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��$TXDOLQF�5HVHDUFK��&KULVWFKXUFK��&DQWHUEXU\�
��&URS�DQG�)RRG�5HVHDUFK��/LQFROQ��&DQWHUEXU\�

��(65��&KULVWFKXUFK��&DQWHUEXU\�
��/LQFROQ�9HQWXUHV��/LQFROQ��&DQWHUEXU\�

��$J5HVHDUFK��3DOPHUVWRQ�1RUWK�
��'H[FHO��+DPLOWRQ�

��(QYLURQPHQW�&DQWHUEXU\��&KULVWFKXUFK�
��(QYLURQPHQW�:DLNDWR��+DPLOWRQ�

�
,QWURGXFWLRQ�
1LWUDWH�LQ�JURXQGZDWHU�LV�D�PDMRU�HQYLURQPHQWDO�FRQWDPLQDQW�LQWHUQDWLRQDOO\��,Q�1HZ�=HDODQG��
UHJXODWRU\� DXWKRULWLHV� �UHJLRQDO� FRXQFLOV��� YHVWHG� ZLWK� UHVSRQVLELOLW\� WR� PDLQWDLQ�
HQYLURQPHQWDO�TXDOLW\��KDYH�IRXQG�LQFUHDVLQJ�QLWUDWH�OHYHOV�LQ�JURXQGZDWHU�DQG�VXUIDFH�ZDWHU��
VRPH� RI�ZKLFK� H[FHHG� WKH� DFFHSWDEOH� GULQNLQJ� VWDQGDUG� ������PJ�/�12��1�� �6PLWK�� ������
6HOYDUDMDK� HW� DO��� ������ )RUG� DQG� 7D\ORU�� ������� ,W� LV� EHOLHYHG� WKDW� LQFUHDVHV� LQ� QLWUDWH� DUH�
PDLQO\� UHODWHG� WR� QRQ�SRLQW� FRQWDPLQDWLRQ� IURP� DJULFXOWXUDO� ODQG� XVHV� �%XUGHQ�� �������
5HVHDUFK� LV� WKHUHIRUH� EHLQJ� XQGHUWDNHQ� WR� GHWHUPLQH� ULVNV� RI� JURXQGZDWHU� SROOXWLRQ� IURP�
DJULFXOWXUH�� DQG� WR� SURYLGH� D� UDWLRQDOH� IRU� WDUJHWLQJ� ODQG�XVH� FKDQJH� WR� PLQLPLVH�
FRQWDPLQDWLRQ�HIIHFWV�RQ�JURXQGZDWHU��
�
7KLV�SDSHU�LQWURGXFHV�D�FROODERUDWLYH�UHVHDUFK�SURJUDPPH��,5$3��DLPHG�DW�GHYHORSLQJ�WRROV�
WR�XQGHUVWDQG�DQG�PRGHO�WKH�HIIHFWV�RI�DJULFXOWXUDO�ODQG�XVH�RQ�DTXLIHU�TXDOLW\�RQ�WKH�DOOXYLDO�
SODLQV� RI� 1HZ� =HDODQG�� 7KH� SURJUDPPH� EULQJV� WRJHWKHU� UHVHDUFK� RQ� IDUP� PDQDJHPHQW��
DJURQRP\�DQG� VRLO� SURFHVVHV� WRJHWKHU�ZLWK� UHVHDUFK�RQ�ZDWHU� DQG�FRQWDPLQDQW�SURFHVVHV� LQ�
WKH�YDGRVH�]RQH�DQG�DTXLIHU��
:KDW�LV�,5$3"�
,5$3�±�,QWHJUDWHG�5HVHDUFK�IRU�$TXLIHU�3URWHFWLRQ�±�LV�D�FROODERUDWLYH�UHVHDUFK�SURMHFW�ZLWK�
WKH�SULPDU\�DLP�RI�SURGXFLQJ�QDWLRQDOO\�DSSOLFDEOH�WRROV�WR�SUHGLFW�WKH�FXPXODWLYH�HIIHFWV�RI�
FKDQJHV�LQ�ODQG�XVH�RQ�JURXQGZDWHU�TXDOLW\�DW�WKH�DTXLIHU�VFDOH�DQG�WKH�FRQVHTXHQW�HIIHFW�RQ�
VXUIDFH� ZDWHUV�� ,Q� SDUWLFXODU�� WKH� UHVHDUFK� ZLOO� IRFXV� RQ� XQGHUVWDQGLQJ� DQG� PRGHOOLQJ� WKH�
WUDQVSRUW�RI�QLWUDWH�IURP�DJULFXOWXUDO�ODQG�XVHV�WR�JURXQGZDWHU�RQ�WKH�DOOXYLDO�SODLQV�RI�1HZ�
=HDODQG��.H\�TXHVWLRQV�WKDW�WKH�UHVXOWLQJ�WRROV�ZLOO�DQVZHU�DUH���

�� +RZ�GR�QXWULHQWV�IURP�H[LVWLQJ�ODQG�XVH�PRYH�WKURXJK�WKH�VRLO�WR�WKH�DTXLIHU�DQG�WKHQ�
WKURXJK�WKH�DTXLIHU�V\VWHP"��

�� :KDW�LPSDFW�ZLOO�ODQG�XVH�FKDQJHV�KDYH�RQ�WKH�TXDOLW\�RI�JURXQGZDWHU�LQ�WKH�IXWXUH"��
�� :LOO�XVLQJ�EHVW�SUDFWLFH�IDUP�PDQDJHPHQW�WHFKQLTXHV�EH�HQRXJK�WR�PDLQWDLQ�

DFFHSWDEOH�JURXQGZDWHU�TXDOLW\"�
�
�
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7KH� RUJDQLVDWLRQV� FROODERUDWLQJ� LQ� ,5$3� DUH�&URS�	� )RRG�5HVHDUFK��$J5HVHDUFK��'H[FHO��
/DQGFDUH� 5HVHDUFK�� (65�� /LQFROQ� 9HQWXUHV�� $TXDOLQF�� (QYLURQPHQW� &DQWHUEXU\� DQG�
(QYLURQPHQW�:DLNDWR��7KH�FRQWULEXWLRQV�E\�WKH�VFLHQFH�SURYLGHUV�DUH�SULPDULO\�IXQGHG�E\�WKH�
1HZ�=HDODQG�)RXQGDWLRQ�IRU�5HVHDUFK��6FLHQFH�DQG�7HFKQRORJ\��
([SHULPHQWDO�ZRUN�
,5$3�LQFOXGHV�VRPH�EDVLF�H[SHULPHQWDO�UHVHDUFK�RQ�QLWUDWH�PRYHPHQW�LQ�WKH�URRW�]RQH��DQG�RQ�
YDGRVH�DQG�DTXLIHU�SURSHUWLHV��7KH�UHVXOWV�IURP�WKLV�H[SHULPHQWDO�ZRUN�ZLOO�EH� LQFRUSRUDWHG�
LQWR� WKH� ,5$3� VRIWZDUH� RXWSXWV�� 6RPH� RI� WKLV� H[SHULPHQWDO� UHVHDUFK� LV� SUHVHQWHG� LQ� WKHVH�
SURFHHGLQJV��WZR�VWXGLHV�LQWR�WKH�EHKDYLRXU�RI�WKH�YDGRVH�]RQH�DW�/DNH�7DXSR��6WHQJHU�HW�DO���
������DQG�LQ�&DQWHUEXU\��&ORVH�HW�DO����������DQG�WKH�UHVXOWV�RI�D�VWXG\�LQWR�KRZ�IHUWLOLVHU�DQG�
LUULJDWLRQ�DSSOLFDWLRQV�LPSDFW�RQ�QLWUDWH� OHDFKLQJ�IURP�D�FURS�URWDWLRQ��)UDQFLV�HW�DO����������
$OVR� LQ� WKHVH� SURFHHGLQJV� LV� D� VLPXODWLRQ� VWXG\� DLPHG� DW� TXDQWLI\LQJ� WKH� HIIHFWV� RI�ZLWKLQ�
SDGGRFN�YDULDELOLW\�RQ�SUHGLFWLRQV�RI�QLWUDWH�OHDFKLQJ��/LOEXUQH�HW�DO����������
7KH�,5$3�WRROV�
7KH�PDMRU�RXWSXW�RI�,5$3�LV�D�VHW�RI�VRIWZDUH�PRGXOHV�WKDW�IRUP�WKH�EXLOGLQJ�EORFNV�RI�WZR�
HQG�XVHU� WRROV�� )DUP6LP� DQG� $TXLIHU6LP�� )LJXUH� �� VKRZV� WKH� UDQJH� RI� HQYLURQPHQWDO�
GRPDLQV� DQG� VFDOHV� WKDW� ZLOO� EH� LQWHJUDWHG�� DQG� WKH� UHODWLRQVKLS� EHWZHHQ� )DUP6LP� DQG�
$TXLIHU6LP��
�

�)LJ����&RQFHSWXDO�GLDJUDP�RI�LQWHJUDWLRQ�ZLWKLQ�,5$3��
�
7KH�SXUSRVH�RI�)DUP6LP�LV�WR�VLPXODWH�QLWURJHQ�G\QDPLFV�DW�D�IDUP�VFDOH�IRU�FURSSLQJ�DQG�
SDVWRUDO��VKHHS��EHHI�DQG�GDLU\��IDUPV�XQGHU�GLIIHULQJ�PDQDJHPHQW�UHJLPHV�LQ�D�PDQQHU�WKDW�
UHIOHFWV�WKH�XQLTXH�FRQGLWLRQV�RI�HDFK�LQGLYLGXDO�SDGGRFN�ZLWKLQ�WKH�IDUP��)DUP6LP�LQFOXGHV�
PRGXOHV�IRU�VRLO�ZDWHU�PRYHPHQW��QLWURJHQ�F\FOLQJ��SODQW�JURZWK��LUULJDWLRQ��IHUWLOLVHU�
DSSOLFDWLRQ��FURS�URWDWLRQ��VWRFN�PDQDJHPHQW��DQG�DQ�HQG�XVHU�LQWHUIDFH��)LJ������6LPXODWLRQV�
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DUH�FRQGXFWHG�DW�LQGLYLGXDO�SDGGRFN��ILHOG��VFDOH��WDNLQJ�LQWR�DFFRXQW�IDUP�FRQVWUDLQWV��DQG�
DJJUHJDWHG�WR�WKH�ZKROH�IDUP��SURYLGLQJ�WLPH�VHULHV�HVWLPDWHV�RI�GUDLQDJH�IOX[HV�DQG�QLWUDWH�
FRQFHQWUDWLRQ�OHDFKHG�IURP�HDFK�IDUP��7KH�GHVLJQ�RI�)DUP6LP�LV�GHVFULEHG�E\�*RRG�	�%ULJKW�
��������2QH�RI�WKH�SDSHUV�DW�WKLV�FRQIHUHQFH�GHVFULEHV�WKH�DUDEOH�SODQW�PRGXOH��=\VNRZVNL�HW�
DO����������
�
�

�)LJ����)DUP6LP�PRGHO�VWUXFWXUH�DQG�LQWHUDFWLRQV��
�
7KH�$TXLIHU6LP�WRRO�LQWHJUDWHV�WKH�HIIHFWV�RI�WKH�QLWUDWH�FRQWDPLQDWHG�GUDLQDJH�HVWLPDWHV�IURP�
)DUP6LP��DQG�SURYLGHV�LQIRUPDWLRQ�DERXW�WKH�UHVXOWLQJ�KRUL]RQWDO�DQG�YHUWLFDO�GLVWULEXWLRQ�RI�
QLWUDWH�LQ�WKH�DTXLIHU��,W�FRPSULVHV��D�*,6�WR�PDQDJH�WKH�YDULRXV�GDWD�OD\HUV��DQQXDO�IDUP�VFDOH�
GUDLQDJH� DQG� QLWUDWH� IOX[� GDWD� IURP� )DUP6LP�� DQ� HQG�XVHU� LQWHUIDFH� IRU� WKH� XVHU� WR� GHILQH�
ZKDW�LI�FDWFKPHQW�VFDOH�VFHQDULRV�DQG�WR�YLHZ�PRGHO�RXWSXW��DQG�PDWKHPDWLFDO�JURXQGZDWHU�
PRGHOV� WR� GHULYH� WKH� SLH]RPHWULF� VXUIDFH�� FDOFXODWH� WKH� IORZSDWK� RI� WKH� FRQWDPLQDQW�� DQG�
VLPXODWH�WUDQVSRUW�ZLWKLQ�WKH�DTXLIHU��7KH�GHVLJQ�RI�$TXLIHU6LP�LV�GHVFULEHG�E\�%LGZHOO�HW�DO��
��������)LJXUH��� LOOXVWUDWHV� WKH� FRQFHSWXDO�GHVLJQ�RI�$TXLIHU6LP��ZKHUH�*,6� OD\HUV�SURYLGH�
LQIRUPDWLRQ�RQ�DTXLIHU�SURSHUWLHV��DQG�RQ�QLWUDWH�FRQFHQWUDWLRQ�DQG�GUDLQDJH�UHFKDUJH�IURP�WKH�
EDVH� RI� WKH� VRLO� SURILOH�� 7KH� DTXLIHU� SURSHUWLHV� DUH� GHULYHG� IURP� GDWD� IURP� ERUHKROHV��
JURXQGZDWHU� PRGHOOLQJ�� DQG� H[SHUW� NQRZOHGJH�� )DUP� W\SHV� DUH� JURXSHG� DFFRUGLQJ� WR� IDUP�
PDQDJHPHQW�SUDFWLFHV�DIIHFWLQJ�QLWUDWH�OHDFKLQJ��7KH�IDUP�W\SH�OD\HU�PD\�EH�EDVHG�HLWKHU�RQ�
FXUUHQW�ODQG�XVH�LQIRUPDWLRQ�RU�UHSUHVHQWV�D�K\SRWKHWLFDO� ODQG�XVH�VFHQDULR�JHQHUDWHG�E\�WKH�
HQG�XVHU��
�
1LWUDWH�OHDFKLQJ�XQGHU�WKH�YDULRXV�FRPELQDWLRQV�RI�IDUP�W\SHV��VRLOV��DQG�FOLPDWH�LV�VLPXODWHG�
LQ�)DUP6LP��DQG�WKH�UHVXOWV�UHFRUGHG�LQ�D�ORRN�XS�WDEOH��7KH�*,6�DFFHVVHV�WKLV�WDEOH�WR�µPDS¶�

)DUP6LP�
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WKH�QLWUDWH� FRQFHQWUDWLRQ�DQG�GUDLQDJH� UHFKDUJH� IRU� HDFK� ORFDWLRQ� IRU� DQ\� WDUJHW� UHJLRQ��7KH�
*,6� GDWD� DUH� WKHQ� LQSXW� LQWR� WKH� JURXQGZDWHU� HQJLQH�� ZKLFK� FDOFXODWHV� WKH� ��'� IORZSDWK�
WKURXJK�WKH�ORFDWLRQ�RI�LQWHUHVW��DQG�VLPXODWHV�QLWUDWH�WUDQVSRUW�DORQJ�WKH�IORZSDWK��7KH�RXWSXW�
LV�D�JUDSK�RI�QLWUDWH�FRQFHQWUDWLRQ�E\�GHSWK�DORQJ�WKH�IORZSDWK��)LJ������
�

�)LJ����&RQFHSWXDO�GHVLJQ�RI�$TXLIHU6LP��
�
:RUN�RQ�WKHVH�WRROV�LV�XQGHUZD\��(QG�XVHUV�RI�)DUP6LP�ZLOO�LQFOXGH�ODQG�PDQDJHUV�ZDQWLQJ�
WR� DVVHVV� WKHLU� HQYLURQPHQWDO� SHUIRUPDQFH�� (QG�XVHUV� RI� $TXLIHU6LP� ZLOO� SULPDULO\� EH�
UHJLRQDO� FRXQFLO� VWDII� LQFOXGLQJ� SROLF\� DQDO\VWV�� SODQQHUV�� DQG� JURXQG� ZDWHU� VFLHQWLVWV�� $�
IRUPDO�HQG�XVHU�DGYLVRU\�JURXS�RI�UHSUHVHQWDWLYHV�RI�UHOHYDQW�LQGXVWU\�JURXSV�DQG�JRYHUQPHQW�
RUJDQLVDWLRQV�KDV�EHHQ�VHW�XS�WR�DGYLVH�WKH�GHYHORSPHQW�WHDP��DV�ZHOO�DV�DQ�LQIRUPDO�JURXS�RI�
UHJLRQDO�FRXQFLO�VWDII��)XUWKHU�LQIRUPDWLRQ�RQ�,5$3�FDQ�EH�REWDLQHG�IURP�ZZZ�LUDS�RUJ�Q]���
5HIHUHQFHV�
%LGZHOO��9��-���/LOEXUQH��/��5��DQG�*RRG��-��0���������6WUDWHJ\�IRU�GHYHORSLQJ�*,6�EDVHG�

WRROV�IRU�PDQDJHPHQW�RI�WKH�HIIHFWV�RQ�JURXQGZDWHU�RI�QLWUDWH�OHDFKLQJ�IURP�
DJULFXOWXUDO�ODQG�XVH��3URFHHGLQJV�RI�02'6,0������,QWHUQDWLRQDO�&RQJUHVV�RQ�
0RGHOOLQJ�DQG�6LPXODWLRQ��0HOERXUQH��$XVWUDOLD��������'HFHPEHU�������0RGHOOLQJ�
DQG�6LPXODWLRQ�6RFLHW\�RI�$XVWUDOLD�DQG�1HZ�=HDODQG��SS�������������

�
%XUGHQ��5��-���������1LWURJHQ�FRQWDPLQDWLRQ�RI�1HZ�=HDODQG�DTXLIHUV��D�UHYLHZ��1HZ�

=HDODQG�MRXUQDO�RI�VFLHQFH��������������
�
&ORVH��0���'DQQ��5���)UDQFLV��*��DQG�7KRPDV��6���������7KH�LPSDFW�RI�YDGRVH�]RQH�SURFHVVHV�

RQ�QLWUDWH�OHDFKLQJ�XQGHU�FURSSLQJ�LQ�&DQWHUEXU\��1XPEHU��2FFDV��5HSRUW�1R������
)HUWLOLVHU�DQG�/LPH�5HVHDUFK�&HQWUH��3DOPHUVWRQ�1RUWK��
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�
)RUG��5��DQG�7D\ORU��.���������0DQDJLQJ�QLWUDWH�OHDFKLQJ�WR�JURXQGZDWHU��DQ�HPHUJLQJ�LVVXH�

IRU�&DQWHUEXU\��1XPEHU��2FFDV��5HSRUW�1R������)HUWLOLVHU�DQG�/LPH�5HVHDUFK�&HQWUH��
3DOPHUVWRQ�1RUWK��

�
)UDQFLV��*���7KRPDV��6��0���%DUORZ��+��(���7DEOH\��)��-��DQG�*LOOHVSLH��5��1���������)HUWLOLVHU�

DQG�LUULJDWLRQ�PDQDJHPHQW�HIIHFWV�RQ�QLWUDWH�OHDFKLQJ�IURP�URWDWLRQV�RI�DQQXDO�FURSV��
1XPEHU��2FFDV��5HSRUW�1R������)HUWLOLVHU�DQG�/LPH�5HVHDUFK�&HQWUH��3DOPHUVWRQ�
1RUWK��

�
*RRG��-��0��DQG�%ULJKW��-���������$Q�REMHFW�RULHQWHG�VRIWZDUH�IUDPHZRUN�IRU�WKH�IDUP�VFDOH�

VLPXODWLRQ�RI�QLWUDWH�OHDFKLQJ�IURP�DJULFXOWXUDO�ODQG�XVHV�±�,5$3�)DUP6LP��
3URFHHGLQJV�RI�02'6,0������,QWHUQDWLRQDO�&RQJUHVV�RQ�0RGHOOLQJ�DQG�6LPXODWLRQ��
0HOERXUQH��$XVWUDOLD��������'HFHPEHU������0RGHOOLQJ�DQG�6LPXODWLRQ�6RFLHW\�RI�
$XVWUDOLD�DQG�1HZ�=HDODQG��SS�����������

�
/LOEXUQH��/���:HEE��7���-DPLHVRQ��3��DQG�=\VNRZVNL��5���������6LPXODWLQJ�ZLWKLQ�SDGGRFN�

YDULDELOLW\�RI�QLWUDWH�OHDFKHG�IURP�D�PL[HG�FURSSLQJ�SDGGRFN��1XPEHU��2FFDV��5HSRUW�
1R������)HUWLOLVHU�DQG�/LPH�5HVHDUFK�&HQWUH��3DOPHUVWRQ�1RUWK��

�
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