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FXUUHQW�V\VWHPV�RI�DOORFDWLRQ�±�HVVHQWLDOO\��ILUVW�FRPH��ILUVW�VHUYHG�±�UHIOHFW�WKLV��0LQLVWU\�
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JURZWK��SDUWLFXODUO\�RI�LUULJDWHG�DJULFXOWXUH�DQG�K\GURHOHFWULFLW\�JHQHUDWLRQ��KDYH�OHG�WR�
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DQG�EHQHILWV�RI�WKHLU�GHFLVLRQV�LQ�UHODWLRQ�WR�ZDWHU�DOORFDWLRQ��WKH�HFRQRPLF�SRWHQWLDO�RI�
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HFRQRPLF�GULYHUV��WKH�HIIHFWV�RI�FOLPDWH�FKDQJH��QHZ�ZDWHU�VXSSO\�LQIUDVWUXFWXUH��RU�WKH�
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UHODWLYHO\�VLPSOH�&*(�PRGHO��7KH�ODWWHU�ZLOO�VHUYH�DV�WKH�EDVLV�IRU�GHYHORSPHQW�RI�PRUH�
VRSKLVWLFDWHG�YHUVLRQV�RI�WKH�PRGHO��WDLORUHG�WR�VSHFLILF�SROLF\�TXHVWLRQV���7KH�FRQVWUXFWLRQ�
RI�DQ�(6$0�DW�WKH�UHJLRQDO�OHYHO�LV�RIWHQ�GLIILFXOW�EHFDXVH�RI�D�ODFN�RI�GDWD��DQG�WKLV�LV�
FHUWDLQO\�WKH�FDVH�LQ�1HZ�=HDODQG��)RU�WKLV�UHDVRQ��ZH�GHVFULEH�WKH�VRXUFHV�RI�GDWD�DQG�
DVVXPSWLRQV�LQ�VRPH�GHWDLO��:H�DOVR�GLVFXVV�VRPH�RI�WKH�VSHFLILF�LVVXHV�WKDW�DUH�IDFHG�LQ�
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�����ZDV����������������RI�WKH�1HZ�=HDODQG�WRWDO��7KH�UHJLRQ�KDV�RQH�FLW\��&KULVWFKXUFK��
ZLWK�D�SRSXODWLRQ�RI����������7KH�UHJLRQ¶V�FOLPDWH�LV�WHPSHUDWH��ZLWK�����PP�DYHUDJH�
DQQXDO�UDLQIDOO�LQ�&KULVWFKXUFK������PP�LQ�.DLNRXUD��LQ�WKH�QRUWK���DQG�RQO\�����PP�LQ�
7LPDUX��LQ�WKH�VRXWK���,Q�FRQWUDVW��WKH�IRRWKLOOV�DQG�PDLQ�GLYLGLQJ�UDQJHV�RQ�WKH�UHJLRQ¶V�
ZHVWHUQ�ERUGHU�UHFHLYH�IDU�PRUH�SUHFLSLWDWLRQ��RIWHQ�DV�VQRZ���ZKLFK�IHHGV�WKH�PDQ\�
EUDLGHG�ULYHU�V\VWHPV�WKDW�IORZ�HDVWZDUG�DFURVV�WKH�FRDVWDO�SODLQV��9DULDELOLW\�RI�
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ZDWHU��QHHGV��7KHUH�DUH�FRQWLQXLQJ�SUHVVXUHV�WR�LQFUHDVH�ERWK�K\GURHOHFWULF�JHQHUDWLRQ�DQG�
ZDWHU�VXSSO\�VWRUDJH�DQG�GLYHUVLRQ�LQ�WKH�UHJLRQ��$OWKRXJK�WKLV�SDSHU�IRFXVHV�RQ�H[WUDFWLYH�
ZDWHU�XVHV��LPSDFWV�RI�ZDWHU�VWRUDJH�DQG�GLYHUVLRQ�V\VWHPV�VKRXOG�QRW�EH�IRUJRWWHQ��7KHVH�
DUH�PDLQO\�DVVRFLDWHG�ZLWK�DOWHUHG�VWUHDP�IORZV��H�J��LPSDFWV�RQ�ULSDULDQ�ELRGLYHUVLW\�DQG�
HFRV\VWHP�VHUYLFHV��DQG�DUWLILFLDO�UHVHUYRLUV�RU�ODNH�OHYHOV��H�J��UHFUHDWLRQDO�DQG�DHVWKHWLF�
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YDOXHV�IURP�LQ�VWUHDP�DQG�RWKHU�QRQ�FRQVXPSWLYH�XVHV��6KDUS�HW�DO���������DQG�DOVR�KDYH�
VLJQLILFDQW�RSWLRQ�DQG�H[LVWHQFH�YDOXHV��6KDUS�	�.HUU���������7KHVH�YDOXHV�PD\�EH�
WKUHDWHQHG�E\�FKDQJHV�WR�VWUHDP�IORZV�DQG�ODNH�OHYHOV��ZDWHU�SROOXWLRQ��DQG�FRQVHTXHQW�
LPSDFWV�RQ�DTXDWLF�DQG�ULSDULDQ�HFRV\VWHPV��)URP�DQ�HFRQRPLF�SHUVSHFWLYH��QRQ�
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VRPH�FDVHV�DOVR�SROOXWLRQ�DW�ERWK�QDWLRQDO�DQG�VXE�QDWLRQDO�VFDOHV��6HPLQDO�ZRUNV�LQFOXGH�
+LWH�DQG�/DXUHQW¶V��������VWXG\�RI�HFRORJLFDO�OLQNDJHV��LQFOXGLQJ�ZDWHU��LQ�D�FRDVWDO�UHJLRQ�
RI�&DOLIRUQLD�DQG�/RIWLQJ�DQG�'DYLV¶��������PXOWLUHJLRQDO�VWXG\�RI�ZDWHU�UHVRXUFHV�LQ�
&DOLIRUQLD��$�UHVXUJHQFH�RI�LQWHUHVW�LQ�(,2�DQDO\VLV�LQ�WKH�����V�KDV�VHHQ�PDQ\�PRUH�
DSSOLFDWLRQV�WR�ZDWHU�UHVRXUFHV��H�J��'LHW]HQEDFKHU�	�9HOi]TXH]��������'XDUWH�HW�DO���������
+DVVDQ��������/HQQR[�	�$QGUHZ��������������/HQ]HQ�	�)RUDQ��������9HOD]TXH]��������
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0RVW�FRPPRQO\��,2�WHFKQLTXHV�KDYH�EHHQ�XVHG�IRU�H[�SRVW�DQDO\VLV��HLWKHU�RI�HFRQRPLF�
VWUXFWXUHV�DQG�ZDWHU�XVH�DW�D�SRLQW�LQ�WLPH��RU�RI�WKHLU�FKDQJH�EHWZHHQ�WZR�SRLQWV�LQ�WLPH���
,2�WHFKQLTXHV�DUH�OHVV�VXLWHG�WR�H[�DQWH�DQDO\VLV�RI�HLWKHU�K\GURORJLFDO�RU�SROLF\�FRQVWUDLQWV�
RQ�ZDWHU�UHVRXUFHV�DQG�WKHLU�XVH��7KH�/HRQWLHI�SURGXFWLRQ�IXQFWLRQV�RI�HFRQRPLF�DQG�
UHVRXUFH�LQSXWV�XVHG�LQ�(,2�PRGHOV�GR�QRW�DOORZ�IRU�VXEVWLWXWLRQ�RI�RWKHU�LQSXWV�DV�ZDWHU�
EHFRPHV�VFDUFH��,QVWHDG��DQ\�DGMXVWPHQWV�PXVW�RFFXU�YLD�FKDQJHV�LQ�ILQDO�GHPDQGV��1R�
DXWRPDWLF�PHFKDQLVP�IRU�VXFK�DQ�DGMXVWPHQW�LV�LQKHUHQW�ZLWKLQ�DQ�(,2�PRGHO��DOWKRXJK�
WKLV�FDQ�EH�DFKLHYHG�ZLWKLQ�D�PRUH�JHQHUDO�OLQHDU�SURJUDPPLQJ�IUDPHZRUN��WHQ�5DD���������
IRU�LQVWDQFH�E\�FKDQJLQJ�H[SRUWV�WR�PD[LPLVH�*'3��JLYHQ�ZDWHU�UHVRXUFH�DQG�RWKHU�
FRQVWUDLQWV��+RZHYHU��WKLV�GRHV�WHQG�WR�JHQHUDWH�UDWKHU�H[WUHPH�VROXWLRQV�GXH�WR�WKH�
OLQHDULW\�RI�WKH�SURGXFWLRQ�V\VWHP�DQG�WKH�RQ�RII�QDWXUH�RI�WKH�LQHTXDOLW\�FRQVWUDLQWV��7KHUH�
DUH�DQDORJRXV�GLIILFXOWLHV�ZLWK�WKH�/HRQWLHI�GXDO�SULFH�PRGHO��5HJLRQDO�VFDUFLW\�RI�ZDWHU�LV�
XQOLNHO\�WR�JHQHUDWH�D�VLPSOH�FRVW�SXVK�HIIHFW��HVSHFLDOO\�ZKHQ�WKH�ZDWHU�LV�PDLQO\�XVHG�LQ�
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$QRWKHU�OLPLWDWLRQ�RI�(,2�PXOWLSOLHUV�LV�WKDW�WKH\�GR�QRW�FDSWXUH�IHHGEDFNV�IURP�KRXVHKROG�
LQFRPH�DQG�H[SHQGLWXUH�RI�FKDQJHV�LQ�DQ�H[RJHQRXV�DFFRXQW��W\SLFDOO\�H[SRUWV���7KHVH�
HIIHFWV�FDQ�EH�FDSWXUHG�LQ�DFFRXQWLQJ�PXOWLSOLHUV�GHULYHG�IURP�DQ�HQYLURQPHQWDOO\�H[WHQGHG�
VRFLDO�DFFRXQWLQJ�PDWUL[��(6$0����H�J��/HQ]HQ�	�6FKDHIIHU��������0RULOOD�HW�DO���������
5HVRVXGDUPR�	�7KRUEHFNH��������;LH���������:LWK�WKH�DGGLWLRQ�RI�LQIRUPDWLRQ�RQ�LQFRPH�
HODVWLFLWLHV��PRUH�UHDOLVWLF�µPDUJLQDO¶�IL[HG�SULFH�PXOWLSOLHUV�FDQ�EH�FDOFXODWHG��.KDQ��
�������0RVW�RWKHU�OLPLWDWLRQV�RI�(,2�PXOWLSOLHUV��H�J��/HRQWLHI�SURGXFWLRQ�IXQFWLRQV��DUH�
VKDUHG��:KLOH�(6$0�PXOWLSOLHUV�DUH�QRZ�EHFRPLQJ�PRUH�ZLGHO\�XVHG��ZH�DUH�DZDUH�RI�
RQO\�RQH�SXEOLVKHG�DSSOLFDWLRQ�WR�ZDWHU�UHVRXUFHV��0RULOOD�HW�DO����������
�
(,2�RU�(6$0�DFFRXQWLQJ�PXOWLSOLHUV�SURYLGH�YDOXDEOH�GHVFULSWLYH�LQIRUPDWLRQ�LQ�UHODWLRQ�
WR�WKH�HFRQRPLF�GULYHUV�RI�ZDWHU�XVH��RU�FRQYHUVHO\��WKH�LPSRUWDQFH�RI�ZDWHU�LQ�UHJLRQDO�RU�
QDWLRQDO�HFRQRPLHV��+RZHYHU��WKH\�KDYH�OLPLWHG�SRWHQWLDO�LQ�WKH�DQDO\VLV�RI�SROLF\�RU�
H[RJHQRXV�FKDQJHV��HVSHFLDOO\�ZKHQ�WKHVH�KDYH�WKHLU�SUHGRPLQDQW�GLUHFW�LPSDFWV�RQ�WKH�
VXSSO\�VLGH��,Q�PDQ\�DUHDV��DYDLODELOLW\�RI�ZDWHU�IRU�H[WUDFWLYH�XVHV�LV�WKUHDWHQHG�E\�FOLPDWH�
FKDQJH�DQG�LQFUHDVLQJ�HPSKDVLV�RQ�PDLQWDLQLQJ�HQYLURQPHQWDO�IORZV��H�J��WR�PDLQWDLQ�
ELRGLYHUVLW\�DQG�SURYLGH�IRU�LQ�VWUHDP�UHFUHDWLRQDO�XVHV���3ROLF\�PDNHUV�DUH�LQFUHDVLQJO\�
WXUQLQJ�WR�HFRQRPLF�LQVWUXPHQWV��DQG�SDUWLFXODUO\�PDUNHW�EDVHG�LQVWUXPHQWV��LQ�WKHLU�VHDUFK�
IRU�ZD\V�WR�UHFRQFLOH�RIWHQ�LQFUHDVLQJ�DQG�FRPSHWLQJ�GHPDQGV�RQ�WKHVH�VFDUFH�UHVRXUFHV��
7KHVH�LVVXHV�FDQ�EH�VWXGLHG�PRUH�HDVLO\�ZLWKLQ�D�SDUWLDO�RU�JHQHUDO�HTXLOLEULXP�IUDPHZRUN���
�
7KHUH�LV�QRZ�D�VLJQLILFDQW�ERG\�RI�OLWHUDWXUH�LQ�ZKLFK�&*(�PRGHOV�DUH�XVHG�WR�DQDO\VH�
ZDWHU�UHVRXUFH�LVVXHV�DQG�SROLFLHV��(DUOLHU�FRQWULEXWLRQV�LQFOXGH�%HUFN�HW�DO����������ZKR�
XVHG�D�UHJLRQDO�&*(�PRGHO�WR�VWXG\�UHGXFWLRQV�LQ�ZDWHU�XVH�DV�DQ�HIILFLHQW�VROXWLRQ�WR�
GUDLQDJH�SUREOHPV�LQ�WKH�6DQ�-RDTXLQ�9DOOH\��&DOLIRUQLD��DQG�'L[RQ���������ZKR�XVHG�D�
&*(�PRGHO�WR�VWXG\�SXEOLF�XWLOLW\�SULFLQJ�RI�ZDWHU�LQ�$XVWUDOLD��$�SDUWLFXODU�FKDOOHQJH�LQ�
DSSO\LQJ�&*(�WR�DQDO\VLV�RI�ZDWHU�UHVRXUFH�LVVXHV�LV�WKDW�LW�LV�RIWHQ�LPSRUWDQW�WR�UHSUHVHQW�DW�
OHDVW�WKH�VW\OLVHG�IDFWV�RI�XVXDOO\�FRPSOH[��LQWHUFRQQHFWHG�K\GURORJLFDO�V\VWHPV��H�J��'L[RQ�
HW�DO�����������$�FODVVLF�H[DPSOH�RI�WKLV�LV�WKH�&*(�PRGHO�RI�0RURFFR�RI�'HFDODXZp�HW�DO��
��������ZKLFK�LQFOXGHV�VSHFLILF�SURGXFWLRQ�IXQFWLRQV�IRU�ZDWHU�IURP�ERWK�VWRUDJH�VRXUFHV�
DQG�UDLQIDOO���
�
$QRWKHU�IHDWXUH�GLVWLQJXLVKLQJ�WKH�OLWHUDWXUH�RQ�&*(�DSSOLFDWLRQV�WR�ZDWHU�LVVXHV��LV�LWV�
UHJLRQDO�IRFXV��PXOWLUHJLRQDO�PRGHOV��'L[RQ�HW�DO���������5RH�HW�DO���������RU�VLQJOH�UHJLRQ�
VXE�QDWLRQDO�PRGHOV��VHH�EHORZ��GRPLQDWH��7KLV�GRXEWOHVV�UHIOHFWV�WKH�IDFW�WKDW�LQ�PRVW�
FRXQWULHV��ERWK�WKH�ZDWHU�UHVRXUFHV�WKHPVHOYHV�DQG�WKH�HQVXLQJ�LVVXHV�YDU\�FRQVLGHUDEO\�
EHWZHHQ�UHJLRQV��$FFRUGLQJO\��ZDWHU�SROLFLHV�DQG�SXEOLF�LQYHVWPHQWV�DUH�DOVR�GHWHUPLQHG�DW�
D�UHJLRQDO�RU�FDWFKPHQW�OHYHO�LQ�PDQ\�FRXQWULHV��6LQJOH�UHJLRQ�PRGHOV�DOVR�EXLOG�RQ�D�
EURDGHU�WUHQG�WRZDUGV�&*(�DSSOLFDWLRQV�DW�VXE�QDWLRQDO�VFDOHV�±�HYHQ�GRZQ�WR�WKH�FLW\�VFDOH�
�6FKZDUP�	�&XWOHU����������
�������������������������������������������������
��µ(6$0¶�LV�XVHG�E\�;LH��ZKLOH�µ6$0($¶�LV�XVHG�E\�0RULOOD�HW�DO��,Q�WKLV�SDSHU�ZH�XVH�WKH�IRUPHU��
��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��



�
7KHUH�DUH�D�VLJQLILFDQW�QXPEHU�RI�UHFHQWO\�SXEOLVKHG�VWXGLHV�LQ�ZKLFK�UHJLRQDO�&*(�PRGHOV�
KDYH�EHHQ�XVHG�WR�DQDO\VH�ZDWHU�UHVRXUFH�LVVXHV��LQFOXGLQJ�KHUH�LVVXHV�RI�ERWK�ZDWHU�
TXDQWLW\�DQG�TXDOLW\���*RRGPDQ��������VWXG\�WKH�UHODWLYH�EHQHILWV�RI�XUEDQ�UXUDO�ZDWHU�
WUDQVIHUV�WR�LQFUHDVHG�VWRUDJH�LQ�WKH�$UNDQVDV�ULYHU�EDVLQ��&RORUDGR��6HXQJ�HW�DO���������XVH�
D�G\QDPLF�UHJLRQDO�&*(�PRGHO��ZKLFK�LQFOXGHV�UHFUHDWLRQDO�GHPDQG�IRU�ZHWODQGV��WR�VWXG\�
WKH�LPSDFWV�RI�ZDWHU�UHDOORFDWLRQ�LQ�&KXUFKLOO�&RXQW\��1HYDGD��*RPH]�HW�DO���������VKRZ�
WKDW�VDOH�RI�UXUDO�ZDWHU�ULJKWV�WR�XUEDQ�XVHUV�PD\�EH�SUHIHUDEOH�WR�EXLOGLQJ�QHZ�VXSSO\�
LQIUDVWUXFWXUH�LQ�WKH�%DOHDULF�,VODQGV��ZKLOH�7LUDGR�HW�DO���������VKRZ�WKDW�LPSURYLQJ�
WHFKQLFDO�HIILFLHQF\�RI�ZDWHU�XVH�LQ�WRXULVP�PD\�QRW�DFWXDOO\�UHGXFH�SUHVVXUHV�RQ�ZDWHU�
V\VWHPV��9HOi]TXH]�HW�DO���������VKRZ�WKDW�LQWURGXFLQJ�D�ZDWHU�WDULII�LQ�$QGDOXVLD�FRXOG�
UHVXOW�LQ�VLJQLILFDQWO\�JUHDWHU�HFRQRPLF�HIILFLHQF\��EXW�OLPLWHG�ZDWHU�VDYLQJV��6PDMJO��LQ�
SUHVV��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���
�
,Q�WKLV�SDSHU�ZH�GHVFULEH�WKH�GHYHORSPHQW�RI�DQ�(6$0�IRU�&DQWHUEXU\��1HZ�=HDODQG��7KH�
UHJLRQDO�6$0�LV�H[WHQGHG�ZLWK�ODQG�DFFRXQWV�IRU�WKH�XVH�RI�LUULJDWHG�DQG�XQLUULJDWHG�ODQG�
E\�DJULFXOWXUDO�DQG�IRUHVWU\�DFWLYLWLHV��DV�ZHOO�DV�ZDWHU�DFFRXQWV�IRU�WKH�XVH�RI�ZDWHU�E\�
RWKHU�SURGXFWLYH�DFWLYLWLHV�DQG�E\�KRXVHKROGV��&RQVWUXFWLRQ�RI�WKH�(6$0�LV�PRWLYDWHG�E\�
WKH�QHHG�WR�GHYHORS�D�VXLWDEOH�FDOLEUDWLRQ�GDWDEDVH�IRU�D�UHJLRQDO�&*(�PRGHO��ZKLFK�ZLOO�
LQLWLDOO\�IRFXV�RQ�ODQG�DQG�ZDWHU�XVH�LQ�DJULFXOWXUH�DQG�IRUHVWU\��+HQFH�ZH�DOVR�GHVFULEH�
UHOHYDQW�DWWULEXWHV�RI�VXFK�D�PRGHO�DQG�GLVFXVV�LWV�LPSOLFDWLRQV�IRU�FRQVWUXFWLRQ�RI�WKH�
(6$0��7KHVH�XVHV�DUH�VXEVWDQWLDOO\�GRPLQDQW�LQ�DOO�GLVWULFWV�RI�&DQWHUEXU\�H[FHSW�
&KULVWFKXUFK�&LW\��ZKHUH�KRXVHKROG��LQGXVWULDO�DQG�FRPPHUFLDO�XVHV�GRPLQDWH��7KXV��VXFK�
D�PRGHO�LV�VXLWHG�WR�FRQVLGHUDWLRQ�RI�WZR�NH\�LVVXHV��ZDWHU�UHDOORFDWLRQ�ZLWKLQ�WKH�
DJULFXOWXUDO�VHFWRU��DQG�ZDWHU�UHDOORFDWLRQ�WR�LQ�VWUHDP�RU�SDVVLYH�XVHV���
$�&*(�PRGHO�RI�ODQG�DQG�ZDWHU�XVH�LQ�&DQWHUEXU\�
$GDSWLQJ�D�VWDQGDUG�PRGHO�VWUXFWXUH�WR�WKH�UHJLRQDO�VFDOH�
7KH�SXEOLFO\�DYDLODEOH�,)35,�µVWDQGDUG�&*(�PRGHO¶��/RIJUHQ�HW�DO���������KDV�EHFRPH�D�
SRSXODU�VWDUWLQJ�SRLQW�IRU�&*(�PRGHOOHUV��,W�LV�D�VWDWLF��L�H��VLQJOH�SHULRG��VLQJOH�FRXQWU\�
PRGHO�LPSOHPHQWHG�LQ�*$06���*$06�'HYHORSPHQW�&RUSRUDWLRQ���������7KH�VWDQGDUG�
LPSOHPHQWDWLRQ�SURYLGHV�FRQVLGHUDEOH�IOH[LELOLW\�LQ�WKH�VSHFLILFDWLRQ�RI�SURGXFWLRQ�
IXQFWLRQV��&(6�RU�/HRQWLHI�QHVWLQJV���PDFUR�FORVXUHV��DQG�HYHQ�LQFOXGHV�OHVV�FRPPRQ�
IHDWXUHV�OLNH�WUDQVDFWLRQ�FRVWV��$FWLYLWLHV��FRPPRGLWLHV��KRXVHKROG�JURXSV��HWF���FDQ�EH�
GHILQHG�E\�WKH�XVHU��SURYLGHG�WKDW�WKH\�FRQIRUP�WR�D�JHQHULF�PDFUR�VWUXFWXUH��7KH�VWDQGDUG�
PRGHO�LV�LPSOHPHQWHG�LQ�VXFK�D�ZD\�WKDW�JHQHULF�PRGHO�VWUXFWXUH�LV�VHSDUDWH�IURP�WKH�
LPSOHPHQWDWLRQ�VSHFLILF�GHILQLWLRQV�DQG�GDWD��
�
:LWK�PLQLPDO�DGDSWDWLRQ��WKH�VWDQGDUG�PRGHO�FDQ�DOVR�EH�DSSOLHG�WR�UHJLRQV��DV�KDV�EHHQ�
GRQH�IRU�H[DPSOH�E\�6DQ�HW�DO���������IRU�6XPDWUD��%HQILFD�HW�DO���������IRU�D�UHJLRQ�RI�



0R]DPELTXH��DQG�/DKU��������IRU�1HZ�-HUVH\���7ZR�RI�WKH�H[LVWLQJ�VWDQGDUG�PRGHO�
FORVXUHV�DUH�XVHG��EXW�D�QHZ�VDYLQJV±LQYHVWPHQW�FORVXUH�LV�LQWURGXFHG���
��� 5R:��VWDQGDUG�FORVXUH�ZLWK�IL[HG�H[FKDQJH�UDWH�DQG�IOH[LEOH�5R:�VDYLQJV��1RWH�WKDW�

&DQWHUEXU\�VKDUHV�D�FRPPRQ�FXUUHQF\�ZLWK�WKH�UHVW�RI�1HZ�=HDODQG��ZKLFK�FRQVWLWXWHV�
D�VLJQLILFDQW�SDUW�RI�WKH�5R:�DFFRXQW��

��� *RYHUQPHQW��VWDQGDUG�FORVXUH�ZLWK�IL[HG�WD[�UDWHV�DQG�H[SHQGLWXUH��EDODQFHG�E\�IOH[LEOH�
JRYHUQPHQW�VDYLQJV��7KLV�LV�D�VLPSOH�UHSUHVHQWDWLRQ�RI�JRYHUQPHQW�WKDW�LV�DGHTXDWH�WR�
RXU�EDVLF�SXUSRVH���

��� 6DYLQJV±,QYHVWPHQW��QRQ�VWDQGDUG�FORVXUH�ZLWK�H[RJHQRXV�LQYHVWPHQW�DQG�PDUJLQDO�
SURSHQVLW\�WR�VDYH��ZLWK�DQ\�GLIIHUHQFH�DFFUXLQJ�WR�5R:�VDYLQJV��7KLV�LV�DSSURSULDWH��
JLYHQ�WKH�RSHQQHVV�RI�WKH�UHJLRQDO�WR�WUDGH�DQG�ILQDQFLDO�IORZV��

/DQG�DQG�ZDWHU�XVH�LQ�ODQG�EDVHG�LQGXVWULHV�
)XUWKHU�FKDQJHV�WR�WKH�VWDQGDUG�PRGHO�DUH�QHFHVVDU\�WR�DGHTXDWHO\�DFFRXQW�IRU�WKH�XVH�RI�
DJULFXOWXUDO�ODQG�DQG�LUULJDWLRQ�ZDWHU�DV�IDFWRUV�RI�SURGXFWLRQ��&RURUDWRQ��������SURSRVHV�
SURGXFWLRQ�IXQFWLRQV�IRU�LUULJDWHG�DJULFXOWXUH�LQ�ZKLFK�ODQG�DQG�ZDWHU�DUH�FRPSOHPHQWV��DQG�
FRQVWUDLQWV�RQ�WKHLU�XVH�DUH�IRUPXODWHG�DV�LQHTXDOLWLHV��7KLV�VWUXFWXUH�DOORZV�IRU�D�KLJK�OHYHO�
RI�PRGHOOLQJ�DEVWUDFWLRQ�LQ�RXU�LQLWLDO�PRGHO��SDUWLFXODUO\�DV�FRQFHUQV�WKH�YHU\�FRPSOH[�
VSDWLDO�DQG�WHPSRUDO�UHDOLWLHV�RI�ZDWHU�XVH��,W�DOVR�DOORZV�WKDW�ZDWHU�PD\�EH�DEXQGDQW��DQG�
KHQFH�KDYH�D�]HUR�SULFH��,UULJDWHG�DQG�XQLUULJDWHG�IRUPV�RI�SURGXFWLRQ�DUH�GLVWLQJXLVKHG�DV�
VHSDUDWH��VLQFH�WKHLU�LQSXW�VWUXFWXUHV�GLIIHU�FRQVLGHUDEO\��+RZHYHU��VLQFH�WKH�DPRXQW�DQG�
SURGXFWLYH�FKDUDFWHULVWLFV�RI�ODQG�DQG�WKH�DYDLODELOLW\�RI�ZDWHU�IRU�LUULJDWLRQ�YDU\�
FRQVLGHUDEO\�ZLWKLQ�&DQWHUEXU\��ZH�DOVR�GLVWLQJXLVK�WKH�ORFDWLRQ�RI�DJULFXOWXUDO�SURGXFWLRQ�
DFWLYLWLHV�E\�GLVWULFW��
�
7KHUH�DUH�VHYHUDO�ZD\V�LQ�ZKLFK�VSDWLDO�DVSHFWV�FDQ�EH�SDUWLDOO\�DFFRXQWHG�IRU��ZKLOH�
UHWDLQLQJ�PRVW�RI�WKH�VLPSOLFLW\�DQG�ORZHU�GDWD�UHTXLUHPHQWV�RI�WKH�VLQJOH�UHJLRQ�VWUXFWXUH��
7KH�EHVW�FKRLFH�GHSHQGV�RQ�WKH�LQWUD�UHJLRQDO�LQWHJUDWLRQ�RI�PDUNHWV�IRU�DJULFXOWXUDO�
FRPPRGLWLHV�DQG�IRU�SURGXFWLYH�IDFWRUV��,I�DJULFXOWXUDO�DFWLYLWLHV�DUH�GLVWLQJXLVKHG�E\�
GLVWULFW��WKH�WKHLU�RXWSXWV�PD\�HLWKHU�EH�FRPELQHG�DGGLWLYHO\��RU�E\�FRQVWDQW�HODVWLFLW\�RI�
VXEVWLWXWLRQ��&(6��IXQFWLRQV��$GGLWLYH�FRPELQDWLRQ�LV�OLNHO\�WR�UHVXOW�LQ�GUDPDWLF�
UHDOORFDWLRQV�RI�DFWLYLW\�LQ�UHVSRQVH�WR�VPDOO�FKDQJHV��ZKLOH�&(6�IXQFWLRQV�DYRLG�WKLV��
,PSHUIHFW�VXEVWLWXWDELOLW\�FRXOG�EH�MXVWLILHG�E\�GLIIHUHQFHV�LQ�FRPSRVLWLRQ�RI�DJJUHJDWH�
FRPPRGLWLHV�DQG�RU�WUDQVSRUW�FRVWV��$QRWKHU�SRVVLELOLW\�LV�WR�PRGHO�WKH�GLVWULEXWLRQ�RI�
DJULFXOWXUDO�SURGXFWLRQ�EHWZHHQ�GLVWULFWV�LPSOLFLWO\��E\�PDNLQJ�GLVWLQJXLVKLQJ�D�VLQJOH�
�SRVVLEO\�FRPSRVLWH��IDFWRU�LQSXW�E\�ORFDWLRQ��ZLWK�DOO�RWKHU�LQSXWV�DVVXPHG�IXOO\�PRELOH�
EHWZHHQ�WKHVH�ORFDWLRQV��7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH���IRU�DQ�LUULJDWHG�DJULFXOWXUDO�DFWLYLW\��

�������������������������������������������������
��7KH�IXHO�DQG�HOHFWULFLW\�DVVRFLDWHG�ZLWK�LUULJDWLRQ�DUH�WKHUHIRUH�H[FOXGHG�IURP�WKH�/HRQWLHI�QHVW�RI�RWKH�
LQWHUPHGLDWHV��$OVR��IRU�VLPSOLFLW\��ZH�GR�QRW�PRGHO�VXEVWLWXWLRQ�EHWZHHQ�WKHVH�WZR�HQHUJ\�VRXUFHV��3ULFHV�RI�
WKHVH�JRRGV�DUH�HVVHQWLDOO\�GHWHUPLQHG�RXWVLGH�WKH�UHJLRQ��E\�IRUFHV�WKDW�DUH�QRW�D�SULPDU\�FRQFHUQ�LQ�WKH�
SROLF\�VFHQDULRV�RI�LQWHUHVW�KHUH��



�
)LJXUH���±�$�SURGXFWLRQ�IXQFWLRQ�IRU�LUULJDWHG�DJULFXOWXUDO�DFWLYLWLHV�

�
7KH�WRS�OHYHO�RI�HDFK�SURGXFWLRQ�IXQFWLRQ�LV�D�/HRQWLHI�FRPELQDWLRQ�RI�YDOXH�DGGHG�DQG�DQ�
DJJUHJDWH�LQWHUPHGLDWH�LQSXW��7KH�ODWWHU�LV�D�/HRQWLHI�FRPELQDWLRQ�RI�LQWHUPHGLDWH�
FRPPRGLWLHV��9DOXH�DGGHG�LV�D�&(6�DJJUHJDWH�RI�FRPSRVLWH�LUULJDWHG�ODQG��PRELOH�FDSLWDO�
�IDUP�YHKLFOHV��SODQW�DQG�PDFKLQHU\���DQG�ODERXU��&RPSRVLWH�LUULJDWHG�ODQG�LV�D�&(6�
FRPSRVLWH�RI�GLVWULFW�LUULJDWHG�ODQG��ZKLFK�LQ�WXUQ�FRPELQHV�IL[HG�SURSRUWLRQV�RI�ODQG��
ZDWHU��IXHO��HOHFWULFLW\�DQG�IL[HG�FDSLWDO��ODQG�LPSURYHPHQWV��EXLOGLQJV��LUULJDWLRQ�ZRUNV����
5DWLRV�RI�LUULJDWHG�ZDWHU�WR�ODQG�FDQ�GLIIHU�WR�UHIOHFW�GLIIHUHQFHV�LQ�UDLQIDOO�EHWZHHQ�GLVWULFWV��
8QLUULJDWHG�DJULFXOWXUDO�DFWLYLWLHV�DQG�IRUHVWU\�FDQ�EH�PRGHOOHG�VLPLODUO\��EXW�RPLWWLQJ�WKH�
ZDWHU��IXHO�DQG�HOHFWULFLW\�LQSXWV�IURP�WKH�ERWWRP�OHYHO�/HRQWLHI�IXQFWLRQ��
�
,QHTXDOLW\�FRQVWUDLQWV�HQVXUH�WKDW�QHLWKHU�WKH�WRWDO�DYDLODEOH�ZDWHU�QRU�WKH�WRWDO�DYDLODEOH�
DJULFXOWXUDO�ODQG�LQ�HDFK�GLVWULFW�DUH�H[FHHGHG��:KHQ�HLWKHU�RQH�RI�WKHVH�FRQVWUDLQWV�LV�
ELQGLQJ��ODQG�RU�ZDWHU�UHFHLYH�DQ�DGGLWLRQDO�VFDUFLW\�UHQW��&RURUDWRQ���������7KH�
GLVWULEXWLRQ�RI�DFWLYLWLHV�EHWZHHQ�GLVWULFWV�DQG�WKHLU�SURSHQVLW\�WR�UHORFDWH�EHWZHHQ�GLVWULFWV�
LQ�UHVSRQVH�WR�UHODWLYH�LQSXW�SULFH�FKDQJHV�FDQ�EH�VSHFLILHG�E\�FKRLFH�RI�WKH�&(6�
SDUDPHWHUV��,I�LW�LV�DVVXPHG�WKDW�ODERXU�LV�PRELOH�EHWZHHQ�LQGXVWULHV��RU�DW�OHDVW�EHWZHHQ�
DJULFXOWXUDO�DFWLYLWLHV��WKHQ�WKH�PRELOLW\�RI�ODERXU�EHWZHHQ�GLVWULFWV�LPSOLHG�E\�WKH�
DJULFXOWXUDO�SURGXFWLRQ�IXQFWLRQV�VKRXOG�QRW�EH�DQ�XQGXO\�UHVWULFWLYH�DVVXPSWLRQ�LQ�PRVW�
FLUFXPVWDQFHV��7KH�VWDQGDUG�PRGHO�DOORZV�IRU�LQGXVWU\�VSHFLILF�IDFWRU�SULFH�GLVWRUWLRQV��
ZKLFK�FDQ�EH�XVHG�KHUH�WR�DOORZ�IRU�XQPRGHOOHG�IDFWRUV�LQIOXHQFLQJ�WKH�FXUUHQW�GLVWULEXWLRQ�
RI�ODQG�EDVHG�DFWLYLWLHV��
�������������������������������������������������
���7KH�WHUP�µVDWHOOLWH�DFFRXQWV¶�UHIHUV�WR�WKH�IDFW�WKDW�WKHVH�DFFRXQWV�KDYH�RQO\�URZV��DQG�QRW�PDWFKLQJ�
FROXPQV��

$JJUHJDWH�RXWSXW��/HRQWLHI��

9DOXH�$GGHG��&(6��

5HJLRQ�,UULJ��/DQG�
�&(6��

,QWHUPHGLDWHV��/HRQWLHI��

)L[HG�&DSLWDO�

/DERXU� &RPPRGLWLHV��«0�

'LVWULFW�,UULJ��/DQG���«�1��/HRQWLHI��

/DQG� :DWHU� )XHO� (OHFWULFLW\�

$JULFXOWXUDO�SURGXFWV��«/��IL[HG�\LHOGV��

0RELOH�
&DSLWDO�



&DQWHUEXU\�(QYLURQPHQWDO�DQG�6RFLDO�$FFRXQWLQJ�0DWUL[��(6$0��
$�6$0�GHVFULEHV�FXUUHQW�WUDQVDFWLRQV�UHODWHG�WR�SURGXFWLRQ��FRQVXPSWLRQ��WUDGH�DQG�
WUDQVIHUV�EHWZHHQ�LQVWLWXWLRQV��H�J��KRXVHKROGV��JRYHUQPHQW��WKH�UHVW�RI�WKH�ZRUOG���$�
V\PPHWULF�V\VWHP�RI�DFFRXQWV�VKRZV�SD\PHQWV�LQ�FROXPQV�DQG�UHFHLSWV�LQ�URZV��VXFK�WKDW�
WKH�L�MWK�HQWU\�RI�WKH�6$0�FRQWDLQV�WKH�IORZ�RI�IXQGV�IURP�WKH�LWK�WR�WKH�MWK�DFFRXQW��7KH�
QXPEHU�RI�DFFRXQWV�LQ�D�6$0�YDULHV�ZLGHO\��GHSHQGLQJ�RQ�ERWK�WKH�DYDLODELOLW\�RI�GDWD�DQG�
WKH�SXUSRVHV�IRU�ZKLFK�WKH�6$0�ZLOO�EH�XVHG��)RU�&DQWHUEXU\�ZH�KDYH�LQLWLDOO\�FRQVWUXFWHG�
D�6$0�WKDW�UHSUHVHQWV�WKH�SURGXFWLRQ�DQG�FRQVXPSWLRQ�RI�JRRGV�DQG�VHUYLFHV�LQ�
FRQVLGHUDEOH�GHWDLO��EXW�SURYLGHV�RQO\�DQ�DJJUHJDWH�UHSUHVHQWDWLRQ�RI�LQVWLWXWLRQV��7KLV�
FKRLFH�UHIOHFWV�RXU�LQLWLDO�PRGHOOLQJ�IRFXV�RQ�DJULFXOWXUDO�SURGXFWLRQ��
�
,Q�VXPPDU\��WKH�LQLWLDO�&DQWHUEXU\�(6$0�LQFOXGHV�WKH�IROORZLQJ�HFRQRPLF�DFFRXQWV��
•� ���$FWLYLWLHV�
•� ����&RPPRGLWLHV�
•� 3ULPDU\�IDFWRUV��ODERXU��FDSLWDO��H[FO��DJULFXOWXUDO�ODQG���DJULFXOWXUDO�ODQG��DQG�LUULJDWLRQ�

ZDWHU�
•� 5HJLRQDO�KRXVHKROGV�
•� *RYHUQPHQW��DQ�DJJUHJDWH�RI�ORFDO�DQG�UHJLRQDO�FRXQFLOV��WKH�UHJLRQDO�WUDQVDFWLRQV�RI�

FHQWUDO�JRYHUQPHQW��DQG�QRQ�SURILW�LQVWLWXWLRQV�VHUYLQJ�KRXVHKROGV��
•� 7D[�DFFRXQWV��
•� &KDQJH�LQ�LQYHQWRULHV��&,,��
•� 6DYLQJV�DQG�,QYHVWPHQW��6±,��
•� 5HVW�RI�1HZ�=HDODQG�DQG�WKH�ZRUOG��5R:���
,Q�DGGLWLRQ��WKH�(6$0�LQFOXGHV�WKH�IROORZLQJ�HQYLURQPHQWDO�VDWHOOLWH���DFFRXQWV��
•� $JULFXOWXUDO�ODQG�XVH�E\�HDFK�LQGXVWU\�LQ�HDFK�WHUULWRULDO�ORFDO�DXWKRULW\�DUHD�
•� :DWHU�XVH��HVWLPDWHG��E\�HDFK�LQGXVWU\�LQ�HDFK�WHUULWRULDO�ORFDO�DXWKRULW\�DUHD��
�
)RU�&DQWHUEXU\��DV�IRU�1HZ�=HDODQG�UHJLRQV�JHQHUDOO\��IHZ�RI�WKH�UHTXLVLWH�(6$0�HQWULHV�
FDQ�EH�GHULYHG�GLUHFWO\�IURP�VXUYH\�GDWD��,QVWHDG��WKH\�PXVW�EH�HVWLPDWHG�IURP�D�YDULHW\�RI�
VRXUFHV�UHODWLQJ�WR�ERWK�QDWLRQDO�DQG�UHJLRQDO�VFDOHV��7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�WKLV�
SURFHVV�DQG�WKH�GDWD�VRXUFHV�LQ�GHWDLO��7KH�(6$0�LV�FRQVWUXFWHG�IRU�WKH�ILQDQFLDO�\HDU�
HQGLQJ�0DUFK���������VLQFH�ZKHQ�WKLV�UHVHDUFK�EHJDQ�WKLV�ZDV�WKH�PRVW�UHFHQW�SHULRG�IRU�
ZKLFK�PRVW�RI�WKH�GDWD�ZHUH�UHDGLO\�DYDLODEOH��,W�LV�SODQQHG�WR�XSGDWH�WKH�(6$0�WR�
���������
6XSSO\�DQG�8VH�RI�&RPPRGLWLHV�
6XSSO\�DQG�8VH�7DEOHV��687��FRYHU�VHYHUDO�PDLQ�HOHPHQWV�RI�DQ\�GLVDJJUHJDWH�6$0�DQG�
DUH�DOVR�WKH�EDVLF�GDWD�XVHG�LQ�FRQVWUXFWLRQ�RI�,2�PRGHOV��6XSSO\�WDEOH�GDWD�DUH�XVHG�
�GLUHFWO\��RU�PRUH�OLNHO\��DIWHU�DSSURSULDWH�DJJUHJDWLRQ��XSGDWLQJ��HWF���WR�FRQVWUXFW�WKH�
FRPPRGLW\�FROXPQ�DFFRXQWV�LQ�WKH�6$0��ZKLOH�WKH�XVH�WDEOH�GDWD�DUH�XVHG�WR�FRQVWUXFW�WKH�
�������������������������������������������������
���9DULRXV�DQQXDO�DFFRXQWLQJ�SHULRGV�DUH�XVHG�IRU�GLIIHUHQW�SULPDU\�GDWD�VHWV��VR�WKLV�GHILQLWLRQ�LV�LQH[DFW�LQ�
VRPH�FDVHV��



FRPPRGLW\�URZ�DFFRXQWV��,Q�1HZ�=HDODQG��WKH�PRVW�UHFHQW�DYDLODEOH�QDWLRQDO�687�LV�IRU�
WKH�\HDU�����±����6WDWLVWLFV�1HZ�=HDODQG������E�����$W�WKH�5HJLRQDO�RU�'LVWULFW�OHYHO����
RQO\�D�OLPLWHG�UDQJH�RI�HFRQRPLF�GDWD�LV�JHQHUDOO\�DYDLODEOH��7KH�PRVW�LPSRUWDQW�RI�WKHVH�LQ�
WKH�FXUUHQW�FRQWH[W�DUH�WKH�4XDUWHUO\�(PSOR\PHQW�6XUYH\��6WDWLVWLFV�1HZ�=HDODQG������G���
WKH�$JULFXOWXUDO�3URGXFWLRQ�&HQVXV��0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\���������DQG�WKH�
+RXVHKROG�(FRQRPLF�6XUYH\��6WDWLVWLFV�1HZ�=HDODQG������D���8VLQJ�WKHVH�DQG�RWKHU�GDWD��
&DQWHUEXU\�687�IRU������ZHUH�HVWLPDWHG�E\�0F'RQDOG����XVLQJ�WKH�JHQHUDWLRQ�RI�UHJLRQDO�
LQSXW�RXWSXW�WDEOHV��*5,7��PHWKRG��-HQVHQ�HW�DO���������:HVW�HW�DO����������D�JUDYLW\�PRGHO�
�DSSHQGL[����0F'RQDOG�	�3DWWHUVRQ���������DQG�5$6�EDODQFLQJ��%DFKDUDFK���������:KLOH�
WKHVH�DUH�FRQVLGHUHG�WR�EH�WKH�EHVW�HVWLPDWHV�FXUUHQWO\�DYDLODEOH��WKH\�PXVW�QHYHUWKHOHVV�EH�
WUHDWHG�ZLWK�FDXWLRQ����
�
6$0�VXE�PDWUL[�6�ZDV�FRQVWUXFWHG�E\�DJJUHJDWLRQ�RI�����LQGXVWULHV�DQG�����FRPPRGLWLHV�
LQ�WKH�VXSSO\�WDEOH�WR����LQGXVWULHV�DQG�����FRPPRGLWLHV����5HJLRQDO�LPSRUWV�0�ZHUH�DOVR�
WDNHQ�IURP�WKH�VXSSO\�WDEOH��DJJUHJDWLQJ�RYHU�UHVW�RI�1HZ�=HDODQG��5R1=��DQG�
LQWHUQDWLRQDO�RULJLQV��7KH�XVH�WDEOH�JDYH�LQWHUPHGLDWH�DQG�ILQDO�XVHV�RI�FRPPRGLWLHV�DW�EDVLF�
SULFHV��7KHVH�ZHUH�ILUVW�FRQYHUWHG�WR�SXUFKDVHUV¶�SULFHV��EHFDXVH�LQ�WKH�6WDQGDUG�&*(��UDWHV�
RI�SHU�YDORUHP�WD[HV�RQ�FRPPRGLWLHV�DUH�HVWLPDWHG�IURP�WKH�6$0�DV�SDUW�RI�WKH�FDOLEUDWLRQ��
*LYHQ�WKH�WRWDO�WD[�SDLG�RQ�HDFK�FRPPRGLW\�DQG�WKH�WRWDO�FRPPRGLW\�WD[HV�SDLG�E\�HDFK�
DFFRXQW�IURP�WKH�XVH�WDEOH��5$6�ZDV�XVHG�WR�DGMXVW�DQ�LQLWLDO�PDWUL[�RI�WD[HV��ZKLFK�
DVVXPHG�WKH�VDPH�UDWH�IRU�HYHU\�WUDQVDFWLRQ��WR�PDWFK�WKH�URZ�DQG�FROXPQ�WRWDOV��$IWHU�WKLV�
FRQYHUVLRQ��WKH�VXE�PDWUL[�8�ZDV�FRQVWUXFWHG�XVLQJ�WKH�VDPH�FRPPRGLW\�DQG�LQGXVWU\�
DJJUHJDWLRQ��)LQDO�FRQVXPSWLRQ�)++��)*29��)*)&)�DQG�)&,,��ZHUH�DOVR�WDNHQ�IURP�WKH�XVH�
WDEOH��DJJUHJDWLQJ�QRQ�SURILW�LQVWLWXWLRQV�VHUYLQJ�KRXVHKROGV��13,6+���ORFDO�DQG�FHQWUDO�
JRYHUQPHQW�LQWR�VLQJOH�µJRYHUQPHQW¶�DFFRXQW��,QWHU�UHJLRQDO�DQG�LQWHUQDWLRQDO�H[SRUWV�ZHUH�
DOVR�DJJUHJDWHG�WR�FRQVWUXFW�VXE�PDWUL[�(���
3ULPDU\�IDFWRUV�RI�SURGXFWLRQ�
7KH�PDMRULW\�RI�&*(�PRGHOV�GLVWLQJXLVK�FDSLWDO�DQG�ODERXU�DV�WKH�WZR�SULPDU\�IDFWRUV�RI�
SURGXFWLRQ��(VWLPDWHV�RI�WKHVH�LQSXWV��LQ�YDOXH�WHUPV�DQG�LQ�IXOO�WLPH�HTXLYDOHQWV��)7(V��
IRU�ODERXU��DUH�DYDLODEOH�IURP�WKH�XVH�WDEOH��5HWXUQV�WR�ODERXU�FDQ�EH�WDNHQ�GLUHFWO\�IURP�WKH�
WDEOH��ZKLOH�UHWXUQV�WR�FDSLWDO�DUH�WDNHQ�DV�WKH�VXP�RI�GHSUHFLDWLRQ�DQG�JURVV�RSHUDWLQJ�
VXUSOXV��+RZHYHU��SDUWLFXODUO\�LQ�DJULFXOWXUH�DQG�IRUHVWU\��VLJQLILFDQW�FRPSRQHQWV�RI�WKH�
RSHUDWLQJ�VXUSOXV�VKRXOG�EH�DFFRXQWHG�IRU�E\�GLIIHUHQWLDO�DQG�VFDUFLW\�UHQWV�JHQHUDWHG�E\�
ODQG�RI�GLIIHUHQW�W\SHV�DQG�ORFDWLRQV��8VH�RI�ZDWHU�IRU�LUULJDWLRQ�DOVR�JHQHUDWHV�UHQWV�GXH�WR�
QDWXUDO�RU�LPSRVHG�VFDUFLW\�RI�ZDWHU�DW�WKH�WLPHV�DQG�ORFDWLRQV�ZKHUH�WKH�ZDWHU�LV�UHTXLUHG��
7R�FDOLEUDWH�WKH�PRGHO�DV�GHVFULEHG�DERYH�ZRXOG�UHTXLUH�WKHVH�YDOXHV��+RZHYHU��QHLWKHU�
ODQG�QRU�ZDWHU�UHQWV�DUH�H[SOLFLWO\�DFFRXQWHG�IRU�LQ�RIILFLDO�VWDWLVWLFV���
�
�������������������������������������������������
���&RQWUDU\�WR�WKH�SUDFWLFH�RI�PRVW�RWKHU�2(&'�FRXQWULHV��6WDWLVWLFV�1HZ�=HDODQG�GRHV�QRW�SXEOLVK�LQSXW�
RXWSXW�WDEOHV�RQ�D�UHJXODU�EDVLV��DQG�WR�RXU�NQRZOHGJH��QR�QHZ�VXUYH\�LV�FXUUHQWO\�SODQQHG���
���1HZ�=HDODQG�KDV�WKUHH�PDLQ�OHYHOV�RI�JRYHUQDQFH��FHQWUDO��UHJLRQDO�DQG�ORFDO��&DQWHUEXU\�LV�RQH�RI����
UHJLRQV�LQ�1HZ�=HDODQG��DQG�LQFOXGHG����'LVWULFWV�LQ�������WZR�VLQFH�DPDOJDPDWHG���
���'U�*DUU\�0F'RQDOG��0DUNHW�(FRQRPLFV�/WG��SHUVRQDO�FRPPXQLFDWLRQ��$SULO�������
���'HWDLOV�RI�FRQFRUGDQFHV�DQG�RWKHU�GHWDLOHG�DUH�DYDLODEOH�IURP�WKH�DXWKRUV�RQ�UHTXHVW��



$FFXUDWH�HVWLPDWLRQ�RI�UHWXUQV�WR�LUULJDWLRQ�IRU�LQGLYLGXDO�DFWLYLWLHV�E\�GLVWULFW�LV�D�GDXQWLQJ�
WDVN��$�SRVVLEOH�DSSURDFK�LV�WR�HTXDWH�WRWDO�LUULJDWLRQ�UHQWV�WR�WKH�WRWDO�RSSRUWXQLW\�FRVW�WKDW�
ZRXOG�EH�LQFXUUHG�LI�FXUUHQWO\�LUULJDWHG�DFWLYLWLHV�ZHUH�UHSODFHG�E\�WKH�PRVW�SURILWDEOH�
DOWHUQDWLYH�XQLUULJDWHG�DFWLYLWLHV��7KLV�DSSURDFK�LV�WDNHQ�LQ�D�VWXG\�E\�WKH�0LQLVWU\�RI�
$JULFXOWXUH�DQG�)RUHVWU\��0$)����������DQG�YDOXHV�UHOHYDQW�WR�&DQWHUEXU\�DUH�VXPPDULVHG�
LQ�7DEOH�����
�

7DEOH���±�$VVXPHG�UHWXUQV�WR�LUULJDWLRQ�
(6$0�DFWLYLW\� 5HOHYDQW�HVWLPDWHG�UHWXUQV�WR�LUULJDWLRQ�
+RUWLFXOWXUH�DQG�IUXLW�JURZLQJ� 2QLRQV��������KD�

9LWLFXOWXUH��0DUOERURXJK���������KD��
3RWDWRHV��������KD�

0L[HG�OLYHVWRFN�DQG�FURSSLQJ� $UDEOH������KD��
2WKHU�3DVWRUDO��LQWHQVLYH�������KD�

'DLU\�IDUPLQJ� 'DLU\��������KD�
2WKHU�IDUPLQJ� 2WKHU�3DVWRUDO��LQWHQVLYH�������KD�

�
5HQWDO�SULFHV�IRU�ODQG�LQ�GLIIHUHQW�DUHDV�DQG�XVHV�FDQ�LQ�WKHRU\�EH�HVWLPDWHG�EDVHG�RQ�ODQG�
YDOXHV��5HQWDO�SULFHV��DW�OHDVW�LQ�WKHRU\��VKRXOG�HTXDO�XVHU�FRVWV��ZKLFK��IROORZLQJ��6WDWLVWLFV�
1HZ�=HDODQG������F���FDQ�EH�HVWLPDWHG�DV�
�
�8VHU�&RVW� �/DQG�9DOXH�[��LQGXVWU\�UDWH�RI�UHWXUQ�±�UDWH�RI�DSSUHFLDWLRQ���UDWH�RI�WD[HV�RQ�ODQG��
7KH�LQGXVWU\�UDWH�RI�UHWXUQ�FRXOG�EH�FKRVHQ�WR�UHIOHFW�PDUNHW�LQWHUHVW�UDWHV��DGMXVWHG�IRU�
LQGXVWU\�VSHFLILF�ULVN��RU�GLUHFWO\�IURP�REVHUYHG�UDWHV�RI�UHWXUQ�WR��WRWDO��FDSLWDO��DV�LQ�
�6WDWLVWLFV�1HZ�=HDODQG������F���2IILFLDO�ODQG�YDOXDWLRQ��ZLWK�DQG�ZLWKRXW�ODQG�
LPSURYHPHQWV��DQG�UDWHV�GDWD�DUH�DYDLODEOH�SXEOLFO\�LQ�1HZ�=HDODQG�DQG�PRUH�
V\VWHPDWLFDOO\��LQ�D�FRPPHUFLDOO\�RSHUDWHG�GDWDEDVH��4XRWDEOH�9DOXH�1HZ�=HDODQG�/WG���
/DQG�YDOXHV�FDQ�IOXFWXDWH�VLJQLILFDQWO\�LQ�WKH�VKRUW�WHUP��VRPHWLPHV�PRWLYDWHG�LQ�SDUW�E\�
VSHFXODWLYH�DQG�RWKHU�PRWLYHV�WKDW�ZH�GR�QRW�ZLVK�WR�PRGHO��+HQFH��LW�LV�LPSRUWDQW�WKDW�WKH�
DERYH�UDWHV�DUH�HVWLPDWHG�RYHU�SHULRGV�RI�WLPH�UHSUHVHQWDWLYH�RI�SHULRGV�RYHU�ZKLFK�WKH�
&*(�PRGHO�ZLOO�EH�UXQ��,Q�DGGLWLRQ��W\SLFDO�IDUP�EXGJHW�GDWD��0LQLVWU\�RI�$JULFXOWXUH�DQG�
)RUHVWU\��������FRXOG�EH�XVHG�WR�VHSDUDWH�WKH�FRPELQHG�YDOXH�RI�ODQG�DQG�EXLOGLQJV�IURP�
WKDW�RI�PDFKLQHU\�DQG�HTXLSPHQW�IRU�GLIIHUHQW�IDUP�W\SHV��7KLV�VXJJHVWV�D�SRVVLEOH�GLYLVLRQ�
LQ�WKH�(6$0�EHWZHHQ�FRPELQHG�DJULFXOWXUDO�ODQG�DQG�EXLOGLQJV�DQG�RWKHU�FDSLWDO��SRVVLEO\�
VSHFLILF�WR�DJULFXOWXUH���7KH�IRUPHU�DUH�QHFHVVDULO\�LPPRELOH�EHWZHHQ�GLVWULFWV��ZKLOH�WKH�
ODWWHU�FRXOG�EH�DVVXPHG�PRELOH���
3ULPDU\�DQG�6HFRQGDU\�'LVWULEXWLRQ�RI�,QFRPH�
*LYHQ�WKH�VLPSOH�VWUXFWXUH�RI�IDFWRU�DQG�LQVWLWXWLRQDO�DFFRXQWV�LQ�WKLV�LQLWLDO�6$0��
DFFRXQWLQJ�IRU�WKH�SULPDU\�GLVWULEXWLRQ�RI�IDFWRU�LQFRPH�LV�VWUDLJKW�IRUZDUG��$OO�ODERXU�
LQFRPH�DFFUXHV�WR�KRXVHKROGV��DOO�FDSLWDO�LQFRPH��LQFOXGLQJ�UHWXUQV�WR�DJULFXOWXUDO�ODQG�DQG�
IRUHVW��WR�HQWHUSULVHV��DQG�DOO�WD[HV�WR�WKH�JRYHUQPHQW�DFFRXQW��7KH�HQWHUSULVH�DFFRXQW�KHUH�
LQFOXGHV�ERWK�SULYDWH�DQG�SXEOLF�VHFWRU�SURGXFWLYH�DFWLYLWLHV��(VWDEOLVKLQJ�WKH�VHFRQGDU\�
GLVWULEXWLRQ�RI�LQFRPH�LV�FRQVLGHUDEO\�PRUH�GLIILFXOW�DW�WKH�UHJLRQDO�VFDOH���
�



(QWULHV�LQ�WKH�URZ�DFFRXQW�IRU�KRXVHKROGV�VKRZ�LQFRPH�IURP�ODERXU��LQFOXGHV�VHOI�
HPSOR\PHQW���JRYHUQPHQW�WUDQVIHUV��UHJLRQDO�LQYHVWPHQW�LQFRPH�DQG�H[WUD�UHJLRQDO�
LQYHVWPHQW�LQFRPH��DQG�RWKHU�WUDQVIHUV��WUDQVIHU�IURP�5R:�DFFRXQW���,QLWLDO�HVWLPDWHV�IRU�
DOO�WKHVH�HQWULHV�DUH�EDVHG�RQ�WKH�1HZ�=HDODQG�,QFRPH�6XUYH\��6WDWLVWLFV�1HZ�=HDODQG��
����E���7KLV�VRXUFH�JLYHV�WRWDO�DYHUDJH�ZHHNO\�KRXVHKROG�LQFRPH�LQ������IRU�&DQWHUEXU\�
������SZ���DQG�GLVWLQJXLVKHV�LQFRPH�E\�VRXUFH�IRU�1HZ�=HDODQG�DV�D�ZKROH����:H�DSSO\�
SURSRUWLRQV�IRU�WKH�QDWLRQDO�VFDOH�WR�&DQWHUEXU\��WR�VSOLW�JURVV�LQFRPH�EHWZHHQ��ZDJHV��
VDODULHV�DQG�VHOI�HPSOR\PHQW��JRYHUQPHQW�WUDQVIHUV��DQG�LQYHVWPHQW�LQFRPH��7KH�
LQYHVWPHQW�DQG�RWKHU�WUDQVIHUV�LQFRPH��KRZHYHU��PXVW�EH�VSOLW�EHWZHHQ�UHFHLSWV�IURP�
(QWHUSULVHV�DQG�5R:��DV�GHVFULEHG�EHORZ��
�
(QWULHV�LQ�WKH�FROXPQ�DFFRXQW�IRU�KRXVHKROGV�VKRZ�FRQVXPSWLRQ�RI�JRRGV�DQG�VHUYLFHV��
SD\PHQW�RI�WD[HV��WUDQVIHUV�WR�RWKHU�UHJLRQDO�LQVWLWXWLRQV�DQG�5R:��DQG�VDYLQJV��
&RQVXPSWLRQ�GDWD�DUH�WDNHQ�IURP�WKH�XVH�WDEOH�DW�SXUFKDVHUV¶�SULFHV��DV�DUH�WD[HV�RQ�
SURGXFWV��PDLQO\�*67�DQG�H[FLVH�GXWLHV�RQ�IXHO��DOFRKRO�DQG�WREDFFR�SURGXFWV���$Q�
HIIHFWLYH�UDWH�RI�LQFRPH�DQG�RWKHU�GLUHFW�WD[HV�RQ�KRXVHKROGV�ZDV�HVWLPDWHG�IURP�WKH�
QDWLRQDO�KRXVHKROG�LQFRPH�DQG�RXWOD\�DFFRXQW��6WDWLVWLFV�1HZ�=HDODQG������D���6LPLODUO\���
DQ�HIIHFWLYH�UDWH�RI�KRXVHKROG�VDYLQJV�ZDV�HVWLPDWHG�IURP�WKH�+RXVHKROG�(FRQRPLF�6XUYH\�
�6WDWLVWLFV�1HZ�=HDODQG���������,Q�WKH�DEVHQFH�RI�UHDGLO\�DFFHVVLEOH�UHJLRQDO�GDWD��WKHVH�
QDWLRQDO�UDWHV�ZHUH�DSSOLHG�WR�&DQWHUEXU\�KRXVHKROG�LQFRPH�LQ�WKH�6$0��DERYH���1HW�
WUDQVIHUV�IURP�&DQWHUEXU\�KRXVHKROGV�WR�5R:�KRXVHKROGV�DUH�OLNHO\�WR�EH�VPDOO��VR�DUH�
DVVXPHG�WR�EH�]HUR���
�
7KH�JRYHUQPHQW�DFFRXQW�LQ�WKH�6$0�FRPELQHV�ORFDO�DQG�UHJLRQDO�JRYHUQPHQWV�ZLWK�WKH�
µUHJLRQDO�PDQLIHVWDWLRQV¶�RI�FHQWUDO�JRYHUQPHQW��7KH�ODWWHU�LQFOXGH��L��UHJLRQDO�H[SHQGLWXUH�
E\�FHQWUDO�JRYHUQPHQW��DQG��LL��FHQWUDO�WD[HV�FROOHFWHG�ZLWKLQ�WKH�UHJLRQ��$OWKRXJK�FHQWUDO�
WD[HV�GR�QRW��LQ�UHDOLW\��ILQDQFH�FHQWUDO�JRYHUQPHQW�H[SHQGLWXUH�LQ�WKH�UHJLRQ�GLUHFWO\��WKLV�
IRUPXODWLRQ�VLPSOLILHV�WKH�6$0�DQG�VKRXOG�EH�VDWLVIDFWRU\�LQ�RXU�DSSOLFDWLRQ��LQ�ZKLFK�
JRYHUQPHQW�ILQDQFH�LV�QRW�D�VLJQLILFDQW�FRQFHUQ��7KLV�DOVR�PDNHV�WKH�DJJUHJDWH�5R:�
DFFRXQW�OHVV�KHWHURJHQHRXV��VLPSOLI\LQJ�WKH�IRUPXODWLRQ�RI�FORVXUH�UXOHV��'DWD�RQ�
JRYHUQPHQW�FRQVXPSWLRQ�DUH�WDNHQ�IURP�WKH�XVH�WDEOH��*RYHUQPHQW�VDYLQJV�DUH�WDNHQ�DV�WKH�
DJJUHJDWH�RI�ORFDO�DQG�UHJLRQDO�FRXQFLOV¶�VDYLQJV��6WDWLVWLFV�1HZ�=HDODQG������E���LPSO\LQJ�
WKHUH�LV�QR�GLUHFW�OLQN�EHWZHHQ�FHQWUDO�JRYHUQPHQW�VDYLQJV�DQG�UHJLRQDO�LQYHVWPHQW��
*RYHUQPHQW�WUDQVIHUV�WR�KRXVHKROGV�DUH�DV�GHVFULEHG�DERYH��,W�LV�DVVXPHG�WKDW�WKHUH�DUH�QR�
*RYHUQPHQW�WUDQVIHUV�WR�HQWHUSULVHV��WKH�*RYHUQPHQW�KDYLQJ�DOUHDG\�QHWWHG�VXEVLGLHV�WR�
DFWLYLWLHV�RXW�RI�WKH�WD[HV�RQ�SURGXFWLRQ��DERYH���7KH�EDODQFH�RI�WKH�*RYHUQPHQW�DFFRXQW�LV�
WUDQVIHUUHG�WR�5R:��UHSUHVHQWLQJ�WKH�QHW�IORZ�RI�IXQGV�WR�FHQWUDO�JRYHUQPHQW�IURP�
&DQWHUEXU\��,W�VKRXOG�EH�QRWHG�WKDW�FHQWUDO�JRYHUQPHQW�H[SHQGLWXUH�KDV�EHHQ�UHJLRQDOLVHG�
DFFRUGLQJ�WR�WKH�UHJLRQ�RI�VXSSO\��ZKLFK�PD\�QRW�DOZD\V�FRLQFLGH�ZLWK�WKH�UHJLRQ�RI�XVH�
�L�H��WKLV�FRPSRQHQW�RI�JRYHUQPHQW�H[SHQGLWXUH�LPSHUIHFWO\�DFFRXQWV�IRU�JRYHUQPHQW�
SURYLVLRQ�RI�SXEOLF�JRRGV�DQG�WUDQVIHUV�LQ�NLQG�ZLWKLQ�&DQWHUEXU\���
�
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���,QYHVWPHQW�LQFRPH�ZDV�QRW�LQFOXGHG�LQ�WKH�VXUYH\�XQWLO�������VR�WKH�ILJXUH�IRU�WKDW�\HDU�ZDV�XVHG��



7KH�LQFRPH�RI�HQWHUSULVHV�LV�HTXDWHG�WR�WKH�WRWDO�JURVV�RSHUDWLQJ�VXUSOXV�JHQHUDWHG�LQ�
&DQWHUEXU\��7KLV�LV�D�VLPSOLILFDWLRQ�RI�WKH�DFWXDO�VWUXFWXUH�RI�FDSLWDO�RZQHUVKLS��LQ�ZKLFK�
KRXVHKROGV�DQG�JRYHUQPHQWV�PD\�GLUHFWO\�KROG�HTXLW\��$FFRXQWLQJ�IRU�WKH�VHFRQGDU\�
GLVWULEXWLRQ�RI�WKLV�LQFRPH��KRZHYHU��LV�PRUH�FRPSOLFDWHG��9HU\�IHZ�GDWD�FDQ�EH�XVHG�WR�
HVWLPDWH�WKH�VKDUH�RI�HTXLW\�LQ�UHJLRQDO�HQWHUSULVHV�KHOG�ZLWKLQ�WKH�UHJLRQ��)LUVW��ZH�DVVXPH�
HQWHUSULVHV�VDYH�DQ�DPRXQW�HTXDO�WR�WKH�WRWDO�FDSLWDO�GHSUHFLDWLRQ��7KLV�SUREDEO\�
XQGHUHVWLPDWHV�WKH�WUXH�VDYLQJV�RI�HQWHUSULVHV��JLYHQ�WKH�DERYH�GHILQLWLRQ��LQ�DQ�H[SDQGLQJ�
HFRQRP\��6HFRQG��WKH�WRWDO�JURVV�RSHUDWLQJ�VXUSOXV�LV�VSOLW�EHWZHHQ�GLUHFW�WD[HV�RQ�
HQWHUSULVHV��JRYHUQPHQW��IRU�SURGXFWLYH�DFWLYLWLHV�LQ�WKH�JRYHUQPHQW�VHFWRU���UHJLRQDO�
KRXVHKROGV��DQG�5R:��7KH�HIIHFWLYH�UDWH�RI�WD[�RQ�HQWHUSULVHV�ZDV�HVWLPDWHG�IRU�1HZ�
=HDODQG��6WDWLVWLFV�1HZ�=HDODQG������D���DQG�WKLV�ILJXUH�LV�DVVXPHG�WR�DSSO\�WR�&DQWHUEXU\�
HQWHUSULVHV��7KH�VKDUH�RI�RSHUDWLQJ�VXUSOXV�DFFUXLQJ�WR�WKH�*RYHUQPHQW�DFFRXQW�LV�HVWLPDWHG�
EDVHG�RQ�WKH�QRQ�PDUNHW�VKDUH�LQ�RSHUDWLQJ�VXUSOXV�E\�LQGXVWU\�FDOFXODWHG�IURP�WKH�QDWLRQDO�
XVH�WDEOH��6WDWLVWLFV�1HZ�=HDODQG������E���7KH�UHPDLQGHU�RI�HQWHUSULVH�LQFRPH�LV�VSOLW�
EHWZHHQ�KRXVHKROGV�DQG�5R:�DFFRXQWV��������7KLV�UDWLR�LV�VRPHZKDW�DUELWUDU\��EXW�LV�
LQIRUPHG�E\�QDWLRQDO�OHYHO�GDWD�RQ�IRUHLJQ�RZQHUVKLS������LQ�������6WDWLVWLFV�1HZ�
=HDODQG������D���WKH�UDWLR�RI�SRSXODWLRQ�LQ�&DQWHUEXU\�WR�WKH�UHVW�RI�1HZ�=HDODQG����������
WKH�VL]H�GLVWULEXWLRQ�RI�&DQWHUEXU\�EXVLQHVVHV��6WDWLVWLFV�1HZ�=HDODQG������D���DQG�RXU�
RZQ�DVVXPSWLRQV�RQ�WKH�ELDV�WRZDUGV�ZLWKLQ�UHJLRQDO�RZQHUVKLS�DV�D�IXQFWLRQ�RI�EXVLQHVV�
VL]H��
6$0�%DODQFLQJ�
7R�FDOLEUDWH�WKH�SDUDPHWHUV�RI�WKH�&*(�PRGHO��LW�LV�HVVHQWLDO�WKDW�WKH�DFFRXQWLQJ�LGHQWLWLHV�
XQGHUO\LQJ�ERWK�WKH�6$0�IUDPHZRUN�DQG�WKH�PRGHO�HTXDWLRQV�KROG��,Q�SUDFWLFH��WKLV�PHDQV�
WKDW�DOO�URZ�DQG�FROXPQ�WRWDOV�RI�WKH�6$0�PXVW�EH�HTXDO��WRWDO�LQFRPH�PXVW�HTXDO�WRWDO�
H[SHQGLWXUH�SOXV�VDYLQJ�RYHU�WKH�DFFRXQWLQJ�SHULRG��7KH�VXSSO\�DQG�XVH�WDEOHV�KDG�EHHQ�
SUHYLRXVO\�EDODQFHG�DW�SURGXFHUV¶�SULFHV��7KH�FRQYHUVLRQ�RI�WKH�XVH�WDEOH�WR�SURGXFHUV�
GHVFULEHG�DERYH�DJDLQ�UHVXOWHG�LQ�EDODQFHG�DFFRXQWV��6LQFH�LQGHSHQGHQW�GDWD�RQ�IDFWRU�
LQFRPHV�ZDV�QRW�XVHG�GLUHFWO\��VHH�DERYH���WKHVH�DFFRXQWV��UHFHLSWV��DQG�SD\PHQWV�EDODQFH�
E\�FRQVWUXFWLRQ��6LPLODUO\��DOO�WD[�DFFRXQWV�DUH�EDODQFHG��7KLV�OHDYHV�HQWHUSULVHV��
KRXVHKROGV��JRYHUQPHQW��VDYLQJV±LQYHVWPHQW�DQG�UHVW�RI�ZRUOG�WR�EDODQFH��$V�DW�OHDVW�RQH�
HQWU\�LQ�HDFK�RI�WKHVH�DFFRXQWV�FDQ�RQO\�EH�HVWLPDWHG�DV�D�UHVLGXDO��RU�E\�DQ�HTXDOO\�
XQFHUWDLQ�PHWKRG��H�J��KRXVHKROG�LQFRPH�IURP�UHJLRQDO�HQWHUSULVHV��DV�GHVFULEHG�DERYH���
PDQXDO�EDODQFLQJ�RI�WKH�IHZ�UHPDLQLQJ�QRQ�]HUR�6$0�HQWULHV�LV�SRVVLEOH���
/DQG�DQG�:DWHU�8VH�3K\VLFDO�6DWHOOLWH�$FFRXQWV�
/DQG�DUHDV�DQG�LUULJDWHG�DUHDV�LQ������IRU�VL[�SULPDU\�VHFWRUV�E\�WHQ�GLVWULFWV�ZHUH�DYDLODEOH�
IURP�WKH�$JULFXOWXUDO�&HQVXV����7KHUH�DUH�FXUUHQWO\�QR�FRPSUHKHQVLYH�GDWD�RQ�DFWXDO�ZDWHU�
XVHV�LQ�&DQWHUEXU\��,QGHHG�PXFK�VHOI�H[WUDFWLRQ�RI�ZDWHU�UHPDLQV�XQPHWHUHG��(VWLPDWHV�
PXVW�WKHUHIRUH�EH�PDGH�EDVHG�RQ�PD[LPXP�IORZUDWHV�VWLSXODWHG�LQ�ZDWHU�µFRQVHQWV¶��ZKLFK�
DUH�WKHQ�FRUUHFWHG�E\�DSSO\LQJ�YDULRXV�HPSLULFDO�IDFWRUV�UHODWLQJ�DFWXDO�WR�SHUPLWWHG�XVHV�LQ�
GLIIHUHQW�DSSOLFDWLRQV��IRU�PRUH�GHWDLOV��VHH�/HQQR[�	�$QGUHZ���������6LQFH�PDQ\�FRQVHQWV�
IRU�DJULFXOWXUDO�LUULJDWLRQ�GR�QRW�VWLSXODWH�D�SDUWLFXODU�W\SH�RI�LUULJDWHG�SURGXFWLRQ��WKHVH�
�������������������������������������������������
���8QSXEOLVKHG�GDWD��6HYHUDO�VPDOOHU�YDOXHV�ZHUH�VXSSUHVVHG�GXH�WR�FRQILGHQWLDOLW\�UHTXLUHPHQWV��



GDWD�DUH�LQVXIILFLHQW��:H�WKHUHIRUH�XVH�WKH�GDWD�RQ�LUULJDWHG�DUHD�WR�GLVWULEXWH�WKH�ZDWHU�XVH�
LQ�HDFK�GLVWULFW�DFURVV�GLIIHUHQW�VHFWRUV��,Q�GRLQJ�WKLV��LW�LV�DVVXPHG�IRU�VLPSOLFLW\�WKDW�WKH�
LUULJDWLRQ�UDWHV�DUH�WKH�VDPH�IRU�DOO�WKHVH�DFWLYLWLHV��$�IXUWKHU�FRPSOLFDWLRQ�LV�WKDW�WKH�XVH�RI�
ZDWHU�GHOLYHUHG�WKURXJK�LUULJDWLRQ�VFKHPHV��LQ�WKH�VHFWRU�µVHUYLFHV�WR�DJULFXOWXUH¶��LV�
XQNQRZQ��,Q�WKLV�FDVH��ZH�DVVXPH�WKDW�WKH�FRUUHVSRQGLQJ�WUDQVDFWLRQV�LQ�WKH�HFRQRPLF�XVH�
WDEOH�DUH�SURSRUWLRQDO�WR�ZDWHU�GHOLYHULHV��:KLOH�WKLV�PD\�QRW�EH�D�UHOLDEOH�DVVXPSWLRQ�
�VLQFH�PDQ\�DJULFXOWXUDO�VHUYLFHV�RWKHU�WKDQ�LUULJDWLRQ�DUH�SXUFKDVHG���WKH�UHODWLYHO\�VPDOO�
DPRXQW�RI�ZDWHU�LQYROYHG�PHDQV�LW�VKRXOG�QRW�VLJQLILFDQWO\�LQIOXHQFH�WKH�UHVXOWV��(VWLPDWHV�
ZHUH�PDGH�DW�WKH�GLVWULFW�OHYHO��DQG�DUH�VKRZQ�IRU�&DQWHUEXU\�LQ�7DEOH����
�

7DEOH���±/DQG�DUHD��LUULJDEOH�DUHD�DQG�ZDWHU�XVH�LQ�&DQWHUEXU\�DJULFXOWXUH�DQG�IRUHVWU\�������
� +RUWLFXOWXUH�	�

)UXLW�*URZLQJ�
/LYHVWRFN�	�
&URSSLQJ�

'DLU\�&DWWOH�
)DUPLQJ�
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6HUYLFHV�WR�
$JULFXOWXUH�
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,UULJDEOH�DUHD��µ����KD�� ��� ���� ���� �� �� ��
µ����*/�\U� ���� ����� ����� ��� ��� ��
�
&RQFOXVLRQV�
,Q�WKLV�SDSHU�ZH�KDYH�GLVFXVVHG�WKH�GHVLJQLQJ�DQG�LPSOHPHQWDWLRQ�RI�D�UHJLRQDO�&*(�PRGHO�
VXLWDEOH�IRU�DQDO\VLQJ�UHJLRQDO�ODQG�DQG�ZDWHU�SROLF\�LVVXHV��.H\�SROLF\�LVVXHV�LQFOXGH�WKH�
HFRQRPLF�SRWHQWLDO�RI�ZDWHU�UHDOORFDWLRQ�EHWZHHQ�WKH�ODQG�EDVHG�LQGXVWULHV�RI�DJULFXOWXUH�
DQG�IRUHVWU\��DQG�EHWZHHQ�WKLV�VHFWRU�DQG�WKH�HQYLURQPHQW��7KLV�ZRXOG�UHVXOW�LQ�D�
UHGLVWULEXWLRQ�RI�DFWLYLWLHV�DW�UHJLRQDO�DQG�GLVWULFW�VFDOHV��7KH�LQIOXHQFH�RI�H[WHUQDO�
HFRQRPLF�GULYHUV��H�J��DJULFXOWXUDO�FRPPRGLW\�SULFHV��LV�DOVR�RI�LQWHUHVW��2XU�LQLWLDO�PRGHO�
WKHUHIRUH�IRFXVHV�RQ�XVHV�RI�ZDWHU�DQG�ODQG�LQ�WKLV�VHFWRU��ZLWK�SDUWLDO�GLVDJJUHJDWLRQ�WR�WKH�
GLVWULFW�OHYHO��$�VWDQGDUG�VLQJOH�UHJLRQ�&*(�PRGHO�FDQ�EH�HDVLO\�DGDSWHG�WR�WKLV�WDVN��
1HFHVVDU\�PRGLILFDWLRQ�WR�WKH�VWDQGDUG�PRGHO�LQFOXGH�GLIIHUHQW�PDFUR�FORVXUH�UXOHV��
PRGLILFDWLRQ�RI�SURGXFWLRQ�IXQFWLRQV�IRU�DJULFXOWXUH��DQG�PRGHOOLQJ�LQHTXDOLW\�FRQVWUDLQWV�
RQ�WKH�DYDLODELOLW\�RI�ODQG�DQG�ZDWHU���
�
'HYHORSLQJ�DQ�(6$0�WKDW�FDQ�EH�XVHG�WR�FDOLEUDWH�VXFK�D�PRGHO�LV�VLJQLILFDQWO\�PRUH�
FKDOOHQJLQJ�LQ�WKH�1HZ�=HDODQG�FRQWH[W��0RVW�HOHPHQWV�RI�WKH�(6$0�PXVW�EH�EDVHG�RQ�
YDULRXV�W\SHV�RI�GRZQVFDOLQJ�RU�WUDQVIHUHQFH�RI�QDWLRQDO�GDWD�WR�WKH�UHJLRQDO�VFDOH��2XU�
LQLWLDO�HVWLPDWHV�DSSHDU�VXIILFLHQWO\�UREXVW�LQ�UHODWLRQ�WR�WKH�VXSSO\�DQG�XVH�RI�FRPPRGLWLHV��
DOWKRXJK�GDWD�DUH�QRW�DYDLODEOH�WR�FRQILUP�WKH�UHOLDELOLW\�RI�UHJLRQDO�LPSRUWV�DQG�H[SRUWV�LQ�
WKH�(6$0��)XUWKHU�GHYHORSPHQW�RI�WKH�(6$0�UHTXLUHG�WR�FDOLEUDWH�WKH�&*(�PRGHO�ZLOO�
LQYROYH�WKH�GLVDJJUHJDWLRQ�RI�DJULFXOWXUDO�DFWLYLWLHV�LQWR�LUULJDWHG�DQG�XQLUULJDWHG�YHUVLRQV��
DQG�WKH�DOORFDWLRQ�RI�JURVV�RSHUDWLQJ�VXUSOXV�EHWZHHQ�ODQG��LUULJDWLRQ�ZDWHU�DQG�RWKHU�
FDSLWDO��0HWKRGV�DQG�GDWD�VRXUFHV�IRU�UHVROYLQJ�WKLV�SUREOHP�ZHUH�GLVFXVVHG��(VWLPDWLQJ�
WUDQVDFWLRQV�EHWZHHQ�LQVWLWXWLRQV�LV�SDUWLFXODUO\�GLIILFXOW��(YHQ�JLYHQ�WKH�PLQLPDO�
UHSUHVHQWDWLRQ�RI�LQVWLWXWLRQV�DGRSWHG��JURVV�DVVXPSWLRQV�PXVW�EH�PDGH�LQ�VRPH�FDVHV��H�J��
VHFRQGDU\�GLVWULEXWLRQ�RI�LQFRPH�IURP�HQWHUSULVHV��VRPH�WUDQVIHUV�WR�5R:���6HQVLWLYLW\�RI�
VLPXODWLRQ�UHVXOWV�WR�WKHVH�FDOLEUDWLRQ�GDWD�PXVW�WKHUHIRUH�EH�WHVWHG��,Q�DGGLWLRQ�WR�



FRPSOHWLQJ�WKH�(6$0��LW�UHPDLQV�WR�ILQG�YDOXHV�IRU�HODVWLFLWLHV�RI�&(6�DQG�&(7�IXQFWLRQV��
7KHVH�ZLOO�EH�EDVHG�RQ�D�VXUYH\�RI�UHOHYDQW�OLWHUDWXUH�DQG�H[SHUW�MXGJHPHQW���
5HIHUHQFHV�
%DFKDUDFK��0����������%LSURSRUWLRQDO�PDWULFHV�	�LQSXW�RXWSXW�FKDQJH��,Q�8QLYHUVLW\�RI�&DPEULGJH�

'HSDUWPHQW�RI�$SSOLHG�(FRQRPLFV�0RQRJUDSKV��1XPEHU�����&DPEULGJH�8QLYHUVLW\�3UHVV���������
&DPEULGJH��8.��

%HQILFD��5���$UQGW��&���7VFKLUOH\��'���	�%RXJKWRQ��'����������3RYHUW\�HIIHFWV�RI�H[SDQVLRQ�DQG�SROLFLHV�LQ�
FRWWRQ�HFRQRPLHV�LQ�UXUDO�0R]DPELTXH��DQ�HFRQRP\�ZLGH�DSSURDFK��6RXWKHUQ�$IULFDQ�5HJLRQDO�
3RYHUW\�1HWZRUN��

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

&RURUDWRQ��&�%����������5LFH�UHIRUPV�DQG�SRYHUW\�LQ�WKH�3KLOLSSLQHV��D�&*(�DQDO\VLV��5HS��1R��1R������$VLDQ�
'HYHORSPHQW�%DQN�,QVWLWXWH��7RN\R��-DSDQ��

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

'LHW]HQEDFKHU��(��	�9HOi]TXH]��(���������$QDO\VLQJ�$QGDOXVLDQ�YLUWXDO�ZDWHU�WUDGH�LQ�DQ�LQSXW�RXWSXW�
IUDPHZRUN��9RO������SS�������������5RXWOHGJH��

'L[RQ��3�%���������$�JHQHUDO�HTXLOLEULXP�DSSURDFK�WR�SXEOLF�XWLOLW\�SULFLQJ��GHWHUPLQLQJ�SULFHV�IRU�D�ZDWHU�
DXWKRULW\��-RXUQDO�RI�3ROLF\�0RGHOLQJ���������������

'L[RQ��3�%���6FKUHLGHU��6�<���	�:LWWZHU��*���������(QFDSVXODWLRQ�RI�ZDWHU�DOORFDWLRQ�LQWR�D�JHQHUDO�
HTXLOLEULXP�PRGHO��,Q�02'6,0���,QWHUQDWLRQDO�&RQJUHVV�RQ�0RGHOOLQJ�DQG�6LPXODWLRQ��SS������
������0RGHOOLQJ�DQG�6LPXODWLRQ�6RFLHW\�RI�$XVWUDOLD�	�1HZ�=HDODQG��

'XDUWH�3DF��5��	�6iQFKH]�&KyOL]��-���������5HJLRQDO�SURGXFWLYH�VWUXFWXUH�DQG�ZDWHU�SROOXWLRQ�LQ�WKH�(EUR�
9DOOH\��6SDLQ���(QYLURQPHQWDO�0DQDJHPHQW�DQG�+HDOWK���������������

'XDUWH��5���6iQFKH]�&KyOL]��-���	�%LHOVD��-���������:DWHU�XVH�LQ�WKH�6SDQLVK�HFRQRP\��DQ�LQSXW�RXWSXW�
DSSURDFK��(FRORJLFDO�(FRQRPLFV�������������

(QYLURQPHQW�&DQWHUEXU\������D��*URXQGZDWHU�DOORFDWLRQ�PDS���9RO��������(QYLURQPHQW�&DQWHUEXU\��
(QYLURQPHQW�&DQWHUEXU\������E��1R�PRUH�HDV\�ZDWHU��3UHVV�5HOHDVH��&KULVWFKXUFK��1HZ�=HDODQG��
(QYLURQPHQW�&RXUW��������+HDULQJ�GHFLVLRQ�F����������/\QWRQ�'DLU\�/WG�YV��7KH�&DQWHUEXU\�UHJLRQDO�

FRXQFLO��(QYLURQPHQW�&RXUW��&KULVWFKXUFK��1HZ�=HDODQG��
*$06�'HYHORSPHQW�&RUSRUDWLRQ���������*$06��$�8VHUV�*XLGH��:DVKLQJWRQ��'&��
*yPH]��&�0���7LUDGR��'���	�5H\�0DTXLHLUD��5���������:DWHU�H[FKDQJHV�YHUVXV�ZDWHU�ZRUNV��LQVLJKWV�IURP�D�

FRPSXWDEOH�JHQHUDO�HTXLOLEULXP�PRGHO�RI�WKH�%DOHDULF�,VODQGV��:DWHU�5HVRXUFHV�5HVHDUFK������
:�������

*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������
���������

+DVVDQ��5�0���������(FRQRP\�ZLGH�EHQHILWV�IURP�ZDWHU�LQWHQVLYH�LQGXVWULHV�LQ�6RXWK�$IULFD��TXDVL�LQSXW�
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