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� ([SORUDWLRQ�RI�IDXQDO�GLYHUVLW\�DQG�HFRORJ\�RI�PRVV��DOJDH�DQG�OLFKHQ�LQKDELWLQJ�WHUUHVWULDO�LQYHUWHEUDWH�IDXQD�RI�6FKLUPDFKHU�2DVLV�

:HGGHOO�6HDO����/HSWRQ\FKRWHV�ZHGGHOOLL��
� 'LVWULEXWLRQ�� GLYHUVLW\� DQG� DLU� SROOXWDQW� DQDO\VLV� LQ� OLFKHQV� RI� 4XHHQ�0DXGODQG�DUHD
� 0RQLWRULQJ�RI�³0HUFXU\´�LQ�WKH�HQYLURQPHQWDO�0DWUL[�DQG�%LR�LQGLFDWRUV



+XPDQ�3K\VLRORJ\�DQG�0HGLFLQH
� 6WXG\�RI�KLJKHU�PHQWDO�IXQFWLRQV�LQ�UHODWLRQ�WR�VWUHVV�DQG�EHKDYLRXU�LQ�H[SHGLWLRQ�PHPEHUV

/RJLVWLFV
� 8S�.HHS�RI�0DLWUL�VWDWLRQ� 0DLQWHQDQFH�RI�JHQHUDWRUV�DQG�SRZHU�VXSSO\��FHQWUDO�KHDWLQJ��DQG�ZDWHU�VXSSO\�V\VWHPV
� &RQYR\�RSHUDWLRQ�DQG�PDLQWHQDQFH�RI�YHKLFOHV�FUDQHV�EXOO�GR]HUV� &DUJR�KDQGOLQJ�DW�VKHOI� (VWDEOLVKLQJ�WKH�ILHOG�FDPSV

6FLHQWLILF�H[SHULPHQWV�ZLWK�LQWHUQDWLRQDO�OLQNDJHV
� 7HOH�VHLVPLF�VWXGLHV�RI�$QWDUFWLF�FRQWLQHQW
� 0RQLWRULQJ�RI�LFHEHUJV
� 3ODQHWDU\�*HRGHWLF�VWXGLHV
� %DWK\PHWULF�VXUYH\�IRU�SUHSDULQJ�K\GURJUDSKLF�FKDUWV
� 0HDVXUHPHQW�RI�JHRPDJQHWLF�ILHOG�FXUUHQWV�LQ�$QWDUFWLFD
� 9/)�ZKLVWOHU�PRQLWRULQJ�
� &OLPDWRORJLFDO�GDWDEDVH�JHQHUDWLRQ

,Q� DGGLWLRQ� WR� FRQGXFWLQJ�YDULRXV�VFLHQWLILF�H[SHULPHQWV�DQG� WKH�FRPPLVVLRQLQJ�DQG�XWLOL]DWLRQ�RI�7HOHPHGLFLQH�IDFLOLWLHV�DW�0DLWUL��WKH�IROORZLQJ�RSHUDWLRQV��PDLQWHQDQFH�DQG�UHSDLUV�ZHUH�FDUULHG�RXW�GXULQJ�WKH�ZLQWHULQJ�SHULRG�RI�;;,��$QWDUFWLF�H[SHGLWLRQ�x 0DLQWHQDQFH�RI�WKH�YHKLFOHV�x :DVWH�ZDWHU�WUHDWPHQW�DQG�GLVSRVDO�x :RRG�ZRUNV�x 3RZHU�JHQHUDWLRQ�DQG�GLVWULEXWLRQ�V\VWHP�x 6XSSRUW�LQ�WKH�FRQGXFWLRQ�RI�VFLHQWLILF�DFWLYLWLHV�x )LUH�ILJKWLQJ�DQG�LWV�SUHYHQWLRQ�x &HQWUDO�KHDWLQJ�DQG ZDWHU�VXSSO\�x 'HHS�)UHH]HUV�x )XHO�GHFDQWLQJ��VWRUDJH�DQG�VXSSO\�



x 5XQQLQJ�RI�VHUYLFH�FRQYR\V�DQG�KDQGOLQJ�RI�IXHO�
$IWHU� 6XFFHVVIXO� FRPSOHWLRQ� RI� WKH� VFLHQWLILF� 	� ORJLVWLFV� WDVN�� WKH� VXPPHU�FRPSRQHQW� RI� WKH� ;;,,� H[SHGLWLRQ� VKDOO� FRPPHQFH� LWV� UHWXUQ� YR\DJH IURP� $QWDUFWLFD�WHQWDWLYHO\� RQ� ��WK 0DUFK������ OHDYLQJ� EHKLQG� WKH� ZLQWHU� WHDP� RI� ��� SHUVRQV���$FFRPSDQ\LQJ� WKH� UHWXUQLQJ� WHDP� ZRXOG� EH� WKH� ZLQWHU� WHDP� RI� WKH� ;;,� H[SHGLWLRQ�FRQVLVWLQJ� RI� ��� PHPEHUV� OHG� E\� 6KUL�� 5�3�� /DO�� D� 0HWHRURORJLVW� IURP� ,QGLD�0HWHRURORJLFDO�'HSDUWPHQW�

��� 1DWLRQDO�&HQWUH�IRU�$QWDUFWLF�DQG�2FHDQ�5HVHDUFK��1&$25�
$V� D� SDUW� RI� LWV� RQJRLQJ� LQ�KRXVH� UHVHDUFK� DFWLYLWLHV�� WKH� &HQWUH� FRQWLQXHG� LWV�UHVHDUFK�DFWLYLWLHV�LQ�WKH�GLVFLSOLQH�RI�3RODU�5HPRWH�6HQVLQJ��DV�D�FROODERUDWLYH�YHQWXUH�ZLWK� 6$&�� $KPHGDEDG�� $FWLRQ�ZDV� LQLWLDWHG� WR� HVWDEOLVK� WKH� EDVLF� ODERUDWRU\� IDFLOLWLHV�FDWHULQJ�WR�VHGLPHQWRORJLFDO��JHRFKHPLFDO�DQG�VWDEOH�LVRWRSLF�VWXGLHV���
1&$25�ZLWK�WKH�VXSSRUW�RI�WKH�'HSDUWPHQW�RI�6FLHQFH�	�7HFKQRORJ\�RUJDQLVHG�D� � ��GD\� ,QWHUQDWLRQDO� 6HPLQDU� WLWOHG� ³� ,QGR�5XVVLDQ� 6FLHQWLILF� &ROODERUDWLRQ� LQ� SRODU�VFLHQFH´�GXULQJ�$SULO������������ WR� IRUPXODWH� MRLQW� UHVHDUFK�SURJUDPPH�EHWZHHQ� ,QGLD�DQG� 5XVVLD� XQGHU� ,QWHJUDWHG� /RQJ� 7HUP� 3URJUDPPH� RI� FRRSHUDWLRQ� LQ� 6FLHQFH� 	�7HFKQRORJ\��,/73���
1&$25� MRLQWO\� ZLWK� WKH� &HQWUH� IRU� *HRSROLWLFV�� 3XQMDE� 8QLYHUVLW\�� &KDQGLJDUK�RUJDQLVHG� D� ��GD\� 1DWLRQDO� 6HPLQDU� WLWOHG� ³,QGLDQ� LQ� $QWDUFWLF�� &KDOOHQJHV� DQG�RSSRUWXQLWLHV� IRU� WKH� ��VW FHQWXU\´� GXULQJ� )HEUXDU\� �� ± ��� ����� WR� GLVFXVV� WKH� LVVXHV�UHODWHG�WR�JHRSROLWLFV�DQG�VFLHQFH�RI�$QWDUFWLFD��
8QGHU� D� FROODERUDWLYH� UHVHDUFK� SURMHFW� RQ� ³$QWDUFWLF�5HPRWH�6HQVLQJ�EHWZHHQ�1&$25�DQG�6$&��$KPHGDEDG´��WKH�0605�%ULJKWQHVV�WHPSHUDWXUH�GDWD�REWDLQHG�IURP�-XQH������WR����6HSWHPEHU�������HQWLUH�0605�SHULRG��ZHUH�DQDO\VHG�WR�VWXG\�WKH�VHD�LFH�H[WHQW�RYHU�WKH�GLIIHUHQW�VHFWRUV�RI�$QWDUFWLF�FLUFXPSRODU�)RU� LQGLUHFW� YDOLGDWLRQ� RI� WKH� EULJKWQHVV� WHPSHUDWXUH� REVHUYHG� E\� 0605� ZLWK�QHDU�VLPXOWDQHRXV� PHDVXUHPHQWV� IURP� 660�,� RYHU� WKH� $QWDUFWLF� &LUFXPSRODU��VLPXOWDQHRXV� 0605� DQG� 660�,� GDWD� IURP� WZR� FRQWUDVWLQJ� VHDVRQV� ± VXPPHU� DQG�ZLQWHU� ZHUH� FROOHFWHG� DQG� DQDO\VHG�� � 7KH� DQDO\VLV� EURXJKW� RXW� YHU\� KLJK� OHYHO� RI�FRPSDWLELOLW\� LQ�WKH�PHDVXUHPHQW�SURGXFHG�E\�WKH�WZR�VHQVRUV���7KH�TXDQWLWDWLYH�LQWHU�



FRPSDULVRQ�ZLWK�WKH�QRQ�RSHUDWLRQDO�VHD�LFH�DQDO\VLV�IURP�660�,�SDYHG�WKH�ZD\�IRU�WKH�FRQWLQXRXV�DQG� UHOLDEOH�PRQLWRULQJ�RI�SRODU� LFH�ZLWK�0605�� �3RODUL]DWLRQ�'LIIHUHQFH�RI�WKH�VWXG\�DUHD�VKRZHG�D�SRVVLEOH�PHOWLQJ�VLJQDWXUH�GXULQJ�WKH�IRXUWK�ZHHN�RI�-XQH�LQ�WKH�\HDU������DQG�������EXW�QR�PHOWLQJ�SRVVLELOLW\�ZDV�IRXQG�GXULQJ�WKH�\HDU������
�� 3RO\PHWDOOLF�1RGXOHV��301��3URJUDPPH

%DVHG�RQ�H[WHQVLYH� UHVHDUFK� FDUULHG�RXW� E\� ,QGLD� LQ� WKH�DUHD�RI�H[SORUDWLRQ�RI�3RO\PHWDOOLF� 1RGXOHV�� ,QGLD� ZDV� DFFRUGHG� WKH� VWDWXV� RI� 3LRQHHU� ,QYHVWRU� E\� 8QLWHG�1DWLRQV�� �7KH� ,QWHUQDWLRQDO�6HDEHG�$XWKRULW\� �,6%$��DOORFDWHG�DQ�DUHD�RI����������VT��.P��LQ�&HQWUDO�,QGLDQ�2FHDQ�%DVLQ��&,2%���WR�,QGLD���,QGLD�LV�D�PHPEHU�RI�WKH�&RXQFLO�RI�,QWHUQDWLRQDO� 6HDEHG� $XWKRULW\�� XQGHU� WKH� ,QYHVWRU¶V� FDWHJRU\�� � $V� D� SDUW� RI� WKH�FRPPLWPHQW�WR�WKH�,6%$��,QGLD�IXOILOOHG�KHU�REOLJDWLRQ�RI�UHOLQTXLVKPHQW�RI�����RI�$UHD�WR�,QWHUQDWLRQDO�6HDEHG�$XWKRULW\�� UHWDLQLQJ� WKH� UHPDLQLQJ����� IRU� IXWXUH�H[SORUDWLRQ�DQG�H[SORLWDWLRQ�E\� UHOLQTXLVKLQJ� WKH�EDODQFH�����RI� WKH�WRWDO�DUHD�DVVLJQHG�WR� ,QGLD�� ,QGLD�DOVR� VLJQHG� D� ���\HDU� FRQWUDFW� ZLWK� ,6%$� IRU� XQGHUWDNLQJ� ZRUN� IRU� H[SORUDWLRQ� RI�3RO\PHWDOOLF�1RGXOHV����
7KH� 3RO\PHWDOOLF� 1RGXOHV� SURJUDPPH� LV� RULHQWHG� WRZDUGV� H[SORUDWLRQ� DQG�HYHQWXDO�H[SORLWDWLRQ�RI� WKH�QRGXOHV� IURP� WKH�PLQH�VLWH�DOORFDWHG� WR� ,QGLD��7KH�YDULRXV�FRPSRQHQWV� RI� WKH�SURJUDPPH�YL]��6XUYH\�	�([SORUDWLRQ� LQ� WKH�&HQWUDO� ,QGLDQ�2FHDQ�%DVLQ� �&,2%��� (QYLURQPHQWDO� ,PSDFW� $VVHVVPHQW�� 7HFKQRORJ\� 'HYHORSPHQW� �0LQLQJ���7HFKQRORJ\� 'HYHORSPHQW� �0HWDOOXUJ\��� 8QPDQQHG� VXEPHUVLEOH�� DUH� DLPHG� DW� IXOILOOLQJ�WKLV�ORQJ�WHUP�REMHFWLYH���

��� 6XUYH\�DQG�([SORUDWLRQ
:LWK�D�YLHZ�RI�ILUPO\�HVWDEOLVKLQJ�WKH�QRGXOH�UHVRXUFH�DQG�YDOLGDWLQJ�WKH�UHVRXUFH�DVVHVVHG� IRU� XSGDWLQJ� UHODWLYH� FRQFHQWUDWLRQ� DQG� TXDOLW\� FKDUDFWHULVWLFV� RI� WKH�SRO\PHWDOOLF� QRGXOHV�� VXUYH\� DQG� H[SORUDWLRQ� DFWLYLW\� LV� WDUJHWHG� DQG� FDUULHG� RXW� DW� D�FORVHU�JULG�RI���NP�� LQ�VHOHFWHG�PDUJLQDO�EORFNV�� ,Q�DGGLWLRQ��XSGDWLQJ�RI�JHR�VWDWLVWLFDO�UHVRXUFH�HYDOXDWLRQ�EDVHG�RQ������NP��JULG�VDPSOLQJ�LQ�VHOHFWHG�EORFNV�ZDV�DOVR�WDNHQ�XS��



��� (QYLURQPHQWDO�,PSDFW�$VVHVVPHQW��(,$��6WXG\
$�FRPSUHKHQVLYH�(,$�VWXG\�DV�D� UHVXOW�RI�SRWHQWLDO�H[SORLWDWLRQ�RI�QRGXOHV�KDV�EHHQ�XQGHUWDNHQ�DW�WKH�SLRQHHU�DUHD���8QGHU�WKH�VWXG\��&7'�DQG�5RVHWWH�REVHUYDWLRQV�QHDU�VHDEHG�DW�WKH�WHVW�DQG UHIHUHQFH�DUHDV�ZHUH�FDUULHG�RXW��,Q�DGGLWLRQ��WKH�ER[�FRUHU�VDPSOHV� DW� WKH� WHVW� DQG� UHIHUHQFH� DUHDV� ZHUH� FROOHFWHG�� ,W� LV� SURSRVHG� WR� FDUU\� RXW�PRQLWRULQJ�RI�HQYLURQPHQWDO�SDUDPHWHUV�E\�FROOHFWLQJ�VDPSOHV�DW�WKH�WHVW�DQG�UHIHUHQFH�DUHDV�DQG�FUHDWH�DSSURSULDWH�GDWD�EDVHV�

��� 7HFKQRORJ\�'HYHORSPHQW�0LQLQJ
'HYHORSPHQW� RI� WHFKQRORJLHV� IRU� PLQLQJ� IURP� WKH� GHHS� RFHDQ� LV� YLHZHG� DV� D�FRQWULEXWLRQ�WR�WKH�ORQJ�WHUP�REMHFWLYH��$�PLQLQJ�V\VWHP�FDSDEOH�RI�RSHUDWLQJ�DW������P�GHSWK�ZLWK�D�PLQLQJ�FDSDFLW\�RI��������WRQQHV�QRGXOHV�SHU�\HDU�ZDV�GHVLJQHG�XQGHU�WKH�RQJRLQJ�MRLQW�FROODERUDWLYH�HIIRUW�RI�1,27�ZLWK�,QVWLWXW�IRU�.RQVWUXNWLRQ���,.6���8QLYHUVLW\�RI�6LHJHQ��*HUPDQ\��
'HVLJQ�DQG�GHYHORSPHQW�RI�WHFKQRORJ\�IRU�PHDVXUHPHQW�RI�LQ�VLWX VRLO�VDPSOH�IRU������P�GHSWK�LV�XQGHU�SURJUHVV��5H�IXUELVKLQJ�RI�VKDOORZ�EHG�PLQLQJ�V\VWHP�KDV�EHHQ�XQGHUWDNHQ� IRU� UH�GHPRQVWUDWLRQ� WR� LPSURYH� WKH� FRQILGHQFH� OHYHO� EHIRUH� WDNLQJ� XS�FROOHFWRU�DQG�FUXVKHU�GHYHORSPHQW�

��� 7HFKQRORJ\�'HYHORSPHQW�± 0HWDOOXUJ\$� VHPL�FRQWLQXRXV� GHPRQVWUDWLRQ� SLORW� SODQW� WR� SURFHVV� ���� NJ� SHU� GD\� RI�SRO\PHWDOOLF�QRGXOHV�WR�YDOLGDWH�WKH�SURFHVV�SDFNDJH�GHYHORSHG�IRU�H[WUDFWLRQ�RI�PHWDO�YDOXHV� IURP� QRGXOHV� DW� +LQGXVWDQ� =LQF� /LPLWHG� �+=/��� 8GDLSXU� ZDV� FRPPLVVLRQHG� LQ�0DUFK������DQG�FDPSDLJQV�KDYH�EHHQ�WDNHQ�XS� $ERXW�����WRQQHV�RI�QRGXOHV�FROOHFWHG�IURP�&HQWUDO� ,QGLDQ�2FHDQ�%DVLQ�ZLOO�EH�FRQVXPHG�IRU�WKH�PHWDOOXUJLFDO�GHPRQVWUDWLRQ�FDPSDLJQV� 7KH�GDWD�JHQHUDWHG�GXULQJ� WKH�GHPRQVWUDWLRQ�FDPSDLJQV�ZLOO�EH�XVHG�IRU�HYDOXDWLRQ� DQG� YDOLGDWLRQ� RI� SURFHVV� SDFNDJH� DOUHDG\� GHYHORSHG�� � 5	'� DFWLYLWLHV� IRU�HIILFLHQF\�RSWLPL]DWLRQ�IRU�H[WUDFWLRQ�RI�PHWDO���YL]��&X��1L��&R�DQG�0Q�ZHUH�FRQWLQXHG��



%XON�VXOSKLGH�SUHFLSLWDWLRQ�DQG�GLVVROXWLRQ�VHFWLRQ�RI�SLORW�PHWDOOXUJ\�SODQW�DW�+=/
�� 2FHDQ�2EVHUYDWLRQ�DQG�,QIRUPDWLRQ�6HUYLFHV�&OLPDWH�YDULDELOLW\� LQ� WKH� UHFHQW�SDVW�KDV�FDXVHG�D�JUHDW�GHDO�RI� LPSDFW�RQ� WKH�ZHDWKHU� SDWWHUQ� UHVXOWLQJ� LQ� GURXJKWV�� IORRGV�� DQG� H[WUHPH� KHDW� HYHQWV� LQ� YDULRXV�FRXQWULHV�RI�WKH�,QGLDQ�2FHDQ���7KH�&OLPDWH�SUHGLFWDELOLW\�LV�DQ�LPSHUDWLYH�QHHG�IRU�,QGLD�WKDW�LV�KHDYLO\�GHSHQGDQW�RQ�PRQVRRQV�IRU�LWV�HFRQRP\��$OWKRXJK��WKH�2FHDQV�SOD\�DQ�LPSRUWDQW� UROH� LQ� WKH� FOLPDWH� FKDQJH�� WKH� V\PELRWLF� FRQQHFWLRQ� EHWZHHQ� RFHDQ� DQG�DWPRVSKHUH� SDUWLFXODUO\� LQ� WHUPV RI� H[FKDQJH� RI� KHDW� DQG� PDVV� LV� QRW� \HW� ZHOO�XQGHUVWRRG���7KLV�FRXOG�EH�GXH�WR�ODFN�RI�V\VWHPDWLF�REVHUYDWLRQDO�QHWZRUN�LQ�WKH�VHDV�DURXQG�,QGLD��5HFRJQL]LQJ� WKH� LPSRUWDQFH�RI� LQIRUPDWLRQ�DQG� NQRZOHGJH�RI� WKH� VHDV�DURXQG�,QGLD�� WKH�GHSDUWPHQW� IRUPXODWHG DQ� LQWHJUDWHG�SURJUDPPH�FDOOHG�³2FHDQ�2EVHUYDWLRQ�DQG� ,QIRUPDWLRQ� 6HUYLFHV� �22,6�´� IRU� LPSOHPHQWDWLRQ� GXULQJ� WKH� �WK 3ODQ�� � 7KH�22,6�DLPV�DW�GHYHORSPHQW�RI�D�ZLGH�UDQJH�RFHDQ�DWPRVSKHULF�	�FRDVWDO�PRGHOV��JHQHUDWLRQ�RI�DOJRULWKPV� IRU� UHWULHYDO�RI�VDWHOOLWH�SDUDPHWHUV��DXJPHQWDWLRQ�RI�RFHDQ�REVHUYDWLRQV�LQFOXGLQJ� LQ�VLWX DQG� VDWHOOLWH�PHDVXUHPHQWV��DQG�RSHUDWLRQDOLVDWLRQ�RI�RFHDQ�DGYLVRU\�VHUYLFHV���,Q�YLHZ�RI�WKH�FRQWULEXWLRQ�RI�GDWD�JHQHUDWHG�WKURXJK�REVHUYDWLRQDO�SODWIRUPV�IRU�ZHDWKHU�FOLPDWH�IRUHFDVWLQJ DQG�RWKHU�FRDVWDO�GHYHORSPHQWDO�DFWLYLWLHV��LW�LV�SURSRVHG�WR�VWUHQJWKHQ�DQG�DXJPHQW�WKH�REVHUYDWLRQDO�QHWZRUN�GXULQJ���WK SODQ�E\�GHSOR\PHQW�RI�D�YDULHW\�RI�VWDWH�RI�WKH�DUW�WHFKQRORJ\�EXR\V�DQG�IORDWV��6HYHUDO�QDWLRQDO�DJHQFLHV��VXFK�DV�� 1,2�� *RD�� 1,27� &KHQQDL�� 6XUYH\� RI� ,QGLD�� 'HKUDGXQ� KDYH� EHHQ� LQYROYHG� LQ� WKH�



JHQHUDWLRQ�RI�GDWD�SHUWDLQLQJ�WR�FRDVWDO�DQG�RSHQ�VHDV�RI�,QGLD�� 7RZDUGV�FROODWLQJ�DQG�DUFKLYDO�RI�WKH�GDWD�DQG�HIIHFWLYH�GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�WR�WKH�HQG�XVHUV�WKURXJK�D�VLQJOH� ZLQGRZ� D� GHGLFDWHG� FHQWUH� ³,QGLDQ� 1DWLRQDO� &HQWUH� IRU� 2FHDQ� ,QIRUPDWLRQ�6HUYLFHV� �,1&2,6�´� ZDV� HVWDEOLVKHG� DW� +\GHUDEDG� LQ� )HEUXDU\� ������ � 6LJQLILFDQW�DFFRPSOLVKPHQWV�XQGHU�WKLV�VFKHPH�GXULQJ�WKH�\HDU�DUH�DV�IROORZV���� 2FHDQ�2EVHUYLQJ�6\VWHP��
7KH�RFHDQ�REVHUYDWLRQV��ERWK�LQ�VLWX DQG�VDWHOOLWH�PHDVXUHPHQWV��SOD\�D�YLWDO�UROH�LQ� XQGHUVWDQGLQJ� WKH� RFHDQ� DWPRVSKHULF� SURFHVVHV�� 6\VWHPDWLF� WLPH�VHULHV� VXUIDFH�PHWHRURORJLFDO� DQG� RFHDQRJUDSKLF� REVHUYDWLRQV� DUH� HVVHQWLDO� SULPDULO\� WR� LPSURYH�RFHDQRJUDSKLF� VHUYLFHV� DQG SUHGLFWLYH� FDSDELOLW\� RI� VKRUW� DQG� ORQJ�WHUP� FOLPDWH�FKDQJHV���7KH�WLPH�VHULHV�REVHUYDWLRQV�GDWD�RQ�ZDYHV��ZLQG��FXUUHQWV��DLU�WHPSHUDWXUH��SUHVVXUH� DQG� RWKHUV� DUH� UHTXLUHG� IRU� FDUU\LQJ� RXW� WKH� EDVLF� UHVHDUFK�� GHYHORSPHQWDO�DFWLYLWLHV�LQ�WKH�FRDVWDO���RFHDQ�DUHDV�DQG�WR�VWXG\�RFHDQ�SURFHVVHV���5HFRJQLVLQJ�WKH�LPSRUWDQFH� RI� WKHVH� PHDVXUHPHQWV�� WKH� GHSDUWPHQW� KDV� SURSRVHG� WR� DXJPHQW� WKH�REVHUYDWLRQDO�QHWZRUN�GXULQJ���WK SODQ�E\�GHSOR\PHQW�RI�D�VHW�RI�VWDWH�RI�WKH�DUW�SURILOLQJ�IORDWV�DQG�PRRUHG�RFHDQ�GDWD�EXR\V�

����� 0RRUHG�2FHDQ�'DWD�%XR\�3URJUDPPH
7KH� SULPDU\� REMHFWLYHV� DUH� WR� VXSSRUW� QDWLRQDO�� UHJLRQDO DQG� LQWHUQDWLRQDO�SURJUDPPHV� UHODWLQJ� WR� 2FHDQ� 6FLHQFHV� DQG� 7HFKQRORJ\� E\� SURYLGLQJ� UHDO�WLPH� DQG�DUFKLYHG� GDWD� DQG� UHODWHG� LQIRUPDWLRQ� DQG� WR� SURYLGH� UHDO�WLPH� GDWD� IRU� SURJUDPPHV�UHODWLQJ� WR� SUHGLFWLRQ�RI�PRYHPHQW�RI� F\FORQHV�DQG�FRQVHTXHQW� VWRUP�VXUJHV� WKDW�DUH�GHYDVWDWLQJ�LQ�QDWXUH�
,QLWLDOO\� WKH� GDWD� EXR\� SURJUDPPH� KDG� UHFHLYHG� ERWK� WHFKQLFDO� DQG� ILQDQFLDO�DVVLVWDQFH�WR�WKH�H[WHQW�RI����PLOOLRQ�12.�IURP�WKH�*RYHUQPHQW�RI�1RUZD\��125$'�DQG�DQ�HTXDO�FRQWULEXWLRQ�IURP�*RYW��RI�,QGLD� ���GDWD�EXR\V�ZHUH�SURFXUHG�E\�1,27�IURP�D�1RUZHJLDQ�&RPSDQ\� 7KH�GDWD�EXR\V�DUH�HTXLSSHG�WR�UHFRUG�WKH�GDWD�RQ�$WPRVSKHULF�7HPSHUDWXUH�� +XPLGLW\�� 3UHVVXUH�� 6HD� 6XUIDFH� 7HPSHUDWXUH�� DQG� 6DOLQLW\� DQG�:DYH�SDUDPHWHUV� WKURXJK� WKHLU� VHQVRUV�� � 7KH\� DUH� WUDQVPLWWHG� WR� WKH� ,QWHUQDWLRQDO�0DULWLPH�6DWHOOLWH��,10$56$7��DQG�UHFHLYHG�DW�1,27���7KHVH�GDWD�DUH�GLVVHPLQDWHG�WR�XVHUV��OLNH�,QGLDQ�0HWHRURORJLFDO�'HSDUWPHQW�ZKR�XVH�WKHP�UHJXODUO\�IRU�ZHDWKHU�SUHGLFWLRQV��7KH�RWKHU� XVHU� JURXSV� LQFOXGH�� &OLPDWH� 5HVHDUFK� JURXS� LQ� '67� DQG� ,QGLDQ� ,QVWLWXWH� RI�6FLHQFH��%DQJDORUH��1DY\��3RUWV��HWF��1,27�� LV�FXUUHQWO\�RSHUDWLQJ����PRRULQJV�RXW�RI�ZKLFK����DUH�SURYLGLQJ�WKH�UHDO�WLPH�GDWD�



,Q�RUGHU�WR DWWDLQ�VHOI�UHOLDQFH��WKH�1,27�KDG�XQGHUWDNHQ�WKH�WDVN�RI�LQGLJHQRXV�SURGXFWLRQ� RI� WKHVH� GDWD� EXR\V�� 7KH� YHU\� LPSRUWDQW� WDVN� LQ� WKLV� SURJUDPPH� LV� WKH�GHYHORSPHQW�RI�&HQWUDO�3URFHVVLQJ�8QLW��&38��IRU�GDWD�DFTXLVLWLRQ��SURFHVVLQJ�DQG�GDWD�FRPPXQLFDWLRQ� WKURXJK� ,QGLDQ� 6DWHOOLWH�� ZKLFK� KDV� EHHQ� WRWDOO\� HYROYHG� LQ�KRXVH� DQG�GHYHORSHG�WKURXJK�D�ORFDO�LQGLJHQRXV�VRXUFH���$QRWKHU�FULWLFDO�FRPSRQHQW�LV�WKH�VDWHOOLWH�WUDQVPLWWHU�DQG� WUDQVFHLYHU� IRU� ,16$7��ZKLFK�KDV�EHHQ� MRLQWO\�GHYHORSHG�E\�1,27�DQG�6SDFH� $SSOLFDWLRQ� &HQWUH� �6$&��� $KPHGDEDG�� � 1,27� KDV� HYROYHG� WKH� SURWRFRO� IRU�KDQGVKDNLQJ�EHWZHHQ�WKH�&38�DQG�,16$7�WUDQVFHLYHU�LQ�WKH�EXR\�IRUPDW��PLQLDWXULVLQJ�WKH�FRPSOHWH�HOHFWURQLFV�DQG�LWV�HQFORVXUHV��WR�VXLW�PDULQH�FRQGLWLRQV��WHVWLQJ�SURFHGXUH��HWF����%HVLGHV�WKH�DERYH�WZR�EXR\�HOHFWURQLF�FRPSRQHQWV��RWKHU�LPSRUWDQW�FRPSRQHQWV�OLNH�EXR\�KXOO�� LQVWUXPHQW�F\OLQGHU��PDVW�DQG�SRZHU�V\VWHP�KDYH�EHHQ�LQGLJHQLVHG�DQG�SURGXFHG�WKURXJK�LQGLJHQRXV�VRXUFHV���
$� IXOO\� LQGLJHQLVHG�GDWD�EXR\�ZLWK� ,16$7�FRPPXQLFDWLRQ� IRU�GDWD� WUDQVPLVVLRQ�ZDV�GHSOR\HG�RII�(QQRUH�3RUW�RQ���VW 'HFHPEHU������IRU�H[WHQVLYH�VHD�WULDOV��1,27�RQ�VDWLVIDFWRU\� VHD� WULDOV� KDV� SODQQHG� WR� GHSOR\� ��PRUH� LQGLJHQRXV� GDWD� EXR\V� LQ� ,QGLDQ�VHDV�DQG�LQFUHDVH�WKH�WRWDO�EXR\�QHWZRUN�WR����QRV��EHIRUH�WKH�HQG�RI�WKLV�ILQDQFLDO�\HDU��2XW�RI���EXR\V�SURSRVHG�DW�QHZ�ORFDWLRQV��D�VHW�RI���QHZ�EXR\V�ZDV�GHSOR\HG�LQ�WKH�%D\�RI�%HQJDO�DW�WKH�IROORZLQJ�ORFDWLRQV��7KH�UHPDLQLQJ���VHWV�RI�EXR\V�ZRXOG�EH�GHSOR\HG�LQ�WKH�$UDELDQ�6HD�

¾ 2%�� � /DW����R ��¶���´�1 /RQJ����R ��¶���´�(¾ 0%��� � /DW����R ��¶���´�1 /RQJ����R ��¶���´�(¾ 0%��� � /DW����R ��¶���´�1 /RQJ����R ��¶���´�(¾ 0%��� � /DW����R ��¶���´�1 /RQJ����R ��¶���´�(



$�IXOO\�LQGLJHQLVHG�GDWD�EXR\�ZLWK�,16$7FRPPXQLFDWLRQ�IRU�GDWD�WUDQVPLVVLRQ�GHSOR\HG�RII�(QQRUH�3RUW�RQ���VW 'HFHPEHU�����
7R�IDFLOLWDWH�,16$7�FRPPXQLFDWLRQ��DQ�,16$7�+8%�VWDWLRQ�IDEULFDWHG�E\�%KDUDW�(OHFWURQLFV� /LPLWHG� �%(/�� KDV� EHHQ� LQVWDOOHG� DW� 1,27� FDPSXV�� )RU� WKH� ILUVW� WLPH� WKH�LQWHUIDFLQJ RI�&OLPDWH�VHQVRUV��6RODU�UDGLDWLRQ��1HW�UDGLDWLRQ��+XPLGLW\�VHQVRU��ZLWK�WKH�&38� KDV� EHHQ� DFKLHYHG� DQG� D� EXR\� ZLWK� FOLPDWH� VHQVRUV� ILW� KDV� EHHQ� GHSOR\HG� DW�ORFDWLRQ�0%����$XWRPDWHG�UHDO�WLPH�GDWD�GLVVHPLQDWLRQ�WR�,0'�WKURXJK�LWV�$UHD�&\FORQH�:DUQLQJ� &HQWUH�� &KHQQDL� KDV� EHHQ� HVWDEOLVKHG�� 1'%3� FDUULHG� RXW� UHJXODU� DQG�HPHUJHQF\�PDLQWHQDQFH�RI�GDWD�EXR\V�DFFRXQWLQJ�IRU����GHSOR\PHQWV�DQG����UHWULHYDOV�RI�EXR\V������ ,QGLDQ�$UUD\�IRU�5HDO�WLPH�*HRWURSLF�2FHDQRJUDSK\��$5*2��3URMHFW7KH�,QWHUQDWLRQDO�$5*2 SURMHFW�HQYLVDJHV�GHSOR\PHQW�RI������SURILOLQJ�IORDWV�LQ�WKH�JOREDO�RFHDQ�DW�DSSUR[LPDWHO\����VSDFLQJ��$ERXW����FRXQWULHV�LQFOXGLQJ�,QGLD��KDYH�FRPPLWWHG�UHVRXUFHV�WR� WKH�SURMHFW�� �7KH�IORDWV� LQ�$5*2�ZLOO�SURYLGH�WHPSHUDWXUH�DQG�VDOLQLW\�GDWD�RYHU�WKH�HQWLUH�ZRUOG�RFHDQ�DW����GD\�LQWHUYDOV���7KHVH�IORDWV�DUH�GHVLJQHG�WR� GLYH� XS� WR� ����� P� GHSWK� WR� PDNH� PHDVXUHPHQWV� DQG� WUDQVPLW� WKH� GDWD� WKURXJK�VDWHOOLWH� WR� JURXQG� VWDWLRQV�� ZKHQ� WKH\� SRS� XS�� (DFK� IORDW� LV� FDSDEOH� RI� PDNLQJ� ����SURILOHV�RYHU�D�SHULRG�RI���\HDUV��



$5*2�SURILOLQJ�IORDW
7KH� $5*2� LV� DQ� LQWHUQDWLRQDOO\� FRRUGLQDWHG� SURJUDPPH� IRU� GHSOR\PHQW� RI� DQ�DUUD\� RI� ����� SURILOLQJ� IORDWV� DW� D� VSDWLDO� UHVROXWLRQ� RI� ��� [� ��� ����� NP� [� ���� NP�� WR�PHDVXUH�WHPSHUDWXUH�DQG�VDOLQLW\�SURILOHV�RI�WKH�XSSHU�RFHDQ��XS�WR�D�GHSWK�RI�����P��SHULRGLFDOO\��7KH�H[SHFWHG�OLIH�RI�HDFK�IORDW�LV�DERXW���\HDUV���,Q�WKH�,QGLDQ�2FHDQ�UHJLRQ�����$5*2�IORDWV�DUH�WR�EH�GHSOR\HG�XQGHU�WKLV�SURJUDPPH��7KH�'HSDUWPHQW�KDV�PDGH�D� FRPPLWPHQW IRU� GHSOR\PHQW� RI� DERXW� ���� LQ� WKH� QRUWKHUQ� ,QGLDQ� 2FHDQ� QRUWK� RI���� 6RXWK�RYHU�D�SHULRG�RI���\HDUV��������������RI�ZKLFK����KDYH�EHHQ�GHSOR\HG���)RU�WKH�ILUVW�WLPH�LQ�WKH�,QGLDQ�2FHDQ��,QGLD�FRQGXFWHG���$5*2�IORDW�PLVVLRQV�ZLWK����GD\V���� GD\V� DQG� ���	��� GD\� F\FOHV� WR� FDSWXUH� WKH� LQWHU�DQQXDO� YDULDELOLW\� LQ� WKH� UHJLRQ�� ���$5*2�IORDWV�ZHUH�GHSOR\HG�GXULQJ�WKH�,2*226�&UXLVH�RYHUERDUG�259�6DJDU�.DQ\D��'DWD� IURP� WKHVH� IORDWV�DUH�EHLQJ� UHFHLYHG�DQG�PDGH�DYDLODEOH�RQ� WKH�:HEVLWH� IRU� WKH�XVHU�FRPPXQLW\�DIWHU�WKH�UHDO�WLPH�TXDOLW\�FKHFNV�



'DWD�REWDLQHG�IURP�$5*2�)ORDWV�GHSOR\HG�GXULQJ�,2*226�FUXLVH,QGLD� KROGV� D� PDMRU� VKDUH� RI� VXFK� EXR\V� LQ� WKH� ,QGLDQ� 2FHDQ� UHJLRQ�� WKXV�DFTXLULQJ�D�OHDGHUVKLS�LQ�WKH�UHJLRQDO�FOLPDWH�SURJUDPPH���,1&2,6�LV�WKH�QRGDO�DJHQF\�IRU�FRRUGLQDWLRQ�DQG� LPSOHPHQWDWLRQ�RI� WKH�SURMHFW��7KH�RWKHU�DJHQFLHV� LQYROYHG� LQ� WKH�SURJUDPPH�DUH�1DWLRQDO�,QVWLWXWH�RI�2FHDQ�7HFKQRORJ\��&KHQQDL�DQG�,QGLDQ�,QVWLWXWH�RI�6FLHQFH��%DQJDORUH��,Q�WKH�ORQJ�UXQ��WKH�$5*2�GDWD�ZRXOG�KHOS�WR�JUHDWO\�LPSURYH�RXU�NQRZOHGJH�RI�VFLHQWLILF� SUREOHPV� VXFK�DV� LQWHUDFWLRQ�RI�DWPRVSKHUH�DQG�RFHDQ�RQ� LQWHU�DQQXDO� WLPH�VFDOHV� DV�ZHOO� DV� SURYLGLQJ�KLJKO\�XVHIXO� VHW�RI�PHDVXUHPHQWV� WKDW�ZLOO� EH� UHOHYDQW� WR�PRUH� SUDFWLFDO� SUREOHPV� DVVRFLDWHG� ZLWK� VKLSSLQJ�� ILVKHULHV� DQG� HQYLURQPHQWDO�DVVHVVPHQW� DSSOLFDWLRQV�� 7KLV� ZLOO� DOVR� FRQWULEXWH� WR� YDULRXV� QDWLRQDO� SURMHFWV� EHLQJ�XQGHUWDNHQ� E\� ,QGLD�� XQGHU� ,QGLDQ� &OLPDWH� 5HVHDUFK� SURJUDP� �,&53��� 7KHVH�WHPSHUDWXUH�DQG�VDOLQLW\�SURILOHV�DUH�H[SHFWHG�WR�LPSURYH XQGHUVWDQGLQJ�RI�WKH�RFHDQLF�SURFHVVHV�DQG�FRQWULEXWH�WR�LPSURYHG�SUHGLFWLRQ�RI�FOLPDWH�YDULDELOLW\��'DWD�IURP�WKH�JOREDO�DUUD\�RI�SURILOLQJ�IORDWV�ZRXOG�EH�SXW�RQ�*76�LPPHGLDWHO\�WR�HQDEOH� LWV� XVH� LQ� RSHUDWLRQDO� IRUHFDVWLQJ�� � 'HOD\HG� PRGH� GDWD�� DIWHU� GHWDLOHG� TXDOLW\�FRQWURO�FKHFNV�E\�WKH�$5*2�'DWD�&HQWUHV��ZRXOG�EH�DYDLODEOH�ZLWKLQ�D�IHZ�PRQWKV�YLD�LQWHUQHW��2QH�\HDU�WLPH�VHULHV�GDWD�FROOHFWHG�IURP�WKH�&DQDGLDQ�)ORDW�GHSOR\HG�E\�,QGLD�ZHUH�DQDO\VHG�DQG�FDSDELOLW\�ZDV�GHYHORSHG� WR�GHFLGH� WKH�$5*2� IORDW�GHVLJQ� IRU� WKH�



,QGLDQ�2FHDQ� UHJLRQ��3HUIRUPDQFH�(YDOXDWLRQ�5HSRUW�RI� WKH�$5*2�IORDWV�GHSOR\HG�E\�,QGLD�ZDV�SUHSDUHG�DQG�HYDOXDWHG�E\�WKH�([SHUW�&RPPLWWHH�
$�ZHEVLWH�IRU�WKH�,QGLD�$5*2�3URJUDPPH�ZLWK�:HE�*,6�DQG�TXHU\�IDFLOLWLHV�IRU�FRRUGLQDWLRQ�RI�$5*2�IORDW�GHSOR\PHQW�LQ�WKH�,QGLDQ�2FHDQ�ZDV�VHW�XS��'DWD�IURP�DERXW�����IORDWV��DERXW������7HPSHUDWXUH�DQG�6DOLQLW\�3URILOHV��GHSOR\HG�E\�YDULRXV�FRXQWULHV�LQ� WKH� ,QGLDQ�2FHDQ�DUH�DYDLODEOH�RQ� WKH� ,1&2,6�ZHEVLWH� IRU� WKH�VFLHQWLILF�FRPPXQLW\��8QGHU� D� MRLQW� SURMHFW RI� ,1&2,6� DQG� &$26�,,6F�� K\GURJUDSKLF� VWUXFWXUH� RI� ZHVWHUQ�$UDELDQ� 6HD� ZDV� VWXGLHG� XVLQJ� WKH� GDWD� IURP� $5*2� IORDWV� LQ� WKH� UHJLRQ�� 7RRO� IRU�FRQYHUVLRQ�RI�$5*2�GDWD�IURP�7(6$&�WR�$6&,,�IRUPDW�ZDV�GHYHORSHG�DQG�$5*2�GDWD�IURP� ���� IORDWV� KDYH� EHHQ� DUFKLYHG�� 7KLV� GDWXP� ZDV� GLVVHPLQDWHG� WR� 6$&� DQG�&$26�,,6F�� $� VRIWZDUH� SDFNDJH� IRU� RQOLQH� UHDO�WLPH� TXDOLW\� FRQWURO� RI� $5*2� GDWD��LQFRUSRUDWLQJ����TXDOLW\�FKHFNV�DSSURYHG�E\�WKH�,QWHUQDWLRQDO�$UJR�6FLHQFH�7HDP�ZDV�GHYHORSHG��)RU�GHOD\HG�PRGH�TXDOLW\�FRQWURO��D�VRIWZDUH�SDFNDJH�ZDV�DFTXLUHG�IURP�WKH�3DFLILF� 0DULQH� (QYLURQPHQW� /DERUDWRU\� �30(/��� 86$� DORQJ� ZLWK� KLVWRULF� GDWD� RI� WKH�ZRUOG�RFHDQ�FROOHFWHG�IURP������WR������IRU�7HPSHUDWXUH�DQG�6DOLQLW\�SURILOHV�

��� ,QGLDQ�2FHDQ�0RGHOOLQJ�DQG�'\QDPLFV��,1'202'��6DWHOOLWH�&RDVWDO���DQG�2FHDQRJUDSKLF�5HVHDUFK��6$7&25(�
7KH�,1'202'�SURMHFW�HQYLVDJHV�DGDSWDWLRQ�RI�D�VXLWH�RI�RFHDQ�PRGHOV�IRU�VWXG\�RI�RSHQ�DQG�FRDVWDO�RFHDQ�SURFHVVHV�DQG�FRXSOHG�RFHDQ�DWPRVSKHULF�SURFHVVHV��7KH�SULPDU\�DSSOLFDWLRQV�RI�WKHVH�PRGHOV�DUH�SUHGLFWLRQ�RI�PRQVRRQ�YDULDELOLW\��VWRUP�VXUJHV�DVVRFLDWHG�ZLWK� F\FORQHV��ZDYHV�� ELRORJLFDO� SURGXFWLYLW\� DQG� FRDVWDO� SURFHVVHV��7KHUH�DUH����VHSDUDWH�VXE�SURMHFWV�XQGHU�WKH�,1'202'�SURMHFW�DGGUHVVLQJ�D�VSHFLILF�DFWLYLW\�SHUWDLQLQJ�WR�GHYHORSPHQW�RI�RFHDQ�DWPRVSKHULF�PRGHOOLQJ���
7KH� 6$7&25(� SURMHFW� ZDV� LQWHQGHG� WR� GHYHORS� DOJRULWKPV� DQG� PRGHOV� IRU�UHWULHYDO� RI� PHW�RFHDQ� SDUDPHWHUV� �H�J�� VHD� VXUIDFH� WHPSHUDWXUH�� ZLQGV�� ZDYH�SDUDPHWHUV�� EDWK\PHWU\�� VXVSHQGHG� PDWWHU�� PL[HG� OD\HU� GHSWK�� FKORURSK\OO�� DHURVRO��ZDWHU�YDSRXU��FORXGV��FXUUHQWV�DQG�VHD�OHYHO��IURP�WKH�GDWD�REWDLQHG�WKURXJK�,QGLDQ�DQG�IRUHLJQ� VDWHOOLWH� VHQVRUV� LQFOXGLQJ� ,56� 3��� %HVLGHV�� WKLV� 3URMHFW� DOVR� FDUULHV� RXW�GLDJQRVWLF�VWXGLHV�DQG�JHQHUDWLRQ�RI� IRUHFDVW�PRGHOV��FXVWRPLVDWLRQ�RI�DOJRULWKPV�DQG�GHYHORSPHQW�RI�UHODWHG�VRIWZDUH�SDFNDJHV��



'XULQJ� WKH� ;� )LYH� <HDU� 3ODQ�� ,1'202'� DQG� 6$7&25(� DQG� 2FHDQ�2EVHUYDWLRQV�SURJUDPPHV�KDYH�EHHQ�LQWHJUDWHG�LQ�D�IRFXVHG�ZD\�WRZDUGV�GHYHORSPHQW�RI�PRGHOV��$FFRUGLQJO\��VHOHFWLYH�GHSOR\PHQW�RI�EXR\V��FXUUHQW�PHWHUV�DQG�;%7�VXUYH\V�DUH���SODQQHG�IRU�JHQHUDWLRQ�RI�VXUIDFH�RFHDQRJUDSKLF�DQG�PHWHRURORJLFDO�GDWD��7KHVH�REVHUYDWLRQV� DUH� LQWHQGHG� SULPDULO\� IRU� YDOLGDWLRQ� RI� RFHDQ� DWPRVSKHULF� PRGHOV�HQYLVDJHG�XQGHU�,1'202'�DQG�6$7&25(�SURMHFW��ZKLFK�DUH�GHVFULEHG�EHORZ�'ULIWLQJ�%XR\V'ULIWLQJ� EXR\V� KDYH� WKH� FDSDELOLW\� IRU� FRQWLQXRXV� PHDVXUHPHQW� RI� 667� DQG�DWPRVSKHULF�SUHVVXUH�IRU�DERXW�D�\HDU��7KH�GDWD�JHQHUDWHG�E\�WKH�EXR\V�DUH�UHTXLUHG�IRU� HVWLPDWLRQ� RI� VXUIDFH� FXUUHQWV�� ZKLFK� DUH� XVHIXO� IRU� FOLPDWH� UHVHDUFK�� V\QRSWLF�XSGDWHV� IRU� ZHDWKHU� SUHGLFWLRQ� DQG� SURYLGH� VHD� WUXWK� IRU� FDOLEUDWLRQ� DQG� YDOLGDWLRQ� RI�VDWHOOLWH� VHQVRUV�� 7KH� GDWD� VHWV� DUH� WUDQVPLWWHG�� LQ� QHDU�UHDO� WLPH�� WKURXJK� *OREDO�7HOHFRPPXQLFDWLRQ�6\VWHP��*76��WR�YDULRXV�XVHUV��1,2�VHQGV�WKH�SURFHVVHG�GDWD�VHWV�WR�,1&2,6��156$��1&05:)��,0'�DQG�6$&�IRU�XWLOL]DWLRQ�LQ�WKH�PRGHOV�DQG�YDOLGDWLRQ�RI�6DWHOOLWH�VHQVRUV��;%7�6XUYH\V7KH�;%7�VXUYH\V�DUH�GHVLJQHG�WR�FROOHFW�GDWD�RQ�YHUWLFDO�WHPSHUDWXUH�SURILOH�RI�WKH�XSSHU�RFHDQ�XS� WR�D�GHSWK�RI�����P��ZKLFK�ZRXOG�EH�XVHIXO� WR�VWXG\� WKH�ZHDWKHU�SDWWHUQV�� F\FORQHV� DQG� YDULDWLRQV� LQ� WKH�PL[HG� OD\HU� GHSWK�� HWF�� 7KH�REMHFWLYHV� RI� WKH�SURJUDPPH�DUH���L�� WR�XQGHUVWDQG�DQG�GRFXPHQW� WKH�HYROXWLRQ�RI�XSSHU�RFHDQ�WKHUPDO�VWUXFWXUH�DORQJ�VHOHFWHG�;%7�VHFWLRQV�RQ�DQQXDO� WLPH�VFDOHV�DQG�WR�H[DPLQH� LWV� LQWHU�



DQQXDO�YDULDELOLW\���LL��WR�HVWDEOLVK�WKH�UHODWLRQ�EHWZHHQ�XSSHU�RFHDQ�VXPPHU�KHDWLQJ�DQG�HQVXLQJ�PRQVRRQ�DFWLYLW\���LLL�� WR�HVWDEOLVK�WKH�UHODWLRQ�EHWZHHQ�WKH�KHDW�FRQWHQW� LQ�WKH�XSSHU�OD\HUV�DIWHU�WKH�PRQVRRQ�FRROLQJ�DQG�SRVW�PRQVRRQ�VWRUPV�LQ�WKH�%D\�RI�%HQJDO��DQG��LY��WR�SURYLGH�VHD�WUXWK�LQIRUPDWLRQ�RI�VXEVXUIDFH�WHPSHUDWXUH�SURILOHV�IRU�YDOLGDWLRQ�DQG�FDOLEUDWLRQ�RI�GDWD�GHULYHG�IURP�VDWHOOLWH�VHQVRUV��;%7�REVHUYDWLRQV�DUH�FDUULHG�RXW�DORQJ�&KHQQDL�3RUW�%ODLU�&DOFXWWD��&KHQQDL�6LQJDSRUH�DQG 0XPEDL�0DXULWLXV�VKLSSLQJ�URXWHV�RQERDUG�VKLSV�RI�RSSRUWXQLW\��0HUFKDQW�VKLSV���&XUUHQW�0HWHU�$UUD\
'HSOR\PHQW�DQG�UHWULHYDO�RI�D�VHW�RI���&XUUHQW�0HWHU�$UUD\V�ZRXOG�EH�FDUULHG�RXW�DW�SUH�VHOHFWHG�ORFDWLRQV�DORQJ�WKH�HTXDWRU�LQ�WKH�,QGLDQ�2FHDQ�IRU�ORQJ�WHUP�PRQLWRULQJ�RI� FXUUHQW� VWUXFWXUH�� (DFK� FXUUHQW� PHWHU� DUUD\� FRQVLVWV� RI� �� FXUUHQW� PHWHUV� �ZLWK�SUHVVXUH�� WHPSHUDWXUH� DQG� FRQGXFWLYLW\� VHQVRUV�� SODFHG� DW� GHSWKV� YDU\LQJ� IURP� QHDU�VXUIDFH�WR�QHDU�ERWWRP�����P������P������P������P�������P��DQG�QHDU�ERWWRP�GHSWK���7KH�PDMRU� REMHFWLYHV� RI� WKH� SURJUDPPH� DUH� �L�� WR� GHSOR\� DQG�PDLQWDLQ� FXUUHQW�PHWHU�DUUD\V� DW� WKUHH� SUH�VHOHFWHG� ORFDWLRQV� DORQJ� WKH� HTXDWRU� LQ� WKH� ,QGLDQ� 2FHDQ�� �LL�� WR�XQGHUVWDQG� WKH� VHDVRQDO� HYROXWLRQ� RI� QHDU�VXUIDFH� DQG� VXE�VXUIDFH� FXUUHQWV� LQ� WKH�HTXDWRULDO�,QGLDQ�2FHDQ���LLL��WR�XQGHUVWDQG�WKH�SURSDJDWLRQ�RI�.HOYLQ�ZDYHV�DQG�5RVV�E\�ZDYHV�DORQJ� WKH�HTXDWRU� LQ� UHODWLRQ� WR� WKH�HYROXWLRQ�RI�VXUIDFH�PL[HG� OD\HU�DQG�XSSHU�OD\HU�KHDW�FRQWHQW�YDULDELOLW\��DQG��LY�� WR�DGGUHVV�WKH�GHHS�VHD�FXUUHQW�YDULDELOLW\� LQ�WKH�HTXDWRULDO� ,QGLDQ� RFHDQ� LQ� UHODWLRQ� WR� FOLPDWH� FKDQJH� DQG� H[FKDQJH� RI� GHHS� ZDWHU�PDVVHV�DFURVV�WKH�HTXDWRU�
6LJQLILFDQW�DFKLHYHPHQWV�XQGHU�WKLV�SURMHFW�GXULQJ�WKH�\HDU���������ZHUH�

¾ 6RIWZDUH�IRU�SURFHVVLQJ�RI�,56�3��2FHDQ�&RORXU�0RQLWRU�'DWD�GHYHORSHG�E\�6$&�5566&� �XQGHU� 6$7&25(�� RQ� :LQGRZV� DQG� $,;� 3ODWIRUPV� DQG� WKH�0HWHRURORJLFDO� DQG�2FHDQRJUDSKLF�$SSOLFDWLRQ� �02$�� VKHOO� GHYHORSHG�E\�6$&�ZHUH� XWLOLVHG� E\� ,1&2,6� IRU� UHWULHYDO� RI� 667��:LQG� YHFWRU��:DYH� (QHUJ\� DQG�(GGLHV� IURP�(56���GDWD�DQG� WR�GHULYH�&KORURSK\OO��6XVSHQGHG�6HGLPHQWV�DQG�<HOORZ�VXEVWDQFH��UHVSHFWLYHO\�
¾ 2FHDQ�&RORXU�DQG�667�ZHUH�LQWHJUDWHG�IRU�3)=�IRUHFDVW�IRU�*XMDUDW��.HUDOD�DQG�.DUQDWDND� DQG� YDOLGDWHG� MRLQWO\� ZLWK� WKH� XVHU� DJHQFLHV�� .QRZ�KRZ� ZDV�WUDQVIHUUHG�WR�,1&2,6�
¾ 'XULQJ� WKH�\HDU�����GULIWLQJ�EXR\V������;%7V�DQG���FXUUHQW�PHWHU�DUUD\V�ZHUH�GHSOR\HG� DQG� VXUIDFH� PHWHRURORJLFDO� GDWD� ZHUH� FROOHFWHG� IURP� ILYH� FUXLVHV�



FRQGXFWHG�E\�1,2�DV�D�SDUW�RI�WKH�SURMHFW�³6HD�WUXWK�FDPSDLJQV�IRU�YDOLGDWLRQ�RI�,56�3��VHQVRUV´����
��� ,QGLDQ�1DWLRQDO�&HQWUH�IRU�2FHDQ�,QIRUPDWLRQ�6HUYLFHV��,1&2,6�

7KH� ,QGLDQ� 1DWLRQDO� &HQWUH� IRU� 2FHDQ� ,QIRUPDWLRQ� 6HUYLFHV� �,1&2,6��� DQ�DXWRQRPRXV� ERG\� XQGHU� WKH� 'HSDUWPHQW� RI� 2FHDQ� 'HYHORSPHQW�� KDV� D� PDQGDWH� WR�V\QWKHVLVH��JHQHUDWH��SURPRWH��SURYLGH�DQG�FRRUGLQDWH�YDULRXV�HQGHDYRXUV�LQ�WKH�ILHOG�RI�RFHDQ� VFLHQFHV�� RFHDQ� REVHUYDWLRQV�� VDWHOOLWH� RFHDQRJUDSK\�� RFHDQ� LQIRUPDWLRQ� DQG�DGYLVRU\� VHUYLFHV�� ,1&2,6� KDV� D� YLVLRQ� WR� HPHUJH� DV� D� NQRZOHGJH� DQG� LQIRUPDWLRQ�WHFKQRORJ\� HQWHUSULVH� IRU� WKH� RFHDQLF� UHDOP��6\QHUJ\� DQG� NQRZOHGJH�QHWZRUNLQJ�ZLWK�FHQWUHV� RI� H[FHOOHQFH� LQ� RFHDQ�� DWPRVSKHULF� VFLHQFHV�� VSDFH� DSSOLFDWLRQV� DQG�LQIRUPDWLRQ� WHFKQRORJ\� DV� ZHOO� DV� WUDQVODWLQJ� WKLV� VFLHQWLILF� NQRZOHGJH� LQWR� XVHIXO�SURGXFWV�DQG�VHUYLFHV�FRPSULVH�WKH�FRUQHUVWRQH�RI�,1&2,6�
7KLV�&HQWUH�LV�PDUFKLQJ�DKHDG�ZLWK�D�PLVVLRQ�WR�SURYLGH�WKH�EHVW�SRVVLEOH�RFHDQ�LQIRUPDWLRQ� DQG� DGYLVRU\� VHUYLFHV� WR� VRFLHW\�� LQGXVWU\�� JRYHUQPHQW� DJHQFLHV� DQG�VFLHQWLILF�FRPPXQLW\�WKURXJK�VXVWDLQHG�RFHDQ�REVHUYDWLRQV�DQG�FRQVWDQW�LPSURYHPHQWV�WKURXJK�V\VWHPDWLF�DQG�IRFXVHG�UHVHDUFK��:LWKLQ�D�VKRUW�VSDQ�RI�LWV�H[LVWHQFH��,1&2,6�KDV�EHHQ�UHFRJQLVHG�DV�DQ�LQVWLWXWLRQ�IRFXVLQJ�RQ�EULQJLQJ�LQ�WKH�DGYDQFHV�LQ�VSDFH�DQG�RFHDQ�VFLHQFHV�WR�KHOS�WKH�FRPPRQ�PDQ��)XUWKHU��WKH�LQLWLDWLYHV�WDNHQ�E\�,1&2,6 GXULQJ�WKH�ODVW�WZR�\HDUV�ZLWK�UHVSHFW�WR�WKH�,QWHUQDWLRQDO�$UJR�3URJUDPPH�DQG�*OREDO�2FHDQ�2EVHUYLQJ�6\VWHP�KDYH�HQDEOHG�,QGLD�WR�JDLQ�D�VLJQLILFDQW�QLFKH�LQ�WKH�JOREDO�VFHQDULR��
7KH�PDMRU�DFFRPSOLVKPHQWV�GXULQJ�WKH�\HDU�XQGHU�UHSRUW�DUH�DV�IROORZV�
¾ 3URYLGHG� 3RWHQWLDO� )LVKLQJ� =RQH� �3)=�� $GYLVRU\� 6HUYLFHV� WR� WKH� )LVKLQJ�&RPPXQLW\�LQ�D�0LVVLRQ�PRGH�DQG�LPSOHPHQWHG�VHYHUDO�LQQRYDWLYH�VWHSV�WR�PDNH�WKLV�LQIRUPDWLRQ�D�SDUW�RI�WKH�YDOXH�FKDLQ�RI�)LVKLQJ�&RPPXQLW\��7KLV�0LVVLRQ�KDV�EHHQ�DFFODLPHG�DV�DQ�H[FHOOHQW�PRGHO�IRU�UHDFKLQJ�HIIHFWLYHO\�WKH�EHQHILWV�RI�6FLHQFH�WR�6RFLHW\�¾ $�QDWLRQDO�PLVVLRQ�RQ�2FHDQ�$WPRVSKHULF�6\VWHP�IRU�WKH�,QGLDQ�6HDV�ZDV�ODXQFKHG�WR�HQKDQFH�WKH�EDVLF�XQGHUVWDQGLQJ�DQG�NQRZOHGJH�EDVH�RQ�RFHDQLF�DQG� DWPRVSKHULF� SURFHVVHV� IRU� SUHGLFWDELOLW\� RI� 2FHDQ�� &OLPDWH� DQG�&DWDVWURSKLF� ZHDWKHU� HYHQWV� DQG� LPSURYLQJ� RSHUDWLRQDO� SUHGLFWLRQ� E\� WKH�UHVSHFWLYH�QDWLRQDO�DJHQFLHV�¾ 2SHUDWLRQDOLVHG� WKH� NQRZOHGJH� EDVH� DW� ,1&2,6�� GHYHORSHG� XQGHU� QDWLRQDO�SURMHFWV�RQ� ,QGLDQ�2FHDQ�0RGHOOLQJ�DQG�'\QDPLFV�DQG�6DWHOOLWH�&RDVWDO�DQG�2FHDQRJUDSKLF� 5HVHDUFK�� WR� JHQHUDWH�2FHDQ� LQIRUPDWLRQ� VHUYLFHV� DQG� GDWD�SURGXFWV�



¾ $�YHUVDWLOH�PXOWLOLQJXDO�:HE�VLWH�DQG�2FHDQ�3RUWDO�ZDV�GHYHORSHG��:HE�*,6�KDV�EHHQ� LPSOHPHQWHG� IRU� WKH�DGYLVRU\�VHUYLFHV��ZKLFK�ZLOO� IDFLOLWDWH� WKH�XVHU�FRPPXQLW\� WR� TXHU\�� DQDO\VH�� YLVXDOLVH� DQG� GRZQORDG� D� YDULHW\� RI� RFHDQ�LQIRUPDWLRQ�DQG�DGYLVRU\�VHUYLFHV� ,PSOHPHQWDWLRQ�RI�'DWD�:DUHKRXVLQJ�DQG�'DWD�0LQLQJ�DQG�:$3�FRQFHSWV�DUH�LQ�SURJUHVV�¾ ,1&2,6�VSHDUKHDGHG� WKH�$5*2�3URJUDPPH�QDWLRQDOO\�DQG�SOD\HG�D�NH\�UROH LQ�WKH�SODQQLQJ�RI�WKH�SURJUDPPH�LQ�,QGLDQ�2FHDQ��,1&2,6�ZDV�VHOHFWHG�E\� WKH� ,QWHUQDWLRQDO� $5*2� &RPPXQLW\� DV� WKH� 5HJLRQDO� &RRUGLQDWRU� DQG�5HJLRQDO�'DWD�&HQWUH�IRU�,QGLDQ�2FHDQ�UHJLRQ��¾ ,1&2,6�SOD\HG�D�PDMRU�UROH�LQ�WKH�SURFHVV�RI�VHWWLQJ�XS�WKH�5HJLRQDO�DOOLDQFH�IRU�*OREDO�2FHDQ�2EVHUYLQJ�6\VWHP�IRU� ,QGLDQ�2FHDQ��,2*226�� ,1&2,6�LV�WKH�6HFUHWDULDW�IRU�WKH�,2*226�¾ 'HYHORSPHQW�RI�SHUPDQHQW�FDPSXV�IRU�,1&2,6�LV�LQ�SURJUHVV��
,QIRUPDWLRQ�DQG�$GYLVRU\�6HUYLFHV
3RWHQWLDO�)LVKLQJ�=RQH�$GYLVRU\�6HUYLFHV'HSDUWPHQW� RI� 2FHDQ� 'HYHORSPHQW�� 'HSDUWPHQW� RI� 6SDFH� DQG� VHYHUDO�,QVWLWXWLRQV�XQGHU�WKH�0LQLVWU\�RI�$JULFXOWXUH�KDYH�EHHQ�SXUVXLQJ�DQ�HQGHDYRXU��IRU�RYHU�D� GHFDGH�� MRLQWO\� ZLWK� WKH� 6WDWH� *RYHUQPHQWV� RI� WKH� PDULWLPH� 6WDWHV� DQG� ,VODQGV�� WR�SURYLGH�3RWHQWLDO�)LVKLQJ�=RQH��3)=��$GYLVRULHV�WR�WKH�,QGLDQ�)LVKLQJ�&RPPXQLW\��XVLQJ�VDWHOOLWH�EDVHG� 6HD� 6XUIDFH� 7HPSHUDWXUH� �667��� )HDWXUHV� VXFK� DV� RFHDQLF� IURQWV��PHDQGHULQJ�SDWWHUQV��HGGLHV�� ULQJV��XSZHOOLQJ�DUHDV� WKDW�DUH�SURYHQ� WR�EH�SURVSHFWLYH�VLWHV� IRU� ILVK� DFFXPXODWLRQ� DUH� LGHQWLILHG� IURP� 667� LPDJHU\� JHQHUDWHG� IURP� 12$$�$9+55� VDWHOOLWH� GDWD�� 7KH� DYDLODELOLW\� RI� FKORURSK\OO� GDWD� IURP�2FHDQ�&RORXU�0RQLWRU��,56�3���KDV�HQULFKHG�WKHVH�DGYLVRULHV��,Q�YLHZ�RI�WKH�FORXG�FRYHU�GXULQJ�WKH�PRQVRRQ�VHDVRQ� DQG�PRUH� LPSRUWDQWO\� VLQFH� WKDW� VHDVRQ� FRUUHVSRQGV� WR� WKH�EUHHGLQJ� VHDVRQ��3)=�DGYLVRULHV� DUH� QRW� SURYLGHG�GXULQJ� -XQH�6HSWHPEHU� LQ� WKH�FRQWH[W�RI�PDLQWDLQLQJ�ILVKHU\�VWRFN�DW�VXVWDLQDEOH�OHYHO�



3RWHQWLDO�)LVKLQJ�=RQH�$GYLVRULHV�LQ�7H[W�)RUPDW
7KH�SURJUHVV�PDGH�GXULQJ�WKH�\HDU�XQGHU�UHSRUW�LV�DV�IROORZV�
¾ &RQWLQXHG� JHQHUDWLRQ� RI� 3)=� $GYLVRULHV� �667� EDVHG�� DQG� GLVVHPLQDWLRQ�WZLFH�D�ZHHN��LQ�ORFDO�ODQJXDJHV��%HQJDOL��+LQGL��.DQQDGD��0DOD\DODP��2UL\D��7DPLO� DQG� 7HOXJX�� WR� DERXW� ���� QRGHV� WLOO� WKH� HQG� RI� 0D\� ������ 6LQFH�1RYHPEHU������� WKH� ,QWHJUDWHG�3RWHQWLDO�)LVKLQJ�=RQH DGYLVRULHV�DUH�EHLQJ�JHQHUDWHG�EDVHG�RQ�667�GDWD�IURP�12$$�$9+55�DQG�&KORURSK\OO�GDWD�IURP�2&0��7KH�IUHTXHQF\�RI�WKH�3)=�DGYLVRULHV�KDV�EHHQ�LQFUHDVHG�WR���SHU�ZHHN��L�H��RQ�HYHU\�7XHVGD\��7KXUVGD\�DQG�6DWXUGD\��WR�DOO�WKH�PDULWLPH�VWDWHV�DQG�LVODQGV�LQ�ORFDO�ODQJXDJHV�¾ .QRZ�KRZ� DFTXLUHG� IURP� 6SDFH� $SSOLFDWLRQ� &HQWUH� IRU� JHQHUDWLRQ� RI�,QWHJUDWHG�3)=�$GYLVRULHV�XVLQJ�667�DQG�&KORURSK\OO��¾ 7KH� SURFHVVHV� ZHUH� VWUHDPOLQHG� IRU� RSHUDWLRQDO� JHQHUDWLRQ� DQG� WLPHO\�GLVVHPLQDWLRQ�RI�3)=�DGYLVRULHV� WKURXJK� ,QIRUPDWLRQ�.LRVNV��'LJLWDO�'LVSOD\�%RDUGV�DQG�:HE�6LWH�¾ 'LJLWDO�'LVSOD\�%RDUGV�ZHUH� LQVWDOOHG�DW�5DWQDJLUL��0DFKLOLSDWQDP��.DNLQDGD�DQG�9LVDNKDSDWQDP�WR�SURYLGH�3)=�DGYLVRULHV��



'LJLWDO�GLVSOD\�ERDUG�WR�SURYLGH�3)=�DGYLVRULHV
¾ 3LORW�3URMHFW�RQ�VDWHOOLWH�DXGLR�EURDGFDVW� LQLWLDWHG�ZLWK�0�V��:RUOGVSDFH�LQ���ORFDWLRQV�¾ $Q� H[WHQVLYH�*,6� GDWD� EDVH� RI� EDWK\PHWU\�� ODQGLQJ� SRLQWV� DQG OLJKWKRXVHV�ZDV�EXLOW�XS�DQG�HQWLUH�SURFHVVLQJ�ZDV�DXWRPDWHG�WR�LPSURYH�WKH�SODQLPHWULF�DFFXUDF\�RI�WKH�3)=�DGYLVRULHV�¾ $�G\QDPLF�ZHE�VLWH�ZLWK�:HE�*,6��TXHU\� IDFLOLW\�DQG�PXOWLOLQJXDO� FDSDELOLW\�ZDV�GHYHORSHG�IRU�WKH�3)=�$GYLVRU\�VHUYLFHV�WR�VWUHQJWKHQ�WKH�GHOLYHU\�FKDLQ�DQG� LPSURYH� WKH� WLPH� OLQH�� 3)=� DGYLVRULHV� DUH� QRZ� DYDLODEOH� LQ� ,1&2,6�ZHEVLWH�ERWK�LQ�WKH�IRUP�RI�PXOWL�OLQJXDO�WH[WXDO�GDWD�DV�ZHOO�DV�LQ�WKH�IRUP�RI�PDSV�¾ )RXU� UHVHDUFK� SURMHFWV�ZHUH� FRPPLVVLRQHG� IRU� FRQFXUUHQW� YDOLGDWLRQ� RI� WKH�3)=�$GYLVRULHV�IRU�WKH�:HVW�FRDVW��DURXQG�.RFKL��0DQJDORUH��5DWQDJLUL DQG�0XPEDL�� 6LPLODU� YDOLGDWLRQ� SURMHFWV� IRU� WKH� 2ULVVD� FRDVW� DQG� 9HUDYDO� DUH�EHLQJ�SODQQHG�¾ 8VHU� LQWHUDFWLRQ� ZRUNVKRS� ZDV� FRQGXFWHG� DW� &HQWUDO� ,QVWLWXWH� RI� )LVKHULHV�(GXFDWLRQ��&,)(���0XPEDL�DQG�DZDUHQHVV�SURJUDPPH�ZDV�FRQGXFWHG�IRU�WKH�ILVKHULHV�RIILFLDOV�DW�&KHQQDL�DQG�.DNLQDGD��¾ ,QLWLDWHG�5�	�'�DFWLYLWLHV�XQGHU�,1'202'�6$7&25(�3URMHFW�WR�LPSURYH�WKH�3)=�IRUHFDVW�DQG�WR�LQWHJUDWH�WKH�LQIRUPDWLRQ�RQ�FRDVWDO�FXUUHQWV�DQG�FRDVWDO�ZDYHV��([SHULPHQWDO�2FHDQ�6WDWH�)RUHFDVW��(�26)�2FHDQ�6WDWH�)RUHFDVW�ZDV�LGHQWLILHG�E\�WKH�'HSDUWPHQW�RI�2FHDQ�'HYHORSPHQW�DV�RQH�RI� WKH�SULPDU\�JRDOV� IRU� WKH��WK 3ODQ��7KH�6DWHOOLWH�&RDVWDO�DQG�2FHDQRJUDSKLF�5HVHDUFK��6$7&25(��DQG�,QGLDQ�2FHDQ�0RGHOOLQJ�DQG�'\QDPLFV��,1'202'��SURMHFWV�RI� WKH� GHSDUWPHQW� ZRXOG� IHHG� WKH�26)� DFWLYLW\�� 7KH�26)� KDV� HPSKDVLV� RQ� SURYLGLQJ�



VWDWH�RI�WKH�DUW� RFHDQ� LQIRUPDWLRQ� DQG� IRUHFDVW� WR� WKH� XVHUV� H�J�� QDY\�� VKLSSLQJ�� RLO��ILVKHU\�LQGXVWU\��HWF���DQG�WKH�LQIRUPDWLRQ�HQFRPSDVVHV�SUHGLFWLRQV�DQG�GLVVHPLQDWLRQ�RI�JHR�SK\VLFDO� LQIRUPDWLRQ� OLNH� VXUIDFH�ZLQGV� VHD� VXUIDFH� WHPSHUDWXUH�� VXUIDFH�ZDYHV��PL[HG� OD\HU�GHSWK�DQG�VWRUP�VXUJH��7KH�26)�DFWLYLWLHV�DUH�HQYLVDJHG�LQ�WZR�SKDVHV�±3KDVH� ,� LQYROYHV� QHDU� UHDO� WLPH� SUHGLFWLRQ� XS� WR� �� GD\V� DQG� GLVVHPLQDWLRQ� RI� WKH�DIRUHVDLG�ILYH�RFHDQ�VWDWH�SDUDPHWHUV�WR�WKH�XVHUV DQG�3KDVH�,,�LQYROYHV�FRQVROLGDWLRQ�RI� WKH� DFKLHYHPHQWV� LQ� 3KDVH±,� DQG� WDNLQJ� XS�5	'�HIIRUWV� WR� HQKDQFH� WKH� VFRSH� E\�LQWURGXFLQJ�PRUH�RFHDQ�SDUDPHWHUV��
7KH�VLJQLILFDQW�DFKLHYHPHQWV�PDGH�GXULQJ�WKH�\HDU���������DUH�DV�IROORZV�� :$0���0RGHO��IRU�:DYH�IRUHFDVW��DQG�,'�3ULFH�0RGHO��IRU�0L[HG�/D\HU�'HSWK�0/'��ZHUH�LPSOHPHQWHG�DQG�FXVWRPL]HG�IRU�RSHUDWLRQDO�XVH��� 7LGDO�FLUFXODWLRQ�PRGHO� IRU� WKH�*XOI�RI�.DPEDWK�ZDV�FXVWRPLVHG�IRU� IRUHFDVWLQJ�WLGDO� FXUUHQWV� IURP� 5DWQDJLUL� WR� 3RUEDQGDU� IRU� �� GD\V� DW� �� KRXUO\� LQWHUYDOV��9DOLGDWLRQ�ZLWK�0RRUHG�%XR\�GDWD�LV�LQ�SURJUHVV�� ��GD\� IRUHFDVWV� DW� �� KRXUO\� LQWHUYDOV� IRU� :DYH� SDUDPHWHUV� DQG� 0/'� ZHUH�JHQHUDWHG�DQG�YDOLGDWHG�ZLWK�7RSH[�3RVHLGRQ�DQG�(56���GDWD SURGXFWV��)XUWKHU�YDOLGDWLRQ� ZLWK� GDWD� IURP� 0RRUHG� %XR\V� DQG� $5*2� IORDWV LV� LQ� SURJUHVV� IRU�SXEOLVKLQJ�RQ�WKH�:HE�WR�WKH�VHOHFWHG�XVHUV�� $� G\QDPLF� ZHE� VLWH� ZLWK� :HE� *,6� DQG� TXHU\� IDFLOLW\� ZDV� GHYHORSHG� DQG�LPSOHPHQWHG�IRU�(�26)��)RUHFDVWV�IRU�WKH�:DYH�SDUDPHWHUV�DUH�DYDLODEOH�IRU�WKH�JHQHUDO�SXEOLF�DQG�IRUHFDVW�RI�WKH�0L[HG�/D\HU�'HSWK�RQO\�WR�WKH�UHVWULFWHG�XVHUV�� (IIRUWV� DUH� XQGHUZD\� WR� LQWHJUDWH� WKH� (�26)� LQIRUPDWLRQ� ZLWK� WKH� 3)=�,QIRUPDWLRQ�
2FHDQ�,QIRUPDWLRQ�%DQN�DQG�:HE�EDVHG�6HUYLFHV7KH�2FHDQ�,QIRUPDWLRQ�%DQN�LV�WKH�EDFNERQH�RI�,1&2,6�WR�SURYLGH�:HE�EDVHG�VHUYLFHV� LQ� UHDO� WLPH� RU� QHDU�UHDO� WLPH� WR� WKH� VFLHQWLILF� FRPPXQLW\� DQG� RSHUDWLRQDO�DJHQFLHV�� 7KH� ,QIRUPDWLRQ� %DQN� RI� ,1&2,6� LV� FXUUHQWO\� KDYLQJ� WKH� YDULRXV� GDWDEDVHV�LQFOXGLQJ��

� 12$$�$9+55�6DWHOOLWH�GDWD�IURP������DQG�6HD�6XUIDFH�7HPSHUDWXUH�DUFKLYHV�IRU�1RUWK� ,QGLDQ�2FHDQ�IURP������WR�-DQXDU\������� LQFOXGLQJ�GDLO\��ZHHNO\�DQG�PRQWKO\�LPDJHV�DQG�JULG�GDWD��EULJKWQHVV�WHPSHUDWXUHV�� 'DWD� IURP�0RRUHG� DQG�'ULIWLQJ�'DWD� EXR\V�� ;%7V� DQG�&XUUHQW�0HWHU�0RRULQJ�$UUD\�IRU�WKH�SHULRG������������� 3)=�0DSV� IURP������RQZDUGV�DORQJ� WKH� ,QGLDQ�FRDVWOLQH�DQG� ,VODQGV��IRU�QRQ�PRQVRRQ�PRQWKV��� &RDVWDO�$UHD�0DSV�IURP�1HOORUH�WR�2ULVVD�ERUGHU�RQ����������VFDOH��DQG�



� %DWK\PHWU\� FKDUWV� IRU� WKH� HQWLUH� FRDVW� RI� ,QGLD� LQFOXGLQJ� ,VODQGV� RQ� ��������� ������������������������VFDOH�,1&2,6� KDV� EHHQ� FKRVHQ� E\� ,&53�'67� IRU� DUFKLYDO� RI� VXE�VXUIDFH�RFHDQRJUDSKLF� GDWD� FROOHFWHG� IURP� $UDELDQ� 6HD� 0RQVRRQ� ([SHULPHQW� 3KDVH�,,��$50(;�,,��
,1&2,6�2FHDQ�3RUWDO�DQG�:HE�EDVHG�6HUYLFHV,1&2,6� LQLWLDWHG� GHYHORSPHQW� RI� D�PXOWLOLQJXDO�ZHE�EDVHG� RQ�OLQH� VROXWLRQ� WKDW�IDFLOLWDWHV� WKH�8VHU� FRPPXQLW\� WR� TXHU\�� DQDO\VH�� YLVXDOLVH� DQG� GRZQORDG� D� YDULHW\� RI�RFHDQ�LQIRUPDWLRQ�DQG�DGYLVRU\�VHUYLFHV�

7KH� JRDOV� RI� ,1&2,6� :HE�VLWH� DQG� 2FHDQ� 3RUWDO� LQFOXGH� �L�� 2FHDQ� 'DWD�:DUHKRXVLQJ�DQG�'DWD�0LQLQJ���LL��:HE�HQDEOHG�2FHDQ�$GYLVRU\�VHUYLFHV���LLL��SURYLGLQJ�WLPHO\�� UHOLDEOH� DQG� XS�WR�GDWH� RFHDQ� LQIRUPDWLRQ� WR� XVHU� FRPPXQLW\�� DQG� �Y�� XVHU�IULHQGO\�DFFHVV��HDVH�RI�QDYLJDWLRQ�DQG�UHJXODU�LQIRUPDWLRQ�XSGDWHV��
6DOLHQW�IHDWXUHV�RI�WKLV�:HE�6LWH�DUH�¾ 0XOWLOLQJXDO�:HE�VLWH�DQG�2FHDQ�3RUWDO��ZKLFK�SURYLGHV�VHUYLFHV�RYHU� WKH�ZHE��7KH� PXOWLOLQJXDOLW\� FRPSULVHV� LQWHUIDFHV� LQ� +LQGL�� (QJOLVK� DQG� RWKHU� ,QGLDQ�ODQJXDJHV��¾ $�:HE�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP��:HE�*,6��ZKLFK�ZLOO�DOORZ�WKH�XVHU�WR�TXHU\�� DQDO\VH� DQG� YLVXDOLVH� 6SDWLDO� DQG� 1RQ�VSDWLDO� GDWD� RYHU� WKH� ZHE�� 7KH�LQIRUPDWLRQ� UHTXLUHG� E\� WKH� FOLHQW� FDQ� EH� IHWFKHG� IURP� WKH� 5'%06� �� 6SDWLDO�6HUYHU�DQG�GLVSOD\HG�RQ�WKH�ZHE�DV�PDSV��¾ 3URYLVLRQ�IRU�:$3�,QWHUIDFH�E\�XVLQJ�D�:LUHOHVV�*DWHZD\��ZKHUH�WKH�XVHUV�FDQ�YLHZ�WKH�GDWD�WKURXJK�PRELOH�SKRQHV��¾ 7KH�ZHE�VLWH� LV�EHLQJ�EXLOW� LQ� IRXU�SKDVHV��7KH�ILUVW�SKDVH� LQYROYHV�D�VWDWLF�VLWH�JLYLQJ� LQVLJKW� LQWR� WKH� YDULRXV� DFWLYLWLHV� SODQQHG� IRU� WKH� 2FHDQ� &RPPXQLW\�WKURXJK� WKH� ZHE� VLWH�� 7KH� QH[W� WZR� SKDVHV� LQYROYH� D� G\QDPLF� VLWH� ZLWK�:HE�*HRJUDSKLFDO� ,QIRUPDWLRQ� 6\VWHP� �*,6�� LQWHUIDFH� WR� WKH� RQOLQH� GDWD� DQG�:DUHKRXVLQJ�DQG�PLQLQJ�RI�WKH�KLVWRULFDO�GDWD��UHVSHFWLYHO\��7KH�ODVW�SKDVH�ZLOO�KDYH� GHVLJQ� DYDLODELOLW\� IRU� WKH� :$3� HQDEOHG� LQIRUPDWLRQ� V\VWHPV�� 2QFH� WKH�ZHEVLWH� EHFRPHV� IXOO\� RSHUDWLRQDO� LW�ZRXOG� EH�D� VLQJOH ZLQGRZ�VROXWLRQ� IRU� WKH�HQWLUH�RFHDQ�FRPPXQLW\�3URJUHVV�GXULQJ�WKH�\HDU�XQGHU�UHSRUW�LV�DV�IROORZV�¾ 3KDVH��� $� RI� WKH� 3URMHFW� YL]�� 6WDWLF�:HEVLWH� ZKLFK� JLYHV� LQVLJKW� LQ� WR� YDULRXV�DFWLYLWLHV�SODQQHG�E\� WKH� ,1&2,6� IRU� WKH�RFHDQ�FRPPXQLW\�ZDV� LPSOHPHQWHG� LQ-XQH�������KWWS���ZZZ�LQFRLV�JRY�LQ��LQFOXGLQJ�PDLO�DQG�)73�VHUYLFHV�¾ 6HSDUDWH� VLWHV� IRU� ,QGLDQ� 2FHDQ� *226�� ,QGLDQ� 2FHDQ� $UJR� KDYH� EHHQ�LPSOHPHQWHG�RQ�WKH�,1&2,6�ZHEVLWH�
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¾ 3KDVH��� %� YL]�� '\QDPLF�:HEVLWH� FRPSULVLQJ� 3RWHQWLDO� )LVKLQJ� =RQH� )RUHFDVW��([SHULPHQWDO�2FHDQ�6WDWH�)RUHFDVW�DQG�,QGLDQ�$UJR�3URJUDPPH�ZLWK�:HE�*,6��4XHU\�IDFLOLW\�DQG�PXOWLOLQJXDO�FDSDELOLW\�ZDV�LPSOHPHQWHG�LQ�2FWREHU�������¾ 'HVLJQ�GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI�3KDVH���ZLWK�'DWD�:DUHKRXVLQJ�DQG�'DWD�0LQLQJ�IDFLOLWLHV�LV�XQGHUZD\�
��� 0DULQH�'DWD�&HQWUHV$�QHWZRUN�RI����0DULQH�'DWD�&HQWUHV��0'&��ZDV�HVWDEOLVKHG�E\�'2'�LQ�WKH���¶V�XQGHU� WKH�0$56,6�3URJUDPPH�� LQ�1DWLRQDO� /DERUDWRULHV� DQG�$FDGHPLF� ,QVWLWXWLRQV� WR�FROOHFW�DQG�FROODWH�GDWD��XQGHUWDNH�TXDOLW\�FRQWURO�H[HUFLVHV�DQG�DUFKLYH� LQ�GLJLWDO�GDWD�EDVHV��7KH�0DULQH�'DWD�&HQWUHV�DUH�ORFDWHG�LQ�WKH�*HRORJLFDO�6XUYH\�RI�,QGLD��.RONDWD��.'� 0DODYLD� ,QVWLWXWH� RI� 3HWUROLXP� ([SORUDWLRQ�� 'HKUDGXQ�� ,QGLD� 0HWHRURORJLFDO�'HSDUWPHQW�� 3XQH�� 6XUYH\� RI� ,QGLD� 'HKUDGXQ��1DYDO�+\GURJUDSKLF�2IILFH��'HKUDGXQ��1DWLRQDO� ,QVWLWXWH� RI� 2FHDQRJUDSK\�� *RD�� )LVKHU\� 6XUYH\� RI� ,QGLD�� 0XPEDL�� &HQWUDO�0DULQH�)LVKHULHV�5HVHDUFK� ,QVWLWXWH��.RFKL��&HQWUDO�'UXJ�5HVHDUFK� ,QVWLWXWH��/XFNQRZ��&HQWUDO� 6DOW� DQG� 0DULQH� &KHPLFDOV� 5HVHDUFK� ,QVWLWXWH�� %KDYQDJDU�� 2ULVVD� 5HPRWH�6HQVLQJ�$SSOLFDWLRQV�&HQWUH��%KXEDQHVZDU��,QVWLWXWH�IRU�2FHDQ�0DQDJHPHQW��&KHQQDL���5HJLRQDO� &HQWUH�� 1DWLRQDO� ,QVWLWXWH� RI� 2FHDQRJUDSK\�� 0XPEDL�� DQG� 1DWLRQDO� 5HPRWH�6HQVLQJ�$JHQF\��+\GHUDEDG��

(IIRUWV� DUH� XQGHUZD\� WR� DFTXLUH� WKH� PHWDGDWD� DQG� FDWDORJXH� WKH� GDWDEDVHV�JHQHUDWHG�DW�WKH����0DULQH�'DWD�&HQWUHV�DQG�LQWHJUDWH�WKHP�ZLWK�WKH�,1&2,6�3RUWDO�IRU�ZLGHU�DFFHVVLELOLW\��
��� 9DOXH�$GGHG�6HUYLFHV

$W� WKH� UHTXHVW� RI� $QGKUD� 3UDGHVK� 6WDWH� )LVKHULHV� 'HSDUWPHQW�� ,1&2,6�FRQGXFWHG�D�SLORW� VWXG\�RQ�RSHUDWLRQDOLVDWLRQ�RI� WKH�)LVKLQJ�+DUERXU DW�%KDYDQDSDGX��6ULNDNXODP� 'LVWULFW�� $QGKUD� 3UDGHVK� XVLQJ� LQ�VLWX RFHDQRJUDSKLF� GDWD�� FRDVWDO� DUHD�PDSV� DQG� UHPRWH� VHQVLQJ� GDWD� UHFHLYHG� IURP� YDULRXV� VDWHOOLWHV�� 5HVXOWV� RI� WKH� WLPH�VHULHV�DQDO\VLV�XVLQJ� UHPRWH�VHQVLQJ�GDWD� LQ� FRQMXQFWLRQ�ZLWK� FROODWHUDO�GDWD�DQG� ILHOG�YLVLWV�ZHUH�SUHVHQWHG�WR�WKH�$3�)LVKHULHV�'HSDUWPHQW��
��� ,QGLDQ�2FHDQ�*OREDO�2EVHUYLQJ�6\VWHP��,2*226�7KH� *OREDO� 2FHDQ� 2EVHUYLQJ� 6\VWHP� �*226�� RI� WKH� ,QWHUJRYHUQPHQWDO�2FHDQRJUDSKLF� &RPPLVVLRQ�� FR�VSRQVRUHG� E\� :02�� 81(3� DQG� ,&68�� LV� DQ�LQWHUQDWLRQDOO\� RUJDQL]HG� V\VWHP� IRU� JDWKHULQJ�� FRRUGLQDWLQJ�� TXDOLW\� FRQWURO� DQG�GLVWULEXWLRQ� RI� PDULQH� DQG� RFHDQRJUDSKLF� GDWD� DQG� GHULYHG� SURGXFWV� RI� FRPPRQ�



ZRUOGZLGH�LPSRUWDQFH�DQG�XWLOLW\�DV GHILQHG�E\�WKH�UHTXLUHPHQWV�RI�WKH�EURDGHVW�SRVVLEOH�VSHFWUXP� RI� XVHU� JURXSV� ,W� LV� UHFRJQLVHG� WKDW� RQH� RI� WKH� PRVW� LPSRUWDQW� PHDQV� RI�LPSOHPHQWDWLRQ� RI�*226� LV� WKURXJK� WKH� GHYHORSPHQW� RI� UHJLRQDO� DOOLDQFHV��ZKLFK�DUH�DEOH�WR�IRFXV�RQ�LVVXHV�RI�FRPPRQ�QDWLRQDO�RU�UHJLRQDO�LQWHUHVW��
,QGLD� OHG�WKH�SURFHVV�RI�HVWDEOLVKLQJ�VXFK�D�UHJLRQDO�DOOLDQFH��,2*226��IRU�WKH�,QGLDQ�2FHDQ� 7KLV� LV�D�PDMRU�PLOHVWRQH�WRZDUGV�XQGHUVWDQGLQJ�WKH�RFHDQLF�SURFHVVHV�RI�WKH�,QGLDQ�2FHDQ�DQG�WKHLU�DSSOLFDWLRQ�IRU�WKH�EHQHILW�RI�DOO�SHRSOH�LQ�WKH�UHJLRQ�
1LQHWHHQ�RUJDQL]DWLRQV�RI����,QGLDQ�2FHDQ�FRXQWULHV�VLJQHG�D�0HPRUDQGXP�RI�8QGHUVWDQGLQJ� WR� FUHDWH� DQG� DFWLYHO\� SDUWLFLSDWH� LQ� D� 5HJLRQDO� $OOLDQFH� IRU� ,2*226��GXULQJ� WKH� ,QGLDQ� 2FHDQ� &RQIHUHQFH� RQ� �� 1RYHPEHU� ������ 7KLV� 0HPRUDQGXP� RI8QGHUVWDQGLQJ� LV�RQH�RI� WKH�VWURQJHVW� LQVWUXPHQWV�RI� FRRSHUDWLRQ�DQG�FROODERUDWLRQ� LQ�WKH�FRQWH[W�RI�RFHDQRJUDSKLF�GHYHORSPHQW�RI�WKH�UHJLRQ��,2*226�LV�LQWHQGHG�WR�HOHYDWH�WKH�,QGLDQ�2FHDQ�IURP�RQH�RI�WKH�OHDVW�VWXGLHG�WR�RQH�RI�WKH�PRVW�VWXGLHG�RI�WKH�ZRUOG
V�PDMRU�RFHDQV��ZLWK�D�UHDO�HPSKDVLV�RQ�WKH�OLQN�EHWZHHQ�VRFLHWDO�DQG�VFLHQWLILF�LVVXHV��
'LUHFWRU�� ,1&2,6� ZDV� HOHFWHG� DV� WKH� &KDLUPDQ� DQG� D� 6FLHQWLVW�� ,1&2,6� ZDV�VHOHFWHG�DV�WKH�6HFUHWDU\�RI�WKH�,2*226��,1&2,6�ZDV�FKRVHQ�WR�KRVW�WKH�6HFUHWDULDW�RI�,2*226�IRU�D�SHULRG�RI���\HDUV�

��� ,2*226�&UXLVH,1&2,6�RUJDQLVHG�D�5HVHDUFK�&UXLVH�RQ�ERDUG�259�6DJDU�.DQ\D�IURP�&KHQQDL�WR�0DXULWLXV�YLD�6H\FKHOOHV�DQG�0DXULWLXV�WR�&KHQQDL�GXULQJ�2FWREHU����± 1RYHPEHU����������LQ�FRQMXQFWLRQ�ZLWK�WKH�,QGLDQ�2FHDQ�&RQIHUHQFH�DW�0DXULWLXV�GXULQJ�1RYHPEHU������������
7KLUW\�6FLHQWLVWV�IURP�VL[�FRXQWULHV��.HQ\D��0DXULWLXV��6UL�/DQND��6RXWK�$IULFD�DQG�,QGLD�� SDUWLFLSDWHG� LQ� WKH� 5HVHDUFK� &UXLVH�� 0XOWL�GLVFLSOLQDU\� REVHUYDWLRQV� UHODWHG� WR�PDULQH�SK\VLFV��PDULQH�FKHPLVWU\��PDULQH�ELRORJ\��PDULQH�JHRORJ\��PDULQH�JHRSK\VLFV�DQG�PDULQH�PHWHRURORJ\�ZHUH�FDUULHG�RXW�GXULQJ� WKH�FUXLVH��$UJR� IORDWV��GULIWLQJ�EXR\V�DQG�;%7V�ZHUH�DOVR�GHSOR\HG�GXULQJ�WKH�&UXLVH��7UDLQLQJ�SURJUDPPHV�ZHUH�FRQGXFWHG�GXULQJ�WKH�FUXLVH�SHULRG�DQG�RSHQ�KRXVH�GHPRQVWUDWLRQV�ZHUH�RUJDQLVHG�DW�6H\FKHOOHV�DQG�0DXULWLXV�GXULQJ�WKH�SRUW�FDOOV��

��� *OREDO�2FHDQ�2EVHUYLQJ�6\VWHP��*226�
*226� LV� DQ� LQWHUQDWLRQDOO\� RUJDQLVHG� V\VWHP� IRU� WKH� JDWKHULQJ�� FRRUGLQDWLRQ��TXDOLW\� FRQWURO� DQG� GLVWULEXWLRQ� RI�PDQ\� W\SHV� RI�PDULQH� DQG RFHDQRJUDSKLF� GDWD� DQG�



GHULYHG� SURGXFWV� RI� FRPPRQ� ZRUOGZLGH� LPSRUWDQFH� DQG� XWLOLW\�� DV� GHILQHG� E\� WKH�UHTXLUHPHQWV�RI�WKH�EURDGHVW�SRVVLEOH�VSHFWUXP�RI�XVHU�JURXSV��
7R�PDLQWDLQ� WKH� IRFXV��HIILFLHQF\�DQG�HIIHFWLYHQHVV�RI�*226� LQ�FKDQJLQJ� WLPH�DQG� FLUFXPVWDQFHV�� WKH� ,QWHUJRYHUQPHQWDO� 2FHDQRJUDSKLF� &RPPLVVLRQ� �,2&��FRQVWLWXWHG�D�3DQHO�RI���([SHUWV�WR�UHYLHZ�WKH�RUJDQL]DWLRQDO�VWUXFWXUH�RI�*226��

�� 0DULQH�5HVHDUFK�	�7HFKQRORJ\�'HYHORSPHQW�
��� $VVHVVPHQW�RI�0DULQH�/LYLQJ�5HVRXUFHV

7KH� &HQWUH� IRU� 0DULQH� /LYLQJ� 5HVRXUFHV� 	� (FRORJ\� �&0/5(�� ± WKH� HUVWZKLOH�6DJDU�6DPSDGD�&HOO�LQ�.RFKL�KDV�WKH�PDQGDWH�RI�
¾ (YDOXDWLRQ�RI�H[LVWLQJ� LQIRUPDWLRQ�RQ�PDULQH� OLYLQJ� UHVRXUFHV��FRUUHODWLQJ� LW�ZLWK�WKH� LQIOXHQFH�RI�SK\VLFR�FKHPLFDO�SDUDPHWHUV�RQ� WKH�ELRWD�� LGHQWLI\LQJ� WKH�JDSV�DQG� IRUPXODWLQJ� IXWXUH� VWUDWHJLHV� IRU� VXVWDLQDEOH� H[SORLWDWLRQ� RI� PDULQH� OLYLQJ�UHVRXUFHV�
¾ (QFRXUDJLQJ� RSWLPDO� XWLOL]DWLRQ� DQG� HIIHFWLYH� FRQVHUYDWLRQ� RI� PDULQH� OLYLQJ�UHVRXUFHV�
¾ (YROYLQJ�� FRRUGLQDWLQJ� DQG� LPSOHPHQWLQJ� WLPH� WDUJHWHG� QDWLRQDO�UHJLRQDO� 5	'�SURJUDPPHV�LQ�WKH�ILHOG�RI�PDULQH�OLYLQJ�UHVRXUFHV�DQG�HFRORJ\��WKURXJK�HIIHFWLYH�XWLOL]DWLRQ�RI�WKH�)LVKHU\�DQG�2FHDQRJUDSKLF�5HVHDUFK�9HVVHO�µ6DJDU�6DPSDGD¶�
¾ 6WUHQJWKHQLQJ� RI� UHVHDUFK� RQ�0DULQH� /LYLQJ� 5HVRXUFHV� DQG� (FRORJ\� LQFOXGLQJ�HVWDEOLVKPHQW�RI D�'DWD�&HQWUH�IRU�VWRUDJH�DQG�GLVVHPLQDWLRQ�RI�GDWD�LQIRUPDWLRQ�WR�HQG�XVHUV�
¾ &RRUGLQDWLQJ� WKH� QDWLRQDO� SURJUDPPHV� UHODWLQJ� WR� 6RXWKHUQ� 2FHDQ� /LYLQJ�5HVRXUFHV��$QWDUFWLF�0DULQH�/LYLQJ�5HVRXUFHV��

7KH� &HQWUH� KDV� HVWDEOLVKHG� D� 'DWD� &HQWHU� IRU� FRPSLODWLRQ� DQG� DUFKLYDO� RI� DOO�ILVKHU\�� HQYLURQPHQWDO� DQG� RFHDQRJUDSKLF� GDWD� FROOHFWHG� GXULQJ� )259� FUXLVHV� XQGHU�YDULRXV�SURJUDPPHV�FDUULHG�RXW�E\�GLIIHUHQW�RUJDQL]DWLRQV��$FWLYLWLHV�DUH�XQGHUWDNHQ�LQ�D�SKDVHG�PDQQHU�WRZDUGV�DFKLHYLQJ�WKH�DERYH�JRDO��'DWD�UHWULHYHG�IURP�&7'�SURILOHV�DQG�DXWR�DQDO\VHU�GDWD�LQ�D�� R ;�� R JULG�UHVROXWLRQ�KDYH�DOUHDG\�EHHQ�DUFKLYHG���$'&3�DQG�PHWHRURORJLFDO�GDWD�DUH�DOVR�FROOHFWHG�IRU�DUFKLYDO�DW�WKH�GDWD�FHQWHU�
����� $VVHVVPHQW�RI�(QYLURQPHQWDO�3DUDPHWHUV�	�0DULQH�/LYLQJ�5HVRXUFHV�LQ��,QGLDQ�((=

7KH� PDMRU� REMHFWLYHV� RI� WKLV� SURMHFW� LQLWLDWHG� GXULQJ� ��������� DUH� WR� VWXG\�SK\VLFDO��FKHPLFDO�DQG�ELRORJLFDO�RFHDQRJUDSK\�UHOHYDQW�WR�ILVKHULHV��WR�GHOLQHDWH�DUHDV�



RI� XSZHOOLQJ� DQG� VLQNLQJ� DQG� LWV� VLJQLILFDQFH� RQ� SURGXFWLYLW\�� WR� VWXG\� WKH� R[\JHQ�PLQLPXP�OD\HU�DQG�LWV�YHUWLFDO�DQG�KRUL]RQWDO�VKLIWV�DQG�DGDSWDELOLW\�RI�DVVRFLDWHG�IDXQD��WR�VWXG\�SULPDU\�SURGXFWLRQ��FKORURSK\OO�D��SK\WRSODQNWRQ�DEXQGDQFH��SDUWLFXODWH�RUJDQLF�FDUERQ�DQG�VXVSHQGHG�ORDG��WR�DVVHVV�VHFRQGDU\�SURGXFWLRQ��LWV�YHUWLFDO��KRUL]RQWDO�DQG�VHDVRQDO� GLVWULEXWLRQ� ZLWK� QRWHV� RQ� IHHGLQJ� PLJUDWLRQ� DQG� VWXGLHV� RQ� ILVK� HJJV� DQG�ODUYDH� WR� DVVHVV� WHUWLDU\� UHFUXLWV�� 8QGHU� WKLV� SURJUDPPH�� ��� FUXLVHV� ZHUH� FRQGXFWHG�FRYHULQJ�DOPRVW�WKH�HQWLUH�,QGLDQ�((=��
$UDELDQ�6HD�
8SZHOOLQJ

:LWK� WKH�RQVHW�RI�6XPPHU�0RQVRRQ��XQGHU� WKH� LQIOXHQFH�RI� WKH�VRXWK�ZHVWHUO\�ZLQGV�DORQJ�WKH�ZHVW�FRDVW�RI�,QGLD��WKH�VXUIDFH�ZDWHUV�ZHUH�UHSODFHG�E\�FROGHU��QXWULHQW�ULFK�DQG�RIWHQ�R[\JHQ�GHSOHWHG�ZDWHUV�IURP�WKH�VXE�VXUIDFH�OD\HUV���7KH�YHUWLFDO�SURILOHV�RI� WHPSHUDWXUH��VDOLQLW\�DQG�GHQVLW\� LQGLFDWHG�WKH�VLJQDWXUHV�RI�XSZHOOLQJ���7KH�YHUWLFDO�GLVWULEXWLRQ� RI� QLWUDWH� �12���� DQG� VLOLFDWH� �6L2����� UHYHDOHG� KLJK� FRQFHQWUDWLRQV� DW� WKH�VXUIDFH�OD\HUV�DORQJ�VRXWKZHVW�FRDVW�RI�,QGLD���7KH�GLVWULEXWLRQV�IRU�QLWUDWH��12����DW���������������DQG����PHWUHV�VKRZHG�VWURQJ�UHJLRQDO�GLIIHUHQFHV�RYHU�WKH�ZHVW�FRDVW�
'XULQJ� VXPPHU� PRQVRRQ�� FRDVWDO� EHOW� RI� WKH� VRXWKZHVW� ,QGLD� VKRZHG� WKH�PD[LPXP�VXUIDFH�DQG�FROXPQ�FKORURSK\OO�D DQG�WKH�YDOXHV�UDQJHG�EHWZHHQ���������PJ�P�� �DYJ�������DQG����� �����PJ�P����DYJ���������6XUIDFH�DQG�FROXPQ�SULPDU\�SURGXFWLRQ�ZHUH�EHWZHHQ���������PJ�&�P�� G�� DQG����������PJ�&�P�� G����UHVSHFWLYHO\��$YHUDJH�VXUIDFH�DQG�FROXPQ�SULPDU\�SURGXFWLRQ�ZDV�KLJKHU�GXULQJ�VXPPHU�PRQVRRQ�������PJ�&�P�� G��������PJ�&�P�� G����FRPSDUHG�WR�ZLQWHU�PRQVRRQ�������PJ�&�P�� G��������PJ�&�P��G����

'HQLWULILFDWLRQ
'XULQJ� ZLQWHU�� DOPRVW� DOO� VWDWLRQV� ZHUH� FKDUDFWHUL]HG� E\� D� QXWULHQW� GHSOHWHG�VXUIDFH� OD\HU� DV� HYLGHQFHG� IURP� WKH� QLWUDWH� �12���� GLVWULEXWLRQ�� � 6XEVXUIDFH� QLWUDWH�PD[LPXP ZDV�IRXQG�WR�FRLQFLGH�ZLWK�R[\JHQ�PLQLPXP�]RQH������0��ZKHUH�D�SRUWLRQ�RI�QLWUDWH�DOVR�KDV�EHHQ�XWLOL]HG�



%D\�RI�%HQJDO
(GGLHV

'XULQJ� VSULQJ� ,QWHU�PRQVRRQ�� WKH� IORZ� ILHOG� LQIHUUHG� IURP� WKH� K\GURJUDSKLF�REVHUYDWLRQ�FRQILUPHG�WKH�DQWL�F\FORQLF�FLUFXODWLRQ�SDWWHUQ�DQG�WKH�HTXDWRU�ZDUG�ZHVWHUQ�ERXQGDU\�FXUUHQW����7KH�SRROV�RI�ORZ�VDOLQH�ZDWHUV�REVHUYHG�DW�����± ����NP�DZD\�IURP�WKH�FRDVW�VKRZHG�WKH�SUHVHQFH�RI�D�VWURQJ�ZHVWHUQ�ERXQGDU\�FXUUHQW��+HQFH��WKH�DQWL�F\FORQLF�FLUFXODWLRQ�SDWWHUQ�FRQYHUJHV�VXUIDFH�ZDWHUV�DQG�JHQHUDWHV�D�ZDUP�FRUH�HGG\�RI� OHVV� VDOLQLW\� ZLWK� SRRU� SURGXFWLRQ� DW� VRPH� SRLQWV�� &RQFXUUHQW� ZLWK� WHPSHUDWXUH�GLVWULEXWLRQ�� WKH� FKHPLFDO� DQG� ELRORJLFDO� SDUDPHWHUV� VXSSRUW� WKH� HGG\� VLJQDWXUHV����'LVVROYHG� R[\JHQ� DW� ���P� GHSWK� UDQJHG� EHWZHHQ� ���0� � ���0�� GHFUHDVHG� WRZDUGV�QRUWK���1LWUDWH�UDQJHG�EHWZHHQ����± ����0�DQG�WKH�PLQLPXP�DW�WKH�FRUH�RI�DQWL�F\FORQLF�HGG\�� � � � 6LPLODU� WUHQG�ZDV� DOVR� REVHUYHG� LQ� WKH� VLOLFDWH� GLVWULEXWLRQ�ZLWK� WKH�PLQLPXP�����0��DW�WKH�FRUH�RI�WKH�HGG\��)RU�WKH�ZHVWHUQ�%D\ RI�%HQJDO��WKH�FROXPQ�FKORURSK\OO�DLQ�WKH�HXSKRWLF�]RQH�������P��UDQJHG�EHWZHHQ����������PJ�P�� �DYJ������ PJ�P����DQG��WKH� FRUUHVSRQGLQJ� LQWHJUDWHG� SULPDU\� SURGXFWLRQ� ZDV� �������� PJ&� P��� G�� ZLWK� DQ�DYHUDJH�RI�����PJ&�P���G��� 7KH�LQWHJUDWHG�FKORURSK\OO�D DQG�SULPDU\�SURGXFWLRQ�DW�WKH�FRUH�RI�DQWL�F\FORQLF�HGG\�ZDV�UHODWLYHO\�ORZ������PJ�P��������PJ&�P���G������
$� VLJQLILFDQW� IHDWXUH� REVHUYHG� LQ� VRPH� SRLQWV� DORQJ� WKH� ZHVWHUQ� %D\�ZDV� WKH�SUHVHQFH�RI�FROG�FRUH�HGG\�ZLWK�KLJK�VDOLQLW\�EHORZ���P�GHSWK���8QGHU�WKH�LQIOXHQFH�RI�WKH� VXEVXUIDFH� F\FORQLF� HGG\�� WKH� QXWULHQWV� DUH� SXPSHG� LQWR� WKH� XSSHU� OD\HU� ZLWK�FRQVHTXHQW� KLJK� SURGXFWLRQ� LQ� WKLV� UHJLRQ�� ,Q� DGGLWLRQ� WR� WKH� WHPSHUDWXUH� GLVWULEXWLRQ��QXWULHQW�� GLVVROYHG� R[\JHQ�� FKORURSK\OO�D DQG� SULPDU\� SURGXFWLYLW\� SDWWHUQ� JLYH� WKH�FRQILUPDWLYH�HYLGHQFH�RI�WKH�FROG�FRUH�HGG\��

8SZHOOLQJ
$ORQJ�WKH�HDVW�FRDVW�RI�,QGLD�WKH�ZHVWHUQ�ERXQGDU\�FXUUHQW�ZHDNHQ�DQG�FKDQJH�LWV�GLUHFWLRQ�GXULQJ�VXPPHU���$ORQJ�WKH�VRXWKHDVW�FRDVW�RI�,QGLD��ZHDN�FRDVWDO�FXUUHQWV�DQG� ZLQG� SDWWHUQ� DUH� IDYRUDEOH� IRU� WKH� XSZHOOLQJ� SURFHVVHV�� � 8SVORSLQJ� RI� LVROLQHV��VKDOORZ� PL[HG� OD\HU�� ORZ� GLVVROYHG� R[\JHQ�� UHODWLYHO\� KLJK� QXWULHQWV�� FKORURSK\OO�FRQFHQWUDWLRQ�DQG�SULPDU\�SURGXFWLRQ������PJ�P��������PJ&�P�� G�� � ���P�ZDWHU�FROXPQ��QHDU� WKH�FRDVW�DORQJ����1�VXEVWDQWLDWHV� WKH�XSZHOOLQJ�SURFHVV�EXW� WKH�YDOXHV�DUH�QRW�FRPSDUDEOH�ZLWK�WKRVH�RI�$UDELDQ�6HD�



'LIIHUHQWLDO� UHVSRQVH�RI�ZLQWHU�FRROLQJ�SURFHVVHV� LQ� WKH�1RUWKHDVWHUQ�$UDELDQ�6HD�DQG�1RUWKZHVWHUQ�%D\�RI�%HQJDO
+LJKHU� ELRORJLFDO� SURGXFWLRQ� LQ� WKH� $UDELDQ� 6HD� � �FKORURSK\OO�D� ����� PJ� P����SULPDU\� SURGXFWLRQ� ����� PJ&� P�� G���� PHVR]RRSODQNWRQ� ELRPDVV� ���� PPROH&� P����PLFUR]RRSODQNWRQ�ELRPDVV����PPROH&�P����FRPSDUHG�WR�WKH�%D\�RI�%HQJDO��FKORURSK\OO�D ����� PJ� P���� SULPDU\� SURGXFWLRQ� ���� PJ&� P��� G���� PHVR]RRSODQNWRQ� ELRPDVV� ���PPROH&�P����PLFUR]RRSODQNWRQ� ELRPDVV� �����PPROH&�P����ZDV� REVHUYHG�� ,Q�$UDELDQ�6HD� ZLQWHU� FRROLQJ� DVVLVWHG� E\� WKH� KLJK� DPELHQW� VDOLQLW\� �!��� SVX�� UHVXOWHG� LQ�GHQVLILFDWLRQ�RI�VXUIDFH�OD\HUV�OHDGLQJ�WR�FRQYHFWLYH�PL[LQJ�DQG�GHHSHQLQJ�RI�WKH�PL[HG�OD\HU��$YHUDJH���P���
1RUWKHUQ�SDUW�RI�WKH�%D\�RI�%HQJDO�KRZHYHU�UHVSRQGHG�GLIIHUHQWO\�WR�DWPRVSKHULF�FRROLQJ��3UHYDLOLQJ�ORZ�VDOLQLW\�����SVX���UHVXOWHG�LQ�WKHUPDO�LQYHUVLRQ�DQG�VWUDWLILFDWLRQ�RI�WKH�ZDWHU�FROXPQ���6KDOORZ�PL[HG�OD\HU��DYHUDJH����P��DQG�WKH�DEVHQFH�RI�QLWUDWH�LQ�WKH�WRS���P�ZDWHU�FROXPQ�DSSHDUHG�WR�EH�WKH�FDXVDWLYH�IDFWRUV�IRU�ORZ�ELRORJLFDO�SURGXFWLRQ�LQ�WKH�%D\�RI�%HQJDO��

$QGDPDQ�6HD
7KH�667�GLVWULEXWLRQ�H[KLELWHG�D�IURQWDO�SDWWHUQ�DORQJ�WKH�HDVWHUQ�$QGDPDQ�6HD��7KH�GLVWULEXWLRQ�RI�LQWHJUDWHG�PHDQ�FRQFHQWUDWLRQ�RI�GLVVROYHG�R[\JHQ�DQG�QLWUDWH�XS�WR����PHWUHV� VKRZHG� ORZ�GLVVROYHG�R[\JHQ� ������0��DQG�HOHYDWHG�QLWUDWH�FRQFHQWUDWLRQ��!��0��DORQJ�WKH�VRXWKHDVW�$QGDPDQ�6HD��H[WHQGLQJ�WRZDUGV�WKH�VRXWKZHVWHUQ�UHJLRQ��7KH�LQWHJUDWHG�FKORURSK\OO�D YDULHG�EHWZHHQ�����DQG������PJ�P� ZLWK�DQ�DYHUDJH RI �����PJP�� DQG�WKH�FRUUHVSRQGLQJ�SULPDU\�SURGXFWLRQ�UDQJHG�IURP����WR�����PJ�&P��G�� ZLWK�DQ�DYHUDJH�RI�����PJ�&P��G���

����� 5HVRXUFHV�$VVHVVPHQW�DQG�%LRORJ\�RI�'HHS�6HD�)LVKHV�LQ�WKH�&RQWLQHQWDO�6ORSH�RI�,QGLDQ�((=�
7KH� REMHFWLYHV� RI� WKLV� SURMHFW� LQFOXGH� HVWLPDWLRQ� RI� GHHS�VHD� ILVK� ELRPDVV�WKURXJK� DFRXVWLF� VXUYH\V�� DVVHVVPHQW� RI� GHHS�VHD� ILVKHU\� UHVRXUFHV� E\� H[SHULPHQWDO�WUDZOLQJ�� VWXGLHV� RQ� SRSXODWLRQ� G\QDPLFV� DQG� SUHGWLFWLYH� PRGHOLQJ�� FRUUHODWLRQ� RI�HQYLURQPHQWDO� GDWD� ZLWK� DEXQGDQFH�� ELRORJLFDO� VWXGLHV�� GHYHORSPHQW� RI� D� *,6� EDVHG�)LVKHU\�,QIRUPDWLRQ�6\VWHP��SUHSDUDWLRQ�RI�ILVKHU\�FKDUW��HWF�



7ZR� GHGLFDWHG� FUXLVHV� RI� )259� 6DJDU� 6DPSDGD� ZHUH� FDUULHG� RXW� IRU� WKHVH�VWXGLHV�� 7KH� GHSWK� RI� RSHUDWLRQ� UDQJHG� IURP� ��� WR� ���� PHWUHV� FRYHULQJ� WKH� SUH�PRQVRRQ�DQG�PRQVRRQ�VHDVRQV���$�WRWDO�RI����WUDZO�RSHUDWLRQV�ZHUH�PDGH�XVLQJ�([SR�PRGHO� ILVK� WUDZO�� +6'7� ,,� �&UXVWDFHDQ� YHUVLRQ�� DQG� +6'7� ,,� �)LVK� YHUVLRQ������ RSHUDWLRQV�ZHUH�FRQGXFWHG�EHWZHHQ�����± ����PHWUHV�����RSHUDWLRQV�EHWZHHQ�����±����PHWUHV�DQG���EHWZHHQ�����± ����PHWUHV�

1HSKURSVLV�HQVLURVWULV�����������������������������������������������/LQXSDUXV�VRPQLRVXV

=HQRSVLV�FRQFKLIHU���������������������������������� 3RO\PL[LD�QRELOLV
7RWDOO\����VWDWLRQV�ZHUH�VDPSOHG�����KDXOV�LQ�WKH�HDVW�FRDVW�RI�,QGLD�DQG���KDXOV�LQ� WKH� $QGDPDQ�	�1LFREDU� ZDWHUV�� DOO� EH\RQG� ���P� GHSWK�� � � 6WXGLHV� DORQJ� WKH� (DVW�FRDVW� UHJLVWHUHG�D�&38(�RI� ����� NJ�KU�� �$� WRWDO� RI� �� VSHFLHV� RI� ILQILVK�� �� VSHFLHV� RI�VKULPSV����VSHFLHV�RI� OREVWHUV�DQG���VSHFLHV�RI�FHSKDORSRGV�ZHUH� LGHQWLILHG� IURP� WKLV�UHJLRQ�� 7KH� �� WUDZO� RSHUDWLRQV� PDGH� LQ� WKH� $QGDPDQ� 	� 1LFREDU� ZDWHUV� UHJLVWHUHG� D�&38(�RI� �����NJ�KU��$OWRJHWKHU�� ��� VSHFLHV� RI� ILQ�ILVKHV�� �� VSHFLHV� RI� VKULPSV�DQG��VSHFLHV�RI�OREVWHUV�ZHUH�LGHQWLILHG�IURP�WKLV�DUHD��



'HPHUVDO� WUDZO� RSHUDWLRQV� DW� ��� VWDWLRQV� FRQGXFWHG� RQ� WKH�ZHVW� FRDVW� RI� ,QGLDQ�((=�XVLQJ�([SR�PRGHO�ILVK�WUDZO�DQG�+6'7�,,�UHFRUGHG�DQ�DYHUDJH�&38(�RI�������NJ�KU��$OO�WRJHWKHU����VSHFLHV�RI� ILQ�ILVKHV����VSHFLHV�RI�VKULPSV�DQG���VSHFLHV�RI� OREVWHUV�ZHUH�LGHQWLILHG�IURP�WKH�FDWFKHV�RI�WKH�UHJLRQ��
����� 6WXGLHV�RQ�'HHS�6FDWWHULQJ�/D\HUV��'6/�

7KH�REMHFWLYH�RI�WKH�SURMHFW�LV�WR�VWXG\�WKH�'6/�ZLWKLQ�WKH�((=�RI�WKH�$UDELDQ�VHD�DQG� %D\� RI� %HQJDO� RQ� WKH� EDVLV� RI� DFRXVWLF� UHFRUGLQJV� DQG� E\� ,VVDF� .LGG�0LG�ZDWHU�7UDZO� �,.07�� RSHUDWLRQV�� 6DPSOHV� DQG� IRUDJH� RUJDQLVPV� FROOHFWHG� E\� ,.07�� SHODJLF�WUDZO� DQG� ERWWRP� WUDZO� ZHUH� DQDO\VHG� WR� HVWDEOLVK� WKH� RFFXUUHQFH�� GLVWULEXWLRQ� DQG�VHDVRQDO�DEXQGDQFH�RI�'6/�RUJDQLVPV��VXUYH\�RI�PLJUDWLRQ�RI�LFWK\R�SODQNWRQ�DQG�RWKHU�QHNWRQLF�RUJDQLVPV�IRU�DVVHVVPHQW�RI�SRWHQWLDO�ILVKHU\�UHVRXUFHV��GLVWULEXWLRQDO�VWXGLHV�RI� GHFDSRG� FUXVWDFHDQV� DQG� FHSKDORSRGV�� 5HVRXUFH� DEXQGDQFH� RI� VSHFLHV� VXFK� DV�P\FWRSKLGV��JRQRVWRPDWLGV��EUHJPDFHURV��HWF���SUHSDUDWLRQ�RI�'6/�FKDUWV�RQ�WKH�PDMRU�FRPSRQHQWV��PRGHOLQJ�RI�'6/�ILVKHU\� LQFOXGLQJ�K\GURJUDSKLF�SDUDPHWHUV�� LGHQWLILFDWLRQ�RI� LQGLFDWRU� RUJDQLVPV� IRU� DJJUHJDWLRQ� RI� H[SORLWDEOH� VSHFLHV� RI� PHVRSHODJLFV� DQG�GHPHUVDOV� DQG��KDUYHVW�WHFKQRORJ\�IRU�'6/�ILVK�DQG�VKHOO�ILVK�UHVRXUFHV�
6L[�FUXLVHV�ZHUH�XQGHUWDNHQ�GXULQJ�WKH�\HDU�RQERDUG�)259�6DJDU�6DPSDGD�DV�D�PXOWL� LQVWLWXWLRQDO�SURJUDPPH�RQ�'6/�

:HVW�FRDVW7ZR� FUXLVHV� ZHUH� FRQGXFWHG� FRYHULQJ� WKH� QRUWK�ZHVW� DQG� VRXWK�ZHVW� FRDVWV�FROOHFWLQJ�VDPSOHV� IURP���� ,.07�VWDWLRQV�ZKLFK� LQFOXGHG���GD\�DQG����QLJKW�VWDWLRQV���6WDWLRQ�GHSWK�UDQJHG�IURP�����± �����P�DQG�VDPSOLQJ�GHSWK�YDULHG�IURP����± ����P���'6/�REVHUYHG�ZHUH�HLWKHU� LQ� VLQJOH�RU�PXOWLSOH� OD\HUV�ZLWK� WKLFNQHVV�RI� OD\HUV UDQJLQJ�IURP����± ����P���9ROXPH�RI�,.07�YDULHG�IURP�����± ����PO�KDXO���7KH�SHUFHQWDJH�RI�WKH�QHNWRQLF�FRPSRQHQWV�ZDV�OHVV�ZKHQ�FRPSDUHG�WR�]RRSODQNWRQ�LQ�DOPRVW�DOO�VWDWLRQV�ZKLFK� KDG� D� JRRG� FROOHFWLRQ� RI� VZDUPLQJ� FUDEV� �&KDU\EGLV� VPLWKLL��� � 7KH� '6/� FDWFK�FRQVLVWHG� RI� VDOSV� WKDW� GRPLQDWHG� DPRQJ� SODQNWRQ�� ZKHUHDV� PDFUR]RRSODQNWRQ� OLNH�HXSKDXVLGV�� DOLPD� DQG� DPSKLSRGV� ZHUH� SRRUO\� UHSUHVHQWHG�� � $PRQJ� WKH� QHNWRQ��P\FWRSKLGV� DQG� %UHJPDFHURV� GRPLQDWHG�� � &RQFXUUHQW� GDWD� RQ� WKH� K\GURJUDSK\� DQG�HQYLURQPHQW�ZHUH�DOVR�FROOHFWHG�WR�HVWDEOLVK�LQWHUUHODWLRQV�



6ZDUPLQJ�FUDE��&KDU\EGLV�VS���RI�WKH�'6/������������������������������9LQFLJXHUULD�QLPEDULDUHFRUGHG�IURP�WKH�6RXWK�ZHVW�FRDVW
(DVW�FRDVW)RXU� FUXVLHV� ZHUH� FRQGXFWHG� LQ� WKH� HDVW� FRDVW�� RI� ZKLFK� WKUHH� ZHUH� LQ� WKH�$QGDPDQ�VHD��,.07�VDPSOHV�ZHUH�FROOHFWHG�IURP����VWDWLRQV�LQ�WKH�DUHD�����QLJKW�DQG��GD\�VWDWLRQV��� �6WDWLRQ�GHSWK�YDULHG�IURP�����± �����P�DQG�WKH�VDPSOLQJ�GHSWK�YDULHG�IURP���� ± ����P�� �'6/� WKLFNQHVV� UDQJLQJ� IURP���� ± ����P�ZHUH� UHFRUGHG�HLWKHU� DV�VLQJOH� RU� PXOWLSOH� OD\HUV�� � ,.07� YROXPH� YDULHG� IURP� ��� ± ����� PO�KDXO�� � ,PSRUWDQW�QHNWRQLF�JURXSV�HQFRXQWHUHG�GXULQJ� WKH�DERYH�FUXLVHV�ZHUH�P\FWRSKLGV��SKRWLFKWKLGV��SHODJLF�VKULPSV�� OHSWRFHSKDOXV�DQG�DPRQJ� WKH�SODQNWRQ� WKH�JURXSV�HQFRXQWHUHG�ZHUH�FKDHWRJQDWK��HXSKDXVLGV��PHJDORSD��VLSKRQRSKRUH��VDOSV�DQG�DOLPD�

$PRQJ�WKH�LPSRUWDQW�REVHUYDWLRQ�GXULQJ�WKH�FUXLVHV�LQ�JHQHUDO�ZDV�WKDW�FDWFKHV�IURP�ERWWRP�WUDZOV�KDG�FRQVLGHUDEOH�QXPEHUV�RI�ODUJHU�P\FWRSKLGV�����FP�DQG�DERYH��FRPSDUHG�WR�VDPSOHV�IURP�,.07���$�VWXG\�RQ�WURSKLF�UHODWLRQV�ZDV�DOVR�FRQGXFWHG�
7KH�'6/�ELRGLYHUVLW\�LQFOXGHG����IDPLOLHV�����JHQHUD�DQG�����VSHFLHV�EHORQJLQJ�WR� FHSKDORSRGV� ��� VSHFLHV��� FUDEV� ��� VSHFLHV��� SHODJLF� VKULPSV� ���� VSHFLHV�� DQG�PHVRSHODJLF� ILVKHV� ���� VSHFLHV�� LQ� WKH� VXUYH\HG� DUHD�� EHVLGHV� D� ZLGH� VSHFWUXP� RI�XQLGHQWLILHG�PDFUR]RRSODQNWRQ�VSHFLHV���$PRQJ�WKH�PDQ\�PLFURQHNWRQ�JURXSV�WKH�PRVW�GRPLQDQW� JURXSV� RI� HFRORJLFDO�HFRQRPLF� YDOXH� DUH� P\FWRSKLGV� DQG� SHODJLF� VKULPSV���7KH� IRUPHU� LV�DEXQGDQW� LQ� WKH�QRUWKHUQ�VHFWRU�DQG� ODWWHU� LQ� WKH�VRXWKHUQ�VHFWRU�RI� WKH�$UDELDQ�VHD���

����� +DUYHVW�7HFKQRORJ\�DQG�&DWFK�&RPSRVLWLRQ�RI�'HHS�6HD�)LVKHU\�5HVRXUFHV�LQ�WKH�,QGLDQ�((=
7KH�PDLQ�REMHFWLYHV�RI�WKH�SURMHFW�DUH�SHUIHFWLRQ�RI�GHPHUVDO��SHODJLF�DQG�VHPL�SHODJLF� WUDZO� V\VWHPV�ZLWK� WKH� DLG� RI� ,7,� VHQVRUV��ZLWK� D� YLHZ� WR� GHVLJQ�DQG�RSWLPL]H�GHHS�VHD� WUDZOV� IRU� FHSKDORSRGV�� GHHS�VHD� SUDZQV� DQG� OREVWHUV�� � 5HVRXUFH� VSHFLILF�VWXGLHV� IRU� JHDU� VSHFLILFLW\�� HIILFLHQF\� DQG� IXHO� HFRQRP\�� WUDZO� FRQILJXUDWLRQ�



PHDVXUHPHQWV��QHW�KHLJKW��ZLQJ�HQG�DQG�GRRU�VSUHDG��DW�GLIIHUHQW�VSHHGV��PRGHO�WHVWLQJ�RI� JHDUV� DW� H[SHULPHQWDO� WDQNV�� VHOHFWLYLW\� RI� VTXDUH� PHVK� DQG� GLDPRQG� PHVK� ZLWK�UHVSHFW�WR�PDMRU�GHHS�VHD�ILQ�ILVK�DQG�VKHOO�ILVK�UHVRXUFHV��DQG�VKRDO�FKDUDFWHULVWLFV�RI�GHHS�VHD�UHVRXUFHV��ZHUH�DWWHPSWHG�
'XULQJ� WKH� \HDU�� WKH� SURMHFW� WHDP� SDUWLFLSDWHG� LQ� WZR� FUXLVHV� RI� )259� 6DJDU�6DPSDGD��DQG�FRQGXFWHG�VWXGLHV�RQ�FRPSDUDWLYH�SHUIRUPDQFH�RI�WZR�GLIIHUHQW�W\SHV�RI�WUDZO� QHWV� �H[SR� PRGHO� DQG� +6'7� FUXVWDFHDQ� DQG� ILVK� YHUVLRQV�� SUHVHQWO\� XVHG� DV�GHPHUVDO VDPSOLQJ� JHDUV� LQ� VXUYH\� RI� ILVKHU\� UHVRXUFHV� RI� WKH� GHHS� VHD� DW� GHSWKV�EH\RQG�����PHWUHV���
)LHOG� WULDOV� RI� WZR�GLIIHUHQW� W\SHV�RI�PLG�ZDWHU� WUDZOV� ���P�DQG���P��GHVLJQHG�DQG�GHYHORSHG�E\�&,)7��ZHUH�DOVR�XQGHUWDNHQ�LQ�WKH�%D\�RI�%HQJDO���7KH�ODUJH�PHVKHV�LQ�WKH�IRUH�SDUWV�RI�WKHVH�QHWV�IDFLOLWDWHG�OHVV�UHVLVWDQFH�ZKLOH�WRZLQJ�
&DWFK� FRPSRVLWLRQ� VWXGLHV� FRYHULQJ� ��� VWDWLRQV� LQ� WKH� $UDELDQ� 6HD�� LQ� GHSWK�UDQJHV�RI������ ����PHWUHV��XVLQJ�+6'7�DQG�([SR�0RGHO�WUDZOV�UHYHDOHG�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�VSHFLHV�FRPSRVLWLRQ���7KH�FRPSDUDWLYH�&38(�RI�+6'7�DQG�([SR�QHWV�ZDV�FDOFXODWHG�WR�DVVHVV�WKH�HIILFLHQF\�RI�WKH�WZR�JHDUV�DW�GHSWKV�EH\RQG�����P���7KH�&38(�IRU�+6'7�ZDV�IRXQG�WR�EH�����NJ���KU���ZKLOH�WKDW�RI�([SR�0RGHO�ZDV�����NJ�KU�,7,�VWXGLHV�VKRZHG�WKDW�KLJKHU�YHUWLFDO�RSHQLQJ�RI�����P�ZDV�REWDLQHG�LQ�([SR�QHW�ZKLOH�+6'7� UHFRUGHG�D�PD[LPXP�RI�����P�� � �6FRSH�UDWLR�VWXGLHV� UHYHDOHG� WKDW� LW�ZDV�������DQG��������IRU�+6'7�DQG�([SR��UHVSHFWLYHO\� LQVWHDG�RI�FRQYHQWLRQDO�����IRU�GHHS�ZDWHU�RSHUDWLRQV��2Q�DQDO\]LQJ WKH�FDWFK�GDWD�ZLWK�&38(�RI�PDMRU�JURXSV�PHQWLRQHG�DERYH�� LW� ZDV� REVHUYHG� WKDW� +6'7� VKRZHG� KLJKHU� FDWFK� DQG� &38(� IRU� ILQILVKHV��FUXVWDFHDQV� DQG� HODVPREUDQFKHV�� ZKLOH� LQ� ([SR� QHW�� WKH� FDWFK� RI� FHSKDORSRGV� ZDV�VOLJKWO\�KLJKHU�����������
,Q�%D\�RI�%HQJDO��� ZHUH�FRYHUHG�IRU�VSHFLHV�FRPSRVLWLRQ�VWXGLHV�� �6L[� ILVKLQJ�RSHUDWLRQV� ZHUH� FRQGXFWHG� ZLWK� +6'7� DQG� ([SR� PRGHO� WUDZOV� DW� GHSWKV� YDU\LQJ�EHWZHHQ����DQG�����P�� �7KH�SHUFHQWDJH�FDWFK�FRPSRVLWLRQ�IURP�+6'7�DQG�([SR�QHW�ZHUH�GRPLQDWHG�E\�ILQILVKHV���7KH�SHUFHQWDJH�FRPSRVLWLRQ�RI�FDWFK�IURP�+6'7�UHFRUGHG����������DQG����IRU�ILQILVKHV��FUXVWDFHDQV�DQG�FHSKDORSRGV��UHVSHFWLYHO\�DQG�LQ�([SR�QHW�LW�ZDV���������DQG����



����� ,QYHVWLJDWLRQV�RQ�WKH�7R[LF�$OJDO�%ORRPV�LQ�WKH�,QGLDQ�((=
7KH� SURMHFW� LV� DLPHG� DW� LGHQWLI\LQJ� WKH� KDUPIXO� DQG� WR[LF� DOJDO� EORRP� IRUPLQJ�VSHFLHV� LQ� WKH� ,QGLDQ�((=� DQG� WR� VWXG\� WKH� G\QDPLFV� RI� EORRP� IRUPDWLRQ�DQG� FXOWXUH�DVSHFWV�
7R[LF� DOJDO� VWXGLHV� ZHUH� FDUULHG� RXW� E\� &86$7� �6FKRRO� RI� 0DULQH� 6FLHQFHV���&0)5,�DQG�$QGKUD�8QLYHUVLW\�E\�SDUWLFLSDWLRQ�LQ�VHYHQ�)259�6DJDU�6DPSDGD�FUXLVHV�GXULQJ�WKH�SHULRG���6DPSOHV�ZHUH�FROOHFWHG�IURP�����VWDWLRQV�IRU�WR[LF�DOJDO�VWXGLHV�����VSHFLHV� RI� PLFURIORUD� FRQVLVWLQJ� RI� ���� VSHFLHV� RI� GLQRIODJHOODWHV�� ���� VSHFLHV� RI�GLDWRPV��DQG���VSHFLHV�RI�EOXH�JUHHQ�DOJDH ZHUH�UHFRUGHG�GXULQJ�WKLV�SHULRG�IURP�WKH�((=� ��� VSHFLHV�RI�PLFURIORUD�UHFRUGHG�IURP�WKH�%D\�RI�%HQJDO�FRQVWLWXWHG����VSHFLHV�RI�GLQRIODJHOODWHV�����VSHFLHV�RI�GLDWRPV�DQG���VSHFLHV�RI�EOXH�JUHHQ�DOJDH�������VSHFLHV�RI� PLFURIORUD� FRPSULVLQJ� ��� VSHFLHV� RI� GLQRIODJHOODWHV�� ��� VSHFLHV� RI� GLDWRPV� DQG� �VSHFLHV�RI�F\DQREDFWHULD�ZHUH�UHFRUGHG�LQ�WKH�$UDELDQ�6HD��
+DUPIXO� PLFURDOJDH� UHFRUGHG� IURP� WKH� ((=� LQFOXGHG� ��� VSHFLHV� RI�GLQRIODJHOODWHV�� �� VSHFLHV� RI� GLDWRP� DQG� �� VSHFLHV� RI� F\DQREDFWHULD��2XW� RI� WKHVH ���VSHFLHV�� HLJKW� VSHFLHV� RI� PLFURDOJDH� VXFK� DV� 'LQRSK\VLV� VSS�� *RQ\DXOD[� FDWHQHOOD��3URURFHQWUXP�OLPD��3��PLFDQV�DQG�3VHXGRQLW]VFKLD�VHULDWD�SURGXFH�SRWHQW�WR[LQV��
$OO� WKH� WKUHH� DOJDO� EORRPV� UHFRUGHG� GXULQJ� WKH� SHULRG� ZHUH� FDXVHG� E\�7ULFKRGHVPLXP�WKLHEDXWLL��7KH�ORFDWLRQV�RI�WKH�EORRP�ZHUH�RII�0XPEDL��RII�&DOLFXW��DQG�RII�3RUW�%ODLU�

%ORRP�IRUPDWLRQ�RI��7ULFKRGHVPLXP�WKHLEDQWLL
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JHQHUDOO\�FKDUDFWHUL]HG�E\�KLJKHU�12���12���1+���32���WRWDO�3KRVSKRURXV��WRWDO�QLWURJHQ��&G��3E��+J�DQG�SDWKRJHQLF�EDFWHULD��
$QGKUD�DQG�7DPLOQDGX�&RDVWV

7KH� %2'� YDOXHV� ZHUH� KLJK� LQ� WKH� 9LVKDNDSDWQDP� FRDVW�� 7KLV� UHJLRQ� DOVR�UHFRUGHG�D�VOLJKW�EXLOG�XS�RI�SHWUROHXP�K\GURFDUERQ�DQG�WKH�REVHUYHG�YDOXH�ZDV�IRXQG�WR�EH��������J�O��6LPLODUO\��WKH�&KHQQDL�DQG�7XWLFRULQ�ZDWHUV�KDYH�DOVR�UHFRUGHG�KLJKHU�RUJDQLF�SROOXWLRQ�HVSHFLDOO\�GXULQJ�GU\�VHDVRQ�LQ�DVVRFLDWLRQ�ZLWK�WKH�GLVFKDUJHV�RI�WKH�XUEDQ�DQG�LQGXVWULDO�ZDVWHV�DORQJ�ZLWK�WKH�ULYHU�GLVFKDUJHV�VXFK DV�(QQRUH��$G\DU��DQG�&RRXP��6OLJKWO\� KLJKHU� FRQFHQWUDWLRQV� RI� KHDY\� PHWDOV� LQ� ZDWHU� DQG� VHGLPHQW� ZHUH�UHFRUGHG�LQ�9LVKDNDSDWLQDP��&KHQQDL��7XWLFRULQ��3RQGLFKHUU\�DQG�&XGGDORUH��$PRQJ�WKH�PHWDOV� 3E� �/HDG�� UHFRUGHG� D� PD[LPXP� RI� ������� �J�J� LQ� 9LVKDNDSDWLQDP� ZKLOH� &G��&DGPLXP�� ������ �J�J�� DQG� +J� �0HUFXU\�� ������ �J�J�� ZDV� IRXQG� WR� EH� KLJK� LQ�3RQGLFKHUU\ ZDWHUV�
7RWDO�FROLIRUPV�ZHUH�PRUH�LQ�QXPEHU�LQ�WKH�FRDVWDO�VWUHWFK�EHWZHHQ�����DQG�� NP�WUDQVHFW���7KH�REVHUYHG�PD[LPXP�FRXQW�RI����;���� ZDV�IRXQG�DW�9LVDNKDSDWQDP�± ����NP���$PRQJ�WKH����VWUDLQV�UHFRUGHG��WKH�RUGHU�RI�DEXQGDQFH�RI�LQGLFDWRU�VSHFLHV�DUH�DV�IROORZV��7RWDO�&ROLIRUPV��(�&ROL��)DHFDO�FROLIRUPV��9LEULR�&KRODUDH OLNH�RUJDQLVPV��9LEULR�SDUDKDHPRO\WLFXV OLNH� RUJDQLVPV�� 3URWHXV� .OHEVHLOOD OLNH� RUJDQLVPV�� 3VHXGRPRQDV�DHUXJLQRVD OLNH�RUJDQLVPV��6KLJHOOD OLNH�RUJDQLVPV�DQG�6DOPRQHOOD OLNH�RUJDQLVPV�
,Q� &XGGDORUH� ZDWHUV� ODUJH� QXPEHU� RI� ILVK� HJJV� DQG� ODUYDH� ZHUH� REVHUYHG�����������1R��P����%LYDOYH�ODUYDH��YHOLJHU��ZHUH�JHQHUDOO\�SUHVHQW�LQ�DOO�KRW�VSRWV�DQG�LQ�RIIVKRUH�UHJLRQV�RI��������������DQG ���NP���7KLV�PD\�EH�GXH�WR�WKH�VSDZQLQJ�RI�ELYDOYHV�OLNH� &UDVVRVWUHD� PDGUDVHQVLV�� 3HUQD� YLULGLV�� 0HUHWUL[� PHUHWUL[�� 0�� FDVWD�� .DWHO\VLD�RSLPD��$QDGDUD�JUDQRVD� HWF����7KLV�LQGLFDWHV�WKDW�WKH�ZDWHUV�EH\RQG�����NP�KDG�EHWWHU�TXDOLW\�RI�VHDZDWHU�

/DNVKDGZHHS��.HUDOD�DQG�.DUQDWDND�FRDVWV
$ORQJ�WKH�.HUDOD�FRDVW�� WKH�QHDU�VKRUH�DUHD�ZLWK� ORZ�S+��KLJK�VXVSHQGHG�VROLG�ORDG�DQG�DEVHQFH�RI�OLYH�EHQWKRV�VXEVWDQWLDWH�WKDW�WKH�DUHD�DURXQG�9HOL��7ULYDQGUXP�LV�XQGHU�VWUHVV�GXH�WR�GLVFKDUJH�RI�7LWDQLXP�IDFWRU\�ZDVWHV��7KH�FRQFHQWUDWLRQ�RI�LQRUJDQLF�SKRVSKDWH� DORQJ� &RFKLQ� HVWXDU\� VKRZHG� KLJKHU� YDOXH� GXH� WR� GLVSRVDO� RI� XQWUHDWHG�VHZDJH��$OVR�&RFKLQ�HVWXDU\�UHFRUGHG�WKH�SUHVHQFH�RI�SDWKRJHQV�OLNH�6DOPRQHOOD VS��LQ�



YHU\� KLJK� GHQVLW\�� $OVR� 0DQJDORUH� HVWXDU\� VKRZHG� PRUH� IDHFDO� FROLIRUPV� DQG� IDHFDO�6WUHSWRFRFFL�� � +RZHYHU�� &RFKLQ� DQG� 0DQJDORUH� HVWXDULHV� DUH� G\QDPLF� DQG� SODQNWRQ�GLYHUVLW\�VKRZHG�DQ�KHDOWK\�WUHQG�

&RORXU�FKDQJH�LQ�WKH�GHDG�UHPDLQV�RI�WKH����������773�HIIOXHQWV�VSUHDGLQJ�RQ�WKH�VKRUHOLQH�ELYDOYHV�QHDU�WKH�HIIOXHQW�GLVFKDUJH�SRLQW�������������DW�9HOL��7ULYDQGUXP���������������������������������������������������������������DW�9HOL��7ULYDQGUXP�
7KH� VHD� RII� .DYDUDWWL� ZDWHUV�� /DNVKDGZHHS�� VKRZHG� KLJKHU� YDOXHV� RI� SULPDU\�DQG�VHFRQGDU\�SURGXFWLYLW\�WKDQ�WKH�ODJRRQ�UHJLRQ��)DHFDO�FRQWDPLQDWLRQ�LV�SUHYDOHQW�LQ�WKH� QHDU� VKRUH� UHJLRQ� RI� WKH� ODJRRQ�� ZKHUH� PRGHUDWH� R[\JHQ� FRQWHQW� DQG� KLJKHU�QXWULHQWV�ZHUH�REVHUYHG�

*RD��0DKDUDVKWUD�DQG�*XMDUDW�FRDVWV
7KH� %2'� YDOXHV� RI� WKH� 0DQGRYL� HVWXDU\� ZHUH� VOLJKWO\� KLJKHU� DV� FRPSDUHG� WR�FRDVWDO�VWDWLRQV��ZKLFK�YDULHG�IURP������± �����PJ�O�GXH�WR�VHZDJH�GLVSRVDO���+RZHYHU��WKH�'LVVROYHG�R[\JHQ� OHYHOV�VKRZHG�QR�R[\JHQ�GHILFLHQF\��,W� LQGLFDWHV�WKDW�WKH�R[\JHQ�FRQVXPHG� LV� UHDGLO\� UHSOHQLVKHG�� ,Q� 0DQGRYL� HVWXDU\� WKH� SK\WRSODQNWRQ� DQG� WKH�&KORURSK\OO�D� OHYHOV� ZHUH� ORZ� FRPSDUHG� WR� FRDVWDO� VWDWLRQV�� 6LPLODUO\�� ]RRSODQNWRQ�ELRPDVV�ZDV�DOVR�IRXQG�ORZ�������PO����P����+RZHYHU��WKH�KLJKHVW�IDXQDO�GLYHUVLW\�ZLWK����JURXSV�RI�]RRSODQNWRQ�DQG���JURXSV�RI�EHQWKLF�IDXQD��ZDV�REVHUYHG�DW�WKH�KRWVSRW���0LFURELRORJLFDO�GDWD�GLGQ¶W�VKRZ�DQ\�VSHFLILF�YDULDWLRQ�DV�RFFXUUHQFH�RI�7&��9/2��3./2�ZDV�ORZ��ZKLFK�LQGLFDWH�WKH�JRRG�KHDOWK�RI�WKLV�HVWXDULQH�HFRV\VWHP���
$ORQJ�WKH�0DKDUDVKWUD�DQG��*XMDUDW�FRDVWDO��ZDWHUV��� WKH�VXVSHQGHG�VROLG�ORDG�VKRZHG�D�VXEVWDQWLDO�LQFUHDVH�RII�+D]LUD�GXH�WR�WKH�LQIOXHQFH�RI�KLJK�WLGDO�PRYHPHQWV�LQ�WKH�*XOI� RI�.KDPEDW��7KH�'2�ZDV�DERYH��PJ�O�H[FHSW�RII�9HUDYDO�DQG�7DUDSRUH� �����PJ�O���%2'�ZDV�JHQHUDOO\�EHORZ��PJ�O�LQGLFDWLQJ�HIILFLHQW�XWLOL]DWLRQ�RI�R[LGL]DEOH�RUJDQLF�PDWWHU� UHDFKLQJ� WKH� FRDVWDO� ZDWHUV�� 7KH� FRQFHQWUDWLRQ� RI� QXWULHQWV�� SULPDU\� DQG�



VHFRQGDU\�SURGXFWLYLW\�ZDV� LQ� WKH� UDQJH�H[SHFWHG� IRU� WKH�FRDVWDO�ZDWHUV�RI� ,QGLD��7KH�SHWUROHXP�K\GURFDUERQ�ZDV�ORZ�LQ�ZDWHU�DV�ZHOO�DV�LQ�VHGLPHQW��0DFUREHQWKLF�ELRPDVV�YDULHG�ZLGHO\�GXH�WR�VHGLPHQW�WH[WXUH�DV�ZHOO�DV�VWDELOLW\�RI�WKH�VXEVWUDWXP��7KH�OHYHOV�RI�&R�� 1L�� &X�� =Q�� +J� DQG� SKRVSKRURXV� LQ� WKH� VHGLPHQW� LQGLFDWH� OLWKRJHQLF� JHQHUDWLRQ��H[FHSW�IRU�PDUJLQDOO\�KLJKHU�OHYHOV�RI�+J��������J�J�GU\ ZW���RII�%DVVHLQ��
7KH�ZDWHU�DQG�VHGLPHQW�TXDOLW\�DORQJ�5DWQDJLUL�WR�9DOVDR�FOHDUO\�VKRZV�WKDW�WKH�DUHD� LV� ZHOO� R[\JHQDWHG� H[FHSW� DORQJ� 5DWQDJLUL� WUDQVHFW�� 1LWULWH� FRQFHQWUDWLRQV� ZHUH�KLJKHU� LQ�9DOVDG� WKDQ� WKDW� RI�5DWQDJLUL� WUDQVHFW�� ,QFLGHQWDOO\�� DW� WKLV� WUDQVHFW� UHODWLYHO\�ORZHU� '2� YDOXHV� ZHUH� REVHUYHG� LQGLFDWLQJ� KLJK� UHJHQHUDWLYH� DFWLYLW\�� 7KH� KLJKHVW�EHQWKLF�IDXQDO�GHQVLW\�GRPLQDWHG�E\�3RO\FKDHWHV��DYHUDJH���������ZDV�REVHUYHG�DORQJ�5DWQDJLUL� WUDQVHFW�� $� ZLGH� GLYHUVLW\� RI� SK\WRSODQNWRQ� ZDV� DOVR� REVHUYHG� EXW� QRQH� RI�WKHP� IRUPHG� D� EORRP� GXULQJ� WKH� VWXG\� SHULRG�� &RDVWDO� DQG� RIIVKRUH� VWDWLRQV� GLG� QRW�VKRZ�DQ\�UHJXODU�WUHQG�RI�GHFUHDVH�RU�LQFUHDVH�LQ�]RRSODQNWRQ�ELRPDVV��,W�ZDV�DOZD\V�QRWLFHG� WKDW� WKH� FRSHSRGV� GRPLQDWHG� WKH� ]RRSODQNWRQ� FRPPXQLW\� �DYHUDJH� ����������7KH�FRQFHQWUDWLRQ�RI�KHDY\�PHWDOV�LQ�ZDWHU�DQG�VHGLPHQW�DUH�ZHOO�ZLWKLQ�WKH�DFFHSWDEOH�OLPLWV�DQG�FRPSDUDEOH�ZLWK�FOHDQ�WURSLFDO�FRDVWDO�DUHDV��3HWUROHXP�K\GURFDUERQ�VKRZHG�D� ZLGH� UDQJH� LQ� FRQFHQWUDWLRQ� GXH� WR� VKLSSLQJ� DFWLYLW\� DQG�PRYHPHQW� RI� EDUJHV� DQG�ILVKLQJ� WUDZOHUV�� 7KH� 0LFURELRORJLFDO� GDWD� UHYHDOHG� WKDW� WKH� 79&� IOXFWXDWHG� ZLGHO\�VKRZLQJ�D�GHFUHDVH�WRZDUGV�WKH�RIIVKRUH��,Q�JHQHUDO�WKH�FRDVWDO�ZDWHUV�IURP�5DWQDJLUL�WR�9HOVDR�UHPDLQHG�VWDEOH�FRPSDUHG�WR�WKH�SUHYLRXV�\HDUV��
8QGHU�WKH�&20$36�SURJUDPPH�ORW�RI�PLFURELDO�VWUDLQV�ZHUH�FROOHFWHG�GXULQJ�WKH�ODVW� GHFDGH�� � 0LFURELDO� FXOWXUH� FROOHFWLRQV� DUH� DVVHWV� RI� D� FRXQWU\� IRU� LWV� HFRQRPLF�GHYHORSPHQW��(YHQ�WKRXJK�WKH�ELRGLYHUVLW\�RI�PDULQH�PLFUREHV�LV�YHU\�ODUJH��WKHUH�KDV�EHHQ�QR�FHQWUDO�IDFLOLW\�LQ ,QGLD�WR�FROOHFW��SUHVHUYH�DQG�GLVWULEXWH�VXFK�PLFURELDO�FXOWXUHV�IRU�YDULRXV�DFWLYLWLHV�� � ,Q�WKLV�FRQWH[W�� WKH�'2'�LV� LPSOHPHQWLQJ�D�SURMHFW�WR�HVWDEOLVK�D�0DULQH�0LFURELDO�5HIHUHQFH�)DFLOLW\�DLPHG�DW���D��3UHSDUDWLRQ�RI�JXLGHOLQHV�IRU�FROOHFWLRQ�DQG� WUDQVSRUWDWLRQ� RI� FXOWXUHV�� �E�� ,GHQWLILFDWLRQ� RI� PLFURELDO� VWUDLQV� �EDFWHULD�� XVLQJ�FRQYHQWLRQDO�� FRPSXWHU� DLGHG� DQG� QXFOHLF� DFLG� EDVHG� WHFKQLTXHV�� �F�� 3UHVHUYDWLRQ� RI�WKHVH�FXOWXUHV�E\�IUHH]H�GU\LQJ�DQG�LQ�OLTXLG�QLWURJHQ��DQG��G��'HYHORSPHQW�RI�NQRZOHGJH�EDVH�RQ�PDULQH�PLFUREHV�DQG�ZHE�EDVHG�LQIRUPDWLRQ�VHUYLFHV���$W�SUHVHQW�WKH�&HQWUH�LV�KDQGOLQJ�RQO\�EDFWHULDO�VWUDLQV�DQG�LQ�IXWXUH�IXQJDO�DQG�DFWLQRP\FHWH�FXOWXUHV�ZRXOG�EH�SUHVHUYHG�� 7KHVH� GDWDEDVHV� ZLOO� EH�PDGH� DYDLODEOH� RQ� ,QWHUQHW�� 7KH�&HQWUH�ZLOO� DOVRFRQGXFW�SHULRGLFDO�ZRUNVKRSV�DV�D�SDUW�RI�FDSDFLW\�EXLOGLQJ�



6LQFH�&20$36�SURJUDPPH� LV�D�PXOWLGLVFLSOLQDU\�DQG�PXOWL�LQVWLWXWLRQDO�DFWLYLW\���WKH� GDWD� JHQHUDWHG� VKRXOG� EH� VWDQGDUG� DQG� LQWHUFRPSDUDEOH�� � )XUWKHU�� WDNLQJ� LQWR�DFFRXQW�RXU�ORQJ�FRDVWOLQH�DQG�KLJK�SHUFHQWDJH�RI�SRSXODWLRQ�FRQVXPLQJ�VHDIRRG��LW�ZDV�IHOW� QHFHVVDU\� WR� SUHSDUH� VWDQGDUGV� UHODWHG� WR�PDULQH� HQYLURQPHQW� DQG� WR� HQFRXUDJH�JUHDWHU�PRQLWRULQJ�RI�VHDZDWHU�IRU�WUDFH�HOHPHQWV��7KH�VHD�ZDWHU�LV�DQDO\VHG�IRU�WUDFH�HOHPHQWV�E\�D�PXOWL�ODERUDWRU\ WHFKQLTXH�DSSURDFK�� LQ�ZKLFK�D�QXPEHU�RI� ,QWHUQDWLRQDO�PDULQH�ODERUDWRULHV�SDUWLFLSDWHG��7KH�UHVXOWV�IRU�WUDFH�PHWDOV�ZHUH�VWDWLVWLFDOO\�DQDO\]HG�DQG�WKH�YDOXHV�FHUWLILHG��7KH�FHUWLILHG�YDOXHV�DUH�&G�DW�������� �������J�O��3E�DW���������������J�O��)H�DW��������� �������J�O��1L�DW�������� �������J�O��&X�DW�������� ������J�O�DQG�=Q�DW��������� �������J�O��7KXV�� ,QGLD� LV� WKH�VHFRQG�FRXQWU\� LQ� WKH�ZRUOG�QH[W� WR�&DQDGD�WR�FRPH�RXW�ZLWK�VXFK�D�VWDQGDUG�IRU�WUDFH�PHWDOV�LQ�RXU�&RDVWDO�6HD�:DWHU�
8SJUDGDWLRQ� RI 'DWD� EDVH� VWUXFWXUHV� DQG�*,6� IRUPDW� IRU� WKH� GDWD� EDVHV� KDYH�EHHQ�SXUVXHG�DV�D�SDUW�RI�WKH�GHYHORSPHQW�RI�DQ�LQIRUPDWLRQ�V\VWHP�IRU�WKH�&20$36�SURJUDPPH�

��� 2FHDQ�$ZDUHQHVV
����� ([KLELWLRQV�	�)DLUV:LWK� D� YLHZ� WR� SURPRWH� DZDUHQHVV� DPRQJ� SXEOLF� DQG� VFKRRO� FKLOGUHQ��'HSDUWPHQW� RI� 2FHDQ� 'HYHORSPHQW� SDUWLFLSDWHG� LQ� WKH� IROORZLQJ� H[KLELWLRQV� DQG� IDLUV�GXULQJ���������
(QYLUR�,QWHUQDWLRQDO��1HZ�'HOKL

7DIFRQ� JURXS� KDG� RUJDQL]HG� DQ� H[KLELWLRQ� DQG� VHPLQDU� RQ� (QYLURQPHQW�,QWHUQDWLRQDO� ������ ZKLFK� KLJKOLJKWHG� WHFKQRORJLHV� DQG� HTXLSPHQW� IRU� HQYLURQPHQW�SURWHFWLRQ��7KH�IDLU�ZDV�RUJDQL]HG�WR�SURMHFW�WKH�VDWH�RI±WKH�DUW�WHFKQRORJLHV��VHUYLFHV��SURGXFWV�DQG�FDSDELOLWLHV�LQ�WKH�GHYHORSPHQW�RI�(QYLURQPHQWDO�VHFWRU���'2'�SURMHFWHG�DOO�HQYLURQPHQW�UHODWHG�DFWLYLWHV�RI�,&0$0�DQG &RDVWDO�DQG�(QYLURQPHQWDO�HQJLQHHULQJ�DQG�27(&�RI�1,27� 'HSDUWPHQW¶V�SDYLOLRQ�UHFHLYHG�DQ�DZDUG�RI�DSSUHFLDWLRQ�
6ZGHVKL�0HOD��$OODKDEDG

6ZGHVKL�0HOD�ZDV�RUJDQL]HG�E\�&HQWUH� IRU�%KDUWL\D�0DUNHWLQJ�'HYHORSPHQW�DW�.�3�� *URXQG�� $OODKDEDG� GXULQJ� 2FW�������� ������ 7KH� REMHFWLYH� ZDV� WR� VKRZFDVH� WKH�ODWHVW� GHYHORSPHQW� LQ� LWV� UHVHDUFK� DQG� VFLHQWLILF� FDSDELOLWLHV� WR� SXEOLF� DW� ODUJH�� '2'�



SURMHFWHG� DFKLHYHPHQWV� XQGHU� 3RODU� 6FLHQFH�� 2FHDQ� 2EVHUYDWLRQ� DQG� ,QIRUPDWLRQ�6HUYLFHV�� 2FHDQ� (QHUJ\� DQG� 'HHS� 6HDEHG�0LQLQJ� SURJUDPPHV�� ,QIRUPDWLRQ� WKURXJK�EURFKXUHV�DQG�ERRNOHWV�RQ�WKH�DFKLHYHPHQWV�LQ�WKH�2FHDQ�WHFKQRORJ\�VHFWRU�ZHUH�PDGH�DYDLODEOH�WR�WKH�YLVLWRUV��7KH�'HSDUWPHQW�ZRQ�WKH�EHVW�SDUWLFLSDQW�DZDUG�
,QGLD�,QWHUQDWLRQDO�7UDGH�)DLU�,,7)��������1HZ�'HOKL�

7KH� ,,7)� LV� WKH PRVW� SRSXODU� WUDGH� H[KLELWLRQ� RUJDQL]HG� E\� WKH� ,QGLD� 7UDGH�3URPRWLRQ�2UJDQLVDWLRQ��,732��HYHU\�\HDU�DW�3UDJDWL�0DLGDQ��1HZ�'HOKL�IURP�1RYHPEHU���� WR���WK� ,Q� WKH������ ,,7)�� UHFHQW�DFKLHYHPHQWV�XQGHU�2FHDQ�(QHUJ\�DQG�$QWDUFWLF�SURJUDPPHV�ZHUH�GLVSOD\HG��(GXFDWLYH�ILOPV�RQ�$QWDUFWLFD��WKH�VFLHQWLILF�SURJUDPPHV�RI�WKH� 'HSDUWPHQW� DQG� RFHDQ� WHFKQRORJLHV� GHYHORSHG� E\� 1DWLRQDO� ,QVWLWXWH� RI� 2FHDQ�7HFKQRORJ\���1,27���ZHUH�VKRZQ�DW�UHJXODU�LQWHUYDOV��%URFKXUHV��ERRNV�DQG�PHPHQWRV�ZHUH�GLVWULEXWHG�WR�WKH�YLVLWRUV�

'2'�SDYLOLRQ�LQ�,,7)�������1HZ�'HOKL��������� '2'�SDYLOLRQ�DW�,QGLDQ�7UDGH�)DLU������0RVFRZ��5XVVLD((:$&������,1',$��&KHQQDL
,&0$0�3'� DQG� 1,27� SDUWLFLSDWHG� LQ� WKH� ([KLELWLRQ� DQG &RQIHUHQFH� RQ�(QYLURQPHQW��(QHUJ\��:DWHU�DQG�&OHDQLQJ�7HFKQRORJ\�KHOG�DW�&KHQQDL�GXULQJ�-XQH��������� ����� DQG� VKRZFDVHG� WKH� DFWLYLWLHV� DQG� DFFRPSOLVKPHQWV� RI� WKH� WZR� LQVWLWXWHV� RQ�FRDVWDO�]RQH�PDQDJHPHQW��FRDVWDO�DQG�HQYLURQPHQWDO�HQJLQHHULQJ��RFHDQ�HQHUJ\��HWF�

6ZGHVKL�0HOD��DW�0XPEDL���
'HSDUWPHQW� SDUWLFLSDWHG� LQ� 6ZGHVKL� 0HOD� RUJDQLVHG� E\� &HQWUH� IRU� %KDUDWL\D�0DUNHWLQJ�'HYHORSPHQW� �&%0'�� DW�0XPEDL� IURP���WK� -DQ�± �WK )HE�������2QH� RI� WKH�KLJKOLJKWV�RI�WKH�HYHQW�ZDV�D�VSHFLDO�SDYLOLRQ�RQ�,QGLDQ�DFKLHYHPHQW�LQ�WKH�ILHOG�RI�2FHDQ�GHYHORSPHQW� DQG� 6FLHQFH� 	� 7HFKQRORJ\�� � 'HSDUWPHQW� SURMHFWHG� LWV� DFKLHYHPHQWV� LQ�



SRODU�VFLHQFH��2FHDQ�2EVHUYDWLRQ�DQG�,QIRUPDWLRQ�6HUYLFHV��2FHDQ�(QHUJ\�7HFKQRORJ\��'HHS�6HD�%HG�0LQLQJ��HWF��
([KLELWLRQ�RQ�³�7KH�2FHDQ�DQG�WKH :RUOG��1HZ�'HOKL´��

'HSDUWPHQW� RI� 2FHDQ� 'HYHORSPHQW�� LQ� FROODERUDWLRQ� ZLWK� ,QGLD� ,QWHUQDWLRQDO�&HQWUH��1HZ�'HOKL�RUJDQLVHG�DQ�H[KLELWLRQ�³�7KH�2FHDQ�DQG�WKH�:RUOG´�DW�,,&�$QQH[H��1HZ�'HOKL�� GXULQJ������WK )HEUXDU\�� ������7KH� WDUJHW� DXGLHQFH� IRU� WKH�H[KLELWLRQ�ZDV�PDLQO\� VFKRRO� FKLOGUHQ� IRU� HQDEOLQJ� WKHP� WR� DSSUHFLDWH� WKH� LPSRUWDQFH� RI� WKH� RFHDQ�VHFWRU� DQG� LQ� RUGHU� WR� JHQHUDWH� JHQXLQH� RFHDQ� DZDUHQHVV�� 7KH� VHOHFWHG� WKHPHV� RI�$QWDUFWLFD�� OLYLQJ�DQG�QRQ�OLYLQJ�UHVRXUFHV�RI� WKH�RFHDQV�FRYHULQJ�ELRORJLFDO�DVSHFWV�RI�WKH�VHD�DQG�LWV�UHVRXUFHV�DQG�PDMRU�DFWLYLWLHV�RI�WKH�'HSDUWPHQW�ZHUH�GLVSOD\HG��$�PDMRU�FRPSRQHQW�RI� WKH�H[KLELWLRQ�ZDV� WKH�FROORTXLXP�RQ� WKH� WRSLFV� OLNH�$QWDUFWLFD��ZHDWKHU��HQHUJ\�ZHDOWK�IURP�WKH�RFHDQV�DQG�RFHDQ�LQIRUPDWLRQ�
,QGLDQ�7UDGH�)DLU������DW�0RVFRZ�IURP����WR����)HEUXDU\�������

'HSDUWPHQW�RI�2FHDQ�'HYHORSPHQW�SDUWLFLSDWHG� LQ� ,QGLD�7UDGH�([KLELWLRQ�������RUJDQL]HG�E\�,732�DW�0RVFRZ�IURP���WK WR���VW )HEUXDU\�������9DULRXV�DFWLYLWLHV�RI�WKH�'HSDUWPHQW� LQ� WKH� ILHOG�RI�2FHDQ�7KHUPDO�(QHUJ\ &RQYHUVLRQ��'HHS�6HD�%HG�0LQLQJ��3RODU� 6FLHQFH�� 0DULQH� $UFKHRORJ\�� *DV� +\GUDWHV�� 2FHDQ� 2EVHUYDWLRQ�� &RDVWDO� =RQH�0DQDJHPHQW��HWF���ZHUH�GLVSOD\HG��
����� 6HPLQDU�6\PSRVLD�&RQIHUHQFHV�:RUNVKRSV��HWF��

,Q� RUGHU� WR� H[FKDQJH� LQIRUPDWLRQ� DQG� YLHZV� DPRQJ� WKH VFLHQWLVWV�� XVHU�FRPPXQLW\� DQG� JHQHUDO� SXEOLF� DQG� DOVR� WR� VXSSRUW� WKH� VFLHQWLILF� DQG� WHFKQRORJLFDO�DFWLYLWLHV� LQ� WKH� RFHDQ� VHFWRU�� ��� ,QWHUQDWLRQDO� DQG� 1DWLRQDO�6HPLQDUV�V\PSRVLD�ZRUNVKRS��HWF���ZHUH�VSRQVRUHG�RQ�RFHDQ�DQG��UHODWHG�WRSLFV�GXULQJ���������
,1&2,6� KRVWHG� WKH� 1DWLRQDO� 6\VWHPV� &RQIHUHQFH� ����� MRLQWO\� ZLWK� 6\VWHPV�6RFLHW\�RI�,QGLD��GXULQJ�1RYHPEHU��������������ZLWK�PDLQ�WKHPH�RQ�³2FHDQ�2EVHUYLQJ�6\VWHPV� DQG� 6HUYLFHV´�� ,1&2,6� KRVWHG� DQRWKHU� 1DWLRQDO� 6HPLQDU� RQ� 0RGHUQ�7HFKQLTXHV�IRU�'LJLWDO�*HRJUDSK\��/DQG��&RDVW�DQG�2FHDQ��MRLQWO\�ZLWK�$QGKUD�3UDGHVK�*HRJUDSKLFDO�6RFLHW\��$3*(2��GXULQJ�)HEUXDU\�������������



����� ,QIRUPDWLRQ�7HFKQRORJ\�	�&RPSXWHUV�
x :HEVLWH�RI�WKH�'HSDUWPHQW�KDV�EHHQ�XSGDWHG�ZLWK�ODWHVW�$QQXDO�5HSRUW��SHUIRUPDQFH�%XGJHW��'HWDLO�'HPDQG�IRU�JUDQWV�x 2QOLQH�9DFDQF\�FLUFXODU�x 3URFHHGLQJV�RI� ,QGR�5XVVLDQ� MRLQW�ZRUNVKRS�RQ�*DV�K\GUDWHV�KDV�DOVR�������EHHQ�LQFOXGHG�LQ�WKH�ZHE�VLWH��� ,QWHJUDWHG�&RDVWDO�DQG�0DULQH�$UHD�0DQDJHPHQW��,&0$0�

7KH� ,QWHJUDWHG� &RDVWDO� DQG� 0DULQH� $UHD� 0DQDJHPHQW� SURMHFW� LQLWLDWHG� GXULQJ��������� KDV� WZR� PDLQ� REMHFWLYHV� QDPHO\�� &DSDFLW\� %XLOGLQJ� DQG� 'HYHORSPHQW� RI�,QIUDVWUXFWXUH� IRU�5	'�WUDLQLQJ�� �7KH�&DSDFLW\�%XLOGLQJ�FRPSRQHQW� LV�VXSSRUWHG�E\�WKH�,QWHUQDWLRQDO� 'HYHORSPHQW� $VVRFLDWLRQ� �,'$�� XQGHU� WKH� (QYLURQPHQWDO� 0DQDJHPHQW�&DSDFLW\�%XLOGLQJ�3URMHFW�RI� WKH�0LQLVWU\�RI�(QYLURQPHQW�DQG�)RUHVWV��� ,W� LV�KDYLQJ�IRXU�PDMRU�FRPSRQHQWV���7KH\�DUH�
L� 'HYHORSPHQW� RI� &ULWLFDO� KDELWDW� ,QIRUPDWLRQ� 6\VWHP� IRU� ��� VHOHFWHG� FULWLFDO�KDELWDWVLL� 'HWHUPLQDWLRQ�RI�:DVWH�$VVLPLODWLRQ�&DSDFLW\�LQ�7DSL�HVWXDU\��(QQRUH�FUHHN�DQG�+RRJKO\�HVWXDU\�LLL� 'HYHORSPHQW� RI� (QYLURQPHQWDO� ,PSDFW� $VVHVVPHQW� *XLGHOLQHV� IRU� 3RUWV� DQG�+DUERXUV��&RDVWDO�7RXULVP��DQG�:DVWH�GLVSRVDO�WKURXJK�PDULQH�RXW�IDOOV�LY� 'HYHORSPHQW�RI�0RGHO�,&0$0�3ODQV�IRU�LGHQWLILHG�DUHDV�VXFK�DV�&KHQQDL��*RD�DQG�*XOI�RI�.DFKFKK�

7KH� DFWLYLWLHV� UHODWHG� WR� WKH� GHYHORSPHQW� RI� LQIUDVWUXFWXUH�� WUDLQLQJ� DQG� 5	'�SURJUDPPHV� IRU�=RQDWLRQ�RI�&RDVWDO�ZDWHUV� WKURXJK�8VH�&ODVVLILFDWLRQ�DQG�1R�,PSDFW�=RQH�VWXGLHV�RQ�3XOLFDW�DQG�&RULQJD DUH�GLUHFWO\� IXQGHG�E\� WKH�'HSDUWPHQW�RI�2FHDQ�'HYHORSPHQW��'2'��
7KH� IROORZLQJ�SURJUDPPHV�ZHUH� LQLWLDWHG�GXULQJ� WKH�FXUUHQW� � \HDU�RI� WKH�7HQWK�3ODQ� � 'HYHORSPHQW� RI� &ULWLFDO� +DELWDW� ,QIRUPDWLRQ� 6\VWHP� �&+,6�� XVLQJ�*,6� IRU� �� VHOHFWHG� &ULWLFDO� +DELWDWV� �$QGDPDQ� 	� 1LFREDU� LVODQGV��/DNVKDGZHHS�LVODQGV�DQG�*RD�



� 'HWHUPLQDWLRQ� RI� WKH� =RQDWLRQ� RI� &RDVWDO� ZDWHUV� DW� ��� DGGLWLRQDO�VLWHV� 'HYHORSPHQW� RI� VSHFLILF� KDELWDW�� ZDWHU� TXDOLW\� FULWHULD� WKURXJK�0DULQH�(FRWR[LFRORJ\�DQG�UHODWHG�5	'�DFWLYLWLHV
� 6WXGLHV�RQ�(FRV\VWHP�0RGHOOLQJ� 0DQDJHPHQW�RI�WLGDO�LQOHWV�� 6KRUHOLQH�PDQDJHPHQW�� 6DWHOOLWH�EDVHG�5	'�SURJUDPPH7KH�SURJUHVV�XQGHU�HDFK�RI�WKH�DFWLYLWLHV�LV�SUHVHQWHG�EHORZ�

����� 'HYHORSPHQW�RI�&ULWLFDO�+DELWDW�,QIRUPDWLRQ�6\VWHP�IRU����VHOHFWHG�FULWLFDO�KDELWDWV
7R�DVVHVV�WKH�VWDWXV�RI�VRPH�RI�WKH�FULWLFDO�FRDVWDO�KDELWDWV�VXFK�DV�PDQJURYHV��FRUDO� UHHIV�� VHD� JUDVV� EHGV�� HVWXDULHV�� EHDFKHV�� EDFNZDWHUV�� HWF��� DQG� WR� VXJJHVW�VXLWDEOH�PDQDJHPHQW�SODQV�IRU�SURWHFWLRQ��FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ��'HYHORSPHQW�RI�,QIRUPDWLRQ�6\VWHP�XVLQJ�*,6�ZDV�WDNHQ�XS�GXULQJ�WKH��WK SODQ�SHULRG���2XW�RI����FULWLFDO�KDELWDWV�FKRVHQ��GHYHORSPHQW�RI�*,6�EDVHG� LQIRUPDWLRQ�V\VWHP�IRU���KDELWDWV�QDPHO\��*XOI�RI�.DFKFKK��*XOI�RI�.KDPEDW��.DUZDU�LVODQGV��&RFKLQ�LVODQGV�DQG�6XQGDUEDQV��ZDV�FRPSOHWHG�GXULQJ�WKH�FXUUHQW�\HDU��ZKLOH�IRU�WKH�RWKHU���KDELWDWV�QDPHO\�0DOYDQ��.DGPDW�LVODQG��*XOI�RI�0DQQDU��3LFKDYDUDP��&RULQJD�DQG�*DKLUPDWKD�� LW�ZDV�FRPSOHWHG�GXULQJ����������5HVRXUFH�PDSSLQJ�RI�$QGDPDQ�DQG�1LFREDU�LVODQGV�DQG�*RD�XVLQJ�*,6�ZDV�LQLWLDWHG�GXULQJ�WKH�FXUUHQW�\HDU�
6RPH� RI� WKH� VDOLHQW� ILQGLQJV� RI� WKH� VWXGLHV� XQGHUWDNHQ� GXULQJ� WKH� \HDU� XQGHU�UHSRUW�DUH�DV�XQGHU�

x 0DQJURYHV�LQ�WKH�6XQGDUEDQV��:HVW�%HQJDO��WKH�ODUJHVW�IRUPDWLRQ�LQ�,QGLD��FRYHU�DQ� DUHD� RI� DERXW� ������ VT�� NP�� �2XW� RI� ��� VSHFLHV� RI�PDQJURYHV� UHFRJQLVHG�ZRUOG�RYHU��PRUH�WKDQ����VSHFLHV�DUH�NQRZQ�WR�RFFXU�KHUH��6XQGDUEDQV�GHULYHV�LWV� QDPH� IURP�D�SDUWLFXODU�PDQJURYH�VSHFLHV�FRPPRQO\�NQRZQ�DV� WKH�6XQGDUL�WUHH��+HULWLHUD�IRPHV���+RZHYHU��WRGD\��WKH�,QGLDQ�SDUW�RI�6XQGDUEDQV�LV��DOPRVW�GHYRLG� RI 6XQGDUL� WUHHV� H[FHSW� IRU� D� IHZ� VWXQWHG� WUHHV� WKDW� RFFXU� LQ� WKH� FRUH�UHJLRQ�RI�WKH�6XQGDUEDQV�7LJHU�5HVHUYH���8VLQJ�UHPRWH�VHQVLQJ�GDWD��H[WHQVLYH�ILHOG�GDWD�DQG�*,6�� WKH�WRWDO�DUHD�XQGHU�PDQJURYH�YHJHWDWLRQ�ZDV�HVWLPDWHG�WR�EH����� VT�NP���7KH�H[SRVHG�PXGG\�DUHDV�KDYH�DOVR�EHHQ�PDSSHG�DQG�WKHVH�DUHDV� FDQ� EH� WDNHQ� XS� IRU� DIIRUHVWDWLRQ� LQ� IXWXUH� +XPDQ� VHWWOHPHQW��



LQGLVFULPLQDWH� IHOOLQJ� RI� WUHHV�� UHFODPDWLRQ� RI� IRUHVW� ODQG� IRU� FXOWLYDWLRQ� DQG�H[SORLWDWLRQ� RI� WLPEHU�� KRQH\�� ILVK�� HWF�� ZHUH� REVHUYHG� WR� EH� WKH FDXVHV� RI�GHJUDGDWLRQ� RI� WKH� SULVWLQH� HQYLURQPHQW�� � %DVHG� RQ� WKHVH� REVHUYDWLRQV���PDQDJHPHQW�SODQV�WR�FRPEDW�WKH�WKUHDWV�DQG�SUHVHUYH�WKH�HFRV\VWHP�KDYH�EHHQ�VXJJHVWHG�

$UFYLHZ�RXWSXW�RI�6XQGHEDQV�UHVHUYH�IRUHVW���6XQGUL�PDJURYH�SODQW�LQ�WKH�LQOD\x ,Q�*XOI� RI�.DFKFKK� WKH�DUHDO�H[WHQW�RI�PDQJURYHV��PXGIODWV�DQG�VDOW�SDQV�KDV�EHHQ�HVWLPDWHG��7KH�5HVRXUFH� ,QIRUPDWLRQ�6\VWHP� LQGLFDWHG�D� WRWDO�PDQJURYH�FRYHU�RI�����NP� DQG�PXGIODW�FRYHU�RI������NP� LQ�WKH�HQWLUH�*XOI�RI�.DFKFKK��H[FOXGLQJ� .RUL� DQG� DGMRLQLQJ� FUHHNV�� � 7KH� *XOI� DOVR� VXSSRUWV� LQWHQVLYH� VDOW�IDUPLQJ� LQ� DQ� DUHD� RI� DURXQG� ���� NP��� � 7KH� LQWHJUDWLRQ� RI�PRGHOV� RI� YDULRXV�SDUDPHWHUV��K\GURG\QDPLF��PHWHRURORJLFDO��SROOXWDQW�FKDUDFWHULVWLFV��HWF�� LQ�*,6�KDV�HQDEOHG WR�SODQ�PLWLJDWLRQ�PHDVXUHV�LQ�FDVH�RI�GLVDVWHUV�IRU�WKH�SURWHFWLRQ�RI�WKH�HFRORJLFDOO\�VHQVLWLYH�DUHDV�
x 7KH�*,6�EDVHG�&+,6�IRU�*XOI�RI�.KDPEKDW�GHYHORSHG�ZRXOG�VHUYH�DV�WKH�EDVH�GDWD�IRU�WKH�GHFLVLRQ�PDNHUV�WR�PRQLWRU�WKH�FRDVWDO�KDELWDWV�DQG�WR�GUDZ�XS DQG�LPSOHPHQW� VXLWDEOH� LQWHJUDWHG� PDQDJHPHQW� SODQV� WR� SURWHFW�� FRQVHUYH� DQG�PDQDJH�WKH�FRDVWDO�HQYLURQPHQW�DQG�LWV�UHVRXUFHV�DURXQG�*XOI�RI�.KDPEKDW�



x 7KH�*,6�EDVHG� FULWLFDO� KDELWDW� LQIRUPDWLRQ� V\VWHP�GHYHORSHG� IRU� WKH� LVODQGV�RI�.DUZDU�UHYHDOHG�WKDW�WKH�ZDWHU�TXDOLW\�LQ�WKH�HFRV\VWHP�LV�FRQGXFLYH�IRU�ULFK�ELR�GLYHUVLW\�� � +RZHYHU�� WKH� ODWHVW� WUHQGV� LQ� XSODQG� DUHD� GHYHORSPHQW� EHVLGHV� WKH�VHDELUG�SURMHFW�DQG� WKH� ODQG�XVH�FKDQJHV�VHHP� WR�KDYH� LPSDFWV�RQ� WKH� LVODQG�ZDWHUV�UHTXLULQJ�FRQVWDQW�PRQLWRULQJ��
x &RFKLQ� EDFNZDWHUV� VXSSRUW� VXVWDLQDEOH� ILVKHU\�� � +RZHYHU�� WKH� EDFNZDWHUV� DUH�XQGHU�GHYHORSPHQWDO�SUHVVXUH�GXH� WR� ODQG�UHFODPDWLRQ�� LQGXVWULDO�GHYHORSPHQW��EHUWKLQJ�RI�YDULRXV�FDWHJRULHV�RI�VKLSV��DFWLYLWLHV�UHODWHG�WR�SRUW��WRXULVP��ILVKLQJ�KDUERXU��ILVK�SURFHVVLQJ��GRPHVWLF�VHZDJH�DQG�LQGXVWULDO�RXWIDOOV��SROOXWLRQ�GXH�WR�FRFRQXW� KXVN� UHWWLQJ�� VLOWDWLRQ�� HWF�� � ,W� LV� EHOLHYHG� WKDW� WKHUH� LV� VWUHVV� RQ� WKH�HFRV\VWHP�EHVLGHV�RYHU� H[SORLWDWLRQ�RI� LWV� OLYLQJ�UHVRXUFHV� LQFOXGLQJ�ILVKLQJ�IRU�ILQ�DQG�VKHOO�ILVKHV���7R�UHJXODWH��WKH�GRPHVWLF�DQG�LQGXVWULDO�SROOXWLRQ��UHJXODWLRQ�RI�ILVKHULHV�LQ�WKH�ZDWHUV��UHVWULFWLRQ�RI�QDWXUDO�VKULPS�VHHG�FROOHFWLRQ�DQG�ILVKLQJ�IRU� XQGHUVL]HG� WDUJHWHG� VSHFLHV�� UHSOHQLVKPHQW� RI� WKH� VWRFN� RI� WKH� GHSOHWLQJ�VSHFLHV� WKURXJK�VHD�UDQFKLQJ�DQG�DZDUHQHVV�FUHDWLRQ�DPRQJ�WKH�VWDNHKROGHUV�LQFOXGLQJ�WKH�ORFDO�LQKDELWDQWV�RQ�WKH�VHQVLWLYHQHVV�RI�WKH�HFRV\VWHP��KDYH�EHHQ�VXJJHVWHG���



4XHU\�'HYHORSPHQW�IRU�&ULWLFDO�+DELWDW�,QIRUPDWLRQ�6\VWHP
$�VWDQGDORQH�SURJUDPPH�IRU�TXHU\LQJ�WKH�GDWDEDVH�RI����FULWLFDO�KDELWDW�VLWHV�KDV�EHHQ� GHYHORSHG�� 7KH� SDFNDJH� KDV� VHYHUDO� IHDWXUHV� OLNH� JUDSKLFDO� UHSUHVHQWDWLRQ� RI�VHDVRQDO�DQG� ORFDWLRQ�ZLVH�YDULDWLRQV�RI�SK\VLFR�FKHPLFDO�SDUDPHWHUV��ELRGLYHUVLW\�DQG�VRFLR�HFRQRPLFV�� ,W� LV� KDYLQJ� WKH� FDSDELOLW\� RI� JHQHUDWLQJ� WKH� GDWDEDVH� UHSRUW� IRU��GRFXPHQWDWLRQ�SXUSRVHV��7KLV�SDFNDJH�JLYHV�D�%LUG
V�H\H�YLHZ�RI�WKH�GDWDEDVH�IRU�WKH�FULWLFDO�KDELWDW�LQIRUPDWLRQ�V\VWHP�

'HYHORSPHQW�RI�&+,6�XVLQJ�*,6� IRU���6HOHFWHG�&ULWLFDO�+DELWDWV� �$QGDPDQ�	�1LFREDU�,VODQGV��/DNVKDGZHHS�,VODQGV DQG�*RD�
'HYHORSPHQW� RI� *,6� EDVHG� LQIRUPDWLRQ� V\VWHP� IRU� $QGDPDQ� DQG� 1LFREDU�LVODQGV��ZDV� WDNHQ�XS�E\� LQYROYLQJ� WKH�1DWLRQDO� ,QVWLWXWH�RI�2FHDQ�7HFKQRORJ\��1,27���&KHQQDL�WR�DVVHVV�WKH�VWDWXV�RI�FRUDO�UHHIV��PDQJURYHV��HWF���XVLQJ�UHPRWH�VHQVLQJ�GDWD�DQG ILHOG�GDWD��7KH�PDMRU�REMHFWLYH�RI�WKLV�SURJUDPPH�LV�WR�FUHDWH�DQ�LQIRUPDWLRQ�V\VWHP�RQ� WKH� FRUDO� UHHIV� DQG� RWKHU� UHVRXUFHV� RI� $QGDPDQ� 	� 1LFREDU� ,VODQGV� ZLWK� VSHFLDO�UHIHUHQFH� WR�0DKDWPD�*DQGKL�0DULQH�1DWLRQDO�3DUN� LQ�:DQGRRU�� �$VVHVVPHQW� RI� WKH�VWDWXV�RI WKH�FRUDO� UHHIV�DQG�IDFWRUV�WKDW�FDXVH�GHJUDGDWLRQ�DUH�LPSRUWDQW�IRU�VFLHQWLILF�PDQDJHPHQW� DQG� SURWHFWLRQ� RI� FRUDO� UHHIV�� 7KLV� ZRXOG� KHOS� WKH� GHFLVLRQ� PDNHUV� WR�HIIHFWLYHO\�PRQLWRU�DQG�PDQDJH�WKH�UHHI�DQG�UHODWHG�HFRV\VWHPV�LQ�WKH�UHJLRQ��

/LYH�VRIW�FRUDOV�± 6LQXODULD�VS� /RERSK\WRQ�VS��������������
$�SUHOLPLQDU\�FRUDO� UHHI�VXUYH\�ZDV�FDUULHG�RXW�E\�6FLHQWLVWV�RI� ,&0$0�3URMHFW�'LUHFWRUDWH��LQ�0DKDWPD�*DQGKL�0DULQH�1DWLRQDO�3DUN�GXULQJ�$XJXVW������WR�DVVHVV�WKH�VWDWXV�RI�FRUDO�UHHIV��7KH�FRUDO�UHHI�VXUYH\�SURYLGHG�LQIRUPDWLRQ�RQ�WKH�GLVWULEXWLRQ�DQG�DEXQGDQFH�RI�WKH�VSHFLHV�GLYHUVLW\��7KH�LQIRUPDWLRQ�REWDLQHG�FDQ�EH�XVHG�WR�DVVHVV�WKH�VWDWXV�RI�FRUDO�UHHI�HFRV\VWHP�DQG�IRU�FRPSDULVRQ�DW�UHJLRQDO�RU�JOREDO�VFDOHV���2YHUDOO�VWDWXV�RI�&RUDOV�LQ�WKH�0DULQH�1DWLRQDO�3DUN�DUH�JLYHQ�LQ�WKH�IROORZLQJ�WDEOH�



2YHUDOO�VWDWXV�RI�FRUDOV�LQ�0DKDWPD�*DQGKL�0DULQH�1DWLRQDO�3DUN�LQ�:DQGRRU�$	1�,VODQGV
/LYH�FRUDO�FRYHU�

6O�1R
� ,VODQG�QDPH ,QWHU�WLGDO 5HHI�VORSH

'RPLQDQW�JHQHUD 1R��RI�VSHFLHV�UHFRUGHG 3UREDEOH�FDXVHV�IRU�GHJUDGDWLRQ
�� *UXE�LVODQG �� �� $FURSRUD�VSS��	�3RULWHV�VSS� �� %RDW� DQFKRUDJH� 	�6HGLPHQWDWLRQ�� &KHVWHU 6PDOO�SDWFKHV

�� )XQJLD�VSS��	�3RULWHV�VSS� �� 6LOWDWLRQ�
� 5HG�6NLQ �� �� 3RULWHV� VSS���0RQWLSRUD�VSS�� DQG� VRIW�FRUDOV

�� 7RXULVP� DFWLYLWLHV� DQG�%RDW�DQFKRUDJH�
� %RDW� 6PDOO�SDWFKHV

�� 3RULWHV� VSS��DQG� � 3DWFKHV�RI� $FURSRUD�VSS�
�� 6LOWDWLRQ� DQG� %RDW�DQFKRUDJH

� %HOOH �� �� 3RULWHV�VSS� �� 6HGLPHQWDWLRQ�� 7DUPXJKOL �� �� 3RULWHV� VSS��DQG� $FURSRUD�VSS�
�� 6HGLPHQWDWLRQ� DQG�%RDW�DQFKRUDJH�

� 6QRE �� �� 3RULWHV� VSS��DQG� VRIW�FRUDOV
�� 6LOWDWLRQ�

� 6XUURXQGLQJ�DUHDV�RI�+REGD\��3OXWR� DQG�0DOD\�LVODQGV�

�� �� 3RULWHV� VSS��DQG� 3DWFKHV�RI� $FURSRUD�VSS�
�� 6HGLPHQWDWLRQ�

� -ROO\�%XR\ �� �� 0DVVLYH��%UDQFKLQJ�DQG� VRIW�FRUDOV
�� 7RXULVP�DFWLYLWLHV��%RDW�DQFKRUDJH�

(IIOXHQW�GLVFKDUJHV��XQIDYRXUDEOH HQYLURQPHQWDO�FRQGLWLRQV��KXPDQ�LQWHUIHUHQFH�OLNH� WUDPSOLQJ�� RYHUWXUQLQJ� WKH� FRUDO� EORFNV�� VQRUNHOLQJ� DQG� VFXED� GLYLQJ�� HWF��� DOVR�DSSHDU�WR�EH�UHVSRQVLEOH�IRU�WKH�GDPDJH�DQG�GHVWUXFWLRQ�RI�FRUDOV�LQ�WKH�0DULQH�1DWLRQDO�3DUN�
7KH�*,6�EDVHG�&ULWLFDO�+DELWDW� ,QIRUPDWLRQ�6\VWHP�KDV�EHHQ� LQLWLDWHG� IRU�*RD���7KH�DJHQF\�IRU�LPSOHPHQWDWLRQ�RI�WKH�SURMHFW�KDV�EHHQ�LGHQWLILHG�DQG�WKH�DGPLQLVWUDWLYH�



VDQFWLRQV� KDYH� EHHQ� LVVXHG� WR� LQLWLDWH� WKH� SURMHFW�� � 7KH� LQIRUPDWLRQ� V\VWHP� IRU�/DNVKDGZHHS�LV�SURSRVHG�WR�EH�LQLWLDWHG�E\�LQYROYLQJ�1,27�LQ�WKH�HQVXLQJ�\HDU������ 'HWHUPLQDWLRQ�RI�:DVWH�$VVLPLODWLRQ�&DSDFLW\�
'HWHUPLQDWLRQ�RI�:DVWH�$VVLPLODWLRQ�&DSDFLW\� IRU�(QQRUH� FUHHN� LV� LQ�SURJUHVV���7KH�GDWD�FROOHFWLRQ�DQG�FRPSLODWLRQ�LV�FRPSOHWHG���7KH�DQDO\VLV�RI�GDWD��PRGHOOLQJ�DQG�SUHSDUDWLRQ�RI�UHSRUW�DUH�EHLQJ�FRPSOHWHG�
7KH�:DVWH�$VVLPLODWLRQ�&DSDFLW\�UHODWHG�GDWD�FROOHFWLRQ�IRU�+RRJKO\�HVWXDU\�LV�LQ�SURJUHVV���7KH�GDWD�FROOHFWLRQ�IRU���VHDVRQV�LV�FRPSOHWHG�DQG��DQDO\VLV��PRGHOOLQJ�DQG�SUHSDUDWLRQ�RI�UHSRUW�DUH�QHDULQJ�FRPSOHWLRQ�

����� 'HYHORSPHQW�RI�*XLGHOLQHV��IRU���(QYLURQPHQWDO�,PSDFW�$VVHVVPHQW�
'HYHORSPHQW�RI�(QYLURQPHQWDO�,PSDFW�$VVHVVPHQW�JXLGHOLQHV�ZDV�HQYLVDJHG�IRU�SRUWV�DQG�KDUERXUV��FRDVWDO� WRXULVP�DQG�ZDVWH�ZDWHU�GLVSRVDO� WKURXJK�PDULQH�RXWIDOOV����7KH� JXLGHOLQHV� IRU� SRUWV� DQG� KDUERXUV� KDYH�EHHQ� FRPSOHWHG�GXULQJ� WKH� ILQDQFLDO� \HDU�����������DQG�WKH�UHSRUW�IXUQLVKHG�WR�WKH�0LQLVWU\�RI�(QYLURQPHQW�DQG�)RUHVWV�
,Q� YLHZ� RI� LWV� XQLTXHQHVV�� FRDVWDO� WRXULVP� LV� JDLQLQJ� LPSRUWDQFH� GD\� E\� GD\�UHTXLULQJ�LPSDFW�DVVHVVPHQW��IRU��VHWWLQJ��XS��RI���WRXULVP��EDVHG��SURMHFWV���7R�HQVXUH���HFR�IULHQGO\� �HQYLURQPHQW� IRU�VXVWDLQDEOH�GHYHORSPHQW�� WKH�JXLGHOLQHV� � WR�H[DPLQH� WKH�QDWXUDO� � VLWHV� LQ� WKH� FRDVW� VXFK� DV�� EHDFKHV�� FRUDO� UHHIV�� PDQJURYH� DUHDV�� FXOWXUDO�KHULWDJH� FHQWUHV�� UHFUHDWLRQDO� � HYHQWV�� HWF�� DQG� WR� DUULYH� DW� WKH� WHFKQR�HFRQRPLF�IHDVLELOLW\��E\��DVVHVVLQJ��WKH��EHQHILFLDO��DQG��DGYHUVH�LPSDFW�RI�WRXULVP�ZDV�LQLWLDWHG��7KH�JXLGHOLQHV��KLJKOLJKWHG��WKH��UHOHYDQW�UHJXODWLRQV��DQG��UHFRPPHQGHG���WKH��FULWHULD��IRU� �JHQHUDO�JXLGHOLQHV�� WR�VHW�XS�� WRXULVP��UHODWHG�SURMHFWV�LQ�WKH�FRDVWDO��DUHDV���7KH�JXLGHOLQHV�FRYHU�WKH�LQVWLWXWLRQDO�PHFKDQLVP�IRU�ZDVWH PDQDJHPHQW�LQ�WKH�FRDVW�EHVLGHV�PRQLWRULQJ� RI� WKH� SURMHFWV�� ,W� FRQWDLQV� WKH� VDPSOH� (,$� DQG� EDVHOLQH� GHVLJQ� IRU� SUH�SURMHFW�HQYLURQPHQWDO�LPSDFW�DVVHVVPHQW�DOVR�����
7KH� GUDIW� UHSRUW� FRQWDLQLQJ� WKH� JXLGHOLQHV� IRU�PDULQH� RXWIDOOV� UHFRPPHQGV� WKH�VWHSV� IRU�RSWLPLVDWLRQ�RI� WKH�RXWIDOOV�RQ� WKH�EDVLV�RI�H[DPLQDWLRQ�RI� WKH�HQYLURQPHQWDO�OHJLVODWLRQV��DVVHVVPHQW�RI�WKH�VWDWXV��DQG�WKH�DOWHUQDWLYHV��,W�DOVR�LGHQWLILHG�WKH�SURWRFRO�IRU�PRQLWRULQJ�RI�WKH�SHUIRUPDQFH�RI�WKH�RXWIDOOV���



����� 'HYHORSPHQW�RI�0RGHO�,&0$0�3ODQ�IRU�&KHQQDL��*RD�DQG�*XOI�RI�.DFKFKK
7KH�GUDIW� ,&0$0�SODQ� IRU�&KHQQDL�ZDV�FLUFXODWHG�WR�YDULRXV�VWDWH�GHSDUWPHQWV�DQG�VWDNHKROGHUV�� �%DVHG�XSRQ� WKH�FRPPHQWV� UHFHLYHG� IURP�YDULRXV�VWDNHKROGHUV� WKH�UHSRUW�KDV�EHHQ�ILQDOLVHG����$�'HFLVLRQ�6XSSRUW�6\VWHP��'66��ZDV�GHYHORSHG�WR�DGGUHVV�WKH� FURVV�VHFWRUDO� LVVXHV� OLNH� DFFUHWLRQ�HURVLRQ�� SROOXWLRQ�� WRXULVP� DQG� KXPDQ�VHWWOHPHQWV� E\� VHOHFWLQJ� (FRORJ\�� (QYLURQPHQW� DQG� (FRQRP\� DV� WKH� FULWHULD�� 9DULRXV�RSWLRQV�RI� WKH� LQWHUYHQWLRQV�VXFK�DV�SURYLVLRQ�RI� WUDLQLQJ� MHWWLHV� WR�NHHS�RSHQ� WKH� WLGDO�LQOHWV�� EHDFK� QRXULVKPHQW� WR� SURWHFW� WKH� FRDVW� IURP�HURVLRQ� DQG� HIIOXHQW� WUHDWPHQW� WR�LPSURYH�WKH�ZDWHU�TXDOLW\��ZHUH�DQDO\VHG�XVLQJ�'66��
)RU� WKH� SUHSDUDWLRQ� RI� 0RGHO� ,&0$0� 3ODQ� IRU� *RD� DQG� *XOI� RI� .DFKFKK�� WKH�GHVLJQ�� VWUXFWXUH DQG� EDVLF� UHTXLUHPHQW� RI� '66� LQFOXGLQJ� $FWLYLW\�� ,PSDFW�� (QWLW\� DQG�$WWULEXWH� �$,($�� LQSXWV�ZHUH� ILQDOLVHG��$�FRPSUHKHQVLYH�GDWD�FROOHFWLRQ�SURJUDPPH�IRU�SK\VLFDO��FKHPLFDO�DQG�ELRORJLFDO�SDUDPHWHUV�ZDV�LQLWLDWHG�LQ�DVVRFLDWLRQ�ZLWK�1,2��*RD�IRU� ,&0$0�SODQ� FRYHULQJ� WKUHH� VHDVRQV�� 7LPH� VHULHV�PHDVXUHPHQWV� IRU� WZR� VHDVRQV�ZHUH� FRPSOHWHG� DQG� VRSKLVWLFDWHG� HTXLSPHQW� OLNH� 9DOHSRUW� WLGH� DQG� ZDYH� UHFRUGHUV��$DQGHUDD�VHOI� UHFRUGLQJ�FXUUHQW�PHWHUV��$FRXVWLF�'RSSOHU�&XUUHQW�3URILOHU��$'&3��DQG�$FRXVWLF� 'RSSOHU� 9HORFLPHWHU� �$'9��ZHUH� GHSOR\HG� WR� FROOHFW� WKH� DFFXUDWH� GDWD�� 7KH�WKLUG� DQG� ILQDO� SKDVH� PHDVXUHPHQWV� ZLOO� EH� FRPSHWHG� E\� $SULO� ������ 7KH� PRQVRRQ�REVHUYDWLRQV�RQ�ZDWHU�TXDOLW\� LQ�0DQGRYL�DQG�=XDUL�HVWXDULHV�RI�*RD�UHYHDOHG�WKDW�'2�DQG�QLWUDWH�EHKDYHG�FRQVHUYDWLYHO\��ZKLOH�SKRVSKDWH�EHKDYHG�QRQ�FRQVHUYDWLYHO\�GXULQJ�HVWXDULQH�PL[LQJ���7KH�GLVVROYHG�PHWDOV�VXFK�DV�LURQ�DQG�PDQJDQHVH�GLG�QRW�VKRZ�DQ\�VLJQLILFDQW�WUHQG�ZLWK�VDOLQLW\�DV�WKHVH�ZHUH�LQWURGXFHG�WR�WKH�V\VWHP�PDLQO\�DV�QRQ�SRLQW�VRXUFHV�IURP�WKH�ZDVK�ZDWHU�IURP�WKH�LURQ�RUH�EHQHILFLDWLRQ�SODQWV��RUH�ORDGLQJ�SRLQWV��ZDVKLQJV�RI�EDUJHV��HWF�
+\GURG\QDPLF�DQG�RLO�VSLOO�PRGHOOLQJ�VWXGLHV�DUH� LQLWLDWHG� WR�VWXG\�WKH�WUDQVSRUW�DQG�IDWH�RI�RLO�SROOXWDQWV�LQ�WKH�*XOI�ZDWHU�XVLQJ�'+,�VRIWZDUH�0,.(�����7KH�PRGHO�WDNHV�LQWR� DFFRXQW� WKH� LPSRUWDQW� SKHQRPHQD� RI� RLO� SK\VLFV� LQ� DQ� DTXDWLF� HQYLURQPHQW� DQG�SURYLGHV� WKH� UDSLG�SUHGLFWLRQ�RI� WKH�PRYHPHQW�RI�VSLOOHG�RLO��7KH�PRGHO� LV�FRQVWUXFWHG�EDVHG� RQ� WKH� GDWD� YL]�� RLO� SURSHUWLHV�� WLGH�� FLUFXODWLRQ� SDWWHUQ��ZLQG� DQG� DYDLODEOH VSLOO�GHWDLOV�IRU�WKH�*XOI��0RGHO�LV�DEOH�WR�SUHGLFW�WKH�RLO�VOLFN�WKLFNQHVV��PRYHPHQW�DQG�IDWH�RI�RLO� UHODWHG� LQIRUPDWLRQ�� ZKLFK� DUH� YHU\� KHOSIXO� LQ� GHFLVLRQ� PDNLQJ� GXULQJ� D� RLO� VSLOO�UHVSRQVH��,W�GHPRQVWUDWHV�WKH�XVHIXOQHVV�RI�PRGHOOLQJ�DSSURDFK�LQ�FRQWLQJHQF\�SODQQLQJ�DQG�HQYLURQPHQWDO�LPSDFW�DVVHVVPHQW�VWXGLHV��7KH�OLNHO\�WKUHDW�GXH�WR�WKH�RLO�VSLOO�DW�WKH�



6LQJOH�3RLQW�0RRULQJ� �630��RI�5HOLDQFH� ,QGXVWULHV� ORFDWHG�DW�9DGLQDU�6LNND�KDV�EHHQ�PRGHOHG�XQGHU�WKUHH�GLIIHUHQW�ZLQG�VFHQDULRV��7KH�PRGHO�RXWSXW�ZDV�OLQNHG�WR�*,6�DQG�RYHUOD\HG� RQ� WKH� HFRORJLFDO� PDS�� 7KH� LQWHJUDWHG� RXWSXW� VKRZHG� WKH� WUDQVSRUW� RI� RLO�WRZDUGV�WKH�GRZQZLQG�GLUHFWLRQ��,Q�QR�ZLQG�FRQGLWLRQ��WKH�VSLOOHG�RLO�KDV�PRYHG�EHWZHHQ�.DUXPEKDU�,VODQG�DQG�1DUDUH�%HW��:KLOH�WKH�PRYHPHQW�RI�RLO�LV�WRZDUGV�QRUWKHUQ�FRDVW�ZKHQ�ZLQG�EORZV�IURP�VRXWKZHVW��LQ�WKH�QRUWKZHVWHUQ�ZLQG�FRQGLWLRQ��WKH�ILUVW�RLO�UHVLGXH�KLW� WKH� FRDVW� DW� 1DUDUH� %HW� LQ� ��� KUV� DQG�PRYHG� IXUWKHU� WRZDUGV� 6LNND� DIIHFWLQJ� WKH�HFRORJLFDO�KDELWDWV��

(FRORJLFDO� DUHDV� DIIHFFRQGLWLRQV� �D��1R�ZLQG���E�

�E�

�F�

�D�
WHG� E\� 2LO� FRYHU� DIWHU� ��� KUV� RI� VSLOO� LQ� �� ZLQG�
���P�V�IURP�����1�DQG�F����P�V�IURP�����1



'HFLVLRQ�6XSSRUW�6\VWHP��'66��IRU�&KHQQDL
$�SURWRW\SH�'HFLVLRQ�6XSSRUW�6\VWHP��'66��IRU�&KHQQDL�KDV�EHHQ�GHYHORSHG�DV�D�VWDQGDORQH�SDFNDJH�LQ�:LQGRZV�HQYLURQPHQW��7KLV�SDFNDJH�FRQWDLQV�D�SRZHUIXO�XVHU�LQWHUIDFH�DQG�WKXV�IDFLOLWDWHV�WKH�GHFLVLRQ�PDNHUV�WR�LGHQWLI\�WKH�YDULRXV�FRDVWDO�DFWLYLWLHV�DQG�WKHLU�FURVV�LPSDFWV�RQ�HFRORJ\��HFRQRP\�DQG�VRFLHW\�DQG�HYDOXDWHV�EHVW�VWUDWHJLHV�LQ�D�GLJLWDO� IUDPHZRUN� LQ�D�XVHU�IULHQGO\�HQYLURQPHQW��6LPLODU� W\SH�RI�'66�IRU�*RD�DQG�*XOI�RI�.DFKFKK�ZLOO�EH�WDNHQ�XS�GXULQJ���������

����� 'HYHORSPHQW�RI�,QIUDVWUXFWXUH��7UDLQLQJ�DQG�5	'�3URJUDPPHV
'HWHUPLQDWLRQ�RI�%HVW�'HVLJQDWHG�8VH�RI�&RDVWDO�:DWHUV

&RDVWDO�ZDWHUV�SOD\�D�YLWDO�UROH�LQ�WKH�1DWLRQ¶V�HFRQRP\�RZLQJ�WR�WKHLU�ULFK�QDWXUDO�UHVRXUFHV� DQG� E\� VXSSRUWLQJ� WUDGH�� FRPPHUFH�� QDYLJDWLRQ� DQG� RWKHU� GHYHORSPHQWDO�DFWLYLWLHV��7KH�TXDOLWLHV�RI�FRDVWDO�ZDWHUV�YDU\�FRQVLGHUDEO\�GXH�WR�WKHLU� LQWHUDFWLRQ�ZLWK�WKH�ODQGPDVV�DQG�PDULQH�HQYLURQPHQW��&RDVWDO�ZDWHUV�DOVR�UHFHLYH�HQRUPRXV�DPRXQWV�RI�SROOXWDQWV�IURP�YDULRXV�ODQG�EDVHG�VRXUFHV�DQG�RWKHU�FRDVW�UHODWHG�DFWLYLWLHV��%DVHG�

)LJ�����0HDVXUHPHQW�RI�YHORFLW\�PDJQLWXGH�LQ�DQ�HVWXDULQH�FURVV�VHFWLRQ�V\VWHP�XVLQJ�$'&3

)LJ�����0HDVXUHPHQW�RI�YHORFLW\�GLUHFWLRQ�LQ�DQ�HVWXDULQH�FURVV�VHFWLRQ�V\VWHP�



RQ�WKH�W\SHV�RI�XVHV�DQG�DFWLYLWLHV��FRDVWDO�ZDWHU�TXDOLW\�FULWHULD�KDYH�EHHQ�VSHFLILHG�WR�GHWHUPLQH� LWV� VXLWDELOLW\� IRU� D� SDUWLFXODU� SXUSRVH�� %DVHG� RQ� WKLV� SULPDU\�ZDWHU� TXDOLW\��IROORZLQJ���EHVW�GHVLJQDWHG�XVHV�KDYH�EHHQ�GHYHORSHG�E\�WKH�&HQWUDO�3ROOXWLRQ�&RQWURO�%RDUG��
1R� &ODVV %HVW�'HVLJQDWHG�8VH�� 6:, 6DOW� SDQV�� 6KHOO� ILVKLQJ�� 0DULFXOWXUH� DQG�HFRORJLFDOO\�VHQVLWLYH�]RQHV�� 6:,, %DWKLQJ�� &RQWDFW� ZDWHU� VSRUWV� DQG� FRPPHUFLDO�ILVKLQJ�� 6:,,, ,QGXVWULDO�FRROLQJ��UHFUHDWLRQ�DQG�DHVWKHWLFV�� 6:,9 +DUERXU�� 6:9 1DYLJDWLRQ�DQG�FRQWUROOHG�ZDVWH�GLVSRVDO

7KH� WDVN� RI� GHYHORSLQJ� D� GDWDEDVH� WR� GHWHUPLQH� WKH� ³%HVW�'HVLJQDWHG�8VH� RI�&RDVWDO�:DWHU´�IRU����VHOHFWHG�FRDVWDO�VLWHV�LQ�SKDVH�,�ZDV�HQWUXVWHG�WR�WKH�,QVWLWXWH�IRU�2FHDQ� 0DQDJHPHQW�� $QQD� 8QLYHUVLW\�� &KHQQDL�� 7KH\� DUH� �� 7ULYDQGUXP�� &DOLFXW��+RQDYDU�� 0DQJDORUH� 5DWQDJLUL�� 'DPDQ�� +D]LUD�� 9HUDYDO� DQG� 3RUEDQGDU� LQ� WKH� :HVW�&RDVW� DQG� 7XWLFRULQ�� 1DJDSDWQDP�� 3RQGLFKHUU\�� .ULVKQDSDWQDP�� 9LVDNKDSDWQDP��*RSDOSXU��3XUL��.RQDUN�DQG�'LJKD�LQ�WKH�(DVW�FRDVW���
/DQG�XVH�DQG�ODQG�FRYHU�FKDQJHV�GXULQJ�WKH�SDVW����\HDUV�ZHUH�DVVHVVHG�DQG�WDNHQ� LQWR� DFFRXQW� IRU� GHWHUPLQLQJ� WKH� SUHVHQW� DQG� IXWXUH� XVH�� 5HFHQW� WRROV� VXFK� DV�5HPRWH� 6HQVLQJ� DQG� *,6� ZHUH� HPSOR\HG� LQ� GHWHUPLQLQJ� WKH� EHVW� GHVLJQDWHG� XVH� RI�FRDVWDO� ZDWHUV�� 7KH� GDWD� FROOHFWHG� GXULQJ� WKH� SDVW� ��� \HDUV� ZHUH� RUJDQL]HG� LQ� D�GDWDEDVH� XVLQJ�25$&/(� VRIWZDUH� DV� EDFN� HQG� DQG�'�.� DV� IURQW� HQG�� 7KH� GDWDEDVH�FRXOG� EH� DFFHVVHG� DQG� TXHULHG� IRU� WKH� YDULRXV�ZDWHU� TXDOLW\� SDUDPHWHUV� WR� NQRZ� WKH�WUHQGV� DQG� YDULDELOLW\� LQ� ��� LPSRUWDQW� ZDWHU� DQG� VHGLPHQW� TXDOLW\� SDUDPHWHUV�� 7KH�GDWDEDVH� LV� DOVR� XVHIXO� IRU� YDULRXV� XVHUV� VXFK� DV� HQWUHSUHQHXUV�� DFDGHPLFLDQV��SODQQHUV�� FRDVWDO� PDQDJHUV�� SROLF\� PDNHUV� DQG� GHFLVLRQ�PDNHUV� HQJDJHG� LQ� &RDVWDO�'HYHORSPHQW�DQG�0DQDJHPHQW�
2XW�RI�WKHVH����VLWHV����ZHUH�FODVVLILHG�DV�EHORQJLQJ�WR�6:�,�FODVV�DVVXULQJ�WKH�UHODWLYHO\� XQSROOXWHG� VWDWXV� DQG� VXLWDELOLW\� RI� FRDVWDO� ZDWHUV� IRU� WKH� XVHV� VXFK� DV�VDOWSDQV��VKHOO�ILVKLQJ��PDULFXOWXUH�DQG�HFRORJLFDOO\�VHQVLWLYH�]RQHV�



,Q�WKH��QG SKDVH�RI�WKLV�VWXG\�����VLWHV�ZHUH�VHOHFWHG�IRU�WKH�VWXG\�YL]��9DGLQDU��0DKLP�� 0DQGRYL�� 4XLORQ�� .DQ\DNXPDUL�� .XGDQNXODP�� %KXPLQLSDWQDP�� &KDQGLSXU��6DSWDPXNKL�DQG�3RUW�%ODLU�
&RDVWDO�+DELWDW�6WXGLHV7KH�SURMHFW�IRU�WKH�GHYHORSPHQW�RI�PHWKRGRORJ\�IRU�LGHQWLILFDWLRQ�RI�YDULRXV�ELRWLF�FRPPXQLWLHV�ZDV�FRPSOHWHG�E\�LQYROYLQJ�6SDFH�$SSOLFDWLRQV�&HQWUH��$KPHGDEDG�DV�DQ�LPSOHPHQWLQJ� DJHQF\�� � )RU� FRUDO� UHHI� VWXGLHV�*XOI� RI�.DFKFKK�� /DNVKDGZHHS��*XOI� RI�0DQQDU�DQG�$QGDPDQ�	�1LFREDU�LVODQGV��IRU�PDQJURYHV�*XOI�RI�.DFKFKK��*RD��&RULQJD��%LWKDUNDQLND��6XQGHUEDQV�DQG�$QGDPDQ�DQG�1LFREDU�LVODQGV�ZHUH�FKRVHQ��XWLOL]LQJ�,56�/,66�,,,�DQG�SDQFKURPDWLF�GDWD�'HWHUPLQDWLRQ� RI� 1R� ,PSDFW� =RQH� IRU� 3XOLFDW� LQ� 7DPLOQDGX� DQG� &RULQJD� LQ� $QGKUD�3UDGHVK

7KH�GDWD�FROOHFWLRQ�IRU�WZR�VHDVRQV�UHODWHG�WR�K\GURG\QDPLFV��ZDWHU�TXDOLW\�DQG�ELRORJLFDO� SDUDPHWHUV� ZDV� FRPSOHWHG�� � 7R� DVVHVV� WKH� GLVSHUVLRQ� RI� WKH� SROOXWDQWV�QXPHULFDO�PRGHOOLQJ�VWXGLHV�DUH�EHLQJ�FDUULHG�RXW�
����� 0DULQH�(FR�7R[LFRORJ\�DQG�5�	�'�$FWLYLWLHV

&RDVWDO�PDULQH�HFRV\VWHPV�KDYH�EHHQ�FRQVLGHUHG�DV� UHVHUYRLUV�RI�SURGXFWLYLW\�DQG�D�PDVVLYH�VLQN�ZLWK�XQOLPLWHG�FDSDFLW\�WR�DVVLPLODWH�ZDVWHV���7KH�GUDPDWLF�LQFUHDVH�LQ� FRDVWDO� SRSXODWLRQ�� RYHU� WKH� \HDUV�� DVVRFLDWHG�ZLWK� WKH� HVWDEOLVKPHQW� RI� LQGXVWULHV��PDLQWHQDQFH� RI� KDUERXUV� DQG� ZDWHUZD\V�� GHYHORSPHQW� RI� FRDVWOLQHV�� GHPDQGV� RI�WRXULVP�DQG�RWKHU�XVHV�RI�FRDVWDO�ODQG�KDYH�EHHQ�WKH�FDXVHV�IRU�FRDVWDO�SROOXWLRQ���6LQFH�ZDWHU� TXDOLW\� LV� YHU\� LPSRUWDQW� IRU� WKH� VXUYLYDO� DQG� ZHOO� EHLQJ� RI� OLYLQJ� UHVRXUFHV� LQ�FRDVWDO� DQG� PDULQH� ZDWHUV�� SROOXWDQWV� IURP� ERWK� SRLQW� DQG� QRQ�SRLQW� VRXUFHV� HQWHU�WKURXJK� UHFHLYLQJ� ZDWHU� ERGLHV� DQG� DIIHFW� WKH� PDULQH� ELRWD�� � 6LQFH� PRVW� RI� WKH�FRQWDPLQDQWV�DIIHFW� WKH�SURGXFWLYLW\�RI� WKH�HFRV\VWHP�WKURXJK�IRRG�FKDLQ��WKH�OHYHOV�DW�ZKLFK�WKH�PRVW�FRPPRQ�SROOXWDQWV�DIIHFW�WKHVH�RUJDQLVPV�FRXOG�EH�HVWDEOLVKHG�WKURXJK�HFR�WR[LFRORJ\�VWXGLHV���%\�FRPSDULQJ�WKH�OHYHOV�RI�SROOXWDQWV��WKH�KDELWDW�TXDOLW\�RI�WKH�HFRV\VWHP�FRXOG�EH�HYDOXDWHG�IRU�WKHLU�FDSDFLW\�WR�VXVWDLQ�WKHLU�SURGXFWLYLW\���,PSDFWV�RI�SROOXWDQWV� RQ� PDULQH� RUJDQLVPV� DUH� LQLWLDOO\� DW� WKH� PROHFXODU� DQG� FHOOXODU� OHYHOV� DQG�VXEVHTXHQWO\�DW�D�KLJKHU� OHYHO RI�ELRORJLFDO�RUJDQL]DWLRQ�� �6RPH�WR[LFDQWV�ZRXOG�FDXVH�DFXWH� HIIHFWV� DQG�RWKHUV� SURGXFH� FKURQLF� HIIHFWV�DQG� WKH�HIIHFWV�ZRXOG�EH�JUHDWHU�RQ�ODUYDO� DQG� MXYHQLOH� VWDJHV� 0RVW� RI� WKH� WR[LFDQWV� DIIHFW� WKH� PHWDEROLVP� RI� PDULQH�RUJDQLVPV�� ZKLFK� ZLOO� XOWLPDWHO\� OHDG� WR� WKHLU� PRUWDOLW\�� � %LRDVVD\� V\VWHPV� ZLOO� EH�



HPSOR\HG� IRU� DVVHVVLQJ� WKH� HQYLURQPHQWDO� LPSDFW� RQ� WR[LFDQWV� DORQH�� PL[WXUHV� RI�WR[LFDQWV��DQG� LQ� FRPELQDWLRQ��EDVHG�RQ�SDUDPHWHUV� OLNH� WHPSHUDWXUH��S+��VDOLQLW\�DQG�DONDOLQLW\�� HWF��� DQG� DOVR� WKH� ELRGHJUDGDWLRQ�� ELR�DFFXPXODWLRQ� DQG� DVVLPLODWLRQ� RI�[HQRELRWLFV���$VVHVVPHQW�RI�GLIIHUHQW�ELRDVVD\�WHVW�V\VWHPV��YDU\LQJ�IURP�HQ]\PH�DVVD\�WR�ILHOG�PRGHOV�IRU�YDULDELOLW\��VHQVLWLYLW\�DQG�YDOLGLW\�LQGLFDWHV�WKH�QHHG�IRU�PXOWLSOH�WHVWV�IRU�UHJXODWRU\�IHHGEDFN���
,Q� YLHZ� RI� WKH� DERYH�� 0DULQH� (FRWR[LFRORJ\� DQG� 5� 	� '� DFWLYLWLHV� KDYH� EHHQ�XQGHUWDNHQ� GXULQJ� WKH� ��WK )LYH� \HDU� SODQ� SHULRG�� 7KH� PDLQ� DLP� RI� WKLV� VWXG\� LV� WR�GHYHORS�VSHFLILF�KDELWDW�ZDWHU�TXDOLW\�FULWHULD� WR� IDFLOLWDWH�EHWWHU�PDQDJHPHQW�RI�PDULQH�DQG� DVVRFLDWHG� HFRV\VWHPV� LQ� YLHZ� RI� JURZLQJ� SUREOHPV� OLNH� SROOXWLRQ� DQG� ZDVWH�GLVSRVDO� HWF��� VR� WKDW� WKH� OHYHOV� SUHVFULEHG� IRU� YDULRXV� FKHPLFDO� HOHPHQWV� LQ� WKLV�FULWHULD�VWDQGDUG� FDQ� EH� SURSHUO\� DVVHVVHG� IRU� WKHLU� VXLWDELOLW\� IRU� FRDVWDO� ZDWHUV� DQG�VSHFLILF�HFRV\VWHPV� OLNH�FRUDOV��PDQJURYHV��HWF��7KH� ,QVWLWXWH� IRU�2FHDQ�0DQDJHPHQW��,20��� $QQD� 8QLYHUVLW\�� &KHQQDL�� &HQWUH� IRU� 0DULQH� DQG� &RDVWDO� 6WXGLHV�� 0DGXUDL�.DPDUDM� 8QYHUVLW\�� DQG� 'HSDUWPHQW� RI� 3KDUPDFRORJ\� DQG� (QYLURQPHQWDO� 7R[LFRORJ\��'U�$/0�3*,%06��8QLYHUVLW\�RI�0DGUDV��DUH�SDUWLFLSDWLQJ�LQ�WKLV�SURJUDPPH�
7KH�PDMRU�WDVNV�LQYROYHG�LQ�WKH�(FRWR[LFRORJ\�DQG�5�	�'�DFWLYLWLHV�DUH�DV�IROORZV�x 'RFXPHQWDWLRQ�RI�ZDWHU�TXDOLW\�SDUDPHWHUV�LQ�DQG�DURXQG�*XOI�RI�0DQQDU��WKH�&KHQQDL�FRDVW�DQG�3XOLFDW�ODJRRQ�HFRV\VWHP��VRXUFH�RI�SROOXWLRQ�DQG�FRDVWDO�GHYHORSPHQWDO�DFWLYLWLHV�x 'RFXPHQWDWLRQ�RI�OLWHUDWXUH�RQ�DFXWH�WR[LFLW\�DQG�VXE�OHWKDO�HIIHFWV�RQ�DTXDWLF�RUJDQLVPV�EDVHG��RQ�WKH��FRQWLQXRXV�IORZ�WKURXJK�V\VWHP��x &RQGXFW� RI� DFXWH� WR[LFLW\� VWXGLHV� WR� DUULYH� DW� /&��� DQG (&��� YDOXHV� XVLQJ�FRQWLQXRXV�IORZ�WKURXJK�V\VWHP�EDVHG�RQ�WKH�IROORZLQJ�SDUDPHWHUV��

D� (VVHQWLDO�PHWDO ��&RSSHU��&X�E� 1RQ�HVVHQWLDO�PHWDO ��/HDG��3E�F� 3HVWLFLGH ��(QGRVXOIDQG� 2LO ��'LHVHO��:DWHU�VROXEOH�IUDFWLRQV�H� $ELRWLF�YDULDEOH ��'LVVROYHG�R[\JHQI� 7HVW�RUJDQLVPV ��3K\WRSODQNWRQ��=RRSODQNWRQ��6KULPSV��ODUYDH�DQG�MXYHQLOHV��0ROOXVFV��*UHHQ�PXVVHO��3HUQD�YLULGLV��	���2\VWHU��&URVVRVWUHD�PDGUDVHQVLV�ILQILVK���HJJV�	�ODUYDH��0XOOHW�DQG�(SKHQHSKHOXV ����������



J�� +LVWRORJ\��KLVWR�SDWKRORJ\�DQG�KLVWR�FKHPLFDO�VWXGLHV�LQ�UHVSHFW�RI�WKH�DFXWH�WR[LFLW\�VWXGLHV�RQ�WKH�WHVW�RUJDQLVPV�6XE�OHWKDO� FKURQLF� WHVWV� DQG� ELR�DFFXPXODWLRQ� ZRXOG� EH� FDUULHG� RXW� RQ� WKH�IROORZLQJ�DVSHFWV�D� %LRFKHPLFDO�VWXGLHV�LQFOXGLQJ�HQ]\PHVE� %LRPDUNHUVF� %HKDYLRXUDO VWXGLHVG� +LVWRORJ\��KLVWRSDWKRORJ\�	�KLVWRFKHPLFDO�VWXGLHV
x &RQGXFW�RI�WR[LFLW\�VWXGLHV�XVLQJ�DQLPDO�PRGHOV�LQ�RUGHU�WR�HOLFLW� WKH�HIIHFW�RI�OHWKDO�FRQFHQWUDWLRQ�DW�DFXWH��VXE�OHWKDO�OHYHOV�DQG�ELR�DFFXPXODWLRQ�IRU�XQGHUVWDQGLQJ�WKH�FDXVH�HIIHFW�UHODWLRQVKLS�
x 'HYHORSPHQW�RI�VSHFLILF�ZDWHU�TXDOLW\�FULWHULD� IRU�*XOI�RI�0DQQDU��FRDVWDO�ZDWHUV�RI�&KHQQDL�DQG�3XOLFDW�ODJRRQ�HFRV\VWHP�

7KH� ZRUN� SODQ� IRU� LPSOHPHQWDWLRQ� RI� WKH� SURMHFW� DFWLYLWLHV� ZDV� GHILQHG� DQG�GRFXPHQWDWLRQ�RI�ZDWHU�TXDOLW\�SDUDPHWHUV�DQG�FRPSLODWLRQ�RI�OLWHUDWXUH�RQ�DFXWH�WR[LFLW\�DQG� VXE�OHWKDO� HIIHFWV� RQ� DTXDWLF� RUJDQLVPV� EDVHG� RQ� WKH� FRQWLQXRXV� IORZ� WKURXJK�V\VWHP�FRPSOHWHG���
7UDFH�0HWDO�/DERUDWRU\

$V�D�SDUW�RI�(FR�7R[LFRORJLFDO�VWXGLHV�� WR�DVVHVV� WKH� WR[LF�HIIHFWV�RI�SROOXWDQWV�DQG� WKHLU WROHUDQFH� OHYHOV� LQ� PDULQH� RUJDQLVPV� GXULQJ� WKH� ;� )LYH� <HDU� 3ODQ� SHULRG��LQYROYLQJ�YDULRXV�XQLYHUVLWLHV�DQG�UHVHDUFK�LQVWLWXWHV��D�7UDFH�0HWDO�ODERUDWRU\�KDV�EHHQ�VHW�XS�� DLPLQJ� DW� GHOLQHDWLQJ� WKH� WR[LF� HIIHFWV� RI� PHWDOV� DQG� WKHLU� WKUHVKROG� OLPLWV� RQ�YDULRXV�PDULQH�RUJDQLVPV��7KLV�LQIUDVWUXFWXUH�ZLOO�VHUYH�DV�D�1DWLRQDO�IDFLOLW\��
7KH� ODERUDWRU\� LV� FRYHUHG� XQGHU� ³&OHDQ� 5RRP� IDFLOLW\� RI� &ODVV� ������� �� ���´�FRPSULVLQJ�D�*DUPHQW�/RFNHU��$LU�6KRZHU�DQG�&KHPLFDO�:RUN�%HQFKHV�WR�PLQLPLVH�WKH�FRQWDPLQDWLRQ� GXULQJ� SURFHVVLQJ� RI� WKH� VDPSOHV�� 7KH� ODERUDWRU\� LV� HTXLSSHG�ZLWK� WKH�IROORZLQJ�VRSKLVWLFDWHG�LQVWUXPHQWV�IRU�DQDO\VLQJ�PHWDOV�DW�WUDFH�OHYHOV��

x )ODPH�$WRPLF�$EVRUSWLRQ�6SHFWURPHWHU��)$$6�x =HHPDQ�*UDSKLWH�)XUQDFH�$WRPLF�$EVRUSWLRQ�6SHFWURPHWHU��=*)$$6�x 0LFURZDYH�'LJHVWLRQ�6\VWHP



x :DWHU�3XULILFDWLRQ�6\VWHPx (OHFWURQLF�%DODQFH

7UDFH�0HWDO�ODERUDWRU\�DW�,&0$0�3'7KH� )$$6� GHWHFWV� WKH� KHDY\� PHWDOV� XS� WR� SSP� OHYHO� ZKLOH� WKH� =*)$$6� FDQ�GHWHFW� DW� SSE� OHYHO�� %RWK� WKH� LQVWUXPHQWV� DUH� IXOO\� DXWRPDWLF� ZLWK� UHIHUHQFH� WR� DXWR�FDOLEUDWLRQ�� DXWR�GLOXWLRQ� DQG� PDWUL[� PRGLILHU� DGGLWLRQ�� FRQWUROOHG� WKURXJK� LQGLYLGXDO�FRPSXWHUV��
:LWK�WKH�H[LVWLQJ�IDFLOLWLHV�DQG�ODPSV��D�WRWDO�RI����PHWDOV�YL]���/HDG��&DGPLXP��,URQ�� &REDOW�� &RSSHU�� =LQF�� &KURPLXP�� $OXPLQLXP�� $UVHQLF� 6HOHQLXP� DQG�0HUFXU\� LQ�ZDWHU�� VHGLPHQW� DQG�ELRORJLFDO� VDPSOHV� FRXOG� EH�DQDO\VHG��2Q�QHHG�EDVLV�� DGGLWLRQDO�ODPSV�FRXOG�EH�SURFXUHG�IRU�DQDO\VLQJ�RWKHU�PHWDOV��
7KH�)ODPH�$$6�FDQ�DQDO\VH����WR����VDPSOHV� LQ�DQ�KRXU��ZKLOH�*UDSKLWH�$$6�FDQ�DQDO\VH����WR����VDPSOHV�SHU�KRXU��
7KH�FRPSXWHU�FRQWUROOHG�0LFURZDYH�'LJHVWLRQ�6\VWHP�LV�KHOSIXO�LQ�GLJHVWLQJ�WKH�VDPSOHV� VXFK� DV� VHGLPHQW�� SODQNWRQ�� HIIOXHQWV�� HWF�� 7KH�:DWHU�3XULILFDWLRQ�6\VWHP� LV�LQWHQGHG�WR�SURYLGH�XOWUD�SXUH�ZDWHU�ZLWK�HOHPHQWDO�FRQFHQWUDWLRQ�DW�SSW�OHYHO��ZKLFK�ZLOO�EH�XVHG�IRU�SUHSDUDWLRQ�RI�VWDQGDUGV��VDPSOH�GLOXWLRQ�DQG�LQ�GHULYLQJ�ORZ�EODQN�YDOXHV����7KH�IDFLOLW\�ZDV�LQDXJXUDWHG�E\�6HFUHWDU\��'2'�RQ���UG $XJXVW�������

����� 6WXGLHV�RQ�(FRV\VWHP�0RGHOOLQJ
7KH� VWXGLHV� RQ� HFRV\VWHP�PRGHOOLQJ�ZHUH� LQLWLDWHG� IRU�*XOI� RI�0DQQDU��3XOLFDW�ODNH� HFRV\VWHP� �� 9HGDUDQ\DP�� &KLOND� ODNH� HFRV\VWHP� DQG� &RFKLQ� EDFNZDWHUV� E\�LQYROYLQJ� YDULRXV� LPSOHPHQWLQJ� DJHQFLHV� VXFK� DV� &(6�� $QQD� 8QLYHUVLW\�� $QGKUD�8QLYHUVLW\��5HJLRQDO�&HQWUH�RI�1DWLRQDO�,QVWLWXWH�RI�2FHDQRJUDSK\��.RFKL��



����� 0DQDJHPHQW�RI�7LGDO�,QOHWV
)RU� WKH� PDQDJHPHQW� RI� WLGDO� LQOHWV� DORQJ� WKH� HDVW� DQG� WKH� ZHVW� FRDVW�� ,,7�&KHQQDL� DQG� 1,27�� UHVSHFWLYHO\� ZHUH� LGHQWLILHG� DQG� WKH� SURMHFW� SUHSDUDWRU\� DFWLYLWLHV�ZHUH�LQLWLDWHG�

����� 6KRUHOLQH�0DQDJHPHQW
)RU� VKRUHOLQH� PDQDJHPHQW� LQ� WKH� HDVW� FRDVW� FRYHULQJ� (QQRUH�� *RSDOSXU� DQG�'LJKD� DQG� LQ� WKH� ZHVW� FRDVW� FRYHULQJ� 0XQDPEXP� WR� .D\DQNXODP� VWUHWFK� LQ� .HUDOD�QHFHVVDU\�DFWLRQ�ZDV�LQLWLDWHG�ZLWK�WKH�ILQDOL]DWLRQ�RI�WKH�DFWLRQ�SODQV�

������ 6DWHOOLWH�%DVHG�5	'�3URJUDPPH
7KH�VDWHOOLWH�EDVHG�5	'�SURJUDPPH�IRU�WKH�VHOHFWHG�VLWHV�DORQJ�WKH�,QGLDQ�FRDVW�ZDV� LQLWLDWHG� E\� LQYROYLQJ� 1DWLRQDO� 5HPRWH� 6HQVLQJ� $JHQF\�� +\GHUDEDG�� � 1HFHVVDU\��DFWLRQ�SODQV�ZHUH�IRUPXODWHG�DQG�UHYLHZHG�

������ 7UDLQLQJ�)DFLOLW\
7KH� VWDWH�RI�WKH�DUW� ,&0$0�7UDLQLQJ� IDFLOLW\�� ILUVW� RI� LWV� NLQG� LQ� WKH�HQWLUH�6RXWK�$VLDQ�UHJLRQ�ZDV�XVHG�IRU�RIIHULQJ�WUDLQLQJ�RQ�$SSOLFDWLRQ�RI�*,6�LQ�WKH�PDQDJHPHQW�RI�&RDVWDO� &ULWLFDO� +DELWDW� IRU� GLIIHUHQW� VWDNHKROGHUV�� 7KH� WUDLQLQJ� SURJUDPPH� LV� DQ�LQWURGXFWLRQ� WR� WKH�XVH�RI�*,6� IRU�HIIHFWLYH�FRDVWDO�DQG�PDULQH�KDELWDW�PDQDJHPHQW�� ,W�WHDFKHV� WKH� FRQFHSWV�� DQDO\VLV� DQG� PRGHOOLQJ� RI� JHRVSDWLDO� GDWD�� 7KH� SUDFWLFDO�DSSOLFDWLRQ�RI�WKH�VRIWZDUH�WRROV��XQGHUO\LQJ�WKHRU\�DQG�WKH�FRUUHFW�DSSOLFDWLRQ�RI�WKH�WRRO�DUH�HPSKDVL]HG WKURXJK�KDQGV�RQ� WUDLQLQJ� LQ� WKH�VRIWZDUH��*,6�DSSOLFDWLRQV� WR�KDELWDW�PDQDJHPHQW�DUH�DOVR�EHLQJ� WDXJKW� LQ�GHWDLO��'XULQJ� WKH�SHULRG�XQGHU� UHSRUW�� WKLUW\�ILYH�WUDLQHHV�IURP�WKH�&RDVWDO�6WDWH�RI�7DPLO�1DGX��1DWLRQDO�,QVWLWXWH�RI�2FHDQRJUDSK\�DQG�=RRORJLFDO 6XUYH\�RI�,QGLD�ZHUH�WUDLQHG�RQ�DSSOLFDWLRQ�RI�*,6�IRU�LQWHJUDWHG�FRDVWDO�DQG�PDULQH�DUHD�PDQDJHPHQW��$�QXPEHU�RI�YLVLWRUV�IURP�,QGLD�DQG�DEURDG�ZHUH�DSSUHFLDWLYH�RI�WKH�IDFLOLW\�DQG�KDYH�H[SUHVVHG�WKHLU�GHVLUH�WR�XQGHUJR�WUDLQLQJ�LQ�WKLV�IDFLOLW\��

������ :HE�3DJH�8SGDWLRQ
7KH� ,&0$0� 3'
V� ZHE� SDJH� KWWS���FKHQQDL��WQ�QLF�LQ�LFPDP ZDV� XSGDWHG� RQ�-DQ����� �����ZLWK� D� YDULHW\� RI� YLVXDOV� LQFOXGLQJ�GLJLWDO� SKRWRJUDSKV�DQG� YLGHR� FOLSV�� D�

http://chennai2.tn.nic.in/icmam


EHWWHU� ZD\� RI� XQGHUVWDQGLQJ� WKH� DFWLYLWLHV� DQG� IDFLOLWLHV� RI� ,&0$0�3'� IRU� WKH� LQWHUQHW�ZRUOG��
��� 'HHSVHD�0LQHUDO�([SORUDWLRQ
3DODHR�RFHDQRJUDSKLF�6WXGLHV�LQ�WKH�%D\�RI�%HQJDO�)DQ��%(1)$1�

%DWK\PHWULF�GDWD�FROOHFWHG� LQ�SDUWV�RI�%D\�RI�%HQJDO� LQ�WKH�([FOXVLYH�(FRQRPLF�=RQH�ZHUH�DQDO\VHG�WR�LGHQWLI\�DUHDV�RI�ORQJ�FRUH�FROOHFWLRQ��*UDYLW\�FRUH�VDPSOHV�ZHUH�DOVR�FROOHFWHG�DQG�WDNHQ�XS�IRU�DQDO\VLV�DW�WKH�SDUWLFLSDWLQJ�ODEV�RUJDQL]DWLRQV�

3LVWRQ�FRUHU�LQ�RSHUDWLRQ�RYHU�ERDUG�259�6DJDU�.DQ\D�IRU�%(1)$1
�� 1DWLRQDO�,QVWLWXWH�RI�2FHDQ�7HFKQRORJ\��1,27�

1DWLRQDO� ,QVWLWXWH� RI�2FHDQ�7HFKQRORJ\� �1,27�� DW�&KHQQDL�ZDV�HVWDEOLVKHG�E\�WKH� 'HSDUWPHQW� RI� 2FHDQ� 'HYHORSPHQW� �'2'��� *RYW�� RI� ,QGLD� DV� DQ� DXWRQRPRXV�LQVWLWXWH�� LQ�DVVRFLDWLRQ�ZLWK� ,,7�0DGUDV��&KHQQDL�GXULQJ�1RYHPEHU������ZLWK�WKH�PDLQ�DLP� RI� GHYHORSLQJ� DQG� SURPRWLQJ� WHFKQRORJ\� IRU� VSHFLILF� SXUSRVHV� LQ� RFHDQ� UHODWHG�DUHDV�� 7KH� PXOWLIDULRXV� DFWLYLWLHV� RI� 1,27� DUH� FDUULHG� RXW� DV� LQ�KRXVH� WHFKQRORJ\�GHYHORSPHQW�SURJUDPPHV�DQG�ILHOG�GHPRQVWUDWLRQ�SURMHFWV��1,27�LV�DOVR�LPSOHPHQWLQJ�WZR�PDMRU�RSHUDWLRQDO�SURJUDPPHV�RQ�EHKDOI�RQ�'2'��QDPHO\�WKH�1DWLRQDO�'DWD�%XR\�3URJUDPPH�DQG�RSHUDWLRQ�RI�5HVHDUFK�9HVVHOV� IRU� SROOXWLRQ�PRQLWRULQJ�� � 7KH� YDULRXV�WHFKQRORJ\�JURXSV�IRUP�WKH�FRUH�VWUHQJWK�RI�1,27���7KH\�SURYLGH�SURIHVVLRQDO�H[SHUWLVH�IRU� ILHOG� GHPRQVWUDWLRQ� SURMHFWV�� 7KH� 3ODQQLQJ� 	� 0DQDJHPHQW� JURXS� KHOSV� WR� SODQ��



PRQLWRU� DQG�HYDOXDWH� WKH� YDULRXV� WHFKQRORJ\�DQG� ILHOG�SURMHFWV�EHLQJ� LPSOHPHQWHG� IRU�WLPHO\�UHVXOWV�
7KH�PDMRU�DFWLYLWLHV�FDUULHG�RXW�GXULQJ������± �����DQG�WKH�DFFRPSOLVKPHQWV�DUH�DV�XQGHU�

��� 2FHDQ�7KHUPDO�(QHUJ\�&RQYHUVLRQ��27(&�
8QGHU�WKH�-DL�9LJ\DQ�0LVVLRQ�SURMHFW��ZRUOG¶V�ILUVW�HYHU��0:�JURVV�UDWLQJ�IORDWLQJ�2FHDQ�7KHUPDO�(QHUJ\�&RQYHUVLRQ��27(&��SURMHFW��ZDV�VDQFWLRQHG�GXULQJ�6HSWHPEHU����� IRU� GHPRQVWUDWLQJ� WKH� WHFKQRORJ\� ��� NP�6RXWK� (DVW� RI� 7XWLFRULQ� FRDVW� LQ� 7DPLO�1DGX��7KH�VLWH�ZDV�VHOHFWHG�DIWHU�FRQGXFWLQJ�EDWK\PHWULF�6XUYH\V�IRU������P�FRQWRXU�DQG� WHPSHUDWXUH�PHDVXUHPHQWV��27(&�XVHV� WKH� WHPSHUDWXUH� GLIIHUHQFH� EHWZHHQ� WKH�VXUIDFH�RI� WKH VHD��DW�DERXW���R &��DQG�ZDWHU�DW�D�GHSWK�RI������P��DW�DERXW��R�&��WR�JHQHUDWH�HOHFWULFLW\�XVLQJ�5DQNLQH�F\FOH�ZLWK�DPPRQLD�DV�WKH�ZRUNLQJ�IOXLG��7KH�27(&�SODQW� EDUJH�RI� VL]H� ����� [� ��� [� ��P�ZDV�QDPHG�DV� ³6DJDU�6DNWKL´�� 7KH� YDULRXV� VXE�V\VWHPV� LQFOXGLQJ� ZRUOG¶V� ODUJHVW� WLWDQLXP� SODWH� KHDW� H[FKDQJHUV� ZLWK� VSHFLDO� VWHHO�FRDWLQJ�RQ�DPPRQLD�VLGH�WR�HQKDQFH�PD[LPXP�KHDW�WUDQVIHU�DQG�D�IRXU�VWDJH�D[LDO�IORZ�WXUELQH� UHTXLUHG� IRU� WKH�SODQW��ZHUH�FRQILJXUHG��GHVLJQHG�DQG� LQWHJUDWHG�RQ� WKH�27(&�EDUJH��7KUHH�PRRQ�SRROV�ZHUH�SURYLGHG� LQ� WKH�EDUJH� IRU� FROG�ZDWHU��ZDUP�ZDWHU�DQG�PL[HG� ZDWHU� VXPSV�� $� ��� P� KLJK� UHWUDFWDEOH� VXPS� V\VWHP� IRU� FROG� VHD� ZDWHU� ZDV�GHVLJQHG�DQG�LQWHJUDWHG�LQ�WKH�27(&�SODQW�WR�HQDEOH�EHUWKLQJ�RI�WKH�EDUJH�LQ�WKH�MHWW\�LQ�UHWUDFWDEOH� SRVLWLRQ�� $� +'3(� SLSH� RI� �� P� GLDPHWHU� DQG� ����� P� ORQJ�� VHUYHV� DV� D�VWUXFWXUDO�HOHPHQW�IRU�D�VLQJOH�SRLQW�PRRULQJ�DSDUW�IURP�GUDZLQJ�GHHS�VHD�FROG�ZDWHU����
'XH� WR� DQ� XQIRUHVHHQ�PLVKDS� GXULQJ� WKH� GHSOR\PHQW� LQ�0DUFK� ������ WKH� FROG�ZDWHU� SLSH� V\VWHP� GURSSHG� GRZQ� WR� GHHS� VHD� EHG� DQG� FRXOG� QRW� EH� UHWULHYHG�� � $Q�([WHUQDO�([SHUW�&RPPLWWHH�ZDV�FRQVWLWXWHG�ZKLFK�UHYLHZHG�WKH�PRRULQJ�GHVLJQ��FKRLFH�RI� PDWHULDO�� GHSOR\PHQW� VFKHPH�� HWF��� ZKLFK� UHFRPPHQGHG� FDUU\LQJ� RXW� DGGLWLRQDO�VWXGLHV� UHODWLQJ� WR� WKH� ULVN�DQDO\VLV�DQG�VRPH�DGGLWLRQV�RQ�WKH�YDULRXV�VXE�V\VWHPV�RI�WKH� 27(&� SODQW� WR� LPSURYH� WKH� VDIHW\� DQG� UHOLDELOLW\� RI� WKH� HQWLUH� SODQW�� � $OO� WKH�UHFRPPHQGDWLRQV�PDGH�E\�WKH�UHYLHZ�FRPPLWWHH�ZHUH�LPSOHPHQWHG��
:LWK�WKH�DGGLWLRQDO�IXQGV�VDQFWLRQHG��D�QHZ�SLSH���PRRULQJ�V\VWHP�ZDV�SURFXUHG�IRU�WKH�GHSOR\PHQW�SURFHVV�DQG�VSHFLDO�IXVLRQ�ZHOGLQJ�SURFHVV�ZDV�DGRSWHG�IRU�+'3(�SLSHV��$GGLWLRQDOO\�D�IDWLJXH�WHVW�ZDV�FRQGXFWHG�RQ�+'3(�SLSH�RQ�D�VFDOHG�GRZQ�PRGHO��������RI�+'3(�SLSH�LQ�,,7��0���&KHQQDL��$�SURRI�ORDG�RI�����7�ZDV�DSSOLHG�RQ�WKH�WDSHU�



SRUWLRQ�RI�WKH�KROGIDVW�DVVHPEO\�DQG�DW�WKH�ZHOG�MRLQW�RI�WKH�+'3(�SLSH�IRU�TXDOLI\LQJ�WKH�MRLQW��7KH�SHUFHQWDJH�RI�WKH�HORQJDWLRQ�RI�WKH�+'3(�SLSH�ZDV�PHDVXUHG�DQG�IRXQG�ZLWK�LQ� WKH� DFFHSWDEOH� OLPLWV�� 1HZ�DGGLWLRQDO� PRRULQJ� FRPSRQHQWV� ZHUH� GHVLJQHG� DQG�SURGXFHG�SURFXUHG�� ,Q� RUGHU� WR� UHWULHYH� WKH� PRRULQJ� FRPSRQHQWV� LQ� FDVH� RI� DQ\�XQH[SHFWHG�PRRULQJ� IDLOXUH��EXR\DQF\�FKDPEHUV�ZHUH�GHVLJQHG�DQG�IDEULFDWHG�IRU� WKH�EXOOHW�QRVH�DQG�HOERZ��$OO�WKHVH�ZHUH�GRQH�WR�LQFUHDVH�WKH�FRQILGHQFH�OHYHO�LQ�WKH�QHZ�WHFKQRORJ\�EHLQJ�GHYHORSHG�

27(&�/D\RXW

27(&�&RQFHSWXDO�GLDJUDP������������������������������%XR\DQF\�FKDPEHU�EHLQJDVVHPEOHG�WR�WKH�PDLQ�HOERZ$�QHZ�EXR\�RI� LQYHUWHG�7� VKDSH� WR� JLYH� RSWLPXP�EXR\DQF\�DQG� UHGXFHG�GUDJ�IRUFH�KDV�EHHQ�GHVLJQHG�DQG�IDEULFDWHG���$Q�DGGLWLRQDO�HOERZ�ZDV�LQWURGXFHG�EHWZHHQ�'XQORS�KRVH�DQG�WUDQVIHU�KRVH�WR�LPSURYH�WKH�IOH[LELOLW\�RI�WKH�WUDQVIHU�KRVH�V\VWHP���$�FRQFHSW�RI�VWLIIHQLQJ�WKH�SDUHQW���P�GLDPHWHU�+'3(�SLSH�XVLQJ�+'3(�VOHHYH�DGMDFHQW�WR�WKH� KROG� IDVW� DVVHPEO\� DW� WKH� WUDQVLW� LQWHUIDFH� ZDV� HYROYHG� DIWHU� D� )LQLWH� (OHPHQW�DQDO\VLV��



6HYHUDO�SUH�FRPPLVVLRQLQJ�WHVWV�WULDOV�ZHUH�FRQGXFWHG�VDWLVIDFWRU\�RQ�WKH�27(&�V\VWHP�WR�JDLQ�RSHUDWLQJ�H[SHULHQFH�IRU�WKH�VFLHQWLVWV�DKHDG�RI�WKH�ILQDO�FRPPLVVLRQLQJ��ZKLFK� LQFOXGHG�� WKH� FRPSOHWH�SRZHU�PRGXOH� LQFOXGLQJ�DPPRQLD�SLSHOLQH�V\VWHP�XVLQJ�YDSRXU� DPPRQLD� DQG� OLTXLG� DPPRQLD� LQ� VWDJHV� DIWHU� HQVXULQJ� WKH� OHDNSURRIQHVV� DW�LQWHUIDFH� MRLQWV��HQJDJHPHQW�DQG�GLVHQJDJHPHQW�RI� WKH�EXOOHW�QRVH�DVVHPEO\�ZLWK� WKH�FROG�ZDWHU�VXPS�V\VWHP�DW�VKDOORZ�ZDWHU�GHSWK��WKH�LQWHUIDFH�VHDOLQJ�EHWZHHQ�WKH�EXOOHW�QRVH�DQG�FROG�ZDWHU�VXPS��RSHUDWLRQ�RI�ZDUP�DQG�FROG�ZDWHU�VXPSV�ZHUH� LQ� WKH� IXOO\�ORZHUHG�FRQGLWLRQ�E\�DOORZLQJ�ZDWHU�WR�IORZ�WKURXJK�FROG�ZDWHU� OLQHV�DQG�FRQGHQVHU�IRU�WKH� ILUVW� WLPH�� 7KH� QHFHVVDU\� KD]DUGRXV� LQVWDOODWLRQ� VWXGLHV� ZHUH� FRQGXFWHG� DQG�HPHUJHQF\�SURFHGXUHV�HYROYHG��

'LVFKDUJH�RI�VXUIDFH�VHD�ZDWHU�EDFN�WR�VHD�WKURXJK�SXPSV$Q� DJUHHPHQW� ZDV� VLJQHG� ZLWK� D� QHZ� GHSOR\PHQW� FRQWUDFWRU� RQ� ������������VLQFH� WKH�HDUOLHU� GHSOR\PHQW� FRQWUDFWRU�ZDV�XQDEOH� WR� NHHS�XS� WKH� WLPH�VFKHGXOH�� IRU�GHSOR\PHQW� RI� WKH� FROG� ZDWHU� SLSH�� 7KH� GHSOR\PHQW� SURFHGXUH� ZDV� ILQDOL]HG� DQG�DSSURYHG�E\�1,27�DQG�YHWWHG�E\� WKLUG�SDUW\�VXUYH\RU�DJHQF\�� �7KH�PRELOL]DWLRQ�RI� WKH�FUDQH�EDUJH��WXJ�DQG�RWKHU�HTXLSPHQW�DW�7XWLFRULQ�ZDV�FRPSOHWHG�E\���WK )HEUXDU\��������3UHVHQWO\�� WKH� SODQW� EDUJH�� FROG� ZDWHU� SLSH� DQG�PRRULQJ� V\VWHP� KDYH� EHHQ� WRZHG� WR������P�GHSWK�DW�WKH�27(&�VLWH����NP�RII�7XWLFRULQ���7KH�SODQW�FRPPLVVLRQLQJ�DFWLYLWLHV�DUH�LQ�SURJUHVV�
��� :DYH�(QHUJ\

7KH�ZDYH� HQHUJ\� SODQW� DW� 9L]KLQMDP��ZKLFK� LV� GHFODUHG� DV� D�1DWLRQDO� IDFLOLW\� LV�EHLQJ�PDLQWDLQHG�E\�1,27��$�UHYHUVH�RVPRVLV�EDVHG�GHVDOLQDWLRQ�SODQW�ZDV�HVWDEOLVKHG�DW� WKLV�)DFLOLW\��9L]KLQMDP��ZLWK�DQ� LQVWDOOHG�FDSDFLW\�RI�������� OLWUHV�SHU�GD\��,Q�RUGHU�WR�RSHUDWH� WKH� GHVDOLQDWLRQ� SODQW� XVLQJ� ZDYH� SRZHU�� WKH� VXE�V\VWHP� FRPSRQHQWV� OLNH�YDULDEOH� VSHHG�DOWHUQDWRU�� EDWWHU\�DQG� LQYHUWHU�ZHUH�SURFXUHG�DQG� WHVWHG� LQGLYLGXDOO\��$�



VSHFLDO�LPSXOVH�WXUELQH�WR�EH�GULYHQ�E\�ZDYH�LQGXFHG�EL�GLUHFWLRQDO�DLUIORZ�ZDV�HUHFWHG�RQ�WKH� FDLVVRQ�� 7KH� DOWHUQDWRU� LV� RI� 3HUPDQHQW�0DJQHW� %UXVKOHVV� W\SH�ZLWK� DQ� HOHFWURQLF�UHJXODWRU��ZKLFK�LV�FDSDEOH�RI�SURGXFLQJ�D�FRQVWDQW�'&�YROWDJH�ZLWK�YDULDEOH�VSHHG�LQSXW�ZLWKLQ� D� UDQJH� RI� ��������� USP�� +HQFH�� NQRZLQJ� DOO� SDUDPHWHUV� RI� WKH� WXUELQH� DQG�DOWHUQDWRU��QXPHULFDO�VLPXODWLRQV�ZHUH�FDUULHG�RXW�LQ�0$7/$%�WR�FKHFN�WKH�VSHHG�RI�WKH�WXUELQH�DQG�RXWSXW�YROWDJH�IURP�WKH�DOWHUQDWRU��7KH�DOWHUQDWRU�SURGXFHG�WKH�UHTXLUHG�'&�YROWDJH�RI����9�LQ�WKH�VSHFLILHG�UDQJH�SURYLQJ�WKH�FRQFHSW��7R�DVFHUWDLQ�WKH�EHKDYLRU�LQ�WKH� ILHOG��DQ�H[SHULPHQW�ZDV�FRQGXFWHG�E\�XVLQJ�D�YDULDEOH�VSHHG�GULYH��7KH�DOWHUQDWRU�ZDV�FRXSOHG�WR� WKH�GULYH�� WKH�VSHHG�RI�ZKLFK�ZDV�FRQWUROOHG�WR�EH�VLPLODU� WR� WKDW�RI� WKH�ZDYH� DFWLYDWHG� WXUELQH� DQG� JHQHUDWHG� '&� YROWDJH� ZDV� DV� H[SHFWHG�� 7KH� EDWWHU\� DOVR�FKDUJHG� DQG� GLVFKDUJHG� DV� GHVLUHG�� $OO� WKHVH� FRPSRQHQWV� ZLOO� EH� FRPPLVVLRQHG� DW�9L]KLQMDP�VKRUWO\�

$OWHUQDWRU

2XWSXW�YROWDJH�RI�WKH�DOWHUQDWRU(MHFWRU�'ULYHQ�'HVDOLQDWLRQ�V\VWHP�
7KHUH� DUH� PDQ\� FRQYHQWLRQDO� WHFKQRORJLHV� IRU� FRQYHUWLQJ� VHDZDWHU� RU�EUDFNLVKZDWHU�LQWR�SRWDEOH�ZDWHU��7KH�GLIIHUHQFH�LQ�WHPSHUDWXUH�EHWZHHQ�VXUIDFH�ZDWHU�DQG�GHHS�VHDZDWHU�FDQ�EH�HIIHFWLYHO\�XWLOLVHG�IRU�WKH�SURGXFWLRQ�RI�IUHVK�ZDWHU��1,27�KDV�GHYHORSHG� DQ� HMHFWRU� GULYHQ� ³'HVDOLQDWLRQ� V\VWHP´� ZLWK� D� FDSDFLW\� RI� ��� OSK� LQ�DVVRFLDWLRQ� ZLWK� ,,7� 0DGUDV�� 7KH� ZDUP� VXUIDFH� VHDZDWHU� LV� IODVK� HYDSRUDWHG� LQ� WKH�YDFXXP�FKDPEHU�DQG� WKH�YDSRXU� LV�FRQGHQVHG�XVLQJ���&�FROG�GHHS�VHDZDWHU�� �$�WZR�SKDVH� HMHFWRU� FUHDWHV� WKH� YDFXXP� LQ� D� IODVK� FKDPEHU� FRPSDUHG� WR� WKH� FRQYHQWLRQDO�



YDFXXP� SXPSV�� 7KH� VXE�V\VWHP� FRPSRQHQWV� OLNH� IODVK� FKDPEHU�� HYDSRUDWRU��FRQGHQVHU�DQG�MHW�SXPS�ZHUH�IDEULFDWHG�DQG�DUH�EHLQJ�LQWHJUDWHG�RQ�����P�[�����P�VNLG��7KH� V\VWHP�ZRXOG� EH� LQVWDOOHG� RQ� WKH� ��0:�27(&�EDUJH� DIWHU� FRQGXFWLQJ�H[WHQVLYH�SHUIRUPDQFH�WHVWV�LQ�27(&�ODERUDWRU\�LQ�1,27��
��� 'HHS�6HD�0LQLQJ�DQG�2FHDQ�0LQLQJ

'HHS� VHD� WHFKQRORJ\� JURXS� KDV� EHHQ� DFWLYHO\� LQYROYHG� LQ� WKH� GHYHORSPHQW� RI�WHFKQRORJ\�IRU�PLQLQJ�RI�SRO\PHWDOOLF�QRGXOHV�IURP������P�ZDWHU�GHSWK���$�PDMRU�SURMHFW�IRU�GHYHORSPHQW�RI�WHFKQRORJ\�IRU�PLQLQJ�WKHVH�QRGXOHV�LQ�FROODERUDWLRQ�ZLWK�WKH�,QVWLW�W�IRU� .RQVWUXNWLRQ� �,.6��� 8QLYHUVLW\� RI� 6LHJHQ�� *HUPDQ\� ZDV� WDNHQ� XS� E\� 1,27�� $Q�XQGHUZDWHU�PLQLQJ�V\VWHP�FRQVLVWLQJ�RI�D�FUDZOHU�EDVHG�PLQLQJ�PDFKLQH�ZLWK�D�IOH[LEOH�ULVHU�V\VWHP�ZDV�GHYHORSHG�DQG�WHVWHG�IRU�RSHUDWLRQV�DW�����P�ZDWHU�GHSWK��ZKLFK�LV�D�VLJQLILFDQW� PLOHVWRQH� LQ� HVWDEOLVKLQJ� ,QGLD¶V� FDSDELOLW\� WR� WDNH� XS� WKH� XWLOL]DWLRQ� RI� WKH�UHVRXUFHV�RI�WKH�2FHDQV�DW�DOO�GHSWKV��7KH�WZR�SURMHFWV�QDPHO\�³'HYHORSPHQWDO�WHVW�RQ�XQGHU�ZDWHU�PLQLQJ�V\VWHP�IRU�ORQJ�WHUP�RSHUDWLRQ�XVLQJ�'3�V\VWHP´�DQG�³0RGLILFDWLRQ�RI�H[LVWLQJ�FUDZOHU� IRU�VKDOORZ�ZDWHU�DSSOLFDWLRQV´�ZHUH�DSSURYHG�E\�'2'��3UHOLPLQDU\�ZRUN� RQ� WKH� ILUVW� SURMHFW� KDV�DOUHDG\� FRPPHQFHG�� �6XLWDEOH� VLWH� KDYLQJ�DGHTXDWH� VRLO�EHDULQJ� VWUHQJWK� DW� D� GHSWK� RI� DSSUR[LPDWHO\� ���� P� IRU� GHSOR\LQJ� FUDZOHU� LV� EHLQJ�LGHQWLILHG��,PSURYHPHQWV�LQ�+\GUDXOLF�V\VWHPV��HOHFWURQLFV��GDWD�DFTXLVLWLRQ�DQG�FRQWURO�V\VWHP� DUH� EHLQJ� LQFRUSRUDWHG� DV� SDUW� RI� LQGLJHQLVDWLRQ� WR� VXLW� WR� WKH� ORZ� EHDULQJ�VWUHQJWK�RI�VRLO�DW�����P�GHSWK��7KH�WHFKQLFDO�VSHFLILFDWLRQ�RI�'\QDPLF�3RVLWLRQ�V\VWHP�WR� EH� LQVWDOOHG� RQ�6DJDU�.DQ\D�ZDV� ILQDOLVHG�� � 7KH�SUHOLPLQDU\ GHVLJQ�RI� D� ODXQFKLQJ�V\VWHP�WR�ODXQFK�WKH�FUDZOHU�ZDV�FRPSOHWHG��
7KH�PHDVXUHPHQW�RI�VRLO�EHDULQJ�VWUHQJWK�LQ�+RRJO\�ULYHU�EDVLQ�DW�+DOGLD��IRU�WKH�'UHGJLQJ�&RUSRUDWLRQ�RI� ,QGLD�ZDV�FDUULHG�RXW�XVLQJ� WKH� LQ�VLWX VRLO� WHVWLQJ�HTXLSPHQW��ZKLFK�ZDV�MRLQWO\ GHYHORSHG�ZLWK�8QLYHUVLW\�RI�6LHJHQ�

7KH�SURMHFW�RQ�³,Q�VLWX�VRLO�SURSHUW\�PHDVXUHPHQW�DW������P�GHSWK´�ZDV�WDNHQ�XS�DV�DQ�LQ�KRXVH�SURMHFW��WKH�PDLQ�REMHFWLYH�RI�ZKLFK�LV�WR�PHDVXUH�WKH�LQ�VLWX�EHDULQJ�VWUHQJWK�DQG�VKHDU�VWUHQJWK�RI�WKH�VRLO�DW������P�ZDWHU�GHSWK�LQ�WKH�&HQWUDO�,QGLDQ�2FHDQ�%DVLQ���$V�WKH�EHDULQJ�VWUHQJWK�LV�YHU\�ORZ��QR�FRPPHUFLDO�RII�WKH�VKHOI�LQVWUXPHQW�LV�DYDLODEOH�IRU�WKLV�PHDVXUHPHQW��



,Q�VLWX�VRLO�WHVWLQJ�HTXLSPHQW�EHLQJ�ODXQFKHG�DW�+DOGLD
$Q� XQGHUZDWHU� WKUXVWHU� RI� ����:�RXWSXW� SRZHU�ZDV� VXFFHVVIXOO\� WHVWHG� LQ� WKH�WRZLQJ� WDQN�DW� ,,7�0���&KHQQDL��ZKLFK�GHYHORSHG�D� WKUXVW�RI�����1�GXULQJ�EROODUG�SXOO�WHVWV�DQG�PRWLRQ�WHVWV��$Q�XQGHUZDWHU�FDEOH�KDV�EHHQ�RUGHUHG�IRU�WHVWLQJ�WKH�WKUXVWHU�DW�D�GHSWK�RI������P���

��� &RDVWDO�	�(QYLURQPHQWDO�(QJLQHHULQJ
7KH�PDLQ�IRFXV�RI�WKH�&RDVWDO�	�(QYLURQPHQWDO�(QJLQHHULQJ�JURXS�LV�WR�H[SORUH�DQG�SURWHFW�WKH�FRDVWDO�	�RIIVKRUH�ZDWHUV�RI�WKH�FRXQWU\�IRU�HQJLQHHULQJ�DSSOLFDWLRQV�DQG�VRFLHWDO� EHQHILWV�� 7KH� JURXS� DFTXLUHV� LWV� VWUHQJWK� IURP� D� WHDP� RI� D� PXOWL�GLVFLSOLQDU\�PXOWL�IXQFWLRQDO� HQJLQHHUV� DQG� VFLHQWLVWV�� 7KH� VSHFWUXP� RI� VSHFLDOL]DWLRQ� FRQVLVWV� RI�2FHDQ� (QJLQHHUV�� $UFKDHRORJLVWV�� *HRORJLVWV�� *HRSK\VLFLVWV�� :DWHU� TXDOLW\� H[SHUWV��,QVWUXPHQWDWLRQ� (QJLQHHUV�� +\GURJUDSKHUV�� *HRWHFKQLFDO� (QJLQHHUV�� 3K\VLFDO�2FHDQRJUDSKHUV��6WUXFWXUDO�(QJLQHHUV��(QYLURQPHQWDO�FKHPLVWV��0DULQH�%LRORJLVWV�DQG�GHVLJQHUV��0DMRU� DFWLYLWLHV� RI� WKH� JURXS� DUH� HQFRPSDVVHG� LQ� WKUHH� FDWHJRULHV� QDPHO\�5HVHDUFK�� &RQVXOWDQF\� ZKLFK� LQFOXGHV� GHVLJQ�� DQDO\VLV� 	� WHFKQLFDO� VXSSRUW�� DQG�&DSDFLW\� %XLOGLQJ� 	� DSSOLFDWLRQ� LQ� 1DWLRQDO� LQIUDVWUXFWXUH� GHYHORSPHQW� LQ� WKH� PDULQH�VHFWRU�

0DULQH�DUFKHRORJLFDO�ILQGLQJV
2QH� RI� WKH� PDMRU� FRQWULEXWLRQV� E\� WKLV� JURXS� LV� WKH� GLVFRYHU\� RI� XQGHUZDWHU�DUFKDHRORJLFDO�KHULWDJH�DW����P�GHSWK�����NP�ZHVW�RI�+D]LUD�LQ�WKH�*XOI�RI�&DPED\��$�:RUNVKRS�RQ�0DULQH�$UFKDHRORJLFDO�)LQGLQJV�DW�*XOI� RI�&DPED\�ZDV�KHOG�RQ��VW -XO\������LQ�1,27��&KHQQDL��0RUH�WKDQ����VHQLRU�$UFKDHRORJLVWV�DQG�GHOHJDWHV�IURP�YDULRXV�GLVFLSOLQHV� SDUWLFLSDWHG� LQ� WKH� ZRUNVKRS�� 'U�� 6XNKLMD� RI� 1*5,� DUUDQJHG� IRU� WKH� RRG�



VDPSOH� IURP� *XOI� RI� &DPED\� WR� EH� DQDO\VHG� E\� 3URI�� 0DQIUHG� )UHFKHQ�� +HDG��*HRFKURQROJ\�	� ,VRWRSH�+\GURORJ\�� -RLQW�*HR�6FLHQWLIF�5HVHDUFK� ,QVWLWXWH��+DQQRYHU��*HUPDQ\�DQG�WKH�&�� GDWH�ZDV�GHWHUPLQHG�DV����������\HDU�%3�DQG�WKH�FDOLEUDWHG�DJH�UDQJH�ZDV�%&�����������
7KUHH�JHR�DUFKDHRORJLFDO�VDPSOHV�FROOHFWHG�IURP�WKH�VLWH�ZHUH�JLYHQ�WR�1DWLRQDO�0HWDOOXUJLFDO� /DERUDWRU\�&6,5�� &KHQQDL�� IRU� PLQHUDORJLFDO� DQDO\VLV� IRU� FRQILUPDWRU\�VWXGLHV�� 7KH� VHD�ZDV� IRXQG� URXJK� WKURXJKRXW� WKH�VXUYH\�SHULRG�EHWZHHQ�2FWREHU� ¶���DQG� -DQXDU\� ¶���� WKRXJK� WKLV� LV� QRUPDOO\� D� IDLU� ZHDWKHU� SHULRG�� ,QWHJUDWHG� 6LGH� 6FDQ�6RQDU� 	� 6XEERWWRP� 3URILOHU� V\VWHP� �6XEVFDQ�� DQG� 0XOWLEHDP� 6RQDU� V\VWHP� ZDV�DFTXLUHG�IRU�FDUU\LQJ�RXW�PDULQH�DUFKDHRORJLFDO�LQYHVWLJDWLRQV�LQ�WKH�*XOI�RI�&DPED\�

8VH�RI�7UXVV�ZLWK�WXJ��ZLWKRXW�D�FUDQH����������'HSOR\PHQW�RI�6XE�VFDQ�GXULQJ�VHD�WULDO IRU�&37�RSHUDWLRQV
$�SDSHU�RQ�$UFKDHRORJ\�WLWOHG�³$�1HZ�$UFKDHRORJLFDO�ILQG�LQ�WKH�*XOI�RI�&DPED\��*XMDUDW´�ZDV�SXEOLVKHG�LQ�WKH�MRXUQDO�RI�*HRORJLFDO�6RFLHW\�RI�,QGLD�
8QGHUZDWHU�VXUYH\V�FDUULHG�RXW�XVLQJ�VLGH�VFDQ�VRQDU�DQG�VXE�ERWWRP�VXUYH\V�IROORZHG� E\� XQGHUZDWHU� YLGHRJUDSK\� DQG� GLYLQJ� QRUWK� RI� 0DPDOODSXUDP� FRDVW�� KDYH�LQGLFDWHG� � SURPLVLQJ�PDULQH� DUFKDHRORJLFDO� VLWHV� LQ� WKH� RIIVKRUH� DUHDV� RI� 7LUXSRUXU� LQ�7DPLO�1DGX��'HWDLOHG�VXUYH\V�DUH�QHFHVVDU\�IRU�FRQILUPDWLRQ�

(,$�DQG�:DWHU�TXDOLW\�DVVHVVPHQWV
$V� SDUW� RI� FRDVWDO� LQIUDVWUXFWXUH� SURMHFW�� WKH� ILQDO� UHSRUW� IRU� (,$� JXLGHOLQH� IRU�FRDVWDO� WRXULVP� SURMHFWV� DQG� ZDVWHZDWHU� GLVSRVDO� WKURXJK� PDULQH� RXWIDOO� KDYH� EHHQ�SUHSDUHG��
$OO�ILHOGZRUN�DQG�ODERUDWRU\�DQDO\VLV�IRU�ZDWHU�TXDOLW\�VDPSOLQJ�DQG�PHDVXUHPHQW�RI� FXUUHQWV� DQG� WLGHV� IRU� SRVW±PRQVRRQ� VHDVRQ� ZDV� FRPSOHWHG� IRU� :DVWH� /RDG�$OORFDWLRQ�� +RRJKO\�� &DOLEUDWLRQ� IRU� K\GURG\QDPLFV� DQG� PRGHOOLQJ� IRU� DGYHFWLRQ�



GLVSHUVLRQ� ZDV� DOVR� FRPSOHWHG�� 0RGHOOLQJ� IRU� )DHFDO� &ROLIRUPV� LV� EHLQJ� UHYLHZHG� IRU�:DVWH�/RDG�$OORFDWLRQ��(QQRUH��'HYHORSPHQW�DQG�GHPRQVWUDWLRQ�RI�WLGH�JUDSK�ZLWK�UDGLR�OLQNLQJ�DW�.RONDWD�3RUW�7UXVW�ZDV�VXFFHVVIXOO\�FRPSOHWHG�
(QYLURQPHQWDO�0DQDJHPHQW�
1,27�KDV�DVVRFLDWHG�ZLWK�1((5,�LQ�WKH�*XMDUDW�6WDWH�(QYLURQPHQWDO�$FWLRQ�3ODQ� 3KDVH�,,,� �*(&� ± 6($3�� IRU� WKH� FRDVWDO� DQG� PDULQH� DFWLYLWLHV� DQG� WHFKQLFDO� GLVFXVVLRQ� LV� LQ�SURJUHVV���7KH�0R()�DFFRUGHG�HQYLURQPHQWDO�FOHDUDQFH�IRU�&RQVWUXFWLRQ�RI�WKH��WK FDUJR�EHUWK�DW�.DQGOD�3RUW��EDVHG�RQ�WKH�5DSLG�(,$�VWXGLHV��)LQDO�UHSRUW�RQ�&RPSUHKHQVLYH�(,$�VWXGLHV�IRU�IXWXUH�H[SDQVLRQ�RI�.DQGOD�3RUW�7UXVW�ZDV�VXEPLWWHG��7KH�UHFRPPHQGDWLRQV�RQ� (QYLURQPHQWDO� 0DQDJHPHQW� SODQV� DQG� :DVWH� PLQLPL]DWLRQ� ZHUH� ILQDOLVHG� DQG�VXEPLWWHG�WR�.DQGOD�3RUW�7UXVW�
0DWKHPDWLFDO�DQG�3K\VLFDO�PRGHOOLQJ�IRU�HQJLQHHULQJ�VROXWLRQV

6RIWZDUH�IRU�RLO�VSLOO�DQDO\VLV�KDV�EHHQ�GHYHORSHG�LQ�KRXVH�WR�PRGHO�ZLQG�HIIHFW��VSUHDGLQJ� RQ�ZDWHU��� VXEVHTXHQW� HYDSRUDWLRQ� DQG� YDSRXU� FORXG�GLVSHUVLRQ�RI� YRODWLOH�DQG�KD]DUGRXV� OLTXLG�FDUJR�WUDQVIHUV� ��FRQYH\DQFH�IURP�6LQJOH�3RLQW�0RRULQJ��630V���EDUJHV� LQ� RIIVKRUH� DUHDV�� 7KLV� VRIWZDUH� ZRXOG� EH� H[WUHPHO\� XVHIXO� IRU� FRQWLQJHQF\�SODQQLQJ�DQG�HPHUJHQF\�UHVSRQVH�GXULQJ�FDUJR�KDQGOLQJ�RSHUDWLRQV�
7KH�IROORZLQJ�VWXGLHV�ZHUH�FRQGXFWHG�DQG�UHSRUWV�VXEPLWWHG�WR�WKH�FRQFHUQHG�DXWKRULWLHV�x )LQDO� UHSRUW� IRU�PRGHOOLQJ�DQG�K\GURJUDSKLF�DQG�JHRSK\VLFDO� VWXGLHV� WR� LGHQWLI\�XQGHUZDWHU�REVWUXFWLRQ� LQ�QDYLJDWLRQDO� FKDQQHO�DQG�DORQJ�VLGH�RI� WKH� MHWWLHV� IRU�.DQGOD�3RUW�7UXVW�x )LQDO�UHSRUW�+\GURJUDSKLF�DQG�JHR�WHFKQLFDO� LQYHVWLJDWLRQV��&37��	�HQJLQHHULQJ�UHFRPPHQGDWLRQV� IRU�GHYHORSPHQW�RI�VLQJOH�EXR\�PRRULQJ�XQORDGLQJ� IDFLOLW\� IRU�&3&/��x ,QWHULP�UHSRUW�RQ�WKH�3URRI�FRQVXOWDQF\�IRU�³5LYHU�5HJXODWRU\�0HDVXUH´�6FKHPH�IRU�LPSURYHPHQW�RI�GUDXJKW�LQ�+RRJKO\�HVWXDU\�RI�.RONDWD�3RUW�7UXVW�x $QDO\VLV� RI� GDWD� DQG� QXPHULFDO� PRGHOOLQJ� IRU� UHFRPPHQGDWLRQV� RQ� VKRUH�VWDELOL]DWLRQ�PHDVXUHV�DURXQG�&RRXP�DQG�$GD\DU�ULYHUV��x )LHOG�ZRUN� IRU� WKH�'LJKL�3RUW�'HYHORSPHQW�DQG�6HGLPHQW�EXGJHWLQJ�	�GUHGJLQJ�VWXGLHV�IRU�&RFKLQ�KDUERXU��



x (QYLURQPHQWDO� ,PSDFW� $VVHVVPHQW� DQG� 5LVN� $VVHVVPHQW� VWXGLHV� IRU� FUXGH� RLO�KDQGOLQJ�XVLQJ�YHU\�ODUJH�&UXGH�&DUULHU��9/&&��WHUPLQDO�IRU�&KHQQDL�3HWUROHXP�&RUSRUDWLRQ�/LPLWHG��x 'UDIW�UHSRUW�RQ�VKRUH�SURWHFWLRQ�PHDVXUHV�DORQJ�3RQGLFKHUU\�FRDVW�E\�QXPHULFDO�PRGHOLQJ��x )LHOG�ZRUN�IRU�+7/�	�/7/�PDUNLQJ�IRU�.RFKL�5HILQHULHV�/WG���RII�3XGKXY\SHHQ���
6HGLPHQW�3UHYHQWLRQ�VWXGLHV�
$Q�DJUHHPHQW�ZDV�VLJQHG�EHWZHHQ�1,27�DQG�.RONDWD�3RUW�7UXVW��.R37��RQ�6HSWHPEHU�����������1,27�ZLOO� DVVLVW�.R37� LQ� WKH� UHYLHZV�DQG� LPSOHPHQWDWLRQ�RI� ULYHU� UHJXODWLQJ�PHDVXUHV� DW� +RRJKO\� WR� LPSURYH� WKH� QDYLJDELOLW\�� )LUVW� 3KDVH� RI� ILHOGZRUN� LQ� WKH�QDYLJDWLRQDO�FKDQQHO�DW�+DOGLD��.RONDWD�3RUW�7UXVW��IRU�WKH�'UHGJLQJ�&RUSRUDWLRQ�RI�,QGLD�ZDV�VXFFHVVIXOO\�FRPSOHWHG��6RXUFH�RI�SUREOHPV�ZDV�LGHQWLILHG�E\�VHDEHG�HQJLQHHULQJ�VXUYH\V� FRQVLVWLQJ RI� VXEERWWRP� SURILOLQJ�� VLGH� VFDQ� VXUYH\�� K\GURJUDSKLF�PHDVXUHPHQWV�� ZDWHU� TXDOLW\� DQDO\VLV� DQG� JHRWHFKQLFDO� LQYHVWLJDWLRQV�� %DWK\PHWU\�VXUYH\�LV�EHLQJ�FDUULHG�RXW�UHJXODUO\�DQG�UHFRPPHQGDWLRQV�DUH�PDGH�IRU�VHGLPHQWDWLRQ�SUHYHQWLRQ� VWXGLHV� LQ� WKH� QDYLJDWLRQDO� FKDQQHO� DW� +DOGLD� �.RONDWD� 3RUW� 7UXVW�� IRU� WKH�'UHGJLQJ�&RUSRUDWLRQ�RI�,QGLD��
7RZHU�IRU�RIIVKRUH�URFN�FRULQJ

$�VWHHO�VWUXFWXUH�RI����P�KHLJKW�KDV�EHHQ�GHVLJQHG�DQG�IDEULFDWHG�IRU�FRQGXFWLQJ�RIIVKRUH�URFN�FRUH�GULOOLQJ�LQ�WKH�LQWDNH�G\NH�DUHD�
7UXVV�IRU�&37�RSHUDWLRQV

)LHOG� LQYHVWLJDWLRQV�SHUWDLQLQJ�WR� WKH�IHDVLELOLW\�VWXG\�IRU�VHWWLQJ�XS�D�9HU\�/DUJH�&UXGH�&DUULHU��9/&&��WHUPLQDO�DW�(QQRUH�SRUW�DQG�D�6LQJOH�3RLQW�0RRULQJ��630��V\VWHP�RII� (QQRUH� FRDVW� ZHUH� XQGHUWDNHQ� RQ� EHKDOI� RI� (QQRUH� 3RUW� /LPLWHG� DQG� &KHQQDL�3HWUROHXP� &RUSRUDWLRQ� /LPLWHG�� $� QRYHO� VFKHPH� WR� RSHUDWH� WKH� ���WRQQH� &RQH�3HQHWURPHWHU�7HVWLQJ��&37��HTXLSPHQW�DERDUG�D�WXJ�ZLWKRXW�D�FUDQH��ZDV�GHYLVHG�DQG�VXFFHVVIXOO\�LPSOHPHQWHG�
$� ERRN� WLWOHG� µ+DUERXU� DQG� &RDVWDO� (QJLQHHULQJ� �,QGLDQ� 6FHQDULR�¶� LQ� �� YROXPHV� ZDV�UHOHDVHG� RQ� 6HSWHPEHU� ���� ����� E\� WKH�6HFUHWDU\��'2'�� 7KLV� ERRN� KDV� FRQWULEXWLRQV�



IURP�PDQ\�H[SHUWV�RI�1,27�DQG�RXWVLGH�RQ�YDULRXV�DVSHFWV�RI�&RDVWDO�(QJLQHHULQJ��3RUWV�GHVLJQ�DQG�&RQVWUXFWLRQ�DQG�LV�HGLWHG�E\�3URI��6�1DUDVLPKDQ��(PHULWXV�3URIHVVRU�RI�,,7�%RPED\��'U��6��.DWKLUROL�DQG�'U��%��1DJHQGUD�.XPDU�RI�1,27��
��� 0DULQH�,QVWUXPHQWDWLRQ

,QVWUXPHQWDWLRQ� 	� &RQWURO� JURXS� IRFXVHV� LWV� DFWLYLWLHV� LQ� WKH� GHYHORSPHQW� RI�WHFKQRORJ\� IRU� YDULRXV� RFHDQ� UHODWHG� DSSOLFDWLRQV� DQG� LW� FUHDWHV� WKH� QHFHVVDU\�LQIUDVWUXFWXUH� IRU� WKH� FDOLEUDWLRQ�RI� XQGHUZDWHU� VHQVRUV� DQG� LQVWUXPHQWV�� � 7KH�JURXS� LV�DFWLYHO\� LQYROYHG� LQ� WKH� UHVHDUFK� DQG� GHYHORSPHQW� RI� DFRXVWLF� EDVHG� LQVWUXPHQWV�� 7KH�DFWLYLWLHV�DUH�GLYLGHG� LQWR� WKUHH�FDWHJRULHV�YL]�� WHFKQRORJ\�GHYHORSPHQW� ��GHPRQVWUDWLRQ�SURMHFWV��LQIUDVWUXFWXUH�GHYHORSPHQW�DQG�VKRUW�WHUP�SURMHFWV�
7KH�PDMRU�SURMHFWV�XQGHUWDNHQ�LQ�WKH�ILUVW�FDWHJRU\�LQFOXGH�WKH�GHYHORSPHQW�RI�DQ�$FRXVWLF� 7LGH� *DXJH� �$7*��� DQ� ,QWHJUDWHG� 8QGHUZDWHU� 6XUYH\� 6\VWHP� �,866�� 	�7UDQVGXFHU� 'HYHORSPHQW�� � 7KH� VKRUW�WHUP� SURMHFW� LQFOXGHV� WKH� GHYHORSPHQW� RI� DQ�LQWHOOLJHQW�;HQRQ�%HDFRQ�

,866�7RZ�%RG\$Q� ,3� ��� FODVV� $7*� ZLWK� WHOHPHWU\� SURYLVLRQ� ZDV� LQVWDOOHG� VXFFHVVIXOO\� DW�0DQJDORUH� 3RUW�� � $W� +DOGLD� SRUW� WLGDO� YDULDWLRQV� XS� WR� ���� P� ZDV� GHPRQVWUDWHG�VXFFHVVIXOO\��XVLQJ�WKLV�WLGH�JDXJH���
7KH�WLGH�GDWD�REWDLQHG�IURP�WKH�$7*V�LQVWDOOHG�DW�GLIIHUHQW�ORFDWLRQV�OLNH��7XWLFRULQ��&RFKLQ��&KHQQDL�3RUW�KDYH�EHHQ�DQDO\VHG�DQG�WKH�PHDQ�VHD�OHYHO�VWXGLHV�ZHUH�FDUULHG�RXW�E\�FRUUHODWLQJ� WKH�GDWD�ZLWK� WKH� ORFDO�DWPRVSKHUH�SKHQRPHQD�DQG�DOVR�ZLWK� WKH�DLU�SUHVVXUH� GDWD� REWDLQHG� IURP� WKH� GDWD� EXR\V� GHSOR\HG� XQGHU� WKH� 1DWLRQDO� 'DWD� %XR\�3URJUDPPH��1'%3��� �7KH� WRWDO�DQDO\VLV�DQG�SUHGLFWLRQ�XVLQJ� WKH�HDUOLHU�GDWD�KDV�EHHQ�FDUULHG�RXW���



$Q�$7*�FDOLEUDWLRQ�VHW�XS�KDV EHHQ�FUHDWHG�IRU�RQ�OLQH�FDOLEUDWLRQ�RI�$7*�V\VWHP�LQ�FRPSDULVRQ�ZLWK�DFFXUDWH�SUHVVXUH�VHQVRU�PRGXOHV�DW�$FRXVWLF�7HVW�)DFLOLW\�LQ�1,27�
8QGHU�,QGR�0\DQPDU�ELODWHUDO�SURJUDP��WZR�$7*V�ZRXOG�EH�LQVWDOOHG�LQ�0\DQPDU�DW� 6LWWZH� DQG� 3DWKHRQ�� $� WZR� ZHHN� WUDLQLQJ� ZDV� LPSDUWHG� WR� IRXU�0\DQPDU� 6FLHQWLVWV�GXULQJ��UG � ��WK )HEUDXU\�������DW�1,27�RQ�RSHUDWLRQ�DQG�PDLQWHQFQH�RI�WKH�$7*V����$Q�LQWHUQDWLRQDO�8�6��SDWHQW�KDV�EHHQ�DZDUGHG�WR�1,27�RQ�$7*�7HFKQRORJ\�GHYHORSPHQW�
7KH� GHVLJQ� DQG� GHYHORSPHQW� RI� D� VWDWH�RI�WKH�DUW� UHFRQILJXUDEOH� ,QWHJUDWHG�8QGHUZDWHU�6XUYH\�6\VWHP��,866��FRPSULVLQJ�D�6XE�%RWWRP�3URILOHU��6LGH�6FDQ�6RQDU�DQG�D�6LQJOH�IUHTXHQF\�(FKR�VRXQGHU�ZLWK�WKH�FDSDELOLW\�WR�FKDQJH�RYHU�IURP�RQH�PRGH�WR�DQRWKHU�PRGH�E\�FKDQJLQJ�WKH�WRZ�ILVK��WUDQVGXFHU�DUUD\V�DQG�FRQWURO�HOHFWURQLFV��DUH�XQGHUZD\�� �$� VFDOHG�GRZQ�PRGHO�RI� WKH� WRZ�ERG\� LV� UHDG\�� �7KH�K\GURG\QDPLF� WHVW� LV�XQGHU�SURJUHVV�DQG�WKH�UHVXOWV�ZLOO�EH�LQFRUSRUDWHG�LQ�WKH�,866�WRZ�ERG\���
$V� SHU� WKH� UHTXHVW� RI� 1DWLRQDO� +\GURJUDSKLF� 2IILFH� �1+2��� 'HKUDGXQ�� IRU�HVWDEOLVKPHQW�RI�D�-RLQW�&HOO� IRU� WKH� LPSOHPHQWDWLRQ�RI� WKH�SURMHFW�RQ� ,QWHJUDWHG�8QGHU�:DWHU�6XUYH\��,8:6��V\VWHP��D�3URMHFW�'HILQLWLRQ�'RFXPHQW��3''���LV�EHLQJ�SUHSDUHG�
8QGHU� WKH�WUDQVGXFHU�GHYHORSPHQW�SURJUDPPH��D�VHFRQG�SURWRW\SH�RI�D����N+]HFKR�VRXQGHU� KDYLQJ� D� EURDG� IUHTXHQF\� EDQG� ������� N+]�� ZLWK� D� SRZHU� KDQGOLQJ�FDSDELOLW\�RI�����N:�ZDV�GHVLJQHG�DQG� WHVWHG�VXFFHVVIXOO\�DW�D�ZDWHU�GHSWK�RI���P�� �$�WUDQVPLWWLQJ�UHFHLYLQJ� �7�5�� VZLWFK� DQG� D� PDWFKLQJ� FRLO� ZHUH� DOVR� GHVLJQHG� DQG�LQFRUSRUDWHG� WR� VHUYH� WKH� WUDQVGXFHU� DV� D� WUDQVFHLYHU�� 7KH� GHVLJQ� RI� ZDWHUWLJKW�HQFDSVXODWLRQ�RI�WKH�WUDQVFHLYHU�WR�VXLW�WKH�UHTXLUHPHQW�RI�WKH�,866�WRZ�ERG\��IRU����P�RSHUDWLRQ��ZDV�FDUULHG�RXW��5HGHVLJQLQJ�RI�WKH�ZDWHUWLJKW�HQFDSVXODWLRQ�RI�WKH������N+]�WUDQVPLWWHU�WR�RSHUDWH�DW�D�GHSWK�RI����P�ZDV�FRPSOHWHG�DQG�IDEULFDWLRQ�DQG�WHVWLQJ�RI�WKH�WUDQVGXFHUV�DUH�XQGHU�SURJUHVV�
$Q�$FRXVWLF�7HVW�)DFLOLW\��IRU�WKH�WHVWLQJ�DQG�FDOLEUDWLRQ�RI�XQGHUZDWHU�VHQVRUV�KDV�EHHQ�HVWDEOLVKHG�DQG�FRPPLVVLRQHG���7KLV�IDFLOLW\�FRPSULVHV�DQ�$XWRPDWHG�7UDQVGXFHU�3RVLWLRQLQJ�6\VWHP��$736��DQG�DQ�$FRXVWLF�&DOLEUDWLRQ�6\VWHP��$&6���ZKLFK�KDYH�EHHQ�WHVWHG� LQ� WKH� QHZ� IDFLOLW\�� � 7KH� GDWD� REWDLQHG� GXULQJ� WHVWLQJ� LQ� WKH� $7)� KDV� EHHQ�FRPSDUHG�ZLWK�WKH�VWDQGDUG�GDWD�SURYLGHG�DQG�WKH�GHYLDWLRQV�DUH�ZHOO�ZLWKLQ����G%���



$�YLHZ�RI�$FRXVWLF�7HVW�)DFLOLW\����������;HQRQ�0DUNHU�/DPS�ZLWK�6RODU�3DQHO
$�0HPRUDQGXP�RI�8QGHUVWDQGLQJ��0R8��ZDV�VLJQHG�ZLWK�0�V��%KDUDW�(OHFWURQLFV�/WG���%(/���%DQJDORUH��IRU�FRPPHUFLDOLVDWLRQ�RI�LQVWUXPHQWV�DQG�WUDQVIHU�RI�WHFKQRORJ\�LQ�WKH�DUHDV�RI�PDULQH�VHQVRUV�DQG�LQVWUXPHQWV���
$Q� LQWHOOLJHQW� ;HQRQ� EHDFRQ� PDUNHU� ODPS� SRZHUHG� E\� D� VRODU� DUUD\� ZDV�GHYHORSHG� DQG� GHPRQVWUDWHG�� � 7KLV� KDV� KLJK� OXPHQV� RI� OLJKW� RXWSXW� FRPSDUHG� WR� WKH�FRQYHQWLRQDO� PDUNHU� ODPSV�� ,W� LV� DQ� ,3���� TXDOLILHG� XQLW� DQG� KDV� RPQL�GLUHFWLRQDO�OXPLQDQFH��ZLWK� D� IODVK� HQHUJ\� RI� �-� DW� D� UDWH� RI� ��+]� �SUH�VHWWDEOH��� ,W� LV� VHQVLWLYH� WR�DPELHQW�OLJKW�DQG�DXWRPDWLFDOO\�VZLWFKHV�21���2))�DFFRUGLQJ�WR�WKH�DPELHQW�OLJKW���
$SDUW�IURP�WKH�DERYH�SURMHFWV��XQGHU�D�ELODWHUDO�SURJUDPPH�XQGHU�,QWHJUDWHG�/RQJ�7HUP� 3URJUDPPH� �,/73�� RI� 5XVVLD� WZR� SURMHFWV� YL]�� 7HFKQRORJ\� GHPRQVWUDWLRQ� RI�PXOWLIXQFWLRQ�REVHUYDWRU\��%HQWKLF�6WDWLRQ���DQG�'HYHORSPHQW�RI�DFRXVWLF�WUDFNLQJ�V\VWHP�IRU�XQGHUZDWHU�WRZ�ERGLHV��KDYH�EHHQ�WDNHQ�XS���7KH�QHFHVVDU\�WHFKQLFDO�GRFXPHQWV�IRU�WKH�SURMHFWV�DUH�XQGHU�SUHSDUDWLRQ�E\�PXWXDO�LQWHUDFWLRQ�EHWZHHQ�1,27�DQG�([SHULPHQWDO�'HVLJQ�%XUHDX�RI�2FHDQRORJLFDO�(QJLQHHULQJ��('%2(��VFLHQWLVWV��

��� 2FHDQ�6FLHQFH�DQG�7HFKQRORJ\�IRU�,VODQGV��267,�
/REVWHU� IDWWHQLQJ� DQG� EUHHGLQJ�� ZDWHU� TXDOLW\� PDQDJHPHQW�� GLVHDVH� FRQWURO��ELRFKHPLFDO� DQDO\VLV� LQ� OREVWHUV�� GHHS� RFHDQ� ZDWHU� DSSOLFDWLRQ� DUHDV�� DUH� WKH� PDMRU�DFWLYLWLHV� WDNHQ� XS� XQGHU� WKLV� SURMHFW�� ,Q� DGGLWLRQ�� VWXGLHV� ZHUH� DOVR� XQGHUWDNHQ� IRU�ELRIRXOLQJ�FRQWURO� LQ�27(&�KHDW�H[FKDQJHUV���1,27�KDV�EHHQ�VXFFHVVIXO�LQ�FUHDWLQJ�WKH�UHTXLVLWH�LQIUDVWUXFWXUH�IRU�FDUU\LQJ�RXW�WHFKQRORJ\�GHYHORSPHQW�DFWLYLWLHV�IRU�WKH�EHQHILW�RI�LVODQG�FRPPXQLW\��YL]��PRQLWRULQJ�WKH�KHDOWK�RI�WKH�VHDV��FDOLEUDWLRQ�DQG�DQDO\VLV�RI�GDWD�



RQ�RFHDQ�SDUDPHWHUV��ELR�IRXOLQJ�FRQWURO�DQG�HQKDQFHPHQW�RI�0DULQH�/LYLQJ�5HVRXUFHV�WKURXJK�PDULFXOWXUH��7KH�VLJQLILFDQW�FRQWULEXWLRQV�E\�WKLV�JURXS�DUH�DV�IROORZV�
)DWWHQLQJ��EUHHGLQJ�DQG�ODUYDO�UHDULQJ�RI�OREVWHUV

,Q�DQ�DWWHPSW�WR�GHYHORS�DQ�DUWLILFLDO�SHOOHWLVHG�IHHG�IRU�UHSODFLQJ�OLIH�IHHG��D�GLHW�FRPSRVLWLRQ�ZLWK�����RI�SURWHLQ�FRPSULVLQJ�ILVK�DQG�VR\D�PHDO�ZDV�IHG�WR�OREVWHU�WKURXJK�ZKLFK�DQ�RYHUDOO�ZHLJKW�LQFUHDVH�RI������J�ZDV�DFKLHYHG�RYHU�D�SHULRG�RI����GD\V��6LQFH��WKH� JURZWK� LV� UHODWLYHO\� OHVV� DV� FRPSDUHG� WR� WKH� OREVWHU� IHG� ZLWK� PXVVHO� PHDW��H[SHULPHQWV�ZHUH�FRQGXFWHG�WR� LPSURYH�WKH�JURZWK�E\�FKDQJLQJ�WKH�FRPSRVLWLRQ�RI�WKH�IHHG��
'XULQJ�WKH�SHULRG�XQGHU�UHSRUW�������ODNK�SK\OORVRPD�ZHUH�REWDLQHG�IURP�KDWFKHU\�PDLQWDLQHG�OREVWHUV��)RU�WKH�ILUVW�WLPH��ODUYDO�SK\OORVRPD�RI�3DQXOLUXV�KRPDUXV�UHDFKHG�9,�VWDJH� LQ� D� SHULRG� RI� ��� GD\V� XQGHU� FDSWLYLW\� DW� VHDIURQW� ODERUDWRU\�� 1HOODQNDUDL��([SHULPHQWV� RQ� IHHGLQJ� WKH� SK\OORVRPD� ODUYDH� ZLWK� DUWHPLD� HQULFKHG� E\� &KORUHOOD��6SLUXOLQD�DQG�&KDHWRFHURV�VKRZHG� WKDW� WKH�VXUYLYDO�RI�SK\OORVRPD�ZDV�UHODWLYHO\�EHWWHU�ZKHQ� IHG�ZLWK�FKORUHOOD�HQULFKHG�DUWHPLD��([SHULPHQWV�ZHUH�DOVR�FRQGXFWHG� WR� LPSURYH�WKH�FRORXUDWLRQ�RI� IDWWHQHG� OREVWHUV�E\�FXOWXULQJ�SK\WRSODQNWRQ�DORQJ�ZLWK� OREVWHUV��7KLV�ZLOO�EH�XVHIXO�IRU�WKH�HQWUHSUHQHXUV�ZKR�ZLOO�XQGHUWDNH�IDWWHQLQJ�SURJUDPPH�XVLQJ�RXU�OLYH�IHHG�IDWWHQLQJ�WHFKQRORJ\�DW�WKH�WLPH�RI�KDUYHVWLQJ�

/DUYDO�UHDULQJ�IDFLOLW\�DW�VHDIURQW�ODERUDWRU\��1HHODQNDUDL
$�VWXG\�RQ�OREVWHU�JURZWK�XQGHU�IRXU�GLIIHUHQW�VDOLQLWLHV�QDPHO\������������DQG���SSW�ZDV�FDUULHG�RXW��,W�ZDV�REVHUYHG�WKDW�WKH�VXUYLYDO�UDWH�ZDV������LQ�WKH�FRQWURO������DW�VDOLQLWLHV����	����SSW�DQG�����DW����	����SSW��7KH�ZDWHU�EHLQJ�XVHG�IRU�ODUYDO�UHDULQJ�LV� IUHH� RI� 9LEULRV� DQG� WKH� WRWDO� KHWHURWURSKLF� EDFWHULDO� �7+%�� ORDG� LV� UHGXFHG� WR� �� ���&)8�PO� DIWHU� LQVWDOOLQJ� WKH� FRPSOHWH� ILOWHU� V\VWHP�ZLWK� FKORULQDWLRQ� RI� ���� SSP��$PRQJ�YDULRXV�HQULFKPHQW�VWXGLHV��DUWHPLD�QDXSOLL�HQULFKHG�ZLWK�FKORUHOOD�ZDV�IRXQG�WR�HQKDQFH�EHWWHU�VXUYLYDO�DQG�JURZWK RI�SK\OORVRPD�ODUYDH�



/DUYDO�UHDULQJ�IDFLOLW\�DW�����������������������%LUG¶V�H\H�YLHZ�RI�IDUP�FRPSOH[�DW�3RUW�%ODLUVHDIURQW�ODERUDWRU\��1HHODQNDUDL
$QGDPDQ�	�1LFREDU�&HQWUH�IRU�2FHDQ�6FLHQFH�DQG�7HFKQRORJ\��$1&267���1,27¶V�ILHOG�8QLW��3RUW�%ODLU

5HJXODU� DQDO\VLV� RI� K\GURELRORJLFDO� SDUDPHWHUV� LQ� WKH� LQOHW� DQG� RXWOHW� RI�0LQQLH�%D\� H[SHULPHQWDO� IDUP� DW� 3RUW� %ODLU� ZDV� FDUULHG� RXW� DORQJ� ZLWK� WKH� ZDWHU� TXDOLW\�FKDUDFWHULVWLFV�RI�)ODW�%D\�IRU�WKH�QXWULHQWV�OLNH�QLWUDWH��LQRUJDQLF�SKRVSKDWH�DQG�VLOLFDWH��,QYHVWLJDWLRQV� XQGHU� &RDVWDO� 2FHDQ� 0RQLWRULQJ� DQG� 3UHGLFWLRQ� 6\VWHP� �&20$36��UHYHDOHG�QR�VLJQLILFDQW�YDULDWLRQ� LQ� WKH�K\GURELRORJLFDO�DQG�HQYLURQPHQWDO�SDUDPHWHUV� LQ���� ORFDWLRQV� DURXQG� VRXWK�� PLGGOH� DQG� QRUWK� $QGDPDQ� ,VODQGV�� 6LPLODU� GHWDLOHG�K\GURELRORJLFDO�GDWD�ZHUH�FROOHFWHG�DURXQG�1LFREDU�,VODQGV�IRU�WKH�ILUVW�WLPH��8QGHU�PXG�FUDE� IDWWHQLQJ�SURJUDPPH��JURZWK� UDWH�ZDV� IRXQG� WR�EH�KLJKHVW� LQ� WKH�PXVVHO� IHG�PXG�FUDEV�DV�FRPSDUHG�WR�RWKHU�IHHG�OLNH�FODPV��WUDVK�ILVK�DQG�FKLFNHQ�ZDVWH�IHG�PXG�FUDEV���
&RUURVLRQ�DQG�%LR�IRXOLQJ�VWXGLHV�IRU�27(&

7R� VWXG\� WKH� HIIHFW� RI� ELRIRXOLQJ� RQ� KHDW� H[FKDQJHU�� DQ� LQ�VLWX� IORZ� WKURXJK�H[SHULPHQWDO� VHW� XS� ZDV� GHVLJQHG� DQG� ILWWHG� RQERDUG� WKH� UHVHDUFK� YHVVHO� $$�6,'25(1.2��7KH�UHVXOWV�VKRZHG�WKDW�WKHUH�ZHUH�QR�ODUYDH�RI�PDFUR�IRXOLQJ�RUJDQLVPV�GXULQJ�WKH�H[SHULPHQWDO�SHULRG�RI����GD\V�RQ�WKH�KHDW�H[FKDQJHU�SODWHV�DV�ZHOO�DV�IODW�PHWDO� FRXSRQV� �3HGHUVRQ� GHYLFH�� ERWK� LQ� FRQWURO� DQG� FKORULQDWHG� VHFWLRQV�� � 7KH�PLFURIRXOLQJ� DQG� VOLPH� IRUPDWLRQ� ZHUH� KLJKO\� UHGXFHG� DW� WKH� LQWHUPLWWHQW� FKORULQDWLRQ�UHJLPH�RI�����SSP�RQFH�LQ�WZR�KRXUV�IRU�WZR�KRXUV�FRPSDUHG�WR�FRQWUROV��([SHULPHQWV�ZHUH�DOVR�FRQGXFWHG�DW�WKH�EDUJH�6DJDU�6DNWKL��WR�RSWLPLVH�WKH�LQWHUPLWWHQW�FKORULQDWLRQ�UHJLPH�RI�����SSP��9DULRXV�GRVLQJ�UHJLPHV�WHVWHG�ZHUH�³��KRXU�RQ�DQG���KRXU�RII´��³ò�KRXU�RQ�DQG���KRXU�RII´�DQG�³��KRXUV�RQ�DQG���KRXUV�RII´��$PRQJ�WKHVH�UHJLPHV��UHVXOWV�



ZLWK�ò�KRXU�RQ�DQG���KRXU�RII�ZHUH�IRXQG�WR�EH�HIIHFWLYH�LQ�FRQWUROOLQJ�PLFUR�DQG�PDFUR�IRXOLQJ�
&RQVXOWDQF\�:RUN

$�FRQVXOWDQF\�SURMHFW�ZDV�FRPSOHWHG�IRU�0�V��*05�36(*�2SHUDWLRQV�3ULYDWH�/WG��0DQJDORUH�WR�VWXG\�����0:�IORDWLQJ�SRZHU�SODQW�DW�7DQLU�%DYL��0DQJDORUH�RQ�FRUURVLRQ��$IWHU�WKUHH�YLVLWV�VXLWDEOH�FRUURVLRQ�PDLQWHQDQFH�SODQ�ZDV�SUHSDUHG�DQG�VXEPLWWHG�WR�WKH�FOLHQW��
$� VFLHQWLILF� WHDP� YLVLWHG� WKH� VKULPS� IDUP� QDPHG� ³+LJK� 7LGH� 6HD� )DUPV´� WR�LQYHVWLJDWH�DQG�VXJJHVW�FRUUHFWLYH�PHDVXUHV�WR�FRQWURO�³ORRVH�VKHOO´�SUREOHP�LQ�WKH�WLJHU�VKULPS� 3HQDHXV�PRQRGRQ�� 7KH� WHDP� FDUULHG� RXW� GHWDLOHG� LQYHVWLJDWLRQ� DQG�PHDVXUHG�ZDWHU� DQG� VRLO� TXDOLW\� RI� WKH� SRQGV�� 9DULRXV� SDUDPHWHUV� LQ� ZDWHU� DQG� LQ� VHGLPHQWV�LQFOXGLQJ�WKH�EDFWHULRORJ\�RI�SRQG�ZDWHU��VRLO�DQG�VKULPS�ZHUH�DVVHVVHG���%DVHG�RQ�WKH�REVHUYDWLRQV�� UHFRPPHQGDWLRQV� ZHUH� PDGH� WR� UHGXFH� WKH� GLVHDVH� LQFLGHQFH� LQ� WKH�SRQGV�
,Q�WKH�$1&267��3RUW�%ODLU�DQ�(,$�FRQVXOWDQF\�SURMHFW�ZDV�FDUULHG�RXW�LQ�&DPRUWD��+LWXL�DQG�0XQDN�LVODQGV�RI�1LFREDU�,VODQGV�DQG�D�GHWDLOHG�UHSRUW�KDV�EHHQ�VXEPLWWHG�WR�0�V�6LGGKDUWKD�ZKR�LV�D�(,$�FRQVXOWDQW�IRU�$QGDPDQ�+DUERXU�ZRUNV�IRU�WKH�FRQVWUXFWLRQ�RI�D�ERDW�MHWW\�
$�VFLHQWLILF�WHDP�YLVLWHG�RQH�RI�WKH�,QWHJUDWHG�)DUPLQJ�6\VWHPV��,)6��LQ�0DXULWLXV��LQ�RUGHU�WR�DGGUHVV�WKH�SUREOHP�RI�IDHFDO�FROLIRUP�FRQWDPLQDWLRQ�LQ�WKH�FUD\ILVK��6DPSOHV�RI� ZDWHU� IURP� YDULRXV� DUHDV� ZHUH� FROOHFWHG� DQG� DQDO\VHG� IRU� IDHFDO� FROLIRUP� FRXQWV��%DVHG�RQ�WKH�REVHUYDWLRQ��VXJJHVWLRQV�ZHUH�JLYHQ�IRU�WKH�PLQLPL]DWLRQ�RI�IDHFDO�FROLIRUP�FRQWDPLQDWLRQ�LQ�WKH�FUD\ILVK�FXOWXUHG�XQGHU�,)6�

2FHDQRJUDSKLF�FUXLVHV�XQGHU�(,$�SURJUDPPH�RI�27(&
8QGHU� WKH� HQYLURQPHQWDO� LPSDFW� DVVHVVPHQW� SURJUDPPH� DW� 27(& VLWH� WZR�FUXLVHV�RQ�ERDUG�)259�6DJDU�6DPSDGD�DQG�RQH�FUXLVH�RQ�ERDUG�$$�6,'25(1.2�ZHUH�XQGHUWDNHQ�� 'XULQJ� )259� 6DJDU� 6DPSDGD� FUXLVHV�� ILVKHV� ZHUH� FROOHFWHG� DW� YDULRXV�GHSWKV� ������������������DQG�����P��XVLQJ�H[SR�PRGHO�GHPHUVDO� WUDZO�QHW�� ,PSRUWDQW�ILQGLQJV� LQFOXGH� SUHVHQFH� RI� KXJH�QXPEHU� RI� MHOO\� ILVKHV�DW�PLG� GHSWKV� ����� WR� ����P�



GHSWK���7KLV�LQIRUPDWLRQ�KHOSHG�LQ�GHVLJQLQJ�QHFHVVDU\�ILOWHUV�LQ�WKH�FROG�VHDZDWHU�LQWDNH�V\VWHP�� )XUWKHU�� SK\WRSODQNWRQ� JURZWK� SRWHQWLDO� RI� 'HHS� 2FHDQ� :DWHU� �'2:�� ZDV�DVVHVVHG��5HVXOWV�VKRZHG�WKDW�FKORUHOOD�JURZ�EHWWHU�LQ�'2:�FRPSDUHG�WR�RWKHU�VSHFLHV��FRQILUPLQJ�WKH�H[SHULPHQWV�FRQGXFWHG�ODVW�\HDU�%DWK\PHWU\�DQG�K\GURJUDSKLFDO�VWXG\�DURXQG�$QGDPDQ�DQG�1LFREDU�,VODQGV
$�VFLHQWLILF�FUXLVH�DUUDQJHG�RQERDUG�$�$��6LGRUHQNR�WR�FROOHFW�GDWD�RQ�EDWK\PHWU\�DQG� K\GURJUDSK\� DURXQG� $QGDPDQ� ,VODQGV� WR� LGHQWLI\� VXLWDEOH� VLWH� IRU� LQVWDOODWLRQ� RI�2FHDQ�7KHUPDO�(QHUJ\�&RQYHUVLRQ��27(&��SODQW�DQG� IHZ�VLWHV�DURXQG�$QGDPDQ�ZHUH�LGHQWLILHG�XVLQJ�WKH�DGPLUDOW\�FKDUW���)LUVW�VLWH�ZDV�ORFDWHG�DW�6RXWK�$QGDPDQ�DQG�VHFRQG�RQH� ZDV� ORFDWHG� RII� &LQTXH� ,VODQGV�� � $SDUW� IURP� EDWK\PHWU\�� K\GURJUDSKLFDO� IHDWXUHV�ZHUH� VWXGLHG� LQ� WKUHH� WUDQVHFWV� QHDU� 6RXWK� $QGDPDQ� DQG� RQH� WUDQVHFW� QHDU� &LQTXH�,VODQGV�� &7'� GDWD� DQG� ZDWHU� VDPSOHV� ZHUH� FROOHFWHG� DW� GLIIHUHQW� GHSWKV� RI� VWDQGDUG�RFHDQRJUDSKLF�LPSRUWDQFH��6DPSOHV�ZHUH�DQDO\VHG�IRU�VLOLFDWH��SKRVSKDWH��QLWUDWH��QLWULWH�DQG�&KORURSK\OO�D��&KORURSK\OO�D� YDOXHV�ZHUH� IRXQG� WR�EH� UHODWLYHO\�KLJK�DW����P�GHSWK�FRPSDUHG�WR�VXUIDFH�ZDWHU��



:DWHU�TXDOLW\�GDWD
1LWUDWH� FRQFHQWUDWLRQ� DW� VXUIDFH� ZDWHU� DQG� DW� ����� P� GHSWK� ZDV� UDQJLQJ� LQ�EHWZHHQ� %'/� WR� ����� �PRO� �� /� DQG� ������ �� PRO� �� /�� UHVSHFWLYHO\�� 6LOLFDWH� VKRZHG�LQFUHDVLQJ�FRQFHQWUDWLRQ�ZLWK�GHSWK�DQG�WKH�PD[LPXP�REVHUYHG�YDOXH�ZDV���������PRO���/���3KRVSKDWH�YDOXHV�VKRZHG�PDUJLQDO�YDULDWLRQ�ZLWK�GHSWK�DQG�PD[LPXP�UHFRUGHG�YDOXH�RI�SKRVSKDWH�DW������P�GHSWK�ZDV�������PRO���/��1LWULWH�ZDV�REVHUYHG�WR�EH�OHVV�LQ�DOO�WKH�VDPSOHV��KRZHYHU�WKHUH�ZDV�D�VXEVXUIDFH�PD[LPD�RI�QLWULWH�DW�VRPH�VWDWLRQV�

,QGLDQ�2FHDQ�*OREDO�2FHDQ�2EVHUYDWLRQ�6\VWHP��,2*226��FUXLVH
$� ,QGLDQ� 2FHDQ� *OREDO� 2FHDQ� 2EVHUYDWLRQ� 6\VWHP� �,2*226�� FUXLVH� RQERDUG�259�6DJDU�.DQ\D�IURP�,QGLD�WR�0DXULWLXV�YLD�6H\FKHOOHV�DQG�EDFN�GXULQJ�2FWREHU�����1RYHPEHU����������ZDV�ODXQFKHG�E\�'HSDUWPHQW�RI�2FHDQ�'HYHORSPHQW�LQ�FRQQHFWLRQ�ZLWK� WKH� ,QGLDQ�2FHDQ�&RQIHUHQFH�DW�0DXULWLXV�GXULQJ�1RYHPEHU������������'XULQJ� WKH�RQZDUG�FUXLVH����$5*2�IORDWV�ZHUH��GHSOR\HG�DQG���UDGLRPHWULF�REVHUYDWLRQV��&7'�FDVWV��HWF�� ZHUH� FDUULHG� RXW� DW� ��� VWDWLRQV�� 'XULQJ� WKH� UHWXUQ� FUXLVH� RQH� $5*2� IORDW� ZDV�GHSOR\HG� DQG� &7'� REVHUYDWLRQV� ZHUH� FDUULHG� RXW� DW� ��� VWDWLRQV� YHUWLFDOO\� DFURVV� WKH�HTXDWRU� ZLWK� D� GLVWDQFH� RI� DERXW� ���� NP� EHWZHHQ� HDFK� VWDWLRQ�� � +\GURJUDSKLF�REVHUYDWLRQV�ZHUH�FRQGXFWHG�DW� ILYH�VWDWLRQV��2WKHU�WKDQ�&7'�PHDVXUHPHQWV��QXWULHQWV�DQG� SK\WRSODQNWRQ� VDPSOHV�ZHUH� FROOHFWHG�� � 7KH� QXWULHQW� FRQFHQWUDWLRQ� LQ� GHHS� RFHDQ�ZDWHU�ZDV�DQDO\VHG�DQG�SK\WRSODQNWRQ�FROOHFWHG�XVLQJ�SODQNWRQ�QHW�ZHUH�LQWURGXFHG�DIWHU�VRUWLQJ�RXW�WR�HQVXUH�WKHUH�ZHUH�QR�]RRSODQNWRQ���*URZWK�RI�SK\WRSODQNWRQ�ZDV�PRQLWRUHG�ERWK LQ�WHUPV�RI�DEXQGDQFH�DQG�FKORURSK\OO�D��

�� &RDVWDO�5HVHDUFK�9HVVHOV
7KH�9HVVHO�0DQDJHPHQW�&HOO��90&��RI�1,27�RSHUDWHV��PDLQWDLQV�DQG�PDQDJHV�WKH�WZR�FRDVWDO�UHVHDUFK�YHVVHOV�QDPHO\�6DJDU�3XUYL�DQG�6DJDU�3DVFKLPL��7KHVH�YHVVHOV�DUH� EHLQJ� XVHG� IRU� SROOXWLRQ�PRQLWRULQJ�XQGHU� FRDVWDO� RFHDQ�PRQLWRULQJ�DQG�3UHGLFWLRQ�V\VWHP� �&20$36�� SURJUDPPH� RI� '2'� DQG� DOVR� ,QWHJUDWHG� &RDVWDO� DQG�0DULQH� $UHD�0DQDJHPHQW� SURJUDPPH��7KHVH� YHVVHOV�KDYH�FRPSOHWHG����FUXLVHV� IRU���� LQVWLWXWLRQV�DORQJ� WKH� ZHVW� DQG� HDVW� FRDVW� RI� ,QGLD�� 7KH� VKLS� WLPH� LV� EHLQJ� HIIHFWLYHO\� XWLOL]HG� E\�HQJDJLQJ�WKH�YHVVHOV�IRU�YDULRXV�SURJUDPPHV�DQG�SUHYHQWLYH�DQG�SHULRGLFDO�PDLQWHQDQFH�ZDV�HQVXUHG�IRU�WURXEOH�IUHH�IXQFWLRQLQJ�RI�RQERDUG�HTXLSPHQW�DQG�PDFKLQHULHV�



'XULQJ� WKH� DERYH� FUXLVHV�� WKHVH� YHVVHOV� XQGHUWRRN� &7'�� $'&3� REVHUYDWLRQV��GUHDGJLQJ��ZDWHU�VDPSOLQJ�DQG�SODQNWRQ�QHW�RSHUDWLRQV��,Q�DGGLWLRQ�WR�WKH�DERYH�FUXLVHV��WKH� YHVVHOV�6DJDU�3DVFKLPL� DQG�6DJDU�3XUYL� SDUWLFLSDWHG� LQ� WKH�0DULQH�$UFKDHRORJLFDO�ILQGLQJV� DW� *XOI� RI� &DPED\� DQG�0XOWLEHDP� VRQDU VXUYH\� DW� (QQRUH� DQG� +DOGLD� SRUWV��3XEOLF�VHFWRU�XQGHUWDNLQJ�DQG�FRUSRUDWH�DJHQFLHV�OLNH�,*&$5��21*&�XWLOL]HG�WKH�VHUYLFH�RI�WKHVH�YHVVHOV��
7KH� WZR� &59V� XQGHUWRRN� WKH� IROORZLQJ� FUXLVHV� IRU� WKH� YDULRXV� LQVWLWXWLRQV� DQG�RWKHU�DJHQFLHV�GXULQJ�WKH�SHULRG�XQGHU�UHSRUW�,QVWLWXWLRQV 9HVVHO 3URJUDPPH 6LWH55/�± %KXEDQHVKZDU 6DJDU�3XUYL &20$36 2ULVVD�&RDVW,QVWLWXWH�RI�OLIH�6FLHQFH�%KXEDQHVKZDU	�156$

6DJDU�3XUYL 6DWHOOLWH�GDWD�YDOLGDWLRQ 3DUDGLS�± 7DPEUD3DUDGLS� *RSDOSXU�	�2II�9L]DJ&$6�± $QQDPDODL�XQLYHUVLW\ 6DJDU�3XUYL &20$36 9L]DJ�WR�&KHQQDL�DQG�&KHQQDL�WR�0DQGDSDP1,27 6DJDU�3XUYL 0,,, +DOGLD,*&$5 6DJDU�3XUYL &KDUWHUHG� .DOSDNNDP0DGUDV�8QLYHUVLW\ 6DJDU�3XUYL 5HVHDUFK &KHQQDL1,27�0,,, 6DJDU�3XUYL $UFKDHRORJLFDOVXUYH\ *XOI�RI�.KDPEKDW
&$6�± $QQDPDODL�8QLYHUVLW\ 6DJDU�3DVFKLPL &20$36 7XWLFRULQ�WR�.DQ\DNXPDUL55/�± 7ULYHQGUXP 6DJDU�3DVFKLPL &20$36 .DUZDU
&(66�� 	�&�±0$56�7ULYHQGUXP 6DJDU�3DVFKLPL &20$36 9L]LQMKDP��.RFKL��.DUZDU1,2�± *RD 6DJDU�3DVFKLPL ,&0$0�3ODQ�*RD *RD
1,2�± 0XPEDL 6DJDU�3DVFKLPL &20$36 0XPEDL�± 2NKD��
,&0$0�± 3'�&KHQQDL 6DJDU�3DVFKLPL ,&0$0�3ODQ *XOI�RI�.DFKFKK��2NKD
,36(0�± 21*& 6DJDU�3DVFKLPL &KDUWHUHG %RPED\�KLJK
1,27 6DJDU�3XUYL 27(& 27(&�VLWH�RII�7XWLFRULQ



6DPSOLQJ�2SHUDWLRQV�FDUULHG�RXW�GXULQJ�WKH�DERYH�SHULRG�DUH�JLYHQ�EHORZ
6DPSOLQJ�2SHUDWLRQV 6XUYH\�6LGH�6FDQ��6XE�ERWWRP�LQ�.P9HVVHO�1DPH &7' &RUH *UDE :DWHU
=RR�3ODQN�WRQ�QHW

3K\WR�SODQN�WRQ�QHW
7UDZO�QHW

5DGLR�PHWHU
&XUUHQW�PHWHU
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'UHGJLQJ

6LGH6FDQ
6XEERWWRP

6DJDU�3DVFKLPL ��� �� ��� ���� ��� �� �� � �� �� ��� ��� ���
6DJDU�3XUYL ��� �� ��� ��� �� � � �� � � �� ��� ����
�� 'HOLQHDWLRQ�RI�2XWHU�/LPLWV�RI�&RQWLQHQWDO�6KHOI

$FFRUGLQJ� WR� WKH� SURYLVLRQV� RI� 81&/26�� WKH� FRDVWDO� 6WDWH� WKDW� LQWHQGV� WR�GHOLQHDWH�WKH�RXWHU�OLPLWV�RI�WKH�FRQWLQHQWDO�VKHOI�EH\RQG�����QDXWLFDO�PLOHV��LV�UHTXLUHG�WR�VXEPLW�SDUWLFXODUV�RI�VXFK�OLPLWV�DORQJ�ZLWK�WKH�VXSSRUWLQJ�VFLHQWLILF�DQG�WHFKQLFDO�GDWD��7KH�FODLPV�DUH� UHTXLUHG� WR�EH�VXEPLWWHG�E\�0D\������DQG�ZRXOG�EH�H[DPLQHG�E\� WKH�&RPPLVVLRQ�RQ� WKH�/LPLWV� RI�&RQWLQHQWDO�6KHOI� �&/&6��� ,I� WKH�FODLPV�DUH�DFFHSWHG�E\�&/&6�,QGLD�ZRXOG�EH�LQ�D�SRVLWLRQ�WR�FODLP�VXEVWDQWLDO�DUHD�EH\RQG�WKH�((=�
7KH�6WDWHV�VXEPLWWLQJ�FODLPV�DUH�UHTXLUHG�WR�GHWHUPLQH�WKH��D��EDVHOLQHV��E��IRRW�RI�WKH�FRQWLQHQWDO�VORSH�DQG������PHWUH�LVREDWK��DQG���F��WKLFNQHVV�RI�VHGLPHQWDU\�URFNV�WR� HVWDEOLVK� WKH� RXWHU� OLPLWV� RI� WKH� FRQWLQHQWDO� VKHOI�� $FFRUGLQJO\�� D� FRPSUHKHQVLYH�GHVNWRS�VWXG\�ZDV�XQGHUWDNHQ�FRQVLGHULQJ�WKH�GDWD�VRXUFHV�DYDLODEOH�WR�GHWHUPLQH�WKH�VFRSH�RI�WKH�SURMHFW��WKH�W\SH�RI�GDWD�WR�EH�FROOHFWHG��WKH�VFLHQWLILF�DQG�WHFKQLFDO�LVVXHV�LQYROYHG� DQG� WKH� GHYHORSPHQW� RI� D� GDWD� DFTXLVLWLRQ� SURJUDPPH� LQ� FRQFHUW� ZLWK� WKH�REMHFWLYHV�RI�RWKHU�SURJUDPPHV�YL]��*DV�+\GUDWHV�3URJUDPPH�� �8SRQ� LGHQWLILFDWLRQ�RI�WKH� UHTXLUHPHQW�� D� GDWD� DFTXLVLWLRQ� SURJUDPPH� ZDV� WDNHQ XS� DQG� YDULRXV� VXE�FRPSRQHQWV�RI�WKH�SURJUDPPH�YL]��SDUDPHWHUV�RI�GDWD�DFTXLVLWLRQ��GDWD�TXDOLW\�SURWRFRO��FUXLVH�VFKHGXOHV��DUHD�RI�RSHUDWLRQ�HWF���ZHUH�ILQDOLVHG���7KH�GDWD�DFTXLVLWLRQ�RI�YDULRXV�JHRSK\VLFDO� SDUDPHWHUV� FRPPHQFHG� GXULQJ� WKH� \HDU� DQG� LV� SURJUHVVLQJ� ZLWK�VLPXOWDQHRXV�GDWD�SURFHVVLQJ����



1DWLRQDO� &HQWUH� IRU� $QWDUFWLF� DQG� 2FHDQ� 5HVHDUFK� �1&$25�� DW� *RD�� DQ�DXWRQRPRXV�ERG\�XQGHU�WKH�'2'��LV�FRRUGLQDWLQJ�WKLV�QDWLRQDO�HQGHDYRXU�ZLWK�DFWLYH�FR�RSHUDWLRQ�DQG�SDUWLFLSDWLRQ�RI�DOO�QDWLRQDO�LQVWLWXWLRQV�
�� &RPSUHKHQVLYH�6ZDWK�%DWK\PHWULF�6XUYH\�RI�HQWLUH�,QGLDQ�((=

7KH�DUHD�RI�RXU�([FOXVLYH�(FRQRPLF�=RQH�LV�RYHU���PLOOLRQ�VT��NP��DERXQG�ZLWK�YDULRXV�OLYLQJ�DQG�QRQ�OLYLQJ�UHVRXUFHV��7KLV�QHZ�SURJUDPPH�HQWDLOV�VFLHQWLILF�PDSSLQJ�RI� WKLV� DUHD� WR� KDYH� DQ� LQYHQWRU\� RI� SRWHQWLDO� UHVRXUFHV� DQG� WR� LGHQWLI\� WKH� FDXVHV� RI�KD]DUGV��7KH�VWXG\�ZRXOG�KHOS�WR�GHYHORS�LQQRYDWLYH�FRQFHSWV�RQ�x 6XEPDULQH�IDQV�DQG�WKHLU�UROH�RQ�DFFXPXODWLRQ�RI�K\GURFDUERQVx 6XEPDULQH�FDQ\RQV�DQG�WKHLU�UROH�LQ�WUDQVSRUW�DQG�GLVWULEXWLRQ�RQ�SROOXWDQWV�x ,VODQGV� XQGHUVWDQGLQJ�RI�VXEPDULQH�ODQGVOLGHV�DQG�VWDELOLW\�RI�FRDVWOLQHV�x 6HGLPHQWDU\�SURFHVVHV� HIIHFW�RQ�ILVKHULHV�DQG�ELRJHRFKHPLFDO�F\FOLQJ�x 6HGLPHQW� IDLOXUH� DORQJ� VORSHV� DQG� WKHLU� HIIHFWV� RQ� FRPPXQLFDWLRQ� FDEOH� OLQNV�DFURVV�WKH��VHDIORRU���
x 7HFWRQLFV�RI�PDUJLQV�

%DWK\PHWULF� VXUYH\� ZLOO� EH� LQLWLDWHG� ZLWK� WKH� DFTXLVLWLRQ� DQG� LQVWDOODWLRQ� RI�HTXLSPHQW���
��� *DV�+\GUDWHV�([SORUDWLRQ�	�7HFKQRORJ\�'HYHORSPHQW�IRU�([SORLWDWLRQ

:LWK�HYHU�LQFUHDVLQJ�JDS�EHWZHHQ�GHPDQG�DQG�LQGLJHQRXV�SURGXFWLRQ�RI�QDWXUDO�JDV� DQG� WKH� KXJH� LPSRUW� ELOO� LQFXUUHG� E\� ,QGLD�� LW� LV� QHFHVVDU\� WR� ORRN� IRU� DOWHUQDWLYH�UHVRXUFHV�� YL]�� *DV� +\GUDWHV�� &RQVLGHULQJ� WKH� LPPHQVH� SRWHQWLDO� RI� *DV� K\GUDWHV� LQ�UHODWLRQ�WR�SURYLGLQJ�WRWDO�HQHUJ\�VHFXULW\�WR�RXU�QDWLRQ��D�QHZ�SURJUDPPH�RQ�³6WXGLHV�RQ�*DV�+\GUDWHV�([SORUDWLRQ´�KDV�EHHQ�SURYLGHG�LQ�WKH�7HQWK�SODQ�IRU�LPSOHPHQWDWLRQ��7KH�SURJUDPPH�FRQVLVWV�RI�ERWK�VFLHQWLILF�	�WHFKQRORJ\�GHYHORSPHQW�IRU�JDV�K\GUDWHV��7KH�'HSDUWPHQW�� LQ�DVVRFLDWLRQ�ZLWK�&6,5�DQG�RWKHU� ODERUDWRULHV� ZRXOG� IRFXV�RQ�VFLHQWLILF�UHVHDUFK� ZLWK� VSHFLDO� HPSKDVLV� RQ� UHVRXUFH� H[WHQW� HYDOXDWLRQ� DQG� HQYLURQPHQWDO�LPSDFWV�DQG�GHYHORSPHQW�RI�WHFKQRORJ\�IRU�GHWHFWLRQ�DQG�TXDOLILFDWLRQ�RI�JDV�K\GUDWHV�LQ�VHGLPHQWV��7KHUHDIWHU��H[SORUDWRU\�GULOOLQJ�ZLOO�EH�DGYLVHG��7KH�VWHSV�LQ�WKLV�SURJUDPPH�ZLOO�EH�WR�x 8QGHUVWDQG� WKH� JHQHUDWLRQ�� DFFXPXODWLRQ� DQG� GLVWULEXWLRQ� RI� K\GUDWHV� LQ�VHGLPHQWV�



x (VWLPDWH�LPSDFW�RI�JDV�GLVVROXWLRQ�RQ�JHRORJLFDO�HQYLURQPHQW�DQG�FOLPDWH�x 'HYHORS� RU� DGRSW� HQYLURQPHQWDOO\� VDIH� WHFKQRORJ\� IRU� SURGXFWLRQ� DQG�WUDQVSRUWDWLRQ�RI�JDV�IURP�K\GUDWHV�
x 'UDZ�XS�SODQV�WR�PRQLWRU�DQG�PDQDJH�HQYLURQPHQWDO�SHUWXUEDWLRQ�GXULQJ�K\GUDWH�KDUYHVWLQJ�

'XULQJ�WKH�\HDU�LW�LV�SURSRVHG�WR�H[DPLQH�WKH�PXOWL�FKDQQHO�VHLVPLF��0&6��GDWD�FROOHFWHG� DQG� FDUU\� RXW� XQGHU� VSHFLDO� SURFHVVLQJ� DQG� DQDO\VLV� RI�0&6� GDWD� DFTXLUHG�XQGHU�/HJDO�FRQWLQHQWDO�VKHOI�SURJUDPPH��,W� LV�DOVR�SURSRVHG�WR�LQLWLDWH�WKH�PDSSLQJ�RI�%RWWRP�6LPXODWLQJ�5HIOHFWRU��%65��SURQH�]RQH����
��� $FTXLVLWLRQ�RI�1HZ�5HVHDUFK�9HVVHOV

7KH� 'HSDUWPHQW¶V� IRFXV� LQ� WKH� QHVW� �� \HDUV� ZLOO� EH� WR� GHYHORS� VXVWDLQDEOH�WHFKQRORJ\� IRU� WKH� H[SORLWDWLRQ� RI� YDULRXV� QRQ�OLYLQJ� UHVRXUFHV�� 8QGHU� WKH� 9HVVHO� IRU�WHFKQRORJ\� VHUYLFHV� DQG� GHPRQVWUDWLRQ� SURJUDPPH�� VXLWDEOH� SODWIRUP� LV� UHTXLUHG����$FFRUGLQJO\��D�QHZ�PXOWLSXUSRVH�YHVVHO� IRU�7HFKQRORJ\�VHUYLFHV�DQG�GHPRQVWUDWLRQ� LV�SURSRVHG��7KLV�YHVVHO�ZLOO�VHUYLFH�DV�D�SODWIRUP�IRU�WKH�SURJUDPPH�HQYLVDJHG�LQ�WKH�;�3ODQ�DQG�DOVR�VHUYH�DV�D�XWLOLW\�VFLHQFH�YHVVHO�ZKLFK�ZLOO�DXJPHQW�WKH�FDSDFLW\�QHHG�RI�WKH� PDULQH� OLYLQJ� DQG� QRQ�OLYLQJ� UHVRXUFHV� SURJUDPPH� RI� WKH� 'HSDUWPHQW� �7KH� 1,27�ZRXOG�EH�WKH�QRGDO�DJHQF\�WR� LPSOHPHQW� WKLV�SURJUDPPH�DQG�WR�RSHUDWH�DQG�PDLQWDLQ�WKH�YHVVHO��$�GHWDLOHG�GHVLJQ�DQG�HVWLPDWHV�IRU�WKH�YHVVHO�KDYH�EHHQ�ZRUNHG�RXW�DQG�DGHWDLOHG� SURMHFW� UHSRUW� KDV� EHHQ� SUHSDUHG�� ZKLFK� LV� XQGHU� DFWLYH� FRQVLGHUDWLRQ� RI� WKH�'HSDUWPHQW���
��� *HRSK\VLFDO�6WXG\�RI�/D[PL�%DVLQ

7KH� RQJRLQJ� DFDGHPLF� GHEDWH� LV� RQ� WKH� QDWXUH� RI� WKH� EDVHPHQW� LQ� WKH� /D[PL�%DVLQ�� �)URP�D�SRLQW�RI�YLHZ�RI�FUXVWDO�JHRORJ\�� LI� WKH�/D[PL� ULGJH� LV�EXW�D�FRQWLQHQWDO�VOLYHU� EHWZHHQ� RFHDQLF� FUXVWV� RQ� HLWKHU� VLGH� WKHQ� WKH� IRRW� RI� WKH� ZHVWHUQ� FRQWLQHQWDO�VORSH�PD\�QRW�UHDOO\�FDOO� IRU�DQ\�³UHORFDWLRQ´��,I�RQ�WKH�RWKHU�KDQG��WKH�FRQWLQHQW�RFHDQ�ERXQGDU\�FDQ�EH�HVWDEOLVKHG�QHDU�WKH�ZHVWHUQ�IODQN�RI�WKH�/D[PL�5LGJH�RU�WKDW�WKH�/D[PL�%DVLQ�LV�FRQWLQHQWDO�LQ�QDWXUH��WKHQ�IURP�D�SXUHO\�JHRORJLFDO�SRLQW�RI�YLHZ��WKH�IRRW�RI�WKH�VORSH��)26��PD\�EH�RII�WKH�ZHVWHUQ�IODQN�RI�WKH�5LGJH��QHDU�WKH�SODFH�ZKHUH�WKH�FUXVW�FKDQJHV�IURP�FRQWLQHQWDO�WR�RFHDQLF��%DVHG�RQ�JUDYLW\�PRGHOLQJ�DFURVV�WKH /D[PL�ULGJH�DQG� DGMDFHQW� PDUJLQ� XVLQJ� JHRSK\VLFDO� DQG� VDWHOOLWH� GDWD�� H[LVWHQFH� RI� XQGHU�SODWHG�



FUXVW� EHQHDWK� WKH� ULGJH� DQG� WKH� /D[PL�%DVLQ� DQG� WKH� ORFDWLRQ� RI� WKH� RFHDQ�FRQWLQHQW�WUDQVLWLRQ�DW�WKH�VRXWKHUQ�HGJH�RI�WKH�ULGJH�KDV�EHHQ�FRUURERUDWHG����
7R HVWDEOLVK�FRQFOXVLYHO\�WKH�QDWXUH�RI�EDVHPHQW�LQ�WKH�/D[PL�%DVLQ�DV�ZHOO�DV�LQ�WKH�DUHD�WR�LWV�QRUWK�DQG�VRXWK��GHWDLOHG�JHRSK\VLFDO�VXUYH\V�DORQJ�WKH�HQWLUH�:HVW�&RDVW�PDUJLQ� XSZDUGV� RI� WKH� QRUWKHUQ� H[WUHPLW\� RI� WKH�&KDJRV� � /DFFDGLYH� ULGJH�ZRXOG� EH�QHFHVVDU\�
6WHSV� KDYH� EHHQ� LQLWLDWHG� IRU� DFTXLVLWLRQ� DQG� SURFHVVLQJ� RI� JHRSK\VLFDO� GDWD�IROORZHG� E\� LQLWLDWLRQ� RI� DFWLYLWLHV� RQ� LQWHUSUHWDWLRQ� DQG� DQDO\VLV� RI� GDWD�� ZLOO� EH�XQGHUWDNHQ��

�� ,QWHUQDWLRQDO�&RRSHUDWLRQ�&RQWULEXWLRQ����
���� %LODWHUDO�3URJUDPPHV

$�028�ZDV�VLJQHG�EHWZHHQ�WKH�*RYHUQPHQW�RI�,QGLD�DQG�WKH�*RYHUQPHQW�RI�WKH�5HSXEOLF� RI� 6RXWK� $IULFD� RQ� �WK 'HFHPEHU�� ����� RQ� $QWDUFWLF� &RRSHUDWLRQ�� %RWK�FRXQWULHV�ZRXOG�SURPRWH�$QWDUFWLF�FRRSHUDWLRQ�WKURXJK�
x H[FKDQJH� RI� VFLHQWLILF� DQG� ELEOLRJUDSKLFDO� LQIRUPDWLRQ� UHODWHG� WR� WKH� VWXG\� RI�$QWDUFWLFD�DQG�LWV�VXUURXQGLQJ�VHDV�x FUHDWLQJ�RSSRUWXQLWLHV�IRU�H[FKDQJH�RI�VFLHQWLVWV�x SDUWLFLSDWLRQ� E\� VFLHQWLVWV� DQG� WHFKQLFDO� H[SHUWV� LQYROYHG� LQ� WKH� QDWLRQDO� $QWDUFWLF�SURJUDPPH�RI�RQH�FRXQWU\�LQ�WKH�QDWLRQDO�$QWDUFWLF�SURJUDPPH�RI�WKH�RWKHU�x MRLQW�VFLHQWLILF�FRQIHUHQFHV�DQG�ZRUNVKRSV�DQG�VFLHQWLILF�SXEOLFDWLRQV�x WUDLQLQJ�RI�VFLHQWLILF�SHUVRQQHO�x FROODERUDWLYH�VFLHQWLILF�SURMHFWV� LQYROYLQJ�PXWXDOO\�EHQHILFLDO�UHVHDUFK�RQ�WKH�QDWXUDO�HQYLURQPHQW� RI� $QWDUFWLFD� DQG� WKH� 6RXWKHUQ� 2FHDQ� SDUWLFXODUO\� LQ� WKH� DUHDV� RI�DWPRVSKHULF�VFLHQFHV��HDUWK�VFLHQFHV��JOREDO�FKDQJH��ELRORJLFDO�DQG�HQYLURQPHQWDO�VFLHQFHV��DQGx MRLQW�ORJLVWLF�DQG�RSHUDWLRQDO�DFWLYLWLHV�WKURXJK�WKH�VKDULQJ�RI�IDFLOLWLHV�

$� ILYH�PHPEHU� ,QGLDQ�'HOHJDWLRQ� YLVLWHG� YDULRXV� ,QVWLWXWHV� LQYROYHG� LQ� DGYDQFH�UHVHDUFK� LQ� *DV� +\GUDWHV� DQG� UHODWHG� 7HFKQRORJLHV� LQ� 5XVVLD� GXULQJ� ��WK WR� ��WK2FWREHU�������



$� 5XVVLDQ� 'HOHJDWH� YLVLWHG� ,QGLD� RQ� �VW 1RYHPEHU�� ����� WR� GLVFXVV� RQ� �*DV�+\GUDWHV�3URJUDPPHV��$Q� 8�6�� 'HOHJDWLRQ� YLVLWHG� ,QGLD� RQ� ��WK )HEUXDU\�� ����� WR� GLVFXVV� D� ELODWHUDO�SURMHFW� SURSRVDO� RQ� �2FHDQ�2EVHUYDWLRQ� IRU� WKH� ,QGLDQ�2FHDQ� DQG� DQ�$VVHVVPHQW� RI�'DWD�$YDLODEOH��DQG��*UHHQKRXVH�*DV�0HDVXUHPHQWV���
���� ,QWHUQDWLRQDO�6HD�%HG�$XWKRULW\��,6%$�

6FLHQWLVW�
*
��'HSDUWPHQW�RI�2FHDQ�'HYHORSPHQW�DQG�'LUHFWRU��1,27�SDUWLFLSDWHG�LQ�WKH��WK 6HVVLRQ�RI�WKH�,QWHUQDWLRQDO�6HD�%HG�$XWKRULW\��,6%$��KHOG�DW�-DPDLFD�GXULQJ��WKWR���WK $XJXVW�������
���� &RQWULEXWLRQ�WR�,QWHUQDWLRQDO�RUJDQLVDWLRQV

&RQWULEXWLRQV� DUH� EHLQJ�PDGH� WR� LQWHUQDWLRQDO� &RPPLVVLRQV� DQG� RUJDQL]DWLRQV�OLNH�81&/26��,6%$��&201$3��6&$/23��&&$0/5��,2&��5HJLRQDO�6HDV�3URJUDPPHV��HWF�� ,QGLD� SDUWLFLSDWHG� LQ� WKH� ,2&� ([HFXWLYH� &RXQFLO� DQG� RWKHU� PHHWLQJV� RI� ,2&��,2&,1'2�� ,QWHUQDWLRQDO�6HD�EHG�$XWKRULW\��$QWDUFWLF�7UHDW\�6\VWHP��$76���&RPPLWWHH�RQ��(QYLURQPHQWDO�3URWHFWLRQ�RI�$76��&RPPLVVLRQ�IRU�&RQVHUYDWLRQ�RI�$QWDUFWLF�0DULQH�/LYLQJ�5HVRXUFHV��HWF��
���� ,QWHUJRYHUQPHQWDO�2FHDQRJUDSKLF�&RPPLVVLRQ��,2&�

,QGLD�LV�WKH�IRXQGHU�PHPEHU�RI�,2&�DQG�DOVR�D�0HPEHU�RI�WKH�([HFXWLYH�&RXQFLO��'XULQJ� WKH� \HDU�� 'LUHFWRU�� ,1&2,6� LQ� WKH� FDSDFLW\� RI� WKH� 9LFH�&KDLUPDQ� RI� ,2&�SDUWLFLSDWHG�LQ�2IILFHUV�PHHWLQJ����WK 6HVVLRQ�RI�([HFXWLYH�&RXQFLO�DQG��QG 6HVVLRQ�RI�WKH�,2&�2FHDQRJUDSKLF�'DWD�([FKDQJH�3ROLF\�PHHWLQJV�DW�3DULV��)UDQFH�GXULQJ�-XQH�������������,QGLD�DV�RQH�RI�WKH�9LFH�FKDLUPHQ�RI�WKH�,2&��RUJDQLVHG�WKH�,2&�2IILFHUV�PHHWLQJ�DW�1HZ�'HOKL�GXULQJ�-DQXDU\�������������
$� WKUHH�PHPEHU�GHOHJDWLRQ�DOVR�SDUWLFLSDWHG� LQ� WKH� ,QGLDQ�2FHDQ�&RQIHUHQFH�RQ�*OREDO�2EVHUYLQJ�6\VWHP�KHOG�GXULQJ��WK WR��WK 1RYHPEHU�������DW�3RUW�/RXLV��0DXULWLXV��,Q� WKH�FRQWH[W�RI�GHYHORSLQJ�VXFK�D� UHJLRQDO�DOOLDQFH��D�5HVHDUFK�&UXLVH�IURP�,QGLD� WR�0DXULWLXV�YLD�6H\FKHOOHV�DQG�EDFN�ZDV�RUJDQL]HG�IURP���WK 2FWREHU� WR���WK 1RYHPEHU�������RQERDUG�'HSDUWPHQW
V�2FHDQRJUDSKLF�5HVHDUFK�9HVVHO�
6DJDU�.DQ\D
��7KH�PDLQ�REMHFWLYHV�RI� WKH�FUXLVH�ZHUH� WR�HQDEOH�SDUWLFLSDQWV� IURP�WKH�FRXQWULHV�RI� WKH�UHJLRQ�WR�ZRUN� WRJHWKHU� DQG� FRQGXFW� D� VHW� RI� VFLHQWLILF� H[SHULPHQWV� LQ� WKH� ILHOG� RI� SK\VLFDO��FKHPLFDO��ELRORJLFDO�DQG�JHRORJLFDO�RFHDQRJUDSK\�DQG�SURYLGH�WUDLQLQJ�LQ�YDULRXV�W\SHV�



RI� RFHDQ�REVHUYDWLRQV�� 7KH� UHVHDUFK� FUXLVH�ZDV� OHG�E\� WKH�'LUHFWRU��1,27��6FLHQWLVWV�IURP�1,27��1&$25��,1&2,6�SDUWLFLSDWHG�LQ�WKH�FUXLVH��1LQH�VFLHQWLVWV�IURP�WKH�0HPEHU�6WDWHV� RI� ,QGLDQ� 2FHDQ� 5HJLRQ� YL]��� 0DXULWLXV�� 6UL� /DQND�� .HQ\D�� 6RXWK� $IULFD� DQG�6H\FKHOOHV�DOVR�SDUWLFLSDWHG�LQ�WKH�FUXLVH�
���� &201$3�6&$/23�$76�0HHWLQJV

,Q� RUGHU� WR�PDNH� WKH� ,QGLDQ�$QWDUFWLF�3URJUDPPH� LQWHUQDWLRQDOO\� UHFRJQL]HG�DQG�SHUFHSWLEOH�� LW� LV� IRUHPRVW� WKDW� ,QGLD� FRQWULEXWHV� HIIHFWLYHO\� LQ� WKH� YDULRXV� LQWHUQDWLRQDO�SODWIRUPV� XQGHU� WKH� DHJLV� RI� WKH� $QWDUFWLF� 7UHDW\�� 7R� WKLV� HIIHFW�� 'LUHFWRU�� 1&$25�SDUWLFLSDWHG� DV� DQ� ,QGLDQ� GHOHJDWH� LQ� WKH� ��WK &201$3�6&$/23� PHHWLQJ� KHOG� DW�6KDQJKDL��&KLQD�GXULQJ���WK WR���WK -XO\��������
7KH� -RLQW� 6HFUHWDU\� 'HSDUWPHQW� RI� 2FHDQ� 'HYHORSPHQW� DQG� 'LUHFWRU�� 1&$25�SDUWLFLSDWHG� LQ� WKH� 
)LUVW� ,QIRUPDO� :RUNLQJ� *URXS� 0HHWLQJ� RI� WKH� $QWDUFWLF� 7UHDW\�6HFUHWDULDW
� KHOG� IURP� ��WK WR� ��WK -XQH�� ����� DW� %XHQRV� $LUHV�� $UJHQWLQD�� 7KH\� DOVR�UHSUHVHQWHG� ,QGLD� LQ� WKH� ��WK $7&0� PHHWLQJ� KHOG� DW� :DUVDZ�� 3RODQG� GXULQJ� ������6HSWHPEHU��������

���� &RPPLVVLRQ� IRU� WKH� &RQVHUYDWLRQ� RI� $QWDUFWLF� 0DULQH� /LYLQJ� 5HVRXUFHV��&&$0/5�
7ZHQW\� ILUVW�PHHWLQJ�RI� WKH�&RPPLVVLRQ� IRU� WKH�&RQVHUYDWLRQ�RI�$QWDUFWLF�0DULQH�/LYLQJ�5HVRXUFHV��&&$0/5��KHOG GXULQJ���VW 2FWREHU�WR��VW 1RYHPEHU�������DW�+REDUW��$XVWUDOLD�IURP�ZDV�DWWHQGHG�E\�'LUHFWRU��&0/5(�DQG�'HSXW\�6HFUHWDU\��'HSDUWPHQW�RI�2FHDQ� 'HYHORSPHQW� DORQJ� ZLWK� D� UHSUHVHQWDWLYH� RI� 'HSWW�� RI� $QLPDO� +XVEDQGU\� 	�'DLU\LQJ�� 'LUHFWRU�� &0/5(� DOVR� DWWHQGHG� WKH� +HDGV� RI� 'HOHJDWLRQ� 0HHWLQJ� RQ� ��WK2FWREHU�������

���� 6WDWHV�3DUWLHV�RQ�/DZ�RI�WKH�6HD��63/26�
$�GHOHJDWLRQ� IRUP� WKH�'HSDUWPHQW� SDUWLFLSDWHG� LQ� WKH� ��WK 0HHWLQJ� RI� WKH�6WDWHV�3DUWLHV� RQ�/DZ�RI� WKH�6HD�KHOG� GXULQJ���WK WR� ��WK $SULO�� ����� LQ�1HZ�<RUN��86$��$Q�HOHFWLRQ�ZDV�KHOG�WR�HOHFW�WKH�PHPEHUV�RI�WKH�&RPPLVVLRQ�RQ�WKH�/LPLWV�RI�&RQWLQHQWDO�6KHOI��&/&6��DQG�,QGLD
V�UHSUHVHQWDWLYH�'U��1�.��7KDNXU��6FLHQWLVW�
)
��1*5,�ZDV�HOHFWHG�IRU� D� WHUP� RI� �� \HDUV� RQ� WKH�&RPPLVVLRQ�� 7KH�&RPPLVVLRQ�ZDV� HVWDEOLVKHG LQ� �����XQGHU� 81�&RQYHQWLRQ� RQ� /DZ� RI� WKH� 6HD� WR� FRQVLGHU� WKH� FODLPV� RQ� FRQWLQHQWDO� VKHOI�VXEPLWWHG�E\�WKH�6WDWHV�3DUWLHV�WR�WKH�&RQYHQWLRQ��6FLHQWLVW�
)
��1*5,�DOVR�SDUWLFLSDWHG�LQ�WKH���WK 6HVVLRQ�RI�WKH�&/&6�KHOG�GXULQJ���WK WR���WK -XQH�������DW�1HZ�<RUN��86$�



���� 2WKHU�9LVLWV�DEURDG
'LUHFWRU�� 1,27� DWWHQGHG� WKH� ,QWHUQDWLRQDO� *OREDO� 2FHDQ� ([SORUDWLRQ� :RUNVKRS�RUJDQL]HG�E\�8�6��1DWLRQDO�$FDGHPLHV�KHOG�DW�,2&�RI�81(6&2�DW�3DULV�GXULQJ���WK WR���WK 0D\�������
$�6FLHQWLVW�RI�1,27�YLVLWHG�+RXVWRQ��86$ GXULQJ����������WR����������WR�SDUWLFLSDWH�LQ�WKH�2FHDQ�7HFKQRORJ\�&RQIHUHQFH�
'LUHFWRU�1,27� DFFRPSDQLHG� E\� WZR�6FLHQWLVWV� RI�1,27� YLVLWHG�6H\FKHOOHV� GXULQJ���������� � ��������� WR� GLVFXVV� 6FLHQWLILF� ([FKDQJH� 3URJUDPPH� EHWZHHQ� ,QGLD� �'2'��1,27��DQG�6H\FKHOOHV�
6FLHQWLVW�
)
��'HSDUWPHQW�RI�2FHDQ�'HYHORSPHQW�SDUWLFLSDWHG�LQ�WKH�0HHWLQJ�RI�WKH�1DWLRQDO� )RFDO� 3RLQWV� RI� WKH� 6RXWK� $VLDQ� 5HJLRQDO� 6HDV� 3URJUDPPH� KHOG� RQ� ������-XQH�������DQG�WKH�6HFRQG�,QWHUJRYHUQPHQWDO�0HHWLQJ�RI�6$&(3�RQ��VW -XO\�������DW�&RORPER��6UL�/DQND�
)RXU�6FLHQWLVWV�RI�1,27�YLVLWHG�5XVVLD�GXULQJ���������� WR���������� WR�DWWHQG� WKH�,QWHJUDWHG�/RQJ�7HUP�SURJUDPPH�
$�6FLHQWLVW� RI�1,27� YLVLWHG�0�V��%UXHO�	�.MDHU��6RXQG�	�9LEUDWLRQ�0HDVXUHPHQW�$�V��'HQPDUN�GXULQJ����������WR����������WR�XQGHUWDNH�IDFWRU\�DFFHSWDQFH�WHVW�DQG�IUHH�WUDLQLQJ�IRU�WKH�SXUFKDVH�RI�$FRXVWLF�&DOLEUDWLRQ�6\VWHP�
3URMHFW� 'LUHFWRU� RI� 1'%3��1,27� YLVLWHG�$XVWUDOLD� GXULQJ� ��������� WR� ��������� WR�SDUWLFLSDWH�LQ�WKH�6L[WK�,QWHUQDWLRQDO�%XR\�3URJUDPPHV�IRU�,QGLDQ�2FHDQ�
'LUHFWRU�1,27�YLVLWHG�.LQJVWRQ��-DPDLFD�GXULQJ����������± ���������WR�DWWHQG�WKH�/HJDO�DQG�7HFKQLFDO�&RPPLWWHH�PHHWLQJ�RI�WKH�,QWHUQDWLRQDO�6HDEHG�$XWKRULW\�
'LUHFWRU��,1&2,6�SDUWLFLSDWHG�LQ�WKH�)LUVW�0HHWLQJ�RI�5HYLHZ�3DQHO�RI�*OREDO�2FHDQ�2EVHUYLQJ�6\VWHP��*226��KHOG�DW�81(6&2�+HDGTXDUWHUV�DW�3DULV��)UDQFH�GXULQJ��WK WR���WK 6HSWHPEHU�������



$�6FLHQWLVW��,1&2,6�SDUWLFLSDWHG�LQ�WKH�6HFRQG�$5*2�'DWD�0DQDJHPHQW�0HHWLQJ��D� VXE� FRPPLWWHH� RI� ,QWHUQDWLRQDO� $5*2� 6FLHQFH� 7HDP� �,$67�� DW� 2WWDZD�� &DQDGD�GXULQJ�6HSWHPEHU�������������
'LUHFWRU� 1,27� YLVLWHG� 5XVVLD� GXULQJ� ��������� ± ��������� WR� GLVFXVV� 1HZ�&RRSHUDWLYH�3URJUDPPH�RQ�*DV�+\GUDWHV
3URMHFW� 'LUHFWRU� RI� 1'%3�� 1,27� YLVLWHG� 0DUWLQLTXH�� )UDQFH� GXULQJ� ��������� WR���������� WR� SDUWLFLSDWH� LQ� WKH� (LJKWHHQWK� 6HVVLRQ� RI� WKH -RLQW� ,2&�:02� 'DWD� %XR\�&RRSHUDWLRQ�3DQHO
'LUHFWRU�1,27�YLVLWHG�0DXULWLXV��6H\FKHOOHV�GXULQJ����������± ��������� WR�DWWHQG�WKH�,2*226�&UXLVH��,2*226�&RQIHUHQFH�LQ�0DXULWLXV�
7KUHH�6FLHQWLVWV�SDUWLFLSDWHG�LQ�WKH�,2*226�&UXLVH�DQG�,QGLDQ�2FHDQ�&RQIHUHQFH�DW�0DXULWLXV�GXULQJ�2FWREHU����± 1RYHPEHU���������
7KUHH�6FLHQWLVWV�RI�1,27�YLVLWHG�0�V��(GJH�7HFK��%RFD�5DWRQ��)ORULGD��86$�GXULQJ����������WR����������WR��XQGHUJR�7UDLQLQJ�RQ�,QWHJUDWHG�6LGH�6FDQ�6RQDU�	�6XE�%RWWRP�3URILOHU�
'LUHFWRU�� ,&0$0�3'� DQG� 'HSXW\� 6HFUHWDU\�� 'HSDUWPHQW� RI�2FHDQ�'HYHORSPHQW�DWWHQGHG�WKH�PHHWLQJ�RI�WKH�([SHUW�*URXS�WR�FRQVLGHU�WKH�IHDVLELOLW\�VWXG\�RQ�VHWWLQJ�XS�6$$5&�&RDVWDO� =RQH�0DQDJHPHQW�&HQWUH� LQ�0DOGLYHV� GXULQJ� ��WK WR� ��WK 'HFHPEHU�������DW�0DOH�
6HFUHWDU\��'HSDUWPHQW�RI�2FHDQ�'HYHORSPHQW�YLVLWHG�6RXWK�$IULFD�IURP��WK WR���WK-DQXDU\�� ����� DQG� IODJJHG� RII� WKH� ;;,,� $QWDUFWLF� ([SHGLWLRQ� RQ� ��WK -DQXDU\�� �����RQERDUG�0�9��0DJGDOHQD�2OGHQGURII�



��� 'HSDUWPHQWDO�6KLSV
)LVKHULHV�2FHDQRJUDSKLF�5HVHDUFK��)259��9HVVHO�6DJDU�6DPSDGD

)LVKHULHV� 2FHDQRJUDSKLF� 5HVHDUFK� 9HVVHO� �)259�� 6DJDU� 6DPSDGD� LV� EHLQJ�XVHG�IRU�GDWD�FROOHFWLRQ�DQG�VDPSOLQJ�IRU�YDULRXV�0DULQH�/LYLQJ�5HVRXUFH��0/5��SURMHFWV�LPSOHPHQWHG�E\�WKH�'HSDUWPHQW�WKURXJK�GLIIHUHQW� LQVWLWXWLRQV�DQG�RUJDQL]DWLRQV��)259�6DJDU� 6DPSDGD� FRPSOHWHG� ��� FUXLVHV� LQFOXGLQJ� RQH� DW� WKH� 2FHDQ� 7KHUPDO� (QHUJ\�&RQYHUVLRQ� 3RZHU� 3ODQW� �27(&�� VLWH� RII� 7XWLFRULQ� WR� VWXG\� WKH� (QYLURQPHQWDO� LPSDFW�DVVHVVPHQW�� FRYHULQJ� ���� GD\V� RSHUDWLRQ� RFFXS\LQJ� ���� VWDWLRQV�� 7KH� VKLS� WLPH�ZDV�HIIHFWLYHO\�XWLOLVHG�E\�����VFLHQWLILF�DQG�WHFKQLFDO�SDUWLFLSDQWV�IURP�YDULRXV�RUJDQL]DWLRQV������RI�WKH�RSHUDWLRQ�ZDV�DORQJ�WKH�%D\�RI�%HQJDO��(DVW�FRDVW�������DORQJ�WKH�$UDELDQ�VHD� �:HVW�FRDVW��DQG����� LQ� WKH�$QGDPDQ�ZDWHUV��7R� ILOO�XS� WKH�GDWD�JDS��PD[LPXP�FUXLVHV�ZHUH�SODQQHG�DORQJ�WKH�(DVW�FRDVW� )LVKHU\�6XUYH\�RI� ,QGLD��$QGKUD�8QLYHUVLW\��'HSDUWPHQWV�RI�0DULQH�/LYLQJ�5HVRXUFHV�DQG�'HSDUWPHQW�RI�=RRORJ\���&HQWUDO�0DULQH�)LVKHULHV�5HVHDUFK� ,QVWLWXWH��1DWLRQDO� ,QVWLWXWH� RI�2FHDQRJUDSK\��&RFKLQ�8QLYHUVLW\� RI�6FLHQFH�DQG�7HFKQRORJ\��6FKRRO�RI�0DULQH�6FLHQFHV�	�6FKRRO�RI� ,QGXVWULDO�)LVKHULHV���.RFKL�� &HQWUDO� ,QVWLWXWH� RI� )LVKHULHV� 7HFKQRORJ\� DQG� 1DWLRQDO� ,QVWLWXWH� RI� 2FHDQ�7HFKQRORJ\��SDUWLFLSDWHG�LQ�YDULRXV�SURMHFWV�LPSOHPHQWHG�E\�WKH�&HQWUH�
,Q� DOO�� ����&7'� FDVWLQJV�� ����%RQJR�QHW�� ����0XOWLSOH� SODQNWRQ�QHW�� ��� ,.07���� ([SR�7UDZO�����+6'7�7UDZO�����0LG�ZDWHU�WUDZO�DQG����JUDEV�ZHUH�FDUULHG�RXW�LQ�WKH�HDVW�	�ZHVW�FRDVWV��LQFOXGLQJ�$QGDPDQ�ZDWHUV�
7KH�SDUWLFLSDWLQJ�LQVWLWXWLRQV�SXEOLVKHG����VFLHQWLILF�SDSHUV�LQ�OHDGLQJ�MRXUQDOV�RQ�GLIIHUHQW� DVSHFWV� XWLOLVLQJ� WKH� IDFLOLWLHV�� RQH� VWXGHQW� REWDLQHG�3K�'� DQG� WKUHH� VWXGHQWV�REWDLQHG�0�3KLO�GHJUHHV�RQ�YDULRXV�DVSHFWV�RI�PDULQH�OLYLQJ�UHVRXUFHV�
7KH� YHVVHO� IDFLOLW\� ZDV� DOVR� XWLOLVHG� E\� ���� VWXGHQWV�OHFWXUHUV�WHFKQLFDO� 	�VFLHQWLILF� SHUVRQQHO� IURP�GLIIHUHQW� LQVWLWXWLRQV�RUJDQL]DWLRQV� LQFOXGLQJ����SDUWLFLSDQWV�RI�,&$5�:LQWHU� 6FKRRO� FRQGXFWHG� E\� &,)7�� .RFKL�� 7KH� 9HVVHO� ZDV� DOVR� RSHQHG� WR� WKH�SXEOLF�GXULQJ�WKH�1DWLRQDO�7HFKQRORJ\�'D\�RQ���WK 0D\������



259�6DJDU�.DQ\D
'XULQJ�WKH�\HDU ���������WKH�YHVVHO�XQGHUWRRN����FUXLVHV�DQG�ORJJHG�����GD\V�DW� VHD��0RUH� WKDQ� ���� VFLHQWLVWV� DQG� WHFKQLFDO� SHUVRQQHO� IURP� RYHU� ��� RUJDQL]DWLRQV�SDUWLFLSDWHG� LQ� WKH� DERYH� VFLHQWLILF� FUXLVHV�� 6RPH� RI� WKH� FRXQWU\
V� OHDGLQJ� LQVWLWXWLRQV�VXFK�DV�1&$25��1,2��1,27��6$&��35/��,0'��,,6F�DQG�YDULRXV�DFDGHPLF�RUJDQLVDWLRQV�KDYH�WDNHQ�XS�FUXLVHV�IRU�5	'�DQG�H[SORUDWLRQ�SURJUDPPHV���
)RU� WKH� /2,&=� SURJUDPPH�� WKUHH� WLPH�VHULHV� VHGLPHQW� WUDS� GHSOR\PHQW�RSHUDWLRQV�ZHUH�FDUULHG�RXW� LQ�DGGLWLRQ�WR�SK\VLFDO� ��FKHPLFDO�SDUDPHWHUV�FROOHFWLRQ�IRU�VWXG\LQJ� WKH� VLQNLQJ� SDUWLFXODWH� PDWWHU�� $QRWKHU� PXOWL�LQVWLWXWLRQDO� SURMHFW� RQ� 3DOHR�FOLPDWLF� 6WXGLHV� LQ� %D\� RI� %HQJDO� �%(1)$1��ZDV� FDUULHG� RXW� ZLWK� WKH� QHZO\� LQVWDOOHG�+\GUDXOLF�3LVWRQ�&RUHU���8QGHU�WKH�RQJRLQJ�1DWLRQDO�'DWD�%XR\�3URJUDPPH��1'%3��RQH�FUXLVH�ZDV�WDNHQ�XS�IRU�'DWD�EXR\�PDLQWHQDQFH�LQ�%D\�RI�%HQJDO�DQG�IRXU�GDWD�EXR\V�ZHUH�GHSOR\HG�DQG�RQH�FUXLVH�LQ�$UDELDQ�VHD�
7ZR� FUXLVHV�ZHUH� XQGHUWDNHQ� IRU� $50(;�XQGHU� ,&53� IRU�PRQVRRQ� VWXGLHV� LQ�$UDELDQ�6HD��7LPH�VHULHV�DQG�RFHDQRJUDSKLF���PHWHRURORJLFDO�REVHUYDWLRQV�ZHUH�FDUULHG�RXW�VXFFHVVIXOO\����)RU�*DV�+\GUDWHV�5HVHDUFK�3URJUDPPH��WZR�FUXLVHV�ZHUH�WDNHQ�XS�E\� 1,2� IRU� VZDWK� EDWK\PHWU\� DQG� JHRSK\VLFDO� GDWD� FROOHFWLRQ� LQ� .�*� EDVLQ� LQ� %D\� RI�%HQJDO�DQG�RII�*RD�&RDVW�LQ�$UDELDQ�6HD��$�WRWDO�DUHD�RI������VT��NP�ZDV�FRYHUHG�E\�VZDWK�EDWK\PHWU\�VXUYH\� LQ�ERWK� WKH�FUXLVHV��)RU� ,56�3��6DWHOOLWH��SULPDU\�SURGXFWLYLW\�PRGHO�YDOLGDWLRQ�RI�2&0�	�GDWD�EDVH�IRU�SDUDPHWHU�UHWULHYDO�ZDV�FDUULHG�RXW�LQ�$UDELDQ�6HD�� � � 7KH� YHVVHO� SDVVDJH� SHULRG� IURP�ZHVW� FRDVW� WR� HDVW� DQG� EDFN�ZDV� XWLOLVHG� E\�1&$25�DQG�267&�SURMHFWV�IRU�VDPSOLQJ�DQG�XQGHUZDWHU�GDWD�FROOHFWLRQ��
7KHUH� ZHUH� WZR� LQWHUQDWLRQDO� H[SHGLWLRQV� GXULQJ� WKLV� \HDU�� ,QGR�0\DQPDU� MRLQW�RFHDQRJUDSKLF� FUXLVH� ZDV� FDUULHG� RXW� IRU� VWXG\LQJ� SK\VLFDO� FKHPLFDO�� ELRORJLFDO� DQG�JHRORJLFDO� SURFHVVHV� LQ� WKH� $QGDPDQ� 6HD� LQ� JHQHUDO� DQG� RQ� WKH� FRQWLQHQWDO� VKHOI� 	�VORSH� RI� 0\DQPDU� LQ� SDUWLFXODU�� $V� SDUW� RI� ,QGLDQ� 2FHDQ� � *OREDO� 2FHDQ� 2EVHUYLQJ�6\VWHP� �,2�*226��� RQH� FUXLVH�ZDV� RUJDQLVHG� E\�'2'�ZLWK� SDUWLFLSDWLRQ� IURP� ,QGLDQ�2FHDQ�ULP�FRXQWULHV�VXFK�DV�6UL�/DQND��0DXULWLXV��6H\FKHOOHV��.HQ\D�DQG�6RXWK�$IULFD��7KH�SDUWLFLSDQWV�RI�WKH�FUXLVH�DOVR�DWWHQGHG�WKH�,2*226�FRQIHUHQFH�DW�0DXULWLXV�IURP��WK� WR� ��WK� 1RYHPEHU� ������ 0XOWL�GLVFLSOLQDU\� GDWD� FROOHFWLRQ�� GHSOR\PHQW� RI� $5*2�IORDWV�� 'ULIWLQJ� EXR\V� DQG� ;%7� ZHUH� FDUULHG� RXW� GXULQJ� WKH� FUXLVH�� $W� WKH� UHTXHVW� RI�0DXULWLDQ�*RYHUQPHQW��0XOWL�EHDP�VXUYH\V�ZHUH�DOVR�FRQGXFWHG�LQ�WKHLU�((=�



2SHQ�+RXVHV�ZHUH�FRQGXFWHG�ZKHQHYHU�WKH�YHVVHO�YLVLWHG�IRUHLJQ�FRXQWULHV��7KH�YHVVHO� DQG� WKH� VFLHQWLILF� IDFLOLWLHV� ZHUH� WKURZQ� RSHQ� WR� WKH� GLJQLWDULHV�� VWXGHQWV� DQG�VFKRODUV��7KUHH�RSHQ�KRXVHV�ZHUH�FRQGXFWHG�DW�<DQJRRQ��3RUW�9LFWRULD�DQG�3RUW�/RXLV�GXULQJ�WKH�\HDU�

2SHQ�KRXVH�DW�<DQJRRQ�RQ�259�6DJDU�.DQ\D��� 8VH�RI�+LQGL�	�3DUOLDPHQW�:RUN
���� 8VH�RI�+LQGL

7KH� 'HSDUWPHQW� LV� FRQVWDQWO\� ZRUNLQJ� IRU� SURPRWLRQDO� H[SDQVLRQ� RI� 2IILFLDO�/DQJXDJH�� �'XULQJ� ��������� DOO� HIIRUWV�ZHUH�PDGH� WR� SURPRWH� WKH�SURJUHVVLYH�XVH�RI�+LQGL�LQ�WKH�'HSDUWPHQW���7KH�PHHWLQJV�RI�2IILFLDO�/DQJXDJH�,PSOHPHQWDWLRQ�&RPPLWWHH�ZHUH�KHOG�UHJXODUO\�XQGHU�WKH�FKDLUPDQVKLS�RI�WKH�-RLQW�6HFUHWDU\�
7KH�$QQXDO�5HSRUW��3HUIRUPDQFH�%XGJHW��'HPDQG�IRU�*UDQWV��DOO�&DELQHW�QRWHV��UHSRUWV�� PRQWKO\� VXPPDU\� WR� &DELQHW� DQG� GRFXPHQWV� UHODWLQJ� WR� FRQVXOWDWLYH� DQG�6WDQGLQJ�FRPPLWWHHV��3DUOLDPHQWDU\�SDSHUV�HWF���ZHUH�SUHSDUHG�ELOLQJXDOO\�
)RU� WKH� ILUVW� WLPH� LQ� WKH� FRXQWU\�� UHJXODU� 3UDERGK� +LQGL� WHDFKLQJ� FRXUVH� ZDV�LQLWLDWHG� WKURXJK� WKH�PHGLXP�RI� FRPSXWHUV�DW� WKH� ,QWHJUDWHG�&RDVWDO�DQG�0DULQH�$UHD�0DQDJHPHQW��,&0$0��3URMHFW�'LUHFWRUDWH��GXULQJ�-XO\�����������VFLHQWLVWV�DQG�VWDII�RI�,&0$0�3URMHFW�'LUHFWRUDWH�DQG�1DWLRQDO�,QVWLWXWH�RI�2FHDQ�7HFKQRORJ\��1,27��KDG�WKH�EHQHILW� RI� WKH� WUDLQLQJ� DQG� KDYH� FRPSOHWHG� WKH� 3UDERGK� FRXUVH�� )URP� -DQXDU\�������WKURXJK�FRPSXWHU�PHGLXP�3UDYHHQ�FRXUVH�KDV�DOVR�EHHQ�LQLWLDWHG�LQ�WKH�1,27�,&0$0�3'� 'HSDUWPHQW�RUJDQL]HG�D�ILYH�GD\�+LQGL�ZRUNVKRS�ZLWK�HIIHFW�IURP������������WR������������ WR� WUDLQ� RIILFHUV� DQG� VWDII� RI� 'HSDUWPHQW� WR� UHPRYH� WKHLU� GLIILFXOWLHV� ZKLOH�GRLQJ�WKHLU�RIILFLDO�ZRUN�LQ�+LQGL���$ERXW����RIILFHUV�DQG�VWDII�WRRN�SDUW�LQ�WKH�ZRUNVKRS�



'HSDUWPHQW� RUJDQLVHG� D� +LQGL� IRUWQLJKW� IURP� ��WK WR� ��WK 6HSWHPEHU�� �������'XULQJ� WKH� SHULRG�� YDULRXV� FRPSHWLWLRQV� LQFOXGLQJ� +LQGL� HVVD\� ZULWLQJ�� QRWLQJ� DQG�GUDIWLQJ�� GHEDWH� DQG� FRPSXWHU� W\SLQJ� ZHUH� KHOG�� � $� +LQGL� TXL]� SURJUDPPH� ZDV� DOVR�RUJDQL]HG� WR� WHVW� WKH� NQRZOHGJH� RI� VWDII� DERXW� GHSDUWPHQWDO� DFWLYLWLHV� DQG� RIILFLDO�ODQJXDJH� SROLF\� RI� WKH� *RYHUQPHQW�� � $ERXW� ��� HPSOR\HHV� SDUWLFLSDWHG� LQ� WKHVH�SURJUDPPHV���6HFUHWDU\�JDYH�DZD\�WKH�SULFHV�DQG�FHUWLILFDWHV�WR�SULFH�ZLQQLQJ�RIILFLDOV�GXULQJ�D�FHUHPRQ\��ZKLFK�ZDV�IROORZHG�E\�D�.DYL�*RVWKL��LQ�ZKLFK�HLJKW�SRHWV�RI�UHSXWH�HQWKUDOOHG�WKH�DXGLHQFH�
'HSDUWPHQW� RUJDQL]HG� ��WK 1DWLRQDO� 6FLHQWLILF� +LQGL� 6HPLQDU� RQ� ³6DPXGUL�2UMD�$YDP� 3URXG\RJLNL� 9LNDV´� RQ� ��WK 1RYHPEHU�� ����� DW� ,QGLD� ,QWHUQDWLRQDO� &HQWUH�� 1HZ�'HOKL�� � 0LQLVWHU� RI� 6WDWH� IRU� 6FLHQFH� DQG� 7HFKQRORJ\�� 6KUL� %DFKL� 6LQJK� 5DZDW��LQDXJXUDWHG�WKH�VHPLQDU���$ERXW����VFLHQWLVWV�IURP�YDULRXV�LQVWLWXWLRQV�UHODWHG�WR�2FHDQ�(QHUJ\� SUHVHQWHG� WKHLU� SDSHUV� LQ� WKH� VHPLQDU�� � 2Q� WKH� RFFDVLRQ�� D� +LQGL� ERRN� WLWOHG�³7DWHH\D�.VKHWUD�3UDEDQGKDQ´�EHLQJ�WKH�FRPSLODWLRQ�RI�SURFHHGLQJV�RI�VHPLQDU�KHOG�LQ�������ZDV�UHOHDVHG�
'HSDUWPHQW�ZLWK�WKH�DVVLVWDQFH�RI�$VVLVWDQW�'LUHFWRU��2/��LQVSHFWHG�WKH�1&$25��*RD� RQ� ��WK 'HFHPEHU�� ����� WR� ILQG� RXW� WKH� SRVLWLRQ� RI� LPSOHPHQWDWLRQ� RI� 2IILFLDO�/DQJXDJH�SROLF\�RI�WKH�*RYHUQPHQW�LQ�1&$25�DQG�QHFHVVDU\�VXJJHVWLRQV�ZHUH�JLYHQ�WR�SURPRWH�XVH�RI�+LQGL�LQ�WKH�&HQWUH���WK�� ��WK DQG� ��WK PHHWLQJV� RI� -RLQW� +LQGL� $GYLVRU\� &RPPLWWHH� RI� 0LQLVWU\� RI�6FLHQFH� DQG� 7HFKQRORJ\� DQG� '2'� ZHUH� KHOG� LQ� -XQH�� 2FWREHU� DQG� 'HFHPEHU� �����UHVSHFWLYHO\� DW� 'HKUD�'XQ�� 1HZ�'HOKL� DQG�*RD�� � $� QXPEHU� RI� LPSRUWDQW� VXJJHVWLRQV�ZHUH�JLYHQ�WR�WKH�&RPPLWWHH��ZKLFK�ZRXOG�EH�LPSOHPHQWHG�JUDGXDOO\�7KH�'HSDUWPHQW�ZDV�DZDUGHG��VW DQG��QG SULFH�WR�WKH�ERRNV�WLWOHG��L��0DKDVDJDU�$XG\RJLNDUDQ�+HWX�%DKXPRRO\D�6DQVDGKDQ�6URDW��DQG��LL��0DKDVDJDU�$XU�-DQVDPULGKL�XQGHU� 0DKDVDJDU� 3XUDVNDU� <RMQD� IRU� WKH� RULJLQDO� ERRNV� ZULWLQJ� LQ� +LQGL� IRU� WKH� \HDU������

���� 3DUOLDPHQW�:RUN
7KH�PHHWLQJ� RI� WKH�'HSDUWPHQW� UHODWHG� 3DUOLDPHQWDU\� 6WDQGLQJ�&RPPLWWHH� RQ�6FLHQFH�	�7HFKQRORJ\��(QYLURQPHQW�	�)RUHVWV�ZDV�KHOG�RQ��WK�$SULO�������WR�FRQVLGHU�WKH� 'HWDLOHG� 'HPDQG� IRU� *UDQWV� LQ� UHVSHFW� RI� WKH� 'HSDUWPHQW� IRU� ����������� 7KH�



3DUOLDPHQWDU\� 6WDQGLQJ� &RPPLWWHH� RQ� 6FLHQFH� 	� 7HFKQRORJ\� DQG� (QYLURQPHQW� 	�)RUHVWV�YLVLWHG�1DWLRQDO�,QVWLWXWH�RI�2FHDQ�7HFKQRORJ\��1,27���&KHQQDL�RQ�����������WR�UHYLHZ�DFWLYLWLHV�SURJUDPPHV�RI�1,27���7KH�3XEOLF�$FFRXQWV�&RPPLWWHH��3$&��UHYLHZHG�WKH DFWLYLWLHV�SURJUDPPHV� RI� 1DWLRQDO� &HQWUH� IRU� $QWDUFWLF� DQG� 2FHDQ� 5HVHDUFK��1&$25���*RD�RQ�������������
%HWZHHQ�$SULO������DQG�'HFHPEHU���������6WDUUHG�4XHVWLRQV�DQG����8QVWDUUHG�4XHVWLRQ�ZHUH�DQVZHUHG�LQ�WKH�3DUOLDPHQW�

��� 2UJDQLVDWLRQ�	�)LQDQFH���� $GPLQLVWUDWLYH�6XSSRUW
7KH�VDQFWLRQHG�VWUHQJWK�RI�WKH�'HSDUWPHQW�RI�2FHDQ�'HYHORSPHQW�LQFOXGLQJ�DWWDFKHG�RIILFHV�ZDV�����GXULQJ�WKH�\HDU�������������7KH�GHWDLOHG�EUHDN�XS�LV�JLYHQ�EHORZ���6FLHQWLILF��WHFKQLFDO�SRVWV 1RQ�WHFKQLFDO�SRVWV *UDQG�WRWDO'2'�+HDG�4XDUWHUV �� ��� ���&HQWUH�IRU�0DULQH��/LYLQJ�5HVRXUFHV�	�(FRORJ\���&0/5(��.RFKL� �� � ��

,QWHJUDWHG�&RDVWDO�DQG�0DULQH�$UHD�0DQDJHPHQW����,&0$0��&KHQQDL� �� � ��
7RWDO �� ��� ���
���� ,PSOHPHQWDWLRQ�RI�WKH����3RLQW�3URJUDPPH�RQ��0LQRULW\�:HOIDUH

7KH�DFWLYLWLHV�RI�WKH�GHSDUWPHQW�GR�QRW�KDYH�D�GLUHFW�EHDULQJ�RQ�WKH�GHYHORSPHQW�RI�PLQRULW\�FRPPXQLWLHV��6FKHGXOHG�&DVWHV��6FKHGXOHG�7ULEHV��2WKHU�%DFNZDUG�&ODVVHV�HWF��7KH�'HSDUWPHQW��KRZHYHU��KDV�EHHQ�WDNLQJ�GXH�FDUH�WR�HQVXUH�DGHTXDWH�UHSUHVHQWDWLRQ�RI�PLQRULW\�FRPPXQLWLHV�ZKLOH�PDNLQJ�UHFUXLWPHQW�WR�WKH�SRVWV��$GHTXDWH�UHSUHVHQWDWLRQ�WR�WKH�RIILFHUV�EHORQJLQJ�WR�WKH�PLQRULW\�FRPPXQLWLHV�KDV�DOVR�EHHQ�JLYHQ�RQ�WKH�6HOHFWLRQ�&RPPLWWHH�VHW�XS�IRU�ILOOLQJ�XS�YDFDQFLHV�LQ�*URXS�$��%��&��DQG�'�

���� *ULHYDQFHV�RI�3XEOLF�DQG��VWDII�DQG�WKHLU�UHGUHVVDO
7KH�'HSDUWPHQW�RI�2FHDQ�'HYHORSPHQW�LV�D�VPDOO�VFLHQWLILF�'HSDUWPHQW�DQG�LW�KDV�SUDFWLFDOO\�QR�SXEOLF�GHDOLQJV��$OO�WKH�VDPH��WKH�'HSDUWPHQW�KDV�WDNHQ�VWHSV�WR�HQVXUH�WKDW�GXH�DWWHQWLRQ�LV SDLG�WR�WKH�SXEOLF�VWDII�JULHYDQFHV��6WDII�*ULHYDQFHV�



5HGUHVVDO�2IILFHU�DQG�3XEOLF�*ULHYDQFHV�2IILFHU�KDYH�EHHQ�QRPLQDWHG���'HWDLOV�KDYH�EHHQ�JLYHQ�RQ�ZHE� VLWH�RI�WKH�'HSDUWPHQW�
6R�IDU�QR�JULHYDQFH�IURP�WKH�*HQHUDO�SXEOLF�KDV�DSSHDUHG�LQ�WKH�JULHYDQFHV�FROXPQ�RI�DQ\�QHZVSDSHUV��SHUWDLQLQJ�WR�WKLV�'HSDUWPHQW�

���� 9LJLODQFH�DFWLYLWLHV�DQG�DFKLHYHPHQWV
'U�6�3�6HWK�� -RLQW� 6HFUHWDU\� �$GPQ��� KDV� EHHQ� GHFODUHG� DV� &KLHI� 9LJLODQFH�2IILFHU� LQ�FRQVXOWDWLRQ�ZLWK� WKH�&HQWUDO�9LJLODQFH�&RPPLVVLRQ�� �9LJLODQFH 2IILFHUV�KDYH�EHHQ�DSSRLQWHG�LQ�WKH�DWWDFKHG�RIILFHV�DQG�DXWRQRPRXV�ERGLHV�RI�WKH�'HSDUWPHQW��7KH�9LJLODQFH�$ZDUHQHVV�ZHHN�ZDV�REVHUYHG�Z�H�I������������� WR������������ LQ� WKH�'2'�+T�DQG� LWV� DWWDFKHG�RIILFHV� DQG�DXWRQRPRXV�ERGLHV��ZLWK� WKH� WDNLQJ�RI� SOHGJH E\� WKH�RIILFHUV�DQG�VWDII�PHPEHUV�DQG�RUJDQL]LQJ�YDULRXV�FRPSHWLWLRQV�GXULQJ� WKH�DZDUHQHVV�ZHHN� L�H�� 6ORJDQ� ZULWLQJ�� (VVD\� ZULWLQJ�� 3RHWU\�� 'HEDWHV� DQG� 6KRUW� OHFWXUH�� $� 6HQLRU�2IILFHU� IURP� &9&� ZDV� DOVR� LQYLWHG� WR� GHOLYHU� D� WDON� RQ� WKH� RFFDVLRQ� LQ� WKH� '2'�+HDGTXDUWHUV�

���� :HOIDUH��'HYHORSPHQW�DQG�(PSRZHUPHQW�RI�:RPHQ
7KH�DFWLYLWLHV�RI�WKH�GHSDUWPHQW�GR�QRW�KDYH�D�GLUHFW�EHDULQJ�RQ�WKH�ZHOIDUH��GHYHORSPHQW�DQG�HPSRZHUPHQW�RI�ZRPHQ��7KH�'HSDUWPHQW��KRZHYHU��KDV�EHHQ�WDNLQJ�GXH�FDUH�WR�HQVXUH�DGHTXDWH�UHSUHVHQWDWLRQ�RI�ZRPHQ�ZKLOH�PDNLQJ�UHFUXLWPHQW�WR�WKH�YDULRXV�VFLHQWLILF�SRVWV��$GHTXDWH�UHSUHVHQWDWLRQ�LV�JLYHQ�WR�ZRPHQ�LQ�WKH�$QWDUFWLF�6FLHQWLILF�H[SHGLWLRQ�DOVR�

���� 7UDLQLQJ
'XULQJ�WKH�\HDU��WKH�IROORZLQJ�2IILFHUV�6WDII�RI�WKH�'HSDUWPHQW�ZHUH�VHQW�IRU�GLIIHUHQW�WUDLQLQJ�ZRUNVKRS�VHPLQDU�SURJUDPPHV�WR�XSGDWH�WKHLU�NQRZOHGJH�DQG�VNLOO�



6O�1R� 'HVLJQDWLRQ 6XEMHFW 3ODFH 'XUDWLRQ
�� -RLQW�6HFUHWDU\ 2ULHQWDWLRQ�3URJUDPPH�RQ�*HR�,QIRUPDWLFV�IRU�GHFLVLRQ�PDNHUV 'HSDUWPHQW� RI�,QIRUPDWLRQ�7HFKQRORJ\��1HZ�'HOKL�

��GD\V
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5HYHQXH ������ ����� ������ ������ ����� ������ ������ ����� ������&DSLWDO ���� � ���� ���� � ���� � � �7RWDO ������ ����� ������ ������ ����� ������ ������ ����� ������6HFUHWDULDW�(FRQRPLF�6HUYLFHV�6DODU\ ������ ������ ������ ������ ������ ������2WKHU�WKDQ�6DODU\ ���� ���� ���� ���� ���� ����727$/ ���� ���� ���� ���� ���� ����'LUHFWLRQ�DQG�$GPLQLVWUDWLRQ6DODULHV ������ ������ ������ ������ � � �2WKHU�WKDQ�6DODULHV � � � � � � �727$/ ���� ���� ���� ���� � � �
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727$/ ���� ����� ����� ���� ����� ����� ���� ����� �����&RVWDO�5HVHDUFK�9HVVHO� ���� � ���� ���� � ���� ���� � ����&DSLWDO � � � � � � � � �727$/ ���� � ���� ���� � ���� ���� � ����&RQWLQHQWDO�6KHOI ����� � ����� ����� ����� ���� � ����&DSLWDO � � � � � � � � �727$/ ����� � ����� ����� ����� ���� � ����$QWDUFWLF�5HVHDUFK ����� � ����� ����� � ������ ����� � �����&DSLWDO ���� � ���� ���� � ���� � � �727$/ ����� � ����� ����� � ����� ����� � �����$VVLVWDQFH�IRU�5HVHDUFK�3URMHFWV ���� � ���� ���� � ���� ���� � ����
,VODQG�'HYHORSPHQW�3URJUDPPH ���� � ���� ���� � ���� � � �
&DSLWDO � � � � � � � � �727$/ ���� � ���� ���� � ���� � � �1DWLRQDO�,QVWLWXWH�RI�2FHDQ�7HFKQRORJ\ ����� � ����� ����� � ����� ����� � �����
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1HZ�5HVHDUFK�9HVVHO ���� � ���� ���� � ���� ���� � ����0DQSRZHU�7UDLQLQJ ���� � ���� ���� � ���� ���� � ����,QWHUQDWLRQDO�&RRSHUDWLRQ � � � � � � � � �([KLELWLRQ�	�)DLUV ���� � ���� ���� � ���� ���� � ����$VVLVWDQFH�IRU�6HPLQDU��6\PSRVLD�HWF ���� � ���� ���� � ���� ���� � ����
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2WKHU�5HVHDUFK�6FKHPHV ����� � ����� ����� ����� ����� � �����7UDLQLQJ ���� � ���� ���� � ���� ���� � ����,QWHUQDWLRQDO�&RRSHUDWLRQ � � � � � � � � �2WKHU�([SHQGLWXUH ���� � ���� ���� � ���� ���� � ����727$/ ������ ����� ������ ������ ����� ������ ������ ����� ������6285&(�2)�),1$1&(5(9(18( ������ ����� ������ ������ ����� ������ � ����� ������&$3,7$/ ���� � ���� ���� � ���� � � �
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