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6DOLQLW\�LV�SUREDEO\�RQH�RI�WKH�PRVW��LI�QRW�WKH�PRVW��FULWLFDO�HQYLURQPHQWDO�LVVXHV�WKDW�$XVWUDOLD
KDV�HYHU�IDFHG��:KLOVW�WKH�SUREOHP�ZDV�LGHQWLILHG�IRU�WKH�ILUVW�WLPH�LQ�������:�(��:RRGV��DQG
KDV� EHHQ� VWXGLHG� VLQFH� WKHQ�� LW� LV� RQO\� LQ� WKH� ODVW� WHQ� \HDUV� WKDW� WKH� JUDYLW\� RI� WKH� LVVXH� KDV
EHFRPH� IXOO\� UHDOLVHG�� ,Q� 'HFHPEHU� ������ WKH� LVVXH� RI� VDOLQLW\� ZDV� SXW� EHIRUH� WKH� )HGHUDO
*RYHUQPHQW�E\� WKH�3ULPH�0LQLVWHU©V�6FLHQFH��(QJLQHHULQJ�DQG� ,QQRYDWLRQ�&RXQFLO� �306(,&�
�������DFNQRZOHGJLQJ�WKH�FRPSOH[LW\�DQG�VHULRXVQHVV�RI� WKH�SUREOHP�DQG�UHJLVWHULQJ�WKH�QHHG
IRU� JRYHUQPHQW� DFWLRQ�� 7KH� 1DWLRQDO� /DQG� DQG� :DWHU� 5HVRXUFHV� $XGLW� �1/:5$�� LQ� ����
SDLQWHG�D�YHU\�JULP�SLFWXUH�RI�WKH�FXUUHQW�VLWXDWLRQ�DQG�IXWXUH�SURVSHFWV��$OO�RI�WKLV�GLG�QRW�ORRN
JRRG� EXW� DFWLRQ� ZDV� QHHGHG�� RWKHUZLVH� WKH� VLWXDWLRQ� ZRXOG� GHJUDGH� HYHQ� IXUWKHU�� ZLWK
WUHPHQGRXV�FRQVHTXHQFHV�IRU�WKH�HQYLURQPHQW�DQG�UXUDO�DQG�XUEDQ�FRPPXQLWLHV��7KH�1DWLRQDO
$FWLRQ�3ODQ�IRU�6DOLQLW\�DQG�:DWHU�4XDOLW\��1$3���������GUDZQ�XS�E\�WKH�&RXQFLO�RI�$XVWUDOLDQ
*RYHUQPHQWV��SURYLGHV�D�EDVLV�IRU�D�QDWLRQDO�DSSURDFK�WR�VDOLQLW\�DQG�ZDWHU�TXDOLW\�VROXWLRQV�E\
HQJDJLQJ�WKH�&RPPRQZHDOWK��6WDWHV��7HUULWRULHV�DQG�FRPPXQLWLHV�

7KH�1$3�WULJJHUHG�D�IOXUU\�RI�DFWLYLWLHV��LQVWLJDWLQJ�WKH�ZDU�RQ�VDOW��)URP�DQ�RXWVLGHUV©�YDQWDJH
SRLQW��WKLV�IUDQWLF�DFWLYLW\�PLJKW�DSSHDU�VRPHZKDW�FKDRWLF��DQG�DW�WLPHV��LW�SUREDEO\�LV��WKH�WDNH�
KRPH�PHVVDJH�IURP�IDUPHUV�DW�WKH�6DOLQLW\�6XPPLW�LQ�%ULVEDQH�ODVW�PRQWK�ZDV��¦3XW�VFLHQFH�LQ�
WDNH� SROLWLFV� RXW§�� ¨&DQEHUUD�7LPHV©��$XJXVW� ��� ������� EXW� WKH�PRYH� LV� GHILQLWHO\� LQ� WKH� ULJKW
GLUHFWLRQ�� 6FLHQWLVWV� KDYH� EHHQ� SXW� XQGHU� WKH� VSRWOLJKW�� 7KH\� LQIRUPHG� WKH� FRPPXQLW\� RI� WKH
VHULRXVQHVV�RI�WKH�SUREOHP��EXW�DW�WKH�VDPH�WLPH��DQVZHUV�ZHUH�DOVR�H[SHFWHG��DQG�WKHVH�DUH�QRW
VR�UHDGLO\�DYDLODEOH��7KLV�LV�DQ�XQHQYLDEOH�VLWXDWLRQ�EHFDXVH�D�GLDJQRVLV�LV�RIWHQ�HDVLHU�WR�SRVH
WKDQ�WR�FXUH��7KH�FXUUHQW�OLQH�RI�UHVHDUFK�LQ�VDOLQLW\�LQ�ERWK�&RPPRQZHDOWK�DQG�6WDWH�DJHQFLHV
LV�GHILQLWHO\� VROXWLRQ�RULHQWHG��EDVHG�RQ�GHFDGHV�RI� VWUDWHJLF� UHVHDUFK�� ,Q� WKH� ODVW� WZR�\HDUV�� D
VWUHDP� RI� H[WUHPHO\� YDOXDEOH� FRQFHSWV� DQG� SUHGLFWLYH� WRROV� IRU� VDOLQLW\� DVVHVVPHQW� DQG
PDQDJHPHQW�KDYH�EHHQ�GHYHORSHG�DQG�DUH�DOUHDG\�EHLQJ�DSSOLHG�LQ�VHYHUDO�PDMRU�SURMHFWV�WKDW
KDYH�VWURQJ�OLQNDJHV�WR�SROLF\�GHYHORSPHQW��7KH�DLP�RI�WKH�JDPH�LV�WR�GHWHUPLQH�ZKDW�FDQ�EH
GRQH�ZKHUH�� LQ�RUGHU� WR�SULRULWLVH�ZRUN�DQG� IXQGLQJ�� DQG� VFLHQFH� LV�RQ� LWV�ZD\� WR�SURYLGH� WKH
QHHGHG� KLHUDUFK\� RI� DQVZHUV�� 2Q� WKH� VFLHQWLILF� IURQW�� VRPH� VLJQLILFDQW� DGYDQFHV� LQ� WKH� EDWWOH
DJDLQVW� VDOLQLW\� KDYH� EHHQ� PDGH� LQ� WKH� ODVW� WZR� \HDUV�� ,PSRUWDQWO\�� LW� LV� UHFRJQLVHG� WKDW
ELRSK\VLFDO� HYDOXDWLRQV� DQG� PRGHOOLQJ� VFHQDULRV� KDYH� WR� EH� FRXSOHG� ZLWK� VRFLR�HFRQRPLF
UHVHDUFK��DV�XOWLPDWHO\�WKH�FRPPXQLW\�ZLOO�GHFLGH�XSRQ�ZKDW�FDQ�DQG�FDQ©W�EH�GRQH�

,QLWLDOO\�� ILJKWLQJ� WKH� VDOLQLW\�EDWWOH�DSSHDUHG�GDXQWLQJ�DQG� WKH�SURVSHFWV� UDWKHU�SRRU�� DQG� LW� LV
UHFRJQLVHG� WKDW� LW� LV� DQ� XSKLOO� EDWWOH�� 7KHUH� ZLOO� SUREDEO\� EH� PRUH� ORVHUV� WKDQ� ZLQQHUV�� EXW
FRPLQJ�WR�WHUPV�ZLWK�WKH�IDFWV�LV�DQ�HVVHQWLDO�ILUVW�VWHS��7KH�FXUUHQW�G\QDPLFV�LQ�WKH�6DOLQLW\�HSLF
VXJJHVW� WKDW� DWWDLQPHQW� RI� WKH� ODWWHU� LV� LPSHUDWLYH�� 3URYLGHG� WKH� IRFXV�� HQWKXVLDVP� DQG
PRPHQWXP�DUH�PDLQWDLQHG��EURDG�VFDOH�SRVLWLYH�RXWFRPHV�FDQ�EH�H[SHFWHG�

7+(�6,78$7,21

1/:5$

:H�KDYH�NQRZQ�DERXW�WKH�SUREOHP�RI�VDOLQLW\�VLQFH�WKH�����V�EXW�RQO\�UHFHQWO\�KDV�WKHUH�EHHQ�D
FRQFHUWHG�HIIRUW�WR�GRFXPHQW�WKH�PDJQLWXGH�DQG�VHULRXVQHVV�RI�WKH�SUREOHP�QDWLRQZLGH��:H�DUH
RQO\�MXVW�EHJLQQLQJ�WR�FRPSUHKHQG�WKH�HFRQRPLF��VRFLDO�DQG�HQYLURQPHQWDO�LPSDFW�HQJHQGHUHG
E\� WKH� EURDG� H[WHQW� RI� VDOLQLVDWLRQ� RI� RXU� ODQGV� DQG� VWUHDPV�� ,Q�'HFHPEHU� ����� WKH� LVVXH� RI



VDOLQLW\�ZDV�SXW�EHIRUH� WKH�)HGHUDO�*RYHUQPHQW�E\� WKH�3ULPH�0LQLVWHU©V�6FLHQFH��(QJLQHHULQJ
DQG�,QQRYDWLRQ�&RXQFLO��306(,&���������DFNQRZOHGJLQJ�WKH�FRPSOH[LW\�DQG�VHULRXVQHVV�RI�WKH
SUREOHP�DQG�UHJLVWHULQJ�WKH�QHHG�IRU�JRYHUQPHQW�DFWLRQ��,Q������WKH�1DWLRQDO�/DQG�DQG�:DWHU
5HVRXUFHV� $XGLW� �1/:5$�� TXDQWLILHG� WKH� H[WHQW� RI� VDOLQLW\� DV� SDUW� RI� DQ� DSSUDLVDO� RI
$XVWUDOLD©V� FXUUHQW� QDWXUDO� UHVRXUFHV�� %DVHG� RQ� WKH� EHVW� DYDLODEOH� GDWD� IURP� WKH� 6WDWHV� DQG
7HUULWRULHV�� WKH� $XGLW� UHFRUGV� DSSUR[LPDWHO\� ����PLOOLRQ� KHFWDUHV� �KD�� RI� ODQG� KDYLQJ� D� KLJK
VDOLQLW\�KD]DUG��$�SRWHQWLDO�DUHD�RI����PLOOLRQ�KD�ZLOO�EH�DW�ULVN�E\�WKH�\HDU������

7KH�LPSDFW�RI�VDOLQLW\�RQ�DJULFXOWXUDO� ODQG����PLOOLRQ�KD�QDWLRQZLGH��SUHGLFWHG� WR�DSSURDFK���
PLOOLRQ�KD�E\��������,Q�DGGLWLRQ��VXEVWDQWLDO�DUHDV�RI�UHPQDQW�QDWLYH�IRUHVWV��VWUHDPV�DQG�ODNHV�
UXUDO�DQG�XUEDQ�LQIUDVWUXFWXUH��DQG�ZHWODQG�HFRV\VWHPV�DUH�DOVR�EHLQJ�GHJUDGHG�E\�KLJK�VDOLQH
ZDWHUWDEOHV��8S�WR�D�IRXUIROG�H[SDQVLRQ�RI�WKLV�GDPDJH�DQG�GHJUDGDWLRQ�LV�SURMHFWHG�IRU�WKH�QH[W
���\HDUV�

:HVWHUQ�$XVWUDOLD�KDV��E\� IDU�� WKH� ODUJHVW� DUHD�DW� ULVN�RI� VDOLQLW\��ERWK�QRZ����PLOOLRQ�KD��DQG
SUHGLFWHG�RYHU�WKH�QH[W����\HDUV����PLOOLRQ�KD���7KH�VHYHULW\�RI�WKH�SUREOHP�LQ�:$�LV��LQ�SDUW��D
OHJDF\� RI� D� SURWUDFWHG� KLVWRU\� RI� SULPDU\� VDOLQLW\� LQ� WKLV� IODW�� DQFLHQW� DQG� GHHSO\� ZHDWKHUHG
ODQGVFDSH��,Q�WKH�ODVW�FHQWXU\�RU�VR�WKLV�YXOQHUDEOH�WHUUDLQ�KDV�EHFRPH�LQWHQVHO\�RYHUSULQWHG�ZLWK
VHFRQGDU\�VDOLQLW\�¤�RU�LQGXFHG�VDOLQLW\�¤�LQ�UHVSRQVH�WR�DJULFXOWXUDO�GHYHORSPHQW��,Q�:$�QRZ�
����RI�WKH�UHPDLQLQJ�QDWLYH�YHJHWDWLRQ�RQ�IDUPV�DQG�����RQ�SXEOLF�ODQGV�LV�DW�ULVN�

7KH�VLWXDWLRQ�LV�SDUWLFXODUO\�DFXWH�LQ�WKH�VRXWK�ZHVWHUQ�UHJLRQ�RI�:$��ZKHUH�����RI�WKH�ODQG�LV
FXUUHQWO\� LQ� GDQJHU� RI� GHYHORSLQJ� VDOLQLW\� IURP� VKDOORZ�ZDWHUWDEOHV�� WKLV� DUHD�PD\� VSUHDG� WR
����E\�������1/:5$���7KH�VRXWK�ZHVW�LV�RQH�RI�WKH�JUHDW�ELRGLYHUVLW\�FHQWHUV�RI�WKH�ZRUOG�
ULFK� LQ� GLVWLQFWLYH� SODQWV� DQG� DQLPDOV��0DQ\� RI� WKHVH� XQLTXH� KDELWDWV� DUH� QRZ� JHRJUDSKLFDOO\
UHVWULFWHG�DQG�KDYH�EHFRPH�LVRODWHG�IURP�LQWHUFRQQHFWLQJ�FRUULGRUV��6RPH�RI� WKHVH� UHIXJLD�DUH
VXUURXQGHG� E\� VHYHUHO\� VDOLQLVHG� DUHDV�� LQFOXGLQJ� VDOW� ODNH� FKDLQV� WKDW� LQILOO� DQFLHQW
SDODHRFKDQQHO� QHWZRUNV�� &RQWHPSRUDU\� ULYHUEHGV� DQG� EDQNV� DUH� FRPPRQO\� HURGHG�� DQG� RYHU
KDOI�RI�:$©V�XVDEOH�ZDWHU�LV�DOUHDG\�VDOLQH��EUDFNLVK�RU�PDUJLQDO�

*URXQGZDWHU�)ORZ�6\VWHPV�DQG�&DVH�6WXGLHV

$Q� LPSRUWDQW� FRPSRQHQW� RI� WKH� 1/:5$� 'U\ODQG� 6DOLQLW\� 7KHPH� DGGUHVVHG� WKH� QHHG� WR
XQGHUVWDQG�VDOLQLW\�DFURVV�WKH�ZKROH�$XVWUDOLDQ�ODQGVFDSH�DQG�WR�SURYLGH�D�FRKHUHQW�IUDPHZRUN
LQ�ZKLFK�WKLV�XQGHUVWDQGLQJ�FRXOG�EH�UHILQHG��VSDWLDOO\�DQG�WHPSRUDOO\��7KH�*URXQGZDWHU�)ORZ
6\VWHPV� �*)6�� FODVVLILFDWLRQ� �&RUDP� HW� DO��� ������ LV� D� QDWLRQDO�VFDOH� IUDPHZRUN� WKDW� LV� QRZ
JDLQLQJ� ZLGH� DFFHSWDQFH�� 7KH� *)6� VFKHPH� VWHPPHG� IURP� WKH� GHYHORSPHQW� RI� D� 1DWLRQDO
&ODVVLILFDWLRQ� RI�&DWFKPHQWV� �1&&��ZKLFK�ZDV� IXQGHG� E\�/DQG� DQG�:DWHU�$XVWUDOLD� �/:$�
DQG�WKH�5XUDO�,QGXVWULHV�5HVHDUFK�DQG�'HYHORSPHQW�&RUSRUDWLRQ��5,5'&��&RUDP���������7KH
1&&� LV� D� FRPSHQGLXP� RI� K\GURJHRORJLFDO� FRQFHSWXDO� PRGHOV� WKDW� GHVFULEH� WKH� SK\VLFDO
FKDUDFWHULVWLFV�RI�JURXQGZDWHU�UHODWHG�VDOLQLVDWLRQ�VFHQDULRV�DFURVV�$XVWUDOLD��7KH�VXEVHTXHQWO\�
GHYHORSHG�*)6�IUDPHZRUN�LV�EDVHG�RQ�JHRORJ\��JHRPRUSKRORJ\�DQG�HOHYDWLRQ��DQG�SURYLGHV�DQ
RYHUYLHZ�RI�JURXQGZDWHU�SURYLQFHV�LQ�ZKLFK�WKH�SURFHVVHV�GULYLQJ�VDOLQLW\�FDQ�EH�FKDUDFWHULVHG�

)XQGDPHQWDO� WR� WKH� K\GURORJLF� EHKDYLRXU� RI� D� V\VWHP� DUH� SDUDPHWHUV� VXFK� DV� OHQJWK� RI
JURXQGZDWHU�IORZ�SDWKV��DTXLIHU�SHUPHDELOLW\�DQG�K\GUDXOLF�JUDGLHQWV�IRU�JURXQGZDWHU�IORZ��7KH
XQGHUVWDQGLQJ�RI�KRZ�JURXQGZDWHU�V\VWHPV�EHKDYH�LQ�UHVSRQVH�WR�FKDQJLQJ�UHFKDUJH�G\QDPLFV
DQG� KRZ� H[FHVV� ZDWHU� IURP� SHUWXUEHG� UHFKDUJH� UHJLPHV� LV� GLVWULEXWHG� LV� EDVHG� RQ� GHWDLOHG
FDWFKPHQW� FDVH� VWXGLHV� UHSUHVHQWLQJ� GLIIHUHQW� JURXQGZDWHU� IORZ� V\VWHPV�� &DVH� VWXGLHV� ZHUH
LPSOHPHQWHG�E\�WKH�1/:5$�WR�HYDOXDWH�ERWK�WKH�*)6�DQG�WKH�DSSOLFDWLRQ�RI�FDWFKPHQW�ZDWHU
EDODQFH�PRGHOOLQJ�� 7KH� VDOLQLW\� FDVH� VWXGLHV� LQYROYHG� FROODERUDWLYH� WHDPV� WKDW� LQFOXGHG� 6WDWH
DQG�&6,52� VFLHQWLVWV�� 6HOHFWHG� FDWFKPHQWV� UHSUHVHQWHG� GLYHUVH� IORZ� V\VWHP� W\SHV� GLVWULEXWHG
DFURVV�$XVWUDOLD��/DNH�:DUGHQ��(VSHUDQFH��:$��6KRUW�HW�DO����������:DQLOOD��6$��6WDXIIDFKHU�HW
DO����������.DPDURRND��9LFWRULD��+HNPHLMHU�HW�DO����������DQG�8SSHU�%LOODERQJ��16:��%DNHU�HW
DO���������



7KH�*)6��FRPELQHG�ZLWK�RXU�XQGHUVWDQGLQJ�RI�KRZ�GLIIHUHQW� V\VWHPV�EHKDYH� WKDW�ZH�GHULYHG
IURP� WKH�FDVH� VWXGLHV��QRZ�VHUYHV�DV�D�EDVLV� IRU�PRUH�GHWDLOHG�K\GURJHRORJLF�FODVVLILFDWLRQ�RI
SURYLQFHV�� ,PSRUWDQWO\�� WKLV� UHFHQW� ZRUN� LGHQWLILHV� V\VWHPV� ZKHUH� SDUWLFXODU� PDQDJHPHQW
DFWLYLWLHV� DUH� H[SHFWHG� WR� OHDG� WR� VLPLODU� UHVSRQVHV� DQG� SURYLGHV� D� IUDPHZRUN� QRW� RQO\� IRU
SURJUHVVLYHO\� PRUH� UHILQHG� OHYHOV� RI� XQGHUVWDQGLQJ� EXW� DOVR� IRU� RQ�JURXQG� DFWLRQ�� &XUUHQW
VROXWLRQ�RULHQWHG� UHVHDUFK� GHYHORSPHQWV� UHYROYLQJ� DURXQG� WKH� *)6� DSSURDFK� WR� VDOLQLW\
PDQDJHPHQW�DUH�RXWOLQHG�IXUWKHU�EHORZ�

7+(�,1,7,$7,9(6

&RPPRQZHDOWK�1$3

7KH�1DWLRQDO�$FWLRQ�3ODQ�IRU�6DOLQLW\�DQG�:DWHU�4XDOLW\��1$3���������GUDZQ�XS�E\�WKH�&RXQFLO
RI� $XVWUDOLDQ� *RYHUQPHQWV�� SURYLGHV� D� EDVLV� IRU� D� QDWLRQDO� DSSURDFK� WR� VDOLQLW\� DQG� ZDWHU
TXDOLW\� VROXWLRQV� E\� HQJDJLQJ� WKH� &RPPRQZHDOWK�� 6WDWHV�� 7HUULWRULHV� DQG� FRPPXQLWLHV�� ,W
UHSUHVHQWV� DQ� LQLWLDO� VWHS� LQ� LGHQWLI\LQJ� KLJK� SULRULW\�� LPPHGLDWH� DFWLRQV� WR� GHDO�ZLWK� VDOLQLW\�
SDUWLFXODUO\� GU\ODQG� VDOLQLW\�� LQ� NH\� UHJLRQV� DFURVV� $XVWUDOLD�� 7KH� 1$3� LV� DLPHG� DW� KHOSLQJ
UHJLRQDO� FRPPXQLWLHV� WR� SUHYHQW�� VWDELOL]H� DQG� UHYHUVH� WUHQGV� LQ� GU\ODQG� VDOLQLW\� ZKHUH� WKH\
DIIHFW�WKH�VXVWDLQDELOLW\�RI�SURGXFWLRQ��ELRORJLFDO�GLYHUVLW\�DQG�RU�LQIUDVWUXFWXUH�

7KH�1$3�LV�D�EURDG�VFDOH��FRPSUHKHQVLYH�UHVSRQVH�WR�WKH�WKUHDW�RI�VDOLQLW\��7KH�IRFXV�LV�RQ���
SULRULW\� UHJLRQV� DFURVV�$XVWUDOLD� ¤� ILYH� RI� WKHVH� LQ�:$��7KH� SODQ� IRVWHUV� WKH� GHYHORSPHQW� RI
FRPPXQLW\�EDVHG� LQWHJUDWHG� SODQV� WR� WDFNOH� VDOLQLW\� LQ� WKH� UHVSHFWLYH� UHJLRQV�� 7KHVH� UHJLRQDO
SODQV�ZLOO�YDU\�VXEVWDQWLDOO\�IURP�FDWFKPHQW� WR�FDWFKPHQW�VR� WKDW� WKH�SDUWLFXODU�QHHGV�RI�HDFK
DUHD�FDQ�EH�PHW�DQG�UHDOLVWLF�WDUJHWV�FDQ�EH�VHW�

0'%&

7KH�0XUUD\�'DUOLQJ�%DVLQ�&RPPLVVLRQ� �0'%&�� LV� DQ� DXWRQRPRXV� RUJDQLVDWLRQ� UHSUHVHQWLQJ
WKH�JRYHUQPHQWV�RI�6$��9LFWRULD��16:�DQG�4XHHQVODQG�RQ�PDWWHUV�UHODWLQJ�WR�WKH�XVH�RI�ZDWHU
DQG� ODQG� LQ� WKH� 0XUUD\�'DUOLQJ� %DVLQ�� 7KH� &RPPLVVLRQ� DGYLVHV� LWV� 0LQLVWHULDO� &RXQFLO
�0'%0&�� LQ� UHODWLRQ� WR� WKH� SODQQLQJ�� GHYHORSPHQW� DQG� PDQDJHPHQW� RI� WKH� %DVLQ©V� QDWXUDO
UHVRXUFHV�� ,Q� ����� WKH�0'%0&� DVVLJQHG� D� KLJK� SULRULW\� WR� WKH� FRRUGLQDWHG� PDQDJHPHQW� RI
VDOLQLW\�DQG�ZDWHUORJJLQJ�SUREOHPV�LQ�WKH�%DVLQ��7KH�ILUVW�0'%�6DOLQLW\�DQG�'UDLQDJH�6WUDWHJ\
ZDV�DGRSWHG�LQ�������0'%&���������������$�VXEVHTXHQW�6WUDWHJ\�QRWHG�WKDW��LQ�WKH����\HDUV�WR
������ WKH� LQLWLDO� 6WUDWHJ\� KDG� DFKLHYHG� D� QHW� UHGXFWLRQ� LQ� 5LYHU� 0XUUD\� VDOLQLW\� �0'%0&�
����D��

7KH�6DOLQLW\�$XGLW� IRU� WKH�0XUUD\�'DUOLQJ�%DVLQ�SURYLGHV� WUHQGV�� ULYHU�YDOOH\�E\� ULYHU�YDOOH\�
IRU� VDOW� PRELOLVDWLRQ� LQ� WKH� ODQGVFDSH� DQG� LWV� H[SUHVVLRQ� LQ� WKH� %DVLQ©V� ULYHUV� DQG� WKH� ODQG
VXUIDFH� �0'%0&�� ����E��� :KLOVW� VDOLQLW\� LV� PRVW� FRQVSLFXRXV� LQ� WKH� IRUP� RI� GU\ODQG
VDOLQLVDWLRQ�ZLWK�YLVLEOH�GHJUDGDWLRQ�RI�VRLOV�DQG�ORVV�RI�ELRGLYHUVLW\��JUHDWHU�HFRQRPLF�LPSDFWV
DUH� OLNHO\� WR� EH� DVVRFLDWHG� ZLWK� LQFUHDVLQJ� ULYHU� VDOLQLW\� DQG� WKH� HIIHFWV� WKLV� LV� KDYLQJ� RQ
LUULJDWLRQ��XUEDQ�ZDWHU�VXSSOLHV�DQG�DTXDWLF�ELRGLYHUVLW\��7KH�%DVLQ�$XGLW�SURYLGHV�SUHGLFWLRQV
IRU� LQFUHDVHV� LQ� VDOLQLW\� LI� WKHUH� DUH� QR� QHZ� SUHYHQWDWLYH� PDQDJHPHQW� LQWHUYHQWLRQV�� )RU
H[DPSOH��LW�SUHGLFWV�WKDW�WKH�DYHUDJH�VDOLQLW\�RI�WKH�ORZHU�5LYHU�0XUUD\�ZLOO�H[FHHG�WKH�����(&
WKUHVKROG� IRU� GHVLUDEOH� GULQNLQJ� ZDWHU� TXDOLW\� LQ� WKH� GHFDGHV� DKHDG�� 7KH� $XGLW� SURYLGHG� WKH
EDVLV�IRU�IUDPLQJ�RI�WKH�%DVLQ�6DOLQLW\�0DQDJHPHQW�6WUDWHJ\�IRU������������0'%0&��������
7KLV� 6WUDWHJ\� SURYLGHV� D� ���\HDU� %DVLQ�ZLGH� IUDPHZRUN� IRU� LPSOHPHQWLQJ� WKH� 1$3�� 6WDWH
6DOLQLW\� 6WUDWHJLHV� �6$�� 9LFWRULD�� 6:� DQG� 4XHHQVODQG��� DQG� UHJLRQDO� VDOLQLW\� RU� FDWFKPHQW
PDQDJHPHQW�SODQV��$�NH\�IHDWXUH�RI�WKLV�FXUUHQW�6WUDWHJ\�LV�WKH�DGRSWLRQ�RI�VDOLQLW\�WDUJHWV�IRU
HDFK� WULEXWDU\�YDOOH\�DQG�D�%DVLQ� WDUJHW� IRU� WKH�/RZHU�0XUUD\� WR�PDLQWDLQ� WKH� VDOLQLW\� DW� OHVV
WKDQ�(&������6�FP��L�H���GULQNLQJ�ZDWHU�TXDOLW\��IRU�����RI�WKH�WLPH��7KH�WDUJHWV�DUH�D�ZD\�RI
PHDVXULQJ� SURJUHVV� RI� DFWLRQV� DFURVV� WKH�%DVLQ� DQG� D� EDVLV� IRU� DFFRXQWDELOLW\� IRU� WKH� SDUWQHU
*RYHUQPHQWV�



1'63

7KH�1DWLRQDO�'U\ODQG�6DOLQLW\�3URJUDP��1'63���LQLWLDWHG�E\�/DQG�DQG�:DWHU�$XVWUDOLD��/:$��
ZDV� HVWDEOLVKHG� LQ� ����� WR� IDFLOLWDWH� FRRSHUDWLYH� UHVHDUFK� DFURVV� GLVFLSOLQHV�� RUJDQLVDWLRQDO
ERXQGDULHV� DQG� 6WDWH� ERUGHUV� WR� DGGUHVV� WKH� PDQDJHPHQW� RI� GU\ODQG� VDOLQLW\�� 5HVHDUFK� LV
GLUHFWHG�WRZDUGV�LQYHVWLJDWLQJ�WKH�FDXVHV�RI�DQG�VROXWLRQV�WR�GU\ODQG�VDOLQLW\��7KH�IRFXV�RI�WKH
VHFRQG� SKDVH� RI� WKH� SURJUDP� ������������ LV� RQ� NQRZOHGJH� JDSV� LQ� RXU� XQGHUVWDQGLQJ� RI� WKH
FDXVHV� DQG� LPSDFWV� RI� GU\ODQG� VDOLQLW\� DQG� RQ� LQYHVWLJDWLQJ� VRFLR�HFRQRPLF� LVVXHV� DVVRFLDWHG
ZLWK�PDQDJHPHQW�RI�VDOLQH�UHJLRQV�

6WDWH�6DOLQLW\�6WUDWHJLHV

6WDWH�6DOLQLW\�6WUDWHJLHV� IRU� WKH� FRQWURO� DQG�PDQDJHPHQW�RI� VDOLQLW\� DUH�QRZ� LQ�SODFH� LQ�PRVW
6WDWHV�� 7\SLFDOO\�� WKH� 6WDWH� 6WUDWHJLHV�� RXWOLQH� WKH� NH\� LVVXHV� SHUWDLQLQJ� WR� QDWXUDO� UHVRXUFH
PDQDJHPHQW�RI�UHVSHFWLYH�UHJLRQV��GHOLQHDWH�WKH�DFWLRQV�EHLQJ�XQGHUWDNHQ�DQG�SODQQHG�WRZDUGV
GHVLUHG� RXWFRPHV� DQG� VROXWLRQV�� VHW� SULRULWLHV�� WDUJHWV� DQG� UHJXODWLRQV� IRU� FDWFKPHQWV�� DQG
KLJKOLJKW�UHJLRQDO�LPSHUDWLYHV�LQ�WHUPV�RI�QHHGHG�VFLHQWLILF�UHVHDUFK�

)RU�H[DPSOH��WKH�:$�6WDWH�6DOLQLW\�6WUDWHJ\�ZDV�UHOHDVHG�E\�WKH�6WDWH�6DOLQLW\�&RXQFLO�LQ������
7KLV�6WUDWHJ\�LV�EDVHG�RQ�D�FOHDU�LGHQWLILFDWLRQ�RI�WKH�PDMRU�LPSDFWV�RI�VDOLQLW\�LQ�:$�LQ�WHUPV
RI�� WKH� PDJQLWXGH� RI� WKH� K\GURORJLF� LPEDODQFH�� ELRSK\VLFDO� LPSDFWV� �ZDWHU� UHVRXUFHV�
ELRGLYHUVLW\� DQG� LQFUHDVHG� IORRG� ULVN��� HFRQRPLF� LPSDFWV� �DJULFXOWXUDO� SURGXFWLYLW\�
LQIUDVWUXFWXUH���DQG�VRFLDO�LPSDFWV��IDPLOLHV��FRPPXQLWLHV��UHFUHDWLRQ�DQG�WRXULVP���7KUHH�JRDOV
DUH� DW� WKH� FRUH� RI� WKH� 6WUDWHJ\�� WR� PDQDJH� UHFKDUJH�� WR� PDQDJH� GLVFKDUJH�� DQG� WR� HQVXUH� D
SDUWQHUVKLS�DSSURDFK�EHWZHHQ�WKH�6WDWH�6DOLQLW\�&RXQFLO��&DWFKPHQW�0DQDJHPHQW�$XWKRULWLHV�
DQG� &RPPXQLWLHV� VR� WKDW� DOO� PDMRU� FRQFHUQV� ¤� DJULFXOWXUDO� SURGXFWLYLW\�� ELRGLYHUVLW\�� ZDWHU
TXDOLW\��LQIUDVWUXFWXUH�¤�DUH�UHSUHVHQWHG��6WDWH�6DOLQLW\�&RXQFLO������D���:LWK�WKH�:$�6DOLQLW\
6WUDWHJ\�DV�D�IUDPHZRUN��6DOLQLW\�$FWLRQV��6WDWH�6DOLQLW\�&RXQFLO������E��KDYH�EHHQ�RXWOLQHG�WR
PDQDJH� VDOLQLW\�� IRU� FRPPXQLW\� DFWLRQ�� DQG� IRU� PRQLWRULQJ� DQG� HYDOXDWLRQ� RI� VWUDWHJLHV� DQG
DFWLRQV��7KHVH� WZR�IRXQGDWLRQ�GRFXPHQWV�DUH�VXSSRUWHG�E\�D�*XLGH�IRU�/DQG�0DQDJHUV� �6WDWH
6DOLQLW\�&RXQFLO�� ����F�� WKDW� SURYLGHV� UHIHUHQFH� SRLQWV� IRU� DGDSWLYH� DJULFXOWXUDO� SUDFWLFHV�� IRU
ORFDO�JURXQGZDWHU�PDQDJHPHQW��DQG�IRU�SURGXFWLYH�XVH�RI�VDOLQH�ODQG�DQG�ZDWHU�

62/87,21�25,(17('�5(6($5&+

7KH�WDNH�KRPH�PHVVDJH�IURP�IDUPHUV�DW�WKH�6DOLQLW\�6XPPLW�LQ�%ULVEDQH�ODVW�PRQWK�ZDV��¦3XW
VFLHQFH� LQ�� WDNH� SROLWLFV� RXW§� �¨&DQEHUUD� 7LPHV©�� $XJXVW� ��� ������� 7KLV� VWDQFH� VHHPV� WR� EH
ZLGHO\� HFKRHG� E\� VWDNHKROGHUV� HOVHZKHUH� DFURVV� WKH� FRQWLQHQW�� 5XUDO�� UHJLRQDO� DQG� XUEDQ
FRPPXQLWLHV� UHDOL]H� WKDW�� ZLWKRXW� PRUH� UHVHDUFK�� IDUPHUV�� FDWFKPHQW� PDQDJHUV� DQG� ZDWHU
UHVRXUFH�VXSSOLHUV�FDQQRW�PDNH�LQIRUPHG�GHFLVLRQV�DQG�FKDQJH�WKHLU�SUDFWLFHV�DSSURSULDWHO\�WR
DYHUW�WKH�VDOLQLW\�SUREOHP�

:H�DUH� DW� WKH� VWDJH� LQ� WDFNOLQJ� WKH� VFLHQFH�RI� VDOLQLW\�ZKHUH� VRXQG� UHVHDUFK�PXVW� EH�GLUHFWHG
WRZDUGV� UHDOLVWLF� EURDG�VFDOH� VROXWLRQV��:H� KDYH� PRYHG� EH\RQG� UHGXFWLRQLVW� WKLQNLQJ�� DZDUH
WKDW� FRPSOH[� V\VWHPV� FDQQRW� EH� XQGHUVWRRG� LQ� WHUPV� RI� WKHLU� VLPSOH� FRPSRQHQWV�� EXW� RQO\
WKURXJK� LQWHJUDWHG� UHVHDUFK� DQG� IRUHVLJKW�� 6ROXWLRQ� SDFNDJHV� PXVW� EH� GHYHORSHG� IRU� HQWLUH
FDWFKPHQWV�DQG�UHJLRQV��QRW�IRU�VFDWWHUHG�SRVWDJH�VWDPS�SDWFKHV�DFURVV�WKH�FRQWLQHQW�

&DWFKPHQW�&KDUDFWHULVDWLRQ�IRU�6DOLQLW\�0DQDJHPHQW

1R�EODQNHW� UHFLSHV�RU� ¨VLOYHU�EXOOHWV©� DUH�DSSURSULDWH� IRU�GHDOLQJ�ZLWK� VDOLQLW\� LQ� WKLV�FRPSOH[
$XVWUDOLDQ� ODQGVFDSH�� 7KH� 1DWLRQDO� &ODVVLILFDWLRQ� RI� &DWFKPHQWV� �&RUDP�� ������ DQG
*URXQGZDWHU�)ORZ�6\VWHPV�&ODVVLILFDWLRQ��&RUDP��HW�DO���������SURYLGH�D�EDVLV�IRU�RXU�FXUUHQW
VROXWLRQ�RULHQWHG�UHVHDUFK��7KLV�IRXQGDWLRQ�ZRUN�EULQJV�WRJHWKHU�WKH�EHVW�DYDLODEOH�JURXQGZDWHU
LQIRUPDWLRQ� UHOHYDQW� WR� VDOLQLW\� SURFHVVHV� DQG� VDOLQLW\� PDQDJHPHQW�� $UHDV� WKDW� EHKDYH� LQ� D
VLPLODU� PDQQHU� KDYH� EHHQ� GHILQHG� VSDWLDOO\� IRU� WKH� ZKROH� RI� $XVWUDOLD�� 0DSV� KDYH� EHHQ
JHQHUDWHG�DW�GLIIHUHQW�VFDOHV�UHOHYDQW�WR�6WDWH�DQG�UHJLRQDO�PDQDJHUV�VXFK�WKDW�WKH�GLVWULEXWLRQ�RI
DQDORJRXV� FDWFKPHQWV� DUH� QRZ� LGHQWLILHG�� &XUUHQW� &DWFKPHQW� &KDUDFWHULVDWLRQ� UHVHDUFK�



VSHDUKHDGHG� E\� &6,52� LQ� FROODERUDWLRQ� ZLWK� 6WDWH� VFLHQWLVWV�� DQG� XQGHU� WKH� DXVSLFHV� RI� WKH
0'%&��LV�DLPHG�DW�SURYLGLQJ�D�OLQN�EHWZHHQ�WKH�VSDWLDO�FODVVLILFDWLRQ�V\VWHP�DQG�GHYHORSPHQW
RI�SUHGLFWLYH�FDSDELOLWLHV�WR�SULRULWLVH�UHJLRQDO�WDUJHWV�IRU�PDQDJHPHQW��:DONHU�HW�DO����������7KH
SURMHFW�GUDZV�XSRQ�WKH�UHVXOWV�RI�&6,52©V�UHVHDUFK�RQ�VWUHDP�VDOLQLW\�WUHQGV�DQG�FDWFKPHQW�VDOW
EDODQFHV� �H�J��� -ROO\�HW�DO���������:DONHU��������DQG�FRPSOHPHQWDU\� UHVHDUFK�RQ� UHFKDUJH�DQG
GLVFKDUJH�SURFHVVHV�

7KLV� &DWFKPHQW� &KDUDFWHULVDWLRQ� IRU� 6DOLQLW\� 0DQDJHPHQW� UHVHDUFK� SURMHFW� FRPSULVHV� WKUHH�
VWDJHV��7KH�ILUVW�VWDJH�KDV�UHFHQWO\�EHHQ�FRPSOHWHG��DQG�LQYROYHG�WKH�LQYHVWLJDWLRQ�RI�SK\VLFDO
SURFHVVHV� LQ� ZHOO�VWXGLHG� FDWFKPHQWV� WR� SURYLGH� GU\ODQG� VDOLQLW\� ¨ULVN� IDFWRUV©� IRU� HDFK� *)6
W\SH��7KH�VHFRQG�VWDJH�LQYROYHV�DSSO\LQJ�WKLV�NQRZOHGJH�WR�RWKHU�FDWFKPHQWV�RI�VLPLODU�W\SH�IRU
ZKLFK� WKHUH� LV� OLWWOH� GDWD�� 7KLUGO\�� VDOLQLW\� PDQDJHPHQW� JXLGHOLQHV� FDQ� VXEVHTXHQWO\� EH
JHQHUDWHG�IRU�HDFK�*)6�W\SH�VR�WKDW�WKH�PRVW�DSSURSULDWH�ODQG�XVHV�FDQ�EH�SXW�LQWR�HIIHFW�LQ�WKH
EHVW�ORFDWLRQV�WR�UHGUHVV�VDOLQLW\�

0DQDJHPHQW� RSWLRQV� LQFOXGH� DIIRUHVWDWLRQ�� DJURIRUHVWU\�� SHUHQQLDO� SDVWXUH� V\VWHPV� DQG
HQJLQHHULQJ�VFKHPHV�WR�UHGXFH�UHFKDUJH�DQG�ORZHU�ZDWHUWDEOHV��DQG�XWLOLVDWLRQ�RI� LUUHGHHPDEOH
VDOLQH�ODQG�DQG�ZDWHUV�IRU�FRPPHUFLDO�HQGHDYRXUV��2XU�&DWFKPHQW�&KDUDFWHULVDWLRQ�ZRUN�EUHDNV
WKH�ODQGVFDSH�XS�LQWR�FRPSRQHQWV�EHVW�VXLWHG�WR�WKH�GLIIHUHQW�PDQDJHPHQW�RSWLRQV��EDVHG�RQ�RXU
FXUUHQW� NQRZOHGJH�� 7KH�PDJQLWXGH� DQG� WLPLQJ� RI� VDOLQLW\� LPSDFWV� DUH� UHODWHG� WR� JURXQGZDWHU
FKDUDFWHULVWLFV�� DQG� WKH� ¨ODQGVFDSH� FRPSRQHQWV©� DUH� HVVHQWLDOO\� GLIIHUHQW� SDUWV� RI� WKH
K\GURJHRORJLF�V\VWHP��7KH�YDULDWLRQ�LQ�WKH�ZD\�WKDW�JURXQGZDWHU�SURFHVVHV�RSHUDWH�QHHGV�WR�EH
SDUW� RI� WKH� FKDUDFWHULVDWLRQ� RI� FDWFKPHQWV�� 7R� GDWH�� WKHVH� YDULDEOH� DVSHFWV� RI� FDWFKPHQW
EHKDYLRXU�KDYH�EHHQ�DVVHVVHG�DQG�PRGHOOHG�IRU�ILYH�*)6�ZLWKLQ�WKH�0XUUD\�'DUOLQJ�%DVLQ��$[H
&UHHN��9LFWRULD��+HNPHLMHU�DQG�'DZHV������D��DQG�6RXWK�/RGGRQ�3ODLQV��9LFWRULD��+HNPHLMHU
DQG�'DZHV������E���.\HDPED�&UHHN��16:��&UHVVZHOO�HW�DO���������DQG�/LYHUSRRO�3ODLQV��16:
�6WDXIIDFKHU�HW�DO����������DQG�%U\PDURR��4XHHQVODQG��6PLWW�HW�DO����������,Q�DGGLWLRQ��WKH�FDVH
VWXGLHV�FDUULHG�RXW�IRU�WKH�*)6�GHYHORSPHQW��FLWHG�DERYH��DUH�LQFOXGHG�LQ�WKH�VHFRQG�VWDJH�RI�WKH
&DWFKPHQW�&KDUDFWHULVDWLRQ�SURMHFW� WR� LQFRUSRUDWH�GLVWLQFWLYH� FDWFKPHQWV� LQ�:$�DQG�6$��7KH
HPSKDVLV� IRU� WKH� ILQDO� \HDU� RI� WKLV� UHVHDUFK� LV� QRZ� RQ� WKH� WUDQVIHUDELOLW\� RI� WKHVH� PRGHOV� WR
ZLGHVSUHDG� FDWFKPHQWV� RI� HDFK�*)6� W\SH� WR� SUHGLFW� VDOLQLVDWLRQ� ULVN� DQG� SURYLGH� DSSURSULDWH
PDQDJHPHQW� RSWLRQV� LQ� XQVWXGLHG� FDWFKPHQWV��8OWLPDWHO\�� WKH� HIIHFWLYHQHVV� RI� VDOW�PLWLJDWLRQ
VFKHPHV� LQ� GLIIHUHQW� SDUWV� RI� WKH� ODQGVFDSH� ZLOO� EH� DEOH� WR� EH� DVVHVVHG� WR� DXJPHQW� IXWXUH
SODQQLQJ�IRU�HPHUJLQJ�DUHDV�DW�ULVN�

%LRSK\VLFDO�&DSDFLW\�WR�&KDQJH

7KH�%LRSK\VLFDO�&DSDFLW\� WR�&KDQJH� �%&&��PRGHO� LV� FXUUHQWO\�EHLQJ� LPSOHPHQWHG� DW�&6,52
ZLWKLQ� WKH� &RRSHUDWLYH� 5HVHDUFK� &HQWUH� IRU� &DWFKPHQW� +\GURORJ\� �&5&&+�� DV� SDUW� RI� WKH
&DWFKPHQW�&KDUDFWHULVDWLRQ� SURMHFW��7KH�%&&�PRGHO� OLQNV� FKDQJHV� LQ� ODQG� XVH� WR� FKDQJHV� LQ
VWUHDPIORZ�DQG�VDOW�ORDG��7KH�DLP�LV�WR�IDFLOLWDWH�SULRULWLVDWLRQ�RI�DUHDV�IRU�WUHH�SODQWLQJ�ZLWKLQ
ODUJHU� FDWFKPHQWV�E\� HQDEOLQJ� FDWFKPHQW�PDQDJHUV� WR� FRQGXFW� UDSLG� DVVHVVPHQWV� RI� WKH� JURVV
FKDQJH� LQ� VDOW� DQG�ZDWHU� EDODQFHV� LQ� UHVSRQVH� WR� ODQG� XVH� FKDQJHV�� SDUWLFXODUO\� UHIRUHVWDWLRQ�
SULRU�WR�DFWXDOO\�LPSOHPHQWLQJ�WKH�RQ�JURXQG�ZRUNV�

7KH�%&&�PRGHO�XWLOLVHV�D�GLJLWDO�HOHYDWLRQ�PRGHO� �'(0��RI� WKH�FDWFKPHQW�� WKH� UHJLRQDO�*)6
PDS�� LQWHUSRODWHG� DYHUDJH� DQQXDO� UDLQIDOO�� WUHH� FRYHU� RU� ODQG� XVH� GDWDVHWV�� DQG� JURXQGZDWHU
FKDUDFWHULVWLFV��K\GUDXOLF�FRQGXFWLYLW\��DTXLIHU�GLPHQVLRQV��ZDWHUWDEOH�OHYHOV�DQG�JUDGLHQWV��DQG
JURXQGZDWHU�VDOLQLW\���7KH�ODWWHU�GDWDVHWV��WKH�K\GURJHRORJLF�SDUDPHWHUV��HQDEOH�WKH�WLPH�ODJ�LQ
WKH� UHVSRQVH� RI� D� V\VWHP� WR� LQGXFHG�K\GURORJLF� FKDQJH� WR� EH� DFFRPPRGDWHG��7KXV�� WKH�%&&
PRGHO�XVHV�GDWDVHWV�WKDW�DUH�RIWHQ�DOUHDG\�DYDLODEOH��DQG�LV�QRW�UHOLDQW�RQ�HYHU�PRUH�UHILQHG��DQG
LQFUHDVLQJO\�H[SHQVLYH�� LQIRUPDWLRQ�DERXW� WKH�VWDWXV�TXR�RI�D�JLYHQ�FDWFKPHQW��7KH�HPSKDVLV�
LQVWHDG��LV�RQ�WKH�FDSDFLW\�RI�WKH�FDWFKPHQW�WR�UHVSRQG�WR�ODQG�XVH�FKDQJH�DQG�RQ�WKH�WLPHIUDPH
LQ�ZKLFK�WKLV�FKDQJH�PLJKW�EH�H[SHFWHG�WR�RFFXU��7KH�PRGHO�LV�GHVLJQHG�WR�EH�D�KLJKO\�SRUWDEOH
DQG�DGDSWDEOH�SDFNDJH��2XWSXWV�FDQ�EH�XVHG�DV�D�¦VLHYH§�WR�KHOS�UDQN�FDWFKPHQWV�DFFRUGLQJ�WR
WKHLU� FDSDFLW\� WR� UHVSRQG� WR� ODQG�XVH� FKDQJH��7KLV�ZRUN�ZLOO� XOWLPDWHO\� LQWHJUDWH�ZLWK� FXUUHQW



&6,52�DQG�&5&&+�&DWFKPHQW�&KDUDFWHULVDWLRQ�UHVHDUFK�RQ�WKH�HIIHFWV�RI�ODQG�XVH�FKDQJHV�RQ
FDWFKPHQW�ZDWHU�\LHOG�DQG�VDOW�ORDG��H�J���=KDQJ�HW�DO���������6WLU]DNHU�HW�DO���������

$LUERUQH�*HRSK\VLFV

7KH� ILUVW� WULDO� RI� DLUERUQH� JHRSK\VLFDO� WHFKQLTXHV� LQ� VDOLQLW\� LQYHVWLJDWLRQV�ZDV� FDUULHG� RXW� LQ
���������� DV� WKH� 1DWLRQDO� $LUERUQH� *HRSK\VLFV� 3URMHFW� �1$*3�� XQGHU� WKH� 1'63�� ZLWK
ILQDQFLDO� VXSSRUW� IURP� )HGHUDO� DQG� 6WDWH� JRYHUQPHQWV�� 7KH� DLUERUQH� LQYHVWLJDWLRQV� XWLOLVHG
PDJQHWLFV�� JDPPD�UD\� VSHFWURPHWU\� �UDGLRPHWULFV�� DQG� HOHFWURPDJQHWLF� �$(0�� WHFKQLTXHV� LQ
ILYH�FDWFKPHQWV�LQ�:$��4XHHQVODQG��16:�DQG�9LFWRULD��7KH�',*+(0�KHOLFRSWHU�PRXQWHG�DQG
6$/70$3� IL[HG�ZLQJ� $(0� V\VWHPV� ZHUH� XWLOLVHG� IRU� WKH� VXUYH\V�� 7KH� FRVW� RI� DFTXLVLWLRQ�
SURFHVVLQJ�� DQDO\VLV� DQG� YDOLGDWLRQ� RI� WKH� DLUERUQH� JHRSK\VLFV� GDWD� ZDV� ������ SHU� KHFWDUH
�*HRUJH� HW� DO��� ������� 0DJQHWLFV� DQG� JDPPD�UD\� VSHFWURPHWU\� DOUHDG\� KDYH� HVWDEOLVKHG
UHSXWDWLRQV�DV�EHLQJ�YDOXDEOH� LQ�JHRVFLHQWLILF� LQYHVWLJDWLRQV�� LQFOXGLQJ�K\GURJHRORJ\��ZKHUHDV
WKH�DSSOLFDWLRQ�RI�HOHFWURPDJQHWLFV��ERWK�JURXQG�(0�DQG�$(0��KDV�D�PRUH�YDULDEOH�SRWHQWLDO�
7KH� 1$*3� FRQFOXGHG� WKDW� WKH� $(0� GDWD� SURYLGHG� XVHIXO� LQIRUPDWLRQ� DERXW� VDOW� VWRUHV� DQG
UHJROLWK�IHDWXUHV�LQ�WKH�VWXG\�DUHDV��1RWZLWKVWDQGLQJ��D�FDXWLRQDU\�QRWH�ZDV�DOVR�LVVXHG�DERXW�WKH
QHHG�IRU�VNLOOHG�LQWHUSUHWHUV�WR�JXLGH�WKH�DQDO\VHV�DQG�WR�HQVXUH�WKDW�VRXQG�GHFLVLRQV�ZHUH�PDGH
RQ�WKH�EDVLV�RI�WKH�GDWDVHWV��*HRUJH�HW�DO����������$W�WKH�FRPSOHWLRQ�RI�WKH�1$*3��*HRUJH�HW�DO�
�������FRQFOXGHG�WKDW����ELRSK\VLFDO�GDWDVHWV�¤�LQFOXGLQJ�WKH�WKUHH�JHRSK\VLFDO�GDWDVHWV�¤�ZHUH
UHTXLUHG�IRU�HIIHFWLYH�DSSOLFDWLRQ�RI�JHRSK\VLFV�IRU�VDOLQLW\�PDQDJHPHQW�

7KH� SRWHQWLDO� IRU� DLUERUQH� JHRSK\VLFV� WHFKQLTXHV� WR� SURYLGH� QHZ� LQVLJKWV� LQWR� WKH� VXEVXUIDFH
JHRORJ\�DQG�UHJROLWK�DQG�LQWR�WKH�GLVWULEXWLRQ�RI�VDOW�DQG�VDOLQH�JURXQGZDWHU�KDV�JDLQHG�ZLGHU
DWWHQWLRQ� VLQFH� WKH�1$*3� LQ� ������5HFHQW� \HDUV� KDYH� DOVR� EURXJKW� UDSLG� GHYHORSPHQW� LQ� WKH
$(0� WHFKQRORJ\� LQ� SDUWLFXODU�� &RQGXFWLYLW\� PDSV� �UDWKHU� WKDQ� ¦VDOW� PDSV§� SHU� VH�� FDQ� EH
JHQHUDWHG�IURP�$(0�PHDVXUHPHQWV�IRU�GHSWKV�RI�PRUH�WKDQ�����P�EHORZ�WKH�JURXQG�VXUIDFH�
'LIILFXOWLHV� H[SHULHQFHG� LQ� WKH� 1$*3� ZLWK� WKH� FDSDELOLW\� RI� WKH� SUHFXUVRU� $(0� V\VWHPV� WR
TXDQWLI\� HOHFWULFDO� FRQGXFWLYLW\� LQ� WKH� XSSHU� ����� PHWUHV� DUH� EHLQJ� DGGUHVVHG� ZLWK� WKH� QHZ
7(03(67�$(0�V\VWHP�DQG�ZLWK�GHYHORSPHQWV� LQ�GDWD�SURFHVVLQJ� WHFKQLTXHV�� ,W�QHHGV� WR�EH
HPSKDVL]HG��KRZHYHU��WKDW�WKH�FROOHFWHG�$(0�GDWD�LV�H[WUHPHO\�FRPSOH[�DQG�UHTXLUHV�JURXQG�
WUXWKLQJ�DQG�YDOLGDWLRQ�WR�EH�RI�XVH��&OHDUO\��NQRZOHGJH�RI�WKH�JHRORJ\��WKH�JURXQGZDWHU�V\VWHP�
WKH� UHJROLWK�� VDOLQLWLHV�RI�JURXQGZDWHUV� DQG� VRLOV�� WKH�ELRSK\VLFDO�PDNH�XS�RI� FDWFKPHQWV�� DQG
WKH� PDJQLWXGH� RI� WHPSRUDO� IOX[HV� LQ� SK\VLFDO� SURFHVVHV� LV� UHTXLUHG� EHIRUH� UHPRWHO\�VHQVHG
JHRSK\VLFDO� PHDVXUHPHQWV� FDQ� EH� LQFRUSRUDWHG� LQWR� ODQG� XVH� GHFLVLRQ�PDNLQJ� IRU� VDOLQLW\
PDQDJHPHQW�

7KH�$(0�WHFKQRORJ\�LV�VWLOO�HYROYLQJ�DQG�LV�VWLOO�UHODWLYHO\�H[SHQVLYH��7KH�PHWKRG�FDQ�SURYLGH
XQLTXH� LQIRUPDWLRQ� DERXW� WKH� GLVWULEXWLRQ� RI� VDOW� DQG� VDOLQH� JURXQGZDWHU� ZKHQ� XVHG� LQ
FRQMXQFWLRQ�ZLWK�GULOOKROH�GDWD�DQG�DFWXDO�VDOLQLW\�PHDVXUHPHQWV�RI�JURXQGZDWHUV�DQG�UHJROLWK
PDWHULDOV�DFURVV�WKH�VXUYH\�DUHD��$�QHZ�SKDVH�RI�WULDOV�LV�QRZ�XQGHUZD\�LQ�WZR�0XUUD\�'DUOLQJ
%DVLQ� ¤� &6,52� +HDUWODQGV� �VHH� EHORZ�� FDWFKPHQWV�� 8SSHU� %LOODERQJ� &UHHN�� 16:�� DQG
+RQH\VXFNOH�&UHHN��9LFWRULD��7KH�DSSOLFDWLRQ�RI�WKHVH�DLUERUQH�JHRSK\VLFV�VXUYH\V��XWLOLVLQJ�WKH
KLJK� UHVROXWLRQ� 7(03(67� $(0� V\VWHP�� ZLOO� EH� DVVHVVHG� LQ� WKHVH� DUHDV� ZKHUH� WKH� VDOLQLW\
KD]DUG� LV� UHODWLYHO\� VHYHUH� DQG� ZKHUH� ORFDO� FRPPXQLWLHV� DUH� FRPPLWWHG� WR� LPPHGLDWH
LPSOHPHQWDWLRQ�RI�RQ�JURXQG�ZRUNV�WR�RIIVHW�IXUWKHU�GHJUDGDWLRQ�RI�WKHLU�ODQGV�DQG�ZDWHUZD\V�
$GGLWLRQDO�DLUERUQH�JHRSK\VLFV�VXUYH\V�DUH�DOVR�FXUUHQWO\�XQGHUZD\�LQ�ILYH�FDWFKPHQWV�LQ�6$�LQ
VWUDWHJLFDOO\�LPSRUWDQW�DUHDV�RI�WKH�1$3�3ULRULW\�5HJLRQV�

+HDUWODQGV�DQG�+HDOWK\�&RXQWU\�LQLWLDWLYHV

7KH� +HDUWODQGV� LQLWLDWLYH� LV� D� !��\HDU� SURJUDP� FRPELQLQJ� UHVHDUFK� DQG� RQ�JURXQG� ZRUNV
WRZDUGV� VXVWDLQDEOH� ODQG� XVH� LQ� WKH�0XUUD\�'DUOLQJ� %DVLQ��+HDUWODQGV� LV� SDUW� RI� WKH� &6,52
+HDOWK\�&RXQWU\��¨5HYLWDOLVLQJ�RXU�/DQGVFDSHV©��)ODJVKLS�3URJUDP��RQH�RI�VHYHQ�RYHUDUFKLQJ�
PXOWL�GLYLVLRQDO�SURJUDPV�GLUHFWHG�DW�LVVXHV�RI�1DWLRQDO�LPSRUWDQFH��7KH�)ODJVKLS�3URJUDPV�DUH
XQGHUSLQQHG� E\� GHYHORSPHQW� RI� ORQJ�WHUP� VFLHQFH�WHFKQRORJ\�HQJLQHHULQJ� FDSDELOLWLHV� WR
UHVSRQG�WR�LVVXHV�LQ�ZKLFK�$XVWUDOLD�PXVW�WDNH�D�JOREDO�OHDG�



7KH� +HDUWODQGV� SURMHFW� LV� UXQ� DV� D� FRQVRUWLXP� OHG� E\� &6,52� DQG� WKH� 0'%&�� ZLWK� WKH
SDUWLFLSDWLRQ�RI�6WDWH�1DWXUDO�5HVRXUFH�0DQDJHPHQW�DJHQFLHV��&DWFKPHQW�0DQDJHPHQW�%RDUGV�
/DQGFDUH� JURXSV� DQG� ODQGKROGHUV�� 5HVHDUFK� FRPSRQHQWV� EHLQJ� OHG� E\� &6,52� LQYROYH� WKH
'LYLVLRQV� RI� /DQG�	�:DWHU�� )RUHVWU\�	� )RUHVWU\� 3URGXFWV�� DQG� 6XVWDLQDEOH� (FRV\VWHPV�� 7KH
UHVHDUFK�DQG�RQ�JURXQG�ZRUNV�DUH�GLUHFWHG�WRZDUGV�WKH�GHYHORSPHQW�RI�QHZ�V\VWHPV�RI�ODQG�XVH
WKDW�DUH�PRUH�UHVRXUFH�HIILFLHQW�WKDQ�FXUUHQW�SUDFWLFHV��DQG�WKDW�SURYLGH�ERWK�HQYLURQPHQWDO�DQG
HFRQRPLF�EHQHILWV��3DUWLFXODU�IRFXV�LV�JLYHQ�WR�UHYHUVLQJ�WKH�WUHQG�RI�HQYLURQPHQWDO�GHJUDGDWLRQ
FDXVHG�E\�GU\ODQG�VDOLQLW\�WKURXJK�WDUJHWHG�UHYHJHWDWLRQ�DQG�PRGLILHG�DJULFXOWXUDO�V\VWHPV��7KH
ODWWHU� LQFRUSRUDWHV� H[SHUWLVH� RQ� WKH� HVWDEOLVKPHQW� RI� IDUP� IRUHVWU\� LQ� ORZ� UDLQIDOO� ]RQHV� RQ
FOHDUHG� DJULFXOWXUDO� ODQG�� DQG� SODQWLQJ� RI� DSSURSULDWH� VSHFLHV�� IRU� ERWK� FRPPHUFLDO� SURILW� DQG
ODQGVFDSH�UHKDELOLWDWLRQ�

7KH� JURXQGZDWHU� SURFHVVHV� FRPSRQHQW� RI� WKH� +HDUWODQGV� SURMHFW� LV� DLPHG� DW� GHWHUPLQLQJ
VSDWLDOO\� H[SOLFLW� UHFKDUJH� WDUJHWV� WR� DPHOLRUDWH� VDOLQLVDWLRQ�� ,Q� IRFXV� FDWFKPHQWV�� WKLV�ZRUN� LV
SUHVHQWO\� LQ� WKH� SURFHVV� RI� LQWHJUDWLQJ� FRQYHQWLRQDO� K\GURJHRORJLFDO� WHFKQLTXHV� ZLWK� KLJK�
UHVROXWLRQ� DLUERUQH� JHRSK\VLFV� GDWDVHWV� WR� PDS� WKH� VXEVXUIDFH� DQG� GHILQH� WKH� JURXQGZDWHU
V\VWHPV�DQG�NH\�VDOLQLW\�SURFHVVHV��.QRZOHGJH�WUDQVIHU�IURP�RXU�GHWDLOHG�XQGHUVWDQGLQJ�RI�KRZ
WKHVH� JURXQGZDWHU� V\VWHPV� EHKDYH� ZLOO� XWLOLVH� WKH� *)6� IUDPHZRUN� DORQJ� ZLWK� WKH
PHWKRGRORJLHV� DQG�PRGHOOLQJ� FDSDELOLWLHV� RI� WKH�&DWFKPHQW�&KDUDFWHULVDWLRQ� SURMHFW� �RXWOLQHG
DERYH��

,Q�FROODERUDWLRQ�ZLWK�/DQGFDUH�SHUVRQQHO��+HDUWODQGV�DLPV�WR�PRWLYDWH�DQG�HQDEOH�FRPPXQLWLHV
WR�GHYHORS�VNLOOV�DQG�SODQV�WR�GHDO�ZLWK�GHWHULRUDWLRQ�RI�WKHLU�ODQGV�DQG�ZDWHUZD\V��7KH�REMHFWLYH
LV�WR�EXLOG�WKH�FDSDFLW\�RI�ORFDO�FRPPXQLWLHV�WR�DFNQRZOHGJH�DQG�GHDO�ZLWK�WKH�SUREOHP�DV�ZHOO
DV� DVVLVWLQJ�ZLWK�SODQQLQJ� DQG� LPSOHPHQWDWLRQ� RI� LQWHJUDWHG�� FDWFKPHQW�OHYHO� VROXWLRQV�� UDWKHU
WKDQ�SLHFHPHDO�DSSOLFDWLRQ�RI�UHPHGLHV�

$�PDMRU�FRPSRQHQW�RI�WKH�+HDUWODQGV�SURMHFW�¤�DQG�KHQFH�WKH�FRPPLWPHQW�RI�VHYHUDO�\HDUV�¤
LQYROYHV�DVVHVVPHQW�RI� WKH�HIIHFWLYHQHVV�RI� WKH�GHYHORSHG� ODQGVFDSH�GHVLJQ� VWUDWHJLHV� WKURXJK
PRQLWRULQJ� RI� FDWFKPHQW� IXQFWLRQLQJ�� 2WKHU� FRPSRQHQWV� UHYROYH� DURXQG� WKH� WUDQVIHU� RI
NQRZOHGJH�EH\RQG�WKH�IRFXV�FDWFKPHQWV�DQG�EH\RQG�WKH�0XUUD\�'DUOLQJ�%DVLQ�

&RXSOLQJ�(FRQRPLFV�DQG�%LRSK\VLFDO�ZRUN

6RFLR�HFRQRPLF� UHVHDUFK� DQG� GHYHORSPHQW� LQ� WKH� &6,52� 'LYLVLRQ� RI� /DQG� 	� :DWHU� LV
FRQGXFWHG�E\�WKH�3ROLF\�DQG�(FRQRPLF�5HVHDUFK�8QLW��3(58���7KH�IRFXV�LV�RQ�HFRQRPLF�DQG
SROLF\� LVVXHV� UHODWLQJ� WR� QDWXUDO� UHVRXUFH� PDQDJHPHQW�� IRXQGHG� RQ� WKH� QRWLRQ� WKDW� DQ
LQWHUGLVFLSOLQDU\�DSSURDFK�LV�HVVHQWLDO�WR�XQGHUVWDQGLQJ�WKH�GULYLQJ�IDFWRUV�EHKLQG�VRXQG�QDWXUDO
UHVRXUFH�PDQDJHPHQW�� ,Q� WKH� ILUVW� LQVWDQFH�� WKH� SULRULW\� LV� WR�XQGHUVWDQG� WKH� FDXVHV� RI� QDWXUDO
UHVRXUFH� GHJUDGDWLRQ�� DQG� WKHQ� GHYHORS� SRWHQWLDO� VROXWLRQV� ZKLFK� FRPELQH� SROLF\�� HFRQRPLF
PDQDJHPHQW� DQG� VRXQG� VFLHQFH�� )RU� H[DPSOH�� LW� LV� LPSRUWDQW� WR� NQRZ� KRZ�PXFK� VDOLQLW\� LV
FRVWLQJ�$XVWUDOLD��DQG�KRZ�PXFK�LW�ZLOO�FRVW�WR�FRPEDW��7KH�EHQHILWV�RI�UHPHGLDO�ZRUNV�QHHG�WR
EH�DVVHVVHG�DQG�WKH�OLPLWHG�DYDLODEOH�IXQGV�QHHG�WR�EH�FKDQQHOHG�WR�KLJKHVW�SULRULW\�DUHDV�

3(58�UHFHQWO\�UHOHDVHG�D�VHULHV�RI�QHZ�GDWDVHWV�DQG�PDSV����NP��UHVROXWLRQ�JULG�� WR�LQWHJUDWH
QDWXUDO� UHVRXUFH� DQG� DJULFXOWXUDO� LQIRUPDWLRQ� DV� SDUW� RI� WKH�1/:5$��$Q� DFFRPSDQ\LQJ� ILQDO
UHSRUW� GRFXPHQWV� WKH� YDOXH� RI� UHWXUQV� WR� ODQG� DQG�ZDWHU� DQG� FRVWV� RI� GHJUDGDWLRQ� QDWLRQZLGH
�+DMNRZLF]�DQG�<RXQJ���������7KH� UHSRUW� UHODWHV� WR� WKH�HFRQRPLF�DVSHFWV�RI�QDWXUDO� UHVRXUFH
PDQDJHPHQW� LQ� $XVWUDOLD�� IRFXVLQJ� RQ� UHVRXUFHV� XVHG� WR� VXSSRUW� DJULFXOWXUH� DQG� UHVRXUFHV
LPSDFWHG�E\�DJULFXOWXUH�

&5&�IRU�3ODQW�EDVHG�0DQDJHPHQW�RI�'U\ODQG�6DOLQLW\

7KH� &RRSHUDWLYH� 5HVHDUFK� &HQWHU� �&5&�� IRU� 3ODQW�EDVHG� 0DQDJHPHQW� RI� 'U\ODQG� 6DOLQLW\
H[DPLQHV�WKH�XVH�RI�SHUHQQLDO�SODQWV�WR�PDQDJH�VDOLQH�ODQG��7KH�DLP�LV�WR�GHYHORS�QHZ�ODQG�XVH
V\VWHPV�WKDW�PLPLF�WKH�SURFHVVHV�RI�QDWXUDO�HFRV\VWHPV��5HVHDUFK�SURMHFWV�LQFOXGH��H[DPLQDWLRQ



RI�WKH�IXQFWLRQLQJ�RI�QDWLYH�HFRV\VWHPV�LQ�UHFKDUJH�DUHDV��ZLWK�DQ�HPSKDVLV�RQ�ZDWHU�XVH��DQG
LQYHVWLJDWLRQ�RI�WKH�PHFKDQLVPV�E\�ZKLFK�VSHFLHV�WROHUDWH�WKH�FRPELQHG�VWUHVVHV�RI�VDOLQLW\�DQG
ZDWHUORJJLQJ�� 7KH� REMHFWLYH� LV� WR� GHYHORS� QHZ� SHUHQQLDO�EDVHG� ODQG� XVH� V\VWHPV�� XWLOLVLQJ� D
UDQJH� RI� ZRRG\� DQG� KHUEDFHRXV� SODQWV� WKDW� FDQ� IXQFWLRQ� DV� ¨ELRORJLFDO� ZDWHU� SXPSV©� DQG
SURYLGH�SURILWDEOH�DQG�HQYLURQPHQWDOO\�YLDEOH�IDUPLQJ�V\VWHPV�

62�)$5��$1'�:+(5(�72�*2�"

7KH�1$3�DFWHG�DV�D�QDWLRQZLGH�ZDNH�XS�FDOO�LQ�WKH�ILJKW�DJDLQVW�VDOLQLW\�DQG�WKH�UHVXOWLQJ�6WDWH
6DOLQLW\� PDQDJHPHQW� 6WUDWHJLHV� SURYLGH� D� IUDPHZRUN� WR� DGGUHVV� WKH� LVVXH�� 7KH� VFLHQWLILF
FRPPXQLW\�UHFHLYHG�WKH�PHVVDJH�WKDW�VROXWLRQV�DUH�QHHGHG�DQG�WKH�WUDQVODWLRQ�IURP�VWUDWHJLF�WR
DSSOLHG�UHVHDUFK�LQ�WKH�VDOLQLW\�DUHD�LV�ZHOO�RQ�LWV�ZD\��&RPPXQLWLHV�DUH�PRUH�DZDUH�WKHQ�HYHU
RI�WKH�SUREOHP��DQG�PRWLYDWLRQ�LV�VWURQJ��EXW�ZH�KDYH�WR�NHHS�WKH�PRPHQWXP�JRLQJ��8OWLPDWHO\�
WR� PDLQWDLQ� IRFXV� DQG� HQWKXVLDVP�� WKH� NH\� ZRUG� LV� ¦H[SHFWDWLRQ� PDQDJHPHQW§�� $V� ZLWK� DOO
HQYLURQPHQWDO�LVVXHV��VDOLQLW\�LV�D�UHVXOW�RI�D�FRPSOH[�PD]H�RI�LQWHUOLQNHG�ELRSK\VLFDO�SURFHVVHV�
7KH�VSDWLDO�DQG�WHPSRUDO�VFDOHV�RI�WKHVH�SURFHVVHV�DUH�H[WUHPHO\�GLYHUVH��DQG��PRUH�RIWHQ�WKDQ
QRW�� DUH� GLIILFXOW� WR� FRPSUHKHQG�� $OWKRXJK� VFLHQFH� KDV� PDGH� WUHPHQGRXV� LQURDGV� LQ� SURFHVV
XQGHUVWDQGLQJ�� PRUH� WLPH� DQG� UHVRXUFHV� ZLOO� EH� QHHGHG� WR� HQKDQFH� RXU� XQGHUVWDQGLQJ� DQG
PDQDJHPHQW� FDSDFLW\�� $OVR�� ZKLOVW� IURP� D� ELRSK\VLFDO� SRLQW� RI� YLHZ� WKHUH� PLJKW� EH� YHU\
HIIHFWLYH�VROXWLRQV��WKHVH�ZLOO�FRPPRQO\�QRW�EH�PDWFKHG�E\�WKH�VRFLR�HFRQRPLF�UHDOLWLHV�RI�UXUDO
$XVWUDOLD�� 7KLV� LV� ZK\� WKH� IXWXUH� LQ� WKH� VDOLQLW\� EDWWOH� KDV� WR� EH� SDYHG� ZLWK� UHDOLVP� DQG� WKH
PHVVDJHV�DQG�DFWLRQV�QHHG�WR�EH�DGDSWHG�DV�VRFLHWDO�YDOXHV�FKDQJH�ZLWK�WLPH�

7KH� ERWWRP� OLQH� LV� WKDW� ZH�ZLOO� KDYH� WR� OHDUQ� WR� OLYH� ZLWK� VDOW�� ,Q� VRPH� FDVHV�� WKHUH� ZLOO� EH
ELRORJLFDO� VROXWLRQV� OLNH� UHDIIRUHVWDWLRQ�� SHUHQQLDOV�� QDWLYH� YHJHWDWLRQ�� HWF�� ,Q� RWKHU� FDVHV�
HQJLQHHULQJ�VROXWLRQV�VXFK�DV�JURXQGZDWHU�SXPSLQJ��GUDLQDJH��HWF��ZLOO�SURYLGH�UHOLHI��EXW�DERYH
DQG�IRU�DOO��D�FXOWXUDO�VKLIW�LV�QHHGHG�WKDW�ZLOO�FKDQJH�WKH�FROOHFWLYH�SHUFHSWLRQ�RI�VDOLQLW\�IURP�D
QXLVDQFH�WR�D�UHVRXUFH��7KDW�ZLOO�RSHQ�WKH�JDWH�IRU�QHZ�UHVHDUFK�GLUHFWLRQV�LQ�ERWK�ELRSK\VLFDO
DQG�VRFLR�HFRQRPLF�DUHDV�DQG��LQ�WKH�IXWXUH��SURYLGH�WKH�FXUUHQWO\�HOXVLYH�VROXWLRQ�

5()(5(1&(6

%DNHU��3���3OHDVH��3���&RUDP��-���'DZHV��:���%RQG��:���6WDXIIDFKHU��0���*LOIHGGHU��0���3UREHUW�
0��� +XWK�� 1��� *D\GRQ�� '��� .HDWLQJ�� %��� 0RRUH�� $��� 6LPSVRQ�� 5��� 6DOPRQ�� /��� 6WHIDQVNL�� $��
������$VVHVVPHQW�RI�6DOLQLW\�0DQDJHPHQW�2SWLRQV� IRU�8SSHU%LOODERQJ�&UHHN��16:��1DWLRQDO
/DQG� DQG� :DWHU� 5HVRXUFHV� $XGLW�� 7KHPH� �� ¤� 'U\ODQG� 6DOLQLW\�� 3URMHFW� �� ¤� &DWFKPHQW
*URXQGZDWHU�0RGHOOLQJ�DQG�:DWHU�%DODQFH�

&RUDP��-�(����(GLWRU���������1DWLRQDO�&ODVVLILFDWLRQ�RI�&DWFKPHQWV�IRU�/DQG�DQG�5LYHU�6DOLQLW\
&RQWURO�� 5,5'&� 3XEOLFDWLRQ� 1R�� ������� 5XUDO� ,QGXVWULHV� 5HVHDUFK� DQG� 'HYHORSPHQW
&RUSRUDWLRQ��&DQEHUUD�

&RUDP��-�(���'\VRQ��3�5���+RXOGHU��3�$���DQG�(YDQV��:�5���������$XVWUDOLDQ�*URXQGZDWHU�)ORZ
6\VWHPV� FRQWULEXWLQJ� WR� 'U\ODQG� 6DOLQLW\�� 5HSRUW� E\� WKH� %XUHDX� RI� 5XUDO� 6FLHQFHV� IRU� WKH
'U\ODQG� 6DOLQLW\� 7KHPH� RI� WKH� 1DWLRQDO� /DQG� DQG� :DWHU� 5HVRXUFHV� $XGLW�� &DQEHUUD� �&'
FRQWDLQLQJ�UHSRUW��LPDJH�PDSV�DQG�VSDWLDO�GDWD��

&UHVVZHOO��5���'DZHV��:���6XPPHUHOO��*���%HDOH��*���+DUYH\��)���7XWHMD��1��� DQG�:DONHU��*��
������$VVHVVPHQW� RI� 6DOLQLW\�0DQDJHPHQW�2SWLRQV� IRU�.\HDPED�&UHHN�� 16:��'DWD� $QDO\VLV

DQG� *URXQGZDWHU� 0RGHOOLQJ�� &DWFKPHQW� &KDUDFWHULVDWLRQ� IRU� 6DOLQLW\� 0DQDJHPHQW�� 'UDIW
5HSRUW�WR�0'%&�

*HRUJH�� 5�-�� DQG�*UHHQ�� $��� ������$LUERUQH�*HRSK\VLFV� IRU� 6DOLQLW\� DQG� /DQG�0DQDJHPHQW�
8QSXEOLVKHG� 3RVLWLRQ� 3DSHU� IRU� WKH� 6XVWDLQDEOH� /DQG� DQG� :DWHU� 5HVRXUFH� 0DQDJHPHQW
&RPPLWWHH�



*HRUJH��5�-���%HDVOH\��5���*RUGRQ��,���+HLVOHUV��'���6SHHG��5���%URGLH��5���0F&RQQHOO��&���DQG
:RRGJDWH�� 3��� ������ 1DWLRQDO� 5HSRUW�� (YDOXDWLRQ� RI� $LUERUQH� *HRSK\VLFV� IRU� &DWFKPHQW
0DQDJHPHQW��1DWLRQDO�$LUERUQH�*HRSK\VLFV�3URMHFW��7KH�'HSDUWPHQW�RI�$JULFXOWXUH��)LVKHULHV
DQG�)RUHVWU\�DQG�WKH�1DWLRQDO�'U\ODQG�6DOLQLW\�3URJUDP�

+DMNRZLF]��6�$���DQG�<RXQJ��0�'�� �(GLWRUV���������9DOXH�RI�5HWXUQV� WR�/DQG�DQG�:DWHU�DQG

&RVWV�RI�'HJUDGDWLRQ��)LQDO�5HSRUW�WR�WKH�1DWLRQDO�/DQG�	�:DWHU�5HVRXUFHV�$XGLW��3ROLF\�DQG
(FRQRPLF�5HVHDUFK�8QLW��&6,52�/DQG�DQG�:DWHU�

+HNPHLMHU�� 3�� DQG� 'DZHV�� :��� ����D�� $VVHVVPHQW� RI� 6DOLQLW\� 0DQDJHPHQW� 2SWLRQV� IRU� $[H

&UHHN�� 9LFWRULD�� 'DWD� $QDO\VLV� DQG�*URXQGZDWHU�0RGHOOLQJ�� &DWFKPHQW� &KDUDFWHULVDWLRQ� IRU
6DOLQLW\�0DQDJHPHQW��'UDIW�5HSRUW�WR�0'%&�

+HNPHLMHU�� 3�� DQG�'DZHV��:��� ����E��$VVHVVPHQW� RI� 6DOLQLW\�0DQDJHPHQW�2SWLRQV� IRU� 6RXWK

/RGGRQ� 3ODLQV�� 9LFWRULD�� 'DWD� $QDO\VLV� DQG� *URXQGZDWHU� 0RGHOOLQJ�� &DWFKPHQW
&KDUDFWHULVDWLRQ�IRU�6DOLQLW\�0DQDJHPHQW��'UDIW�5HSRUW�WR�0'%&�

+HNPHLMHU�� 3���'DZHV��:��� %RQG��:���*LOIHGGHU��0��� 6WDXIIDFKHU��0��� 3UREHUW��0���+XWK��1��
*D\GRQ��� '��� .HDWLQJ�� %��� 0RRUH�� $��� 6LPSVRQ�� 5��� 6DOPRQ�� /�� DQG� 6WHIDQVNL�� $��� �����
$VVHVVPHQW�RI�6DOLQLW\�0DQDJHPHQW�2SWLRQV�IRU�.DPDURRND��9LFWRULD��1DWLRQDO�/DQG�DQG�:DWHU
5HVRXUFHV�$XGLW��7KHPH���¤�'U\ODQG�6DOLQLW\��3URMHFW���¤�&DWFKPHQW�*URXQGZDWHU�0RGHOOLQJ
DQG�:DWHU�%DODQFH�

-ROO\�,'��:LOOLDPVRQ�'5��*LOIHGGHU�0��:DONHU�*5��0RUWRQ�5��5RELQVRQ�*���-RQHV�+��=KDQJ�/�
'RZOLQJ�7,��'\FH�3��1DWKDQ�5-��1DQGDNXPDU�1��&ODUNH�5�� DQG�0F1HLOO�9��������+LVWRULFDO
VWUHDP� VDOLQLW\� WUHQGV� DQG� FDWFKPHQW� VDOW� EDODQFHV� LQ� WKH� 0XUUD\�'DUOLQJ� %DVLQ�� $XVWUDOLD�

0DULQH�DQG�)UHVKZDWHU�5HVHDUFK�����������

0'%&�� ������ 6DOLQLW\� DQG� 'UDLQDJH� 6WUDWHJ\�� %DFNJURXQG� 3DSHU�� 0XUUD\�'DUOLQJ� %DVLQ
0LQLVWHULDO�&RXQFLO��%DFNJURXQG�3DSHU������

0'%&��������'UDIW�6DOLQLW\�DQG�'UDLQDJH�6WUDWHJ\��'LVFXVVLRQ�3DSHU�1R�����0XUUD\�'DUOLQJ
%DVLQ�0LQLVWHULDO�&RXQFLO�

0'%&�� ����D�� 6DOLQLW\� DQG� 'UDLQDJH� 6WUDWHJ\�� 7HQ� \HDUV� RQ�� ������ 0XUUD\�'DUOLQJ� %DVLQ
&RPPLVVLRQ��&DQEHUUD�

0'%0&�� ����E�� 7KH� 6DOLQLW\� $XGLW� RI� WKH� 0XUUD\�'DUOLQJ� %DVLQ�� $� ����\HDU� SHUVSHFWLYH�

0XUUD\�'DUOLQJ�0LQLVWHULDO�&RXQFLO�

0'%0&�� ������ %DVLQ� 6DOLQLW\� 0DQDJHPHQW� 6WUDWHJ\� ����������� 0XUUD\�'DUOLQJ� %DVLQ
0LQLVWHULDO�&RXQFLO�

1$3�� ������ 1DWLRQDO� $FWLRQ� 3ODQ� IRU� 6DOLQLW\� DQG� :DWHU� 4XDOLW\�� &RXQFLO� RI� $XVWUDOLDQ
*RYHUQPHQWV�

1/:5$�� ������ $XVWUDOLDQ� 'U\ODQG� 6DOLQLW\� $VVHVVPHQW� ������ ([WHQW�� LPSDFWV�� SURFHVVHV�
PRQLWRULQJ�DQG�PDQDJHPHQW�RSWLRQV��1DWLRQDO�/DQG�	�:DWHU�5HVRXUFHV�$XGLW��&DQEHUUD�

306(,&��������'U\ODQG�6DOLQLW\�DQG�LWV�,PSDFW�RQ�5XUDO�,QGXVWULHV�DQG�WKH�/DQGVFDSH��3ULPH
0LQLVWHU©V�6FLHQFH��(QJLQHHULQJ�DQG�,QQRYDWLRQ�&RXQFLO�2FFDVLRQDO�3DSHU�1R�����'HSDUWPHQW�RI
,QGXVWU\��6FLHQFHV�DQG�5HVRXUFHV��&DQEHUUD��SS�����

6KRUW��5���6DODPD��5���3ROORFN��'���+DWWRQ��7���%RQG��:���3D\GDU��=���&UHVVZHOO��+���*LOIHGGHU�



0���0RRUH�� $��� 6LPSVRQ�� 5��� 6DOPRQ�� /��� 6WHIDQVNL�� $��� 3UREHUW�� 0��� +XWK�� 1��� *D\GRQ�� '��
.HDWLQJ��%���&RUDP�� -�� DQG�3OHDVH�� 3��� ������$VVHVVPHQW� RI� 6DOLQLW\�0DQDJHPHQW�2SWLRQV� IRU

/DNH�:DUGHQ�&DWFKPHQWV��(VSHUDQFH��:$��1DWLRQDO�/DQG�DQG�:DWHU�5HVRXUFHV�$XGLW��7KHPH��
¤�'U\ODQG�6DOLQLW\��3URMHFW���¤�&DWFKPHQW�*URXQGZDWHU�0RGHOOLQJ�DQG�:DWHU�%DODQFH��&6,52
7HFKQLFDO�5HSRUW�������

6PLWW�� &��� 'RKHUW\�� -��� 'DZHV�� :��� :DONHU�� *��� ������ $VVHVVPHQW� RI� 6DOLQLW\� 0DQDJHPHQW

2SWLRQV�IRU�%U\PDURR��6RXWK�HDVWHUQ�4XHHQVODQG��'DWD�$QDO\VLV�DQG�*URXQGZDWHU�0RGHOOLQJ�

&DWFKPHQW�&KDUDFWHULVDWLRQ�IRU�6DOLQLW\�0DQDJHPHQW��'UDIW�5HSRUW�WR�0'%&�

6WDWH�6DOLQLW\�&RXQFLO������D��7KH�6DOLQLW\�6WUDWHJ\��1DWXUDO�5HVRXUFH�0DQDJHPHQW�LQ�:HVWHUQ

$XVWUDOLD��*RYHUQPHQW�RI�:HVWHUQ�$XVWUDOLD�

6WDWH� 6DOLQLW\� &RXQFLO�� ����E�� 6DOLQLW\� $FWLRQV�� 1DWXUDO� 5HVRXUFH� 0DQDJHPHQW� LQ� :HVWHUQ

$XVWUDOLD��*RYHUQPHQW�RI�:HVWHUQ�$XVWUDOLD�

6WDWH� 6DOLQLW\� &RXQFLO�� ����F�� 6DOLQLW\�� $� *XLGH� IRU� /DQG� 0DQDJHUV�� 1DWXUDO� 5HVRXUFH

0DQDJHPHQW�LQ�:HVWHUQ�$XVWUDOLD��*RYHUQPHQW�RI�:HVWHUQ�$XVWUDOLD�

6WDXIIDFKHU�� 0��� %RQG�� :��� %UDGIRUG�� $��� &RUDP�� -��� 'DZHV�� :��� *LOIHGGHU�� 0��� +XWK�� 1��
.HDWLQJ��%���0RRUH��$��� 3D\GDU�� =��� 3UREHUW��0��� 6DOPRQ�� /��� 6LPSVRQ��5��� 6WHIDQVNL�� $�� DQG
:DONHU��*��� ������$VVHVVPHQW� RI� 6DOLQLW\�0DQDJHPHQW�2SWLRQV� IRU�:DQLOOD� &DWFKPHQW�� (\UH

3HQLQVXOD��*URXQGZDWHU�DQG�)DUPLQJ�6\VWHPV�:DWHU�%DODQFH�0RGHOOLQJ��1DWLRQDO�/DQG� DQG
:DWHU� 5HVRXUFHV� $XGLW�� 7KHPH� �� ¤� 'U\ODQG� 6DOLQLW\�� 3URMHFW� �� ¤� &DWFKPHQW� *URXQGZDWHU
0RGHOOLQJ�DQG�:DWHU�%DODQFH��&6,52�7HFKQLFDO�5HSRUW������

6WDXIIDFKHU�� 0��� :DONHU�� *��� 'DZHV�� :��� =KDQJ�� /��� '\FH�� 3��� ������ 'U\ODQG� 6DOLQLW\
0DQDJHPHQW�� &DQ� VLPSOH� FDWFKPHQW�VFDOH� PRGHOV� SURYLGH� UHOLDEOH� DQVZHUV"� $Q� $XVWUDOLDQ

&DVH�6WXG\��&DWFKPHQW�&KDUDFWHULVDWLRQ�IRU�6DOLQLW\�0DQDJHPHQW��'UDIW�5HSRUW�WR�0'%&�

6WLU]DNHU��5��9HUWHVV\��5� DQG� 6DUUH��$��� ������7UHHV��ZDWHU� DQG� VDOW�� $Q�$XVWUDOLDQ� JXLGH� WR
XVLQJ�WUHHV�IRU�KHDOWK\�FDWFKPHQWV�DQG�SURGXFWLYH�IDUPV��-RLQW�9HQWXUH�$JURIRUHVWU\�3URJUDP�

:DONHU��*���������&DWFKPHQW�6ROXWH�%DODQFH��&6,52�/DQG�DQG�:DWHU�7HFKQLFDO�5HSRUW�������

:DONHU�� *��� *LOIHGGHU��0��� (YDQV�� 5��� '\VRQ�� 3�� DQG� 6WDXIIDFKHU��0��� ������$�*URXQGZDWHU
)ORZ� 6\VWHPV� )UDPHZRUN� IRU� 6DOLQLW\� 0DQDJHPHQW�� &DWFKPHQW� &KDUDFWHULVDWLRQ� IRU� 6DOLQLW\
0DQDJHPHQW��'UDIW�5HSRUW�WR�0'%&����$SULO������

:RRG��:�(��� ������ ,QFUHDVH� LQ� 6DOW� LQ� 6RLO� DQG� 6WUHDPV� IROORZLQJ� WKH�'HVWUXFWLRQ� RI�1DWLYH
9HJHWDWLRQ��-RXUQDO�RI�WKH�5R\DO�6RFLHW\�RI�:HVWHUQ�$XVWUDOLD��9RO��;�

=KDQJ��/���'DZHV��:�5���:DONHU��*�5���������7KH�UHVSRQVH�RI�PHDQ�DQQXDO�HYDSRWUDQVSLUDWLRQ
WR�YHJHWDWLRQ�FKDQJHV�DW�FDWFKPHQW�VFDOH��:DWHU�5HVRXUFHV�5HVHDUFK��������������


