansprout (sample 26/10, later 2e 15/11)

• Actions 27-30/11 o.a
• informing MPH, IPH, LCI, FIS, RIVM-signalling club
• info Enter-net partners: no problem, rare Dutch problem
• beansprout-producer (indir.); inspection 30/11
• 1st questionnair: egg, chicken or beansprout

• Case-control study 30/11-14/12 (n=25):>>Beansprout!!
• Link: cases and sellingpoints BS-producer
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Beansprouts
Conclusion:
• Bact. test, distribution 5 days, consumption 5-7, 

1st day of illness>>detection RIVM 21 days
Faster detection is needed!!! 

Result:
• Seed destroyed, prevented many more cases
• spring 2001 re-inspection all b.s. companies
• Adaptation foodlaw on allowance pathogens in 

raw foodproducts

(Duynhoven, Pelt et al. 2002 EID)
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The End
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Explosion of Salmonella Enteritidis cases

In the summer of 2003 an explosion of S. Enteritidis 
infections occurred, resulting in an extra 540 lab-
confirmed cases of salmonellosis.

This means an estimated 7.500 extra cases of gastro-
enteritis in the general population.

And an estimated 8-11 extra cases of death due to the 
infection
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Outline of talkOutline of talk

VLA VLA -- purpose and structurepurpose and structure
FarmfileFarmfile/VIDA /VIDA -- surveillance surveillance ‘‘Horizon ScanningHorizon Scanning’’

an overviewan overview

Statistical Statistical ‘‘Horizon scanningHorizon scanning’’
the Salmonella examplethe Salmonella example

Outbreak investigationsOutbreak investigations
maximising the maximising the ‘‘early warningearly warning’’ valuevalue

SummarySummary



VLA VLA -- purposepurpose
A Defra Science Agency: A Defra Science Agency: 

Surveillance forSurveillance for……
Identifying trends and changesIdentifying trends and changes
Identifying new diseases/pathogensIdentifying new diseases/pathogens
To supply Defra with info and To supply Defra with info and ‘‘early warningsearly warnings’’

Underpinned byUnderpinned by……..
ResearchResearch
Reference LabsReference Labs

VLA Science Strategy forVLA Science Strategy for……..
Animal health and welfareAnimal health and welfare
Veterinary public health Veterinary public health 

i.e. i.e. zoonoseszoonoses, food safety etc, food safety etc



VLA VLA -- StructureStructure
Network of laboratoriesNetwork of laboratories

RLsRLs (Regional labs): (Regional labs): 
England, Wales, & one in ScotlandEngland, Wales, & one in Scotland
VIOsVIOs (Veterinary Investigation Officers)(Veterinary Investigation Officers)

Investigate farm cases/outbreaks (scanning Investigate farm cases/outbreaks (scanning 
surviellancesurviellance))
Project work (Project work (targettedtargetted sampling)sampling)
Record findings in appropriate databaseRecord findings in appropriate database

e.g e.g FarmfileFarmfile/VIDA; Salmonella database etc. /VIDA; Salmonella database etc. 

HQ at WeybridgeHQ at Weybridge
Most research (e.g Most research (e.g BactiBacti, , ViroViro, CERA etc), CERA etc)

Analysis of database data (mostly in Centre for Analysis of database data (mostly in Centre for 
Epidemiology & Risk Analysis; CERA)Epidemiology & Risk Analysis; CERA)



FarmfileFarmfile/VIDA /VIDA -- ‘‘Horizon ScanningHorizon Scanning’’
Database of all scanning surveillance at Database of all scanning surveillance at RLsRLs

All investigations entered electronically at RLAll investigations entered electronically at RL
Farm and animal detailsFarm and animal details
Clinical pictureClinical picture
Samples, tests & diagnosis Samples, tests & diagnosis 

Or code for not diagnosed Or code for not diagnosed --
‘‘early warningearly warning’’ potentialpotential****

CERA keeps databaseCERA keeps database
Routine reports & ad hoc analysesRoutine reports & ad hoc analyses

trends are/can be identifiedtrends are/can be identified
‘‘early warningearly warning’’ potentialpotential****

****Species Groups may be alertedSpecies Groups may be alerted



Statistical Statistical ‘‘Horizon ScanningHorizon Scanning’’
Project work and statutory databasesProject work and statutory databases

TargettedTargetted surveillance plus legal notificationssurveillance plus legal notifications
e.g the Salmonella databasee.g the Salmonella database
all Salmonella identificationsall Salmonella identifications

Trend identification Trend identification 
Statistical method developed in CERAStatistical method developed in CERA
Salmonella Typhimurium in CattleSalmonella Typhimurium in Cattle

baseline threshold (rolling); warning if above baseline threshold (rolling); warning if above ****
accounts for seasonalityaccounts for seasonality
still some methodological issuesstill some methodological issues

RollRoll--out now to other pathogens & VIDA out now to other pathogens & VIDA 
VIDA nonVIDA non--diagnosesdiagnoses



Outbreak investigations Outbreak investigations -- maximising maximising 
the value the value -- 11

Specialist Specialist ‘‘Species groupsSpecies groups’’ set upset up
Cattle, Small Ruminant, Pigs, Poultry, WildlifeCattle, Small Ruminant, Pigs, Poultry, Wildlife

VIOsVIOs with specialist interest & knowledge (VIO chair), with specialist interest & knowledge (VIO chair), 
reps from e.g. reps from e.g. BactiBacti, , ViroViro, Pathology, CERA etc, Pathology, CERA etc

Planned systemPlanned system……... ... 
Chair notified if:Chair notified if:

Undiagnosed case Undiagnosed case ‘‘of interestof interest’’
Unexplained trendUnexplained trend
Cluster of Cluster of ‘‘undiagnosed syndromeundiagnosed syndrome’’

Investigation started with Investigation started with ‘‘appropriateappropriate’’ prioritypriority



Outbreak investigations Outbreak investigations --
maximising the value maximising the value -- 22

Rapid farm level qualitative risk assessments (RAs)Rapid farm level qualitative risk assessments (RAs)
Current Current ‘‘SeedcornSeedcorn’’ project for assessing project for assessing ‘‘incidentincident’’
Standardised (questionnaire & pathway) method for rapidly Standardised (questionnaire & pathway) method for rapidly 
estimating risks of:estimating risks of:

Pathogen/disease spread on farm/off farmPathogen/disease spread on farm/off farm
Risks to farm workers/in contact humansRisks to farm workers/in contact humans
Foodborne or animal product spread Foodborne or animal product spread 

And therefore decidingAnd therefore deciding…….. .. 
Who needs notifying immediately?Who needs notifying immediately?
What safeguards are needed urgently (if any)?What safeguards are needed urgently (if any)?
Long term research? Long term research? 



SummarySummary
Large network Large network -- labs, labs, VIOsVIOs, researchers, researchers
Scanning surveillance with routine data Scanning surveillance with routine data 
collection & analysiscollection & analysis
TargettedTargetted/statutory surveillance with routine /statutory surveillance with routine 
data collection & analysisdata collection & analysis
Species groups and onSpecies groups and on--farm RAsfarm RAs
‘‘Delivering Intelligent SurveillanceDelivering Intelligent Surveillance’’

Current project to maximise integration of all aboveCurrent project to maximise integration of all above
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Background

1. Introduction

1. General Food Law (EFSA, article 34)

3. Food production (increased complexity)

4. Food supply chain (fork to farm) 

5. From reactive towards proactive systems

2. Act on independent Risk Assessment by 
VWA (Staatsblad 2006, 247)
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Approach

Goal
To develop a system or procedure aimed at 
proactively identifying and preventing a potential 
hazard from becoming a risk

Motto
Be realistic: ask for the impossible !

1. Introduction
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Emerging risks

Definition (provisional)
A potential food, feed or diet related hazard that may 
become a risk for human health in the (near) future

Types of emerging hazards
1. Unidentified new form(s) of a (group of) known hazard(s), 

e.g. a “new” mycotoxin
2. Not-well known hazard, e.g. acrylamide
3. Re-emerging hazard, e.g. avian influenza

1. Introduction
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Identification of known risks

Cause-effect analysis
Usually the cause of the occurrence of hazards 
is sought in food, feed or diet related matters

Assumption
Knowledge of food, feed or diet related matters 
will provide all relevant information on hazards

1. Introduction



conference emerging risks, Wageningen, 19/10/2006 7

Identification of emerging risks

Question
Will we be able to identify new, emerging risks by 
knowledge of food, feed or diet related matters ?

Answer
Knowledge of food, feed and diet related matters 
is essential but not sufficient to identify emerging 
risks

1. Introduction
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VWA approach

Task
Widening our horizon: analyse the environment 
related to the feed and food supply chain

Projects
1. PERIAPT in 2004 (sponsor: EC, DG Research)
2. EMRISK in 2005 (sponsor: EFSA)

1. Introduction
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1. Introduction

2. Holistic approach

3. Developments and examples
• sectors and indicators
• information sources
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Meteorological Station (Austrian Alps)
Weather Balloon 
(Antarctica)

Flooding (Germany)

Drought (Africa)

Widening our horizon

2. Holistic approach
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Holistic approach

Statement

1. Use information available within the food 
supply chain

2. Look for information available outside the 
food supply chain

For the identification of emerging hazards we:

2. Holistic approach
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Availability of information

Food sector

Food sector

Sector A

Sector C

Sector B

Sector D

2. Holistic approach
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Food chain

Nature & Environment
- Land, water, air

- Climate
- Pollution

Influential sector
- Critical factor (CF)

- CF 2
- CF 3

Technology & Industry
- Energy

- Packaging
- Preservation

2. Holistic approach
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Conclusions workshop Bonn

1. Approval of holistic approach (difficult but 
worthwhile pursuing)

2. Analyse possibilities and constraints (work 
out several options)

3. Use focus groups (study feasibility for specific 
group of hazards, e.g. mycotoxins) 

2. Holistic approach
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Environment & 
EnergyScience & 

Technology

Information &
Communication

Government &
Politics

Industry & 
Trade

Population &
Social conditions

Agriculture
Health & 
Welfare

Economy &
Finance

Host Environment Analysis

Food Chain(s)

2. Holistic approach
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Host environment analysis

2. Holistic approach

Science &  Technology

New scientific knowledge
Innovation &  research
Inform ation society

Inform ation &  
Com m unication
Infrastructure
Anxiety
Lifestyle
Pressure groups

Health 

Health status
Socio-econom ic factors
Dem ographic factors
Health services

Environm ent &  Energy

Clim ate
Pollution
Natural resources
Energy

Industry &  Trade 

Governm ent &  Politics

Legislation
Trade restrictions
Corporate culture
(Food) terrorism

Population &  
Social Conditions
M igration
Em ploym ent
Education
W elfare / poverty

AgricultureEconom y & Finance

Econom ic stability
Econom ic reform
Sustainable developm ent
Balance of paym ents

Food Chain
Retail trade
G lobal trade
Infrastructure
Tourism

Knowledge on:
Production
Transport
S torage
Im port &  export
Control

P lant health
Anim al health &  welfare
Production structures
Fisheries

Science &  Technology
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Innovation &  research
Inform ation society
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Com m unication
Infrastructure
Anxiety
Lifestyle
Pressure groups
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Health status
Socio-econom ic factors
Dem ographic factors
Health services

Environm ent &  Energy

Clim ate
Pollution
Natural resources
Energy

Industry &  Trade 

Governm ent &  Politics

Legislation
Trade restrictions
Corporate culture
(Food) terrorism

Population &  
Social Conditions
M igration
Em ploym ent
Education
W elfare / poverty

AgricultureEconom y & Finance

Econom ic stability
Econom ic reform
Sustainable developm ent
Balance of paym ents

Food Chain
Retail trade
G lobal trade
Infrastructure
Tourism

Knowledge on:
Production
Transport
S torage
Im port &  export
Control
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Inform ation society
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Infrastructure
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Environm ent &  Energy

Clim ate
Pollution
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Energy

Industry &  Trade 

Governm ent &  Politics

Legislation
Trade restrictions
Corporate culture
(Food) terrorism

Population &  
Social Conditions
M igration
Em ploym ent
Education
W elfare / poverty

AgricultureEconom y & Finance

Econom ic stability
Econom ic reform
Sustainable developm ent
Balance of paym ents

Food Chain
Retail trade
G lobal trade
Infrastructure
Tourism

Knowledge on:
Production
Transport
S torage
Im port &  export
Control

P lant health
Anim al health &  welfare
Production structures
Fisheries
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How to get relevant information ?

sectors

critical factors

information sources

indicators

2. Holistic approach

EMRISK

PERIAPT
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1. Introduction

2. Holistic approach

3. Developments and examples
• sectors and indicators
• information sources

Structure of the presentation

4. Conclusions
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How to use and identify sectors, 
indicators and information sources?

Examples
1. Application of sectors and indicators
2. Application of key words
3. Application of information sources
4. Practical example for DON (mycotoxin)

3. Developments
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Potential hazard

Proximity of sectors (indicators) to hazards

3. Developments
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Potential hazard

Proximity of Sectors to Hazards

Agriculture

Health & 
Welfare

Environment & 
Energy

Industry & 
Trade

Economy &
Finance

Science & 
Technology

Government &
Politics

Population &
Social conditions

Information &
Communication

3. Developments
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Primary sectors

Science & Technology
Environment & Energy

Health & Welfare
Agriculture
Economy & Finance

Industry & Trade

Secondary sectors

Government & Politics

Population & Social conditions

Information & Communication

Restructuring sectors

3. Developments
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Influential sector

Critical factor

Indicator

Subindicator

Indicative questions

Scientific evaluation 
(Experts)

Scientific evaluation 
(Experts)

3. Developments
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3. Developments

Signal

Proactive alert

(scientific) Experts

Artificial intelligence

Information specialist

Evaluation 
Verification

Stakeholders

(scientific) Experts

Search EnginesOntology

(scientific) Experts

List of key words

Indicative questions

Thesaurus

Information specialists

Key information 
sources
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Application of sectors

2. Eurostat
EUROPE - Eurostat - Queen Tree

1. OECD – driving forces
Emerging Systemic Risks in the 21st century
Demography, Environment, Technology, Society 
and Economy

3. Examples
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Application of indicators

1. European Environmental Agency
EEA - Themes - Indicators

2. EC - DG Sanco – ECHI
ECHI - Health Indicators

3. Examples
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Application of keywords
using thesauri and ontologies

1. EuroVoc

EUROVOC

2. AgroVoc

FAO – Agrovoc
AGRIS - ICIMOD Library

3. Examples
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Application of information

1. FIVIMS

FAO - the FIVIMS Programme

2. GIEWS

FAO - Global Information and Early Warning 
System on Food and Agriculture

3. Examples
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Application of expert networks

1. WHO - INFOSAN

International Food Safety Authorities Network

2. ProMED

Program for Monitoring Emerging Diseases

3. Examples
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Practical example for mycotoxins

1. DON website
DON demo - Ontario Weather Network
Fusarium - Ontario Weather Network

2. DON indicators
• Rain (amount)
• Tave, Tmax
• Relative humidity

urgency, importance, 
relationship, time 
dependency

3. Examples
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1. Introduction

2. Holistic approach

3. Developments and examples
• sectors and indicators
• information sources

Structure of the presentation

4. Conclusions
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Conclusions

1. Holistic approach is feasible (difficult but 
worthwhile pursuing)

2. Information can be obtained from sectors 
by using indicators

3. Practical, global examples are available

4. Conclusions



ActionSignal Proactive alertIndicator Indicative questionInfluential sector

Scientific experts

Search engines

Information sources

Flow diagram of the basic processes within the early warning system
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What’s next?
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Recommendations
1. Finalise the analysis of possibilities and 

constraints in programming transnational 
research on emerging risks

2. Use one (or more) specific call(s) to 
describe a practical strategy

3. Develop institutional linking for a 
coordinated approach for the identification 
of emerging risks
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Thank you for your attention!
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Monitoring systems
Surveillance systems

INFOSANEmergency

INFOSAN

Structuring Existing Systems

GPHIN GIPS

GLEWS

Proactive 
alert 
system

FIVIMS

ECHI

RASFFnews
EMPRES

GIEWS

Pathfinder

RASFF

Reactive

Proactive

ProMED

AHIS

OWNfusarium
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newspapers

websites

magazines

research

scientists

industry

consumers

govt

Proactive alert 
system

GPHIN

INFOSAN Emergency

INFOSAN

Surveillance systems

FIVIMS

GLEWS

RASFF

EMPRES

GIEWS

GIPS

RASFF News

Animal Health 
Information System

ProMED

Pathfinder

reactive

proactive
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Long term

Mid term

Short term

European Proactive Alert System(s)

Expert Networks
Set of Indicators/Indicative Questions

Electronic Surveillance
Common Database

GPHIN GLEWS FIVIMS GIEWSPathfinder GIPS
EDEN SAFEFOODERA SAFEFOODS

Artificial Intelligence

Future research
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Abbreviations Existing Systems
EMPRES: Emergency Prevention System for Transboundary Animal&Plant Pests and Diseases (FAO)
GPHIN: Global Public Health Intelligence Network (Public Health Agency of Canada)
GLEWS: Global Early Warning System for Animal Diseases including Zoonoses (FAO, OIE and WHO)
GIEWS: Global Information and Early Warning System on Food and Agriculture (FAO)
RASFF: Rapid Alert System for Food and Feed (EC)
GIPS: Global Issues Prediction System (Weber Shandwick – Cmi consulting)
INFOSAN: International Food Safety Authorities Network (WHO)
AHIS: World animal health information system (OIE)
ProMED: Program for Monitoring Emerging Diseases (FAS, Federation of American Scientists; ISID, 
International Society for Infectious Diseases)
Pathfinder (Centers for Epidemiology and Animal Health’s Center for Emerging Issues (CEI); USDA)
FIVIMS: Food Insecurity and Vulnerability Information and Mapping Systems (FAO)
OWNfusarium: Ontario Wheather Network on Fusarium (University of Guelph);
EHCI: European Health Critical Indicators (DG SANCO)



    



    



Project "Food Informatics"

Early Identification of 
Emerging Risks

Fred van de Brug 

TNO Quality of Life



Topics
1. Bsik Programme & Food Informatics

2. Aim

3. How the information looks like (acrylamide case)

4. How we are going to find it

5. What we will do with it



> 20 organisations

> 100 people

25 mEuro

2004 - 2008

Bsik programme:   “Virtual laboratory for e-science”



Visualisation System integrationWork flow 
tools

Information 
disclosure
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Data grid

User groups

Application providers

Bsik programme:   “Virtual laboratory for e-science”



<confidential>
Unilever

Emerging Risks Identification
TNO

<confidential>
WCFS

<confidential>
Friesland Foods

G
en

er
al
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qu

ire
m

en
ts

Food Informatics Application providers

Advanced analysis

System integration

Access & retrieval of data

Searching

Food ontology

Bsik programme:   “Virtual laboratory for e-science”



Project start up

Cases Acrylamide, 
Dioxine

Requirements

Food ontology
design

2005

Ontology filling

Development of 
vl-e tools

Study non vl-e
solutions

2006

Tool
implementation

Evaluate tools
using test sets   

2007



1997 2000 2002

Background noise
(e.g.: acrylamide and smoking & work)

Acrylamide in food

>> Time

Acrylamide “awareness curve”
>>
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Acrylamide in food

>> Time

Emerging risk

Acrylamide “awareness curve”

1997 2000 2002

>>
 A

w
ar

en
es

s

Background noise
(e.g.: acrylamide and smoking & work)



Occupational Tunnel incidentFood

Timeline acrylamide

1997, Jan
High acrylamide levels found in 

non-exposed, 
non smoking humans.

1997, Sept/Oct
Blood analysis workers and 

controls 
had acrylamide in blood

2000, June 
First scientific publication on 
acrylamide in fried rat feed

2002, April 24-26 
TNO is informed by 

Dutch company 
and sets up a test.

2005, Jan 
TNO  develops a cooking technique 

that results in less acrylamide. 



Results of advanced analysis “Pathways” tool:



Results of advanced analysis “Pathways” tool:



Results of advanced analysis “Pathways” tool:



Results of advanced analysis “Pathways” tool:



Emerging Risks
will be found by

combining pieces of 
information

to
meaningful
information



Input and output

TNO documents

Documents

Ontology’s

TNO customers

Documents

Hyperlinks

Indexes

Websites
(e.g. Greenpeace, news)

Public & commercial
databases

(e.g. conference abstracts, 
PubMed, patents)

Information supplied 
by  

TNO customers

Information
specialist

Risk analyst 

TNO as user

Documents

Documents

Documents

Documents

Hyperlinks

Documents

Hyperlinks

Documents

Hyperlinks

Indexes

Food Informatics
system



words

relationships

metadata
crawling

searching

ontology

pre-processing advanced analysis

converted 
documents

databases

web pages



advanced analysis



Identification months to years earlier

• ITX migrates from packaging materials to infant food (2005)

• Dioxine via sorting of potatoes with marl clay, into milk (2004)

• Semicarbazide from sealings into infant food (2003)

• Acrylamide by heating of carbohydrate food (2002)

• Enterobacter Sakazakii in infant formula (2002)

Identification some days earlier

• Aspartaam is carcinogenic in rats (2005)

• Sudan Red in chilli products (2005)



(VMT, May 5, 2006)
“Finding risks”



How to get relevant information ?

sectors

critical factors

information sources

indicators

2. Holistic approach

EMRISK

PERIAPT
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Emerging Risk Detection Support

Willie van den Broek
Lars Hulzebos

Wageningen, 19-10-2006                



2

Our relation to food safety

• Our expertise
– Knowledge modeling

• Food safety knowledge
– Wageningen UR: RIKILT, ASG, PRI, LEI
– Food safety authority NL: VWA
– Ministry of agriculture: LNV
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measurements

Thresholds Models (EWS) phenomena

report
(potential)
food safety

hazard

Detect

Chain behaviour
knowledge

Scientific
knowledge

Expert
knowledge

Carry out
new research

Detect
Knowledge

gaps

Knowledge
gaps

integrate

(Holistic)
Food safety

network

Detect
Emerging

risks

Report
Emerging
Risks (ER)

(Early) Warning Detection

Emerging Risks Detection

Food Safety 
Research

Capture
Chain beh. 
knowledge

Implement
ER 

measures

Notify,
Initiate &

follow
actions

Risk Communication
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Knowledge Network: Combining holistic knowledge

Science & 
Technology 

Environment &
Energy

Government &
Politics

Information &
Communication Food Chain Industry &

Trade

Economy &
Finance Agriculture Health Population and

Social conditions

Source: EMRISK report
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Knowledge Network: Combining holistic knowledge

Science & 
Technology 

Environment &
Energy

Government &
Politics

Information &
Communication Food Chain Industry &

Trade

Economy &
Finance Agriculture Health Population and

Social conditions

Source: EMRISK report
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Emerging Risk Detection Support

• Improve the associative thinking and elimination 
process of a food safety expert

• Providing food safety expert knowledge outside the 
daily scope

• Requirement:
– Keep the information manageable!
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ERDS Process 

-Is there a connection between two phenomena?
(path)

Carry out
What-if scenario on path 

Carry out
diagnosis on path

What (microbiological risks can 
occur) if children eat salmon? 

What caused (in the salmon 
chain & surroundings) a 
high microbiological risk?
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Demo

• From Idea to a Rapid Prototype
– First development cycle took 1 month

• Client/Server model
– Web based .asp
– SQL server database

• Objective
– Make the ERDS tangible 

Needed functionality
Current draft knowledge from salmon project
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Is there a connection between two phenomena?
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Connection found: Now investigate

childern

population
segment

sensitive
population

model

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk
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Carry out a what-if scenario

childern

population
segment

sensitive
population

model

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk
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Carry out a what-if scenario

other
non sensitive

people
population
segment

sensitive
population

model

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk
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Carry out a what-if scenario

other
non sensitive

people
population
segment

sensitive
population

model

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk

low sensitive
population
segment
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Carry out a what-if scenario

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk

low sensitive
population
segment

process
condition

food condition
before

processing
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Carry out a what-if scenario

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk

low sensitive
population
segment

process
condition

food condition
before

processing
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Carry out a what-if scenario

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk

low sensitive
population
segment

process
condition

food condition
before

processing

non-
contaminated

process
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Carry out a what-if scenario

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk

low sensitive
population
segment

process
condition

food condition
before

processing

non-
contaminated

process
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Carry out a what-if scenario

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk

low sensitive
population
segment

process
condition

food condition
before

processing

non-
contaminated

process

food condition
before

processing
model
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Carry out a what-if scenario

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk

low sensitive
population
segment

process
condition

food condition
before

processing

non-
contaminated

process

food condition
before

processing
model
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Carry out a what-if scenario

sensitive
population
parameter

micro-
biological risk

model micro-
biological risk

low sensitive
population
segment

process
condition

food condition
before

processing

non-
contaminated

process

food condition
before

processing
model

smoked
salmon



21

Carry out a what-if scenario

sensitive
population
parameter

micro-
biological risk

model micro-
biological risk

low sensitive
population
segment

process
condition

food condition
before

processing

non-
contaminated

process

food condition
before

processing
model

smoked
salmon

potential
food

contamination
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Carry out a what-if scenario

sensitive
population
parameter

micro-
biological risk

model

micro-
biological risk

low sensitive
population
segment

process
condition

food condition
before

processing

non-
contaminated

process

potential
food

contamination

High
micro-

biological
risk
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Result of what if scenario
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Current status

• Combining holistic food safety knowledge into one 
network

• Qualitative what-if scenario’s and diagnosis on 
selected holistic paths

• Only part of the salmon case has been modeled
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Future work

• How to get optimal support of emerging risk detection
– Fine-tuning and extending current functionality

Risk propagation
Benchmarking
Detecting knowledge gaps

– Fine-tuning and extending content
Salmon case and beyond



    



Emerging risks in the Dutch food 
supply chain: scoping studies

Thom Achterbosch



Rationale

Redefinition of risk analysis process
Shifting responsibilities to firms, consumers
Downscaled government intervention

Dynamic food industries, consumers, policies, …
Reduce incidents and/or public profile
Benefits of prevention

adverse health effects, economic loss, social commotion



Purpose

Emerging risk identification: 

A system or procedure aimed at identifying potential 
food hazards, allowing proactive interventions that 
prevent a potential hazard from becoming a risk. 

based on VWA (2005, p.12)



Wageningen UR research into building blocs

4-year research program for Food and Consumer 
Product Safety Authority (VWA); Min. Agriculture 
Nature Food Quality (LNV)

Year 1: studies of the ‘host environment’ for food 
safety risks, 3 areas. 

Perspectives on objectives and systems/indicators 
of emerging risk identification



1. Perception – what are the different views on 
emerging risk system

Diverging perceptions of emerging risks in The 
Netherlands
Expectations vary on what is needed to further build 
confidence in the food safety system.
Too narrow definition bears risk that stakeholders 
do not associate positively with regulations.

Chemical/microbial food safety, obesity



2. Operations – how does the systems work, what 
were the signals, what has been missed etc. 

Risk analysis activities intertwined rather than 
separable.
Uncertainty is on the menu

Anticipate on the assessment, management and the 
communication of risks to emerge in the future. 

Develop ‘anticipative’ capacity: risk analysis and 
early warning

including collecting information from inside and outside 
the food supply chain (the 'host environment').



3. Behaviour – what are the working procedures, 
structured responses, communications etc. with 
respect to food safety risk.

Create trust between private sector agents 
(producers, traders, consumers etc.) and authorities
Incentives for compliance, cooperation and  
information disclosure in food industry. 
Balance public efforts to private incentives



Ambitions of emerging risk identification 

Complement standard risk analysis, early warning
Address scientific uncertainty, diverging perceptions on 
risk.
Position of risk communication

‘System’
data input from certain indicators 
theory/experience to derive useful information

Indicator coverage
'host environment' (supply chain and business 
environment) 
behaviour of agents in the food supply chain.



Ways ahead

Case study approach:
Fish feed

Risk indicators
Statistical relations indicator-potential hazard
Producer behaviour, risk perceptions

Links with risk profiling, risk-benefit assessment
(health, economics): SAFE FOOD



End

© Wageningen UR



    



    



Workshop on Emerging Risks and Early 
Warning Systems

Wageningen, The Netherlands
19 October 2006

The Global Information and Early Warning System 
(GIEWS) 

on Food and Agriculture of 
the Food and Agriculture Organization (FAO) of the 

United Nations
By Dr. Kisan Gunjal, Food Emergency Officer

Commodities and Trade Division
FAO, Rome, Italy





What is GIEWS?

The FAO Global Information and Early 
Warning System (GIEWS) on food and 
agriculture was established in 1975 to 
monitor the food supply and demand 
situation at global, regional and 
country levels in order to provide early 
warnings of impending serious food 
shortages and food emergencies.



GIEWS Primary Activities

• Global monitoring and early warning 
– Also shows countries facing unfavourable 

prospects for current crops & reason(s)
• Food security (supply and access) 

assessments 
– About 20 countries a year

• Information on current food 
emergencies and trends
– Shortfall in aggregate food supply
– Widespread lack of access
– Severe localized food insecurity



World - Countries in crisis requiring external 
assistance (total 40 as of Oct. 2006)

(http://www.fao.org/giews/workstation/page.jspx)

Legend: Red – Shortfall in prod/supply (6); Brown: Lack of access (11);
Yellow: Severe localized food insecurity (23); White: Unknown



Emerging Risks 
FAO/GIEWS Mainly Concerned with

the Occurrence of:

• Natural Disasters
– Slowly developing disasters e.g. drought, adverse weather, 

trans-boundary diseases, avian influenza, etc.

– Sudden on-set disasters such as floods, cyclones, hurricanes, 
earthquakes, volcanoes, etc

• Man-made Disasters
– War-conflict type disasters, such as war, civil strife, refugees, 

internally displaced persons, etc.

– Socio-economic disasters e.g. economic crisis due to 
commodity price collapse, loss of export markets, currency problems, 
etc., land tenure problems, HIV/AIDS and health related crises, 



Defining Emerging Risk

Emerging risk is a potential occurrence of 
large-scale disasters that can cause an 

extra-ordinary situation where serious and 
immediate threats to human life and 

people’s livelihood are posed or potential 
disasters in which people are unable to 
meet their basic survival needs without 

external assistance (adapted from 
UNDP/UNDRO and FAO). 



Trends in Causes of Food Emergencies 1981-2006
- as of October 2006 

(Source: FAO/GIEWS)
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Countries Affected by Severe Food Shortages, by Regions 
1981-2006 -as of October 2006

(Source: FAO/GIEWS)
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GIEWS Publications

• Regular Publications:
• Crop Prospects and 

Food Situation
• Food Outlook
• The Sahel Reports
• Latest Country Updates
• Special Reports
• Special Alerts



GIEWS Workstation

• Provides analytical tool to country 
officers/monitors internally and 
information externally

• Sub-national layers being populated for 
15 selected countries

• National installation of GIEWS 
Workstation in future in selected 
countries



Satellite Data

- METEOSAT images 
- NOAA images 
- SPOT images 





Zimbabwe: Estimated rainfall, cropped area 
maize and wheat, Oct 06



Crop and Food Supply Assessment  
Missions (CFSAM)

• At the request of national governments FAO/GIEWS, jointly with 
WFP/OEN, conduct for countries facing widespread and serious 
food emergencies. Typically 20-25 countries annually are 
covered by these missions. Most are in Africa, but recent 
examples also include Niger, Aceh Province, Afghanistan and 
Iraq, etc. 

• FAO Methodology published in 1996
• Updated in 2002
• The joint FAO/WFP methodology currently being revised with 

funding from the EC. 



THREE MAIN COMPONENTS OF 
FAO/WFP CFSAMs

Crop Production 
and Food Supply/Demand 

Assessment (FAO)

Vulnerability and 
Food Needs
Assessment

(WFP)

Macroeconomic 
Context Affecting 

Food Supply, Demand
(FAO)



    



    



The Future of Emerging Risk 
systems for the food chain

Djien Liem

Scientific Committee and Advisory Forum Secretariat

EFSA, Largo Natale Palli 5/A, 43100 Parma



Mini-conference "Emerging Risks and Early 
Warning Systems", Wageningen, 19 Oct 2006
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Emerging Risks 
EFSA’s Responsibility

“The Authority shall establish monitoring 
procedures for systematically searching for, 
collecting, collating and analysing
information and data with a view to the 
identification of emerging risks in the fields 
within its mission”

(Art 34(1) of 178/2002)



Building EFSA’s capability to 
identify and evaluate 

emerging risks

Work conducted so far
Future plans



Work conducted by the 
Scientific Panels and 

Committee

Activities SC Working Group on Emerging Risks
Project conducted by the EMRISK Consortium 
(coordinated by the Dutch VWA)
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Work conducted by the
Scientific Committee

To advise on a system to identify emerging risks
To advise on a procedure for evaluation and prioritisation of 
identified issues
To support the Authority in establishing a network of key 
sources to systematically collect information on emerging 
risks
To advise on an operational system for maintaining 
appropriate contacts within such a network

(EFSA Mandate, 18 Feb 2004)
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SC Opinion on Emerging Risks
(adopted on 31 May 2006)

Sources for collection & exchange of information

• Scientific literature
• Members of SP/SC and their WGs and EFSA staff
• Advisory Forum
• Stakeholder Consultative Platform
• Food Agencies outside EU (e.g. US FDA, US EPA, Health 

Canada, Japan Food Safety Committee, FSANZ…)
• DG-Research projects
• EU (e.g. non-food SCs, EMEA, ECDC, EEA, …) 
• International organisations (WHO, OIE, FAO, ILSI, …)
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SC Opinion on Emerging Risks
(adopted on 31 May 2006)

Monitoring of indicators to predict an emerging risk at a very 
early stage

• Monitoring of parameters/indicators that are remotely and often 
indirectly connected to the food and feed chain

• Early warning or horizon scanning systems

Resource demanding, collaboration with organisations with a 
similar interest needed
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Some examples of programmes and tools for 
identification of Emerging Risks

GPHIN Public Health Agency of Canada
INFOSAN International Food Safety Authorities Network (WHO)
Pathfinder Centers for Epidemiology and Animal Health Centers for 

Emerging Issues
GOARN Global Outbreak and Alert and Response Network (WHO)
GLEWS Global Early Warning and Response System
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Conclusions on Emerging Risks 
(SC Opinion, 31 May 2006, Cont’d)

Proposed procedure for the handling of a signal 
indicating an emerging risk

Information
Source

Primary filter
(EFSA/ER unit)

Secondary filter
(EFSA experts)

Urgency filter
(EFSA)

Panel/Ad-hoc WG

Action

no further action

no further action

no further action
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State-of-Play 2006

EFSA is getting grip on the situation (identification phase) 
but needs to continue with building its ER capability 
(implementation phase)

There will be no single network in emerging risks

A global perspective and a holistic approach is needed

Information and data sources shall represent many 
disciplines and approaches
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Future Plans

Consideration of advice from the Scientific Committee and 
definition of action plans to further build EFSA’s ER capability

Developing a strategy for collaboration  with the Member 
States and international organisations (EU, world-wide)

Creation of (ad-hoc) networks in area of collection of 
occurrence and fod consumption data

Participation in selected research platforms relevant for EFSA



Thank You
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$SSHQGL[�,,�²�%DFNJURXQG�LQIRUPDWLRQ�RQ�VSHDNHUV�DQG��HDUO\��ZDUQLQJ�V\VWHPV�
�
�� 7KH�)LUVW�6HVVLRQ�
%HORZ��\RX�ILQG�D�VKRUW�LQWURGXFWLRQ�RI�WKH�VSHDNHUV�DQG�WKHLU�SUHVHQWDWLRQV�LQ�WKH�ILUVW�EORFN�DW�
WKH�PLQL�FRQIHUHQFH��
����� 0DUFR�%DOGDUL�²�(&'&��
�

�

'U��0DUFR�%DOGDUL��(&'&���%RUQ�RQ�$XJ�� � � �������LQ�5RPH��*UDGXDWHG�LQ�0HGLFLQH�
LQ� ������ 6SHFLDOL]HG� LQ� ,QIHFWLRXV� 'LVHDVHV�� 'LSORPD� LQ� 7URSLFDO� 0HGLFLQH� DQG�
+\JLHQH��:RUNHG�LQ�,WDO\�IRU�RYHU����\HDUV�LQ�3XEOLF�+HDOWK�DQG�IRU�DERXW���\HDUV�LQ�
D� +RVSLWDO� ,QIHFWLRXV� 'LVHDVHV� 8QLW�� :RUNHG� IRU� �� \HDU� ZLWK� WKH� 8QLWHG� 1DWLRQV�
�81'3��DW�GHVLJQLQJ�DQG� LPSOHPHQWLQJ�DQWL�+,9�DFWLYLWLHV� LQ�$IULFD��:LWK�(&'&�
VLQFH�LWV�IRXQGDWLRQ��LQ�WKH�3UHSDUHGQHVV�DQG�5HVSRQVH�8QLW��358���ZKHUH�GHVLJQHG�
WKH�777�DQG�WRRN�SDUW�LQ�GHYHORSLQJ�WKH�6WDQGDUG�2SHUDWLQJ�3URFHGXUHV�IRU�HYHQW�
EDVHG�(SLGHPLRORJLFDO�6XUYHLOODQFH�DW�(&'&��,V�WKH�358�PHPEHU�LQ�WKH�´+,9µ�DQG�
´7%µ�(&'&�WUDQVYHUVDO�SURMHFWV�

�
6KRUW�GHVFULSWLRQ�RI�WKH�V\VWHP�
(&'&�VWDUWHG�RSHUDWLQJ�RQ�0D\���WK�������WR�LPSOHPHQW�UHJXODWLRQ��(&��Q�����������RI�WKH�(XURSHDQ�
SDUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI����$SULO��������HVWDEOLVKLQJ�D�(XURSHDQ�FHQWUH�IRU�GLVHDVH�SUHYHQWLRQ�DQG�FRQWURO���
7KH�PLVVLRQ� DQG� WDVNV�RI� WKH�&HQWUH� LQ� WKH� ILHOG�RI�(SLGHPLRORJLFDO� LQWHOOLJHQFH� FDQ�EH� VXPPDUL]HG� DV�
IROORZV��
�
��(VWDEOLVK��LQ�FRRSHUDWLRQ�ZLWK�06��SURFHGXUHV�IRU�WKH�LGHQWLILFDWLRQ�RI�HPHUJLQJ�KHDOWK�WKUHDWV�
��,GHQWLI\��DVVHVV�DQG�FRPPXQLFDWH�FXUUHQW�DQG�HPHUJLQJ�FRPPXQLFDEOH�GLVHDVH�WKUHDWV�
��,QIRUP�(&�DQG�06�DERXW�HPHUJLQJ�KHDOWK�WKUHDWV�UHTXLULQJ�WKHLU�LPPHGLDWH�DWWHQWLRQ�
��&RPPXQLFDWH�RQ�HPHUJLQJ�KHDOWK�WKUHDWV��LQFOXGLQJ�WR�WKH�SXEOLF�
�
7R�LPSOHPHQW�DOO�WKH�DERYH��VRXUFHV�WR�EH�VFUHHQHG�KDYH�EHHQ�HVWDEOLVKHG��DV�ZHOO�DV�D�SURWRFRO�WKDW�JRHV�
IURP� LQIRUPDWLRQ� VFDQQLQJ�� WKURXJK� ILOWHULQJ�� YHULI\LQJ�� DVVHVVLQJ� DQG� ILQDOO\� WR� (&'&� UHVSRQVH�� 7R�
IDFLOLWDWH�WKH�IROORZ�XS�RI�LGHQWLILHG�WKUHDWV��D�VSHFLILF�GDWDEDVH�KDV�EHHQ�GHVLJQHG�DQG�RSHUDWHG�QRZ�IRU�
PRUH�WKDQ�RQH�\HDU��,W�DOVR�SURGXFHV�UHSRUWV�ZKLFK�DUH�GLVWULEXWHG�WR�(XURSHDQ�HSLGHPLRORJLVWV��$OO�WKH�
DERYH�PHQWLRQHG�VWHSV�DQG�SURFHGXUHV�ZLOO�EH�EULHIO\�VXPPDUL]HG�LQ�WKH�SUHVHQWDWLRQ���
�
7KH�UDWLRQDOH�EHKLQG�WKH�GHVLJQ�
7KH�UDWLRQDOH� LV� WR�IXOILO�(&'&·V�PDQGDWH� LQ� WKH� ILHOG�RI�(SLGHPLRORJLFDO� ,QWHOOLJHQFH��1RWH� WKDW� WKLV� LV�
ZRUN�LQ�SURJUHVV��
�
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7KH�WDUJHW�XVHUV�
7KH� V\VWHP� LV� RSHUDWHG� E\� (&'&� VHQLRU� H[SHUWV�� 7DUJHW� XVHUV� DUH� SULPDULO\� (&'&� DQG� (&�
HSLGHPLRORJLVWV��%XW�EXOOHWLQV�DUH�SURYLGHG�WR�VWDWH�OHYHO�HSLGHPLRORJLVWV�(8�ZLGH��DQG�EH\RQG���
7KH�SRVLWLYH�SRLQWV�RI�WKH�V\VWHP�
• ,W�IDFLOLWDWHV�WKH�GDLO\�FRPPXQDO�GLVFXVVLRQ��5RXQG�7DEOH��RI�RQJRLQJ�WKUHDWV�ZLWKLQ�(&'&��LQ�RUGHU�

WR�SODQ�DSSURSULDWH�UHVSRQVHV��
• ,W�HQRUPRXVO\�IDFLOLWDWH�WKH�SURGXFWLRQ�RI�D�UDQJH�5HSRUWV�WR�EH�GLVWULEXWHG�ZLWKLQ�DQG�ZLWKRXW�(&'&�
• ,W� IDFLOLWDWHV� VWDWLVWLFDO� DQDO\VHV� RI� LGHQWLILHG� WKUHDWV� FKDUDFWHULVWLFV� DQG� RI� (&'&� PRQLWRULQJ� DQG�

UHVSRQGLQJ�DFWLYLW\�
)XWXUH�ZRUN��ZKDW�FRXOG�EH�LPSURYHG"�
1XPEHU� RI� SHRSOH� RSHUDWLQJ� WKH� VFUHHQLQJ�� UDQJH� RI� VFUHHQHG� VRXUFHV�� LQ�GHSWK� UHSRUWV� RQ� VSHFLILF�
WKHPHV��PDQDJHDELOLW\�RI�WKH�GDWDEDVH��TXDOLW\�RI�UHSRUWV�
6XSSRUW�DQG�FROODERUDWLRQ�
7KH� V\VWHP� ZRXOG� EHQHILW� IURP� D� FORVH� OLQN� DQG� GDWD� H[FKDQJH� ZLWK� DOO� H[LVWLQJ� (8� DOHUW� QHWZRUNV�
�5$6))�� DQLPDO� KHDOWK�� 0,&�� 5(/(;�� $'16��� 0RUHRYHU�� DQ� LPSURYHG� DQG� UHJXODU� IORZ� IURP�
´WUDGLWLRQDOµ��LQGLFDWRU�EDVHG��(�,��ZRXOG�EH�KHOSIXO��
5HVSRQVLELOLW\�DQG�ILQDQFLDO�VXSSRUW�
7KH�358�8QLW�DW�(&'&�LV�ERWK�UHVSRQVLEOH�IRU�DQG�SD\LQJ�IRU�WKH�V\VWHP��
'HILQLWLRQ�RI�HPHUJLQJ�ULVNV�
3RWHQWLDO�FRPPXQLFDEOH�GLVHDVH�WKUHDWV� LQFOXGH�GLVHDVHV�ZLWK�D�KLJK�SRWHQWLDO�IRU�VSUHDG��VHYHUH�GLVHDVHV�
RU�GLVHDVHV�ZLWK�OLPLWHG�WUHDWPHQW��GLVHDVHV�WKDW�UHTXLUH�LQIHFWLRQ�FRQWURO�PHDVXUHV��HPHUJLQJ�RU�UHVXUJLQJ�
GLVHDVHV��GLVHDVHV�SDWKRJHQV� WKDW� FKDQJH�VSUHDG�RU� UHVLVWDQFH�SDWWHUQV��RU�GLVHDVHV� WKDW� DUH�RI�XQNQRZQ�
RULJLQ��LQGHSHQGHQW�IURP�ZKHUH�LQ�WKH�ZRUOG�WKH\�DUH�GHWHFWHG���DQG�DW�OHDVW�RQH�RI�WKH�IROORZLQJ��
• &DVHV�XQXVXDO�QXPEHUV�RFFXU�RU�DUH�H[SHFWHG�LQ�PRUH�WKDQ�RQH�06���
• ([SRVXUH�WR�D�VRXUFH�WR�ZKLFK�FLWL]HQV�IURP�PRUH�WKDQ�RQH�06�PD\�KDYH�EHHQ�LQ�FRQWDFW��LQFOXGLQJ�

HQYLURQPHQWDO��IRRG��PHGLFDO��
• &RQVLGHUDEOH�RU�XQFOHDU�ULVN�RI�LPSRUWDWLRQ�LQWR�(XURSH�WKURXJK�WUDGH�DQG�WUDYHO��
• $GHTXDWH� YHULILFDWLRQ� DQG� LQYHVWLJDWLRQ� RI� D� WKUHDW� PLJKW� UHTXLUH� DVVLVWDQFH� IURP� (&'&� DQG�RU�

SDUWQHU�RUJDQL]DWLRQV�
• $IIHFWLQJ�D�VLQJOH�06�EXW�UHTXLULQJ�LQIRUPDWLRQ�RI�QDWLRQDO�KHDOWK�DXWKRULWLHV�RI�RWKHU�(XURSHDQ�06�
• +LJK�PHGLD�RU�SROLWLFDO�DWWHQWLRQ�

�
$SSOLFDELOLW\�LQ�IRRG�GRPDLQ�
7KH�V\VWHP�LV�SUREDEO\�DSSOLFDEOH�LQ�WKH�IRRG�GRPDLQ��
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6XFFHVVHV�LQ�VSRWWLQJ�HPHUJLQJ�ULVNV�
7KH�V\VWHP�KDV�EHHQ�VXFFHVVIXOO�LQ�VSRWWLQJ��
• &KLNXQJXQLD�LQ�/D�5HXQLRQ��
• 1RURYLUXV�RQ�FUXLVH�VKLSV��

�

���� :LOIULG�YDQ�3HOW�²�5,90��
:LOIULG� YDQ�3HOW� VWXGLHG�ELRORJ\�� ELRLQIRUPDWLFV� DQG� �VWDWLVWLFV� LQ� WKH� VHYHQWLHV�RI� WKH� ODVW� FHQWXU\� DQG�
VWXGLHG�DQG�WHDFKHG�OXQJSK\VLFV�LQ�WKH�HLJKWLHV�DW�WKH�8QLYHUVLW\�RI�/HLGHQ�DV�SDUW�RI�KLV�3K'�SURJUDP��
6LQFH������KH�ZRUNV�DW�WKH�1HWKHUODQGV�,QVWLWXWH�RI�3XEOLF�+HDOWK��5,90���&HQWUH�RI�,QIHFWLRXV�'LVHDVHV�
&RQWURO��&,E���)URP������WR�������KH�VHW�XS�WKH�QDWLRQDO�HOHFWURQLF�VXUYHLOODQFH�IRU�LQIHFWLRXV�GLVHDVHV�
PDLQO\� IRFXVHG� RQ� PLFURELRORJLFDO� ODERUDWRULHV�� FDOOHG� ,6,6� DQG� LQ� ����� WKH� QDWLRQDO� SURMHFW� RQ� WKH�
VXUYHLOODQFH� RI� QRVRFRPLDO� LQIHFWLRQV� LQYROYLQJ� PRVW� 'XWFK� KRVSLWDOV�� FDOOHG� 35(=,(6�� )URP� �����
RQZDUGV�KLV�LQWHUHVWV�FKDQJHG�WRZDUGV�]RRQRWLF�GLVHDVHV��PDLQO\�6DOPRQHOOD�DQG�&DPS\OREDFWHU��DFWLQJ�
DV�DQ�LQWHUPHGLDWH�EHWZHHQ�YHWHULQDULDQV��PLFURELRORJLVWV��HSLGHPLRORJLVWV�DQG�ULVN�PRGHOOHUV�WKDW�IRFXV�
RQ� WKH�YHWHULQDU\� DQG� IRRG�SDUW�RI� WKH�SUREOHP�DQG� WKRVH� VWXG\LQJ�JDVWUR�HQWHULF�GLVHDVHV� LQ�KXPDQV��
&XUUHQWO\� KH� LV� LQYROYHG� LQ� D� IHDVLELOLW\� VWXG\� IRU� WKH� LPSOHPHQWDWLRQ� RI� V\QGURPLF� VXUYHLOODQFH�� +H�
GHYHORSHG� VHYHUDO� VWDWLVWLFDO� WRROV� WR� GHWHFW� DQG� VWXG\� VXGGHQ� DQG� ORQJ�WHUP� HPHUJLQJ� SUREOHPV� RI�
LQIHFWLRQV�DQG�DQWLPLFURELDO�UHVLVWDQFH� LQ�KXPDQV�� LQ�SDUDOOHO� WR�ILQGLQJV� LQ�DQLPDOV�� IRRG��IHHG�DQG�WKH�
HQYLURQPHQW��
�
6KRUW�GHVFULSWLRQ�RI�WKH�V\VWHP�
7KUHDWV�WR�SXEOLF�KHDOWK�FDXVHG�E\�LQIHFWLRXV�GLVHDVHV�DSSHDU�XVXDOO\�XQH[SHFWHG��EXW�FDQ�LQ�D�YHU\�VKRUW�
SHULRG� RI� WLPH� KDYH� PDMRU� FRQVHTXHQFHV�� 7LPHO\� UHFRJQLWLRQ� RI� WKHVH� WKUHDWV� LV� HVVHQWLDO�� ,Q� WKH�
1HWKHUODQGV��WKH�´HDUO\�ZDUQLQJ�FRPPLWWHHµ��(:&��KDV�EHHQ�HVWDEOLVKHG�LQ������XQGHU�WKH�DXWKRULW\�RI�
WKH�+HDOWK� ,QVSHFWRUDWH�� ,WV�PDLQ� WDVN� LV� WR� DVVHVV� LQIRUPDWLRQ� IURP�YDULRXV� VRXUFHV�� IRUHLJQ� DV�ZHOO� DV�
GRPHVWLF��LQ�RUGHU�WR�WLPHO\�UHFRJQL]H�WKUHDWV�WR�SXEOLF�KHDOWK�FDXVHG�E\�LQIHFWLRXV�GLVHDVHV��,I�QHFHVVDU\��
IXUWKHU�RXWEUHDN� LQYHVWLJDWLRQ�FDQ�EH�GRQH��RU�PHDVXUHPHQWV�WR�FRQWURO� WKH�RXWEUHDN�FDQ�EH�WDNHQ��7KH�
ZHHNO\�PHHWLQJ�RI�WKH�HDUO\�ZDUQLQJ�FRPPLWWHH�WDNHV�SODFH�DW�WKH�1DWLRQDO�,QVWLWXWH�RI��3XEOLF�+HDOWK�DQG�
WKH�(QYLURQPHQW��5,90���3DUWLFLSDQWV�DUH�PLFURELRORJLVWV�DQG�HSLGHPLRORJLVWV�IURP�YDULRXV�GHSDUWPHQWV�
RI� WKH�5,90�� LQFOXGLQJ� WKH�1DWLRQDO�&RRUGLQDWLRQ�&HQWUH� IRU�2XWEUHDN�0DQDJHPHQW� �/&,��� DV�ZHOO� DV�
UHSUHVHQWDWLYHV� IURP� WKH� )RRG� 6DIHW\� $XWKRULW\� �9:$��� 3ULRU� WR� WKH�PHHWLQJ�� HDFK� SDUWLFLSDQW� VHOHFWV�
IURP�YDULRXV�VRXUFHV�RI�LQIRUPDWLRQ�LWHPV�ZKLFK�LQ�KLV�RSLQLRQ�DUH�LPSRUWDQW�WR�GLVFXVV�DW�WKH�PHHWLQJ�
�VR�FDOOHG�´VLJQDOVµ����7KHUH�FDQ�EH�VHYHUDO�UHDVRQV�IRU�VHOHFWLQJ�D�VLJQDO��7KHVH�DUH�RXWOLQHG�LQ�D�SURWRFRO��
DQG�DUH�EDVHG�RQ�H[SHULHQFH��$�VXGGHQ�FKDQJH�LQ�WKH�LQFLGHQFH�RU�SUHYDOHQFH�RI�DQ�LQIHFWLRXV�GLVHDVH��H�J��
LQWHUQDWLRQDO��WKH�XSVXUJH�RI�:HVW�1LOH�YLUXV�LQIHFWLRQV��QDWLRQDO��6DOPRQHOOD�7\SKLPXULXP�'7����LQIHFWLRQV�
IURP� FRQWDPLQDWHG� LPSRUWHG� EHHI� RU� 67(&� LQIHFWLRQV� IURP� UDZ�PHDW� SURGXFWV��$HGHV� DOERSLFWXV�� �� WKH�
DSSHDUDQFH� RI� DQ� LQIHFWLRXV� GLVHDVH� DPRQJ� FHUWDLQ� JURXSV� RI� SHRSOH� RU� LQ� FHUWDLQ� SODFHV� �H�J��
/\PSKRJUDQXORPD�YHQHUHXP�RXWEUHDN�DPRQJ�PHQ�KDYLQJ�VH[�ZLWK�PHQ���RU�WKH�HPHUJHQFH�RI�D�WRWDOO\�QHZ�RU�
XQNQRZQ�GLVHDVH��H�J��6$56��DUH�VRPH�RI�WKH�UHDVRQV�PHQWLRQHG��'XULQJ�WKH�PHHWLQJ��WKH�YDULRXV�VLJQDOV�
DUH�GLVFXVVHG�DQG� LQWHUSUHWHG�E\� WKH�SDUWLFLSDQWV� LQ�RUGHU� WR�HVWLPDWH� WKH� WKUHDW� IRU�SXEOLF�KHDOWK� LQ� WKH�
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1HWKHUODQGV��2Q�WKH�VDPH�GD\��WKH�5,90�VHQGV�D�UHSRUW�RI�WKH�PHHWLQJ�WR�DERXW�����SHRSOH�HQJDJHG�LQ�
WKH� FRQWURO� RI� LQIHFWLRXV� GLVHDVHV� LQ� WKH� 1HWKHUODQGV�� SK\VLFLDQV� DQG� QXUVHV� RI� WKH� PXQLFLSDO� KHDOWK�
VHUYLFHV��PLFURELRORJLVWV��VSHFLDOLVWV�LQ�LQIHFWLRXV�GLVHDVHV�� LQIHFWLRQ�FRQWURO�SUDFWLWLRQHUV��WKH�0LQLVWU\�RI�
+HDOWK�DQG�WKH�,QVSHFWRUDWH�RI�+HDOWK��7KH�UHSRUW�LV�IRUPXODWHG�LQ�D�ZD\�WKDW�VLJQDOV�DUH�QRW�UHGXFLEOH�WR�
SHUVRQV��LQVWLWXWLRQV�RU�ORFDWLRQV��(YDOXDWLRQ�LQ������VKRZHG�WKDW�WKH�HDUO\�ZDUQLQJ�FRPPLWWHH�UHFRJQL]HG�
QHDUO\� DOO� WKUHDWV�GXH� WR� LQIHFWLRXV�GLVHDVHV� DQG�RXWEUHDNV�RI� LQIHFWLRXV�GLVHDVHV�ZKLFK�ZHUH�RI�QDWLRQDO�
LPSRUWDQFH��SXEOLVKHG�LQ�YDULRXV�VRXUFHV�RI�OLWHUDWXUH��,PSURYHPHQWV�DSSO\�WR�WLPHOLQHVV�DQG�UHFRJQLWLRQ�
RI� ORQJ�WHUP�WUHQGV��7KH�IRRG�VDIHW\�GRPDLQ� LV�SDUW�RI� WKH�(:&��5RXWLQH�H[FHUSWV�RI� UHJXODU�PHHWLQJV�
GLVFXVVLQJ� UHFHQW� SUREOHPV� ZLWKLQ� WKH� YHWHULQDU\� GRPDLQ� �+HDOWK\� $QLPDO� 6HUYLFH�� DQG� $QLPDO� )HHG�
6HFWRU�,QVSHFWLRQ�6HUYLFHV�FRXOG�FRPSOHPHQW�WKH�V\VWHP��

�� 7KH�6HFRQG�6HVVLRQ�
��� 0DULRQ�:RROGULGJH�²9/$�
3UHVHQW�2UJDQLVDWLRQ�DQG�3RVLWLRQ��
+HDG�RI�WKH�&HQWUH�IRU�(SLGHPLRORJ\�DQG�5LVN�$QDO\VLV��&(5$���
9HWHULQDU\�/DERUDWRULHV�$JHQF\��9/$���8.�
�
6FLHQWLILF�([SHUWLVH��
0DULRQ�LV�D�YHWHULQDU\�VXUJHRQ�DQG�HSLGHPLRORJLVW�ZKR�KDV�VSHFLDOLVHG�LQ�YHWHULQDU\�DQG�YHWHULQDU\�SXEOLF�
KHDOWK�ULVN�DQDO\VLV��LQFOXGLQJ�ULVN�DVVHVVPHQWV��RYHU�WKH�ODVW����\HDUV��6LQFH������VKH�KDV�EHHQ�
UHVSRQVLEOH�IRU�GHYHORSLQJ�DQG�UXQQLQJ�D�ULVN�DQDO\VLV�IDFLOLW\�DW�WKH�9HWHULQDU\�/DERUDWRULHV�$JHQF\��8.�
�D�'HIUD�$JHQF\���IURP������DV�KHDG�RI�WKH��WKHQ�QHZO\�IRUPHG��'HSDUWPHQW�RI�5LVN�5HVHDUFK��DQG�
VLQFH������DV�+HDG�RI�WKH�WKHQ�QHZ�9/$�&HQWUH�IRU�(SLGHPLRORJ\�DQG�5LVN�$QDO\VLV��&(5$���&(5$�
FRPSULVHV�DSSUR[LPDWHO\����VWDII�HQJDJHG�LQ�HSLGHPLRORJLFDO�UHVHDUFK��VXUYHLOODQFH��DQG�ULVN�DQDO\VLV��6KH�
KDV�XQGHUWDNHQ�RU�VXSHUYLVHG�PDQ\�ULVN�DVVHVVPHQWV�LQ�GLYHUVH�ILHOGV��LPSRUW�ULVN�DVVHVVPHQWV��IRRG�
VDIHW\�ULVN�DVVHVVPHQWV��DQLPDO�KHDOWK�DQG�DQLPDO�PRYHPHQW�ULVN�DVVHVVPHQWV�HWF����DV�ZHOO�DV�SURYLGLQJ�
SHUVRQDO�ULVN�DQDO\VLV�FRQVXOWDQF\�WR�:+2��)$2��:72��2,(��(&��HWF��6KH�KDV�WDXJKW�ULVN�DQDO\VLV�
QDWLRQDOO\�DQG�LQWHUQDWLRQDOO\��DQG�VXSHUYLVHG�06F�DQG�3K'�VWXGHQWV�LQ�ULVN�DQDO\VLV���
�
(GXFDWLRQ���
3RVWJUDGXDWH�'LSORPD�RI�WKH�/RQGRQ�6FKRRO�RI�+\JLHQH�DQG�7URSLFDO�0HGLFLQH��8QLYHUVLW\�RI�/RQGRQ�
'RFWRU�RI�3KLORVRSK\��/RQGRQ�6FKRRO�RI�+\JLHQH�DQG�7URSLFDO�0HGLFLQH��8QLYHUVLW\�RI�/RQGRQ�
0DVWHU�RI�6FLHQFH�LQ�(SLGHPLRORJ\��/RQGRQ�6FKRRO�RI�+\JLHQH�DQG�7URSLFDO�0HGLFLQH��8QLYHUVLW\�RI�
/RQGRQ�
0HPEHU�RI�WKH�5R\DO�&ROOHJH�RI�9HWHULQDU\�6XUJHRQV��8QLWHG�.LQJGRP�
%DFKHORU�RI�9HWHULQDU\�0HGLFLQH��5R\DO�9HWHULQDU\�&ROOHJH��8QLYHUVLW\�RI�/RQGRQ�
�
6KRUW�GHVFULSWLRQ�RI�WKH�V\VWHP�
$W�WKH�9/$�ZH�KDYH�D�QXPEHU�RI�LQWHUUHODWHG�V\VWHPV�DQG�LQLWLDWLYHV�ZKLFK�DUH�LQWHQGHG�WR�HQKDQFH�
GHWHFWLRQ�RI�(PHUJLQJ�5LVNV�DQG�SURYLGH�(DUO\�:DUQLQJV��8QGHUSLQQLQJ�WKLV��ZH�KDYH�D�QHWZRUN�RI�
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5HJLRQDO�/DERUDWRULHV�ZLWK�9HWHULQDU\�,QYHVWLJDWLRQ�2IILFHUV��7KHVH�RIILFHUV�XQGHUWDNH�ERWK�VFDQQLQJ�
VXUYHLOODQFH�DQG�WDUJHWHG�VXUYHLOODQFH��DQG�DOO�WKH�LQIRUPDWLRQ�REWDLQHG�IURP�WKHLU�IDUP�YLVLWV��FDVH�ZRUN��
DQG�VDPSOLQJ�LV�HQWHUHG�LQ�RQH�RI�D�QXPEHU�RI�GDWDEDVHV��DV�DSSURSULDWH���
�
7KHVH� GDWDEDVHV� �H[DPSOHV� LQFOXGH� )DUPILOH�9,'$� DQG� WKH� 6DOPRQHOOD� GDWDEDVH��� DUH� XVHG� WR� SURYLGH�
UHJXODU�UHSRUWV��DQQXDO��TXDUWHUO\�HWF���DQG�FDQ�EH�LQWHUURJDWHG�IRU�VSHFLILF�SXUSRVHV��)DUPILOH�9,'$��LQ�
SDUWLFXODU��KDV�D�FRGH�IRU�XQGLDJQRVHG�FDVHV��DQG�WKLV� LV�DQ�DUHD�IRU�FXUUHQW�DQG�IXWXUH� ¶(PHUJLQJ�5LVNV·�
UHVHDUFK��$�VWDWLVWLFDO�PHWKRG�RI�LGHQWLI\LQJ�FKDQJHV�LQ�WKH�SUHYDOHQFH�OHYHOV�RI�SDUWLFXODU�SDWKRJHQV��H�J��
6DOPRQHOOD� LQ� FDWWOH�� KDV�EHHQ�GHYHORSHG�� DQG� LWV� DSSOLFDWLRQ� LV� EHLQJ� DVVHVVHG� IRU�RWKHU�SDWKRJHQV� DQG�
VSHFLHV� FRPELQDWLRQV��7KLV� LV�QRZ�SDUW�RI� D�SURMHFW� HQWLWOHG�'HOLYHULQJ� ,QWHOOLJHQW�6XUYHLOODQFH�ZKLFK� LV�
ORRNLQJ�LQWR�PD[LPLVLQJ�WKH�ZHDOWK�RI�GDWD�LQ�WKH�GDWDEDVHV�WKDW�ZH�KDYH����
�
/RRNLQJ�VSHFLILFDOO\�DW�SRWHQWLDOO\�QHZ�GLVHDVHV��ZH�DUH�ORRNLQJ�DW�ZD\V�RI�PD[LPLVLQJ�WKH�XVH�RI�RQ�IDUP�
RXWEUHDN�LQYHVWLJDWLRQV�YLD�RXU�V\VWHP�RI�¶VSHFLHV�JURXSV·���ZKHUHE\�ZKHQ�DQ�¶XQXVXDO·�ILQGLQJ�LV�REVHUYHG��
WKHUH� LV� D� VSHFLILF� V\VWHP� DOUHDG\� LQ� SODFH�ZKLFK� UROOV� RXW� WR� LQYHVWLJDWH� LW� DV� IXOO\� DV� QHFHVVDU\�� $� ULVN�
DVVHVVPHQW�LV�DQ�LQWHJUDO�SDUW�RI�WKLV�DFWLYLW\��DQG�ZH�DOVR�KDYH�DQ�DVVRFLDWHG�SURMHFW�ORRNLQJ�DW�KRZ�EHVW�WR�
XQGHUWDNH� UDSLG�EXW�PHDQLQJIXO� RQ� IDUP� ULVN� DVVHVVPHQWV�� DVVHVVLQJ� WKH� ULVN�ERWK� WR� DQLPDO�KHDOWK� DQG�
DJULFXOWXUH��DQG�WR�KXPDQ�KHDOWK���
�
7KH�WDUJHW�XVHUV�
7KH� YDULRXV� DVSHFWV� RI� WKH� V\VWHP� DUH� XVHG� E\�9/$� WR� JLYH� DGYLFH� WR�'HIUD�� )6$��+$,56�� DQG� RWKHU�
VWDNHKROGHUV�DV�DSSURSULDWH���
7KH�SRVLWLYH�SRLQWV�RI�WKH�V\VWHP�
2QH� YHU\� SRVLWLYH� GHYHORSPHQW� DW� SUHVHQW� LV� WKH� 9/$·V� GHYHORSPHQW� RI� WKH� VSHFLDOLVW� VSHFLHV� JURXSV��
DQRWKHU�LV�WKH�GHYHORSPHQW�RI�VWDWLVWLFDO�PHWKRGV�WR�PD[LPLVH�XVH�RI�WKH�GDWD�DOUHDG\�SUHVHQW��
)XWXUH�ZRUN��ZKDW�FRXOG�EH�LPSURYHG"�
,PSURYHPHQWV� DUH� DQ� RQJRLQJ� IHDWXUH�� DQG� WKH� SURMHFW�'HOLYHULQJ� LQWHOOLJHQW� 6XUYHLOODQFH�ZDV� GHVLJQHG�
ZLWK�WKH�LQWHQWLRQ�RI�LQWHJUDWLQJ�DOO�RXU�VXUYHLOODQFH�LQIRUPDWLRQ�VRXUFHV�WR�PD[LPLVH�WKHLU�YDOXH��
5HVSRQVLELOLW\�DQG�ILQDQFLDO�VXSSRUW�
,Q�JHQHUDO�WKH�GDWDEDVH�V\VWHPV�DUH�PDLQWDLQHG�DW�WKH�9/$��DQG�9/$�VWDII�SURYLGHV�WKH�LQSXWV��)XQGLQJ�LV�
PDLQO\�IURP�'HIUD��
6XFFHVVHV�LQ�VSRWWLQJ�HPHUJLQJ�ULVNV�
2XU� V\VWHPV�DUH�XVHG�QRZ�WR� LGHQWLI\�SXEOLF�KHDOWK� LVVXHV�� DQG� WKH� VSHFLHV�JURXSV�ZLOO�PDNH� WKDW�PRUH�
URXWLQH��
�
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��� :LP�2RPV�²�9:$��
�

�

:LP�2RPV�UHFHLYHG�KLV�GHJUHH�LQ�YHWHULQDU\�PHGLFLQH�LQ�������8WUHFKW�8QLYHUVLW\��
DQG� LV� D� VFLHQWLILF� RIILFHU� 9HWHULQDU\� 3XEOLF� +HDOWK� IRU� WKH� 2IILFH� IRU� 5LVN�
$VVHVVPHQW�RI�WKH�'XWFK�)RRG�DQG� �&RQVXPHU�3URGXFW�6DIHW\�$XWKRULW\� �9:$���
%HIRUH� WKLV� KH� ZDV� D� VSHFLDOLVW� LQ� PHDW� K\JLHQH� IRU� WKH� ,QVSHFWLRQ� 6HUYLFH� IRU�
/LYHVWRFN� DQG� 0HDW�� D� JRYHUQHPHQWDO� ERG\�� $IWHU� WKLV�� KH� DFTXLUHG� QHDUO\� WKUHH�
\HDUV�RI�H[SHULHQFH�LQ�JRYHUQHPHQWDO�UHVHDUFK�FRRUGLQDWLRQ�LQ�IRRG�VDIHW\�RQ�EHKDOI�
RI�WKH�0LQLVWU\�RI�$JULFXOWXUH��1DWXUH�0DQDJHPHQW�DQG�)LVKHULHV�EHIRUH�MRLQLQJ�WKH�
9:$��
+H� ZDV� RQH� RI� WKH� UHSUHVHQWDWLYHV� RI� WKH� 2IILFH� IRU� 5LVN� $VVHVVPHQW� ZKLFK�
FRRUGLQDWHG� WZR�(XURSHDQ�SURMHFWV� �� 3(5,$37� �'*5HVHDUFK��(5$�1(7�� ������
DQG�(05,6.��()6$����������LQ�WKH�ILHOG�RI�(PHUJLQJ�5LVNV�LGHQWLILFDWLRQ�UHJDUGLQJ�
IRRG�VDIHW\��0RUH�UHFHQWO\��KLV�IRFXV�LV�RQ�HPHUJLQJ�]RRQRWLF�GLVHDVHV��

�
,QWURGXFWLRQ�
1RZDGD\V��LW�LV�ZHOO�UHFRJQLVHG�WKDW�IRRG�VDIHW\�UHTXLUHV�DQ�LQWHJUDWHG�DSSURDFK�WR�HQVXUH�D�KLJK�OHYHO�RI�
SURWHFWLRQ�RI�KXPDQ�KHDOWK��$OO�DVSHFWV�UHODWHG�WR�WKH�IHHG�DQG�IRRG�VXSSO\�FKDLQ��IURP�SULPDU\�IHHG�DQG�
IRRG�SURGXFWLRQ�WR�WKH�ILQDO�GLVWULEXWLRQ�WR�WKH�FRQVXPHU�VKRXOG�EH�DGGUHVVHG��WKH�IDUP�WR�IRUN�DSSURDFK��
DQG�YLFH�YHUVD���7KH�LQFUHDVLQJ�FRPSOH[LW\�RI�IRRG�DQG�IHHG�SURGXFWLRQ�V\VWHPV��LQFUHDVHG�JOREDOLVDWLRQ��
PDUNHW� LQWURGXFWLRQ� RI� QRYHO� IRRGV�� DSSOLFDWLRQ�RI�QHZ� IRRG�SURFHVVLQJ� WHFKQRORJLHV�� FOLPDWH� FKDQJHV��
SROLWLFDO�DQG�VRFLDO�GHYHORSPHQWV��FRQVXPHU�EHKDYLRXU�DQG�SHUFHSWLRQ�PD\�OHDG�WR�QHZ��XQIRUHVHHQ�RU�UH�
HPHUJLQJ� ULVNV� �KHQFHIRUWK� FDOOHG� HPHUJLQJ� ULVNV��ZLWK� D� QHJDWLYH� LPSDFW� RQ� KXPDQ� DQG� DQLPDO� KHDOWK��
HQYLURQPHQW� DQG� HFRQRP\��7KHVH� LVVXHV� DUH�RI� JUHDW� JHQHUDO� FRQFHUQ�� ,Q�RUGHU� WR�PDQDJH� WKHVH� LVVXHV�
SURDFWLYHO\�WKHUH�LV�D�JURZLQJ�QHHG�WR�LGHQWLI\�DQG�HYDOXDWH�HPHUJLQJ�ULVNV�DQG�WR�GR�VR�V\VWHPDWLFDOO\�LQ�D�
(XURSHDQ�DQG�JOREDO�VHWWLQJ��
�
5HTXLUHPHQWV�
7UDGLWLRQDOO\�� WKH� LGHQWLILFDWLRQ� DQG� DVVHVVPHQW� RI� IRRG� DQG� IHHG� UHODWHG� ULVNV� DUH� DFKLHYHG� WKURXJK�
H[SHUWLVH�IURP�ZLWKLQ�WKH�IRRG�VXSSO\�FKDLQ��+RZHYHU��GXH�WR�DIRUHPHQWLRQHG�LVVXHV�LW�EHFRPHV�QHFHVVDU\�
WR� ORRN� DW� LQIRUPDWLRQ� DYDLODEOH� RXWVLGH� WKH� IRRG� VXSSO\� FKDLQ�� ([SORULQJ� RQO\� WKH� IRRG� FKDLQ� IRU� WKH�
LGHQWLILFDWLRQ�RI�HPHUJLQJ�ULVNV�LV�SUREDEO\�D�WRR�QDUURZ�DSSURDFK�DQG�PD\�LQ�VSHFLILF�FDVHV�RQO\�LGHQWLI\�
D�SUREOHP�ZKHQ�IRRG�VDIHW\�LV�DOUHDG\�WKUHDWHQHG��7KH�QHFHVVDU\�LQIRUPDWLRQ�LV�OLNHO\�WR�EH�GUDZQ�IURP�D�
FRPELQDWLRQ� RI� NQRZOHGJH� ERWK� IURP� LQVLGH� DV�ZHOO� DV� IURP� RXWVLGH� WKH� IRRG� VXSSO\� FKDLQ�� (OHPHQWV�
UHODWHG�WR�WKH�IRRG�SURGXFWLRQ�HQYLURQPHQW��WKH�KRVW�HQYLURQPHQW��VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��
�
:LWKLQ�WKLV�KROLVWLF�YLVLRQ�YDULRXV�LQIOXHQWLDO�VHFWRUV��DUHDV�RI�GLVFLSOLQHV���ZKLFK�DUH�PRUH�RU�OHVV�UHODWHG�WR�
WKH�IRRG�DQG�IHHG�SURGXFWLRQ�FKDLQ��FDQ�EH�LGHQWLILHG�DQG�DUH�IXQGDPHQWDO�LQ�WKH�EOXHSULQW�GHYHORSHG�IRU�
DQ�HDUO\�ZDUQLQJ� V\VWHP�ZKLFK�HQDEOHV� WKH� LGHQWLILFDWLRQ�DQG�DVVHVVPHQW�RI� HPHUJLQJ� ULVNV�� ,Q�RUGHU� WR�
LGHQWLI\�DQ�HPHUJLQJ�ULVN�DV�HDUO\�DV�SRVVLEOH�LW�LV�QHFHVVDU\�WR�XVH�LQGLFDWRUV�WKDW�DUH�DEOH�WR�SURYLGH�VLJQDOV�
WKDW�LQGLFDWH��GLUHFWO\�RU�LQGLUHFWO\��WKH��SRVVLELOLW\�RI��RFFXUUHQFH�RI�WKLV�HPHUJLQJ�ULVN��$FFRUGLQJ�WR�WKH�
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KROLVWLF� YLVLRQ� WKHVH� LQGLFDWRUV� VKRXOG� EH� VRXJKW� LQ� YDULRXV� LQIOXHQWLDO� VHFWRUV�� 7R� REWDLQ� WKH� QHFHVVDU\�
LQIRUPDWLRQ�� UHODWHG� WR� WKHVH� LQGLFDWRUV�� IURP� YDULRXV� VRXUFHV� OLNH� GDWDEDVHV� RU� VFLHQWLILF� H[SHUWV� LW� LV�
LPSRUWDQW�WR�DVN�WKH�ULJKW�TXHVWLRQV�LQ�RUGHU�WR�REWDLQ�WKH��PRVW�DSSURSULDWH��DQVZHUV��L�H��WKH�SUHGLFWLYH�
VLJQDOV�� 6XEVHTXHQWO\�� HYDOXDWLRQ� RI� WKHVH� VLJQDOV�PD\� OHDG� WR� D� SURDFWLYH� DOHUW� WKDW� LQ� WXUQ�ZLOO� OHDG� WR�
DVVHVVPHQW� RI� WKH� HPHUJLQJ� KD]DUG� RU� ULVN�� 6XPPDULVHG�� WKH� SURSRVHG� EOXHSULQW� RI� WKH� HDUO\� ZDUQLQJ�
V\VWHP� FRQVLVWV� RI� WKH� IROORZLQJ� NH\� HOHPHQWV�� LQIOXHQWLDO� VHFWRUV�� LQGLFDWRUV�� TXHVWLRQV�� LQIRUPDWLRQ�
VRXUFHV��VFLHQWLILF�H[SHUWV��HOHFWURQLF�VHDUFK�V\VWHPV�DQG�VLJQDOV��

)ORZ�GLDJUDP�RI�WKH�EDVLF�SURFHVVHV�ZLWKLQ�WKH�HDUO\�ZDUQLQJ�V\VWHP��
�
5HTXLUHPHQWV�
7KH� UHTXLUHPHQWV� WR� FUHDWH� DQ� HIIHFWLYH� DQG� HIILFLHQW� HDUO\� ZDUQLQJ� V\VWHP� FRXOG� EH� VXPPDULVHG� DV�
IROORZV��D�VHW�RI�NH\�LQGLFDWRUV�DQG�NH\�LQIRUPDWLRQ�VRXUFHV�VKRXOG�EH�DYDLODEOH�DQG�QHWZRUNV�RI��LVVXH�DQG�
VHFWRUDO�� H[SHUWV� DV� ZHOO� DV� HOHFWURQLF� VFDQQLQJ� V\VWHPV� VKRXOG� EH� DW� WKH� GLVSRVDO� RI� WKH� DXWKRULWLHV��
FRQFHUQHG�LQ�IRRG�DQG�IHHG�VDIHW\��IRU�WKHLU�ULVN�DVVHVVPHQW�SROLF\��$�VHW�RI�NH\�LQGLFDWRUV�FDQ�EH�REWDLQHG�
E\�� FULWHULD� DQG� H[SHUW� EDVHG� VHOHFWLRQ�� ZHLJKWLQJ� WKH� LQGLFDWRUV�� HVWDEOLVKLQJ� D� SRVVLEOH� UHODWLRQVKLS�
EHWZHHQ� LQGLFDWRUV� DQG� DQDO\VLQJ� DQ� RYHUDOO� WLPH� GHSHQGHQF\�� .H\� LQIRUPDWLRQ� VRXUFHV� VKRXOG� EH�
LGHQWLILHG��VHOHFWHG�DQG�HPSOR\HG�E\�XVLQJ�H[SHUWV�DV�ZHOO�DV�LQQRYDWLYH�VHDUFK�HQJLQHV��7KH�XWLOLVDWLRQ�RI�
VHDUFK� HQJLQHV� UHTXLUHV� LQGLFDWRUV� DQG� LW� LV� VXJJHVWHG� WKDW� WKHVH� ZLOO� EH� WUDQVIRUPHG� LQWR� LQGLFDWLYH�
TXHVWLRQV�WR�HQDEOH�NH\�ZRUG�H[WUDFWLRQ���
�
,PSRUWDQW�SDUWLHV�
,W�LV�ZHOO�UHFRJQLVHG�WKDW�IRU�DFFHSWDQFH�DQG�LPSOHPHQWDWLRQ�RI�WKH�SURSRVHG�V\VWHP�DW�DQ�(XURSHDQ�DQG�
JOREDO� OHYHO� FR�RUGLQDWHG� HIIRUWV� DUH� QHHGHG� RI� RUJDQLVDWLRQV� OLNH�()6$��(&'&��'*� 6$1&2��:+2��
)$2�DQG�2,(��%XW�ILUVW�RI�DOO��WKH�SURRI�RI�WKH�SXGGLQJ�LV�LQ�WKH�HDWLQJ��
�

�� 7KH�7KLUG�6HVVLRQ�
���� )UHG�YDQ�GH�%UXJ���712�

)UHG�YDQ�GH�%UXJ�KROGV�D�3K�'��RQ�JDVWUR�LQWHVWLQDO�SK\VLRORJ\��/HLGHQ�8QLYHUVLW\�
0HGLFDO�&HQWHU���7KLV�KDG�D�IROORZ�XS�DV�ZRUNLQJ�RQ�D�SRVW�GRF�SRVLWLRQ�LQ�WKH�ILHOG�
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RI� JDVWUR�LQWHVWLQDO� PRWLOLW\� LQ� SUHPDWXUHO\� ERUQ� QHRQDWHV� �:LOKHOPLQD� &KLOGUHQ
V�
+RVSLWDO��8WUHFKW���1H[W��KH�KDV�EHHQ�ZRUNLQJ�DW�(OVHYLHU�6FLHQFH�DV�DQ�LQIRUPDWLRQ�
VSHFLDOLVW� RQ� WKH� FXVWRPLVHG� ELEOLRJUDSKLF� VHUYLFHV� IRU� SKDUPDFHXWLFDO� FRPSDQLHV��
6XEVHTXHQWO\��KH�KDV�EHHQ�ZRUNLQJ�DW�3ULVPDQW��D�'XWFK�FRQVXOWDQF\�ILUP�LQ�KHDOWK�
FDUH��DV�D�SURGXFW�GHYHORSHU�RQ�EXVLQHVV�LQWHOOLJHQFH�IRU�WKH�'XWFK�KRVSLWDOV��6LQFH�
�����KH�LV�ZRUNLQJ�DW�712�4XDOLW\�IRU�/LIH�DV�DQ�LQIRUPDWLRQ�DQDO\VW�RQ�WKH�)RRG�
,QIRUPDWLFV�SURMHFW���

�
6KRUW�GHVFULSWLRQ�RI�WKH�V\VWHP�
712�4XDOLW\�RI�/LIH�LV�GHYHORSLQJ�PHWKRGV�WR�LGHQWLI\�SRWHQWLDO�WKUHDWV�WKDW�HPHUJH�LQ�WKH�KXPDQ�IRRG�
FKDLQ��7KH�UHDVRQ�IRU�GRLQJ�WKLV�LV�WKDW��LQ�WKH�SDVW��ZH�KDYH�KDG�IRRG�VDIHW\�LQFLGHQWV�LQ�ZKLFK�ZH�FRXOG�
RQO\�UHVSRQGLQJ�LQ�D�UHDFWLYH�PDQQHU��)RU�H[DPSOH��LQ������WKH�SRWHQWLDO�FDUFLQRJHQ�DFU\ODPLGH�VXGGHQO\�
KLW�WKH�KHDGOLQHV�DIWHU�WKH�GLVFRYHU\�WKDW�DFU\ODPLGH�LV�IRUPHG�ZKLOH�KHDWLQJ�FDUERK\GUDWH�ULFK�IRRGV��OLNH�
FKLSV�� 0RUH� UHFHQWO\�� GLR[LQ� IURP� SUHKLVWRULF� RULJLQ� SUHVHQW� LQ� NDROLQLWLF� FOD\�� ZKLFK� ZDV� XVHG� LQ� WKH�
VRUWLQJ�SURFHVV�RI�SRWDWRHV�DQG��XOWLPDWHO\��WKLV�GLR[LQ�ZDV�IRXQG�LQ�PLON�SURGXFHG�E\�VRPH�'XWFK�IDUPV��
,QFLGHQWV�OLNH�WKHVH�PD\�FRQVWLWXWH�D�VHULRXV�WKUHDW�IRU�KXPDQ�KHDOWK�DQG�FDQ�FDXVH�VLJQLILFDQW�HFRQRPLFDO�
GDPDJH��8QIRUWXQDWHO\��ZH�KDYH�WR�DGPLW�WKDW�RIWHQ�ZH�DUH�DODUPHG�WRR�ODWH��:H�DUH�HQWLUHO\�GHSHQGHQW�RQ�
WKH�DOHUWQHVV�RI�HYHU\�RQH�LQYROYHG�LQ�WKH�SURGXFWLRQ�RI�IRRG��EHFDXVH�QR�V\VWHP�H[LVWV�WKDW�VXSSRUWV�XV�LQ�
WKH� LGHQWLILFDWLRQ�RI� HPHUJLQJ� ULVNV��7KHUHIRUH��712�4XDOLW\�RI�/LIH� LV� GHYHORSLQJ�PHWKRGV� WR� LGHQWLI\�
WKUHDWV�WKDW�HPHUJH�LQ�WKH�IRRG�FKDLQ��,Q�RUGHU�WR�DFKLHYH�WKLV�ZH�DUH�VHWWLQJ�XS�DQ�HDUO\�ULVN�LGHQWLILFDWLRQ�
V\VWHP� WKDW� ZLOO� VXSSRUW� XV� LQ� ILQGLQJ� KLGGHQ� UHODWLRQV� ZLWKLQ� D� ZRUOG� RI� UDSLGO\� JURZLQJ� YROXPHV� RI�
LQIRUPDWLRQ��
�
8VLQJ� VWDWH�RI�WKH�DUW� WHFKQLTXHV�� GHYHORSHG� ZLWKLQ� WKH� ILHOGV� RI� LQIRUPDWLRQ� H[WUDFWLRQ�� DUWLILFLDO�
LQWHOOLJHQFH�DQG�QDWXUDO� ODQJXDJH�SURFHVVLQJ��ZH�DUH�EXLOGLQJ�DQ� LQIRUPDWLRQ� V\VWHP� WKDW� VXSSRUWV�XV� LQ�
LGHQWLI\LQJ�HPHUJLQJ�ULVNV��712�FR�RSHUDWHV�ZLWK�8QLOHYHU��)ULHVODQG�)RRGV��:DJHQLQJHQ�85�DQG�:&)6�
LQ� D�QDWLRQZLGH�%VLN�SURMHFW� FDOOHG� WKH�9LUWXDO�/DERUDWRU\� IRU� H�6FLHQFH� �ZZZ�YO�H�QO���ZKHUH�PRUH� WKDQ����
RUJDQLVDWLRQV�DQG�PRUH�WKDQ�����VFLHQWLVWV�RI�GLIIHUHQW�GLVFLSOLQHV�DUH�ZRUNLQJ�WRJHWKHU��
�
7KLV�SURMHFW�ZLOO� UHVXOW� LQ� D�SUREOHP� VROYLQJ� HQYLURQPHQW� WKDW� VXSSRUWV�712� LQ�H[WUDFWLQJ�SDWWHUQV�RI�
LQIRUPDWLRQ�REWDLQHG�IURP�PXOWLSOH�GDWD�UHVRXUFHV��7KH�SURFHVVLQJ�RI�KLJK�YROXPHV�RI� LQIRUPDWLRQ�FDQ�
EH�H[HFXWHG�RQ�D�*ULG�LQIUDVWUXFWXUH��
�
,Q�RUGHU�WR�ILQG�UHOHYDQW�VLJQDOV�DPRQJ�KXJH�YROXPHV�RI�QRLVH��712�LV�GHVLJQLQJ�DQ�DXWRPDWHG�V\VWHP�WR�
LGHQWLI\�HPHUJLQJ�ULVNV��7KH�V\VWHP�VWDUWV�DXWRPDWLFDOO\�E\�UHWULHYLQJ�LQIRUPDWLRQ�XVLQJ�D�ORQJ�OLVW�RI�ZHE�
VLWHV�DQG�YDULRXV�GDWDEDVHV��7KH�LQIRUPDWLRQ�ZLOO�EH�FRQYHUWHG�WR�VWDQGDUG�IRUPDWV�WKDW�SHUPLW�VXEVHTXHQW�
SUH�SURFHVVLQJ��7KH�UHVXOWV�RI�WKH�SUH�SURFHVVLQJ�SKDVH�DUH�ZRUGV��UHODWLRQVKLSV�EHWZHHQ�ZRUGV�DQG�DOVR�
PHWDGDWD��:RUGV��UHODWLRQVKLSV�DQG�PHWDGDWD�ZLOO�EH�VWRUHG�LQ�D�GDWDEDVH�ZKLFK�ZLOO�WKHQ�EH�H[SORUHG�IRU�
VHQVLEOH� FRPELQDWLRQV�RI�ZRUGV� DQG� WKHLU� UHODWLRQVKLSV��7KH� VHDUFKLQJ�SURFHVV� DQG� DGGLWLRQDO� DGYDQFHG�
DQDO\VLV�ZLOO�\LHOG�NQRZQ�DQG�SUHYLRXVO\�XQNQRZQ�IRRG�VDIHW\�ULVNV��%RWK�VHDUFKLQJ�DQG�DGYDQFHG�DQDO\VLV�
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ZLOO� EH� IDFLOLWDWHG� E\� XVLQJ� SULRU� NQRZOHGJH� DERXW� KLVWRULFDO� IRRG� VDIHW\� ULVNV�� ,QIRUPDWLRQ� RQ� WKHVH�
KLVWRULFDO�IRRG�VDIHW\�ULVNV�LV�VWRUHG�LQ�D�VR�FDOOHG�NQRZOHGJH�EDVH��RQWRORJ\���0RUHRYHU��WKLV�RQWRORJ\�ZLOO�
FRQWLQXRXVO\� EH� HQULFKHG� ZLWK� NQRZOHGJH� IURP� 712
VEURDG� H[SHUWLVH� OLNH� ZH� KDYH� RQ� ULVN� DQDO\VLV��
WR[LFRORJ\��PLFURELRORJ\�� DQG� IRRG� SURGXFWLRQ��'XULQJ� WKH� SURMHFW�� 712ZLOO� GHYHORS� DQG� HYDOXDWH� WKH�
V\VWHP�ZLWK� WKH�SXUSRVH�RI� ILQGLQJ�SRWHQWLDO�HPHUJLQJ�ULVNV� LQ� IRRG�VDIHW\��712H[SHUWV�DQG�FXVWRPHUV�
PD\�WKHQ�EH�QRWLILHG�DW�DQ�HDUO\�VWDJH�DQG�ZLOO�EH�DEOH�WR�WDNH�DSSURSULDWH�PHDVXUHV�OLNH�GRLQJ�WKRURXJK�
ULVN�DQDO\VHV��VHWWLQJ�XS�RI�QHZ�PHWKRGV�IRU�GHWHFWLRQ�RI�KD]DUGV�LQ�IRRG�RU�GHVLJQLQJ�QHZ�DQG�VDIH�IRRG�
SURGXFWLRQ�SURFHVVHV��7KH�ILUVW�UHVXOWV�DUH�H[SHFWHG�DW�WKH�HQG�RI������RU�HDUO\�������
�
7KH�UDWLRQDOH�EHKLQG�WKH�GHVLJQ�
7KH�UDWLRQDOHV�EHKLQG�WKH�GHVLJQ�RI�WKH�LQIRUPDWLRQ�V\VWHP���
• 7KH� V\VWHP�PXVW�VXSSRUW� WKH� LGHQWLILFDWLRQ�RI� HPHUJLQJ� ULVNV� LQ� IRRG� VDIHW\�ZLWK�KLJK�DFFXUDF\�� VR�

WKDW� H[SHQVLYH� H[SHUWV� DUH� RQO\� QHHGHG� IRU� HYDOXDWLQJ� D� UHDVRQDEOH� QXPEHU� RI� SRWHQWLDO� UHOHYDQW�
UHVXOWV��

• 7KH�V\VWHP�PXVW�VXSSRUW�WKH�HQWLUH�ZRUN�IORZ�WLOO�D�OLVW�RI�SRWHQWLDO�HPHUJLQJ�ULVNV��
• 7KH�V\VWHP�PXVW�EH�LPSOHPHQWHG�LQ�WKH�FXUUHQW�DQG�IXWXUH�712�EXVLQHVV�SURFHVVHV���
�
7KH�WDUJHW�XVHUV��
712�ZLOO�EH�XVLQJ�WKH�V\VWHP��
7KH�SRVLWLYH�SRLQWV�RI�WKH�V\VWHP��

:H� ZLOO� EH� FRPELQLQJ� 712� NQRZOHGJH� ZLWK� KLJK� DFFXUDF\� VHDUFKLQJ� LQ� D� YDOLGDWHG� V\VWHP� WR� ILQG�
SRWHQWLDO�HPHUJLQJ�ULVNV��
)XWXUH�ZRUN��ZKDW�FRXOG�EH�LPSURYHG"�
7KLV�ZH�ZLOO�NQRZ�DIWHU�ZH�KDYH�WHVWHG�DQG�HYDOXDWHG�WKH�V\VWHP�GXULQJ�D�SLORW�SHULRG�ZKLFK�ZH�DLP�WR�GR�
LQ�������
6XSSRUW�DQG�FROODERUDWLRQ�
:H�ZRXOG�ZHOFRPH�DQ\�VXJJHVWLRQ�IRU�VRXUFHV��OLNH�ZHEVLWHV�DQG�GDWDEDVHV��WKDW�WKH�V\VWHP�VKRXOG�XVH�DV�
LQSXW��
5HVSRQVLELOLW\�DQG�ILQDQFLDO�VXSSRUW�
712�ZLOO�EH�UHVSRQVLEOH�IRU�ILOOLQJ�DQG�PDLQWDLQLQJ�WKH�V\VWHP��&XUUHQWO\�ZH�DUH�GHYHORSLQJ�WKH�EXVLQHVV�
PRGHO��:H� WKLQN� WKDW� ��� SURMHFWV� IROORZLQJ� JHQHUDWHG� OHDGV� DQG���� VXEVFULSWLRQV� WR� WKH� V\VWHP·V�RXWSXW�
ZRXOG�JHQHUDWH�PRQH\��
'HILQLWLRQ�RI�HPHUJLQJ�ULVNV�
$Q�HPHUJLQJ�ULVN�LV�D�IRRG�RU�IHHG�UHODWHG�KD]DUG�WKDW�PD\�EHFRPH�D�ULVN�FDXVLQJ�DQ�DGYHUVH�HIIHFW�LQ�WKH�
�QHDU��IXWXUH��,Q�WKLV�GHILQLWLRQ��µKD]DUGµ�PHDQV��D�ELRORJLFDO��FKHPLFDO�RU�SK\VLFDO�DJHQW�LQ��RU�FRQGLWLRQ�
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RI� IRRG� RU� IHHG� ZLWK� WKH� SRWHQWLDO� WR� FDXVH� DQ� DGYHUVH� HIIHFW�� $OVR�� ´ULVNµ�PHDQV� �� D� IXQFWLRQ� RI� WKH�
SUREDELOLW\�RI�DQ�DGYHUVH�HIIHFW�DQG�WKH�VHYHULW\�RI�WKDW�HIIHFW�FRQVHTXHQWLDO�WR�D�KD]DUG��
�
$� SRWHQWLDO� HPHUJLQJ� ULVN� LV� UHSUHVHQWHG� E\� WKH� FRPELQDWLRQ� RI� SLHFHV� RI� LQIRUPDWLRQ� WKDW� KDYH� EHHQ�
IRXQG�LQ�YDULRXV�GRFXPHQWV��
$SSOLFDELOLW\�LQ�IRRG�GRPDLQ�
<HV��WKH�V\VWHP�LV�GHGLFDWHG�WR�WKH�IRRG�VDIHW\�GRPDLQ�EHFDXVH�RI�WKH�RQWRORJ\�WKDW�ZLOO�EH�XVHG��
6XFFHVVHV�LQ�VSRWWLQJ�HPHUJLQJ�ULVNV�
:H�ZLOO�ILUVW�HYDOXDWH�WKH�V\VWHP�E\�XVLQJ�KLVWRULFDO�FDVHV�OLNH�´DFU\ODPLGH�LQ�IULHG�IRRGµ�DQG�´GLR[LQH�LQ�
NDROLQLWLF�FOD\µ��1H[W��ZH�ZLOO�WU\�WR�ILQG�SUHYLRXVO\�XQNQRZQ�ULVNV�LQ�D�´OLYHµ�VLWXDWLRQ��
�

���� :LOOLH�YDQ�GHQ�%URHN�DQG�/DUV�+XO]HERV�²�$	)��
 

�

:LOOLH� YDQ� GHQ� %URHN� VWXGLHG� FKHPLVWU\� DW� WKH� 5DGERXG� 8QLYHUVLW\� RI� 1LMPHJHQ��
$IWHU�ILQLVKLQJ�KLV�3K'�LQ�DQDO\WLFDO�FKHPLVWU\��DSSOLHG�FKHPRPHWULFV���KH�KDV�EHHQ�
ZRUNLQJ�IRU�$JURWHFKQRORJ\�	�)RRG�,QQRYDWLRQV�VLQFH�0DUFK�������+H�VWDUWHG�DV�D�
VFLHQWLILF�UHVHDUFKHU�DQG�LQ�-DQXDU\������KH�EHFDPH�D�VHQLRU�UHVHDUFK�FRRUGLQDWRU�LQ�
WKH� WKH� ZRUNLQJ� ILHOG� RI� SURGXFWLRQ� DQG� FRQWURO� V\VWHPV�� +LV� LQWHUWHVWV� DUH�� GDWD�
H[SORUDWLRQ�DQG�SURFHVVLQJ��VWDWLVWLFDO�DQDO\VLV��IRRG�VDIHW\�DQG�PRGHOLQJ��

�

/DUV�+XO]HERV�VWXGLHG�NQRZOHGJH�HQJLQHHULQJ�DW�WKH�8QLYHUVLW\�RI�0DDVWULFKW��$IWHU�
ZRUNLQJ�IRU�IRXU�\HDUV�DV�D�NQRZOHGJH�FRQVXOWDQW�DV�%ROHVLDQ��&DS*HPLQL��KH�ZRUNV�
VLQFH�6HSWHPEHU������DW�$JURWHFKQRORJ\�	�)RRG�,QQRYDWLRQV��+LV�H[SHUWLVH�OLHV�RQ�
TXDOLWDWLYH�NQRZOHGJH�PRGHOLQJ���
�

�
6KRUW�GHVFULSWLRQ�RI�WKH�V\VWHP�
,Q�WKH�ODVW�IHZ�\HDUV�ZH�ORRNHG�LQWR�QHZ�ZD\V�RI�VXSSRUWLQJ�IRRG�VDIHW\�DFWLYLWLHV�LQ�JHQHUDO��:H�SODFHG�DOO�
WKHVH�DFWLYLWLHV�LQ�WR�IRXU�JURXSV���HDUO\��ZDUQLQJ�GHWHFWLRQ��)RRG�ULVN�FRPPXQLFDWLRQ��GHWHFWLQJ�HPHUJLQJ�ULVNV�DQG�IRRG�
VDIHW\� UHVHDUFK�� DV� VKRZQ� LQ� )LJXUH� ��� (DUO\� ZDUQLQJ� GHWHFWLRQ� KDV� DOUHDG\� EHHQ� UHDOLVHG� LQ� VHYHUDO�
LQIRUPDWLRQ�V\VWHPV�DQG�WKHUHIRUH�ZH�IRFXVHG�RXU�WKRXJKWV�RQ�VXSSRUWLQJ�WKH�RWKHU�WKUHH�DUHDV��7RGD\�
ZH�IRFXV�RQ�VXSSRUWLQJ�WKH�GHWHFWLRQ�RI�HPHUJLQJ�ULVNV��
�
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�
�

),*85(����)22'�6$)(7<�6833257�
:H�WKLQN�WKDW�E\�FUHDWLQJ�DQG�DFFHVVLQJ�D�KROLVWLF�IRRG�VDIHW\�QHWZRUN�WKH�GHWHFWLRQ�RI�HPHUJLQJ�ULVNV�FDQ�
EH� VXSSRUWHG�� 7KH� QHWZRUN� FRQVLVWV� RI� UHODWHG� WRSLFV� DQG� TXDOLWDWLYH�PRGHOV�� 7KLV� KROLVWLF� IRRG� VDIHW\�
QHWZRUN�LV�WKH�UHVXOW�RI�JDWKHULQJ��NQRZOHGJH�IURP�VHYHUDO�IRRG�VDIHW\�VRXUFHV��3RVVLEOH�UHOHYDQW�VRXUFHV�
DUH�RULJLQDWHG�IURP�IRRG�UHVHDUFK��SURYLGLQJ�VFLHQWLILF�NQRZOHGJH�DQG�IRRG�VDIHW\�H[SHUW�NQRZOHGJH��RU�IURP�
IRRG�FKDLQV� �FKDLQ�EHKDYLRXU�NQRZOHGJH��� ,W� LV� D� FKDOOHQJH� WR� LQWHJUDWH� WKH�YDULRXV� W\SHV�RI�NQRZOHGJH��
7KLV�LQWHJUDWLRQ�LV�QRW�D�RQH�VKRW�DFWLYLW\�EXW�LV�DQ�RQJRLQJ�SURFHVV�RI�XSGDWLQJ�DQG�H[WHQGLQJ�WKH�IRRG�
VDIHW\�NQRZOHGJH��
�
,Q�WKH�SURWRW\SH��WKDW�ZLOO�EH�SUHVHQWHG�DW�WKH�ZRUNVKRS��ZH�FUHDWHG�D�QHWZRUN�RI�KROLVWLF�WRSLFV�RQ�ILVK��
:H�WULHG�WR�PDNH�WKLV�QHWZRUN�DV�UHDOLVWLF�DV�SRVVLEOH��7KH�SURWRW\SH�FRQVLVWV�RI�D�GDWDEDVH�FRQWDLQLQJ�WKH�
KROLVWLF�IRRG�VDIHW\�QHWZRUN�DQG�D�ZHE�EDVHG�XVHU�LQWHUIDFH��
�
7KH�UDWLRQDOH�EHKLQG�WKH�GHVLJQ�
7KH� LQFUHDVHG� JOREDOL]DWLRQ�ZLOO�PDNH� IRRG� FKDLQV� HYHQ�PRUH� FRPSOH[� DQG� WKHUHIRUH�PRUH� GLIILFXOW� WR�
FRQWURO��,W� LV�RXU�RSLQLRQ�WKDW�D�IRFXV�RQ�21/<�FRQWURO�ZLOO�QRW�OHDG�WR�D�ULVN�IUHH�IRRG�FKDLQ��)RU�WKH�
QHDU� IXWXUH��ZH� IRFXV�RQ����DQ� LPSURYHG�SUHSDUDWLRQ�IRU� IRRG�VDIHW\�KD]DUGV�DQG���� WR� IDVWHQ�UHVSRQVH�
WLPH�LQ�FDVH�RI�D�IRRG�VDIHW\�KD]DUG��
7KH�UDWLRQDOH�RI�WKH�KROLVWLF�NQRZOHGJH�QHWZRUN�DSSURDFK�LV�WR�LPSURYH��H[LVWLQJ��HDUO\�ZDUQLQJ�V\VWHPV�
WKDW� PRQLWRU� FHUWDLQ� SKHQRPHQRQ� LQ� IRRG� FKDLQV�� 7KLV� LPSURYHPHQW� LV� GRQH� E\� GHWHFWLQJ� D� QHZ�
SKHQRPHQRQ� WKDW� FDQ� OHDG� WR� D� IXWXUH� IRRG� VDIHW\� ULVN� �HPHUJLQJ� ULVN���7KH� SURFHVV�RI� GHWHFWLQJ� WKHVH�
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HPHUJLQJ� ULVNV� LV�GRQH�E\� JDWKHULQJ�QRW�RQO\� VWDWH�RI� WKH� DUW� NQRZOHGJH� IURP� VHYHUDO� DUHDV� IRRG� VDIHW\�
UHVHDUFK�EXW�DOVR�LQFRUSRUDWH�UHOHYDQW�DFWXDO�FKDLQ�GDWD��JDWKHUHG�E\�H[LVWLQJ�HDUO\�ZDUQLQJ�V\VWHPV��LQ�D�
VR�FDOOHG�NQRZOHGJH�QHWZRUN��
7KH�WDUJHW�XVHUV�
• *RYHUQPHQW�QDWLRQDO��9:$��.Y:��,$'��/19��9:6���SURYLQFLDO��PXQLFLSDOLW\�
• &RQWURO�DQG�FHUWLILFDWLRQ�RUJDQLVDWLRQV��6.$/��%5&��(XUHS*DS��+$&&3��,62��*03�HWF���
• 6HFWRU�UHSUHVHQWDWLYHV�
7KH�SRVLWLYH�SRLQWV�RI�WKH�V\VWHP�
7KH�V\VWHP�DOORZV��
• *HWWLQJ��LQVLJKW�LQ�XQGHUO\LQJ��FDXVDO��UHODWLRQV�LQ�IRRG�ULVN�DVVHVVPHQW�ZLWKLQ�WKH�VSHFLILF�IRRG�FKDLQ�
• 7R�H[SORUH�WKH�FDXVDO�UHODWLRQV� LQ�RUGHU�WR�GHWHFW�VR�FDOOHG� ¶EOLQG�VSRWV·��NQRZOHGJH�JDSV�WKDW�PLJKW�

H[SODLQ�IRRG�ULVNV��
• 3UR�DFWLYH�SUHSDUDWLRQ�WR�HPHUJLQJ�ULVN�RU�HDUO\�ZDUQLQJ�
• 7R�SUHVHUYH�DQG�HQULFK�IRRG�VDIHW\�NQRZOHGJH�
• 7R�LQLWLDWH�DQG�IROORZ�DFWLRQV�RQ�SRVVLEOH�GHWHFWHG�IRRG�ULVNV�
• ,QWHJUDWLQJ�RI�GLIIHUHQW�W\SHV�RI�VFLHQWLILF�PRGHOV�WR�EURDGHQ�NQRZOHGJH�DERXW�ULVN�LQWHUDFWLRQV�
• &DUU\LQJ�RXW�´ZKDW�LIµ�VFHQDULR·V�DQG�GLDJQRVLV��WR�JHWWLQJ�LQVLJKW�LQ�SRWHQWLDO�IRRG�VDIHW\�KD]DUGV�DQG�

EOLQG�VSRWV�
• ,QLWLDWLQJ�DQG�IROORZLQJ�DFWLRQV��VFULSWV�ZRUNIORZ���!�DGHTXDWH�DFWLRQ�FULVLV�PDQDJHPHQW�
• 0RGLI\LQJ� WKH� FDXVDO� QHWZRUN� FDXVHG� E\� QHZ� H[SHULHQFHV� DQG� NQRZOHGJH� �!� HQULFKPHQW� DQG�

SUHVHUYLQJ�IRRG�VDIHW\�NQRZOHGJH�
)XWXUH�ZRUN��ZKDW�FRXOG�EH�LPSURYHG"�
7KH� FDXVDO� QHWZRUN� DSSURDFK� LV� VWLOO� LQ� LWV� GHYHORSLQJ� VWDJH�� ,W� QHHGV� IXUWKHU� SUDFWLFDO� DSSOLFDELOLW\�� WKH�
V\VWHP�QHHGV�FRXSOLQJ�WR�H[LVWLQJ�LQIRUPDWLRQ�VRXUFHV�DQG�WHVWFDVHV�WR�RSWLPL]H�WKH�DSSURDFK��
• 7KH�SURYLGHG�IXQFWLRQDOLW\�WR�WKH�XVHU�FRXOG�EH�IXUWKHU�WXQHG�WR�WKH�XVHU·V�GHPDQGV���
• 7KH�FRQWHQW�RI�WKH�KROLVWLF�NQRZOHGJH�QHWZRUN�FRXOG�EH�H[WHQGHG�DQG�EH�LQ�PRUH�GHWDLO�VXFK�DV�WKH�

LQFRUSRUDWLRQ�RI�PRUH�TXDOLWDWLYH�PRGHOV���
• 7KH�EXVLQHVV�PRGHO� FRXOG�EH�ZRUNHG�RXW� LQ�PRUH�GHWDLO��(VSHFLDOO\� RQ� WRSLFV� DV� ¶:KR�SD\V·�� ¶ZKR�

XVHV·��¶ZKR�SURYLGHV·�
6XSSRUW�DQG�FROODERUDWLRQ�
7KH�V\VWHP�FRXOG�EHQHILW�IURP�RSHUDWLRQDO�XVDJH�DQG�H[SHULHQFH��
�
5HVSRQVLELOLW\�DQG�ILQDQFLDO�VXSSRUW�
7KH�RZQHUV�RI�WKH�H[LVWLQJ��HDUO\��ZDUQLQJ�V\VWHPV�DQG�IRRG�VDIHW\� UHVHDUFK�SURYLGH�NQRZOHGJH� IRU� WKH�
IRRG�VDIHW\�QHWZRUN��7KH�WDUJHW�XVHUV�RI�WKH�V\VWHP�DUH�OLNHO\�WR�SD\�IRU�WKH�V\VWHP��
'HILQLWLRQ�RI�HPHUJLQJ�ULVNV�
,Q� SUDFWLFH� �HDUO\�� ZDUQLQJ� GHWHFWLRQ� FRQWLQXRXVO\� WDNHV� SODFH� WR� HQVXUH� IRRG� VDIHW\��)RRG� VDIHW\� FKHFNV� LQ�
IRRG�FKDLQV�DUH�FDUULHG�RXW�DQG�KDYH�WKH�IXQFWLRQ�WR�GHWHFW�DQ��HPHUJLQJ�� WKUHDW� WR�IRRG�VDIHW\��2QFH�D�
IRRG�VDIHW\�ULVN�LV�UHSRUWHG��WKH�IRRG�FKDLQ�WDNHV�PHDVXUHV�WR�D��UHGXFH�WKH�IRRG�ULVN�DQG�E��WR�SUHYHQW�WKH�
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LQFLGHQW� LQ� WKH� IXWXUH�� �(DUO\�� ZDUQLQJ� GHWHFWLRQ� IRFXVHV� RQ� UHDO�OLIH� �LQ� SUDFWLFH�� VLWXDWLRQV� DQG� UHDFWV� RQ�
SKHQRPHQD�LQ�WKH�IRRG�FKDLQ���VHH�DOVR�)LJXUH�����
�
$QRWKHU� NLQG� RI� IRRG� VDIHW\� DFWLYLWLHV� LV� GHWHFWLQJ� HPHUJLQJ� ULVNV�� (PHUJLQJ� 5LVNV� DUH� ULVNV� WKDW� DUH� QRW�
SUHYLRXVO\�EHHQ�LGHQWLILHG�DV�IRRG�ULVNV��)RRG�VDIHW\�NQRZOHGJH�IURP�VHYHUDO�IRRG�VDIHW\�GLVFLSOLQHV�DUH�QHHGHG�
WR�GHWHFW�HPHUJLQJ�ULVNV��7KH�ZDVKLQJ�RI�SRWDWRHV�ZLWK�FRQWDPLQDWHG�FOD\�LV�DQ�H[DPSOH�RI�DQ�HPHUJLQJ�
ULVN�IURP�WKH�SDVW���(DUO\��ZDUQLQJ�V\VWHPV�GLG�QRW�NQRZ�WKDW�WKH�SRWDWR�FKDLQ�KDG�FKDQJHG�LWV�ZDVKLQJ�
SURFHGXUH� IURP�ZDVKLQJ�ZLWK�ZDWHU� LQWR�ZDVKLQJ�ZLWK�FOD\�� ,W� WRRN�D� ORQJ� WLPH�EHIRUH�RQH�ZDV�DEOH� WR�
GHWHUPLQH�WKH�RULJLQ�RI�WKH�FRQWDPLQDWHG�SRWDWRHV��'HWHFWLQJ�HPHUJLQJ�ULVNV�LV�UHVHDUFK��GHVN�VWXG\��UHODWHG�
DQG�SURDFWLYH�LQ�QDWXUH��VHH�)LJXUH�����
5HVHDUFK�DQG�SUDFWLFH�DUH�SURDFWLYHO\�DQG�UHDFWLYHO\�LQYROYHG�LQ�IRRG�VDIHW\��PDNLQJ�LW�D�PXOWL�GLVFLSOLQDU\�FR�
RSHUDWLRQ�RI�JRYHUQPHQW��ZDWFKGRJ��IRRG�FKDLQ�DQG�UHVHDUFK�LQVWLWXWHV���

�
),*85(���352�$&7,9(�$1'�5($&7,9(�5(6($5&+�$1'�0$1$*(0(17�

�
$SSOLFDELOLW\�LQ�IRRG�GRPDLQ�
7KH�KROLVWLF�NQRZOHGJH�QHWZRUN�DSSURDFK�LV�HVSHFLDOO\�GHYHORSHG�IRU�WKH�IRRG�VDIHW\�GRPDLQ��+RZHYHU��LW�
FDQ�EH�DSSOLHG�WR�RWKHU�GRPDLQV�DV�ZHOO��
�
6XFFHVVHV�LQ�VSRWWLQJ�HPHUJLQJ�ULVNV�
6LQFH�ZH�GHYHORSHG�D�SURWRW\SH�ZH�GLG�QRW�GHWHFW�DQ�XQNQRZQ�HPHUJLQJ�ULVN�\HW��+RZHYHU��ZH�WU\�WR�JLYH�
DQ�LGHD�RI�WKH�SRWHQWLDO�RI�WKH�FRQFHSW�GXULQJ�WKH�GHPR��
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���7KH�)RXUWK�6HVVLRQ�
��� 7KRP�$FKWHUERVFK�²�/(,�5LNLOW�

�

7KRP� $FKWHUERVFK� KROGV� D� SRVLWLRQ� DV� WUDGH� HFRQRPLVW� DW� WKH� $JULFXOWXUDO�
(FRQRPLFV�5HVHDUFK�,QVWLWXWH�LQ�7KH�1HWKHUODQGV��ZKLFK�LV�SDUW�RI�WKH�:DJHQLQJHQ�
8QLYHUVLW\�DQG�5HVHDUFK�&HQWUH��+LV�PDLQ�UHVHDUFK�LQWHUHVWV�DUH�WHFKQLFDO�EDUULHUV�WR�
WUDGH��:72�LVVXHV�LQYROYLQJ�636�DQG�7%7�DJUHHPHQW��DQG�WKH�LPSDFW�RI�FRQVXPHU�
FRQFHUQV�RQ�WKH�VWUXFWXUH�DQG�SHUIRUPDQFH�RI�WKH�IRRG�LQGXVWU\��+H�KROGV�DQ�0$�
LQ�GHYHORSPHQW�HFRQRPLFV�IURP�(UDVPXV�8QLYHUVLW\�5RWWHUGDP��
�

�
6KRUW�GHVFULSWLRQ�RI�WKH�V\VWHP�
7KH�FXUUHQW�VWUXFWXUHV�IRU�KD]DUG�LGHQWLILFDWLRQ�LQ�WKH�1HWKHUODQGV�DQG�(8��H�J��UDSLG�DOHUW�V\VWHPV��KDYH�
SURYHQ� XVHIXO� EXW� KDYH� QRW� EHHQ� VSHFLILFDOO\� GHVLJQHG� WR� IODJ� IRRG� VDIHW\� KD]DUGV� DV� WKH\� HPHUJH��
&RPSOHPHQWDU\� DFWLYLWLHV� DUH� GHHPHG� QHFHVVDU\�� WKHUHIRUH�� IRU� HPHUJLQJ� ULVN� LGHQWLILFDWLRQ�� RU�� D�
�«V\VWHP�RU�SURFHGXUH�DLPHG�DW�LGHQWLI\LQJ�GHYHORSLQJ�IRRG�KD]DUGV�LQ�DQ�HDUO\�VWDJH�DOORZLQJ�SURDFWLYH�
LQWHUYHQWLRQV� DQG� WKHUHE\� SUHYHQWLQJ� D� SRWHQWLDO� KD]DUG� IURP� EHFRPLQJ� D� ULVN��� �9:$�� ����������
(PHUJLQJ�ULVN�LGHQWLILFDWLRQ�LV�DSSOLHG�LQ�UHODWLRQ�WR�IRRG�VDIHW\�ULVN���
,W� LV� DVVXPHG� WKDW� DQ\� VXFFHVVIXO� HPHUJLQJ� ULVN� V\VWHP�ZLOO� GHSHQG�RQ�ZDUQLQJ� VLJQDOV� IURP� LQVLGH� DQG�
RXWVLGH�WKH�IRRG�SURGXFWLRQ�FKDLQ�WKDW�DUH�LQGLFDWLYH�IRU�WKH�GHYHORSPHQW�RI�IRRG�VDIHW\�ULVN��:H�UHIHU�WR�
WKLV�DSSURDFK�DV�D�´KROLVWLFµ�V\VWHP���

�
7KH�EXLOGLQJ�EORFNV�IRU�VXFK�KROLVWLF�IRRG�VDIHW\�ULVN�VLJQDOOLQJ�DUH�GHOLYHUHG�WR�WKH�)RRG�DQG�&RQVXPHU�
3URGXFW�6DIHW\�$XWKRULW\��9:$��DQG�0LQLVWU\�RI�$JULFXOWXUH��1DWXUH�DQG�)RRG�4XDOLW\��/19��E\�D�IRXU�
\HDU� UHVHDUFK� SURJUDP� 
(PHUJLQJ� ULVN� LQ� WKH� IRRG� FKDLQ
� WKDW� LV� FDUULHG� RXW�E\� D�PXOWLGLVFLSOLQDU\� WHDP�
IURP� :DJHQLQJHQ� 8QLYHUVLW\� DQG� 5HVHDUFK� &HQWUH�� 7KH� IROORZLQJ� GHILQLWLRQV� VXPPDULVH� WKH� VWDWH� RI�
WKRXJKW�RQ�WKH�V\VWHP��
�
$Q�HPHUJLQJ�ULVN�LV�D�SRWHQWLDO�IRRG�RU�IHHG�ERUQH�RU�GLHW�UHODWHG�KD]DUG�WKDW�PD\�EHFRPH�D�VRFLHWDO�ULVN�
LQ�WKH��QHDU��IXWXUH��
�
,I�IRRG�VDIHW\�SROLF\�PDNLQJ�GRHV�QRW�DFFRXQW�IRU�SHUFHSWLRQV�RI�HPHUJLQJ�ULVNV�DPRQJ�VWDNHKROGHUV� LQ�
PDUNHW� DQG� VRFLHW\�� LW� ZLOO� ULVN� WKDW� WKHVH� VWDNHKROGHUV� GR� QRW� DVVRFLDWH� WKHPVHOYHV� SRVLWLYHO\� ZLWK� LWV�
UHJXODWLRQV��,Q�RUGHU�WR�HQVXUH�WKDW�VWDNHKROGHU�SHUFHSWLRQV�ZLWK�UHVSHFW�WR�HPHUJLQJ�ULVNV�DUH�UHFRJQLVHG��
WKH�ZRUNLQJ� GHILQLWLRQ� RI� HPHUJLQJ� ULVNV� VKRXOG� EH� EURDGHQHG� WR� FRYHU� QRW�PHUHO\� KXPDQ� ULVN� EXW� DOO�
VRFLHWDO�ULVN��
�
(PHUJLQJ� ULVN� LGHQWLILFDWLRQ� LQYROYHV� FRPSOHPHQWLQJ� DOO� HOHPHQWV� RI� VWDQGDUG� ULVN� DQDO\VLV� �DVVHVVPHQW��
FRPPXQLFDWLRQ�DQG�PDQDJHPHQW�RI�ULVN��E\�PHDQV�RI�SURFHGXUHV�IRU�DQWLFLSDWLQJ�XQIRUHVHHQ�FRQVXPHU�
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KD]DUGV� WKDW�PD\�RFFXU�DW�DQ\�VWDJH�RI� WKH� IRRG�VXSSO\�FKDLQ�ZLWK�WKH�SXUSRVH�RI�UHGXFLQJ�KXPDQ�DQG�
VRFLHWDO�LPSDFW�RI�WKH�KD]DUG���
�
3UHYLRXV�GHILQLWLRQV��H�J��LQ�9:$���������SODFH�(5,�ODUJHO\�XQDWWDFKHG�IURP�VWDQGDUG�ULVN�DQDO\VLV��ZLWK�D�
VWURQJ�RULHQWDWLRQ� WRZDUGV� ULVN� DVVHVVPHQW��7KH�SUHVHQW�GHILQLWLRQ� LV� H[SOLFLW� RQ�(5,
V� SXUSRVHV��ZKLFK�
FDQ�EH�GHILQHG�ERWK�RQ�WKH�OHYHO�RI�OLIH�VFLHQFHV�DQG�HIIHFWV�LQ�VRFLHW\��
�
$Q�LQGLFDWRU�RI�HPHUJLQJ�ULVN�LV�DQ\�REVHUYDEOH�IDFW�RU�SDWWHUQ�RU�EHKDYLRXUDO�LQFHQWLYH�WKDW�PD\�SRLQW�WR�
WKH�SRVVLEOH�XQGHVLUDEOH�KXPDQ�RU�VRFLHWDO�LPSDFW�RI�DQ�XQIRUHVHHQ�IRRG�VDIHW\�ULVN��
�
,W�LV�FOHDU�IURP�WKLV�GHILQLWLRQ�WKDW��IRU�HPHUJLQJ�ULVN�LQGLFDWRUV�WR�KDYH�DQ\�VXEVWDQWLYH�PHDQLQJ��RQH�PXVW�
PDNH� RSHUDWLRQDO� WKH� 
XQGHVLUDEOH� HIIHFWV� IURP� IRRG� VDIHW\� ULVN
�� +HQFH�� WKHUH� DUH� WZR� VHWV� RI� XVHIXO�
LQIRUPDWLRQ�� ����H[SHFWDWLRQV�RQ�VRFLHWDO� LPSDFW�RI�IRRG�VDIHW\�ULVN��DQG�SHUVSHFWLYHV�RQ�DFFHSWDEOH�ULVN��
DQG�����GDWD�RQ�ULVN�IDFWRUV�IURP�ZLWKLQ�DQG�RXWVLGH�WKH�IRRG�FKDLQ��DQG�DQ�XQGHUVWDQGLQJ�RI�WKH�KXPDQ�
IDFWRU�LQ�WKH�HPHUJHQFH�RI�ULVN��
�
7KH�UDWLRQDOH�EHKLQG�WKH�GHVLJQ�
7KHUH� LV�D�ZLQG�RI�FKDQJH� LQ�JRYHUQDQFH�RI�WKH�ULVNV�FUHDWHG�E\�WKH�SURGXFWLRQ��PDUNHWLQJ��GLVWULEXWLRQ�
DQG�FRQVXPSWLRQ�RI�RXU� IRRG��1RZDGD\V�� WKH�SHQGXOXP� LQ� WKH�1HWKHUODQGV� LV�VZLQJLQJ� WRZDUGV�ELJJHU�
UHVSRQVLELOLWLHV� IRU� ILUPV� DQG� FRQVXPHUV�� DQG� GRZQVFDOHG� LQWHUYHQWLRQ� RI� JRYHUQPHQW� ZKHUH� SRVVLEOH��
7KLV�FDOOV�IRU�D�UHGHILQLWLRQ�RI�H[LVWLQJ�SURFHGXUHV�LQ�ULVN�DQDO\VLV��DQG�RI�WKH�UHVSRQVLELOLWLHV�RI�DOO�DFWRUV�
LQYROYHG�LQFOXGLQJ�WKH�FRPSHWHQW�DXWKRULWLHV��LQGXVWU\��FRQVXPHUV��HWF��
�
7KH�9:$�DLPV�WR�RSHUDWH�PRUH�SUR�DFWLYH�ZLWK�UHVSHFW�WR�IRRGERUQH�ULVN��7KHLU�DVVXPSWLRQ�LV�WKDW�LI�RQH�
FDQ�SLFN�XS�VLJQDOV�RI�SRVVLEOH�KD]DUGV�LQ�DQ�HDUO\�VWDJH��EHIRUH�KD]DUGV�KDYH�ULVHQ�WR�WKHLU�IXOO�ZHLJKW�LQ�
WHUPV� RI� SXEOLF� KHDOWK� RU� PHGLD� DWWHQWLRQ��� WDUJHWHG� SUHYHQWLRQ� FDQ� ¶IL[·� D� VLWXDWLRQ� RU� VWHHU� WRZDUGV�
UHGXFLQJ�WKH�SURILOH�RI�WKH�LQFLGHQW���
�
5HFHQW�\HDUV�KDYH�VKRZQ�VHYHUDO�IRRG�UHODWHG�LQFLGHQWV�WKDW�ZHUH�XQIRUHVHHQ�DW�WKH�WLPH��7KH�LQFUHDVLQJ�
FRPSOH[LW\� RI� IRRG� VXSSO\�� WHFKQRORJLFDO� LQQRYDWLRQV� DQG� RQJRLQJ� JOREDOLVDWLRQ� DSSHDUV� WR� GULYH� QHZ�
KD]DUGV�LQWR�H[LVWHQFH��RU�WR�UHGXFH�RXU�FDSDFLW\�WR�PDQDJH�WKH�KD]DUGV�WKDW�DUH�NQRZQ��6XFK��XQIRUHVHHQ�
SUREOHPV� KDYH� EHHQ� GXEEHG� HPHUJLQJ� ULVNV�� �%HORZ� ZH� GLVFXVV� D� QHZ� GHILQLWLRQ� RI� HPHUJLQJ� ULVNV���
*RYHUQPHQW�LQWHUYHQWLRQ�LQ�UHODWLRQ�WR�IRRG�ULVNV�KDV�RIWHQ�EHHQ�UHDFWLYH��ZKHUHDV�IRRG�VDIHW\�LQFLGHQWV�
WHQG�WR�EXLOG�XS�UDSLGO\���
�
$� ORZ�FRVW� WRRO� WKDW� VWHHUV� SUHYHQWLYH� DFWLRQ� RQ� IRRG� VDIHW\� ULVN� LV� OLNHO\� WR� KDYH� D� SRVLWLYH� HFRQRPLF�
UHWXUQ�� HVSHFLDOO\� ZKHQ� LQFRUSRUDWLQJ� WKH� VRFLDO� FRVW� RI� IRRG� VDIHW\� ULVN�� 7LPHO\� LGHQWLILFDWLRQ� RI� IRRG�
VDIHW\� ULVNV� LQ� IRRG� VXSSO\� SURYLGHV� FRQVXPHUV�� ILUPV� DQG� JRYHUQPHQWV� ZLWK� RSSRUWXQLWLHV� WR� WDNH�
SUHYHQWLYH� PHDVXUHV� WKDW� UHGXFH� WKH� ULVN� RU� WKH� LPSDFW� RI� WKH� KD]DUG�� 7KH� EHQHILWV� RI� SUHYHQWLRQ� DUH�
PHDVXUHG�LQ�WHUPV�RI�SRVVLEOH�DGYHUVH�KHDOWK�HIIHFWV��HFRQRPLF�ORVV�DQG�VRFLDO�FRPPRWLRQ�WKDW�PD\�RFFXU�
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LI� SUHYHQWLQJ� DFWLRQV� KDG� EHHQ� RPLWWHG�� 6WULQJHQW� DVVXPSWLRQV� DUH� UHTXLUHG�� KRZHYHU�� ZKHQ� DVVHVVLQJ�
ZKHWKHU�WKH�SUHYHQWLRQ�DFWLRQ�DQG�WKH�DVVRFLDWHG�FRVWV�RXWZHLJK�WKH�SRVVLEOH�DGYHUVH�HIIHFWV�RI�RPLWWLQJ�
SUHYHQWLYH�DFWLRQ��
7KH�WDUJHW�XVHUV�
7DUJHWHG�XVHUV�DUH�DXWKRULWLHV� LQ�7KH�1HWKHUODQGV�� LQ�FRRSHUDWLRQ�ZLWK�()6$��7DUJHWHG�EHQHILFLDULHV��DOO�
VWDNHKROGHUV�WR�WKH�IRRG�VXSSO\�FKDLQV��
�

• :KDW�DUH�WKH�SRVLWLYH�SRLQWV�RI�WKH�V\VWHP"��
• :KDW�FRXOG�EH�LPSURYHG�RQ�WKH�V\VWHP"��
• :KDW�LV�PLVVLQJ�IURP�WKH�V\VWHP��IXWXUH�ZRUN�"��

�
)XWXUH�ZRUN��ZKDW�FRXOG�EH�LPSURYHG"�
,Q� UHVSRQVH� WR� WKHVH� WKUHH� TXHVWLRQV�� D� GLVFXVVLRQ� RQ� KRZ� WKH� ILQGLQJV� RI� RXU� ZRUN� WKLV� IDU� DOORZV� D�
IXUWKHU� VSHFLILFDWLRQ� RI� WKH� DLPV� DQG� DPELWLRQV� RI� DQWLFLSDWLYH� DFWLRQ� RQ� XQIRUHVHHQ� IRRG� VDIHW\� ULVNV��
7KHVH�DUH�WKH�IROORZLQJ��

• $Q� LPSRUWDQW� FRQWULEXWLRQ� RI� HPHUJLQJ� ULVN� LGHQWLILFDWLRQ� WR� VWDQGDUG� ULVN� DQDO\VLV� LV� WKDW� LW�
DGGUHVVHV�VFLHQWLILF�XQFHUWDLQW\�DQG�GLYHUJLQJ�SHUFHSWLRQV�RQ�ULVN��

• 7KH�DQWLFLSDWLRQ�RQ�XQIRUHVHHQ�ULVN�UHTXLUHV�GDWD�LQSXW�IURP�FHUWDLQ�LQGLFDWRUV��DQG�D�SURFHGXUH�
RU�PRGHO�RU�VWUXFWXUH�WR�GHULYH�XVHIXO�LQIRUPDWLRQ�IURP�WKH�UDZ�GDWD��

• ,QGLFDWRUV�UHODWH�LQIRUPDWLRQ�RQ�WKH�
KRVW�HQYLURQPHQW
��VXSSO\�FKDLQ�DQG�EXVLQHVV�HQYLURQPHQW��
DV�ZHOO�DV�EHKDYLRXU�RI�SURGXFHUV�LQ�WKH�IRRG�VXSSO\�FKDLQ�WR�HPHUJLQJ�IRRG�VDIHW\�ULVN��

�
7KH�SHUIRUPHG�VWXGLHV�GHPRQVWUDWHG�D�FRPSOLFDWHG�LQWHU�UHODWLRQ�RI�PDQ\�IDFWRUV�RXWVLGH�DQG�LQVLGH�WKH�
IRRG� SURGXFWLRQ� FKDLQ� WKDW� KDYH� GLUHFW� RU� LQGLUHFW� HIIHFW� RQ� WKH� RFFXUUHQFH� RI� D� KD]DUG� DQG� WKH�
GHYHORSPHQW� LQWR� D� ULVN��7KHVH� IDFWRUV� DUH�SRWHQWLDO� HOHPHQWV� LQ� HPHUJLQJ� ULVN� LGHQWLILFDWLRQ��)URP� WKH�
KRVW� HQYLURQPHQW� VWXGLHV� SHUIRUPHG� LQ� WKH� ILUVW� \HDU� LW� EHFDPH� DSSDUHQW� WKDW� WKH� KXPDQ� IDFWRU� LQ�
RSHUDWLRQ��KDQGOLQJ�DQG�LQWHUSUHWDWLRQ�RI�H[LVWLQJ�V\VWHPV�DQG�VLJQDOV�LV�FUXFLDO�IRU�WKH�VXFFHVV�RI�FRUUHFWO\�
LGHQWLI\LQJ�D�KD]DUG�� ,W� LV�FOHDU� WKDW�PRUH�UHVHDUFK� LQ�WKLV� ILHOG� LV�QHHGHG� WR�ILQG� WKH�FUXFLDO�HOHPHQWV� LQ�
HPHUJLQJ�ULVN�LGHQWLILFDWLRQ��DQG�DOVR�WR�PDNH�VXUH�WKDW�VLJQDOV�DUH�UHFRJQL]HG�DQG�XVHG���
$SDUW�IURP�WKLV�ILQGLQJ�LW�LV�DOVR�FOHDU�WKDW�IRRG�VDIHW\�V\VWHPV�ZRXOG�EHQHILW�IURP�DQ�KROLVWLF��DQWLFLSDWLYH�
DSSURDFK��ZKLFK�LV�WR�FRPELQH�LQGLFDWRUV�RI�HPHUJLQJ�ULVN�ZLWK�H[LVWLQJ�RSHUDWLRQDO�HDUO\�ZDUQLQJ�V\VWHPV��
DQG�ZKLFK�LQWHJUDWHV�HPHUJLQJ�ULVN�LGHQWLILFDWLRQ�LQWR�VWDQGDUG�ULVN�DQDO\VLV�SURFHGXUHV��,W�LV�IXUWKHUPRUH�
FOHDU�WKDW�WKLV�LV�D�FRPSOLFDWHG�FKDOOHQJH�DQG�WKDW�WLPH�LV�QHHGHG�IRU�LW�GHYHORSPHQW�DQG�GHPRQVWUDWLRQ�RI�
SURRI�RI�SULQFLSOH��
6XSSRUW�DQG�FROODERUDWLRQ�
6FLHQWLILF�DQG�SUDFWLFDO�DGYLFH�IURP�FROOHDJXHV�RQ�VWUDWHJLHV�IRU�HIILFLHQW�LGHQWLILFDWLRQ�RI�LQGLFDWRUV�DQG�
WKHLU�XVH�IRU�HPHUJLQJ�KD]DUG�GHWHFWLRQ��
�
�
�
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5HVSRQVLELOLW\�DQG�ILQDQFLDO�VXSSRUW�
6HH�DERYH��WKH�SURMHFW�FXUUHQWO\�UHFHLYHV�VXSSRUW�IURP�WKH�0LQLVWU\�RI�$JULFXOWXUH��1DWXUH��DQG�)RRG�
4XDOLW\��DV�ZHOO�DV�IURP�WKH�'XWFK�)RRG�DQG�&RQVXPHU�3URGXFW�$XWKRULW\�
'HILQLWLRQ�RI�HPHUJLQJ�ULVNV�
6HH�XQGHU�TXHVWLRQ����1RWH�WKDW�WKHUH�LV�D�WHQVLRQ�EHWZHHQ�VPDOOHU�DQG�ZLGHU�GHILQLWLRQV�XVHG��ZKLFK�
UHIOHFW�RQ�WKH�DPELWLRQV�RI�WKH�HPHUJLQJ�ULVN�LGHQWLILFDWLRQ��
$SSOLFDELOLW\�LQ�IRRG�GRPDLQ�
<HV��IRRG�VDIHW\�LV�WKH�SULPH�IRFXV�
6XFFHVVHV�LQ�VSRWWLQJ�HPHUJLQJ�ULVNV�
$W�WKH�PRPHQW�RI�ZULWLQJ��UHWURVSHFWLYH�FDVH�VWXGLHV�KDYH�EHHQ�SHUIRUPHG��ZKLOH�D�SURVSHFWLYH�V\VWHP�KDV�
\HW�JRW�WR�EH�GHYHORSHG�
��� .LVDQ�*XQMDO�²�)$2��

�
�
�
�
�
�
�

�

(GXFDWLRQ��
3K��'���$JULFXOWXUDO�(FRQRPLFV��,RZD�6WDWH�8QLYHUVLW\�����������
0�6F�� $JULFXOWXUDO� (FRQRPLFV�� ,QGLDQ� $JULFXOWXUDO� 5HVHDUFK� ,QVWLWXWH�� 1HZ�
'HOKL��,QGLD����������
�
3URIHVVLRQDO�SRVLWLRQV�KHOG��
)RRG� (PHUJHQF\� 2IILFHU�� )RRG� DQG� $JULFXOWXUH� 2UJDQL]DWLRQ� �)$2�� RI� WKH�
8QLWHG�1DWLRQV�� �&RPPRGLWLHV�DQG�7UDGH�'LYLVLRQ��*OREDO�,QIRUPDWLRQ�DQG�(DUO\�
:DUQLQJ�6HUYLFH��IURP�����������WR�SUHVHQW����
$VVRFLDWH� 3URIHVVRU� RI� $JULFXOWXUDO� (FRQRPLFV�� ����� WR� ������ GHSDUWPHQW� RI�
$JULFXOWXUDO� (FRQRPLFV�� 0F*LOO� 8QLYHUVLW\�� &DQDGD��
'HSDUWPHQW�&KDLUPDQ��$FWLQJ��������
'LUHFWRU�RI�*UDGXDWH�3URJUDP�����������
9LVLWLQJ�6FLHQWLVW�3URIHVVRU� DW�� ���)$2�(6$)���������� ���*RNKDOH� ,QVWLWXWH�RI�
3ROLWLFV�DQG�(FRQRPLFV��3XQH��,QGLD��'HFHPEHU������DQG�-DQXDU\����������&RUQHOO�
8QLYHUVLW\�� 2FWREHU� WR� 'HFHPEHU� ������ ��� 9LVLWLQJ� 3URIHVVRU� DW� ,$5,�� ,QGLD� DV�
6HQLRU�5HVHDUFK�)HOORZ�RI�6KDVWUL�,QGR�&DQDGLDQ�,QVWLWXWH�������������
$VVLVWDQW�3URIHVVRU��0F*LOO�8QLYHUVLW\��&DQDGD��������������
�
&RQVXOWDQFLHV��
• $W�)$2�EHIRUH�MRLQLQJ�DV�D�VWDII�PHPEHU��RQ�IRXU�VHSDUDWH�RFFDVLRQV���
• :RUOG�%DQN��UH��(WKLRSLD��2FW���1RY��������DQG�-XO���$XJ�������
• &DQDGLDQ� ,QWHUQDWLRQDO� 'HYHORSPHQW� $JHQF\� �&,'$�� XQGHU� WKH� 0F*LOO�

SURJUDP�RQ�LQWHUQDWLRQDO�LUULJDWLRQ��GUDLQDJH�DQG�IORRG�FRQWURO��
• ,QWHUQDWLRQDO�/LYHVWRFN�5HVHDUFK�,QVWLWXWH��,/5,��SURMHFW��(WKLRSLD��
• +HULWDJH� %RYLJHQH�� ,QF��� 0RQWUHDO� )LQDQFLDO� DQDO\VLV� RI� LUULJDWLRQ� SURMHFW� LQ�
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(J\SW��������
• &HQWUH��G
,QVHPLQDWLRQ�$UWLILFLHOOH�GX�4XHEHF�,QF���&DQDGD���������
• 61&��0RQWUHDO�RQ�'RPLQLFDQ�5HSXEOLF��-XO\�$XJXVW��������
��
3XEOLFDWLRQV��
• &RQWULEXWLRQV�WR�VHYHUDO�)$2�3XEOLFDWLRQV�DQG�&RXQWU\�5HSRUWV��
• 3ODQQHG� DQG� PDQDJHG� DERXW� ��� UHVHDUFK� SURMHFWV� LQYROYLQJ�

PXOWLGLVFLSOLQDU\�WHDPV�DQG�3K�'�DQG�0DVWHUV�OHYHO�VWXGHQWV����
• 3XEOLVKHG�RYHU����SXEOLFDWLRQV�RI�ZKLFK����DUH� UHIHUHHG��SXEOLVKHG� LQ�

UHSXWHG�LQWHUQDWLRQDO�MRXUQDOV�RI�DJULFXOWXUDO�GHYHORSPHQW�HFRQRPLFV���
�
6KRUW�GHVFULSWLRQ�RI�WKH�V\VWHP�
7KH�)$2�*,(:6�ZDV�HVWDEOLVKHG� LQ������� LQ� WKH�ZDNH�RI� WKH�ZRUOG� IRRG�FULVLV�RI� WKH�HDUO\�����V�� WR�
FRQWLQXRXVO\�PRQLWRU�WKH�IRRG�VXSSO\�DQG�GHPDQG�VLWXDWLRQ�DW�JOREDO��UHJLRQDO�DQG�FRXQWU\�OHYHOV�LQ�RUGHU�
WR�SURYLGH�HDUO\�ZDUQLQJV�RI� LPSHQGLQJ� VHULRXV� IRRG�VKRUWDJHV� VR�DV� WR� DVVLVW�*RYHUQPHQWV� LQ� WDNLQJ�
WLPHO\�DQG�DSSURSULDWH�PHDVXUHV� LQ� OLJKW�RI�TXLFNO\�FKDQJLQJ�VLWXDWLRQV���*,(:6�FRQGXFWV�IRFXVHG�VXE�
QDWLRQDO��PLG�WHUP� IRRG� VHFXULW\� UHYLHZV�DVVHVVPHQWV� LQ� GLVDVWHU� DIIHFWHG� FRXQWULHV� LQ� RUGHU� WR� SURYLGH�
HDUO\�ZDUQLQJ�RI�WKH�LPSHQGLQJ�FULVLV��,W�SURYLGHV�UHJXODU�XSGDWHV�WKURXJK�LWV�IODJVKLS�SXEOLFDWLRQ�´&URS�
3URVSHFWV�DQG�)RRG�6LWXDWLRQµ��HYHU\�WZR�PRQWKV���RFFDVLRQDO�6SHFLDO�$OHUWV�DQG�RWKHU�&RXQWU\�8SGDWHV���
�
,Q� DGGLWLRQ� WR�PRQLWRULQJ� DQG� SURYLGLQJ� HDUO\�ZDUQLQJV�� IRU� FRXQWULHV� IDFLQJ� D�ZLGHVSUHDG� DQG� VHULRXV�
IRRG�HPHUJHQF\��*,(:6�FDUULHV�RXW�DVVHVVPHQWV�WR�SURYLGH�DFFXUDWH�SLFWXUH�RI�WKH�GDPDJHV�DV�ZHOO�DV�
WKH� IRRG� DQG� DJULFXOWXUDO� QHHGV� WR� KHOS� LPSURYH� WKH� FRXQWU\·V� VKRUW�WHUP� IRRG� VHFXULW\�� *,(:6�
FRQGXFWV�WKH�&URS�DQG�)RRG�6XSSO\�$VVHVVPHQW�0LVVLRQV��&)6$0V���MRLQWO\�ZLWK�:)3�LQ�PDQ\�FDVHV��DW�
WKH� UHTXHVW� RI� QDWLRQDO� JRYHUQPHQWV�� � 7KH� SULPDU\� SXUSRVH� RI� WKHVH� 0LVVLRQV� LV� WR� SURYLGH� DFFXUDWH��
WLPHO\� DQG� FUHGLEOH� LQIRUPDWLRQ� RQ� LPPLQHQW� IRRG� VHFXULW\� SUREOHPV� LQ� D� FRXQWU\� RU� D� UHJLRQ� VR� WKDW�
DSSURSULDWH� DFWLRQV�� LQFOXGLQJ� IRRG� DLG� ZKHUH� QHFHVVDU\�� FDQ� EH� WDNHQ� E\� WKH� JRYHUQPHQWV� DQG� WKH�
LQWHUQDWLRQDO� FRPPXQLW\� WR� PLQLPL]H� WKH� LPSDFW� RI� WKH� IRRG� HPHUJHQF\� RQ� WKH� DIIHFWHG� SRSXODWLRQV��
(PHUJHQF\� 2SHUDWLRQV� �(023V�� RI� :)3� DUH� MRLQWO\� DSSURYHG� E\� :)3� DQG� )$2� WR� HQVXUH� WKDW�
DJULFXOWXUDO�PDUNHWV�DUH�QRW�GLVWRUWHG�E\�H[FHVVLYH�IRRG�DLG���
�
*,(:6� KDV� GHYHORSPHQW� DQ� LQWHJUDWHG� LQIRUPDWLRQ� PDQDJHPHQW� DQG� DQDO\VLV� WRRO� NQRZQ� DV� WKH�
´*,(:6�:RUNVWDWLRQµ�ZKLFK�LQFRUSRUDWHV�WKH�UHPRWH�VHQVLQJ��*,6��DQG�PDSSLQJ�FDSDELOLWLHV�DW�JOREDO��
UHJLRQDO��QDWLRQDO�DQG�VXE�QDWLRQDO�OHYHOV���&XUUHQWO\�LW�LV�DOVR�EHLQJ�LQVWDOOHG�LQ�VHOHFWHG�FRXQWULHV�WR�KHOS�
LPSURYH� WKHLU� FDSDFLW\� WR� QHWZRUN�� PDQDJH� DQG� DQDO\]H� IRRG� VHFXULW\� DQG� HDUO\� ZDUQLQJ�UHODWHG�
LQIRUPDWLRQ���
�
7KH�UDWLRQDOH�EHKLQG�WKH�GHVLJQ�
*,(:6�ZDV� HVWDEOLVKHG� LQ� ����� RQ� WKH� UHFRPPHQGDWLRQ� RI� WKH�PHPEHU� FRXQWULHV� DW� WKH�:RUOG�)RRG�
&RQIHUHQFH� RI� ������ IROORZLQJ� WKH� �������� IRRG� FULVLV� SDUWLFXODUO\� LQ� $IULFD�� � 0DQ\� RI� WKH� FRXQWULHV�
UHFXUUHQWO\� DIIHFWHG� E\� QDWXUDO� DQG�RU� VRFLR�HFRQRPLF� FULVHV�� SULPDULO\� LQ� WKH� FDWHJRU\� RI� ORZ�LQFRPH�
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IRRG�GHILFLW� FRXQWULHV� �/,)'&V��� ODFNHG� VXIILFLHQW� ORFDO� FDSDFLW\� WR� DOHUW� LQWHUQDWLRQDO� FRPPXQLW\� ZLWK�
DFFXUDWH�� GHWDLOHG� DQG� WLPHO\� LQIRUPDWLRQ� DERXW� WKH� LPSDFW� RI� WKH� SRWHQWLDO� SUREOHPV� UHODWHG� WR� IRRG�
VHFXULW\�� �+HQFH� WKLV� LQWHUQDWLRQDO�� LQGHSHQGHQW� DQG�XQELDVHG�� V\VWHP�RI� LQIRUPDWLRQ�ZDV�FUHDWHG�� �7KH�
81�DVVHVVPHQWV��&)6$0V��RI�IRRG�VXSSO\�DQG�GHPDQG�DUH�DOVR�XVHG�WR�LGHQWLI\�WKH�IRRG�DLG�QHHGV�RI�D�
FRXQWU\�IDFLQJ�IRRG�VHFXULW\�FULVLV��
7KH�WDUJHW�XVHUV�
7KH� V\VWHP� SURYLGHV� YDOXDEOH� LQIRUPDWLRQ� RQ� IRRG� VHFXULW\� DQG� SRWHQWLDO� LPSHQGLQJ� SUREOHPV� LQ� D�
FRXQWU\� WR� WKH� UHVSHFWLYH� QDWLRQDO� *RYHUQPHQWV�� SXEOLF� DQG� SULYDWH� SROLF\� PDNHUV�� LQWHUQDWLRQDO� UHOLHI�
DJHQFLHV� �LQFOXGLQJ� RWKHU� 81� DJHQFLHV� DQG� QRQ�JRYHUQPHQWDO� RUJDQL]DWLRQV��� GRQRU� FRXQWULHV� DQG�
QDWLRQDO� DQG� LQWHUQDWLRQDO� PHGLD�� � )RU� WHFKQLFDO� DQG� DQDO\WLFDO� SXUSRVHV� WKH� V\VWHP� LV� XVHIXO� IRU�
FRPPRGLW\�DQDO\VWV��SULYDWH�EXVLQHVVHV�DQG�QDWLRQDO�IRRG�VHFXULW\�DQG�HDUO\�ZDUQLQJ�XQLWV����
7KH�SRVLWLYH�SRLQWV�RI�WKH�V\VWHP�
7KDW�LW�LV�WKH�RQO\�V\VWHP�RI�LWV�QDWXUH�WKDW�LV�JOREDO�FRYHULQJ�VRPH�����)$2�PHPEHU�FRXQWULHV��,W�LV�81�
EDVHG� DQG� QRW� VSRQVRUHG� E\� DQ\� RQH� FRXQWU\�� ,W� LV� FDSDEOH� RI� LQFRUSRUDWLQJ� ODWHVW� UHPRWH� VHQVLQJ� DQG�
PDSSLQJ�LQIRUPDWLRQ��
)XWXUH�ZRUN��ZKDW�FRXOG�EH�LPSURYHG"�
• 1HWZRUNLQJ� ZLWK� QDWLRQDO� DQG� LQWHUQDWLRQDO� IRRG� VHFXULW\� DQG� HDUO\� ZDUQLQJ� V\VWHPV� FRXOG� EH�

LPSURYHG���
• &ROODERUDWLRQ�ZLWK�RWKHU�81�V\VWHPV�RI�FRPSOHPHQWDU\�QDWXUH��
• 0RUH� DQG� KLJKHU� TXDOLW\� VDWHOOLWH� LPDJHU\� FRXOG� EH� DFTXLUHG� IRU� IRRG� VHFXULW\� DQDO\VLV� RI� FULWLFDO�

FRXQWULHV����
�
7KH�IROORZLQJ�DUH�WKH�DUHDV�ZKHUH�LPSURYHPHQWV�DUH�DQWLFLSDWHG�SODQQHG���
• 0RUH�V\VWHPDWLF�JURXQG�OHYHO�PHWHRURORJLFDO�LQIRUPDWLRQ�FROOHFWLRQ�
• 0RUH�DGYDQFHG�VDWHOOLWH�EDVHG�LQIRUPDWLRQ�DQG�LWV�OLQNDJH�WR�FURS�\LHOG�HVWLPDWLRQ�
• ,GHQWLILFDWLRQ�RI�DUHD�XQGHU�VSHFLILF�FURSV�IURP�VDWHOOLWH�LQIRUPDWLRQ���
• ,PSURYHG� PHWKRGRORJ\� IRU� IRRG� LPSRUW� HVWLPDWLRQ�� LQFOXVLRQ� RI� URRWV� DQG� WXEHUV� DQG� RWKHU�

LPSRUWDQW�FURSV�LQ�WKH�QDWLRQDO�IRRG�EDODQFH�VKHHWV��
• 'HYHORSPHQW�DQG�XVH�RI�IRRG�LQVHFXULW\�DQG�YXOQHUDELOLW\�LQGLFDWRUV�DQG�SKDVH�FODVVLILFDWLRQ��
6XSSRUW�DQG�FROODERUDWLRQ�
• 5HJXODU�DVVXUHG�ILQDQFLDO�VXSSRUW��
• $FTXLVLWLRQ�RI�KLJK�TXDOLW\�DQG�WLPHO\�VDWHOOLWH�LPDJHU\��
• 0RUH�RQ�WKH�JURXQG�VWDII�WR�FROOHFW�UHDO�WLPH�LQIRUPDWLRQ��
5HVSRQVLELOLW\�DQG�ILQDQFLDO�VXSSRUW�
7KH�V\VWHP�LV�PDLQWDLQHG�E\�)$2��6RPH�RI�WKH�DVVHVVPHQW�PLVVLRQV�DUH�IXQGHG�WKURXJK�DGGLWLRQDO�GRQRU�
IXQGLQJ��7KH�(&�KDV�SURYLGHG�ILQDQFLDO�VXSSRUW�IRU�WKH�GHYHORSPHQW�RI�WKH�*,(:6�:RUNVWDWLRQ�DQG�LWV�
LPSOHPHQWDWLRQ� LQ� VHYHUDO� VHOHFWHG� FRXQWULHV� DV� ZHOO� DV� WKH� FULWLFDO� ZRUN� RQ� LPSURYHPHQWV� LQ� &)6$0�
PHWKRGRORJ\��
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�
'HILQLWLRQ�RI�HPHUJLQJ�ULVNV�
(PHUJLQJ�ULVN�LV�D�SRWHQWLDO�RFFXUUHQFH�RI�ODUJH�VFDOH�GLVDVWHUV�WKDW�FDQ�FDXVH�DQ�H[WUD�RUGLQDU\�VLWXDWLRQ�
ZKHUH�VHULRXV�DQG�LPPHGLDWH�WKUHDWV�WR�KXPDQ�OLIH�DQG�SHRSOH·V�OLYHOLKRRG�DUH�SRVHG�RU�SRWHQWLDO�GLVDVWHUV�
LQ�ZKLFK�SHRSOH�DUH�XQDEOH� WR�PHHW�WKHLU�EDVLF�VXUYLYDO�QHHGV�ZLWKRXW�H[WHUQDO�DVVLVWDQFH��DGDSWHG�IURP�
81'3�81'52�DQG�)$2���7KHVH�FDQ�EH� �D��QDWXUDO�GLVDVWHUV�ZLWK�HLWKHU� VXGGHQ�RFFXUUHQFH� �VXFK�DV�
IORRGV��F\FORQHV��KXUULFDQHV��HDUWKTXDNHV��YROFDQRHV��HWF���RU�VORZ�RQ�VHW� �H�J��GURXJKW��DGYHUVH�ZHDWKHU��
WUDQV�ERXQGDU\�GLVHDVHV��DYLDQ�LQIOXHQ]D��HWF���RU��E��PDQ�PDGH�GLVDVWHUV�LQGXFHG�E\�FRQIOLFW��VXFK�DV�ZDU��
FLYLO�VWULIH��UHIXJHHV��LQWHUQDOO\�GLVSODFHG�SHUVRQV��HWF��RU�GXH�WR�VHYHUH�VRFLR�HFRQRPLF�KHDOWK�FRQVWUDLQWV��
�H�J��HFRQRPLF�FULVLV�GXH�WR�FRPPRGLW\�SULFH�FROODSVH��ORVV�RI�H[SRUW�PDUNHWV��FXUUHQF\�UHODWHG�SUREOHPV��
HWF���ODQG�WHQXUH�SUREOHPV��+,9�$,'6�DQG�KHDOWK�UHODWHG�FULVHV��DQG�RWKHUV����
�
$Q� LGHDO� HDUO\�ZDUQLQJ� V\VWHP� LV� RQH� WKDW� SURYLGHV� FUHGLEOH�� WLPHO\�� DFFXUDWH� DQG� XQELDVHG� LQIRUPDWLRQ�
DERXW�WKH�QDWXUH�RI�WKH�HPHUJLQJ�ULVN�DQG�LWV�SRWHQWLDO�LPSDFW�RQ�WKH�SRSXODWLRQ��HVSHFLDOO\�WKRVH�WKDW�DUH�
PRVW�YXOQHUDEOH��LQ�RUGHU�IRU�WKH�QDWLRQDO�DQG�LQWHUQDWLRQDO�FRPPXQLWLHV�WR�WDNH�WLPHO\�DFWLRQV�WR�PLWLJDWH�
WKH�DGYHUVH�HIIHFWV�RI�WKLV�LPSHQGLQJ�FULVLV��
$SSOLFDELOLW\�LQ�IRRG�GRPDLQ�
<HV�� WKH� V\VWHP� FDQ� EH� XVHG� WR� PRQLWRU� HPHUJHQFLHV� UHODWHG� WR� IRRG� VDIHW\� VXFK� DV� UDGLDWLRQ�
FRQWDPLQDWLRQ�RI�FURSV�DQG�IRRGV��GDPDJLQJ�HIIHFWV�RQ�IRRG�TXDOLW\��HWF��
�
6XFFHVVHV�LQ�VSRWWLQJ�HPHUJLQJ�ULVNV�
,Q� WKH� FDVH� RI�*,(:6�� VHYHUDO� HDUO\� ZDUQLQJV� RYHU� WKH� \HDUV� KDYH� EHHQ� HIIHFWLYH� LQ� LQIRUPLQJ� GRQRU�
FRPPXQLW\�DQG�PRELOL]LQJ�LQWHUQDWLRQDO�VXSSRUW��$�IHZ�H[DPSOHV�RI�WKLV�ZRXOG�EH��WKH������IRRG�FULVLV�LQ�
VRXWKHUQ�$IULFD� GXH� WR� H[WHQVLYH� GURXJKW�� �����$OHUW� IRU�$IJKDQLVWDQ�� ����� IORRGV� LQ�%DQJODGHVK�� DQG�
����� HFRQRPLF� FULVLV� LQ� ,QGRQHVLD�� SHULRGLF� IRRG� VKRUWDJHV� LQ� (WKLRSLD�� 6XGDQ� DQG� WKH� 'HPRFUDWLF�
3HRSOH·V�5HSXEOLF�RI�.RUHD�DPRQJ�RWKHUV��
�
6XFFHVV�RI�DQ�HDUO\�ZDUQLQJ�V\VWHP�GHSHQGV�RQ�WKH�LVVXDQFH�RI�DGHTXDWH��WLPHO\�DQG�HIIHFWLYH�LQIRUPDWLRQ�
DERXW� WKH� LPSHQGLQJ� FULVLV�� 7KLV� LV� D� QHFHVVDU\� EXW� QRW� VXIILFLHQW� FRQGLWLRQ�� 7KH� LQWHUQDWLRQDO� GRQRU�
FRPPXQLW\�UHVSRQVH�DQG�WKH�UHVXOWLQJ�UHOLHI�SURYLGHG�WR�WKH�DIIHFWHG�SHRSOH�VKRXOG�PHDVXUH�WKH�XOWLPDWH�
VXFFHVV�RI�DQ�HDUO\�ZDUQLQJ��8QIRUWXQDWHO\��D�GRQRU�UHVSRQVH�LQ�PDQ\�FDVHV�PDWHULDOL]HV�RQO\�DIWHU�LQWHQVH�
DQG�KLJK�SURILOH�PHGLD�FRYHUDJH����
�
�
��� 'MLHQ�/LHP���()6$�

�
�
�
�

'MLHQ�/LHP�LV�6FLHQWLILF�&R�RUGLQDWRU�RI�WKH�6FLHQWLILF�&RPPLWWHH�RI�WKH�(XURSHDQ�
)RRG� 6DIHW\� $XWKRULW\� �()6$�� LQ� 3DUPD�� 'U�� /LHP� HDUQHG� D� 0�6F�� GHJUHH� LQ�
HQYLURQPHQWDO�FKHPLVWU\�DQG�WR[LFRORJ\�IURP�WKH�8QLYHUVLW\�RI�$PVWHUGDP�LQ������
DQG�D�3K�'��LQ�ELRORJ\�IURP�WKH�8WUHFKW�8QLYHUVLW\�LQ�������)ROORZLQJ�KLV�XQLYHUVLW\�
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�

VWXG\� LQ� $PVWHUGDP�� 'U�� /LHP� EHJDQ� KLV� FDUHHU� DW� WKH� 'HSDUWPHQW� RI� ,QGXVWULDO�
&RQWDPLQDQWV� RI� WKH� 'XWFK� 1DWLRQDO� ,QVWLWXWH� RI� 3XEOLF� +HDOWK� DQG� WKH�
(QYLURQPHQW��5,90��LQ�%LOWKRYHQ��'U��/LHP�ZDV�OHDGHU�RI�YDULRXV�PXOWLGLVFLSOLQDU\�
GLR[LQ� SURMHFWV�� +H� ZDV� DSSRLQWHG� DV� FKDLUPDQ� RI� WKH� 'XWFK� :RUNLQJ� *URXS�
'LR[LQV� LQ�)RRG�DQG� WKH�'XWFK�:RUNLQJ�*URXS�RQ�'LHWDU\�,QWDNHV��DQG�DFWHG�DV�
WHPSRUDU\�DGYLVHU�DQG�QDWLRQDO�GHOHJDWH� LQ� WKH� IUDPHZRUN�RI�VWXGLHV�RI� WKH�:RUOG�
+HDOWK� 2UJDQL]DWLRQ� UHODWHG� WR� GLR[LQV� DQG� UHODWHG� FRPSRXQGV�� (VVHQWLDOO\� WKLV�
ZRUN�IRUPHG�WKH�EDVLV�RI�KLV�3K�'��WKHVLV�WKDW�ZDV�VXFFHVIXOO\�GHIHQGHG�LQ�������,Q�
����������'U�� /LHP� DFWHG� DV� WKH� OHDGHU� RI� WKH�'XWFK� GHOHJDWLRQ� FR�RUGLQDWLQJ� D�
(XURSHDQ� 6FLHQWLILF� &R�RSHUDWLRQ� �6&223�� 7DVN� RQ� WKH� DVVHVVPHQW� RI� GLHWDU\�
LQWDNH� RI� GLR[LQV� DQG� UHODWHG� 3&%V� E\� WKH� SRSXODWLRQ� RI� (8�0HPEHU� 6WDWHV�� ,Q�
6HSWHPEHU� ����� 'U�� /LHP� ZDV� VHFRQGHG� WR� WKH� 6HFUHWDULDW� RI� WKH� 6FLHQWLILF�
&RPPLWWHH�RQ�)RRG�RI�'*�6$1&2�DV�D�QDWLRQDO�H[SHUW�DQG� LQ� -DQXDU\������KH�
MRLQHG�WKH�()6$�DV�VFLHQWLILF�FRRUGLQDWRU�RI�WKH�6FLHQWLILF�&RPPLWWHH��

�
6KRUW�GHVFULSWLRQ�RI�WKH�V\VWHP�
7KH�(XURSHDQ�)RRG�6DIHW\�$XWKRULW\�GRHV�QRW�\HW�KDYH�D�V\VWHP�RSHUDWLRQDO��,W�KDV�KRZHYHU�UHTXHVWHG�LWV�
6FLHQWLILF� &RPPLWWHH� �6&�� WR� DGYLFH� RQ� KRZ� ()6$� FRXOG� EXLOG� LWV� FDSDELOLW\� WR� LGHQWLI\� DQG� HYDOXDWH�
SRVVLEOH�HPHUJLQJ�ULVNV� LQ�WKH�DUHD�RI�IRRG�DQG�IHHG�VDIHW\��7KH�6&�KDV�UHOHDVHG� LWV�RSLQLRQ� LQ�-XO\��VHH�
KWWS���ZZZ�HIVD�HXURSD�HX�HQ�VFLHQFH�VFBFRPPLWHH�VFBRSLQLRQV�VFBRSBHM���BHPULVN�KWPO��� 7KLV�
RSLQLRQ�LV�EDVHG�RQ�D�UHSRUW�IURP�WKH�RXWVRXUFHG�SURMHFW�´)RUPLQJ�D�JOREDO�V\VWHP�IRU�LGHQWLI\LQJ�IRRG�
UHODWHG� HPHUJLQJ� ULVNV� ²� (05,6.µ� ZKLFK� KDV� EHHQ� FRRUGLQDWHG� E\� WKH� 'XWFK� )RRG� DQG� &RQVXPHU�
3URGXFW�6DIHW\�$XWKRULW\��9:$���7KH�PDLQ�FRQFOXVLRQV�RI�WKH�6FLHQWLILF�&RPPLWWHH�DQG�WKH�ZD\�()6$�
LQWHQGV�WR�SURFHHG�ZLOO�EH�H[SODLQHG�DW�WKH�ZRUNVKRS��
'HILQLWLRQ�RI�HPHUJLQJ�ULVNV�
7KH�6FLHQWLILF�&RPPLWWHH�JDYH�WKH�IROORZLQJ�GHILQLWLRQ�RI�HPHUKLQJ�ULVNV����$Q�HPHUJLQJ�ULVN��(5��LV�DQ�
LVVXH�WKDW�LQ�WKH�IXWXUH�PD\�SRVH�D�ULVN�WR�WKH�KHDOWK�RI�WKH�FRQVXPHU��DQLPDOV�RU�WKH�HQYLURQPHQW��7KH�
LQGLFDWLRQ�RI�DQ�(5�PD\�UHODWH�����WR�D�VLJQLILFDQW�H[SRVXUH�WR�D�KD]DUG�QRW�UHFRJQL]HG�HDUOLHU�RU�����WR�D�
QHZ�LQFUHDVHG�H[SRVXUH�WR�D�NQRZQ�KD]DUG��LW�LV�WKHQ�FDOOHG�UH�HPHUJLQJ�ULVN������
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� 7KH�2UJDQLVLQJ�&RPPLWWHH�
�
)DWLPD�.UHIW�
�
�

�

)iWLPD� .UHIW� KDV� DQ� DFDGHPLF� GHJUHH� RQ� )RRG� 7HFKQRORJ\� IURP� 8QLYHUVLGDGH�
&DWyOLFD�GR�3RUWR��3RUWXJDO��6KH�KDV�MRLQHG�$JURWHFKQRORJ\�DQG�)RRG�,QQRYDWLRQV�
EY�� LQ�:DJHQLQJHQ�DV� UHVHDUFKHU�VFLHQWLVW� LQ�������6KH�KDV�ZRUNHG� LQ� WKUHH�PDLQ�
UHVHDUFK�DUHDV��
• 3URFHVVLQJ�RI�SRWDWRHV�DQG�YHJHWDEOHV��
• (GLEOH�FRDWLQJV��
• 3DFNDJLQJ��WUDQVSRUW�DQG�ORJLVWLFV��
$W� WKH� PRPHQW�� VKH� KROGV� WKH� SRVLWLRQ� RI� VFLHQWLVW� DQG� SURMHFW� PDQDJHU��
FRPELQLQJ� VFLHQWLILF� DFWLYLWLHV�ZLWK� WKH�FRRUGLQDWLRQ�DQG�PDQDJHPHQW�RI� DSSOLHG�
UHVHDUFK�SURMHFWV��6KH�LV� LQYROYHG�LQ�D�ZLGH�UDQJH�RI�SURMHFWV�DQG�WKHPHV�YDU\LQJ�
IURP� SDFNDJLQJ� WHFKQRORJ\�� SURGXFW� TXDOLW\� �PDLQO\� IUHVK� SURGXFWV�� DQG� IRRG�
VDIHW\��ERWK�RQ�QDWLRQDO�DQG�LQWHUQDWLRQDO�OHYHO���

�
)ORRU�9HUGHQLXV�
�
�

��

'U�� )ORRU� 9HUGHQLXV� ������� ZDV� HGXFDWHG� LQ� VRIWZDUH� HQJLQHHULQJ� DQG� $,�� +H�
ZRUNHG� DV� D� VRIWZDUH� HQJLQHHU�� FRQVXOWDQW� DQG� UHVHDUFKHU� LQ� ,7� DQG� DUWLILFLDO�
,QWHOOLJHQFH� EHIRUH� MRLQLQJ� $)6*� LQ� ������ +HUH� KH� ZRUNHG� RQ� VRIWZDUH�
DSSURDFKHV�IRU�FRQWUROOLQJ�DQG�PRQLWRULQJ�SURGXFW�TXDOLW\�LQ�IRRG�SURGXFWLRQ�DQG�
GLVWULEXWLRQ�FKDLQV��)ORRU�ZDV�RQH�RI�WKH�FRQWULEXWRUV�WR�)RRG3ULQW��D�IUDPHZRUN�
IRU�GHVLJQLQJ� WUDFHDELOLW\� V\VWHPV��)RRG3ULQW�GHVLJQHG� WUDFHDELOLW\� V\VWHPV�DWWHQG�
WKH� FRPPHUFLDO� SRWHQWLDO� IRU� FRPSDQLHV�� RQ� WRS� RI� IRRG� VDIHW\� DQG� OHJDO�
FRQVLGHUDWLRQV�� 2YHU� WLPH�� )ORRU� KDV� DOVR� ZRUNHG� LQ� SURMHFWV� RQ� SODQQLQJ��
VFKHGXOLQJ�� NQRZOHGJH� PDQDJHPHQW� DQG� FKDLQ� LQIRUPDWLRQ� V\VWHPV� LQ� YDULRXV�
VHFWRUV�� LQFOXGLQJ� IUXLW� 	� YHJHWDEOHV�� SRXOWU\�� IHHG�� ILVK��SRWDWR� SURGXFWLRQ�� DQG�
SURFHVVLQJ� LQGXVWULHV�� $SDUW� IURP� KLV� LQWHUHVW� LQ� ,&7� KH� KDV� EHHQ� DFWLYH� DV� D�
SURMHFW�PDQDJHU��WUDLQHU�FRDFK�SURMHFW�PDQDJHPHQW�DQG�DV�D�IDFLOLWDWRU�IRU�JURXS�
VHVVLRQV��+LV�3K'�ZDV�RQ�GHVLJQLQJ�V\VWHPV�IRU�LQWHOOLJHQW�GDWD�DQDO\VLV��)ORRU�KDV�
�FR��DXWKRUHG�DERXW����SDSHUV�IRU�FRQIHUHQFHV��MRXUQDOV�DQG�ERRNV��

�
1LFROH�.RHQGHULQN�

�

1LFROH� .RHQGHULQN� ������� KDV� VWXGLHG� PDWKHPDWLFV� DW� 8WUHFKW� 8QLYHUVLW\� DQG�
0DWKHPDWLFV�IRU�,QGXVWU\�DW�7HFKQLFDO�8QLYHUVLW\�RI�(LQGKRYHQ��6KH�KDV�VSHFLILHG�
LQ�NQRZOHGJH�DQG� LQIRUPDWLRQ�PDQDJHPHQW��1LFROH�KDV�EHHQ�D� UHVHDUFKHU� DW� WKH�
,QIRUPDWLRQ�0DQDJHPHQW�JURXS�VLQFH�������+HU� UHVHDUFK�IRFXV� OLHV� LQ�FDSWXULQJ�
H[LVWLQJ� NQRZOHGJH� LQ� NQRZOHGJH� PRGHOV� �H�J�� RQWRORJLHV�� DQG� PDNLQJ� WKLV�
NQRZOHGJH� LQ� DQ� DXWRPDWHG� ZD\� DYDLODEOH� WR� VXSSRUW� VSHFLILF� WDVNV�� 7KH�
DSSOLFDWLRQV� RI� WKLV� WHFKQLTXH� YDU\� IURP� XVLQJ� H[SHUW� NQRZOHGJH� WR� GHVLJQ� DQ�
DXWRPDWHG� VHHGOLQJ� VRUWLQJ� V\VWHP�� IURP�XVLQJ� ¶KLJKO\�VWUXFWXUHG�GRFXPHQWV·� RQ�
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WKH�LQWHUQHW�WR�FUHDWH�IRRG�RQWRORJLHV�IRU�D��IRRG��UHVHDUFK�PDQDJHPHQW�V\VWHP��WR�
DQDO\VLQJ�ULVN�PDQDJHPHQW�LQIRUPDWLRQ�WR�GHVLJQ�D�ULVN�RQWRORJ\�IRU�HDUO\�ZDUQLQJ�
V\VWHPV�� 7KH� UHXVH� DQG� UHVWUXFWXULQJ� RI� NQRZOHGJH� FDQ� RIIHU� D� VLJQLILFDQW�
DGGLWLRQDO�YDOXH�WR�WKH�DJURIRRG�LQGXVWU\��

�
�
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$SSHQGL[�,,,�²7RZDUGV�DQ�(PHUJLQJ�5LVN�'HWHFWLRQ�6XSSRUW�6\VWHP�
�
6XPPDU\�
�
:LWKLQ� D� ´.HQQLV� %DVLVµ� SURMHFW� LQ� ����� D� SURWRW\SH� RI� D� GDWD�PDQDJHPHQW� V\VWHP� KDV� EHHQ�
GHYHORSHG��,Q������ZH�KDYH�HYDOXDWHG�LQ�WKH�%2�´(PHUJLQJ�5LVNV�LQ�WKH�'XWFK�)RRG�&KDLQµ�WKH�
SRWHQWLDO� RI� WKLV� V\VWHPV� IRU� IXUWKHU� GHYHORSPHQW� LQWR� DQ� (PHUJLQJ� 5LVN� 'HWHFWLRQ� 6XSSRUW�
6\VWHP�7KLV� VXPPDU\�EULHIO\�GHVFULEHV� WKH� UHVXOWV� RI� WKLV� HYDOXDWLRQ�DQG� WKH� ILUVW� UHVXOWV�RI� LWV�
GHYHORSPHQW���
�
8VHG�9RFDEXODU\�DQG�SRLQW�RI�YLHZ�
(PHUJLQJ��IRRG�VDIHW\��ULVNV�DUH�SRWHQWLDO�IRRG�RU�IHHG�ERUQH�RU�GLHW�UHODWHG�KD]DUGV�WKDW�PD\�EHFRPH�
D�ULVN�IRU�KXPDQ�KHDOWK�LQ�WKH��QHDU��IXWXUH1��(PHUJLQJ�ULVN�GHWHFWLRQ�DUH�DOO�WKRVH�DFWLYLWLHV�LQYROYHG�
LQ�GHILQLQJ�WKRVH�HPHUJLQJ�ULVNV���1HZO\�GHWHFWHG�HPHUJLQJ�ULVNV�FDQ�EH�XVHG�WR�HQKDQFH�WKH�
H[LVWLQJ�HDUO\�ZDUQLQJ�V\VWHPV�E\�DGGLQJ�WKH�QHZ�LQGLFDWRUV�WR�WKH�H[LVWLQJ�PRQLWRUHG�LQGLFDWRUV��
*RYHUQPHQWDO�RUJDQLVDWLRQV�DQG�ZHOO�RUJDQLVHG�IRRG�VXSSO\�FKDLQV�DUH�LQ�RXU�RSLQLRQ�WKH�PRVW�
REYLRXV�VWDNHKROGHUV�LQ�GHDOLQJ�ZLWK�WKH�GHWHFWLRQ�RI�HPHUJLQJ�ULVNV��OLNH�()6$��9:$��/19��
1XWUHFR���
$�YLVLRQ�RQ�(PHUJLQJ�5LVN�'HWHFWLRQ�6XSSRUW�
7KH�GHWHFWLRQ�RI�HPHUJLQJ�ULVNV�EHQHILWV�IURP�D�SURSHU�YLVXDOL]DWLRQ�RI�HPHUJLQJ�ULVNV�LQ�UHDOLVWLF�
FKDLQV��,Q�RUGHU� WR�DFKLHYH�WKLV��ZH�VHH�D�IRXU� OD\HU�DSSURDFK�DV�GHSLFWHG� LQ�)LJXUH����7KH�ILUVW�
OD\HU�LV�DERXW�WUDQVODWLQJ�LGHQWLILHG�LQGLFDWRUV�WR�VLJQDOV��,QGLFDWRUV�DUH�VXSSOLHG�E\�YDULRXV�W\SHV�
RI�GDWD�VRXUFHV��GDWDEDVHV��ZHEVLWHV�DQG�KXPDQV���7KH�FKDOOHQJH�LV�WR�JDWKHU�DOO�WKH�LQIRUPDWLRQ�
IURP�UHOHYDQW�GDWD�VRXUFHV�WR�GHWHUPLQH�WKH�YDOXH�DQG�WUHQGV��L�H��WKH�EHKDYLRU�RI�WKHVH�LQGLFDWRUV�
LQ�WLPH��RI�WKH�LQGLFDWRUV��DQG�WR�WUDQVODWH�WKH�YDOXH�DQG�WUHQGV�WRZDUGV�D�VLJQDO��)RU�H[DPSOH�LQ�
WKH�LQIOXHQWLDO�VHFWRU�$JULFXOWXUH�FDQ�WKH�YDOXH�DQG�WUHQG�RI�WKH�LQGLFDWRU�¶WR[LF�FKHPLFDOV�XVHG�E\�VHFWRU·�
EH�REWDLQHG�IURP�,33&��)$2��*,(:6��(035(6��)RUHLJQ�HPEDVVLHV�QHWZRUN��*3+,1��([SHUW�
QHWZRUNV�DQG�(85267$7��7KH�DQDO\VLV�RI�WKHVH�VRXUFHV�FRXOG�OHDG�WR�WKH�VLJQDO�¶WKH�XVH�RI�''7�
LV�LQFUHDVHG�GUDPDWLFDOO\�LQ�VRXWK�HDVW�$VLD�DJULFXOWXUDO�DUHDV·��
�
7KLV� VLJQDO�FDQ� LPSO\� IRRG�ULVNV� LQ�VHYHUDO�ZD\V��)RU�H[DPSOH� WKH�XVDJH�RI�''7� LQ�VRXWK�HDV\�
$VLD�FRXOG�LQFUHDVH�WKH�IRRG�VDIHW\�ULVN�RI�FRQVXPLQJ�FLWUXV�IUXLWV�LPSRUWHG�IURP�VRXWK�HDVW�$VLD��
7KHVH�ULVN�SDWKZD\V�DUH�VWLOO�WRR�JHQHUDO�WR�JHW�LQVLJKW�LQ�ZKLFK�FKDLQV�DUH�LQYROYHG�DQG�ZKHUH�WKH�
ULVNV� WDNH� SODFH� JHRJUDSKLFDOO\�� 7KHUHIRUH� WKH� ULVN� SDWKZD\V� QHHG� WR� EH� SURMHFWHG� RQ� FKDLQ�
NQRZOHGJH�� ¶:KDW�SURGXFWV�DUH�VSUD\HG�ZLWK�''7�DQG�DUH�FRPLQJ�IURP�$VLD��DQG�KRZ�GR�WKHVH�FKDLQV�ORRN�
OLNH"·�� 2QFH� WKLV� SURMHFWLRQ� LV�PDGH� D� SURSHU� YLVXDOL]DWLRQ� �OLNH� WKH� XVH� RI� HDV\� WR� XQGHUVWDQG�

���������������������������������������� ���������
� �'HILQLWLRQ�DFFRUGLQJ�WR�WKH�3(5,$37�SURMHFW��
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V\PEROV� DV� WUDIILF�OLJKWV�� JUDSKV� DQG� JHRJUDSKLF� SORWV�� FDQ� EH� PDGH� WRZDUGV� WKH� IRRG� VDIHW\�
H[SHUW���
6XSSRUWHG� E\� DQ� LPSOHPHQWDWLRQ� RI� WKLV� YLVLRQ�� WKH� IRRG� VDIHW\� H[SHUW� LV� HDVHG� LQ� PDNLQJ�
GHFLVLRQV�RQ�ZKDW�PHDVXUHV�VKRXOG�WDNH�SODFH�DQG�ZKHUH�WR�SUHYHQW�WKH�HPHUJLQJ�RI�IRRG�VDIHW\�
ULVNV��
�
�
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Figure 2: Our 4-layer vision on Emerging Risk Detection Support. 

�
7KH�SURWRW\SH��'LVFRYHULQJ�WKH�ULVN�SDWKZD\V�EHWZHHQ�VLJQDOV�DQG�IRRG�VDIHW\�ULVNV�
�
,Q� ����� ZH� GHYHORSHG� D� SURWRW\SH� GHDOLQJ� ZLWK� WKH� UHODWLRQ� EHWZHHQ� D� VLJQDO� DQG� IRRG� ULVNV�
�FRPSDUDEOH�WR�WKH�¶0DSSLQJ�VLJQDOV�RQ�ULVNV�� ��� � OD\HU·�LQ�)LJXUH����$V�GHSLFWHG�LQ�)LJXUH����WKH�
SURWRW\SH�GLVFRYHUV�WKH�OLQNV�EHWZHHQ�D�VLJQDO��OLNH�¶WKH�XVH�RI�''7�LV�LQFUHDVHG�GUDPDWLFDOO\�LQ�VRXWK�
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HDVW�$VLD� DJULFXOWXUDO� DUHDV·�� � DQG� L�� DOO� LPSOLFDWHG� � IRRG� UHODWHG� ULVNV� �OLNH� ¶KHDOWK� ULVN·� YLD� ¶LPSRUWHG�
SURGXFWV·��¶ORZ�OHYHO�RI�UHVLGXH�FKHFNV·��¶SRSXODU�FRQVXPSWLRQ�SURGXFW·�DQG�¶FRQVXPSWLRQ·���LL��DOO�ULVN�SDWKZD\V�
EHWZHHQ�D�VSHFLILF�VLJQDO�DQG�D�VSHFLILF�VHOHFWHG�ULVN�RU� LLL��DOO� VLJQDOV� OHDGLQJ�WRZDUGV�D� VSHFLILF�
VHOHFWHG�ULVN��¶7KHUH�LV�D�+HDOWK�5LVN�GHWHFWHG��:KDW�VLJQDOV�PD\�KDYH�FDXVHG�WKLV�KHDOWK�ULVN"·����
�
�

(I)

(II)

(III) �
Figure 3: Three ways of discovering links between signals and food safety related risks in the current 
version of the prototype.  

�
,Q�RUGHU�WR�WHVW�WKH�SURWRW\SH��ZH�ILOOHG�GXULQJ������WKH�SURWRW\SH�ZLWK�D�UHDOLVWLF�FDVH�RQ�ILVK�
IHHG��5,.,/7��/(,�DQG�,0$5(6�SURYLGHG�WKH�QHFHVVDU\�FRQWHQW�RQ�D�IHZ�H[DPSOHV�RI�ULVN�SDWKV�
DQG�FKDLQV��,Q������ZH�ZLOO�H[WHQG�WKH�ILVK�IHHG�FDVH�E\�DGGLQJ�UHDOLVWLF�LQGLFDWRUV��VLJQDOV��ULVN�
SDWKV�DQG�PRUH�FKDLQ�GDWD��:H�ZLOO�DOVR�WU\�WR�ILW�WKH�SURWRW\SH�LQ�LQWR�WKH�¶PDSSLQJ�VLJQDOV�RQ�ULVNV·�
OD\HU�RI�WKH�(PHUJLQJ�5LVN�'HWHFWLRQ�6XSSRUW�YLVLRQ�DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��,Q�WKH�
IXUWKHU�GHYHORSPHQW�ZH�LQFOXGH�WKH�YDOXDEOH�IHHGEDFN�WKDW�ZH�UHFHLYHG�GXULQJ�WKH�PLQL�
FRQIHUHQFH�LQ�2FWREHU�������,Q�4��RI������ZH�KDYH�SODQQHG�D�PHHWLQJ�ZLWK�9:$�WR�IXUWKHU�
HQKDQFH�WKH�YLVLRQ�DQG�WKH�UHTXLUHPHQWV�RI�(PHUJLQJ�5LVN�'HWHFWLRQ�6XSSRUW�6\VWHP��




