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7KH�ILUVW�\HDU�RI�ZRUN�RQ�WKH�1$6$�/&/8&�SURMHFW�´$VVHVVLQJ�IXWXUH�VWDELOLW\�RI�86
+LJK�3ODLQV�ODQG�FRYHU��LQWHJUDWLRQ�RI�SURFHVV�PRGHOLQJ�ZLWK�/DQGVDW��LQ�VLWX�PRGHUQ
DQG�SDOHRFOLPDWLF�GDWD�µ�KDV�JRQH�ZHOO�RQ�PXOWLSOH�IURQWV��3URJUHVV�LV�VXPPDUL]HG
EHORZ�E\�IRFXV�

���$UF�,QIR�*,6�GDWDEDVH�GHYHORSHG�IRU�86�+LJK�3ODLQV�/&/8&�UHVHDUFK��7KLV�*,6�ZRUN
ZLOO�IRUP�D�FHQWUDO�WRRO�RI�RXU�UHVHDUFK��SURYLGLQJ�EDVLF�GDWD�IRU�VLWH�VHOHFWLRQ�
FKDUDFWHUL]DWLRQ�DQG�PRGHOLQJ��'DWD�LQJHVWHG�LQ�<5��LQFOXGH�$9+55��NP�ODQG�FRYHU
GDWD��LQVWUXPHQWDO�FOLPDWH�GDWD��WHPSHUDWXUH��SUHFLSLWDWLRQ�DQG�GURXJKW�UHODWHG���VRLO
GDWD��ULYHU�GDWD��ODNH�GDWD��WRSRJUDSK\�DQG�DJULFXOWXUDO�ODQG�XVH�GDWD��/DQGVDW�VFHQH
ERXQGDULHV�ZHUH�DOVR�LQJHVWHG��(IIRUWV�KDYH�EHJXQ�WR�LQFRUSRUDWH�LQIRUPDWLRQ�RQ
SDOHRFOLPDWLF��SDOHRYHJHWDWLRQDO��DQG�SDOHRHROLDQ�FKDQJH��DV�ZHOO�DV�WR�LQYHVWLJDWH�RWKHU
GDWD�WKDW�FDQ�EH�XVHG�WR�LPSURYH�ODQG�FRYHU�ELRJHRFKHPLFDO�PRGHOLQJ�

���6HOHFWLRQ�RI�SULPDU\�/DQGVDW�EDVHG�VWXG\�VLWHV��7KH�86�+LJK�3ODLQV�/&/8&�*,6�ILUVW
DSSOLFDWLRQ�ZDV�WR�H[SORUH�WKH�+LJK�3ODLQV�UHJLRQ�IRU�WKH�EHVW�DUHDV�IRU�LQWHQVLYH
/DQGVDW�UHPRWH�VHQVLQJ�DQG�PRGHOLQJ��&ULWHULD�IRU�VLWH�VHOHFWLRQ�LQFOXGHG������SUHVHQFH
RI�VDQG�GXQHV�WKDW�ZHUH�DFWLYH�LQ�WKH�SUHVHQW�LQWHUJODFLDO��H�J���LQ�WKH�ODVW������\HDUV������
SUHVHQFH�RI�D�FOHDU�FOLPDWLF�JUDGLHQW��IURP�PRLVW�WR�GU\������D�GLYHUVLW\�RI�ODQG�FRYHU�����
D�UHFRUG�RI�DW�OHDVW�WZR�DQRPDORXVO\�GU\�DQG�WZR�DQRPDORXVO\�ZHW�\HDUV��VXPPHUV�
VLQFH�WKH�ODXQFK�RI�/DQGVDW��������DYDLODELOLW\�RI�ORZ�FORXG�/DQGVDW�VFHQHV�IURP�WKH
(526�'DWD�&HQWHU��DQG�����SUR[LPLW\�WR�H[LVWLQJ�SDOHRHQYLURQPHQWDO�UHFRUGV�DQG�RU
SURPLVLQJ�VLWHV�IRU�SDOHRHQYLURQPHQWDO�UHFRQVWUXFWLRQ��2XU�VXUYH\�RI�SRWHQWLDO�VLWHV
PHHWLQJ�DOO�WKHVH�FULWHULD�UHYHDOHG�WKDW�/DQGVDW�VFHQH�DYDLODELOLW\�ZDV�WKH�PRVW�OLPLWLQJ
IDFWRU��+RZHYHU��ZH�ZHUH�DEOH�WR�ILQG�WZR�VLWHV�WKDW�ILW�RXU�FULWHULD��������D�WZR�VFHQH�
SUHGRPLQDQWO\�JUDVVODQG��HDVW�ZHVW�WUDQVHFW�DFURVV�WKH�1HEUDVND�6DQG�+LOOV�DQG�����D
WZR�VFHQH�HDVW�ZHVW�WUDQVHFW�LQ�6:�7H[DV�WKDW�LQFOXGHV�ERWK�JUDVVODQG�DQG�ZRRG\�SODQW
ODQGFRYHU�W\SHV�

2XU�VWUDWHJ\�LV�WR�GHYHORS�D�OLQNHG�YHULILHG�/DQGVDW�PRGHO�GDWD�ODQG�FRYHU�FKDQJH
DVVHVVPHQW�FDSDELOLW\�IRU�HDFK�RI�WKH�WZR�VWXG\�DUHDV��:H�WKHQ�VKRXOG�EH�DEOH�WR�H[WHQG
RXU�DVVHVVHPHQW�VWUDWHJ\�WR�WKH�UHVW�RI�WKH�+LJK�3ODLQV�XVLQJ�WKH�/DQGVDW�VFHQH�OLEUDU\
EHLQJ�FRPSLOHG�E\�'U��$��*RHW]�IRU�KLV�073(�HIIRUW�´/DQG�DQG�/DQG�8VH�&KDQJH�LQ�WKH
&OLPDWH�6HQVLWLYH�+LJK�3ODLQV��$Q�DXWRPDWHG�$SSURDFK�ZLWK�/DQGVDW�µ

���2UGHULQJ�RI�/DQGVDW�LPDJHU\��7KH�SXUFKDVH�RI�WKLUW\�QLQH�/DQGVDW�VFHQHV�ZDV
DSSURYHG�E\�&��-XVWLFH�DV�SDUW�RI�WKH�1$6$�/&/8&�GDWD�EX\��DQG�KDYH�EHHQ�RUGHUHG
IURP�WKH�(526�'DWD�&HQWHU��7KHVH�ZLOO�EH�FRPELQHG�ZLWK�VFHQHV�DOUHDG\�LQ�KDQG�IRU
RXU�/&/8&�LQYHVWLJDWLRQ�

���3DOHRHQYLURQPHQWDO�OLQNDJHV��$Q�LPSRUWDQW�FRPSRQHQW�RI�RXU�ZRUN�LV�WR�GHILQH�DQG
XQGHUVWDQG�WKH�IXOO�UDQJH�RI�FOLPDWH�YDULDELOLW\�RQ�WKH�+LJK�3ODLQV��SDUWLFXODUO\�ZLWK
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UHVSHFW�WR�GURXJKW�DQG�HROLDQ�ODQG�FRYHU�FKDQJH��:H�ZLOO�WKHQ�ZRUN�WR�HQVXUH�WKDW�RXU
/DQGVDW�DQG�PRGHO�EDVHG�ODQG�FRYHU�FKDQJH�DVVHVVPHQW�PHWKRGV�DUH�DEOH�WR�KDQGOH
WKLV�IXOO�UDQJH�RI�HQYLURQPHQWDO�YDULDELOLW\��7KH�ILUVW�VWHS�WR�GHILQLQJ�WKH�IXOO�UDQJH�RI
+LJK�3ODLQV�HQYLURQPHQWDO�YDULDELOLW\�ZDV�WR�FDUU\�RXW�D�FRPSUHKHQVLYH�OLWHUDWXUH
UHYLHZ�RI�DOO�H[LVWLQJ�SDOHRHQYLURQPHQWDO�UHFRUGV�IRU�LQ�DQG�DURXQG�WKH�+LJK�3ODLQV�
'HVSLWH�D�VSDUVLW\�RI�H[LVWLQJ�GDWD��RXU�UHYLHZ�UHYHDOHG�D�VXUSULVLQJO\�FRKHUHQW�SLFWXUH
RI�SDVW�FKDQJH��2XU�UHVXOWV��QRZ�VXEPLWWHG�IRU�SXEOLFDWLRQ�LQ�WKH�%XOOHWLQ�RI�WKH
$PHULFDQ�0HWHRUORJLFDO�6RFLHW\��:RRGKRXVH�DQG�2YHUSHFN���������PDNH�LW�FOHDU�WKDW
WKH�GURXJKWV�RI�WKH���WK�FHQWXU\��LQFOXGLQJ�WKRVH�RI�WKH�����V�DQG�����V��ZHUH�HFOLSVHG
VHYHUDO�WLPHV�E\�GURXJKWV�HDUOLHU�LQ�WKH�ODVW������\HDUV��DQG�DV�UHFHQWO\�DV�WKH�ODWH���WK
FHQWXU\��,Q�JHQHUDO��VRPH�GURXJKWV�SULRU�WR������DSSHDU�WR�KDYH�EHHQ�FKDUDFWHUL]HG�E\
PXOWLGHFDGDO�GXUDWLRQ�DQG�JUHDWHU�VSDWLDO�H[WHQW�RI�WKH���WK�FHQWXU\��&OHDUO\��WKLV�UDQJH
RI�YDULDELOLW\�PXVW�EH�DFFRXQWHG�IRU�LQ�DQ\�FOLPDWH�LQGXFHG�ODQG�FRYHU�FKDQJH
DVVHVVPHQW�SURJUDP�

,Q�DGGLWLRQ�WR�RXU�FRPSUHKHQVLYH�UHYLHZ��ZH��5��:HEE��KDYH�DOVR�RUJDQL]HG�D
SDOHRHQYLURQPHQWDO�VHVVLRQ�DW�WKH�XSFRPLQJ�-XQH�*(:(;�&RQWLQHQWDO�VFDOH
,QWHUQDWLRQDO�3URMHFW��*&,3��0LVVLVVLSSL�5LYHU�&OLPDWH�&RQIHUHQFH��:H�SODQ�WR�IROORZ
XS�WKLV�VPDOO�JDWKHULQJ�RI�SDOHR�VFLHQWLVWV�ZLWK�D�ODUJHU�ZRUNVKRS�LQ�%RXOGHU��&2
GHVLJQHG�WR�GHILQH�DQG�DQVZHU�WKH�PRVW�FULWLFDO�ODQG�FRYHU�UHODWHG�SDOHQYLURQPHQWDO
TXHVWLRQV�RQ�WKH�+LJK�3ODLQV��7KLV�ZRUNVKRS�ZLOO�EH�FRXSOHG�ZLWK�RXU�IXQGHG
SDOHRHQYLURQPHQWDO�GDWD�DFTXLVLWLRQ�SURJUDP�WR�KDYH�WKH�EHVW�SRVVLEOH
SDOHRHQYLURQPHQWDO�IUDPHZRUN�SRVVLEOH�IRU�EXLOGLQJ�DQG�WHVWLQJ�RXU�ODQG�FRYHU
DVVHVVPHQW�PHWKRGV�

���/DQG�FRYHU�HFRV\VWHP�PRGHOLQJ��7KH�&(1785<�(FRV\VWHP�PRGHO�KDV�EHHQ�UXQ�IRU
WKH�WZR�VHOHFWHG�VWXG\�VLWHV��VHH����DERYH���7KH�ILUVW�QRQ�FRQWURO�H[SHULPHQWV�XWLOL]HG
LQVWUXPHQWDO�FOLPDWH�GDWD�IRU�WKH�SHULRG������������DQG�SURYLGH�WLPH�VHULHV�SHUVSHFWLYHV
RI�HFRV\VWHP�FKDQJH�IRU�WKDW�SHULRG�WKURXJK�ERWK�PDMRU�GU\�DQG�ZHW�SHULRGV�
6HQVLWLYLW\�H[SHULPHQWV�KDYH�DOVR�EHHQ�PDGH�WR�LQYHVWLJDWH�WKH�UROHV�RI�JUD]LQJ�DQG
HDUO\�VHDVRQ�SODQW�GLH�RII��$OO�H[SHULPHQWV�WR�GDWH�DUH�IRU�RQH�W\SH�RI�HGDSKLF��H�J���VRLO�
FKDUDFWHULVWLFV��7KHVH�UXQV�DUH�EHLQJ�DQDO\]HG�DQG�ZLOO�VHW�WKH�VWDJH�IRU�UHDOLVWLF�WUDQVHFW
H[SHULPHQWV�RQFH�WKH�/DQGVDW�GDWD�DUH�FRQYHUWHG�WR�ODQG�FRYHU�GDWD�

7KH�VWDJH�KDV�DOVR�EHHQ�VHW�IRU�SDOHRFOLPDWH�ODQG�FRYHU�PRGHO�YDOLGDWLRQ�H[SHULPHQWV�
&OLPDWH�PRGHO�GLDJQRVWLFV�IRU�D������\HDUV�%�3���EHIRUH�SUHVHQW��H[SHULPHQW��DQG�DUH
EHLQJ�XVHG�WR�GULYH�&(1785<�VLPXODWLRQV�RI�WKH�PXFK�GULHU�PLG�+RORFHQH�ODQGVFDSH�

$OWKRXJK�RXU�SULPDU\�IRFXV�LV�RQ�XVLQJ�&(1785<��ZH�KDYH�DOVR�PDGH�SODQV�ZLWK�'UV�
-RKQ�)ROH\�DQG�&ROLQ�3UHQWLFH�WR�SHUIRUP�PRGHO�FRPSDULVRQV�ZLWK�WKH�,%,6�DQG
%,20(��PRGHOV�
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���3URMHFW�&RRUGLQDWLRQ�DQG�2XWUHDFK��/LQNDJHV�ZLWK�WKH�ODQG�XVH�VWDNH�KROGHUV��L�H��
GHFLVLRQ��DQG�SROLF\�PDNHUV��KDV�EH�SXUVXHG�SULPDULO\�YLD�WKH�EXLOGLQJ�RI�OLQNDJHV�ZLWK
RWKHU�LQWHJUDWHG�DVVHVVPHQW�HIIRUWV�LQ�WKH�+LJK�3ODLQV�DQG�5RFN\�0RXQWDLQ�)URQW�5DQJH
UHJLRQV���:H�SDUWLFLSDWHG�LQ�WKH�6RXWKZHVW�5HJLRQDO�&OLPDWH�&KDQJH�6\PSRVLXP�
6HSWHPEHU����������LQ�7XFVRQ��$UL]RQD��)RFXVHG�RQ�DQ�DVVHVVPHQW�RI�WKH�UHJLRQDO�LPSDFW
DQG�YXOQHUDELOLWLHV�RI�FOLPDWH�DQG�JOREDO�FKDQJH��WKLV�PHHWLQJ�SURYLGHG�FRQWDFWV�ZKLOH
VHUYLQJ�DV�IRUXP�IRU�WKH�H[FKDQJH�RI�LQIRUPDWLRQ�EHWZHHQ�VFLHQFH�SURJUDPV�DQG
UHSUHVHQWDWLYHV�IURP�JRYHUQPHQW��UDQFKLQJ�	�DJULFXOWXUH��ZDWHU�PDQDJHPHQW��ILVK�	
ZLOGOLIH�PDQDJHPHQW��IRUHVWU\��PLQLQJ��HQHUJ\�SURGXFWLRQ��DQG�QRQ�JRYHUQPHQWDO
RUJDQL]DWLRQV���6WDUWLQJ�ZLWK�LQLWLDO�SODQQLQJ�PHHWLQJV��ZH�KDYH�DOVR�EHHQ�LQYROYHG�LQ
WKH�GHYHORSPHQW�RI�D�MRLQW�8QLYHUVLW\�RI�&RORUDGR�12$$�¶:DWHU�LQ�WKH�:HVW·�UHVHDUFK
DQG�UHJLRQDO�DVVHVVPHQW�LQLWLDWLYH�WKDW�ZLOO�GLUHFWO\�FRPSOHPHQW�RXU�UHVHDUFK�LQ�WKH
+LJK�3ODLQV���:H�KDYH�DOVR�EHJXQ�SUHOLPLQDU\�GLVFXVVLRQV�ZLWK�'U��'HQQLV�2MLPD
�&RORUDGR�6WDWH�8QLYHUVLW\��RQ�KRZ�RXU�UHVHDUFK�FDQ�EH�LQWHJUDWHG�ZLWK�RWKHU�HIIRUWV�DV
SDUW�RI�IXWXUH�DVVHVVPHQWV�RI�WKH�UHJLRQDO�LPSDFW�DQG�YXOQHUDELOLWLHV�RI�FOLPDWH�DQG
JOREDO�FKDQJH�LQ�WKH�+LJK�3ODLQV�

���3XEOLFDWLRQV�SUHVHQWDWLRQV�

:HEE��5�6���5��+HDO\��-�7�2YHUSHFN�DQG�'�+�5LQG���������6LPXODWLRQV�RI�WKH�&HQWUDO
1RUWK�$PHULFDQ�&OLPDWH������<5�%�3��8VLQJ�1$6$�*,66�&OLPDWH�0RGHO�9HUVLRQ
��DQG��
��*(:(;�&RQWLQHQWDO�VFDOH�,QWHUQDWLRQDO�3URMHFW��*&,3��0LVVLVVLSSL�5LYHU
&OLPDWH�&RQIHUHQFH��-XQH�������������6W��/RXLV��0LVVRXUL

:RRGKRXVH��&�$��DQG�-�7��2YHUSHFN���������������\HDUV�RI�GURXJKW�YDULDELOLW\�LQ�WKH
&HQWUDO�8QLWHG�6WDWHV��%XOOHWLQ�RI�WKH�$PHULFDQ�0HWHRURORJLFDO�6RFLHW\
�VXEPLWWHG��

:RRGKRXVH��&���DQG�-��2YHUSHFN���������$������\HDU�PXOWLSUR[\�UHFRUG�RI�GURXJKW�LQ
WKH�&HQWUDO�8QLWHG�6WDWHV��*(:(;�&RQWLQHQWDO�VFDOH�,QWHUQDWLRQDO�3URMHFW��*&,3�
0LVVLVVLSSL�5LYHU�&OLPDWH�&RQIHUHQFH��-XQH�������������6W��/RXLV��0LVVRXUL


