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��/DQGFDUH�5HVHDUFK��3�2�%R[�����/LQFROQ��&DQWHUEXU\��1HZ�=HDODQG�
��&DZWKURQ�,QVWLWXWH��3ULYDWH�%DJ����1HOVRQ��1=�

��/DQGFDUH�5HVHDUFK��3ULYDWH�%DJ��������3DOPHUVWRQ�1RUWK��1HZ�=HDODQG�
��7DVPDQ�'LVWULFW�&RXQFLO��3ULYDWH�%DJ����5LFKPRQG�������1HZ�=HDODQG�

$EVWUDFW�
$� FRQFHSWXDO�PRGHO� RI� ,QWHJUDWHG� &DWFKPHQW�0DQDJHPHQW� �,&0�� LV� SUHVHQWHG� LQ� ZKLFK� ,&0� LV� GHILQHG� DV� D�
SURFHVV� WR� DFKLHYH� ERWK� HFRV\VWHP� UHVLOLHQFH� DQG� FRPPXQLW\� UHVLOLHQFH�� � ,W� UHTXLUHV� QRW� RQO\� ELRSK\VLFDO�
NQRZOHGJH� GHYHORSHG� E\� K\GURORJLVWV� DQG� RWKHU� HQYLURQPHQWDO� VFLHQWLVWV�� EXW� DQ� DFWLYH� SDUWQHUVKLS� ZLWK�
FDWFKPHQW�FRPPXQLWLHV�DQG�VWDNHKROGHUV�WR�EUHDN�WKH�µSDUDGLJP�ORFN¶�GHVFULEHG�E\�WKH�+(/3�SURJUDPPH��
�
7KLV� SDSHU� UHSRUWV� REVHUYDWLRQV� IURP� ,&0� UHVHDUFK� LQ� WKH�0RWXHND� +(/3� GHPRQVWUDWLRQ� EDVLQ� LQ� WKH� XSSHU�
6RXWK� ,VODQG� RI� 1HZ� =HDODQG�� � 7KH�0RWXHND� RFFXSLHV� ����� NP�� RI� ODQG� \HW� WKH� ULYHU� HIIHFWV� DUH� IHOW� RQ� WKH�
VHDEHG�PRUH�WKDQ����NP��RIIVKRUH��VR�WKH�WUXH� µFDWFKPHQW¶� LV� ODUJHU�� �$�K\GURORJLFDOO\� WHPSHUDWH�PRXQWDLQRXV�
FDWFKPHQW�ZLWK�KRUWLFXOWXUDO��DJULFXOWXUDO��SODQWDWLRQ�IRUHVWU\�DQG�FRQVHUYDWLRQ�ODQG�XVHV��WKH�0RWXHND�DOVR�KRVWV�
DQ� LQWHUQDWLRQDOO\� UHFRJQLVHG� EURZQ� WURXW� ILVKHU\�� � /DQG� DQG�ZDWHU�PDQDJHPHQW� LVVXHV� GULYLQJ� ,&0� UHVHDUFK�
LQFOXGH�ZDWHU�DOORFDWLRQ�FRQIOLFWV�EHWZHHQ�LQVWUHDP�DQG�LUULJDWLRQ�ZDWHU�XVHV��LPSDFWV�RQ�ZDWHU�TXDOLW\�RI�UXQRII�
IURP� LQWHQVLI\LQJ� ODQG� XVHV�� FDWFKPHQW� LPSDFWV� RQ� FRDVWDO� SURGXFWLYLW\� DQG� DTXDFXOWXUH�� DQG� KRZ� WR�PDQDJH�
FDWFKPHQW�SURFHVVHV�LQ�DQ�LQWHJUDWHG�ZD\�WKDW�DGGUHVVHV�FXPXODWLYH�HIIHFWV�RI�GHYHORSPHQW��
�
&ROODERUDWLRQ�ZLWK�FDWFKPHQW�VWDNHKROGHUV�FDQ�EH�YLHZHG�DV�KDYLQJ�WZR�SULPDU\�SXUSRVHV��
�
���� EXLOGLQJ� NQRZOHGJH� DQG� FRPPLWPHQW� RI� UHVRXUFH� XVHUV� WRZDUGV� VXVWDLQDEOH� UHVRXUFH� PDQDJHPHQW�

�FROODERUDWLYH�OHDUQLQJ���DQG��
�
���� VWDNHKROGHU�LQYROYHPHQW�LQ�UHVRXUFH�PDQDJHPHQW�LWVHOI��JRYHUQDQFH���
([DPSOHV�DUH�SUHVHQWHG�RI�D�&ROODERUDWLYH�/HDUQLQJ�*URXS�RQ�6HGLPHQW�OHDUQLQJ�RI�WKHLU�GLIIHULQJ�SHUVSHFWLYHV�
RQ�ILQH�VHGLPHQW�LPSDFWV��DQG�D�&DWFKPHQW�/DQGFDUH�*URXS�ZRUNLQJ�ZLWK�VFLHQWLVWV�WR�LPSURYH�ZDWHU�TXDOLW\�LQ�
WKHLU� ULYHU�� � 6XFFHVV� IDFWRUV� IRU� ZDWHU� XVHU� FRPPLWWHHV�PDNLQJ� GHFLVLRQV� DERXW� ZDWHU� UHVRXUFH�PDQDJHPHQW�
LQFOXGH� FUHDWLQJ� RSSRUWXQLWLHV� WR� FRPPXQLFDWH� DQG� EXLOG� WUXVW�� VKDUH� VFLHQWLILF� NQRZOHGJH� RQ� WKH� LVVXH�� DQG�
ZLOOLQJQHVV� WR� FRPSURPLVH�� � )XQFWLRQLQJ� FDWFKPHQW� JURXSV� KDYH� SRWHQWLDO� WR� WDNH� RQ� GHOHJDWHG� JRYHUQDQFH�
UHVSRQVLELOLW\�IRU�PHHWLQJ�DJUHHG�ZDWHU�TXDOLW\�DQG�RWKHU�FRPPXQLW\�JRDOV����
)LQDOO\� WKH� VFHQDULR�PRGHOOLQJ� IUDPHZRUN� ,'($6� �,QWHJUDWHG�'\QDPLF� (QYLURQPHQWDO� $VVHVVPHQW� 6\VWHP�� LV�
SUHVHQWHG�� LQ� ZKLFK� HQYLURQPHQWDO� LQGLFDWRUV� VXFK� DV� QXWULHQW� IOX[HV� DUH� VLPXODWHG� DORQJVLGH� VRFLR�HFRQRPLF�
LQGLFDWRUV�VXFK�DV�MRE�QXPEHUV�DQG�FDWFKPHQW�*'3�IRU�D�UDQJH�RI�ODQG�DQG�PDULQH�XVH�RSWLRQV���
�
�



� �

7RLWX�WH�PDUDH�R�7DQH�� � ,I�WKH�GRPDLQ�RI�7DQH�
7RLWX�WH�PDUDH�R�7DQJDURD� � DQG�7DQJDURD�DUH�KHDOWK\�
7RLWX�WH�LZL� � � � WKH�SHRSOH�ZLOO�EH�KHDOWK\��

�
6FRSH�RI�3DSHU��
�
7KLV� SDSHU� UHYLHZV� VRPH� LQWHJUDWLYH� DSSURDFKHV� DLPHG� DW� EHWWHU� OLQNLQJ� HQYLURQPHQWDO� UHVHDUFK� DQG�
PDQDJHPHQW� �SDUWLFXODUO\� K\GURORJLFDO� VFLHQFH�� ZLWK� HFRQRPLF��
VRFLDO� DQG� FXOWXUDO� RXWFRPHV� LQ� WKH�0RWXHND�+(/3� EDVLQ� RI� 1HZ�
=HDODQG�� � 7KH� H[DPSOHV� SUHVHQWHG� LQFOXGH� FROODERUDWLRQ�PHWKRGV�
DQG� DQ� LQWHJUDWLYH� PRGHOOLQJ� DSSURDFK� FDOOHG� ,'($6� �,QWHJUDWHG�
'\QDPLF� (QYLURQPHQWDO� $VVHVVPHQW� 6\VWHP��� � 7KHVH� DUH� DPRQJ�
WKH�UHVHDUFK�ILQGLQJV�IURP�WKH�0RWXHND�EDVLQ�GHYHORSHG�VLQFH�WKH�
����� .DOPDU� +(/3� V\PSRVLXP�� �%RZGHQ� HW� DO�� ������ DQG� DUH�
SUHVHQWHG�IURP�WKH�WZR�VHQLRU�DXWKRUV¶�SHUVSHFWLYHV�DV�UHVHDUFKHU�
DQG�VWDNHKROGHU�UHVSHFWLYHO\��DQG�ZKR�ERWK�KDYH�ORQJ�LQYROYHPHQW�
ZLWK�WKH�FDWFKPHQW��
�
7KH������NP��0RWXHND�FDWFKPHQW� LQ�1HZ�=HDODQG¶V�6RXWK� ,VODQG�
�)LJ� ��� LV� D� +(/3� 'HPRQVWUDWLRQ� %DVLQ� IURP� D� K\GURORJLFDOO\�
WHPSHUDWH� ]RQH� �%DVKHU� �HG�� ������� � 7KH� 0RWXHND� FDWFKPHQW� LV�
KRPH�WR�1HZ�=HDODQG¶V� ,QWHJUDWHG�&DWFKPHQW�0DQDJHPHQW� �,&0��
UHVHDUFK�SURJUDPPH��KWWS���LFP�ODQGFDUHUHVHDUFK�FR�Q]������
�
7KLV� LV� D� JRYHUQPHQW�IXQGHG� UHVHDUFK� SDUWQHUVKLS� LQ� ZKLFK�
UHVHDUFKHUV�� FRPPXQLW\� DQG� VHFWRU� JURXS� VWDNHKROGHUV�� DQG� ORFDO�
JRYHUQPHQW� ZRUN� FROODERUDWLYHO\� RQ� EDVLQ�VFDOH� UHVRXUFH�
PDQDJHPHQW� LVVXHV�� 7KLV� LQFOXGHV� FDWFKPHQW� LPSDFWV� RQ� WKH�
DGMDFHQW� FRDVW�� LQ� ZKLFK� WKH� VHDEHG� LQIOXHQFH� RI� WKH� ULYHU� SOXPH�
H[WHQGV�PRUH�WKDQ����NP���PHDQLQJ�WKDW�HIIHFWLYHO\�RXU�FDWFKPHQW�
H[WHQGV�EH\RQG�WKH�ULYHU�PRXWK��)RUUHVW�HW�DO����������
�
&RQFHSWXDO�0RGHOV�IRU�,&0��
�
:H�GHILQH� ,&0�VLPLODUO\� WR� ,:50�DQG� WKH�SULQFLSOHV�RI� WKH�+(/3�SURJUDPPH�±�EXW�ZLWK�PRUH� IRFXV�RQ� ODQG�
ZDWHU�LQWHUDFWLRQV��
�
,QWHJUDWHG�&DWFKPHQW�0DQDJHPHQW� LV�D�SURFHVV� WKDW� UHFRJQLVHV� WKH�FDWFKPHQW�DV� WKH�DSSURSULDWH�RUJDQLVLQJ�
XQLW� IRU� XQGHUVWDQGLQJ� DQG� PDQDJLQJ� HFRV\VWHP� SURFHVVHV� LQ� D� FRQWH[W� WKDW� LQFOXGHV� VRFLDO�� HFRQRPLF� DQG�
SROLWLFDO� FRQVLGHUDWLRQV�� DQG� JXLGHV� FRPPXQLWLHV� WRZDUGV� DQ� DJUHHG� YLVLRQ� RI� VXVWDLQDEOH� ODQG� DQG� ZDWHU�
UHVRXUFH�PDQDJHPHQW�IRU�WKHLU�FDWFKPHQW���
�

�������������������������������������������������
��0 RUL�SURYHUE�±�7DQH�LV�JRG�RI�IRUHVWV��ELUGV�DQG�WKH�IHUWLOLW\�RI�WKH�ODQG��7DQJDURD�LV�JRG�RI�ULYHUV��ODNHV�DQG�
RFHDQV�

��81(6&2�+(/3�V\PSRVLXP��.DOPDU�6ZHGHQ������$XJXVW�������7RZDUGV�LQWHJUDWHG�FDWFKPHQW�PDQDJHPHQW��
,QFUHDVLQJ�WKH�GLDORJXH�EHWZHHQ�VFLHQWLVWV��SROLF\�PDNHUV�DQG�VWDNHKROGHUV��

�

)LJXUH����0RWXHND�FDWFKPHQW��6RXWK�
,VODQG��1HZ�=HDODQG�
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7KXV�,&0�LV�D�KROLVWLF��WUDQVGLVFLSOLQDU\�DSSURDFK�
WR� PDQDJLQJ� WKH� QDWXUDO� UHVRXUFHV� RI� D�
FDWFKPHQW�ZLWK� WKH�SHRSOH� RI� WKDW� SODFH�� � ,W� LV� D�
SURFHVV�UDWKHU�WKDQ�DQ�RXWFRPH���)LJXUH���VKRZV�
RXU� FRQFHSWXDO� PRGHO� IRU� ,&0� DV� D� VFLHQFH�
EDVHG� LWHUDWLYH� SURFHVV�� � +HUH� FDWFKPHQW�VFDOH�
LVVXHV� DUH� LGHQWLILHG� ZLWK� VWDNHKROGHUV��
NQRZOHGJH�DERXW� WKRVH� LVVXHV� LV� EXLOW� WKURXJK�D�
UHVHDUFK�DQG�PRQLWRULQJ�SURFHVV��DQG� WKLV� OHDGV�
WR�DFWLRQ�DQG�UH�HYDOXDWLRQ��
�
:KLOH�WKLV�SURFHVV�PLJKW�VXJJHVW�D�PDMRU�UROH�IRU�
ELRSK\VLFDO� VFLHQFH� VXFK� DV� K\GURORJ\�� PRGHUQ�
FDWFKPHQW�PDQDJHPHQW�LV�OHVV�RI�D�WHFKQRORJLFDO�
IL[� LQYROYLQJ� WRS�GRZQ� PDQDJHPHQW� DQG�
HQJLQHHULQJ� VROXWLRQV� WKDQ� ��� \HDUV� DJR���
&DWFKPHQW�PDQDJHUV�VWLOO�QHHG�NQRZOHGJH�DERXW�
ELRSK\VLFDO� SURFHVVHV� VXFK� DV� ZDWHU� \LHOGV��
VHGLPHQW� ORDGV� DQG� DTXDWLF� HFRORJ\�� � %XW� WKH\�
DOVR� QHHG� WR� XQGHUVWDQG� FRPPXQLW\� YDOXHV� DQG�
DVSLUDWLRQV� IRU� WKHLU� SODFH� LQ� WKH� FDWFKPHQW�� DQG�
HQJDJH� VWDNHKROGHUV� LQ� UHVRXUFH� PDQDJHPHQW���

7KHVH�EULQJ�LQ�VRFLDO��FXOWXUDO�DQG�HFRQRPLF��LQFOXGLQJ�SROLWLFDO��GLPHQVLRQV�WR�PDQDJHPHQW����
�
6R�ZH�VHH�PRGHUQ�,&0�DV�KDYLQJ�WZR�SLOODUV��ELRSK\VLFDO�NQRZOHGJH�DQG�VRFLDO�SURFHVV�� � ,QFOXGLQJ� WKH�VRFLDO�
SLOODU�LV�D�ZD\�WR�EUHDN�WKH�µSDUDGLJP�ORFN¶��)LJ����GHVFULEHG�LQ�WKH�+(/3�SURJUDPPH��%RQHOO�DQG�$VNHZ��������
VR�WKDW�VFLHQWLILF�H[SHUWLVH�DQG�ORFDO�NQRZOHGJH�ZRUN�KDQG�LQ�KDQG��)LJ�����
�
�

��
�

7KH� VRFLDO� SURFHVV� RXWOLQHG� EHORZ� LQ� )LJXUH� �� �DQG� HTXDOO\� DSSOLFDEOH� WR� )LJXUH� ��� IRFXVHV� RQ� VWUHQJWKHQLQJ�
SDUWLFLSDWLRQ�DQG�VHOI�KHOS� LQ�QDWXUDO� UHVRXUFH�PDQDJHPHQW�SURMHFWV�� ,W� LV�D�VSHFLILF�DSSURDFK� WKDW�HPSKDVL]HV�
VRPH� NH\� VWHSV� DSSOLFDEOH� WR� GHYHORSLQJ� WKH� NQRZOHGJH� DQG� DFWLRQ� QHHGHG� WR� FKDQJH� SUREOHP� VLWXDWLRQV�
FRQVWUXFWLYHO\��7KHVH�VWHSV�FRQVLVW�RI� IDPLOLDU�SURFHVVHV�XVHG� LQ�RWKHU� ILHOGV�RI� FRRSHUDWLRQ��GHVLJQHG�DURXQG�
EDVLF�PDQDJHPHQW�DFWLRQV��7KH�ILUVW�RI�WKHVH�LQYROYHV�HVWDEOLVKLQJ�D�FOLPDWH�IRU�FKDQJH�ZLWK�WKH�GLIIHUHQW�SDUWLHV�
LQYROYHG�DQG�VHWWLQJ�JRDOV�DQG�REMHFWLYHV��7KLV� LV� IROORZHG�E\�VWHSV� WKDW� LQYROYH�VHDUFKLQJ� IRU� LQIRUPDWLRQ�DQG�

)LJXUH���±�,QWHJUDWHG�&DWFKPHQW�0DQDJHPHQW��,&0��DV�D�
VFLHQFH�EDVHG�SURFHVV�

)LJXUH����+(/3�3DUDGLJP�/RFN��IURP�%RQHOO�DQG�$VNHZ��������
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GHYHORSLQJ� D� VKDUHG� XQGHUVWDQGLQJ� DQG� DFWLRQ� SODQV� WR� DGGUHVV� WKH� LVVXH�� )LQDOO\�� WKH� FLUFXODU� QDWXUH� RI� WKH�
SURFHVV�VWUHVVHV�WKH�QHHG�WR�GHYHORS�IHHGEDFN�ORRSV�WR�PD[LPL]H�WKH�EHQHILWV�IURP�PRQLWRULQJ�DQG�HYDOXDWLRQ�
DQG�GHYHORS�D�FROODERUDWLYH�OHDUQLQJ�VHOI�LPSURYLQJ�HQYLURQPHQW��

��
�
)LJXUH����$�VRFLDO�SURFHVV�DSSURDFK�WR�EUHDNLQJ�WKH�+(/3�SDUDGLJP�ORFN�WKURXJK�FROODERUDWLRQ��DGDSWHG�IURP�

$OOHQ�DQG�.LOYLQJWRQ��������
�
5HVLOLHQFH�WKHRU\��*XQGHUVRQ�DQG�+ROOLQJ��������DOVR�RIIHUV�D�FRQFHSWXDO�PRGHO�IRU�,&0�DQG�IRU�+(/3���%DVHG�
RQ�RXU�WZR�SLOODUV�� WKH�REMHFWLYH�RI� ,&0�LV�WR�DFKLHYH�ERWK�HFRV\VWHP�UHVLOLHQFH�DQG�FRPPXQLW\�UHVLOLHQFH�� �%\�
XQGHUVWDQGLQJ�DQG�PDQDJLQJ�ELRSK\VLFDO�SURFHVVHV�DQG�IOX[HV�RI�QDWXUDO�FDSLWDO�DFURVV�D�FDWFKPHQW��FDWFKPHQW�
PDQDJHUV� LGHQWLI\� ZD\V� WR� EXLOG� HFRV\VWHP� UHVLOLHQFH�� � 6LPLODUO\�� E\� PDSSLQJ� DQG� GHYHORSLQJ� FRPPXQLW\�
QHWZRUNV�DQG�YDOXHV��DQG�PDQDJLQJ�RXU�SODFH�WRJHWKHU��ZH�EXLOG�FRPPXQLW\�UHVLOLHQFH�DQG�VRFLDO�FDSLWDO���7KLV�
PRGHO�LPSOLHV�D�FRPELQDWLRQ�RI�WRS�GRZQ�DQG�ERWWRP�XS�JRYHUQDQFH�EHFDXVH�LW�LV�WKH�FRPELQDWLRQ�RI�VFLHQWLILF�
XQGHUVWDQGLQJ�� LQVWLWXWLRQDO� VWUXFWXUHV� IRU� UHVRXUFH� PDQDJHPHQW�� DQG� HPSRZHUHG� SHRSOH� OLYLQJ� ZLWKLQ� D�
FDWFKPHQW�ZKLFK�ZLOO�JHQHUDWH�UHVLOLHQW�FDWFKPHQW�PDQDJHPHQW��
��
$FKLHYLQJ� UHVLOLHQFH�VKRXOG�QRW�EH�VHHQ�DV�VRPH�VRUW�RI�RSWLPLVDWLRQ�SURFHVV�ZLWK�D�VLQJOH�RXWFRPH�� �5DWKHU�
UHVLOLHQFH� LV� DERXW� XQGHUVWDQGLQJ� WKUHVKROGV� IRU� FKDQJH� DQG� DERXW� DGDSWLYH� PDQDJHPHQW� �*XQGHUVRQ� DQG�
+ROOLQJ�� ������� � $WWULEXWHV� RI� UHVLOLHQFH� UHOHYDQW� WR� ,&0� LQFOXGH�PDLQWDLQLQJ� GLYHUVLW\� DQG�HFRORJLFDO� YDULDELOLW\�
ZLWKLQ� WKH� FDWFKPHQW� DQG� FRPPXQLW\�� PRGXODULW\�� UHFRJQL]LQJ� VORZO\� H[SUHVVHG� YDULDEOHV� VXFK� DV� WKH� VORZ�
UHVSRQVH�RI�JURXQGZDWHU�TXDOLW\�WR�ODQG�XVH�FKDQJH��IHHGEDFN��VRFLDO�FDSLWDO��LQQRYDWLRQ��PXOWL�OHYHO�JRYHUQDQFH��
DQG�DFFRXQWLQJ�IRU�HFRV\VWHP�VHUYLFHV��:DONHU�DQG�6DOW���������
�
,QVWLWXWLRQDO�)UDPHZRUN�IRU�,&0�LQ�1=��
�
7KH� LQVWLWXWLRQDO� VHWWLQJ� IRU� FDWFKPHQW� PDQDJHPHQW� JUHDWO\� DIIHFWV� LWV� VXFFHVVIXO� LPSOHPHQWDWLRQ�� :DWHU�
PDQDJHPHQW�LQ�1HZ�=HDODQG�ZDV�UHJLRQDOO\�IRUPDOLVHG�ZLWK�WKH�HVWDEOLVKPHQW�RI�FDWFKPHQW�ERDUGV�ZLWK�WKH�6RLO�
&RQVHUYDWLRQ� DQG�5LYHUV�&RQWURO�$FW� ������ DOWKRXJK� LWV� HPSKDVLV�ZDV� ODUJHO\� RQ� VRLO� FRQVHUYDWLRQ� DQG� IORRG�
FRQWURO�UDWKHU�WKDQ�ZDWHU�PDQDJHPHQW���7KH�SDVVDJH�RI�WKH�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�$FW�RI������LQWURGXFHG�
D�PRUH�FRPSUHKHQVLYH�ZDWHU�PDQDJHPHQW�UHJLPH��LQWURGXFLQJ�WKH�ZDWHU�ULJKWV�IRU�ZDWHU�DOORFDWLRQ�DQG�VHHNLQJ�
WR�SURWHFW�ZDWHU�TXDOLW\�� DW� OHDVW� LQ� UHVSHFW�RI�SRLQW� VRXUFH�GLVFKDUJHV�� �&DWFKPHQW�%RDUGV� LQ������ZHUH�DOVR�
JLYHQ�WKH�WDVN�RI�ZDWHU�PDQDJHPHQW�SODQQLQJ�DV�5HJLRQDO�:DWHU�%RDUGV����
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�
$�IXUWKHU�DQG�VLJQLILFDQW�UH�RUJDQLVDWLRQ�RI�DOO�QDWXUDO�UHVRXUFH�PDQDJHPHQW�FDPH�ZLWK�WKH�SDVVDJH�RI�WKH������
5HVRXUFH�0DQDJHPHQW�$FW��50$��ZKLFK�LQFOXGHG�ZDWHU�PDQDJHPHQW�ZLWK�RWKHU�QDWXUDO�UHVRXUFHV�LQFOXGLQJ�DLU��
ODQG� XVH� DQG� FRDVWDO� PDQDJHPHQW�� � 7KH� 50$� VHHNV� LQWHJUDWHG�PDQDJHPHQW� RI� DOO� VXFK� UHVRXUFHV�� �:DWHU�
PDQDJHPHQW� LV� ODUJHO\� WKH�UHVSRQVLELOLW\�RI� UHJLRQDO�FRXQFLOV�� WKH�VXFFHVVRUV� WR�FDWFKPHQW�DQG�UHJLRQDO�ZDWHU�
ERDUGV�� �7KHUH�DUH����UHJLRQDO�FRXQFLOV�FRYHULQJ�1=�� �7KH�50$�SDUWLFXODUO\� LQWURGXFHG�VWDWXWRU\�PDQDJHPHQW�
SODQQLQJ� LQWR� ZDWHU�PDQDJHPHQW� LQ� DQ� DWWHPSW� WR� DGGUHVV� FXPXODWLYH� HIIHFWV� RQ� D� FDWFKPHQW� EDVLV� DQG� WKH�
FRQVHTXHQFHV�RI� LQFUHPHQWDO� FKDQJHV�RQ�QDWXUDO� UHVRXUFHV�� � 7KH�50$�� KRZHYHU�� KDV� VWUXJJOHG� WR�GHDO�ZLWK�
ZDWHU� DQG� RWKHU� UHVRXUFH� DOORFDWLRQ� LVVXHV� ZLWKLQ� DQ� µHIIHFWV� EDVHG¶� PDQDJHPHQW� UHJLPH�� � 7KLV� KDV� SURYHQ�
DGHTXDWH�ZKHUH�ZDWHU�LV�QRW�VKRUW��EXW�KDV�VWUXFN�GLIILFXOWLHV�ZLWK�IXOO�DOORFDWLRQ����
�
%\�FRPSDULVRQ�ZLWK�PDQ\�FRXQWULHV�1=�LV�ZHOO�HQGRZHG�ZLWK�ZDWHU�RQ�D�SHU�FDSLWD�EDVLV��ZLWK�VRPH�YHU\�KLJK�
DQQXDO� UDLQIDOO� LQ�VRPH�DUHDV�� �'HVSLWH� LWV� WHPSHUDWH�FOLPDWH��1=�VWLOO�KDV�PDQ\� ORFDOL]HG�DUHDV�ZLWK�VHDVRQDO�
ZDWHU� VKRUWDJHV� RU� DUHDV� RI� KLJK� ZDWHU� GHPDQG� LQ� RUGHU� WR� JURZ� FHUWDLQ� FURSV� RU� VXSSRUW� SDUWLFXODU� IDUPLQJ�
PHWKRGV��
�
:LWKLQ� WKH� 7DVPDQ�'LVWULFW� �7DVPDQ�'LVWULFW� &RXQFLO� EHLQJ� RQH� RI� WKH� ��� UHJLRQDO� FRXQFLOV�� OLHV� WKH�0RWXHND�
FDWFKPHQW���7KH�0RWXHND�5LYHU�KDV�D�QDWLRQDOO\�UHFRJQL]HG�UHFUHDWLRQDO�EURZQ�WURXW�ILVKHU\���3URWHFWLRQ�RI�WKH�
ILVKHU\�KDELWDW�ZDV� VRXJKW� LQ������ZLWK�DSSOLFDWLRQ�E\� WKH� ILVKHU\�PDQDJHU� IRU�D� VWDWXWRU\�ZDWHU� FRQVHUYDWLRQ�
RUGHU���7KLV�ZRXOG�VHW�GRZQ�WKH�ULYHU�IORZ�DQG�ZDWHU�DQG�ULYHU�KDELWDW�TXDOLW\�VWDQGDUGV�QHFHVVDU\�WR�VXVWDLQ�WKH�
ILVKHU\�LQWR�WKH�IXWXUH���,Q�QHJRWLDWLQJ�WKH�IORZ�UHJLPH�LQ�SDUWLFXODU��ZDWHU�XVHUV�DQG�SDUWLFXODU�LUULJDWRUV�DQG�ODQG�
RZQHUV�LQ�WKH�XSSHU�0RWXHND�5LYHU�FDWFKPHQW�ZHUH�FRQFHUQHG�DV�WR�ZKDW�IORZ�SURWHFWLRQ�IRU�WKH�ILVKHU\�PLJKW�
KDYH�RQ�DFFHVV�WR�ZDWHU�IRU�RXW�RI�VWUHDP�XVH����
�
3ULRU� WR� WKH�PDLQ�KHDULQJV�RQ� WKH�FRQVHUYDWLRQ�RUGHU�DSSOLFDWLRQ�� WKH� ULYHU�H[SHULHQFHG�D�PDMRU�GHFOLQH� LQ� WKH�
DEXQGDQFH� RI� EURZQ� WURXW�� � ([SODQDWLRQV� IRU� WKLV� YDULHG� EHWZHHQ� REVHUYHUV�� IURP� IORRGV�� ILQH� VHGLPHQW�
VPRWKHULQJ� WKH� ULYHU�EHG��RYHU�KDUYHVW�E\�DQJOHUV��DIIRUHVWDWLRQ�DQG�YDULRXV�RWKHU�VXJJHVWLRQV�� �7KHVH� LVVXHV�
WRXFKHG�PDQ\�LQ�WKH�FRPPXQLW\��IURP�DQJOHUV�DQG�WKH�WRXULVW�LQGXVWU\��ODQGRZQHUV�LQFOXGLQJ�KRUWLFXOWXUH��SDVWRUDO�
IDUPLQJ�DQG�IRUHVWU\��DQG�WKH�XUEDQ�UHVLGHQWV�RI�0RWXHND�WRZQ����8QGHUVWDQGLQJ�WKH�UHODWLYH�LPSRUWDQFH�RI�WKHVH�
GLIIHUHQW�IDFWRUV�LQIOXHQFLQJ�WKH�WURXW�ILVKHU\�EHFDPH�RQH�RI�WKH�PDMRU�XQGHUO\LQJ�UHDVRQV�IRU�WKH�,&0�UHVHDUFK�
EHLQJ�XQGHUWDNHQ�LQ�WKH�0RWXHND�5LYHU�FDWFKPHQW��)HQHPRU�HW�DO������������
�
7KLV�KDV�SURYLGHG� WKH�RSSRUWXQLW\� WR�PRGHO�FDWFKPHQW� IXWXUHV��ZLWK�FKDQJHV� LQ� WKH�SURSRUWLRQ�RI�GLIIHUHQW� ODQG�
XVHV��IURP�GU\�VWRFN�IDUPLQJ�WR�GDLU\��RU�IDUPLQJ�WR�IRUHVWU\��IRU�H[DPSOH����)URP�WKH�RXWVHW��D�PDMRU�FRPSRQHQW�
LQ�WKH�SURJUDPPH�KDV�EHHQ�PDLQWDLQLQJ�LQWHUHVW�LQ�DQG�IHHGEDFN�IURP�WKH�FRPPXQLW\�E\�ZD\�RI�VRFLDO�UHVHDUFK����
�
,&0�3URFHVV�LQ�WKH�0RWXHND�&DWFKPHQW��
�
6R� KRZ� KDV� WKH� ,&0� SURFHVV� LQWURGXFHG� LQ� )LJXUH� �� EHHQ� DSSOLHG� WR� WKH�0RWXHND� FDWFKPHQW"� � 5HFRQFLOLQJ�
FDWFKPHQW�VFDOHV�ZLWK�WKH�VFDOHV�RI�FRPPXQLWLHV�RI�LQWHUHVW�LV�WKH�ILUVW�LVVXH���,W�EHFRPHV�PRUH�GLIILFXOW�WKH�ODUJHU�
WKH� FDWFKPHQW� DQG� WKH� OHVV� WRSRJUDSKLFDOO\� GHILQHG� WKH� FDWFKPHQW� �HJ� ZLWK� ODUJH� GHOWDLF� IORRGSODLQV��� � 7KH�
0RWXHND� LV� GLVWLQFW� WRSRJUDSKLFDOO\� �)LJXUH� ��� EXW� KDV� VHSDUDWH� XSSHU� DQG� ORZHU� FDWFKPHQW� FRPPXQLWLHV� RI�
LQWHUHVW�� �7KH�QDWXUH�RI� WKH� UHVRXUFH�PDQDJHPHQW� LVVXHV�DOVR�DIIHFWV� WKH�PDQDJHPHQW� VFDOH� IRU� ,&0�� �:KLOH�
WKHUH�DUH�VSHFLILF�VXEFDWFKPHQW� LVVXHV�VXFK�DV�SRRU�ZDWHU�TXDOLW\�DQG�ZDWHU�VKRUWDJH�IRU� LUULJDWLRQ�� WKHVH�DUH�
SDUW�RI�D�ELJJHU�SLFWXUH�RI�HIIHFWV�RI�ODQG�XVH�RQ�ULYHUV�DQG�WKHQ�WKH�FRDVW��VR�D�ZKROH�FDWFKPHQW�EDVLV�IRU�,&0�LV�
MXVWLILHG�IRU�WKH�0RWXHND����
�
%DVHG�RQ�PHHWLQJV�DFURVV�WKH�FDWFKPHQW�DQG�D�VWDNHKROGHU�VXUYH\��%RZGHQ�DQG�:LONLQVRQ���������WKH�IROORZLQJ�
PDMRU�,&0�LVVXHV�ZHUH�LGHQWLILHG�DV�UHTXLULQJ�UHVHDUFK��
�

x� :DWHU�DOORFDWLRQ�LV�D�VLJQLILFDQW�LVVXH�DPRQJ�ZDWHU�XVHUV��ZLWK�WHQVLRQV�EHWZHHQ�LQVWUHDP�IORZ�QHHGV�IRU�
WKH� WURXW� ILVKHU\� DQG� FRQVXPSWLYH� QHHGV� RI� LUULJDWLRQ�� WKHUH� KDV� DOVR� EHHQ� FRQIOLFW� EHWZHHQ� ZDWHU�
DOORFDWHG�IRU�LUULJDWLRQ�DQG�WKH�LQWHUFHSWLRQ�RI�UDLQIDOO�E\�IRUHVWU\�GHYHORSPHQW��UHGXFLQJ�IRUPHU�OHYHOV�RI�
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ULYHU�DQG�JURXQGZDWHU�UHFKDUJH���8QGHUVWDQGLQJ�WKH�G\QDPLFV�RI�VXUIDFH�DQG�JURXQGZDWHU�K\GURORJ\�LQ�
WKLV�VHDVRQDOO\�GU\�FDWFKPHQW�LV�KHOSLQJ�WR�GHYHORS�VXVWDLQDEOH�ZDWHU�DOORFDWLRQ�SROLFLHV�DQG�UXOHV��

x� 7KH� LPSDFWV� RI�ZDWHU� XVH�DQG� ODQG�PDQDJHPHQW� SUDFWLFHV� ±� HVSHFLDOO\� VHGLPHQW�PRYHPHQW� �� RQ� WKH�
0RWXHND�5LYHU�DQG�LWV�WULEXWDULHV��ZKLFK�DUH�D�QDWLRQDOO\�DQG�LQWHUQDWLRQDOO\�UHFRJQLVHG�WURXW�ILVKHU\��

x� 7KH�FRQVHTXHQFHV�RI�WKH�FRPELQHG�LPSDFWV�RI�ODQG�DQG�ULYHU�PDQDJHPHQW�RQ�FRDVWDO�DTXDFXOWXUH�DQG�
ILVKLQJ�LQGXVWULHV��ZKLFK�DUH�RI�QDWLRQDO�HFRQRPLF�LPSRUWDQFH��

x� &XPXODWLYH�HIIHFWV�RI�FDWFKPHQW�GHYHORSPHQW�E\�DQ�LQFUHDVLQJ�DQG�PRUH�GLYHUVH�SRSXODWLRQ�� LQFOXGLQJ�
LQFUHDVLQJ�WRXULVP�DQG�0 RUL�FXOWXUDO�DQG�EXVLQHVV�RSSRUWXQLWLHV��

�
)LJXUH� �� VKRZV� WKHVH� DV� JHQHULF� WKHPHV�� � $� ILIWK�
UHVHDUFK� FRPSRQHQW� LV� LQWHJUDWLYH� WRROV� DQG� PHWKRGV�
DFURVV� DOO� IRXU� WKHPHV�� �:KLOH� WKH�0RWXHND� ,&0�+(/3�
SURJUDPPH�DLPV�WR�EH�PRUH�WUDQVGLVFLSOLQDU\�WKDQ�PXOWL�
GLVFLSOLQDU\�� )LJXUH� �� VKRZV� IRU� SURMHFW� PDQDJHPHQW�
SXUSRVHV� KRZ� LQGLYLGXDO� UHVHDUFK� VWUDQGV� PDS� WR� WKH�
WKHPHV�RI�)LJXUH������
�
7KLV� UHVHDUFK� IRFXVHV� RQ� LQWHJUDWLQJ� NQRZOHGJH� DQG�
PDQDJHPHQW� DW� ODUJH� FDWFKPHQW� VFDOH�� VR� WKH� SULPDU\�
DXGLHQFHV� IRU� RXU� UHVHDUFK�DUH� RXU� UHVHDUFK�SDUWQHUV� ��
&RXQFLO� SROLF\� DQG� HQYLURQPHQWDO� PRQLWRULQJ� VWDII�� DQG�
UHVRXUFH�XVHUV�VXFK�DV�WKH�IDUPLQJ��IRUHVWU\�DQG�PDULQH�
IDUPLQJ�VHFWRUV��
��
�

0RGHOOLQJ�HIIHFWV�RI�ODQG�XVHV�RQ�ULYHU�ZDWHU�TXDOLW\�DQG�KDELWDW�
7URXW�PLJUDWLRQ�LQ�UHVSRQVH�WR�ORZ�IORZV�DQG�IORRGV�
/LQNV�EHWZHHQ�0 RUL�FXOWXUDO�DQG�VFLHQWLILF�LQGLFDWRUV�RI�ULYHU�KHDOWK�

)UHVK�:DWHU�

)LVK�IULHQGO\�IORRGJDWH�GHVLJQ�DQG�PDQDJHPHQW�
)DHFDO�EDFWHULD�DQG�RQ�IDUP�DFWLRQV�WR�PLQLPL]H�VWUHDP�FRQWDPLQDWLRQ�
5LYHU�DTXLIHU�PRGHOOLQJ�IRU�VXVWDLQDEOH�ZDWHU�DOORFDWLRQ�
/DQG�XVH�HIIHFWV�RQ�VWUHDPIORZV�DQG�QXWULHQW�ORDGV�
5LSDULDQ�UHVWRUDWLRQ�PHWKRGV�XVLQJ�QDWLYH�SODQWV�
5LYHU�JUDYHO�WUDQVSRUW��PRQLWRULQJ�DQG�PDQDJHPHQW�

/DQG�

6HGLPHQW�VRXUFHV��\LHOGV�DQG�PRGHOOLQJ�RI�LWV�ULYHU�DQG�FRDVWDO�LPSDFWV�
5LYHU�SOXPH�HIIHFWV�RQ�RIIVKRUH�EHQWKRV�DQG�ZDWHU�FROXPQ�&RDVWDO�
0RGHOOLQJ� FDWFKPHQW� HIIHFWV� RIIVKRUH� IRU� HFRV\VWHP� IXQFWLRQ� DQG� DTXDFXOWXUH� VSDFH�
DOORFDWLRQ�
&ROODERUDWLYH�OHDUQLQJ�DSSURDFKHV�IRU�,&0�
%XLOGLQJ�LZL��0 RUL�WULEDO��FDSDFLW\�DQG�FROODERUDWLRQ�IRU�,&0�
(QKDQFLQJ�LQVWLWXWLRQDO�OHDUQLQJ�E\�WKH�&RXQFLO�IRU�,&0�

&ROODERUDWLYH�
/HDUQLQJ
�

6FLHQFH�UHVSRQVLYHQHVV�WR�FRPPXQLW\�QHHGV�
.QRZOHGJH�PDQDJHPHQW�DQG�GHOLYHU\�IRU�,&0�
0HGLDWHG�PRGHOOLQJ�RI�FDWFKPHQW�IXWXUHV�
,'($6�±�DQ�LQWHJUDWHG�PRGHOOLQJ�IUDPHZRUN�IRU�WHVWLQJ�FDWFKPHQW�VFHQDULRV
�
'HILQLQJ�,&0�DV�D�SURFHVV�

,QWHJUDWLRQ�

,PSURYLQJ�ZDWHU�DOORFDWLRQ�DQG�PDQDJHPHQW�E\�OLQNLQJ�K\GURORJLFDO�VFLHQFHV�DQG�SROLF\�
�

)LJXUH�����,&0�UHVHDUFK�SURMHFWV�E\�WKHPH�LQ�WKH�0RWXHND�+(/3�FDWFKPHQW�
�
5HWXUQLQJ� WR� WKH� WKHVLV� WKDW� HIIHFWLYH� ,&0�QHHGV� WR� LQWHJUDWH� ERWK� ELRSK\VLFDO� XQGHUVWDQGLQJ� DQG� VWDNHKROGHU�
SDUWLFLSDWLRQ��WKH�UHPDLQGHU�RI�WKLV�SDSHU�GHVFULEHV�UHVXOWV�DQG�REVHUYDWLRQV�IURP�RXU�UHVHDUFK�RQ�FROODERUDWLYH�
OHDUQLQJ� DQG� LQWHJUDWLYH�PRGHOOLQJ� �
DVWHULVNHG� LQ� )LJXUH� ���� � %DVHG� RQ� LQYROYHPHQW� RI� WKH� VHQLRU� DXWKRUV� LQ�

)LJXUH����,&0�5HVHDUFK�7KHPHV�DQG�2XWSXWV�

/DQG

)UHVKZDWHU

&RDVWDO

,VV
XH

V

%03V
*XLGHOLQHV
'66
0RGHOV
.QRZOHGJH�%DVH
,'($6
6RFLDO�OHDUQLQJ
([SHULHQFH

6WDWH�	
5HVSRQVH
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YDULRXV� ZDWHU� FRPPLWWHHV�� ZH� DOVR� PDNH� VRPH� REVHUYDWLRQV� DERXW� GHVLJQ� DQG� VXFFHVV� IDFWRUV� IRU� VXFK�
FROODERUDWLYH�JURXSV���
���
&ROODERUDWLYH�3URFHVVHV��
�
&ROODERUDWLRQ�ZLWK�VWDNHKROGHUV�KDV�DW�OHDVW�WZR�GLPHQVLRQV�IRU�FDWFKPHQW�PDQDJHPHQW������EXLOGLQJ�NQRZOHGJH�
DQG�FRPPLWPHQW�RI�UHVRXUFH�XVHUV�WRZDUGV�VXVWDLQDEOH�UHVRXUFH�PDQDJHPHQW��FROODERUDWLYH�OHDUQLQJ���DQG�����
VWDNHKROGHU�LQYROYHPHQW�LQ�PDQDJHPHQW�RI�ODQG�DQG�ZDWHU�UHVRXUFHV��JRYHUQDQFH������
�
7KH�GHVLJQ�RI�RSSRUWXQLWLHV�IRU�FROODERUDWLYH�OHDUQLQJ�LV�WKHUHIRUH�DQ�LPSRUWDQW�IDFHW�RI�,&0���.LOYLQJWRQ�DQG�$OOHQ�
�������VXJJHVW�WKLV�GHVLJQ�VKRXOG�KDYH�WKH�IROORZLQJ�IHDWXUHV��
x� (VWDEOLVKHG� UHODWLRQVKLSV� EHWZHHQ� VFLHQFH� SURYLGHUV� DQG� VWDNHKROGHUV� WKDW� IRVWHU� WUXVW� DQG� DJUHH�PXWXDO�

H[SHFWDWLRQV�
x� 0DQDJHG�RSSRUWXQLWLHV�IRU�PXOWL�SDUW\�FULWLFDO�UHIOHFWLRQ�RQ�VSHFLILF�SUREOHPV�
x� .QRZOHGJH�UHSRVLWRU\�DQG�UHWULHYDO�V\VWHPV�WKDW�H[WHQG�LQIRUPDWLRQ�DQG�OHDUQLQJ�EH\RQG�FRUH�SDUWLFLSDQWV�
x� 3URJUHVV�UHYLHZ�DQG�SURFHVV�DGMXVWPHQW�
�
$�UDQJH�RI�FROODERUDWLYH�OHDUQLQJ�PHWKRGV�KDYH�EHHQ�WULDOOHG�LQ�WKH�0RWXHND�FDWFKPHQW��LQFOXGLQJ��
x� 7KH�&RPPXQLW\�5HIHUHQFH�*URXS��D�JURXS�RI�UHVLGHQWV�DFWLQJ�DV�D�VRXQGLQJ�ERDUG�IRU�UHVHDUFK�GLUHFWLRQ�

DQG�XSWDNH�RI�UHVXOWV��
x� $�&ROODERUDWLYH�/HDUQLQJ�*URXS�RQ�6HGLPHQW��GHVFULEHG�EHORZ��
x� +XL��GLVFXVVLRQV��DQG�SRZKLUL��IRUPDO�ZHOFRPHV�DW�WKH�0 RUL�PHHWLQJ�KRXVH��WR�GHYHORS�DQ�LZL��WULEDO��*,6�

DQG�D�ULYHU�PRQLWRULQJ�SURWRFRO�
x� 6HFWRU�ZRUNVKRSV��LQFOXGLQJ�RQH�RQ�DOWHUQDWLYH�ZDWHU�DOORFDWLRQ�RSWLRQV��DQG�RQH�RQ�WKH�VFLHQFH�EHKLQG�ULYHU�

JUDYHO�PDQDJHPHQW��
x� :DWHU�8VHU�&RPPLWWHHV�VHW�XS�E\�7DVPDQ�'LVWULFW�&RXQFLO��DOVR�GHVFULEHG�EHORZ��
x� :DWHUVKHG� 7DON�� D� GLDORJXH� SURFHVV� H[SORULQJ� LGHDV� DERXW� FDUH� DQG� UHVSRQVLELOLW\� IRU� WKH� HQYLURQPHQW��

ZKLFK�EXLOW�RQ�WKH�SDUWLFLSDWRU\�VXFFHVV�RI�WKH�HDUOLHU�DUW�VFLHQFH�FROODERUDWLRQ�7UDYHOOLQJ�5LYHU�
x� $�FDWFKPHQW� ODQGRZQHUV¶�JURXS��/DQGFDUH�JURXS��LQ�WKH�6KHUU\�VXEFDWFKPHQW�ZKR�DUH�LPSOHPHQWLQJ�IDUP�

PDQDJHPHQW� SUDFWLFHV� ZKLFK� DUH� LPSURYLQJ� ULYHU�
ZDWHU�TXDOLW\��

x� $Q� $QQXDO� *HQHUDO� 0HHWLQJ� RI� UHVHDUFKHUV��
&RXQFLO�VWDII�DQG�FDWFKPHQW�VWDNHKROGHUV�

x� 7KH� 0RWXHND� 7RROERRN�� DQ� LQWHUDFWLYH� &'�5RP�
GLVWLOOLQJ� FDWFKPHQW� LQIRUPDWLRQ� WR� DQVZHU�
VWDNHKROGHU�TXHVWLRQV�

x� $Q� RQ�OLQH� GLVFXVVLRQ� JURXS�&RQIOXHQV� IRU� VRPH�
���SHRSOH�ZLWKLQ�WKH�,&0�UHVHDUFK�SURJUDPPH�

x� 2XU� ,&0� UHVHDUFK� ZHEVLWH�
KWWS���LFP�ODQGFDUHUHVHDUFK�FR�Q]��

x� $�PHGLDWHG�FRPSDQLRQ�PRGHOOLQJ� SURFHVV� IRU� WKH�
PRGHOOLQJ� IUDPHZRUN� ,'($6�� GLVFXVVHG� LQ� WKH�
IROORZLQJ�VHFWLRQ��

�
:H� GHVFULEH� WZR� H[DPSOHV� RI� FROODERUDWLYH� OHDUQLQJ���
7KH�&ROODERUDWLYH�/HDUQLQJ�*URXS�RQ�6HGLPHQW�ZDV�
D� JURXS� RI� SDUWLHV� LQWHUHVWHG� LQ� WKH� HIIHFWV� RI� DQG� RQ�
ILQH�VHGLPHQW�LQ�WKH�0RWXHND�5LYHU���)LQH�VHGLPHQW�FDQ�

EH�JHQHUDWHG�IURP�ODQG�VXUIDFH�GLVWXUEDQFH���:KHUH�WKLV�ILQHU�VHGLPHQW�WKHQ�UHDFKHV�WKH�PDLQ�ULYHU�LW�FDQ�LPSDFW�
WKH�LQVWUHDP�ELRWD���7KH�H[WHQW�DQG�QDWXUH�RI�WKLV�LVVXH�KDV�EHHQ�GHEDWHG�DPRQJVW�D�JURXS�RI�LQGLYLGXDOV�IURP�
YDULRXV� VWDNHKROGHU� EDFNJURXQGV�� LQFOXGLQJ� D� ILVKHU\�PDQDJHU�� ODQGRZQHU�� IRUHVWU\�PDQDJHU�� D�PHPEHU� RI� D�
ORFDO�0 RUL�WULEH�DQG�VWDII�RI�JRYHUQPHQW�DJHQFLHV����

)LJXUH����6HGLPHQW�/HDUQLQJ�*URXS�H[FKDQJLQJ�
YLHZV�DERXW�VHGLPHQW�IURP�IRUHVWU\�RSHUDWLRQV�
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�
7KH� SURFHVV�ZDV� RYHUVHHQ� E\� VRFLDO� VFLHQWLVWV�� LQWHUHVWHG� LQ� KRZ� WKH� VRFLDO� LQWHUDFWLRQ� DQG� OHDUQLQJ� SURFHVV�
EHQHILWWHG� WKH�SDUWLHV�DQG� LQIRUPHG�DQG�ZDV� LQIRUPHG�E\� WKH�ELRSK\VLFDO� UHVHDUFK�� � �0XFK�RI� WKH�EHQHILW�ZDV�
GHULYHG�IURP�WKH�SURFHVV�RI�DVVLVWLQJ�SDUWLFLSDQWV�WR�OHDUQ�RI�DQG�VHH�DOWHUQDWLYH�SHUVSHFWLYHV�RQ�WKH�VDPH�LVVXH���
7KH� FROODERUDWLYH� OHDUQLQJ� SURFHVV� DOORZHG� DOWHUQDWLYH� YLHZV� DERXW� WKH� LPSDFWV� RI� ILQH� VHGLPHQW� ORVV� WR� EH�
VKDUHG�DPRQJ�GLYHUVH�VWDNHKROGHUV�WR�EXLOG�DQ�DJUHHG�YLHZ�RI�UHVHDUFK�SULRULWLHV��
�
$� VHFRQG� H[DPSOH� FRQFHUQV� UHVHDUFK�PRWLYDWLQJ� DFWLRQ� WR� IRUP�D�&DWFKPHQW� /DQGFDUH�*URXS�� � ,&0�ZDWHU�
TXDOLW\� UHVHDUFK� DFURVV� WKH� 0RWXHND� FDWFKPHQW� VKRZHG� WKDW� WKH� 6KHUU\� 5LYHU� WULEXWDU\� KDG� KLJK� OHYHOV� RI�
EDFWHULDO� FRQWDPLQDWLRQ� LQGLFDWLQJ� WKDW� WKH� ULYHU� ZDV� XQVDIH� IRU� VZLPPLQJ� LQ� LWV� ORZHU� UHDFKHV� �<RXQJ� HW� DO��
��������7KLV�LQIRUPDWLRQ�ZDV�SUHVHQWHG�WR�WKH�,&0�SURJUDPPH¶V�&RPPXQLW\�5HIHUHQFH�*URXS�ZKR�SDVVHG�WKLV�
QHZ� NQRZOHGJH� WKURXJK� WKHLU� FRPPXQLW\� QHWZRUNV�� � ,&0� UHVHDUFKHUV� ZHUH� WKHQ� LQYLWHG� WR� SUHVHQW� WKH� ZDWHU�
TXDOLW\�UHVXOWV�DW�D�NLWFKHQ�PHHWLQJ�RI�WKH�HLJKW�PDMRU�ODQGRZQHUV�LQ�WKH�FDWFKPHQW�ZKR�ZHUH�H[SUHVVLQJ�FRQFHUQ�
DW�WKH�KLJK�EDFWHULD�UHVXOWV��HVSHFLDOO\�DV�WKH\�DQG�WKHLU�IDPLOLHV�HQMR\HG�VZLPPLQJ�LQ�WKH�ULYHU���
�
,W�ZDV�WKLV�RQH�SLHFH�RI�LQIRUPDWLRQ�WKDW�JDOYDQLVHG�WKH�IDUPHUV�LQWR�DFWLRQ�±�WKH\�ZDQWHG�WR�NQRZ�PRUH��:KDW�
ZDV�FDXVLQJ�WKH�SUREOHP�DQG�ZKDW�FRXOG�EH�GRQH�WR�IL[�LW"�7KH\�IRUPHG�DQ�DG�KRF�/DQGFDUH�JURXS�DQG�DVNHG�
WKH�VFLHQWLVWV�WR�JHW�WR�WKH�FDXVH�RI�WKH�SUREOHP��,Q�D�FROODERUDWLYH�H[HUFLVH��UHVHDUFKHUV�PRQLWRUHG�ZDWHU�TXDOLW\�
HIIHFWV�RI�FRZV�FURVVLQJ�WKH�ULYHU��5HVXOWV�VKRZHG�(��FROL� OHYHOV�UHDFKLQJ�XS�WR��������FIX����PO�LQ�WKH�6KHUU\�
ZKHQ�����FRZV�FURVVHG�WKH�ULYHU��HIIHFWLYHO\�TXDGUXSOLQJ�WKH�GDLO\�ORDG�RI�IDHFDO�EDFWHULD�LQ�WKH�ULYHU��6XVSHQGHG�
VROLGV�DQG�WRWDO�QLWURJHQ�ZHUH�DOVR�HOHYDWHG�E\�WKH�KHUG�FURVVLQJ��7KH�ZRUN�DOVR�VKRZHG�FRZV�DUH����WLPHV�PRUH�
OLNHO\�WR�GHIHFDWH�LQ�ZDWHU�WKDQ�HOVHZKHUH�RQ�WKH�UDFHZD\��'DYLHV�&ROOH\�HW�DO����������

�
,PSRUWDQWO\�� WKH� UHVXOWV� ZHUH� DFFHSWHG� E\� WKH� IDUPHUV�
DV�WKH\�KDG�DVNHG�WKH�TXHVWLRQ��DQG�ZHUH�WKHUHIRUH�DQ�
LQWHJUDO�SDUW�RI� WKH�UHVHDUFK��7KH�VFLHQFH�VKRZHG�WKDW�
WKH� VROXWLRQ� WR� WKH� SUREOHP� ZDV� REYLRXV� ±� EULGJH� WKH�
FURVVLQJV� ±� EXW� H[SHQVLYH�� 7KH� &RXQFLO�� KDYLQJ� EHHQ�
SDUW\� WR� WKH� UHVHDUFK�� KHOSHG� WKH� ODQGRZQHUV� E\�
UHEDWLQJ� IHHV� IRU� EULGJH� EXLOGLQJ� FRQVHQWV�� 1RZ� DOO� ��
GDLU\� FURVVLQJV� LQ� WKH� 6KHUU\� DUH� EULGJHG� DQG�(�� FROL�
OHYHOV�KDYH�GHFOLQHG�VXEVWDQWLDOO\��:H�DOVR�QRZ�KDYH�D�
FRPPXQLW\�� WKH�6KHUU\�5LYHU�&DWFKPHQW�*URXS�� WKDW� LV�
HPSRZHUHG� DQG� WDNLQJ� WKH� QH[W� VWHSV� RI� )DUP�
(QYLURQPHQWDO� 3ODQV� WR� VKRZ� KRZ� WR� IXUWKHU� LPSURYH�
ZDWHU�TXDOLW\�LQ�WKHLU�FDWFKPHQW��
�
([SHULHQFH� ZLWK� JURXSV� VXFK� DV� WKH� 6KHUU\� 5LYHU�
&DWFKPHQW�*URXS�DQG�ZDWHU�XVHU�JURXSV�VXJJHVWV�WKH�
SRVVLELOLW\� RI� IRUPDO� GHYROXWLRQ� RI� UHVSRQVLELOLW\� IRU�
HQYLURQPHQWDO� JRYHUQDQFH� E\� FDWFKPHQW�
PDQDJHPHQW�JURXSV������

�
:DWHU� 8VHU� &RPPLWWHHV� LQYROYLQJ� FRPPXQLWLHV� LQ� ZDWHU� UHVRXUFH� GHFLVLRQ�PDNLQJ� DUH� DOUHDG\� ZRUNLQJ�
VXFFHVVIXOO\� LQ� WKH�0RWXHND�DQG�DGMDFHQW� ULYHU�EDVLQV�� �7KHVH�DUH�HVWDEOLVKHG�DQG�VXSSRUWHG�E\� WKH�7DVPDQ�
'LVWULFW�&RXQFLO�ZKLFK�KDV�RYHUDOO�UHVSRQVLELOLW\�IRU�ZDWHU��ODQG�DQG�FRDVWDO�UHVRXUFH�PDQDJHPHQW���7KH\�DGYLVH�
RQ� IORZ� VKDULQJ� GXULQJ� GURXJKW�� VXJJHVW� ZDWHU� DOORFDWLRQ� SROLF\� ZKHQ� SODQV� DUH� IRUPXODWHG�� DQG� JXLGH� ZDWHU�
VWRUDJH�SURMHFWV�ZLWK�IXOO�FRPPXQLW\�UHSUHVHQWDWLRQ���
�
7KH\�FRPSULVH� UHSUHVHQWDWLYHV�RI��ZKHUH�DSSURSULDWH��DEVWUDFWLYH�ZDWHU�XVHUV�VXFK�DV� LUULJDWRUV� IURP�GLVFUHWH�
VXE�FDWFKPHQWV� RU� DTXLIHUV�� ORFDO� DXWKRULW\� GRPHVWLF� ZDWHU� VXSSOLHUV�� IRUHVWU\� DQG� RWKHU� ODQG� XVH� VHFWRUV��
LQGXVWU\�� ORFDO�0 RUL� WULEHV�� ELRGLYHUVLW\�� UHFUHDWLRQ�� ILVKHULHV� DQG�ZLOGOLIH� JURXSV� DQG� VRPHWLPHV� HYHQ�PDULQH�
DTXDFXOWXUH���(DFK�PHPEHU�PXVW�EH�PDQGDWHG�WR�UHSUHVHQW�WKHLU�VHFWRU��ZKLFK�LV�QRW�QHFHVVDULO\�ERXQG�E\�WKH�
DWWHPSWHG�FRQVHQVXV�RXWFRPH��EXW�JHQHUDOO\�PRVW�JURXSV�KDYH�UHDOL]HG�WKHLU� LQWHUHVW�KDV�JUHDWHU� OLNHOLKRRG�RI�
VXFFHVVIXO�RXWFRPHV� IURP�DFWLYH�SDUWLFLSDWLRQ�� �$�ZLOOLQJQHVV� WR� FRPSURPLVH��H[SORUH�D�YDULHW\�RI�RSWLRQV�DQG�
PDLQWDLQ�JRRG�FRPPXQLFDWLRQ�LV�HVVHQWLDO�IRU�VXFFHVV��

)LJXUH����'DLU\�FRZV�FURVV�QHZO\�FRQVWUXFWHG�IDUP�
EULGJH��6KHUU\�5LYHU�



� �

�
$OO�SDUWLHV�PXVW�KDYH�D�JRRG�UHDVRQ�WR�EH�WKHUH���WKH\�PXVW�IHHO�WKH\�DUH�DW�OHDVW�DV�OLNHO\��LI�QRW�PRUH�OLNHO\��WR�
JHW� D� EHWWHU�� PRUH� HQGXULQJ� RU� DW� OHDVW� PRUH� FRVW� HIIHFWLYH� UHVXOW� WKURXJK� GLDORJXH� WKDQ� OLWLJDWLRQ� RU� WKURXJK�
SROLWLFDO� PHDQV�� IRU� H[DPSOH�� � ,Q� PRVW� FDVHV�� WKH� SDUWLHV� SDUWLFLSDWH� EHFDXVH� WKH\� DUH� DIIHFWHG� E\� ZDWHU�
VKRUWDJHV�DW�FULWLFDO�WLPHV��VR�QHHG�HLWKHU�DFFHVV�WR�RU�VHFXULW\�RI�VXSSO\�RI�ZDWHU��RU�RI�LQVWUHDP�IORZV��
�
6XFFHVVIXO�GLDORJXH�ZLWKLQ�WKHVH�JURXSV�IROORZV�D�VLPLODU�SDWWHUQ����7KH�SULPDU\�LVVXH�RI�FRQFHUQ�PXVW�EH�VFRSHG�
�HJ�FULWLFDO�ZDWHU�VKRUWDJH�GXULQJ�GURXJKW�FRQGLWLRQV��ZKLFK�PD\�DIIHFW�GLIIHUHQW�LQWHUHVWV�E\�UHGXFLQJ�VHFXULW\�RI�
VXSSO\�IRU�LUULJDWRUV��UHVWULFWLQJ�SODQWLQJ�IRU�IRUHVWHUV��RU�UHGXFLQJ�ILVK�SRSXODWLRQV�IRU�ILVKHUV����5HOHYDQW��LPSDUWLDO�
UHVHDUFK�NQRZOHGJH� LV� UHTXLUHG�VXFK�DV� LQWR� WKH�K\GURORJLFDO� UHJLPH��ZDWHU� UHTXLUHPHQWV� IRU�SDUWLFXODU�FURSV��
FULWLFDO� LQVWUHDP� QHHGV�� IRUHVHHDEOH� ZDWHU� GHPDQG�� � 'LIIHUHQW� SDUWLHV� VFRSH� DQG�RU� XQGHUWDNH� WKHVH� ZRUN�
SURJUDPPHV��SUHIHUDEO\�E\�GUDZLQJ�RQ� IXQGV�SURYLGHG�E\� WKH�SDUWLHV� LQ�SURSRUWLRQ� WR� WKHLU� LQWHUHVW�RU�DELOLW\� WR�
FRQWULEXWH�� � ,W� LV� FUXFLDO� WKDW� WKH� UHVHDUFK�REMHFWLYHV�DUH�DJUHHG�E\�DOO� WKH�SDUWLHV�DQG� WKDW� WKH� UHVHDUFKHUV�RU�
WHFKQLFDO�H[SHUWV�KDYH�WKHLU�FRQILGHQFH����
�
7KH� ZDWHU� XVHU� JURXS� FDQ� UHYLHZ� WKH� VFLHQWLILF� RU� WHFKQLFDO� LQIRUPDWLRQ�� ZLWK� RQH� RU� PRUH� LWHUDWLRQV� XQWLO� D�

FRQVHQVXV�LV�UHDFKHG�RQ�D�PLQLPXP�IORZ��UDWLRQLQJ�UHJLPH�RU�VL]H�
RU� ORFDWLRQ�RI�ZDWHU� VWRUDJH�� IRU�H[DPSOH�� �'XULQJ� WKH�SURFHVV�� DOO�
SDUWLHV�OHDUQ�DERXW�WKH�QHHGV�RI�RWKHU�VHFWRUV�DQG�GHYHORS�SHUVRQDO�
UHODWLRQVKLSV� DQG� XQGHUVWDQGLQJV� ZKLFK� DVVLVW� LQ� UHDFKLQJ� D�
FRQVHQVXV���$W�DOO�WLPHV��KRZHYHU��HDFK�VHFWRU�UHSUHVHQWDWLYH�PXVW�
PDLQWDLQ�D�FORVH�OLDLVRQ�ZLWK�WKHLU�VHFWRU�WR�HQVXUH�WKHLU�PDQGDWH�LV�
PDLQWDLQHG��
�
7KH�SURFHVV�WDNHV�ORQJHU�WKDQ�D�VLQJOH�SDUW\�DWWHPSWLQJ�WR�VFRSH�D�
SURSRVDO�DQG�WKHQ�SHUVXDGH�RWKHUV�WKDW�WKLV� LV�WKH�EHVW�RSWLRQ��EXW�
LV� PRUH� UREXVW�� HQGXULQJ� DQG� OLNHO\� WR� VXFFHHG�� � :KHQ� GHFLGHG��
KRZHYHU�� OHJDO�DSSURYDOV�KDYH�EHHQ�JUDQWHG� LQ�D�PDWWHU�RI�ZHHNV�
ZLWKRXW� DQ\� RSSRVLWLRQ� IURP� DQ\� VHFWRUV�� LQFOXGLQJ� HQYLURQPHQWDO��
UHFUHDWLRQDO� DQG� ORFDO� WULEDO� LQWHUHVWV�� � ,Q� FRQWUDVW�� VRPH� PDMRU�
DSSOLFDWLRQV�IRU�ODUJH�VFDOH�ZDWHU�KDUYHVW�DQG�LUULJDWLRQ�VFKHPHV�LQ�
RWKHU� SDUWV� RI� 1HZ� =HDODQG� KDYH� SURYHQ� KLJKO\� GLYLVLYH�� ZLWK�
FRPPXQLWLHV�VSOLW�DQG�PDMRU�DQG�H[SHQVLYH�RSSRVLWLRQ�DQG�OLWLJDWLRQ�
IURP� DOWHUQDWLYH� LUULJDWLRQ� SURSRQHQWV�� JRYHUQPHQW� DJHQFLHV��
HQYLURQPHQWDO��UHFUHDWLRQDO�DQG�0 RUL�LQWHUHVWV���0RVW�SDUWLHV�VRRQ�
UHDOL]H� WKDW� UHFRXUVH� WR� OLWLJDWLRQ� LV� OLNHO\� WR� UHVXOW� LQ� FRQVLGHUDEO\�
PRUH�H[SHQVH�ZLWKRXW�DQ\�UHDO�FRQWURO�RYHU� WKH�RXWFRPH��ZKLFK� LV�
GHFLGHG� E\� D� WKLUG� SDUW\� VXFK� DV� D� &RXUW� ZKLFK� LV� VHOGRP� EHWWHU�

TXDOLILHG�WR�UHDFK�FRPSURPLVHV�WKDQ�WKH�SDUWLHV�ZRXOG�EH�WKHPVHOYHV��
�
$�VLPLODU�DSSURDFK�LV�EHLQJ�FRQVLGHUHG�IRU�DGGUHVVLQJ�GLIIXVH�VRXUFH�ZDWHU�TXDOLW\�UXQRII�RI�QXWULHQW�RU�VHGLPHQW�
IURP�ODQG�XVHV���7KLV�DSSURDFK�ZRXOG�VHH�ODQGRZQHUV�VXSSRUWHG�WR�WDNH�RQ�D�PRUH�GHYROYHG�JRYHUQDQFH�UROH��
DFWLYHO\� LQYROYHG� LQ� VHWWLQJ� DFFHSWDEOH� ZDWHU� TXDOLW\� REMHFWLYHV� IRU� WKHLU� VXE�FDWFKPHQW� DQG� WKHQ� ZRUNLQJ�
FROOHFWLYHO\�ZLWK�FRXQFLO�VXSSRUW�WR�DFKLHYH�WKHVH��VXFK�DV�LQ�WKH�6KHUU\�5LYHU�FDVH�DERYH��
�
)LJXUH� �� PRGLILHV� $UQVWHLQ¶V� ODGGHU� RI� SDUWLFLSDWLRQ� DQG� VKRZV� WKDW� IRUPDOLVLQJ� WKLV� UROH� ZRXOG� PRYH� VXFK�
FRPPLWWHHV¶�UROH�IURP�DQ�DGYLVRU\�RQH�WRZDUGV�SDUWQHUVKLS�RU�GHOHJDWHG�SRZHU���$W�D�VHFWRU�ZRUNVKRS�WR�GLVFXVV�
WKLV�DQG�RWKHU�ZDWHU�PDQDJHPHQW� UHIRUP�SURSRVDOV�� WKHUH�ZDV�VXSSRUW� IRU� WKLV� LGHD�EXW�ZLWK�VWURQJHU�VXSSRUW�
IURP�FRQVHUYDWLRQ��0 RUL�DQG�JRYHUQPHQW�VWDNHKROGHUV� WKDQ� LUULJDWLRQ�ZDWHU�XVHUV�� �7KH�ZRUNVKRS�FRQVLGHUHG�
WKH\�ZRXOG� QHHG� FOHDU� 7HUPV� RI�5HIHUHQFH�� OHDGHUVKLS� DQG� UHVRXUFLQJ� IURP� WKH� FRXQFLO�� DQG� JRRG� DFFHVV� WR�
VFLHQFH��6LQQHU�DW�DO����������

�
&LWL]HQ�FRQWURO�
�
'HOHJDWHG�SRZHU�
�
3DUWQHUVKLS�

'HJUHHV�RI�
&LWL]HQ�
SRZHU�

�
$GYLVRU\�5ROH�
�
&RQVXOWDWLRQ�

�
'HJUHHV�RI�
&RXQVHO�
�

�
,QIRUPLQJ�
�
7UDLQLQJ�
�
0DQLSXODWLRQ�

1RQ�
SDUWLFLSDWLRQ�
�

)LJXUH����/HYHOV�RI�JRYHUQDQFH��
PRGLILHG�IURP�$UQVWHLQ¶V�ODGGHU�RI�
SDUWLFLSDWLRQ���������
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�
,'($6�0RGHOOLQJ�DFURVV�WKH�4XDGUXSOH�%RWWRP�/LQH��
�
$PRQJ�WKH�GHYHORSLQJ�LQWHJUDWLYH�WRROV�IRU�,&0�DQG�IRU�PDQDJLQJ�+(/3�EDVLQV�LV�VFHQDULR�PRGHOOLQJ���0RGHOV�
LQFRUSRUDWLQJ�YLVXDOL]DWLRQ�RIIHU�D�SRZHUIXO�ZD\�WR�H[SORUH�FDWFKPHQW�IXWXUHV���,&0�UHVHDUFK�KDV�GHYHORSHG�DQ�
LQWHJUDWHG�PRGHOOLQJ�IUDPHZRUN�FDOOHG�,'($6�±�,QWHJUDWHG�'\QDPLF�(QYLURQPHQWDO�$VVHVVPHQW�6\VWHP���,'($6�
LV�D�VHW�RI�OLQNHG�PRGHOV�IRU�DVVLVWLQJ�VWDNHKROGHUV�WR�HYDOXDWH�FXPXODWLYH�HIIHFWV�RI�PDMRU�FDWFKPHQW�FKDQJHV��
IRU�H[DPSOH�FKDQJHV�LQ�ODQG�XVH��ODQG�PDQDJHPHQW�SUDFWLFHV�RU�SRSXODWLRQ����
�
6R� IDU�� ERWK� DQ� ,'($6� VWDNHKROGHU� JURXS� DQG� WKH� ,&0� &RPPXQLW\� 5HIHUHQFH� *URXS� KDYH� LGHQWLILHG� DQG�
SULRULWLVHG� WKH� W\SHV� RI� LVVXHV� WKH\� VHH� IRU� WKH� FDWFKPHQW� LQ� IXWXUH�� DQG� WKHVH� IRUP� WKH� EDVLV� IRU� VFHQDULRV���
,'($6�LV�WKHQ�DSSOLHG�WR�DVVHVV�DQG�FRPSDUH�WKH�HQYLURQPHQWDO�DQG�VRFLR�HFRQRPLF�LPSDFWV�RI�WKHLU�VFHQDULRV��
,QWHJUDWLRQ�RI�HQYLURQPHQWDO�DQG�VRFLR�HFRQRPLF�IDFWRUV�IDFLOLWDWHV�OHDUQLQJ�E\�VWDNHKROGHUV�RI�WKH�LPSDFW�RI�WKHLU�
SHUVRQDO�YLVLRQV�RQ�RWKHU�VWDNHKROGHUV���
�

��
)LJXUH�����,'($6�DVVLVWV�FDWFKPHQW�SODQQLQJ�GHOLEHUDWLRQ�E\�DVVHVVLQJ�WKH�HQYLURQPHQWDO�DQG�VRFLR�HFRQRPLF�

RXWFRPHV�RI�FDWFKPHQW�YLVLRQV��
�
,'($6�PD\�EH�DSSOLHG�DW�D�UDQJH�RI�VFDOHV��IURP�ORFDO�WKURXJK�WR�UHJLRQDO��+RZHYHU��LW�KDV�SDUWLFXODU�VWUHQJWK�DW�
WKH�FDWFKPHQW�VFDOH�ZKHUH�ELR�SK\VLFDO�SURFHVVHV�KDYH�VWURQJ�VSDWLDO�LQWHUDFWLRQV��)RU�H[DPSOH��LQ�WKH�0RWXHND�
FDWFKPHQW�� WKHUH� LV�VWURQJ� LQWHUDFWLRQ�EHWZHHQ�QLWURJHQ� UXQRII� IURP�DJULFXOWXUH�DQG�DTXDFXOWXUH�SURGXFWLYLW\� LQ�
7DVPDQ�%D\���
�
$PRQJ� WKH�FDWFKPHQW�VFHQDULRV�JHQHUDWHG�ZLWK�DOUHDG\�ZLWK�VWDNHKROGHUV�DUH� ����SUH�KXPDQ�����SUHVHQW� ODQG�
XVH� ���� SUHVHQW� ODQG� XVH� ZLWK� EHVW� PDQDJHPHQW� SUDFWLFH� ���� YHU\� LQWHQVLYH� DJULFXOWXUH� ���� YHU\� LQWHQVLYH�
DJULFXOWXUH�ZLWK�EHVW�PDQDJHPHQW�SUDFWLFH��DQG�����SUHVHQW�JURZWK�XQWLO��������)LJXUH���VXPPDULVHV�FDWFKPHQW�
HQYLURQPHQWDO�DQG�VRFLR�HFRQRPLF�PHDVXUHV�DVVRFLDWHG�ZLWK�VFHQDULRV������DQG������
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)LJXUH����(QYLURQPHQWDO�DQG�VRFLR�HFRQRPLF�PHDVXUHV�RI�SUH�KXPDQ��SUHVHQW�DQG������VFHQDULRV�IRU�WKH�

0RWXHND�FDWFKPHQW�IURP�WKH�,'($6�PRGHO�
�
,QVLJKWV�IRU�+(/3��
�
,QWHJUDWLRQ�LV�HDV\�FRQFHSWXDOO\�WR�XQGHUVWDQG�EXW�FDQ�EH�GLIILFXOW�WR�DFKLHYH�LQ�SUDFWLFH���$�FOHDU�XQGHUVWDQGLQJ�
RI� SURSHUW\� ULJKWV� LQ� UHODWLRQ� WR�ZDWHU� XVHV�� VRFLDO� QRUPV�� WHFKQLFDO� XQGHUVWDQGLQJ� �DQG� WKH� OLPLWV� WR� WKLV�� DQG�
DFFHSWDQFH� RI� FRPPRQ� REMHFWLYHV� DUH� DOO� LPSRUWDQW� VXFFHVV� IDFWRUV�� � )LQGLQJ� D� FRPPRQ� RU� FULWLFDO�PDWWHU� RI�
LQWHUHVW�� VXFK� DV� WKH� WURXW� ILVKHU\� LQ� WKH� FDVH� RI� WKH�0RWXHND�� FDQ� IRFXV� HIIRUWV� DQG� HQDEOH� D�ZLGH� UDQJH� RI�
RSWLRQV�WR�EH�FRQVLGHUHG���7KLV�WKHQ�HQDEOHV�JURXSV�ZKLFK�KDYH�UHDOL]HG�WKH�DSSURDFK�LV�VXFFHVVIXO�WR�WXUQ�WKHLU�
DWWHQWLRQ�WR�WKH�QH[W�PRVW�LPSRUWDQW�LVVXH��VXFK�DV�PDULQH�SURGXFWLYLW\��RU�WKH�VXVWDLQDELOLW\�WUDGH�RIIV�DVVRFLDWHG�
ZLWK�IRUHVWU\��DJULFXOWXUH�RU�KRUWLFXOWXUH��
�
1R�VLQJOH�PHWKRG�FDQ�EHVW�GHVFULEH�WKH�DSSURSULDWH�FDWFKPHQW�VFDOH�IRU�LQYHVWLJDWLRQ�RU�UHVSRQVH���,W�GHSHQGV�
RQ�ZKDW�LV�WKH�PDLQ�LVVXH�DQG�REMHFWLYH���6RPH�LVVXHV��OLNH�ZDWHU�TXDOLW\�HIIHFWV�RI�ODQG�XVH�DUH�PDQLIHVWHG�DW�D�
EURDG� FDWFKPHQW� VFDOH�� EXW� DUH� EHVW� DGGUHVVHG� DW� D� ORFDOLVHG� OHYHO�� � 7KLV� FDQ� PDNH� HIIHFWLYH� µERWWRP� XS¶�
DSSURDFKHV�GLIILFXOW��DV�DQ\�EHQHILWV�PD\�DSSHDU�WRR�GLIIXVH��WR�ZKROH�FDWFKPHQW�ZDWHU�TXDOLW\��ZKLOH�FRVWV�RFFXU�
DW� WKH�SURSHUW\�VFDOH�� �2WKHU� LVVXHV�� OLNH� WKH�HIIHFWV�RI�ZDWHU�DEVWUDFWLRQ�RQ�GRZQVWUHDP�ZDWHU� UHVRXUFHV�DQG�
LQWHUHVWV�PXVW�DOO�EH�FRQVLGHUHG�DW�WKH�VFDOH�RI�WKH�OLNHO\�HIIHFW��8VLQJ�FDWFKPHQWV�LV�HVVHQWLDO�IRU�ZDWHU�EDVHG�
SURFHVVHV��EXW�WKLV�GRHV�QRW�DOZD\V�DGGUHVV�WKH�PRVW�LPSRUWDQW�VRFLDO�TXHVWLRQV��ZKLFK�RIWHQ�FURVV�FDWFKPHQW�
ERXQGDULHV��
�
7KHUH�PD\�EH� WLPH� ODJV�EHWZHHQ�FDXVH�DQG�HIIHFWV�VXFK�DV� WKH�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�ZDWHU�\LHOG�RU� ILQH�
VHGLPHQW� JHQHUDWLRQ�� � $� SUHFDXWLRQDU\� DSSURDFK� LV� WKHUHIRUH� UHFRPPHQGHG� LQ� DOORZLQJ� ODUJH� VFDOH� FKDQJH� LI�
HFRV\VWHP�UHVLOLHQFH�LV�WR�EH�PDLQWDLQHG��
�
6RFLDO� UHVHDUFK�FDQ�DVVLVW�ZLWK�SUHSDULQJ�IRU� OLNHO\�VXFFHVV�DQG�XSWDNH�RI�XVHIXO� LGHDV�� � �7KH�FRPPXQLW\�PD\�
EHFRPH� EHWWHU� DEOH� WR� DUWLFXODWH� DQG� FRQVLGHU� SRVVLEOH� IXWXUHV� ZLWK� WKH� EHQHILW� RI� ELRSK\VLFDO� DQG� VRFLDO�
UHVHDUFK��
�
:H�GHVFULEHG�,QWHJUDWHG�&DWFKPHQW�0DQDJHPHQW�DV�KDYLQJ�WZR�SLOODUV��
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