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0RGHOOLQJ�UHJLRQDO�JHQHUDO�HTXLOLEULXP�HIIHFWV�DQG�LUULJDWLRQ�
LQ�&DQWHUEXU\�

-DPHV�/HQQR[��2OJD�'LXNDQRYD�
/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�

32�%R[�����/LQFROQ�������1HZ�=HDODQG�
�

OHQQR[M#ODQGFDUHUHVHDUFK�FR�Q]�
GLXNDQRYDR#ODQGFDUHUHVHDUFK�FR�Q]�

�
$EVWUDFW�

:H� GHVFULEH� WKH� GHYHORSPHQW� RI� D� UHJLRQDO� &*(�PRGHO� IRU� WKH� DQDO\VLV� RI� LVVXHV�
DURXQG�ZDWHU�VXSSO\�DQG��UH�DOORFDWLRQ�LQ�&DQWHUEXU\��1HZ�=HDODQG��7UDGLWLRQDOO\��ZDWHU�
KDV� EHHQ� VHHQ� DV� DQ� DEXQGDQW� UHVRXUFH�� EXW� JURZLQJ� LUULJDWLRQ� GHPDQGV� DUH� QRZ�
RXWVWULSSLQJ�WKH�VXSSO\�RI�ZDWHU�DQG�FRPSHWLQJ�ZLWK� LQVWUHDP�XVHV��H�J��UHFUHDWLRQ��DQG�
QRQ�XVH�YDOXHV� �H�J��ELRGLYHUVLW\��� ,Q� WKH� ORQJHU� WHUP�� WKLV�SUREOHP�PD\�EH�H[DFHUEDWHG�
E\�FOLPDWH�FKDQJH��ZKLFK�LV�SUHGLFWHG�WR�LQFUHDVH�ZDWHU�GHPDQGV�DQG�UHGXFH�VXSSO\�IURP�
UDLQIDOO� DQG� VQRZPHOW� LQ� SDUWV� RI� &DQWHUEXU\�� ,W� LV� WKHUHIRUH� LPSRUWDQW� WR� EH� DEOH� WR�
TXDQWLI\� WKH� LPSDFWV� RQ� WKH� UHJLRQDO� HFRQRP\� RI� FKDQJHV� LQ� ZDWHU� DYDLODELOLW\� DQG�
SROLFLHV� DQG� RWKHU� PHDVXUHV� DGGUHVVLQJ� ZDWHU� VXSSO\� RU� GHPDQG�� ,Q� DGGLWLRQ�� ZH� DUH�
FRQFHUQHG� ZLWK� WKH� FXUUHQW�� UHODWLYHO\� LQIOH[LEOH�� µILUVW�FRPH�� ILUVW�VHUYHG¶� V\VWHP� IRU�
ZDWHU� DOORFDWLRQ�� ,Q� WKLV� SDSHU�� ZH� SUHVHQW� VRPH� SUHOLPLQDU\� VFHQDULRV� IRFXVLQJ� RQ� D�
UHGXFWLRQ�RI� LUULJDWLRQ�VXSSO\�DQG�WKH�LQWHUDFWLRQ�ZLWK�FKDQJHV�LQ�UDLQIDOO��7KHVH�UHVXOWV�
DUH�LQWHQGHG�RQO\�WR�LOOXVWUDWH�WKH�SRWHQWLDO�RI�WKH�PRGHOOLQJ�DSSURDFK��QRW�OHDVW�EHFDXVH�
WKH�SURYLVLRQDO�GDWD�WR�ZKLFK�WKH�PRGHO�LV�FXUUHQWO\�FDOLEUDWHG�DUH�LQ�PDQ\�FDVHV�GDWHG�RU�
LQFRPSOHWH��:H�GLVFXVV�KRZ�WKH�PRGHO�DQG�LWV�XQGHUO\LQJ�GDWDEDVH�PD\�EH�LPSURYHG�DQG�
H[WHQGHG�WR�SURYLGH�UHVXOWV�WKDW�DUH�TXDOLWDWLYHO\�UREXVW�DQG�SROLF\�UHOHYDQW��
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��� ,QWURGXFWLRQ��

,Q�WKH�&DQWHUEXU\�UHJLRQ��1HZ�=HDODQG��H[WUDFWLYH��LQVWUHDP�DQG�SDVVLYH�XVHV�RI�
ZDWHU� DOO� SOD\� YLWDO� HFRQRPLF�� VRFLDO� DQG� FXOWXUDO� UROHV�� :DWHU� KDV� KLVWRULFDOO\� EHHQ�
UHODWLYHO\�DEXQGDQW�DQG�FXUUHQW�V\VWHPV�RI�ZDWHU�DOORFDWLRQ�±�HVVHQWLDOO\��ULJKWV�DUH�IUHHO\�
DOORFDWHG� RQ� D� µILUVW�FRPH�� ILUVW�VHUYHG¶� EDVLV� ±� UHIOHFW� WKLV� >�@��+RZHYHU�� RYHU� WKH� ODVW�
GHFDGHV�� SRSXODWLRQ� DQG� HFRQRPLF� JURZWK�� SDUWLFXODUO\� RI� LUULJDWHG� DJULFXOWXUH� DQG�
K\GURHOHFWULFLW\� JHQHUDWLRQ�� KDYH� OHG� WR� PDQ\� ZDWHU� UHVRXUFHV� EHFRPLQJ� VFDUFH� DQG�
LQFUHDVLQJO\�FRQWHVWHG��,Q�PDQ\�DUHDV�RI�&DQWHUEXU\��H[WUDFWLRQ�RI�JURXQGZDWHU�UHVRXUFHV�
LV�DW�RU�EH\RQG�VXVWDLQDEOH� OLPLWV��DV� LV�H[WUDFWLRQ�IURP�PDQ\�ULYHUV�DQG�VWUHDPV�>����@��
7KH� FRPELQHG� SUHVVXUHV� RI� ZDWHU� H[WUDFWLRQ� DQG� QLWUDWH� ORVVHV� IURP� IHUWLOLVHUV� DQG�
OLYHVWRFN� KDYH� OHG� WR� VHULRXV� ZDWHU� TXDOLW\� SUREOHPV� LQ� PDQ\� ORZODQG� VWUHDPV� DQG�
LQFUHDVLQJO\�LQ�VKDOORZ�DTXLIHUV�>�@��,Q�WKH�ORQJHU�WHUP��ZDWHU�LVVXHV�PD\�EH�H[DFHUEDWHG�
E\�FOLPDWH�FKDQJH��ZKLFK�LV�SUHGLFWHG�WR�LQFUHDVH�ZDWHU�GHPDQGV�DQG�UHGXFH�VXSSO\�IURP�
VXPPHU�UDLQIDOO�DQG�VQRZPHOW�LQ�SDUWV�RI�&DQWHUEXU\�>�@��

,UULJDWLRQ� LV� WKH�PDLQ� H[WUDFWLYH�ZDWHU� XVH� LQ�&DQWHUEXU\��/DQG�XQGHU� LUULJDWLRQ�
V\VWHPV�LQFUHDVHG�IURP���������KD�LQ������WR���������KD�LQ���������>�@������RI�DOO�ODQG�
XQGHU�LUULJDWLRQ�LQ�1HZ�=HDODQG��,Q�UHFHQW�\HDUV��H[SDQGLQJ�DQG�LQWHQVLILHG�GDLU\�IDUPLQJ�
KDV�GRPLQDWHG�UXUDO� ODQG�XVH�FKDQJH�LQ�&DQWHUEXU\��,Q�����������RI� LUULJDWHG�ODQG�ZDV�
XVHG� LQ� VKHHS� DQG� EHHI� IDUPLQJ�� ���� LQ� GDLU\� IDUPLQJ�� DQG� ���� LQ� KRUWLFXOWXUH� DQG�
YLWLFXOWXUH���3ULPDU\�SURGXFWLRQ��ZLWK�WKH�DVVRFLDWHG�GRZQVWUHDP�LQGXVWULHV���WRXULVP�DQG�
UHFUHDWLRQ�DUH�FHQWUDO�WR�WKH�UHJLRQ¶V�HFRQRP\��,QFUHDVLQJ�ZDWHU�VXSSO\�IRU�LUULJDWLRQ�PD\�
KDYH�VLJQLILFDQW�HFRQRPLF�EHQHILWV�IRU�WKH�DJULFXOWXUDO�VHFWRU�DQG�WKH�UHJLRQ�DV�D�ZKROH��
+RZHYHU�� LQVWUHDP� IORZV� DUH� DIIHFWHG� E\� VXUIDFH� ZDWHU� H[WUDFWLRQ� DQG� LQGLUHFWO\� E\�
JURXQGZDWHU�H[WUDFWLRQ��WKHUH�DUH�FRPSOH[�OLQNDJHV�EHWZHHQ�JURXQG�DQG�VXUIDFH�ZDWHUV�LQ�
&DQWHUEXU\¶V�DOOXYLDO�SODLQV��,QFUHDVHG�ZDWHU�H[WUDFWLRQ�PD\�GLUHFWO\�LPSDFW�WRXULVP�DQG�
UHFUHDWLRQDO�DFWLYLWLHV�LQVWUHDP��DQG�PRUH�JHQHUDOO\�PLJKW�GLPLQLVK�WKH�QDWXUDO�EHDXW\�WKDW�
LV� RQH� RI� WKH� UHJLRQ¶V� NH\� DWWULEXWHV� DQG� GUDZFDUGV�� �5H�DOORFDWLRQ� RI�ZDWHU�ZLWKLQ� WKH�
�������������������������������������������������
��7KHVH�ILJXUHV�DUH�EDVHG�RQ�D�FXVWRPLVHG�GDWDVHW�SURYLGHG�E\�6WDWLVWLFV�1HZ�=HDODQG��)HEUXDU\�������
0RUH�UHFHQW�GDWD�IURP�WKH������$JULFXOWXUDO�&HQVXV�VKRXOG�VRRQ�EH�DYDLODEOH��
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DJULFXOWXUDO� VHFWRU� LV� DOVR� RI� FRQFHUQ�� 7KH� FXUUHQW� µILUVW�FRPH�� ILUVW�VHUYHG¶� DOORFDWLRQ�
V\VWHP� LV� UHODWLYHO\� LQIOH[LEOH�� ,I� WKLV� FDXVHV�ZDWHU� WR� EH� DOORFDWHG� EHWZHHQ� DOWHUQDWLYH�
XVHV� LQ� DQ� HFRQRPLFDOO\� LQHIILFLHQW�ZD\�� WKH� QHW� HFRQRPLF� EHQHILWV� RI� LUULJDWLRQ� WR� WKH�
UHJLRQ�PD\�EH�UHGXFHG��

'HVSLWH�LWV�LPSRUWDQFH��WKHUH�LV�VWLOO�OLPLWHG�XQGHUVWDQGLQJ�RI�WKH�HFRQRPLF�FRVWV�
DQG� EHQHILWV� RI� LUULJDWLRQ� LQ�&DQWHUEXU\�� DQG�PRUH� JHQHUDOO\� WKURXJKRXW�1HZ�=HDODQG��
,QGHHG��HYHQ�EDVLF� LQIRUPDWLRQ�RQ�ZDWHU�XVH� LV� OLPLWHG��ZLWK�PDQ\�ZDWHU� WDNHV� VWLOO�QRW�
PHWHUHG��$W� WKH� QDWLRQDO� VFDOH�� LUULJDWLRQ�ZDV� HVWLPDWHG� WR� FRQWULEXWH� ����RI� IDUPJDWH�
*'3�LQ���������>�@��$�UHFHQW�HFRQRPHWULF�VWXG\�RI�WKH�0DFNHQ]LH�%DVLQ��LQ�LQODQG�VRXWK�
&DQWHUEXU\�� IRXQG� WKDW� ULJKWV� WR� LUULJDWLRQ� ZDWHU� FRXOG� JHQHUDWH� D� ODQG� VDOH� SULFH�
SUHPLXP�� UHODWLYH� WR� VLPLODU� XQLUULJDWHG� SURSHUWLHV� >�@�� 3UHPLXPV� UDQJHG� XS� WR� �����
DOWKRXJK�LQ�PDQ\�FDVHV�ZHUH�PXFK�ORZHU��DV�LQGHHG��PXFK�ODQG�LQ�WKH�EDVLQ�LV�QRW�ZHOO�
VXLWHG�WR�LUULJDWLRQ�DQG�LV�QRW�FXUUHQWO\�LUULJDWHG��$V�ZRXOG�EH�H[SHFWHG��LUULJDWLRQ�ULJKWV�
ZHUH�PRUH�YDOXDEOH�RQ�IODWWHU�ODQG��ODQG�ZLWK�OHVV�UDLQIDOO��DQG�ODQG�FORVHU�WR�WKH�WRZQV��
7KHUH� KDYH� DOVR� EHHQ� VHYHUDO� H[� SRVW� HYDOXDWLRQV� RI� VSHFLILF� LUULJDWLRQ� VFKHPHV� LQ�
&DQWHUEXU\��ZKLFK� IRXQG�VLJQLILFDQW�RQ�IDUP�DQG�ZLGHU� VRFLR�HFRQRPLF�EHQHILWV� >����@��
+RZHYHU�� QRQH� RI� WKHVH� VWXGLHV� FDQ� SURYLGH� PRUH� WKDQ� D� JHQHUDO� LQGLFDWLRQ� RI� WKH�
DJJUHJDWH�YDOXH�RI�LUULJDWLRQ�UHQWV�IRU�WKH�ZKROH�&DQWHUEXU\�5HJLRQ��

�7KLV� SDSHU� GHVFULEHV� WKH� GHYHORSPHQW� RI� D� UHJLRQDO� FRPSXWDEOH� JHQHUDO�
HTXLOLEULXP��&*(��PRGHO�WR�DQDO\VH�LVVXHV�DURXQG�ZDWHU�VXSSO\�DQG��UH�DOORFDWLRQ��7KLV�
LV�RQH�RI� IHZ�&*(�PRGHOV� WKDW�KDYH�HYHU�EHHQ�GHYHORSHG�DW� WKH�UHJLRQDO�VFDOH� LQ�1HZ�
=HDODQG�� DQG� WR� RXU� NQRZOHGJH� WKH� RQO\� RQH� WR� IRFXV� RQ� ZDWHU� UHVRXUFHV�� 7KHUH� LV��
WKRXJK�� D� VLJQLILFDQW� ERG\� RI� LQWHUQDWLRQDO� OLWHUDWXUH� RQ� DSSOLFDWLRQ� RI� &*(�PRGHOV� WR�
DQDO\VH�ZDWHU�UHVRXUFH�LVVXHV�DQG�SROLFLHV��(DUO\�FRQWULEXWLRQV�LQFOXGH�%HUFN�HW�DO��>��@��
ZKR�XVHG�D�UHJLRQDO�&*(�PRGHO�WR�VWXG\�UHGXFWLRQV�LQ�ZDWHU�XVH�DV�DQ�HIILFLHQW�VROXWLRQ�
WR�GUDLQDJH�SUREOHPV�LQ�WKH�6DQ�-RDTXLQ�9DOOH\��&DOLIRUQLD��DQG�'L[RQ�>��@��ZKR�XVHG�D�
&*(�PRGHO�WR�VWXG\�SXEOLF�XWLOLW\�SULFLQJ�RI�ZDWHU�LQ�$XVWUDOLD��$�SDUWLFXODU�FKDOOHQJH�LQ�
DSSO\LQJ� &*(�PRGHOV� WR� DQDO\VH�ZDWHU� UHVRXUFH� LVVXHV� LV� WKDW� LW� LV� RIWHQ� QHFHVVDU\� WR�
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UHSUHVHQW� IUHTXHQWO\� FRPSOH[�� LQWHUFRQQHFWHG�K\GURORJLFDO� V\VWHPV� >H�J����@���$�FODVVLF�
H[DPSOH�RI�WKLV�LV�WKH�&*(�PRGHO�RI�0RURFFR�GHYHORSHG�E\�'HFDODXZp�HW�DO��>��@��ZKLFK�
LQFOXGHV�VSHFLILF�SURGXFWLRQ�IXQFWLRQV�IRU�ZDWHU�IURP�ERWK�VWRUDJH�GDPV�DQG�UDLQIDOO��

$QRWKHU�IHDWXUH�GLVWLQJXLVKLQJ�WKH�OLWHUDWXUH�RQ�&*(�DSSOLFDWLRQV�WR�ZDWHU�LVVXHV��
LV�LWV�UHJLRQDO�IRFXV��PXOWLUHJLRQDO�PRGHOV�>������@�RU�VLQJOH�UHJLRQ�VXE�QDWLRQDO�PRGHOV�
�VHH� EHORZ�� GRPLQDWH�� 7KLV� GRXEWOHVV� UHIOHFWV� WKH� IDFW� WKDW� LQ�PRVW� FRXQWULHV�� ERWK� WKH�
ZDWHU� UHVRXUFHV� WKHPVHOYHV� DQG� WKH� HQVXLQJ� LVVXHV� YDU\� FRQVLGHUDEO\� EHWZHHQ� UHJLRQV��
$FFRUGLQJO\��ZDWHU�SROLFLHV�DQG�SXEOLF�LQYHVWPHQWV�DUH�DOVR�GHWHUPLQHG�DW�D�UHJLRQDO�RU�
FDWFKPHQW� OHYHO� LQ�PDQ\� FRXQWULHV�� &DWFKPHQWV� DUH� DOVR� D� NH\� DQDO\WLFDO� VFDOH� IURP� D�
K\GURORJLFDO�SHUVSHFWLYH��6LQJOH�UHJLRQ�PRGHOV�DOVR�EXLOG�RQ�D�PRUH�JHQHUDO�H[WHQVLRQ�RI�
&*(�PRGHOOLQJ��WR�VXE�QDWLRQDO�VFDOHV��HYHQ�GRZQ�WR�WKH�FLW\�VFDOH�>��@���

7KHUH�LV�D�VLJQLILFDQW�QXPEHU�RI�UHFHQWO\�SXEOLVKHG�VWXGLHV�LQ�ZKLFK�UHJLRQDO�&*(�
PRGHOV�KDYH�EHHQ�XVHG� WR�DQDO\VH�ZDWHU� UHVRXUFH� LVVXHV� �LQFOXGLQJ�ERWK�ZDWHU�TXDQWLW\�
DQG�TXDOLW\���*RRGPDQ�>��@�VWXGLHV�WKH�UHODWLYH�EHQHILWV�RI�XUEDQ±UXUDO�ZDWHU�WUDQVIHUV�WR�
LQFUHDVHG�VWRUDJH�LQ�WKH�$UNDQVDV�5LYHU�EDVLQ��&RORUDGR��6HXQJ�HW�DO�>��@�XVH�D�G\QDPLF�
UHJLRQDO� &*(� PRGHO�� ZKLFK� LQFOXGHV� UHFUHDWLRQDO� GHPDQG� IRU� ZHWODQGV�� WR� VWXG\� WKH�
LPSDFWV�RI�ZDWHU�UHDOORFDWLRQ�LQ�&KXUFKLOO�&RXQW\��1HYDGD��*RPH]�HW�DO��>��@�VKRZ�WKDW�
WKH� VDOH� RI� UXUDO�ZDWHU� ULJKWV� WR� XUEDQ�XVHUV�PD\�EH� SUHIHUDEOH� WR� EXLOGLQJ�QHZ� VXSSO\�
LQIUDVWUXFWXUH� LQ� WKH� %DOHDULF� ,VODQGV�� ZKLOH� 7LUDGR� HW� DO�� >��@� VKRZ� WKDW� LPSURYLQJ�
WHFKQLFDO�HIILFLHQF\�RI�ZDWHU�XVH�LQ�WRXULVP�PD\�QRW�DFWXDOO\�UHGXFH�SUHVVXUHV�RQ�ZDWHU�
V\VWHPV��9HOi]TXH]�HW� DO�� >��@� VKRZ� WKDW� LQWURGXFLQJ� D�ZDWHU� WDULII� LQ�$QGDOXVLD� FRXOG�
UHVXOW�LQ�VLJQLILFDQWO\�JUHDWHU�HFRQRPLF�HIILFLHQF\��EXW�OLPLWHG�ZDWHU�VDYLQJV��6PDMJO�>��@�
LQWHJUDWHV� K\GURORJLFDO� DQG� HFRORJLFDO� SURGXFWLRQ� IXQFWLRQV� ZLWKLQ� D� UHJLRQDO� &*(�
IUDPHZRUN� WR� VWXG\� WKH� HIIHFWV� RI� SROLFLHV� DLPHG� DW� LPSURYLQJ� ZDWHU� DQG� PDULQH�
HFRV\VWHP� TXDOLW\� LQ� WKH� *UHDW� %DUULHU� 5HHI� UHJLRQ� RI� 4XHHQVODQG�� $XVWUDOLD�� )URP� D�
UDWKHU�GLIIHUHQW�SHUVSHFWLYH��5RVH�DQG�/LDR� >��@�XVH� D� UHJLRQDO�&*(�PRGHO� WR�HVWLPDWH�
SRWHQWLDO�HFRQRPLF�LPSDFWV�RI�D�PDMRU�ZDWHU�VXSSO\�GLVUXSWLRQ�LQ�3RUWODQG��2UHJRQ��

�������������������������������������������������
� �7KLV�LVVXH�GRHV�QRW�DULVH�WR�WKH�VDPH�H[WHQW�LQ�PDQ\�RWKHU�QDWXUDO�UHVRXUFH�RU�HQYLURQPHQWDO�DSSOLFDWLRQV��H�J��HQHUJ\�XVH��
JUHHQKRXVH�JDV�PLWLJDWLRQ���LQ�ZKLFK�IRU�SUDFWLFDO�SXUSRVHV��WKH�HQYLURQPHQW�PD\�EH�PRGHOOHG�DV�D�SDVVLYH�µVRXUFH¶�RI�UHVRXUFHV�RU�
µVLQN¶�IRU�HPLVVLRQV��
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,Q�WKLV�SDSHU��ZH�IRFXV�RQ�PRGHOOLQJ�WKH�HFRQRPLF�LPSDFWV�RI�FRQVWUDLQWV�RQ�ZDWHU�
VXSSO\�IRU�LUULJDWLRQ��8VLQJ�SURYLVLRQDO�GDWD��ZH�SUHVHQW�SUHOLPLQDU\�UHVXOWV�RI�VFHQDULRV�
FRQFHUQLQJ�D� UHGXFWLRQ� LQ�DJJUHJDWH� LUULJDWLRQ� VXSSO\�� ,Q� IDFW�� D�FODZ�EDFN�RI� LUULJDWLRQ�
ZDWHU� ULJKWV� FXUUHQWO\� VHHPV� PRVW� XQOLNHO\�� +RZHYHU�� WKLV� VFHQDULR� HTXDOO\� ZHOO�
UHSUHVHQWV�JURZWK�LQ�DOO�IDFWRUV�RI�SURGXFWLRQ�RWKHU�WKDQ�ZDWHU��EHFDXVH�WKH�&*(�PRGHO�
GHSHQGV�RQO\�RQ�UHODWLYH�TXDQWLWLHV�DQG�SULFHV��L�H��GRXEOLQJ�DOO�IDFWRU�LQSXWV�GRXEOHV�DOO�
RWKHU� TXDQWLWLHV� LQ� WKH� PRGHO��� ,Q� D� VHFRQG� VFHQDULR�� ZH� VLPXODWH� WKH� LPSDFW� RI� D�
VLPXOWDQHRXV�UHGXFWLRQ�LQ�UDLQIDOO�DQG�LQ�LUULJDWLRQ��*LYHQ�WKH�SDXFLW\�RI�GDWD�WR�VXSSRUW�
GHYHORSPHQW� RI� D� UHODWLYHO\� FRPSOH[� PRGHO�� ZH� DOVR� SUHVHQW� UHVXOWV� WKDW� LOOXVWUDWH� WKH�
VHQVLWLYLW\�RI�WKH�PRGHO�WR�NH\�HODVWLFLW\�YDOXHV��DQG�WR�GLIIHUHQW�VWUXFWXUDO�VSHFLILFDWLRQV��
:H� GLVFXVV� WKH� LPSOLFDWLRQV� IRU� IXUWKHU� PRGHO� GHYHORSPHQW�� LQ� SDUWLFXODU�� IRU� WKH�
LPSURYHPHQW� RI� FDOLEUDWLRQ� GDWD� DQG� HODVWLFLWLHV�� :H� DOVR� GLVFXVV� WKH� SRWHQWLDO� WR�
H[SOLFLWO\� PRGHO� WHFKQRORJLHV� IRU� ZDWHU� VXSSO\� �VWRUDJH�� JURXQG� DQG� VXUIDFH�ZDWHU�
H[WUDFWLRQ���DQG�WR�PRGHO�LQVWUHDP�PDUNHW�DQG�QRQ�PDUNHW�YDOXHV��

��� &*(�0RGHO�

*HQHUDO�PRGHO�VWUXFWXUH�
7KH�&*(�PRGHO�GHVFULEHV�SURGXFWLRQ�SURFHVVHV�LQ�DJULFXOWXUH�DQG�RWKHU�VHFWRUV��

WKH�VXSSO\�RI�ODERXU��FDSLWDO��ODQG�DQG�ZDWHU�ULJKWV�RZQHG�E\�HQWHUSULVHV�DQG�KRXVHKROGV��
KRXVHKROGV¶� DQG� JRYHUQPHQW� FRQVXPSWLRQ� RI� JRRGV� DQG� VHUYLFHV�� DQG� WUDGH� EHWZHHQ�
&DQWHUEXU\� DQG� WKH� UHVW� RI� 1HZ� =HDODQG� DQG� WKH� ZRUOG�� :H� HPSOR\� WKH� FRPPRQ�
DVVXPSWLRQV� RI� SHUIHFW� FRPSHWLWLRQ� DQG� QRQ�LQFUHDVLQJ� UHWXUQV� WR� VFDOH� LQ� SURGXFWLRQ��
.H\� IHDWXUHV�RI� WKH�FXUUHQW�PRGHO�FRQFHUQ� WKH� VXSSO\�DQG�XVH�RI�ZDWHU� IRU� DJULFXOWXUDO�
LUULJDWLRQ��DQG�WKH�GLIIHUHQWLDWLRQ�RI�ODQG�DQG�ZDWHU�UHVRXUFHV�E\�VXEUHJLRQV��

7HQ�GLIIHUHQW�SURGXFWLRQ�DFWLYLWLHV�DUH�GLVWLQJXLVKHG�LQ�WKH�PRGHO��KRUWLFXOWXUH�DQG�
YLWLFXOWXUH�� VKHHS� DQG� EHHI� IDUPLQJ�� GDLU\� IDUPLQJ�� RWKHU� DJULFXOWXUH� �ZKLFK� LQFOXGHV�
RWKHU� OLYHVWRFN� IDUPLQJ� DQG� DJULFXOWXUDO� VHUYLFHV��� IRUHVWU\�� PHDW� SURFHVVLQJ�� GDLU\�
SURFHVVLQJ��RWKHU�SURFHVVLQJ�DQG�PDQXIDFWXULQJ�� WUDQVSRUW�DQG�GLVWULEXWLRQ�VHUYLFHV��DQG�
RWKHU�VHUYLFHV��,Q�WKH�FXUUHQW�YHUVLRQ�RI�WKH�PRGHO��ZH�UHSUHVHQW�ODQG�DQG�ZDWHU�XVH�LQ�WKH�
ILUVW�WKUHH�RI�WKHVH�DFWLYLWLHV�RQO\��'LIILFXOWLHV�ZLWK�GDWD�PXVW�EH�UHVROYHG�EHIRUH�WKLV�FDQ�
EH� H[SDQGHG� WR� RWKHU� DJULFXOWXUH� DQG� IRUHVWU\� DFWLYLWLHV�� &RPPRGLWLHV� LQ� WKH� PRGHO�
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FRUUHVSRQG� DSSUR[LPDWHO\� WR� WKH� PDLQ� RXWSXWV� RI� WKHVH� DFWLYLWLHV�� /DQG� DQG� ZDWHU�
UHVRXUFHV�DUH�GLIIHUHQWLDWHG�E\�QRUWK�DQG�VRXWK�VXEUHJLRQV� LQ� WKLV�YHUVLRQ�RI� WKH�PRGHO��
EXW� RXU� XOWLPDWH� LQWHQWLRQ� LV� WR� GLVWLQJXLVK� ILYH� VXEUHJLRQV� LQ� WKH� ILQDO� PRGHO�� 7KHVH�
VKRXOG� EH� VXIILFLHQW� WR� FDSWXUH� NH\� VW\OLVHG� IDFWRUV� RI� ZDWHU� UHVRXUFH� HFRQRPLFV� LQ�
&DQWHUEXU\�� ,QVWLWXWLRQV� RI� KRXVHKROGV�� JRYHUQPHQW� DQG� HQWHUSULVHV� DUH� PRGHOOHG� YHU\�
VLPSO\��

3ULPDU\� IDFWRUV� LQ� SURGXFWLRQ� DUH� ODERXU�� FDSLWDO� DQG� DJULFXOWXUDO� ODQG�� ,Q� WKLV�
SDSHU�ZH�IRFXV�RQ�ORQJ�UXQ�HIIHFWV��DQG�WKHUHIRUH�FDSLWDO�DQG�ODERXU�DUH�DVVXPHG�PRELOH�
EHWZHHQ�VHFWRUV��:H�DOVR�DVVXPH²RSWLPLVWLFDOO\��LQ�WKH�FDVH�RI�WKH�VFHQDULRV�SUHVHQWHG�
KHUH²WKDW� WKH� DJJUHJDWH� FDSLWDO� DQG� ODERXU� VXSSOLHV� RI� WKH� UHJLRQ� DUH� IL[HG��ZLWK� WKHLU�
UHODWLYH�SULFHV�DGMXVWLQJ�WR�FOHDU�PDUNHWV��$W�WKH�RSSRVLWH�H[WUHPH��ZH�FRXOG�DVVXPH�WKDW�
WKHVH�SULFHV�DUH�H[RJHQRXVO\�GHWHUPLQHG��DQG� LQWHU�UHJLRQDO� IORZV�RI�FDSLWDO�DQG� ODERXU�
FOHDU�FDSLWDO�PDUNHWV��7KH�UHDOLW\�LV�PRVW�OLNHO\�VRPHZKHUH�EHWZHHQ�WKHVH�H[WUHPHV��)RU�
H[DPSOH�ZH�KDYH�LQFOXGHG�XUEDQ�ODQG�LQ�µFDSLWDO¶��DV�ZHOO�DV�EXLOGLQJV�DQG�FLYLO�ZRUNV��
ZKLFK�DUH�YHU\�ORQJ�OLYHG�DQG�PD\�EH�SUDFWLFDOO\�LPPRELOH�RYHU�WKH�WLPHVFDOH�RI�LQWHUHVW��
2Q� WKH�RWKHU�KDQG��PDFKLQHU\�DQG�HTXLSPHQW� LV� OHVV� ORQJ�OLYHG�DQG�FDQ�DOVR�XVXDOO\�EH�
UHORFDWHG� DW� PRGHUDWH� FRVW� �DW� OHDVW� ZLWKLQ� 1HZ� =HDODQG��� 5HVHDUFK� RQ� LQWHU�UHJLRQDO�
PLJUDWLRQ�LQ�1HZ�=HDODQG�>��@�VXJJHVWV�WKDW��LQ�WKH�ORQJ�UXQ��DERXW�KDOI�WKH�MREV�FUHDWHG�
E\� D� UHJLRQDO� HPSOR\PHQW� VKRFN�ZLOO� UHPDLQ� DQG� DUH�PRVWO\� DFFRXQWHG� IRU� E\� QHW� LQ�
PLJUDWLRQ��,PSDFWV�RQ�ZDJHV�DUH�QHJOLJLEOH�WKRXJK��HYHQ�LQ�WKH�VKRUW�UXQ���:KLOH�WKH�IXOO�
GHYHORSPHQW�RI�PRUH�UHDOLVWLF�µUHJLRQDO�FORVXUHV¶�LV�OHIW�IRU�IXUWKHU�ZRUN��ZH�JLYH�VRPH�
LQGLFDWLYH�UHVXOWV�UHODWLQJ�WR�WKH�HIIHFW�RI�DQ�DOWHUQDWLYH�ODERXU�PDUNHW�FORVXUH��

+RXVHKROGV�PD[LPLVH�XWLOLW\�IURP�WKH�FRQVXPSWLRQ�RI�ILQDO�JRRGV��ZKLFK�HQWHU�D�
&REE±'RXJODV� XWLOLW\� IXQFWLRQ�� *RYHUQPHQW� DQG� LQYHVWPHQW�JRRG� VHFWRUV� PD[LPLVH�
VLQJOH�OHYHO�&(6� XWLOLW\� IXQFWLRQV�ZLWK� HODVWLFLWLHV� RI� VXEVWLWXWLRQ� RI� ����� UHIOHFWLQJ� RXU�
DVVXPSWLRQ�WKDW�WKHLU�VXEVWLWXWLRQ�SRVVLELOLWLHV�DUH�ORZHU�WKDQ�LQ�WKH�KRXVHKROG�VHFWRU��1HW�
KRXVHKROG� VDYLQJV� DQG� QHW� KRXVHKROG� WUDQVIHUV� DUH� IL[HG� LQ� UHDO� WHUPV� �L�H�� WKH\� YDU\�
SURSRUWLRQDOO\� ZLWK� SULFH� LQGLFHV� IRU� JRYHUQPHQW� DQG� LQYHVWPHQW� FRQVXPSWLRQ�
UHVSHFWLYHO\���+RXVHKROG�LQFRPH�LV�GHULYHG�IURP�ODERXU��DQG�WUDQVIHUV� IURP�HQWHUSULVHV��
ZKLFK� RZQ� DOO� FDSLWDO�� ODQG� DQG� �UHQWV� IURP�� ZDWHU� UHVRXUFHV�� (QWHUSULVHV� DUH� SDUWO\�
RZQHG� E\� H[WUD�UHJLRQDO� LQVWLWXWLRQV� DQG� DUH� LQFOXGHG� LQ� WKH�PRGHO� WR� SURYLGH� D� FUXGH�
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DFFRXQWLQJ�RI�WKH�OHDNDJH�RI�FDSLWDO��ODQG��DQG�ZDWHU�UHQWV��/DFN�RI�SULPDU\�GDWD�SUHYHQWV�
ULJRURXV�DQDO\VLV�RI�WKHVH�IORZV��

$JULFXOWXUDO�ODQG�DQG�ZDWHU�
$JULFXOWXUDO�ODQG�DQG�ZDWHU�UHVRXUFHV�DUH�GLIIHUHQWLDWHG�E\�WZR�VXEUHJLRQV��1RUWK�

DQG�6RXWK��EXW�RXU�LQWHQWLRQ�LV�WR�LQFUHDVH�WKLV�WR�ILYH�VXEUHJLRQV��$V�QRWHG�DERYH��IRUHVW�
DQG�ODQG�XVHG�E\�µRWKHU�DJULFXOWXUH¶�DUH�QRW�GLVWLQJXLVKHG�LQ�WKH�PRGHO��6HYHUDO�SUREOHPV�
ZLWK�WKH�GDWD�XQGHUO\LQJ�WKH�PRGHO�PXVW�EH�RYHUFRPH�EHIRUH�WKH\�FDQ�EH�LQFOXGHG��)RU�
H[DPSOH�ZH�PXVW�DFFRXQW� IRU� WKH�YDOXH�RI�VWDQGLQJ� WLPEHU�DQG�QRW�RQO\� WKH�EDUH� IRUHVW�
ODQG��:H�GR�QRW�DWWHPSW�WR�GLIIHUHQWLDWH�EHWZHHQ�GLIIHUHQW�TXDOLWLHV�RI�ODQG��SULPDULO\�WR�
OLPLW�GDWD�UHTXLUHPHQWV�DQG�WR�VLPSOLI\�WKH�UHSUHVHQWDWLRQ�RI�ODQG�DQG�ZDWHU�UHVRXUFHV��,Q�
SDUWLFXODU�� LW� LV� OLNHO\� WKDW� WKHUH� ZRXOG� EH� VLJQLILFDQW� QHW� IORZV� RI� VXUIDFH� DQG�RU�
JURXQGZDWHU� EHWZHHQ� GLIIHUHQW� ODQG� DUHDV�� ,W� PLJKW� WKHQ� EH� QHFHVVDU\� WR� PRGHO� WKH�
LQIOXHQFH� RI� ODQG� FRYHU� DQG� XSVWUHDP�ZDWHU� DEVWUDFWLRQ� DQG� XVH� RQ� GRZQVWUHDP�ZDWHU�
UHVRXUFHV��:KLOH�WKLV�PLJKW�EH�WHFKQLFDOO\�SRVVLEOH�ZLWKLQ�WKH�&*(�IUDPHZRUN��LW�ZRXOG�
EH�YHU\�GLIILFXOW�WR�HVWDEOLVK�WKH�FUHGLELOLW\�RI�WKH�UHVXOWLQJ�PRGHO��

:H�DVVXPH�WKDW�WKH�DJJUHJDWH�ODQG�RI�HDFK�GLVWULFW�LV�LPSHUIHFWO\�PRELOH�EHWZHHQ�
DOWHUQDWLYH� XVHV�� 7KLV�PD\� UHIOHFW� WKH� FRVWV� RI� ODQG� XVH� FKDQJH�� DV�ZHOO� DV� WKH� UHODWLYH�
VXLWDELOLW\�RI�ODQG�IRU�RQH�XVH�RU�DQRWKHU��,W�LV�PRGHOOHG�ZLWK�QHVWHG�&(7�IXQFWLRQV�>VHH�
H�J�� ��@��$W� WKH� ERWWRP� OHYHO� �)LJXUH� ���� WUDQVIRUPDWLRQ� RI� ODQG�ZLWKLQ� HDFK� VXEUHJLRQ�
35�G��� EHWZHHQ� KRUWLFXOWXUH�YLWLFXOWXUH� 355�G�KWYW�� DQG� SDVWRUDO� DFWLYLWLHV� 35B65'�G��� LV�
UHODWLYHO\� LQHODVWLF�� $W� WKH� VHFRQG� OHYHO�� SDVWRUDO� ODQG� LV� DOORFDWHG� WR� VKHHS� DQG� EHHI�
355�G�VKEI�� RU� WR� GDLU\� IDUPLQJ� 355�G�GDLU\�� ZLWK� D� PRGHUDWHO\� ORZ� HODVWLFLW\� RI�
VXEVWLWXWLRQ��
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�
)LJXUH���$OORFDWLRQ�RI�ODQG�DQG�UDLQIDOO�EHWZHHQ�DJULFXOWXUDO�VHFWRUV�

$� SDUWLFXODU� IHDWXUH� RI� WKLV� PRGHO� LV� WKDW� ZH� DOORZ� H[SOLFLWO\� IRU� YDULDWLRQ� LQ�
UDLQIDOO�� DQG� WKH� DVVRFLDWLRQ� RI� UDLQIDOO� ZLWK� ODQG�� LQ� DGGLWLRQ� WR� WKH� VXSSOHPHQWLQJ� RI�
UDLQIDOO�ZLWK�LUULJDWLRQ�ZDWHU��7KLV�LV�XVHIXO�IRU�VLPXODWLQJ�WKH�LPSDFW�RI�UHGXFHG�HIIHFWLYH�
DQQXDO�UDLQIDOO��ZKLFK�PD\�EH�RQH�RI�WKH�LPSDFWV�RI�FOLPDWH�FKDQJH�LQ�PXFK�RI�ORZODQG�
&DQWHUEXU\�>�@��7KH�WHUP�µHIIHFWLYH¶�UHIHUV�WR�WKH�IDFW�WKDW�WKH�XWLOLW\�RI�RQH�PLOOLPHWHU�RI�
UDLQIDOO� LQ� SDVWXUH� RU� FURS� JURZWK� GHSHQGV� RQ� WKH� VRLO� PRLVWXUH� FRQWHQW�� WKH� VWDJH� RI�
SDVWXUH�FURS� JURZWK�� DQG� PDQ\� RWKHU� IDFWRUV�� 7KLV� PRGHO� VSHFLILFDWLRQ� DFFRPPRGDWHV�
SDVWXUH�FURS�\LHOG�FXUYHV�ZLWK�D�PLQLPXP�VRLO�PRLVWXUH�WKUHVKROG�DQG�GHFUHDVLQJ�UHWXUQV�
WR�VRLO�PRLVWXUH�DERYH�WKLV�WKUHVKROG��µ(IIHFWLYH�UDLQIDOO¶�WKHQ�UHIHUV�WR�WKH�FRQWULEXWLRQ�RI�
UDLQIDOO� WR� LQFUHDVLQJ� VRLO�PRLVWXUH� DERXW� WKH� WKUHVKROG� OHYHO�� 7KH� VHSDUDWLRQ� RI� VHFWRU�
VSHFLILF� ODQG�DQG� UDLQ� LQ� IL[HG�SURSRUWLRQV�DQG� IRU�HDFK� VXEUHJLRQ� LV� VKRZQ�DW� WKH� WRS�
OHYHO� QHVWV� RI� )LJXUH� ��� :H� DVVXPH� WKDW� LUULJDWLRQ� ZDWHU� DQG� HIIHFWLYH� UDLQIDOO� DUH�
LPSHUIHFW�VXEVWLWXWHV�LQ�WKH�DJJUHJDWH�SURGXFWLRQ�DFWLYLWLHV�PRGHOOHG��LQ�SDUWLFXODU��HDFK�
DJJUHJDWH�DFWLYLW\�LQFOXGHV�ERWK�UDLQIHG�DQG�LUULJDWHG�SURGXFWLRQ���)RU�H[DPSOH��XQLW�FRVWV�
RI�LUULJDWLRQ�DSSOLFDWLRQ�VKRXOG�LQFUHDVH�DV�WKH�IUDFWLRQ�RI�LUULJDWHG�DUHD�LQFUHDVHV�DQG�OHVV�
VXLWDEOH�ODQG�LV�EURXJKW�LQWR�LUULJDWLRQ��

7KH�YDOXH�RI�UDLQIDOO�LQ�SURGXFWLRQ�VKRXOG�IRUP�SDUW�RI�WKH��REVHUYDEOH��ODQG�UHQW��
7KH�VKDUH�RI�UHQW�DWWULEXWHG�WR�UDLQIDOO�LV�OLNHO\�WR�YDU\�E\�VXEUHJLRQ��EHFDXVH�WKH�DQQXDO�
UDLQIDOO�DQG�WKH�GLVWULEXWLRQ�DQG�LQWHQVLW\�RI� WKDW�UDLQIDOO�YDULHV�VLJQLILFDQWO\�LQ�GLIIHUHQW�
DUHDV� RI� &DQWHUEXU\�� )RU� WKH� SXUSRVH� RI� WKH� SUHOLPLQDU\� VLPXODWLRQV� SUHVHQWHG� LQ� WKLV�
SDSHU�WKRXJK��ZH�KDYH�DUELWUDULO\�DVVXPHG�WKDW�����RI�WKH�HVWLPDWHG�JURVV�ODQG�UHQWV�DUH�

355�G�VKEI�� 355�G�GDLU\��

355�G�KWYW��

35�G��

35B6%'�G���

35'�G�VKEI�� 3:�G�VKEI�� 3:�G�GDLU\��35'�G�GDLU\��

3:�G�KWYW��35'�G�KWYW��

σ55� �����

σ6%'� �����
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DVVRFLDWHG� ZLWK� HIIHFWLYH� UDLQIDOO� �VHH� DOVR� WKH� GHVFULSWLRQ� RI� DJULFXOWXUDO� SURGXFWLRQ�
IXQFWLRQV�� EHORZ��� :H� DOVR� VKRZ� UHVXOWV� RI� D� FRPSDUDWLYH� VLPXODWLRQ� ZLWK� D� PRUH�
FRQYHQWLRQDO� LQSXW� VWUXFWXUH�� LQ�ZKLFK� RQO\� LUULJDWLRQ�ZDWHU� LQSXWV� DUH� LQFOXGHG��:DWHU�
IURP� UDLQIDOO� LV� DXJPHQWHG� E\� VHFWRU�VSHFLILF� ZDWHU� IURP� LUULJDWLRQ� LQ� HDFK� GLVWULFW�� DV�
GHVFULEHG� EHORZ�� :LWK� WKLV� VWUXFWXUH�� PRUH� LUULJDWLRQ�GHSHQGHQW� DFWLYLWLHV� DUH� PRUH�
VHYHUHO\�DIIHFWHG�E\�FRQVWUDLQWV�RQ�LUULJDWLRQ�VXSSO\�DQG�OHVV�E\�UHGXFWLRQV�LQ�UDLQIDOO��DQG�
YLFH�YHUVD�IRU�OHVV�LUULJDWLRQ�GHSHQGHQW�DFWLYLWLHV��

$JULFXOWXUDO�SURGXFWLRQ�DQG�LUULJDWLRQ�VXSSO\�
7KH�SURGXFWLRQ�VWUXFWXUH�IRU�DJULFXOWXUDO�DFWLYLWLHV�LV�LOOXVWUDWHG�LQ�)LJXUH����6RPH�

SULFHV�RI�DJJUHJDWHV�LQ�WKH�SURGXFWLRQ�VWUXFWXUH�DUH�RPLWWHG�IRU�FODULW\��7KH�ILUVW�OHYHO�RI�
WKH� KLHUDUFKLFDO� SURGXFWLRQ� IXQFWLRQ� FRPELQHV� LQ� IL[HG� SURSRUWLRQV� WKH� DJJUHJDWH�
LQWHUPHGLDWH� LQSXW� �3,17�� ZLWK� WKH� DJJUHJDWH� IDFWRU� LQSXW� �3./:5��� $W� WKH� VHFRQG� OHYHO��
LQWHUPHGLDWH� LQSXWV� �3$�F��� DUH� FRPELQHG� LQ� IL[HG� SURSRUWLRQV� DQG� ODERXU� �3/�� LV�
FRPELQHG�ZLWK�RWKHU� IDFWRU� LQSXWV� LQ�D�&(6� IXQFWLRQ��$W� WKH� WKLUG� OHYHO�� FDSLWDO� �3.�� LV�
FRPELQHG�ZLWK�DQ�DJJUHJDWH�ODQG�DQG�ZDWHU�LQSXW�LQ�D�&(6�IXQFWLRQ��$W�WKH�IRXUWK�OHYHO��
WKH� DJJUHJDWH� ODQG� DQG� ZDWHU� LQSXW� LV� D� &(6� FRPSRVLWH� RI� ODQG±ZDWHU� LQSXWV� IURP�
GLIIHUHQW� VXEUHJLRQV�� $W� WKH� ORZHVW� OHYHO�� VHFWRU�VSHFLILF� ODQG� �35'�G�L��� DQG� VHFWRU�
VSHFLILF� HYDSRWUDQVSLUHG� ZDWHU� �3(7�G�L��� DUH� FRPELQHG� LQ� HDFK� VXEUHJLRQ��
(YDSRWUDQVSLUHG�ZDWHU�FRPSULVHV�HIIHFWLYH�UDLQIDOO�SOXV�LUULJDWLRQ�IRU�HDFK�DFWLYLW\�LQ�HDFK�
GLVWULFW��QRW�VKRZQ���

7KH� VXEVWLWXWLRQ� EHWZHHQ� ODQG� DQG� ZDWHU� ZLWKLQ� HDFK� VXEUHJLRQ� LV� PRGHUDWHO\�
LQHODVWLF�� 7KH� VXEVWLWXWLRQ� RI� ODQG�ZDWHU� FRPSRVLWHV� IURP� WKH� GLIIHUHQW� VXEUHJLRQV� LV�
KLJKO\�HODVWLF��7KLV�LV�D�VLPSOLILFDWLRQ�RI�D�PRGHO�VWUXFWXUH�ZLWK�D�IXOO� UHSUHVHQWDWLRQ�RI�
HDFK�DJULFXOWXUDO�DFWLYLW\�LQ�HDFK�GLVWULFW�>��@��$JJUHJDWLRQ�WR�UHJLRQDO�VFDOH�ZRXOG�WKHQ�
RFFXU�DW�WKH�OHYHO�RI�FRPPRGLW\�PDUNHWV��&RPPRGLWLHV�SURGXFHG�LQ�HDFK�VXEUHJLRQ�FRXOG�
EH�FRPELQHG�DGGLWLYHO\��RU�HOVH�LQ�D�&(6�IXQFWLRQ��ZLWK�WKH�ILQLWH�HODVWLFLW\�RI�VXEVWLWXWLRQ�
UHIOHFWLQJ�H�J��WUDQVSRUW�FRVWV�DQG�SURGXFW�KHWHURJHQHLW\��7KH�VLPSOLILHG�VWUXFWXUH�UHGXFHV�
GDWD� UHTXLUHPHQWV� �RQ� ODERXU� DQG� LQWHUPHGLDWH� LQSXW� FRVWV� E\� VXEUHJLRQ�� DQG� DYRLGV�
FRPSOH[LW\� WKDW� LV� XQOLNHO\� WR� EH� ZDUUDQWHG� JLYHQ� WKH� W\SHV� RI� VFHQDULRV� ZH� ZLVK� WR�
VLPXODWH��
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)RU� DFWLYLWLHV� WKDW� SURGXFH� PXOWLSOH� RXWSXWV� 3'�F�� �H�J�� ZRRO� DQG� PHDW��� LW� LV�
DVVXPHG�WKDW�WKHVH�DUH�SURGXFHG�LQ�IL[HG�SURSRUWLRQV��7KLV�DVVXPSWLRQ�PD\�EH�UHOD[HG�LQ�
IXWXUH� ZRUN�� VLQFH� LQ� VRPH� VHFWRUV�� DQG� FRQVLGHULQJ� WKH� KLJK� DJJUHJDWLRQ� OHYHO� RI� WKH�
PRGHO��WKHUH�DUH�FHUWDLQO\�SRVVLELOLWLHV�WR�DGMXVW�RXWSXW�SURSRUWLRQV�WR�PD[LPLVH�UHYHQXHV��
0XOWLSOH�RXWSXWV�RI�QRQ�DJULFXOWXUDO�SURGXFWLRQ�DFWLYLWLHV�DUH�WUHDWHG�WKH�VDPH�ZD\��

�
)LJXUH���1HVWHG�SURGXFWLRQ�IXQFWLRQ�IRU�DJULFXOWXUDO�VHFWRUV�

$V�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��VHFWRU�VSHFLILF�HIIHFWLYH�ZDWHU�IURP�UDLQIDOO�
FDQ� EH� DXJPHQWHG� E\� LUULJDWLRQ�� 6HFWRU�VSHFLILF� LUULJDWLRQ� DFWLYLWLHV� IRU� HDFK� VXEUHJLRQ�
GUDZ�RQ�D�FRPPRQ�LUULJDWLRQ�ZDWHU�UHVRXUFH��)RU�DOO�WKHVH�DFWLYLWLHV��ZH�DVVXPH�WKH�VDPH�
DVVXPHG�FRVW�VWUXFWXUH������FDSLWDO������ODERXU��DQG�����RWKHU�JRRGV²ZKLFK�UHSUHVHQW�
PDLQO\� IXHO� DQG� HOHFWULFLW\��$OWKRXJK� H[LVWLQJ� VWXGLHV� VKRZ� WKDW� LQ� VRPH� DUHDV� DW� OHDVW�
VKDGRZ� SULFHV� IRU� LUULJDWLRQ� ULJKWV� DUH� SRVLWLYH�� ZH� PDNH� D� SURYLVLRQDO� VLPSOLI\LQJ�
DVVXPSWLRQ� WKDW� WKH\� DUH� ]HUR�� $W� WKH� WRS� OHYHO� RI� WKH� LUULJDWLRQ� SURGXFWLRQ� IXQFWLRQV�
)LJXUH� ��� WKH� LUULJDWLRQ�ZDWHU� UHVRXUFH� �3:�G��� LV� FRPELQHG�ZLWK� RWKHU� LQSXWV� LQ� IL[HG�
SURSRUWLRQV�� ,I� ZH� DVVXPH� FRQVWDQW� UHWXUQV� WR� VFDOH� LQ� LUULJDWLRQ� VXSSO\�� WKHQ� D� ]HUR�
HODVWLFLW\�RI� VXEVWLWXWLRQ� LV� D� QHFHVVDU\� FRQGLWLRQ� IRU� WKH� VKDGRZ�SULFH�RI� WKH� LUULJDWLRQ�
ZDWHU�UHVRXUFH�LQ�D�VXEUHJLRQ�WR�EH�]HUR��$W�WKH�VHFRQG�OHYHO��VXEVWLWXWLRQ�EHWZHHQ�µRWKHU�
JRRGV¶��327+���UHSUHVHQWLQJ�PDLQO\�HOHFWULFLW\�DQG�IXHOV��DQG�WKH�DJJUHJDWH�IDFWRU�LQSXWV�
LV�PRGHUDWHO\� LQHODVWLF��$W� WKH� WKLUG� OHYHO�� VXEVWLWXWLRQ� EHWZHHQ� ODERXU� �3/�� DQG� FDSLWDO�
�3.��LV�DOVR�PRGHUDWHO\�LQHODVWLF��

3,17�L��
�

3./:5�

3.�3:5�L��

3(7�6�L�� 35'�6�L�� 3(7:�1�L�� 35'�1�L��

σ,17� ���

&RPPRGLW\�RXWSXWV�DW�
SURGXFHU�SULFHV�3'�F��

�

3/�
,QWHUPHGLDWH�LQSXWV�DW�
$UPLQJWRQ�SULFHV�3$�F��

σ./05:L �����

σ5:� �����
σ$**� ���

σ.5:� �����
σ./5:L �����



� ��

�
)LJXUH���3URGXFWLRQ�IXQFWLRQV�IRU�LUULJDWLRQ�VXSSO\�

2WKHU�SURGXFWLRQ�DFWLYLWLHV�
,Q� DOO� RWKHU� LQGXVWULHV�� LQWHUPHGLDWHV� DUH� FRPELQHG� ZLWKLQ� D� /HRQWLHI� QHVW�� DQG�

FDSLWDO� DQG� ODERXU� LQ� D� &REE±'RXJODV� QHVW�� ,QWHUPHGLDWHV� �3,17�L��� DQG� YDOXH� DGGHG�
�3./�L���DUH�WKHQ�FRPELQHG�LQ�D�&(6�IXQFWLRQ�ZLWK�ORZ�HODVWLFLW\�RI�VXEVWLWXWLRQ��$�VOLJKW�
YDULDWLRQ� RQ� WKLV� VWUXFWXUH� LV� PDGH� IRU� WKH� PHDW� SURFHVVLQJ� DQG� GDLU\� SURFHVVLQJ�
LQGXVWULHV�� 7KHVH� VHFWRUV� HVVHQWLDOO\� WUDQVIRUP� D� VLQJOH� IDUP� LQSXW� �3$�F DJ���� DQLPDOV�
DQG� UDZ� PLON� UHVSHFWLYHO\�� LQWR� SURFHVVHG� RXWSXWV�� :H� WKHUHIRUH� DVVXPH� WKHUH� LV� QR�
SUDFWLFDO� DELOLW\� WR� VXEVWLWXWH� IRU� WKHVH� LQSXWV�� 7KH\� DUH� FRPELQHG� GLUHFWO\� ZLWK� WKH�
FRPSRVLWH� RI� DOO� RWKHU� LQSXWV� �IRUPHG� DV� GHVFULEHG� DERYH�� LQ� D� WRS�OHYHO� /HRQWLHI�
IXQFWLRQ��

�
)LJXUH���1HVWHG�SURGXFWLRQ�IXQFWLRQ�IRU�RWKHU�LQGXVWULHV�

3;�L��

3/� 3.��

&RPPRGLW\�RXWSXWV�DW�
SURGXFHU�SULFHV�3'�F��

�

3,17�L��
�

,QWHUPHGLDWH�LQSXWV�DW�
$UPLQJWRQ�SULFHV�3$�F��

3./�L��
�

σ./L ��

3$�F DJ�
�
σ./0L ����


�)DUP�LQSXWV�WR�PHDW�
RU�GDLU\�SURFHVVLQJ�
HQWHU�KHUH��
�

3:,�G�L��
�

3/� 3.��

3:�G��

327+�

σ./0LUU �����
σ./LUU �����
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7UDGH�LQ�FRPPRGLWLHV�
:H� HPSOR\� WKH� $UPLQJWRQ� DVVXPSWLRQ�� WKDW� UHJLRQDO� FRPPRGLWLHV� DQG�

FRPPRGLWLHV� IURP� RWKHU� UHJLRQV� RU� FRXQWULHV� �WKH� ODWWHU� DUH� QRW� GLVWLQJXLVKHG� LQ� WKH�
PRGHO��DUH�LPSHUIHFW�VXEVWLWXWHV��5HJLRQDO�VXSSO\�RI�FRPPRGLWLHV�LV�WKHUHIRUH�D�FRQVWDQW�
HODVWLFLW\� RI� VXEVWLWXWLRQ� �&(6�� DJJUHJDWH� RI� LPSRUWHG� DQG� GRPHVWLFDOO\� SURGXFHG�
FRPPRGLWLHV�� 5HJLRQDO� H[SRUWV� DUH� WUHDWHG� V\PPHWULFDOO\� WR� LPSRUWV�� ZLWK� FRQVWDQW�
HODVWLFLW\�RI�WUDQVIRUPDWLRQ��&(7��IXQFWLRQV�GHVFULELQJ�WKH�DOORFDWLRQ�RI�RXWSXW�EHWZHHQ�
UHJLRQDO� DQG� H[WUD�UHJLRQDO�PDUNHWV�� 7KHUH� LV� QR� SRVVLELOLW\� IRU� WUDGH� LQ�ZDWHU� EHWZHHQ�
UHJLRQV��QRU�LQWHUDFWLRQV�EHWZHHQ�FDWFKPHQWV��7KLV�LV�D�JRRG�DSSUR[LPDWLRQ�RI�UHDOLW\��DV�
WKH�RQO\�PDMRU� VKDUHG�FDWFKPHQW� LV� WKDW�RI� WKH�:DLWDNL�5LYHU� �EHWZHHQ�&DQWHUEXU\�DQG�
2WDJR���

0RGHO�FDOLEUDWLRQ��
7KH�PRGHO� LV� FXUUHQWO\�FDOLEUDWHG�XVLQJ�DQ�HQYLURQPHQWDO� DQG� VRFLDO� DFFRXQWLQJ�

PDWUL[��(6$0��IRU�WKH�\HDU�HQGLQJ�0DUFK�������WKH�FRQVWUXFWLRQ�RI�ZKLFK�LV�GHVFULEHG�LQ�
>��@��,Q�DGGLWLRQ��ZH�KDYH�XVHG�YDULRXV�DG�KRF�GDWD�DQG�DVVXPSWLRQV�WR�HVWLPDWH�LUULJDWLRQ�
VXSSO\�FRVWV��DQG�WR�VHSDUDWH� ODQG�UHQWV�� IURP�RWKHU�UHWXUQV�WR�PDQXIDFWXUHG�FDSLWDO�DQG�
LPSURYHPHQWV�� :H� KDYH� PDGH� RQO\� FUXGH� DVVXPSWLRQV� DERXW� WKH� FRQWULEXWLRQV� RI�
LUULJDWLRQ� ULJKWV� DQG� UDLQIDOO� WR� JURVV� ODQG� UHQWV�� 7KH� HODVWLFLWLHV� RI� VXEVWLWXWLRQ� DUH�
OLNHZLVH� EDVHG� RQ� W\SLFDO� YDOXHV� IRXQG� LQ� WKH� OLWHUDWXUH�� RU� RXU� RZQ� MXGJHPHQW��$OO� RI�
WKHVH�GDWD�DQG�SDUDPHWHUV� UHTXLUH� VXEVWDQWLDO� IXUWKHU�ZRUN�� ,W� LV�RXU� LQWHQWLRQ� WR�XSGDWH�
WKH� EHQFKPDUN� GDWDVHW� WR� ����� LQ� WKH� QHDU� IXWXUH�� ,Q� WKLV� SDSHU�ZH� DOVR� FRQGXFW� VRPH�
VHQVLWLYLW\�WHVWLQJ�LQ�UHODWLRQ�WR�VRPH�RI�WKH�PRUH�XQFHUWDLQ�GDWD�DQG�SDUDPHWHUV��

6RPH�NH\�EHQFKPDUN� �L�H�� ������YDOXHV� DQG� VWDWLVWLFV� DUH� VKRZQ� LQ�7DEOH��� IRU�
WKRVH� LQGXVWULHV� RQ� ZKLFK� ZH� IRFXV� LQ� WKLV� SDSHU� �L�H�� RPLWWLQJ� RWKHU� DJULFXOWXUH� DQG�
IRUHVWU\��� 6KHHS� DQG� EHHI� IDUPLQJ� �6KHHS�%HHI�� KDV� WKH� ODUJHVW� RXWSXW� DQG� E\� IDU� WKH�
ODUJHVW�ODQG�DUHD��+RZHYHU��D�VLJQLILFDQW�SURSRUWLRQ�RI�WKDW�DUHD�LV�DFFRXQWHG�IRU�E\�QDWLYH�
SDVWXUH�LQ�WKH�&DQWHUEXU\�IRRWKLOOV��7KH�GDLU\�VHFWRU�LV�VOLJKWO\�ODUJHU�WKDQ�WKH�KRUWLFXOWXUH�
DQG�YLWLFXOWXUH�FRPELQHG��+RUW�9LW���7KH�IUDFWLRQV�RI�ODQG�XQGHU�LUULJDWLRQ�DUH�KLJKHVW�IRU�
+RUW�9LW� DQG� ORZHVW� IRU� 6KHHS�%HHI�� +RZHYHU�� WKH� VKHHU� VL]H� RI� WKH� VKHHS�EHHI� VHFWRU�
PHDQV�WKDW�LW�LV�WKH�ODUJHVW�ZDWHU�XVHU�LQ�DEVROXWH�WHUPV��$W�SUHVHQW��ZH�XVH�WKH�SK\VLFDO�
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DFFRXQWLQJ�GDWD�PDLQO\�WR�GLVDJJUHJDWH�HFRQRPLF�GDWD�WR�VXEUHJLRQDO�OHYHOV��,W�VKRXOG�EH�
QRWHG� WKDW� WKH� µTXDQWLWLHV¶� RI� ODQG� XVHG� WR� FDOLEUDWH� SURGXFWLRQ� IXQFWLRQV� LQ� WKH� &*(�
PRGHO� DUH� LQ� IDFW� WKH� ODQG� UHQWV�� 7KLV� JUHDWO\� UHGXFHV� WKH� SUREOHPV� RI� DVVXPLQJ� D�
KRPRJHQRXV�µODQG¶�IDFWRU��VLQFH�WKH�YDOXHV�VKRXOG�LQFRUSRUDWH�GLIIHUHQFHV�LQ�WKH�SULPDU\�
SURGXFWLYLW\�RI� ODQG��)RU�H[DPSOH��RQH�DYHUDJH�KHFWDUH�RI�KRUWLFXOWXUDO� ODQG�LV�IDU�PRUH�
SURGXFWLYH�WKDQ�RQH�DYHUDJH�KHFWDUH�RI�VKHHS�DQG�EHHI�SDVWXUH��+RZHYHU��LI�ZH�FRQVLGHU�
WZR� DUHDV� ZLWK� WKH� VDPH� DQQXDO� UHQW�� WKHQ� DW� OHDVW� DW� WKH� PDUJLQV� DW� ZKLFK� ODQG� XVH�
FKDQJHV�PD\�RFFXU��VXFK�DUHDV�VKRXOG�EH�UHDVRQDEOH�VXEVWLWXWHV��

7DEOH���/DQG�DQG�ZDWHU�FRQVXPSWLRQ�GDWD�IRU�WKH�DJULFXOWXUDO�LQGXVWULHV�

� +RUW�9LW� 6KHHS�%HHI� 'DLU\�
6HFWRU�RXWSXW���P�� ���� ���� ����
/DQG�DUHD������KD�� ��� ����� ����
3HUFHQWDJH�RI�ODQG�LUULJDWHG� ���� ��� ����
:DWHU�XVHG�IRU�LUULJDWLRQ��HVW�����P��� ���� ����� �����
7RWDO�UHQWV�WR�GU\�ODQG���P�� ��� ��� ���
�

��� 0RGHO�UHVXOWV�DQG�GLVFXVVLRQ�
:H�DSSO\�WKH�&*(�PRGHO�WR�DQDO\VH�VFHQDULRV�LQYROYLQJ�VKRFNV�WR�LUULJDWLRQ�DQG�

UDLQIDOO���6FHQDULR��������UHGXFWLRQ�LQ�WKH�WRWDO�ZDWHU�DYDLODEOH�IRU�LUULJDWLRQ�LQ�QRUWK�DQG�
VRXWK�&DQWHUEXU\��DQG��6FHQDULR����WKH�VDPH�UHGXFWLRQ�FRQFRPLWDQW�ZLWK�����GHFUHDVH�LQ�
HIIHFWLYH�UDLQIDOO��,W�VKRXOG�EH�QRWHG�WKDW�WKHVH�VFHQDULRV�DUH�SXUHO\�K\SRWKHWLFDO��7KH\�DUH�
LQWHQGHG�WR�LOOXVWUDWH�LQ�D�JHQHUDO�ZD\�WKH�LPSDFWV�RI�FRQVWUDLQLQJ�LUULJDWLRQ�ZDWHU�VXSSO\�
UHODWLYH� WR�JURZLQJ� LUULJDWLRQ�GHPDQGV�� DQG�KRZ� VXFK� FRQVWUDLQWV�PLJKW� LQWHUDFW�ZLWK� D�
IXWXUH� GULHU� FOLPDWH�� ,W� VKRXOG� DOVR� EH� QRWHG� WKDW�ZH� DUH� DOUHDG\� DZDUH� WKDW�ZDJHV� DUH�
HVVHQWLDOO\� H[RJHQRXVO\� GHWHUPLQHG� �VHFWLRQ� ���� ZKHUHDV� RXU� VLPSOHU� DVVXPSWLRQ� RI� D�
IL[HG�ODERXU�IRUFH�DQG�YDULDEOH�ZDJH�UDWH�PD\�EXIIHU�WKH�LPSDFWV�RI�WKH�PRGHOOHG�VKRFNV�
FRQVLGHUDEO\��

:H� H[SHFW� WKDW� WKH� UHVXOWV� DUH� KLJKO\� FRQWLQJHQW� RQ� NH\� SDUDPHWHUV� DQG�
DVVXPSWLRQV�RI� WKH�PRGHO��PDQ\�RI�ZKLFK�DUH�FXUUHQWO\�KLJKO\�XQFHUWDLQ��:H� WKHUHIRUH�
SUHVHQW� NH\� UHVXOWV� IRU� WKUHH� YDULDWLRQV� RQ� WKH� ILUVW� VFHQDULR� WKDW� HPSOR\� GLIIHUHQW�
SDUDPHWHUV�DQG�DVVXPSWLRQV��
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��$�� ,QFUHDVH�LQ�WKH�HODVWLFLWLHV�RI�VXEVWLWXWLRQ�LQ�DJULFXOWXUH�
��%�� ,QFUHDVH�LQ�WKH�HODVWLFLWLHV�RI�WUDQVIRUPDWLRQ�RI�ODQG�EHWZHHQ�XVHV�
��&�� 'LVWLQJXLVK�RQO\� ODQG� DQG� LUULJDWLRQ�ZDWHU� LQSXWV� WR� DJULFXOWXUH�� WUHDWLQJ� UDLQIDOO�
VLPSO\�DV�SDUW�RI�WKH�ODQG�LQSXW��
1RWH� WKDW� LQ� 6FHQDULR� �&��ZH� XVH� WKH� VDPH� HODVWLFLW\� RI� VXEVWLWXWLRQ� EHWZHHQ� ODQG� DQG�
ZDWHU� LQ� WKH� DJULFXOWXUDO� SURGXFWLRQ� IXQFWLRQ�� +RZHYHU�� µZDWHU¶� LV� QRZ� RQO\� LUULJDWLRQ�
ZDWHU��DQG�VR�LWV�YDOXH�VKDUH�LQ�WKH�ODQG±ZDWHU�DJJUHJDWH�LV�VLJQLILFDQWO\�OHVV�WKDQ�LQ�WKH�
EDVH�VFHQDULR��

7DEOH���VKRZV�SHUFHQWDJH�FKDQJHV�LQ�NH\�HFRQRPLF�DJJUHJDWHV�IRU�DOO�VFHQDULRV��
8QGHU�6FHQDULR����WKHUH�LV�PLQLPDO�LPSDFW�RQ�JURVV�UHJLRQDO�SURGXFW��*53��LQ�HLWKHU�WKH�
PDLQ� VFHQDULR� RU� YDULDWLRQV� $±&�� ,Q� 6FHQDULR� ��� WKH� GHFUHDVH� LQ� *53� LV� DQ� RUGHU� RI�
PDJQLWXGH� ODUJHU�� EXW� VWLOO� OHVV� WKDQ� ������ 7KH� LPSDFWV� RQ� WKH� DJULFXOWXUDO� VHFWRUV� DUH�
DOPRVW� FRPSOHWHO\�PLWLJDWHG� E\� UHGXFWLRQV� LQ� WKH� UHODWLYH� SULFHV� RI� ODERXU� DQG� FDSLWDO�
�í����� WR�í�������DQG�FRQVHTXHQW� UHDOORFDWLRQ�RI� WKHVH� UHVRXUFHV� WR� VHFWRUV�RWKHU� WKDQ�
DJULFXOWXUH� DQG� IRRG�SURFHVVLQJ��7KLV� LV� FRQILUPHG� E\� WKH� VPDOO� LQFUHDVHV� RI� RXWSXW� RI�
WKHVH� �PXFK� ODUJHU�� VHFWRUV�� VKRZQ� LQ� 7DEOH� ��� 7KH� LPSDFWV� RQ� DJULFXOWXUH� DUH� PRUH�
VLJQLILFDQW�� ZLWK� GHFOLQHV� LQ� WKH� YDOXH� DGGHG� �L�H�� IDUP� JDWH� FRQWULEXWLRQ� WR� *53�� RI�
������� WR� ������� LQ� 6FHQDULR� ��� DQG� GHFOLQHV� LQ� WRWDO� DJULFXOWXUDO� ODERXU� RI� ������ WR�
�������

7DEOH���&KDQJHV�LQ�NH\�LQGLFDWRUV�ZLWK�UHVSHFW�WR�EHQFKPDUN�YDOXHV�����

6FHQDULR���� �� �$� �%� �&� ��
*URVV�UHJLRQDO�SURGXFW� ��í������ í������ í������ í������ í������
/DERXU�SULFH� ��í������ í������ í������ í������ í������
&DSLWDO�SULFH� ��í������ í������ í������ í������ í������
$JULFXOWXUDO�VHFWRU�YDOXH�DGGHG���í������ í������ í������ í������ í������
$JULFXOWXUDO�ODERXU��TXDQWLW\�� � í������ í������ í������ í������ í������

�
�
�
�
�
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7DEOH���3HUFHQWDJH�FKDQJHV�LQ�VHFWRU�RXWSXWV�

6FHQDULR�� �� �$� �%� �&� ��
+RUWLFXOWXUH�YLWLFXOWXUH� í����� í����� í����� í����� í�����
6KHHS�DQG�EHHI�IDUPLQJ�� í����� í����� í����� í����� í�����
'DLU\� í����� í����� í����� í����� í�����
2WKHU�DJULFXOWXUH� í����� ����� í����� í����� í�����
)RUHVWU\�DQG�ORJJLQJ� ����� ����� ����� ����� �����
0HDW�DQG�ZRRO�SURFHVVLQJ� í����� í����� í����� í����� í�����
'DLU\�SURFHVVLQJ� í����� í����� í����� í����� í�����
0DQXIDFWXULQJ� ����� ����� ����� ����� �����
7UDQVSRUW�DQG�GLVWULEXWLRQ� ����� ����� ����� ����� �����
6HUYLFHV� ����� ����� ����� ����� �����
�

,Q�6FHQDULRV��$�DQG��%�WKH�LPSDFWV�DUH�UHODWLYHO\�OHVV�WKDQ�LQ�WKH�EDVH�VFHQDULR�����
UHODWLYHO\�KLJK�HODVWLFLWLHV�RI�VXEVWLWXWLRQ� LQ�DJULFXOWXUH� ��$�� UHGXFH� WKH� LPSDFWV�RQ� WKLV�
VHFWRU� FRQVLGHUDEO\�� ZKLOH� GRXEOLQJ� WKH� HODVWLFLWLHV� RI� ODQG� WUDQVIRUPDWLRQ� ��%�� KDV� D�
VPDOOHU�HIIHFW��,Q�6FHQDULR��&��RPLWWLQJ�UDLQZDWHU�IURP�WKH�PRGHO�ZLWKRXW�LQFUHDVLQJ�WKH�
HODVWLFLW\� RI� VXEVWLWXWLRQ� EHWZHHQ� ODQG� DQG� ZDWHU� LQ� DJULFXOWXUDO� SURGXFWLRQ� HIIHFWLYHO\�
GHFUHDVHV�WKH�HODVWLFLW\�RI�VXEVWLWXWLRQ�EHWZHHQ�LUULJDWLRQ�ZDWHU�DQG�ODQG��&RQVHTXHQWO\��
WKH�LPSDFWV�DUH�JUHDWHU�WKDQ�LQ�WKH�EDVH�VFHQDULR��

:KLOH�LPSDFWV�RQ�*53�DQG�FDSLWDO�DQG�ODERXU�SULFHV�PD\�EH�YHU\�VPDOO��LPSDFWV�
RQ� WKH� DJULFXOWXUDO� VHFWRU� DQG� KHQFH� RQ� IDUP� KRXVHKROGV�� DQG� E\� H[WHQVLRQ�� UXUDO�
WRZQVKLSV�DQG�EXVLQHVVHV��DUH�ODUJHU��7KLV�LV�UHLQIRUFHG�ZKHQ�ZH�FRQVLGHU�WKH�SULFHV�DQG�
TXDQWLWLHV�RI�ODQG��7DEOH����DQG�LUULJDWLRQ�ZDWHU��7DEOH����IRU�HDFK�RI�WKH�WKUHH�ODQG�XVLQJ�
DFWLYLWLHV�GLVWLQJXLVKHG�LQ� WKLV�YHUVLRQ�RI�WKH�PRGHO�� ,Q�ERWK�WDEOHV��GLIIHUHQFHV�EHWZHHQ�
QRUWK�DQG�VRXWK�VXEUHJLRQV�DUH�UDWKHU�VPDOO��*UHDWHU�GLIIHUHQWLDWLRQ�PD\�EH�H[SHFWHG�RQFH�
PRUH�� VPDOOHU� VXEUHJLRQV� DUH� PRGHOOHG�� DQG� WKH� FRUUHVSRQGLQJ� SDUDPHWHU� YDOXHV� DUH�
UHILQHG�WR�UHIOHFW�DFWXDO�FOLPDWLF�DQG�RWKHU�GLIIHUHQFHV�EHWZHHQ�WKHP��

/DQG� PRYHV� PDLQO\� IURP� GDLU\� LQWR� VKHHS� DQG� EHHI� IDUPLQJ�� /DQG� XQGHU�
KRUWLFXOWXUH� DQG�YLWLFXOWXUH� LQFUHDVHV� VOLJKWO\�� EXW� LQ� DEVROXWH� WHUPV� WKLV� FKDQJH� LV� YHU\�
VPDOO��VLQFH�WKH�EHQFKPDUN�DUHD�LV�VPDOO��7DEOH�����6HFWRUDO�SULFH�LPSDFWV�DUH�ODUJHU�WKDQ�
WKH�TXDQWLW\�LPSDFWV��UHIOHFWLQJ�WKH�UHODWLYHO\�ORZ�HODVWLFLWLHV�RI�WUDQVIRUPDWLRQ�DVVXPHG��
7KLV� LV� FRQILUPHG�E\�FRPSDULVRQ�RI�6FHQDULR���ZLWK��%��7KH� LPSDFWV�RI� WKH� VKRFN�DUH�
PRUH� GLUHFWO\� PLWLJDWHG� E\� KLJKHU� HODVWLFLWLHV� RI� VXEVWLWXWLRQ� LQ� DJULFXOWXUDO� DFWLYLWLHV�
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��$���&RQYHUVHO\�� WKH� ORZHU� HIIHFWLYH� HODVWLFLW\� RI� VXEVWLWXWLRQ� RI� LUULJDWLRQ�ZDWHU�ZLWK�
ODQG���&��LQFUHDVHV�WKH�LPSDFWV��)RU�WKH�ODUJHU�VKRFN�XQGHU�6FHQDULR���� WKH�SDWWHUQV�DUH�
VLPLODU��EXW�WKH�LPSDFWV�PXFK�JUHDWHU��

�
7DEOH���&KDQJH�LQ�VHFWRUV¶�ODQG�LQSXW�TXDQWLWLHV�DQG�SULFHV�

� � 4XDQWLW\�FKDQJH����� 3ULFH�FKDQJH�����
� �

+RUW��
9LW�

6KHHS��
%HHI�

'DLU\� +RUW��
9LW�

6KHHS��
%HHI�

'DLU\�
1RUWK� ����� ����� í����� ����� ����� �������
6RXWK� ����� ����� í����� ����� ����� �����

�$� 1RUWK� ����� ����� í����� ����� ����� í�����
� 6RXWK� ����� ����� í����� ����� ����� í�����
�%� 1RUWK� ����� ����� í����� ����� ����� �����
� 6RXWK� ����� ����� í����� ����� ����� �����
�&� 1RUWK� ����� ����� í����� ����� ����� í�����
� 6RXWK� ����� ����� í����� ����� ����� í�����

1RUWK� ����� ����� í����� ������ ������ í�������
6RXWK� ����� ����� í����� ������ ������ í�����

�
�

7DEOH���&KDQJH�LQ�VHFWRUV¶�LUULJDWLRQ�LQSXW�TXDQWLWLHV�DQG�SULFHV�

� � 4XDQWLW\�FKDQJH����� 3ULFH�FKDQJH����
�
� �

+RUW��
9LW�

6KHHS��
%HHI��

'DLU\� +RUW��
9LW�

6KHHS��
%HHI��

'DLU\�
1RUWK� í����� í������ í������ ������ ������ ��������
6RXWK� í����� í������ í������ ����� ������ ������

�$� 1RUWK� í����� í������ í������ ����� ������ �����
� 6RXWK� í����� í������ í������ ����� ������ �����
�%� 1RUWK� í����� í������ í������ ����� ������ ������
� 6RXWK� í����� í������ í������ ����� ������ �����
�&� 1RUWK� í������ í������ í������ ������ ������ ������
� 6RXWK� í������ í������ í������ ������ ������ ������

1RUWK� í����� í������ í������ ������ ������ ��������
6RXWK� í����� í������ í������ ������ ������ ������


3ULFH� �FRVW�RI�LUULJDWLRQ�SOXV�VKDGRZ�YDOXH�RI�LUULJDWLRQ�ZDWHU�UHQW��LI�DQ\��
�
�
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%\� IDU� WKH� ODUJHVW� LPSDFWV� DUH�� TXLWH� UHDVRQDEO\�� RQ� WKH� �VKDGRZ�� SULFH� DQG�
VHFWRUDO� XVH� RI� LUULJDWLRQ�ZDWHU�� 7KH� SDWWHUQV� RI� FKDQJH� KHUH� GLIIHU� IURP� WKRVH� RI� ODQG�
SULFHV� DQG� XVH�� 7KH� SDUWLFXODUO\� ODUJH� SULFH� LPSDFW� IRU� VKHHS� DQG� EHHI� UHIOHFWV� WKH�
UHODWLYHO\�PXFK� ORZHU� YROXPHWULF� FRVWV� IRU� WKLV� VHFWRU� LQ� WKH� EHQFKPDUN��$OWKRXJK�ZH�
KDYH�QRW�YHULILHG�WKH�XQLW�FRVWV�GLUHFWO\��WKLV�FRXOG�EH�H[SOLFDEOH�E\�WKH�XVH�RI�PRUH�EDVLF�
IRUPV�RI�LUULJDWLRQ��H�J��ERUGHU�G\NH��DQG�D�UHODWLYHO\�KLJKHU�VKDUH�RI�VWRFN�ZDWHU�XVH�LQ�
WKLV� VHFWRU�� FRPSDUHG� ZLWK� WKH� GDLU\� IDUPLQJ� VHFWRU�� 7KH� KLJKHU� VKDUH� DQG� �DVVXPHG��
ORZHU� HODVWLFLW\� RI� VXEVWLWXWLRQ� RI� LUULJDWLRQ� IRU� UDLQZDWHU�� DQG� IRU� ODQG� LQ� WKH�
KRUWLFXOWXUH�YLWLFXOWXUH� VHFWRU�� PHDQV� WKDW� WKH� VHFWRU� LV� OHVV� UHVSRQVLYH� WR� WKH� SULFH�
LQFUHDVH�WKDQ�LV�WKH�GDLU\�VHFWRU��ZKLFK�ZH�HVWLPDWHG�WR�KDYH�VLPLODU�YROXPHWULF�LUULJDWLRQ�
FRVWV��,QFUHDVLQJ�WKH�IOH[LELOLW\�RI�ODQG�WUDQVIRUPDWLRQ���%��KDV�RQO\�D�YHU\�VOLJKW�HIIHFW�
RQ�VHFWRUDO� LUULJDWLRQ�SULFHV�DQG�XVH��EXW� WHQGV� WR�HTXDOLVH� WKH� UHODWLYH� LPSDFWV�EHWZHHQ�
VHFWRUV�� ,Q� 6FHQDULR� �&�� WKH� HIIHFW� RI� WKH� ORZHU� HODVWLFLW\� RI� VXEVWLWXWLRQ� IRU� LUULJDWLRQ�
ZDWHU� LV�FOHDUO\�DSSDUHQW��DV� WKH�UHVSRQVHV�DUH�VLJQLILFDQWO\� ODUJHU� IRU� WKLV�VFHQDULR� WKDQ�
DQ\� RWKHU�� 6XUSULVLQJO\�� FRPSDULVRQ� RI� 6FHQDULRV� �� DQG� �� VKRZV� UHODWLYHO\� OLWWOH�
LQWHUDFWLRQ�EHWZHHQ� UDLQIDOO� DQG� LUULJDWLRQ�� RQFH�RWKHU� DGMXVWPHQWV� �H�J�� VXEVWLWXWLRQV� LQ�
SURGXFWLRQ�� ODQG� XVH� FKDQJH�� UHGXFWLRQV� RI� RXWSXW�� DUH� DFFRXQWHG� IRU�� +RZHYHU�� LW� LV�
SRVVLEOH�WKDW�WKHUH�ZRXOG�EH�VLJQLILFDQW�LQWHUDFWLRQV�LI�VLJQLILFDQW�VXEUHJLRQDO�GLIIHUHQFHV�
LQ� UDLQIDOO� DQG� VHFWRUDO� GLIIHUHQFHV� RI� LWV� YDOXH� LQ� SURGXFWLRQ� ZHUH� DFFRXQWHG� IRU� �VHH�
SUHYLRXV�VHFWLRQ���

:LWK� D� µVWDQGDUG¶� FORVXUH� LQ� ZKLFK� FDSLWDO� DQG� ODERXU� VWRFNV� DUH� IL[HG�� QRQ�
DJULFXOWXUDO� VHFWRUV� EHQHILW� VOLJKWO\� IURP� UHGXFHG� SULFHV� RI� ODERXU� DQG� FDSLWDO�� DQG�
FRQVHTXHQWO\�� LPSDFWV� RQ�*53� DUH� PLQLPDO�� +RZHYHU�� ZH� EHOLHYH� WKDW� WKLV� UHVXOW� ZLOO�
FKDQJH� RQFH� ZH� LPSOHPHQW� D� PRUH� UHDOLVWLF� UHJLRQDO� FORVXUH�� LQYROYLQJ�� LQWHU� DOLD�� DQ�
H[RJHQRXVO\� IL[HG� UHDO� ZDJH� DQG� FOHDUDQFH� RI� WKH� UHJLRQDO� ODERXU� PDUNHW� E\� QHW�
PLJUDWLRQ��,PSOHPHQWLQJ�WKLV�FORVXUH�LV�PDGH�GLIILFXOW�E\�WKH�QXPHURXV�LQWHU�LQVWLWXWLRQDO�
ILQDQFLDO�IORZV�DQG�WUDQVIHUV�WKDW�VKRXOG�EH�DOLJQHG�ZLWK��LPSOLHG��FKDQJHV�LQ�SRSXODWLRQ�
DQG� GLIIHUHQW� VRXUFHV� RI� LQFRPH�� )XUWKHU� ZRUN� LV� UHTXLUHG� WR� GHYHORS� WKLV� FORVXUH�
DGHTXDWHO\�� 1HYHUWKHOHVV�� SUHOLPLQDU\� LQYHVWLJDWLRQV� VXJJHVW� WKDW� IRU� 6FHQDULR� ��� WKH�
ODERXU�IRUFH��DQG�ZH�DVVXPH�WKH�SRSXODWLRQ��PD\�GHFUHDVH�E\�DSSUR[LPDWHO\�������DQG�
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*53�E\�DSSUR[LPDWHO\��������7KH�DOWHUQDWLYH�FORVXUH�KDV�PLQRU�LPSDFWV�RQ�WKH�VHFWRUDO�
UHDOORFDWLRQV�RI�ODQG�DQG�PLQLPDO�LPSDFWV�RQ�WKH�VHFWRUDO�UHDOORFDWLRQV�RI�ZDWHU��

��� &RQFOXVLRQV�DQG�IXWXUH�ZRUN�
:H�KDYH�GHVFULEHG�WKH�LQLWLDO�VWUXFWXUH�RI�D�UHJLRQDO�&*(�PRGHO�IRU�&DQWHUEXU\��

IRFXVLQJ� RQ� WKH� DOORFDWLRQ� DQG� XVH� RI� ODQG� DQG� ZDWHU� LQ� DJULFXOWXUDO� SURGXFWLRQ��
3UHOLPLQDU\� VFHQDULRV� FRQFHUQLQJ� WKH� LQFUHDVLQJ� VFDUFLW\�RI�ZDWHU� IRU� LUULJDWLRQ� VXJJHVW�
WKDW�WKLV�ZRXOG�EH�OLNHO\�WR�LPSDFW�QHJDWLYHO\�RQ�GDLU\�IDUPLQJ��ZKLOVW�RWKHU�DJULFXOWXUDO�
VHFWRUV�ZRXOG�EHQHILW��HLWKHU�EHFDXVH� WKH\�DUH�PXFK�OHVV�GHSHQGHQW�RQ�LUULJDWLRQ��VKHHS�
DQG�EHHI���RU�GHULYH�PXFK�PRUH�YDOXH�SHU�OLWUH�RI�ZDWHU�XVHG��KRUWLFXOWXUH�DQG�YLWLFXOWXUH���
2XU�SUHOLPLQDU\�UHVXOWV�DUH�LQGLFDWLYH�RI�WKH�PRGHO¶V�FDSDELOLWLHV��EXW�PXVW�EH�WUHDWHG�ZLWK�
H[WUHPH� FDXWLRQ�� JLYHQ� WKH� OLPLWDWLRQV� RI� RXU� FXUUHQW� EHQFKPDUN� GDWD� VHW� DQG� HODVWLFLW\�
YDOXHV��DQG�WKH�LVVXH�RI�UHJLRQDO�FORVXUH��,Q�DGGLWLRQ�WR�FRPSOHWLQJ�WKH�GHYHORSPHQW�RI�D�
PRUH� UHDOLVWLF� FORVXUH� �RU� VHYHUDO� SODXVLEOH� YDULDQWV��� ZH� LQWHQG� WR� SULRULWLVH� WKH�
LPSURYHPHQW� RI� ODQG� DQG� ZDWHU� EHQFKPDUN� GDWD�� DQG� WKH� FRUUHVSRQGLQJ� HODVWLFLWLHV� RI�
VXEVWLWXWLRQ�LQ�SURGXFWLRQ��DV�ZHOO�DV�WKH�HODVWLFLWLHV�RI�ODQG�WUDQVIRUPDWLRQ�EHWZHHQ�XVHV��
)XUWKHU� FRQVLGHUDWLRQ� ZLOO� EH� JLYHQ� WR� WKH� EHQHILWV� DQG� SUDFWLFDOLW\� RI� GLVDJJUHJDWLQJ�
LUULJDWHG� IURP�XQLUULJDWHG�SURGXFWLRQ�DFWLYLWLHV��DQG�GLVWLQJXLVKLQJ�VHYHUDO�FDWHJRULHV�RI�
ODQG��H�J��DOOXYLDO�SODLQV�YHUVXV�KLOO�FRXQWU\���

%H\RQG�WKH�LPSURYHPHQWV�GHVFULEHG�DERYH��ZH�DOVR�LQWHQG�WR�H[WHQG�WKH�PRGHO�LQ�
VHYHUDO� GLUHFWLRQV�� 7KH� PRGHO� ZLOO� EH� H[WHQGHG� WR� GLVWLQJXLVK� ILYH� VXEUHJLRQV� ZLWKLQ�
&DQWHUEXU\��SURYLGLQJ�PRUH�XVHIXO�GHWDLO� IRU� ORFDO�SROLF\PDNHUV��2WKHU�H[WHQVLRQV�PD\�
LQFOXGH��
•� 0RUH�GHWDLOHG�WUHDWPHQW�RI�LUULJDWLRQ�VXSSO\��SRVVLEO\�LQFOXGLQJ�PDMRU�ZDWHU�VWRUDJH�
•� 1RQ�DJULFXOWXUDO�FRQVXPSWLYH�ZDWHU�XVHV�
•� 1RQ�FRQVXPSWLYH�XVHV�RI�ZDWHU��SDUWLFXODUO\�IRU�UHFUHDWLRQ�DQG�WRXULVP��
�
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��� 5HIHUHQFHV��
>�@� 0LQLVWU\�IRU�WKH�(QYLURQPHQW��DQG�0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\��7HVWLQJ�

WKH�ZDWHU��5HSRUW�RQ�WKH�VXVWDLQDEOH�ZDWHU�SURJUDPPH�RI�DFWLRQ�ZULWWHQ�
VXEPLVVLRQV��0LQLVWU\�IRU�WKH�(QYLURQPHQW��:HOOLQJWRQ��1HZ�=HDODQG��������

>�@� (QYLURQPHQW�&DQWHUEXU\��1R�PRUH�HDV\�ZDWHU��3UHVV�5HOHDVH��&KULVWFKXUFK��1HZ�
=HDODQG��������

>�@� (QYLURQPHQW�&DQWHUEXU\��*URXQGZDWHU�DOORFDWLRQ�PDS���(QYLURQPHQW�&DQWHUEXU\��
������

>�@� /��2¶'RQQHOO��&DQWHUEXU\��LWV�SHRSOH��LWV�UHVRXUFHV�&OLPDWH�&KDQJH�$Q�DQDO\VLV�RI�
WKH�SROLF\�FRQVLGHUDWLRQV�IRU�FOLPDWH�FKDQJH�IRU�WKH�5HYLHZ�RI�WKH�&DQWHUEXU\�
5HJLRQDO�3ROLF\�6WDWHPHQW��(QYLURQPHQW�&DQWHUEXU\��&KULVWFKXUFK��1HZ�=HDODQG��
������

>�@� /LQFROQ�(QYLURQPHQWDO��&DQWHUEXU\�VWUDWHJLF�ZDWHU�VWXG\��3UHSDUHG�IRU�WKH�
0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\��(QYLURQPHQW�&DQWHUEXU\�DQG�0LQLVWU\�IRU�
WKH�(QYLURQPHQW��������

>�@� 0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\��7KH�HFRQRPLF�YDOXH�RI�LUULJDWLRQ�LQ�1HZ�
=HDODQG��������

>�@� $��*ULPHV��DQG�$��$LWNHQ��:DWHU��ZDWHU�VRPHZKHUH��WKH�YDOXH�RI�ZDWHU�LQ�D�
GURXJKW�SURQH�IDUPLQJ�UHJLRQ��0RWX�(FRQRPLF�DQG�3XEOLF�3ROLF\�5HVHDUFK��
:HOOLQJWRQ��1HZ�=HDODQG��������

>�@� 6��)RUG��(FRQRPLF�DQG�VRFLDO�DVVHVVPHQW�RI�FRPPXQLW\�LUULJDWLRQ�SURMHFWV��
0LQLVWU\�RI�)RUHVWU\�DQG�$JULFXOWXUH��:HOOLQJWRQ��1HZ�=HDODQG��������

>�@� 6��+DUULV��*��%XWFKHU��DQG�:��6PLWK��7KH�2SXKD�GDP��DQ�H[�SRVW�VWXG\�RI�LWV�
LPSDFWV�RQ�WKH�SURYLQFLDO�HFRQRP\�DQG�FRPPXQLW\��$RUDNL�'HYHORSPHQW�7UXVW��
������

>��@� 3��%HUFN��6��5RELQVRQ��DQG�*��*ROGPDQ��7KH�XVH�RI�FRPSXWDEOH�JHQHUDO�
HTXLOLEULXP�PRGHOV�WR�DVVHVV�ZDWHU�SROLFLHV��LQ��$��'LQDU��DQG�'��=LOEHUPDQ��
�(GV����7KH�HFRQRPLFV�DQG�PDQDJHPHQW�RI�ZDWHU�DQG�GUDLQDJH�LQ�DJULFXOWXUH��
.OXZHU�$FDGHPLF�3XEOLVKLQJ��1RUZHOO��0$��������SS�����������

>��@� 3�%��'L[RQ��$�JHQHUDO�HTXLOLEULXP�DSSURDFK�WR�SXEOLF�XWLOLW\�SULFLQJ��GHWHUPLQLQJ�
SULFHV�IRU�D�ZDWHU�DXWKRULW\��-RXUQDO�RI�3ROLF\�0RGHOLQJ��������������������
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>��@� 3�%��'L[RQ��6�<��6FKUHLGHU��DQG�*��:LWWZHU��(QFDSVXODWLRQ�RI�ZDWHU�DOORFDWLRQ�
LQWR�D�JHQHUDO�HTXLOLEULXP�PRGHO��02'6,0���,QWHUQDWLRQDO�&RQJUHVV�RQ�
0RGHOOLQJ�DQG�6LPXODWLRQ��0RGHOOLQJ�DQG�6LPXODWLRQ�6RFLHW\�RI�$XVWUDOLD�	�1HZ�
=HDODQG��������SS������������

>��@� %��'HFDODXZp��$��3DWU\��DQG�/��6DYDUG��4XDQG�O
HDX�Q
HVW�SOXV�XQ�GRQ�GX�FLHO��8Q�
0(*&�DSSOLTXp�DX�0DURF���'pSDUWHPHQW�G
pFRQRPLTXH��8QLYHUVLWp�GH�/DYDO��
&DQDGD��������

>��@� 7��5RH��$��'LQDU��<��7VXU��DQG�;��'LDR��)HHGEDFN�OLQNV�EHWZHHQ�HFRQRP\�ZLGH�
DQG�IDUP�OHYHO�SROLFLHV��:LWK�DSSOLFDWLRQ�WR�LUULJDWLRQ�ZDWHU�PDQDJHPHQW�LQ�
0RURFFR��-RXUQDO�RI�3ROLF\�0RGHOLQJ��������������������

>��@� :��6FKZDUP��DQG�+��&XWOHU��%XLOGLQJ�VPDOO�FLW\�DQG�WRZQ�6$0V�DQG�&*(�
PRGHOV�UHYLVLWHG��LQ��0��'RL���(G����&RPSXWDEOH�JHQHUDO�HTXLOLEULXP�DSSURDFKHV�
LQ�XUEDQ�DQG�UHJLRQDO�SROLF\�VWXGLHV��:RUOG�6FLHQWLILF�3XEOLVKLQJ�&R���
+DFNHQVDFN��1-��������

>��@� '�-��*RRGPDQ��0RUH�UHVHUYRLUV�RU�WUDQVIHUV"�$�FRPSXWDEOH�JHQHUDO�HTXLOLEULXP�
DQDO\VLV�RI�SURMHFWHG�ZDWHU�VKRUWDJHV�LQ�WKH�$UNDQVDV�ULYHU�EDVLQ��-RXUQDO�RI�
$JULFXOWXUDO�DQG�5HVRXUFHV�(FRQRPLFV��������������������

>��@� &�.��6HXQJ��7�5��+DUULV��-�(��(QJOLQ��DQG�1�5��1HWXVLO��,PSDFWV�RI�ZDWHU�
UHDOORFDWLRQ��$�FRPELQHG�FRPSXWDEOH�JHQHUDO�HTXLOLEULXP�DQG�UHFUHDWLRQ�GHPDQG�
PRGHO�DSSURDFK��7KH�$QQDOV�RI�5HJLRQDO�6FLHQFH��������������������

>��@� &�0��*yPH]��'��7LUDGR��DQG�5��5H\�0DTXLHLUD��:DWHU�H[FKDQJHV�YHUVXV�ZDWHU�
ZRUNV��LQVLJKWV�IURP�D�FRPSXWDEOH�JHQHUDO�HTXLOLEULXP�PRGHO�RI�WKH�%DOHDULF�
,VODQGV��:DWHU�5HVRXUFHV�5HVHDUFK�����������:�������

>��@� '��7LUDGR��&�0��*yPH]��DQG�-��/R]DQR��(IILFLHQF\�LPSURYHPHQWV�DQG�ZDWHU�
SROLF\�LQ�WKH�%DOHDULF�,VODQGV��D�JHQHUDO�HTXLOLEULXP�DSSURDFK��,QYHVWLJDFLRQHV�
(FRQyPLFDV��������������������

>��@� (��9HOD]TXH]��:DWHU�SULFH�DQG�ZDWHU�UHDOORFDWLRQ�LQ�$QGDOXFLD�D�FRPSXWDEOH�
JHQHUDO�HTXLOLEULXP�DSSURDFK��8QLYHUVLGDG�3DEOR�GH�2ODYLGH��6HYLOOH��6SDLQ��
������
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>��@� $��6PDMJO��4XDQWLWDWLYH�HYDOXDWLRQ�RI�ZDWHU�XVH�EHQHILWV���DQ�LQWHJUDWLYH�
PRGHOOLQJ�DSSURDFK�IRU�WKH�*UHDW�%DUULHU�5HHI�UHJLRQ��-RXUQDO�RI�1DWXUDO�
5HVRXUFH�0RGHOOLQJ��LQ�SUHVV���

>��@� $��5RVH��DQG�6��/LDR��0RGHOLQJ�5HJLRQDO�(FRQRPLF�5HVLOLHQFH�WR�'LVDVWHUV��$�
&RPSXWDEOH�*HQHUDO�(TXLOLEULXP�$QDO\VLV�RI�:DWHU�6HUYLFH�'LVUXSWLRQV��-RXUQDO�
RI�5HJLRQDO�6FLHQFH�������������������

>��@� $��*ULPHV��'�&��0DUp��DQG�0��0RUWHQ��$GMXVWPHQW�LQ�/RFDO�/DERXU�DQG�+RXVLQJ�
0DUNHWV��0RWX�(FRQRPLF�DQG�3XEOLF�3ROLF\�5HVHDUFK��:HOOLQJWRQ��1HZ�=HDODQG��
������

>��@� 7�:��+HUWHO��6��5RVH��DQG�5�6�-��7RO��/DQG�XVH�LQ�FRPSXWDEOH�JHQHUDO�HTXLOLEULXP�
PRGHOV��DQ�RYHUYLHZ��3XUGXH�8QLYHUVLW\��������

>��@� -��/HQQR[��DQG�6��.��9DUJKHVH��)URP�LQSXW�RXWSXW�WR�FRPSXWDEOH�JHQHUDO�
HTXLOLEULXP�PRGHOOLQJ�RI�ZDWHU�XVH�LQ�WKH�&DQWHUEXU\�UHJLRQ��,QWHUQDWLRQDO�,QSXW�
2XWSXW�&RQIHUHQFH��,VWDQEXO��������
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