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DGDSW�DJULFXOWXUH�WR�FOLPDWH�FKDQJH�±UHSUHVHQWHG�E\�WKH�
/DQG&D5H�'66�

:��0LUVFKHO��.��2��:HQNHO��0��%HUJ�0RQLFNH�
5��:LHODQG��*��0LUVFKHO�

/HLEQL]�&HQWUH�IRU�$JULFXOWXUDO�/DQGVFDSH�5HVHDUFK��=$/)���
5HVHDUFK�SODWIRUP��0RGHOV�	�6LPXODWLRQ���

(EHUVZDOGHU�6WU������������0�QFKHEHUJ��*HUPDQ\�

�� ,QWURGXFWLRQ�
/DQG�PDQDJHPHQW�IRU�IRRG�SURGXFWLRQ�LV�D�IXQGDPHQWDO�KXPDQ�DFWLYLW\��

VXSSRUWLQJ�WKH�OLYHOLKRRG�RI�HYHU\RQH�RQ�WKLV�SODQHW��0RUH�WKDQ���ELOOLRQ�WRQV�
RI�JUDLQV�DUH�SURGXFHG�\HDUO\�IRU�IRRG�DQG�IHHG��SURYLGLQJ�URXJKO\�WZR�WKLUGV�
RI�WRWDO�GLUHFW�DQG�LQGLUHFW�SURWHLQ�LQWDNH��DERXW�����RI�WKLV�WRWDO��RU�����PLO�
OLRQ�WRQV��LV�WUDGHG�LQWHUQDWLRQDOO\�>��@��

7KH�PRVW�LPSRUWDQW�FKDOOHQJH�WKDW�DJULFXOWXUH�ZLOO�IDFH�LQ�FRPLQJ�GHFDGHV�
LV�UHSUHVHQWHG�E\�WKH�QHHG�WR�IHHG�WKH�LQFUHDVLQJ�PDQNLQG�DQG�WR�FRQVHUYH�WKH�
VRLO�DQG�ZDWHU�UHVRXUFHV���

$W�WKH�VDPH�WLPH�WKHUH�LV�D�VLJQLILFDQW�FRQFHUQ�DERXW�WKH�LPSDFWV�RI�FOL�
PDWH�FKDQJH�DQG�LWV�YDULDELOLW\�RQ�DJULFXOWXUDO�SURGXFWLRQ�ZRUOGZLGH��&XUUHQW�
UHVHDUFK�FRQILUPV�WKDW�WKH�LPSDFWV�RI�KLJK�WHPSHUDWXUHV��DOWHUHG�SDWWHUQV�RI�
SUHFLSLWDWLRQ� DQG� SRVVLEO\� LQFUHDVHG� IUHTXHQF\� RI� H[WUHPH� HYHQWV� VXFK� DV�
GURXJKW�DQG�IORRGV�ZLOO�SUREDEO\�FRPELQH�WR�GHSUHVV�\LHOGV�DQG�LQFUHDVH�SUR�
GXFWLRQ�ULVNV�LQ�PDQ\�UHJLRQV�RI�WKH�ZRUOG��ZLGHQLQJ�WKH�JDS�EHWZHHQ�ULFK�
DQG�SRRU�FRXQWULHV�>�@���

2Q�WKH�RQH�KDQG��WKHUH�LV�WKH�GHPDQG�IRU�FOLPDWH�SURWHFWLRQ�PHDVXUHV�>���@�
DQG��RQ�WKH�RWKHU�KDQG��WKHUH�LV�WKH�QHHG�IRU�DJULFXOWXUH�WR�DGDSW�WR�FOLPDWH�
FKDQJH��$GDSWDWLRQ� WR�FOLPDWH�FKDQJH� UHTXLUHV�NQRZOHGJH�RQ� WKH�SRWHQWLDO�
UHJLRQDO� DQG� ORFDO� LPSDFWV� RI� FOLPDWH� DQG� ZHDWKHU� H[WUHPHV� EXW� DOVR�
NQRZOHGJH�DERXW�WKH�H[SHFWHG�ORQJ�WHUP�FRQVHTXHQFHV�RI�ODQG�XVH�DFWLYLWLHV��
)URP�WKH�DJULFXOWXUDO�VLGH��YDULRXV�RSWLRQV�DUH�SRVVLEOH�IRU�DGDSWLQJ�WR�FOL�
PDWH� FKDQJH�� VXFK� DV� WKH� FXOWLYDWLRQ� RI� QHZ� FURS� VSHFLHV� DQG� GURXJKW�UH�
VLVWDQW�YDULHWLHV��H[WHQGHG�FURS�URWDWLRQV��LQFUHDVLQJ�VRLO�KXPXV�FRQWHQW��DG�
DSWDWLRQ� RI� DJUR�PDQDJHPHQW� WLPHWDEOHV�� FRQVHUYDWLRQ� WLOODJH�� DV� ZHOO� DV�
DGDSWHG�IHUWLOLVDWLRQ��LUULJDWLRQ�DQG�SODQW�SURWHFWLRQ�UHJLPHV��7KHUHIRUH�IDUP�
HUV�KDYH�WR�H[DPLQH�VHSDUDWHO\��KRZ�WKH\�FDQ�UHGXFH�WKH�YXOQHUDELOLW\�WR�FOL�
PDWH� FKDQJH� DQG� LQFUHDVH� GHVLUDEOH� RXWFRPHV�ZLWK� WKH� ORZHVW� FRVWV� XQGHU�



���

FRQVLGHUDWLRQ�RI� WKH�GLIIHUHQW� UHJLRQDO�DQG�ORFDO�HFRQRPLF�DQG�VRLO�FOLPDWH�
FRQGLWLRQV��

)RU�WKH�LGHQWLILFDWLRQ�RI�FRUUHFW�DQG�VXVWDLQDEOH�GHFLVLRQV�LW�LV�UHTXLUHG�WR�
DVVHVV�WKH�LPSDFWV�RI�FOLPDWH�FKDQJH�DQG�GLIIHUHQW�ODQG�XVH�V\VWHPV�RQ�WKH�
PRVW�LPSRUWDQW�DJULFXOWXUDO�ODQGVFDSH�LQGLFDWRUV��WKH�ULVNV�IRU�DJULFXOWXUDO�HQ�
WHUSULVHV�RU�IDUPHUV�DQG�QDWXUH�DV�D�ZKROH��DQG�WKHLU�FKDQJHV�RYHU�WLPH��7KHVH�
DVVHVVPHQWV��ZKLFK�PXVW�DOVR�WDNH�LQWR�DFFRXQW�IXWXUH�FKDQJHV��FDQ�RQO\�EH�
PDGH�ZLWK�WKH�KHOS�RI�VSDWLDO�GDWD�DQG�UREXVW�DQG�ZHOO�YDOLGDWHG�PRGHOV�IRU�
GLIIHUHQW�DJULFXOWXUDO�ODQGVFDSH�LQGLFDWRUV��)RU�GHFLVLRQV�WR�EH�PDGH�EDVHG�RQ�
PDQ\�VFHQDULR�VLPXODWLRQV��WKHVH�PXVW�EH�SDUW�RI�LQWHUDFWLYHO\�PRGHO�EDVHG�
GHFLVLRQ�VXSSRUW�V\VWHPV��'66���7KH�GHYHORSPHQW�RI�D�'66�IRU�WKLV�SXUSRVH��
KRZHYHU��UHPDLQV�D�PDMRU�FKDOOHQJH���

'XH�WR�WKH�FRPSOH[LW\�RI�VXFK�D�FKDOOHQJH��RQO\�D�IHZ�VSDWLDOO\�DSSOLFDEOH�
'66�KDYH�EHHQ�GHYHORSHG�DQG�PDGH�DYDLODEOH��VXFK�DV�$'66�>��@��*3)$50�
>�@�� ((7� �(OEH�([SHUW� 7RROER[��*/2:$� (OEH� >��@� DQG� (OEH�'66� >�@��
ZKLFK�ZHUH�GHYHORSHG�IRU�VSHFLILF�UHJLRQV�RU�ZDWHU�FDWFKPHQWV�DQG�ZKLFK�DV�
SURWRW\SHV�DUH�QRW�DYDLODEOH�WR�WKH�SXEOLF��

�� 7KH�GHFLVLRQ�DQG�VXSSRUW�V\VWHP�/DQG&D5H�'66�
%HFDXVH�WKHUH�ZDV�D�JDE�LQ�JRRG�PRGHO�EDVHG�GHFLVLRQ�VXSSRUW�V\VWHPV�

IRU�DGDSWDWLRQ�RI�DJULFXOWXUH�WR�FOLPDWH�FKDQJH�RQ�WKH�UHJLRQDO�DQG�ORFDO�VFDOH�
\HDUV� DJR�� LQ�*HUPDQ\� WKH� FROODERUDWLYH� UHVHDUFK� SURMHFW� /DQG&D5H� �����
�/DQG��&OLPDWH�DQG�5HVRXUFHV�LQ�������ZDV�VWDUWHG�>�@�ZKLFK�LQYHVWLJDWH�HI�
IHFWV�RI�UHJLRQDO�FOLPDWH�FKDQJH�RQ�DJULFXOWXUDO�SURGXFWLRQ�DV�ZHOO�DV�ZDWHU�
DQG�PDWWHU�IOX[HV�WR�SURYLGH�D�NQRZOHGJH�EDVHG�IUDPHZRUN�IRU�DGDSWDWLRQ��
&HQWUDO� REMHFWLYH� RI� WKH� SURMHFW� /DQG&D5H� ����� LV� D� PRGHO�EDVHG� '66��
NQRZQ�DV�/DQG&DUH�'66�GHYHORSHG�E\�WKH�/HLEQL]�&HQWUH�IRU�$JULFXOWXUDO�
/DQGVFDSH�5HVHDUFK��=$/)��0�QFKHEHUJ��*HUPDQ\��$V�D�SURWRW\SH�LW�ZDV�
YDOLGDWHG�IRU�WZR�FRQWUDVWLQJ�UHJLRQV�RI�(DVW�*HUPDQ\�LQ�WKH�GU\�ORZODQGV�RI�
WKH�6WDWH�RI�%UDQGHQEXUJ�DQG�LQ�WKH�KXPLG�PRXQWDLQ�DUHD�RI�WKH�)UHH�6WDWH�
6D[RQ\��7KH�FRQFHSWXDO�IUDPHZRUN�DQG�WKH�LQWHJUDWLRQ�RI�GLIIHUHQW�PRGHOV�
DQG�PRGXOHV�ZLWKLQ�WKH�/DQG&D5H±'66�DUH�UHSUHVHQWHG�LQ�)LJXUH����
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)LJXUH���±�&RQFHSWXDO�IUDPHZRUN�DQG�OHYHOV�RI�LQWHJUDWLRQ�RI�GLIIHUHQW��
PRGHOV�DQG�PRGXOHV�LQ�WKH�/DQG&D5H�'66�>��@�

����6\VWHP�FRPSRQHQWV�DQG�FKDUDFWHULVWLFV�
7KH�/DQG&D5H�'66�FRQVLVWV�RI�ILYH�EDVLF�V\VWHP�FRPSRQHQWV��
x ,QIRUPDWLRQ� DQG� DGYLVRU\� V\VWHP� FRQFHUQLQJ� FOLPDWH� DQG� FOLPDWH�

FKDQJH��
x $QDO\VLV�RI�FOLPDWH�GDWD�DQG�FOLPDWH�LPSDFWV�RQ�FURS�SKHQRORJ\�RQ�

WRJHQHVLV��
x &OLPDWH�FKDQJH�LPSDFW�DVVHVVPHQW�IRU�DJULFXOWXUH�RQ�QDWLRQDO�OHYHO��
x &OLPDWH�FKDQJH�LPSDFW�DVVHVVPHQW�RQ�UHJLRQDO�DQG�IDUP�OHYHO��
x 6LPXODWLRQ�DQG�LQWHJUDWHG�DVVHVVPHQW�RI�GLIIHUHQW�DJULFXOWXUDO�DGDS�

WDWLRQ�VWUDWHJLHV�WR�FOLPDWH�FKDQJH���
7KH�EDVLF�SULQFLSOH�RI�RSHUDWLRQ��ZKLFK�FDQ�EH�FKDUDFWHUL]HG�DV�DQ�LWHUD�

WLYH�SURFHGXUH�IURP�WKH�VFHQDULR�GHILQLWLRQ��WKH�HYDOXDWLRQ�RI�GLIIHUHQW�DJUL�
FXOWXUDO�IDUP�PDQDJHPHQW�DGDSWDWLRQ�VWUDWHJLHV��XS�WR�WKH�GHFLVLRQ��ZKDW�LV�
WKH�EHVW�DGDSWDWLRQ�VWUDWHJ\�IRU�WKH�FRQFUHWH�IDUP�WR�FOLPDWH�FKDQJH��LV�VKRZQ�
LQ�)LJXUH����

$V�GLVWLQJXLVKHG�IURP�RWKHU�'66��WKH�/DQG&D5H�'66�RIIHUV�WKH�IROORZ�
LQJ�VSHFLDO�IHDWXUHV��

x ,QWHUDFWLYLW\�
�7KH�XVHU�GHFLGHV�ZKLFK�VLPXODWLRQV�DQG�FDOFXODWLRQV�WR�H[HFXWH�DQG�
UXQV�DOPRVW�DOO�PRGHOV�E\�KLPVHOI���

x '\QDPLF�
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�$�ODUJH�YDULHW\�RI�VLPXODWLRQV�FDQ�EH�UXQ��DQDO\VHG�DQG�FRPSDUHG�
ZLWK�HDFK�RWKHU�E\�WKH�XVHU��7KH�FKRVHQ�SUHFRQGLWLRQV�ZLOO�DIIHFW�WKH�
VLPXODWLRQ�UHVXOWV�����

x 6SDWLDO�RULHQWDWLRQ��
�7KH�XVHU�FKRRVHV� WKH�GHVLUHG� OHYHO�RI�GHWDLO�E\�]RRPLQJ�EHWZHHQ�
QDWLRQDO��UHJLRQDO�RU�IDUP�OHYHO��%DVHG�RQ�WKLV�FKRLFH�GLIIHUHQW�ZHOO�
YDOLGDWHG�PRGHOV�FDQ�EH�DFWLYDWHG�IRU�H[HFXWLRQ���

x :HE�LQWHJUDWLRQ��
�&HQWUDO�VXSSRUW��FRQWURO�DQG�XSGDWH�RI�WKH�HQWLUH�'66�VRIWZDUH�DQG�
DOO�VXSSRUWLQJ�GDWD��

x ([WHQGDELOLW\��
�2SHQ� IRU� IXUWKHU� DGG�RQV�� IUHTXHQW� XSGDWH� RI� LQIRUPDWLRQ��
NQRZOHGJH�DQG�GDWD���

)LJXUH���±�%DVLF�SULQFLSOH�RI�RSHUDWLRQ�RI�/DQG&D5H�'66�>��@�

����,PSDFW�PRGHOV�DYDLODEOH�LQ�/DQG&D5H�'66�
6XSSRUWLQJ�GHFLVLRQ�PDNLQJ�IRU�DGDSWLQJ�UHJLRQDO�DQG�ORFDO�ODQG�XVH�PDQ�

DJHPHQW�WR�FOLPDWH�FKDQJH�LQ�/DQG&D5H�'66�D�ZLGH�UDQJH�RI�PRGHOV�RI�GLI�
IHUHQW�W\SHV�LV�DYDLODEOH��L�H��PRUH�WKDQ����GLIIHUHQW�VWDWLVWLF�DQG�G\QDPLF�HFR�
ORJLFDO�DQG�HFRQRPLF�PRGHOV�DUH�LQFRUSRUDWH�DQG�OLQNHG�WRJHWKHU�ZLWKLQ�WKH�
/DQG&D5H�'66��$OO�WKHVH�PRGHOV�DUH�JURXSHG�DFFRUGLQJ�WR�WKHLU�DSSOLFDWLRQ�
DQG�EULHIO\�GHVFULEHG�EHORZ��

(FRQRP\�

5$80,6��5HJLRQDOLVHG�$JUR��DQG�HQYLURQPHQW��80ZHOW��,QIRUPDWLRQ�
6\VWHP��LV�DQ�HFRQRPLF�RSWLPL]DWLRQ�PRGHO��ZKLFK�GHVFULEH�WKH�LPSDFWV�RI�
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FKDQJHV�RI�FURS�\LHOG�DQG�SULFH�FRVW�UHODWLRQV�RQ�ODQG�XVH�V\VWHPV�DQG�ODQG�
XVH�LQWHQVLW\�RQ�KLJKHU�VSDWLDO�VFDOHV��

)(0��)DUP�(FRQRPLF�0RGHO��FDOFXODWHV�LQ�GHWDLO�WKH�FRVW�EHQHILW�UHOD�
WLRQVKLSV�RI�GLIIHUHQW�IDUP�PDQDJHPHQW�DQG�FOLPDWH�DGDSWDWLRQ�VWUDWHJLHV�LQ�
GHSHQGHQFH�RQ�SULFH�FRVW�UHODWLRQV��H[SHFWHG�\LHOGV��H[SHFWHG�QLWURJHQ�IHUWL�
OL]HU�DQG�LUULJDWLRQ�ZDWHU�GHPDQGV���

/DQG�XVH�

/$189(5��PRGHO�IRU�/$QG�XVH��18W]XQJ��GLVWULEXWLRQ��9(5WHLOXQJ���
LV�D�PRGHO��ZKLFK�VLPXODWHV�WKH�VSDWLDO�GLVWULEXWLRQ�RI�DJULFXOWXUDO�XVHG�FURSV�
RQ�DUDEOH�ODQG�WDNLQJ�LQWR�DFFRXQW�WKH�UDWLR�RI�DJULFXOWXUDO�FURSV�RQ�GLVWULFW�
OHYHO�JLYHQ�E\�WKH�'66�XVHU��WKH�FRPSDWLELOLW\�EHWZHHQ�FURSV�DQG�VRLO�W\SHV��
DQG�WKH�HFRQRPLF�H[FHOOHQFH�RI�DJULFXOWXUDO�FURSV��

&OLPDWH�DQDO\VLV�

75(1'� �75(1'� DQDO\VLV�� LV� DQ� DSSURDFK� IRU� ORQJ�WHUP� FOLPDWH� GDWD�
DQDO\VLV� DQG� WUHQG� FDOFXODWLRQV� �WHPSHUDWXUH�� SUHFLSLWDWLRQ�� FOLPDWLF� ZDWHU�
EDODQFH��KHDWLQJ�DQG�FRROLQJ�GHJUHH�GD\V��(OOHQEHUJ� LQGH[� IRU� IRUHVW� WUHHV��
+XJOLQ�LQGH[�IRU�YLQH��6FKZlU]HO�LQGH[�IRU�IUXLW�WUHHV���

6$,621��6$,621DO�GDWD�DQDO\VLV��LQ�DQ�DSSURDFK�IRU�WKH�VDLVRQDO�DQDO�
\VLV�RI�ORQJ�WHUP�FOLPDWH�GDWD��WHPSHUDWXUH��SUHFLSLWDWLRQ��IURVW�DQG�LFH�GD\V��
VXPPHU��KRW�DQG�WURSLFDO�GD\V��KHDWLQJ�DQG�FRROLQJ�GD\V����

)5(48(1&<� �)5(48(1&<� GLVWULEXWLRQ�� LV� DQ� DSSURDFK� IRU� IUH�
TXHQF\�DQG�YDOXH�GLVWULEXWLRQ�IRU�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ�IRU�ORQJ�WHUP�
FOLPDWH�GDWD��

3KHQRORJ\�DQG�2QWRJHQHVLV�

9(*3(5� �/HQJWK�RI�9(*HWDWLRQ�3(5LRG��FDOFXODWHV� WKH� OHQJWK�RI� WKH�
YHJHWDWLRQ�EHWZHHQ�YHJHWDWLRQ�EHJLQ�LQ�VSULQJ�DQG�YHJHWDWLRQ�HQG�LQ�DXWXPQ��

3+(12��3+(12ORJ\��PRGHO��FRPSXWHV�WKH�VWDUW�RI�W\SLFDO�SKHQRORJL�
FDO�SKDVHV�RI�GLIIHUHQW�ZLOG�SODQWV��LQGLFDWRU�W\SHV��LQ�GHSHQGHQFH�RQ�FOLPDWH�
YDULDEOHV��

2172��2172JHQHVLV�PRGHO��FDOFXODWHV�WKH�GLIIHUHQW�VWDJHV�RI�SODQW�RQ�
WRJHQHVLV�RI�DJULFXOWXUDO�FURSV�LQ�GHSHQGHQFH�RQ�VLWH�VSHFLILF�ZHDWKHU��UHVSHF�
WLYHO\�FOLPDWH�FRQGLWLRQV��

<LHOG�DQG�(FRORJ\�

<,(/'67$7� �<,(/'67$7LVWLF� PRGHO�� LV� D� VWDWLVWLFDO� EDVHG� K\EULG�
PRGHO�WR�HVWLPDWH�WKH�\LHOG�RI�PRUH�WKDQ����DJULFXOWXUDO�FURSV�LQ�GHSHQGHQFH�
RQ�VLWH�FKDUDFWHULVWLFV��ZHDWKHU�FOLPDWH��&2��DQG�SURJUHVV�LQ�DJUR�WHFKQRORJ\�
DQG�SODQW�EUHHGLQJ���

021,&$��02GHO�IRU�1,WURJHQ�DQG�&DUERQ�LQ�$JURHFRV\VWHPV��LV�D�G\�
QDPLF�SURFHVV�RULHQWHG�6RLO�3ODQW�$WPRVSKHUH�0RGHO�RQ�D�GDLO\�WLPH�VWHS��
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ZKLFK� VLPXODWHV� WKH� LQWHUFRQQHFWLRQV� EHWZHHQ� VLWH� FKDUDFWHULVWLFV�� VSHFLILF�
ZHDWKHU�FOLPDWH�FRQGLWLRQV��IDUP�LQWHQVLW\��WKH�ZDWHU���QLWURJHQ��DQG�FDUERQ�
G\QDPLFV�LQ�VRLO�DQG�SODQW��WKH�SODQW�RQWRJHQHVLV�DQG�WKH�ELRPDVV�DQG�\LHOG�
DFFXPXODWLRQ���

*/352'��*UDVV/DQG�352'XFWLYLW\�PRGHO��LV�D�VWDWLVWLFDO�EDVHG�PRGHO��
SULPDULO\�VSHFLDOL]HG�IRU�JUDVVODQG�HFRV\VWHPV��ZKLFK�FDQ�EH�XVHG�WR�FDOFX�
ODWH�WKH�LPSDFWV�RI�FKDQJHV�LQ�FOLPDWH�DQG�JUDVVODQG�PDQDJHPHQW�RQ�JUDVV�
ODQG�\LHOG�DQG�\LHOG�TXDOLW\��

69$7�&1��6RLO�9HJHWDWLRQ�$WPRVSKHUH�7UDQVSRUW�PRGHO�±�&DUERQ�DQG�
1LWURJHQ�IOX[HV�� LV�DQ�HYDSRWUDQVSLUDWLRQ��DQG�SKRWRV\QWKHVLV�PRGHO�RI� WKH�
³ELJ�OHDYH�PRGHO�IDPLO\´��ZLWK�D�KLJK�WHPSRUDO�UHVROXWLRQ�DQG�LV�XVHG�KHUH�
WR� FDOFXODWH� WKH� SRWHQWLDO� SULPDU\� SURGXFWLRQ� RI� GLIIHUHQW� IRUHVW� WUHHV� DQG�
JUDVVODQG��

(526,21��PRGHO�RI�SRWHQWLDO�(526,21�ULVN��LV�DQ�HPSLULFDO�ZDWHU�HUR�
VLRQ�PRGHO��ZKLFK�GHVFULEH�WKH�LPSDFWV�RI�IDUP�PDQDJHPHQW�WHFKQRORJ\�DQG�
FOLPDWH�RQ�WKH�SRWHQWLDO�HURVLRQ�ULVN�RQ�GLIIHUHQW�VFDOH��

%$*/89$��%$*529�DQG�*/8*/$�DOJRULWKP�IRU�FDOFXODWLRQ�RI�ORQJ�
WHUP�DYHUDJHV�RI�DFWXDO�H9DSRWUDQVSLUDWLRQ�DQG�JURXQG�Z$WHU�UHFKDUJH��LV�D�
UHJLRQDOL]HG�ZDWHU�EDODQFH�PRGHO� IRU�FDOFXODWLRQ�RI� ORQJ�WHUP�DYHUDJHV�RI�
DFWXDO�HYDSRWUDQVSLUDWLRQ�DQG�JURXQG�ZDWHU�UHFKDUJH���

%(5%('8(� �PRGHO� IRU� LGHQWLILFDWLRQ� RI� LUULJDWLRQ� SRYHUW\� �%(5HJ�
QXQJV%('8(UIWLJNHLW���FDQ�EH�XVHG�WR�LGHQWLI\�WKH�JHQHUDO�VLWH�VSHFLILF�LUUL�
JDWLRQ�SRYHUW\� LQ�GHSHQGHQFH�RQ� VLWH� FRQGLWLRQV�� DJULFXOWXUDO� ODQG�XVH� DQG�
ZHDWKHU�FOLPDWH���

=8:$%(� �PRGHO� IRU� LUULJDWLRQ� ZDWHU� GHPDQG� �=8VDW]:$VVHU%(G�
XHUILJNHLW���FDQ�EH�XVHG�WR�FDOFXODWH�WKH�VLWH�VSHFLILF�LUULJDWLRQ�ZDWHU�GHPDQG�
LQ�GHSHQGHQFH�RQ�VRLO�FKDUDFWHULVWLFV��FURS�URWDWLRQ�DQG�VLWH�VSHFLILF�FOLPDWH�
FRQGLWLRQV��

$�GHWDLOHG�GHVFULSWLRQ�RI�WKH�LPSDFW�PRGHOV�LQFRUSRUDWHG�LQWR�/DQG&D5H�
'66�LV�JLYHQ�LQ�>��@��

����6KRUW�GHVFULSWLRQ�RI�WKH�VLPXODWLRQ�IXQFWLRQDOLW\�
$V�D�SUHUHTXLVLWH�IRU�WKH�GHYHORSPHQW�RI�WKH�'HFLVLRQ�6XSSRUW�6\VWHP��SR�
WHQWLDO� XVHUV� OLNH� DJULFXOWXUDO� DGPLQLVWUDWLRQV�� IDUPHUV�� ZDWHU� DJHQFLHV� DQG�
DJUR�EXVLQHVV�ZHUH�LQFOXGHG�LQ�WKH�UHVHDUFK�SURFHVV��$V�IDU�DV�SRVVLEOH�WKHLU�
VSHFLILF�GHPDQGV�RI�NQRZOHGJH�DQG�GHFLVLRQ�VXSSRUW�FRXOG�EH�FRQVLGHUHG��,Q�
WKH�UHVXOW�WKH�VSDWLDO�'66�LV�LQWHUDFWLYH�DQG�G\QDPLF��,W�DOORZV�PXOWL�PRGHO�
DQG�PXOWL�VFHQDULR�VLPXODWLRQ�UXQV�ZLWK�YDULRXV�GDWD�VHWV�DQG�SDUDPHWHUV�E\�
WKH�XVHU��/DQG&D5H�'66�LQFOXGHV�UHJLRQDO�ZHDWKHU�GDWD�RI�WKH�SDVW��UHFRUGHG�
E\�FOLPDWH�VWDWLRQV�RI� WKH�*HUPDQ�:HDWKHU�6HUYLFH��':'��VLQFH�������DV�
ZHOO�DV�GLIIHUHQW�IXWXUH�FOLPDWH�VFHQDULRV�EDVHG�RQ�WKH�(&+$0��*OREDO�&LU�
FXODWLRQ�0RGHO�ZLWK�G\QDPLF�GRZQVFDOLQJ�����WR���NP�JULG�OHQJWK��XVLQJ�WKH�
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(XURSH�ZLGH�UHJLRQDO�FOLPDWH�PRGHO�&/0�>�@�DQG�UHVXOWV�RI�WKH�VWDWLVWLFDO�
G\QDPLF�PRGHO�:(775(*�>�@��/DQG&D5H�'66�DOVR�FDQ�XVH�GLIIHUHQW�PDQ�
DJHPHQW�GDWD��DQ�HFRQRPLF�GDWD�EDVH�DQG�D�ORW�RI�SDUDPHWHU�VHWV�VSHFLILF�IRU�
WKH�XVHG�PRGHOV��,Q�/DQG&D5H�'66�DOVR�FDQ�EH�LQFRUSRUDWHG�D�ZLGH�UDQJH�RI�
VSDWLDO�LQIRUPDWLRQ�VXFK�DV�*,6�PDSV�IRU�VRLO�W\SH��VXUIDFH�VORSH��K\GURPRU�
SK\�� VRLO�TXDOLW\� DQG�RWKHUV��$OO� WKHVH�GDWD�� LQIRUPDWLRQ�DQG�SDUDPHWHU�DUH�
OLQNHG�WRJHWKHU�ZLWK�WKH�PRGHOV�IRU�VSDWLDO�PRGHO�VLPXODWLRQV��,Q�WKH�UHVXOW�
VSDWLDO�UHVXOW�PDSV�DUH�SURGXFHG�IRU�GLIIHUHQW�DJULFXOWXUDO�LQGLFDWRUV�VXFK�DV�
FURS�\LHOG��HURVLRQ�ULVN��HYDSRWUDQVSLUDWLRQ�RU�LUULJDWLRQ�ZDWHU�GHPDQG��)LJ�
XUH���VKRZ�WKH�PRGHO�*,6�FRXSOLQJ�ZLWKLQ�WKH�/DQG&D5�'66�

$V�DOUHDG\�PHQWLRQHG�DERYH��/DQG&D5H�'66� LV�D�PRGHO�EDVHG� V\VWHP�
IRU�GHFLVLRQ�PDNLQJ��7KH�V\VWHP�DOORZV�LW�WR�DQDO\VH�LQWHUDFWLYHO\�VFHQDULRV�
DQG�WKXV�RIIHU�DGDSWDWLRQ�DQG�XWLOLVDWLRQ�RSWLRQV�IRU�DJULFXOWXUDO�XVHG�ODQG�
VFDSHV�RU�LQGLYLGXDO�IDUPV�XQGHU�WKH�LQIOXHQFH�RI�UHJLRQDO�FOLPDWH�FKDQJH�DQG�
VRFLR�HFRQRPLF�IUDPHZRUN�FRQGLWLRQV��$�VKRUW�GHPRQVWUDWLRQ�RI�KRZ�/DQG�
&D5H�'66�ZRUNV�FDQ�EH�ZDWFKHG�RQ�<RX7XEH��KWWSV���\RXWX�EH�WE8+DH$��
GO��IRU�DSSOLFDWLRQ�H[DPSOHV�LQ�*HUPDQ\�DQG�%UD]LO��

)LJXUH���±�0RGHO���*,6���FRXSOLQJ�ZLWKLQ�/DQG&D5H�'66�XVLQJ�WKH�G\�
QDPLF�021,&$�DQG�WKH�VWDWLVWLF�<,(/'67$7�PRGHOV�IRU�VLPXODWLQJ�ZLQ�
WHU�ZKHDW�\LHOG�DQG�LUULJDWLRQ�ZDWHU�GHPDQG�IRU�WKH�8FNHUPDUN�UHJLRQ��*HU�

PDQ\�

����([DPSOHV�RI�/DQG&D5H�'66�XVH�
$QDO\VLV�RI�FOLPDWH�DQG�SKHQRORJLFDO�GDWD�

)RU�WKH�DGDSWDWLRQ�RI�DJUR�PDQDJHPHQW�WR�FOLPDWH�FKDQJH�LQIRUPDWLRQ�RQ�
WKH� LPSDFWV�RI� FOLPDWH�FKDQJH�RQ� WKH�RQWRJHQHVLV�RI� DJULFXOWXUDO�FURSV�DUH�
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YHU\� LPSRUWDQW�� 8VLQJ� WKH� H[DPSOH� RI� ZLQWHU� ZKHDW�� )LJXUH� �� VKRZV� WKH�
OHQJWKV�RI�GLIIHUHQW�RQWRJHQHVLV�VWDJHV�EHWZHHQ�VRZLQJ�DQG�KDUYHVW�LQ�FRP�
SDULVRQ�IRU�WZR�FOLPDWH�WLPH�SHULRGV���

7KH�XVHU�RI�WKH�/DQG&D5H�'66�FDQ�FKRVH�GLIIHUHQW�FOLPDWH�VFHQDULRV��GLI�
IHUHQW�WLPH�SHULRGV�DQG�GLIIHUHQW�VRZLQJ�GDWHV�IRU�UXQQLQJ�WKH�2172�PRGHO��
,Q�WKH�UHVXOW�WKH�'66�XVHU�JDLQ�LQIRUPDWLRQ�RQ�WKH�FURS�UHDFWLRQ�DQG�KH�FDQ�
DGDSW�KLV�DJULFXOWXUDO�PDQDJHPHQW��

&OLPDWH�FKDQJH�LPSDFW�DVVHVVPHQW�RQ�QDWLRQDO�VFDOH�

$W�WKH�QDWLRQDO�VFDOH�PDSV�ZLWK�LQIRUPDWLRQ�RQ�FKDQJHV�LQ�FURS�\LHOGV��
FURSSLQJ�VWUXFWXUH��IDUP�HFRQRPLHV�DQG�LUULJDWLRQ�GHPDQG�IRU�GLIIHUHQW�WLPH�
SHULRGV�DV�D�FRQVHTXHQFH�RI�FOLPDWH�FKDQJH�DUH�SUHVHQWHG�WR�WKH�VWDNHKROGHUV��
7KH�PDSV�ZHUH�FUHDWHG�E\�D�UHVHDUFK�JURXS�RI�WKH�7K�QHQ�,QVWLWXWH�%UXQV�
ZLFN��*HUPDQ\�XVLQJ�WKH�VLPXODWLRQ�PRGHO�5$80,6��:LWKLQ�WKH�/DQG&D5H�
'66�WKH�XVHU�FDQ�FDUU\�RXW�VWDWLVWLFDO�DQDO\VHV�ZKLFK�DUH�H[HPSODU\�VKRZQ�LQ�
)LJXUH����ZLQWHU�ZKHDW�\LHOG�IRU�*HUPDQ\�H[SHFWHG�LQ��������

)LJXUH���±�/HQJWK�RI�RQWRJHQHVLV�VWDJHV�IRU�ZLQWHU�ZKHDW��LQ�GD\V��EH�
WZHHQ�VRZLQJ�DQG�KDUYHVW�LQ�FRPSDULVRQ�EHWZHHQ�������LQQHU�FLUFOH��DQG�

������RXWHU�FLUFOH��
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)LJXUH���±�:LQWHU�ZKHDW�\LHOGV�DFURVV�*HUPDQ\�H[SHFWHG�LQ�������VLPX�
ODWLRQ�PRGHO��5$80,6��FOLPDWH�VFHQDULR��$�%��FOLPDWH�UHJLRQDOL]DWLRQ�

PHWKRG��:(775(*��

&OLPDWH�FKDQJH�LPSDFW�DVVHVVPHQW�RQ�UHJLRQDO�VFDOH�

2Q� WKH� UHJLRQDO� VFDOH� WKH� HFRORJLFDO� LPSDFW� DVVHVVPHQW� RI� FOLPDWH� DQG�
ODQG�XVH�FKDQJHV�DUH�UHDOL]HG�RQ�D�KLJK�VSDWLDO�UHVROXWLRQ��L�H��RQ�D�PLQLPXP�
SL[HO�VL]H�RI���KD�����P�[���P���0RVW�RI�PRGHOV�PHQWLRQHG�DERYH�FDQ�EH�
DFWLYDWHG��EXW�ZLWKRXW�D�FRXSOLQJ�ZLWK�WKH�HFRQRPLF�PRGHO�RQ�WKLV�VFDOH��8V�
LQJ�GLIIHUHQW�PRGHOV�� FDOFXODWLRQV�DUH�SRVVLEOH� IRU� WKH�H[SHFWHG� LPSDFWV�RI�
FOLPDWH�FKDQJH�RQ�\LHOGV� IRU�DUDEOH�DQG�JUDVVODQG��RQ� WKH�SRWHQWLDO�HURVLRQ�
ULVN��RQ�HYDSRWUDQVSLUDWLRQ�DQG�JURXQG�ZDWHU�UHFKDUJH��RQ�WKH�LUULJDWLRQ�ZDWHU�
GHPDQG�DQG�RWKHUV��$W� WKLV�UHJLRQDO�VFDOH�VWDWLVWLFDO�DQDO\VLV��DYHUDJH��PH�
GLDQ��KLVWRJUDP��«��DXWRPDWLFDOO\�DUH�UHDOL]HG��,Q�)LJXUH���IRU�WKH�8FNHUPDUN�
UHJLRQ��*HUPDQ\��WKH�VSDWLDO�GLVWULEXWLRQ�RI�ZLQWHU�ZKHDW�\LHOGV�IRU�WKH�FOL�
PDWH� SHULRG� ���������� �FOLPDWH� VFHQDULR� $�%�� FDOFXODWHG� ZLWK� WKH�
<,(/'67$7�PRGHO�LV�VKRZQ��:LQWHU�ZKHDW�LV�JURZQ�LQ�D�FURS�URWDWLRQ�ZLWK�
ZLQWHU�RLOVHHG�UDSH��
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)LJXUH���±�6SDWLDO�GLVWULEXWLRQ�RI�ZLQWHU�ZKHDW�\LHOG�LQ�WKH�8FNHUPDUN�
UHJLRQ��*HUPDQ\�IRU�WKH�FOLPDWH�SHULRG������������FOLPDWH�VFHQDULR�$�%��

LQ�WKH�FURS�URWDWLRQ�ZLWK�ZLQWHU�RLOVHHG�UDSH��VLPXODWLRQ�ZLWK�WKH�
<,(/'67$7�PRGHO��

/RFDO�RU�IDUP�VFDOH�

$W�ORFDO�RU�IDUP�VFDOH�DQ�LQWHUDFWLYH�VLPXODWLRQ�DQG�LQWHJUDWHG�LPSDFW�DV�
VHVVPHQW�RI�DJULFXOWXUDO�DGDSWDWLRQ�VWUDWHJLHV� WR�FOLPDWH�FKDQJH��FURS�URWD�
WLRQ��VRLO�WLOODJH��IHUWLOLVDWLRQ��LUULJDWLRQ��SULFH�DQG�FRVW�FKDQJHV��«��LV�RIIHUHG�
E\� WKH� /DQG&D5H�'66�� 7KH� XVHU� RI� WKH� V\VWHP� ZLOO� EH� LQIRUPHG� DERXW�
FKDQJHV�RI�FURS�SURGXFWLYLW\��\LHOG��\LHOG�TXDOLW\���VRLO�IHUWLOLW\��ZDWHU��FDUERQ�
DQG�QLWURJHQ�FRQWHQWV���ZDWHU�HURVLRQ�DQG�IDUP�HFRQRP\��$W�IDUP�OHYHO�WKH�
G\QDPLF� DJUR�HFRV\VWHP� PRGHO� 021,&$� >��@� DQG� WKH� VWDWLVWLFDO�EDVHG�
PRGHO�<,(/'67$7�>�@�IRU�\LHOG�SUHGLFWLRQ�DUH�FRXSOHG�ZLWK�WKH�IDUP�HFRQ�
RP\�PRGHO� �)(0��>��@���7KH�/DQG&D5H�'66�XVHU� UHFHLYH� LQIRUPDWLRQ�RQ�
GLIIHUHQW�HFRQRPLF�SDUDPHWHUV��IHUWLOL]HU�DPRXQWV�DQG�FRVWV��LUULJDWLRQ�ZDWHU�
GHPDQGV�DQG�FRVWV�DQG�ILQDOO\�RQ�FURS�\LHOGV�DQG�VDOHV�SURILWV��)RU�DOO�RXWSXW�
LQIRUPDWLRQ�WKH�YDULDQFHV�RI�UHVXOWV�DUH�JLYHQ��EDVHG�RQ�XS�WR����VLPXODWLRQ�
UXQV��7KH�UHVXOWV�DUH�YLVXDOL]HG�XVLQJ�QRUPDOLVHG�EDU�JUDSKV�IRU�D�EHWWHU�FRP�
SDULVRQ�EHWZHHQ�GLIIHUHQW�VFHQDULR�UXQV��)LJXUH���VKRZV�DQ�H[DPSOH�IRU�WKH�
YLVXDOL]HG� VLPXODWLRQ� UHVXOWV� RI� WKH�PRGHO�021,&$� IRU� D� VPDOO� SDUW� RI� D�
IDUP��EDVHG�DW�WKH�*RRJOH�PDS�EDFNJURXQG��7KH�EDU�JUDSKV�ZLWK�LQIRUPDWLRQ�
RQ�HFRQRPLF�YDOXHV��\LHOG�YDOXHV��IHUWLOL]DWLRQ�DQG�ZDWHU�UHODWHG�YDOXHV�DUH�
DUUDQJHG�DURXQG�WKH�IL[HG�SDUW�RI�WKH�IDUP�ZKLFK�LV�VXEGLYLGHG�LQ���KD������[�
����P��SL[HOV��,Q�WKH�XSSHU�SDUW�ILUVW�WKH�GDWD�RI�WKH�DFWXDO�VFHQDULR�UXQ�FDQ�
EH�FKRVHQ��6HFRQGO\�DOO�LQSXW�LQIRUPDWLRQ�FDQ�EH�DFWLYDWHG�DQG�SUHVHQWHG��$W�
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WKH� OHIW� VLWH� RI� WKH� ILJXUH� WKHUH� DUH� VKRZQ� SDUWV� RI� WKH� G\QDPLF� UHVXOWV� RI�
021,&$�DV�DYHUDJH�IRU�WKH�FURSSLQJ�\HDU�DQG�DV�WLPH�FRXUVH��IRU�H[DPSOH�
WKH�VRLO�FDUERQ�G\QDPLFV��IRU�WKH�FKRVHQ����\HDU�FOLPDWH�SHULRG��

)LJXUH���±�9LVXDOLVDWLRQ�RI�VLPXODWLRQ�UHVXOWV�IRU�WKH�FRPELQHG�021,&$�
DQG�)(0�PRGHOV�DW�IDUP�OHYHO�IRU�D�VPDOO�SDUW�RI�D�IDUP�ZLWKLQ�WKH�8FNHU�
PDUN�UHJLRQ��*HUPDQ\��FURS�URWDWLRQ��ZLQWHU�ZKHDW�±�ZLQWHU�RLOVHHG�UDSH��
FOLPDWH�VFHQDULR��$�%��FOLPDWH�GDWD�UHJLRQDOL]DWLRQ�PHWKRG��:(775(*��

FOLPDWLF�SHULRG�������������

�� &RQFOXVLRQV��
:KLOH�WKH�LQWHUQDWLRQDO�FRPPXQLW\�KDV�IRFXVHG�RQ�FOLPDWH�FKDQJH�PLWL�

JDWLRQ��WKH�LVVXH�RI�DGDSWDWLRQ�WR�FOLPDWH�FKDQJH�LV�DQ�HTXDOO\�SUHVVLQJ�LVVXH�
DQG�PXVW�EH�SXW�RQ� WKH� LQWHUQDWLRQDO�QHJRWLDWLRQ�DJHQGD��7KLV� LV�SULPDULO\�
FUXFLDO�IRU�PDQ\�FRXQWULHV�WKDW�KDYH�FRQWULEXWHG�OLWWOH�WR�JUHHQKRXVH�JDV�HPLV�
VLRQV�EXW�KDYH�WR�EHDU�WKH�EUXQW�RI�WKH�QHJDWLYH�LPSDFWV�RI�FOLPDWH�FKDQJH�DQG�
YDULDELOLW\��

$�ILUVW�DSSOLFDWLRQ�RI�/DQG&D5H�'66�IRU�*HUPDQ\�VKRZV�WKDW�
x WKH�LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�FURS�SURGXFWLRQ�DUH�JHRJUDSKLFDOO\�XQ�

HYHQO\�GLVWULEXWHG��
x LQ� WKH� ILUVW�GHFDGHV�RI� WKH���WK�FHQWXU\� WKH�H[SHFWHG� LPSDFWV�RI�FOLPDWH�

FKDQJH�RQ�DJULFXOWXUH�LQ�*HUPDQ\�DUH�UHODWLYHO\�ORZ��EXW�WKH�VHFRQG�KDOI�
RI�WKH�FHQWXU\�LV�H[SHFWHG�WR�EULQJ�PRUH�VHYHUH�ELRSK\VLFDO�LPSDFWV���

x WKH�PRVW�LPSRUWDQW�DJULFXOWXUDO�DGDSWDWLRQ�VWUDWHJLHV�LQ�*HUPDQ\�WR�FRSH�
ZLWK� FOLPDWH� FKDQJHV� DUH� LUULJDWLRQ�� IOH[LEOH� PXOWLSOH� FURS� URWDWLRQV��
FKDQJH�WR�ORZ�DQG�QR�WLOO�IDUPLQJ�V\VWHPV�DQG�FRQVHUYDWLRQ�RI�D�JRRG�VRLO�
IHUWLOLW\��
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x WKH�FRQWLQXHG�WHFKQRORJLFDO�SURJUHVV��SODQW�EUHHGLQJ�DQG�QHZ�DJUR�WHFK�
QRORJLHV��FDQ�SOD\�D�FUXFLDO�UROH�IRU�FOLPDWH�DGDSWDWLRQ��
'HVSLWH�WKH�VFLHQWLILF�SURJUHVV�LQ�WKH�ODVW�GHFDGHV�WKHUH�DUH�PDQ\�XQFHU�

WDLQWLHV�RI�FOLPDWH�FKDQJH�LPSDFW�DVVHVVPHQW�RQ�HFRV\VWHPV�DQG�HQYLURQPHQW�
7KHUH�DUH�XQFHUWDLQWLHV�RI�WKH�UHJLRQDO�RFFXUUHQFH�RI�IXWXUH�FOLPDWH�FKDQJH��
XQFHUWDLQWLHV�RI�WKH�JOREDO�DQG�UHJLRQDO�HFRQRPLF�GHYHORSPHQW��EXW�DOVR�XQ�
FHUWDLQWLHV�LQ�WKH�XQGHUVWDQGLQJ�RI�G\QDPLF�NH\�SURFHVVHV�GHVFULELQJ�WKH�LQ�
WHUDFWLRQV�RI�HOHYDWHG�&2��ZLWK�RWKHU�FOLPDWH�YDULDEOHV��LQFOXGLQJ�H[WUHPHV��
ZLWK�WKH�VRLO�DQG�WKH�ZDWHU�TXDOLW\��ZLWK�SHVWV��ZHHGV�DQG�GLVHDVHV�DQG�ZLWK�
WKH� HFRV\VWHP� YXOQHUDELOLW\�� ,Q� JHQHUDO�� JUHDWHU� FROODERUDWLRQ� DFURVV� GLVFL�
SOLQHV�LV�QHFHVVDU\�WR�EULGJH�VRPH�RI�WKH�H[LVWLQJ�NQRZOHGJH�JDSV�DQG�EHWWHU�
WR�XQGHUVWDQG�UHODWHG�XQFHUWDLQWLHV��

)RU�D�GHFLVLRQ�VXSSRUW�V\VWHP�LW�PHDQV��WKDW�LW�VKRXOG�EH�RSHQ�IRU�IXUWKHU�
GHYHORSPHQWV�DQG�LQWHJUDWLRQ�RI�QHZ�JRRG�YDOLGDWHG�PRGHOV�IRU�D�VSDWLDO�XVH��
7KH�UHJLRQDO�DQG�ORFDO�IRFXV�RI�WKH�/DQG&D5H�'66�DOORZV�WKH�GHYHORSPHQW�
RI�PRUH�VSHFLILF�DFWLRQV�IRU�DQ�DGDSWDWLRQ�RI�DJULFXOWXUH�WR�FOLPDWH�FKDQJH��,W�
ZLOO�IXUWKHU�SURYLGH�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�SRWHQWLDO�UDQJH�RI�FOLPDWH�
FKDQJH�LPSDFWV�DQG�VSHFLI\�UHTXLUHG�UHVHDUFK�WR�LPSURYH�PRGHO�SDUDPHWHUL�
VDWLRQ�DQG�YDOLGDWLRQ�E\�IXWXUH�ORFDO�DQG�VSDWLDO�H[SHULPHQWDO�ZRUN��

7KH�SUHVHQWHG�PHWKRGRORJ\�FRXOG�EH�DOVR�RI�LQWHUHVW�IRU�WKH�DJULFXOWXUDO�
ODQGVFDSHV� LQ�5XVVLD�� ,W� FRXOG�EH�KHOSIXO� WR� ILQG�PRUH� VXVWDLQDEOH� IDUPLQJ�
V\VWHPV�DQG�VXLWDEOH�DGDSWDWLRQ�VWUDWHJLHV�WR�FOLPDWH�FKDQJH��

�� $FNQRZOHGJHPHQW�
7KLV�FRQWULEXWLRQ�ZDV�VXSSRUWHG�E\�WKH�*HUPDQ�0LQLVWU\�IRU�(GXFDWLRQ�

DQG�5HVHDUFK��E\�WKH�*HUPDQ�0LQLVWU\�RI�)RRG��$JULFXOWXUH�DQG�&RQVXPHU�
3URWHFWLRQ��DQG�E\�WKH�0LQLVWU\�RI�,QIUDVWUXFWXUH�DQG�$JULFXOWXUH�RI�WKH�)HG�
HUDO�6WDWH�RI�%UDQGHQEXUJ��*HUPDQ\����

5HIHUHQFHV�

���$VFRXJK�-�&���6KDIIHU�0�-���+RDJ�'�/���0F�0DVWHU�*�6���'XQQ�*�+���
$KXMD�/�5���:HOW]�0�$�� �������*3)$50��DQ� LQWHJUDWHG�GHFLVLRQ� VXSSRUW�
V\VWHP�IRU�VXVWDLQDEOH�JUHDW�SODLQ�DJULFXOWXUH��,Q��6FRWW��'�(���0RKWDU��5�+���
6WHLQKDUGW��*�&���HGV����6XVWDLQLQJ�WKH�*OREDO�)DUP��6HOHFWHG�3DSHUV�IURP�WKH�
��WK�,QWHUQDWLRQDO�6RLO�&RQVHUYDWLRQ�2UJDQL]DWLRQ�0HHWLQJ�+HOG�IURP����WR�
���0D\������DW�3XUGXH�8QLYHUVLW\�DQG�WKH�86'$�$56�1DWLRQDO�6RLO�(URVLRQ�
5HVHDUFK�/DERUDWRU\��SS������������

���%HUOHNDPS�-���/DXWHUEDFK�6���*UDI�1���0DWWKLHV�0���������$�GHFLVLRQ�
6XSSRUW�6\VWHP�IRU�,QWHJUDWHG�5LYHU�%DVLQ�0DQDJHPHQW�RI�WKH�*HUPDQ�(OEH��
3URFHHGLQJV�02'6,0�������SS������������
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���%|KP�8���.�FNHQ�0���$KUHQV�:���%ORFN�$���+DXIIH�'���.HXOHU�.���
5RFNHO�%���:LOO�$���������&/0���WKH�FOLPDWH�YHUVLRQ�RI�/0��EULHI�GHVFULSWLRQ�
DQG�ORQJ�WHUP�DSSOLFDWLRQV��&2602�1HZVOHWWHU�������������

���&23����������&23(���.DWRZLFH�±�8QLWHG�1DWLRQV�&OLPDWH�&KDQJH�
&RQIHUHQFH��KWWS���FRS���NDWRZLFH�HX�GH���$VVHVVHG���0D\�������

���(QNH�:���6FKQHLGHU�)���'HXWVFKOlQGHU�7�� �������$�QRYHO� VFKHPH� WR�
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