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EHLQJ� SODQQHG� WR� VHUYH� IRU� GLIIHUHQW� FRQFHSWV� EULQJ� WRJHWKHU� GLIIHUHQW� GLFLSOLQHV� DQG� WHFKQRORJLFDO�LQQRYDWLRQV� LQ� WKH� ���� &HQWU\� PDNH� QHFHVVDU\� WR� ZRUN� FROOHFWLYHO\� SURIHVVLRQDO� GLVFLSOLQHV�� WKH�LPSRUWDQFH� RI� JHRJUDSKLFDO� GDWDEDVHV� WKDW� FRQFHUQ� GLIIHUHQW� SURIHVVLRQV� LQFUHDVHV�� ,Q� 7XUNH\�� WR�VXSSO\�GDWD�FRPPXQLFDWLRQ�EHWZHHQ�GLIIHUHQW�GLVFLSOLQHV��FRQVWUXFWLRQ�RI�D�QDWLRQ�ZLGH�LQIRUPDWLRQ�V\VWHP�FDOOHG�³1DWLRQDO� ,QIRUPDWLRQ�6\VWHP´� LQYROYLQJ�DOO� RI� WKH�SXEOLF� IRXQGDWLRQV� LV�GHVLJQDWLRQ�VWDJH�
5HJLRQDO�*HRJUDSKLFDO�'DWDEDVH�VWXG\�ZDV�VWDUWHG�E\�FKRVLQJ�WKH�FLW\�RI�7UDE]RQ�DV�SLORW�DUHD��3ULRU�WR� WKH� VWXG\�� LW� LV� DLPHG� EDVLFO\� WKDW� WKLV� ,QIRUPDWLRQ� 6\VWHP�SURYLGH� EDVH�PDSV� IRU� SURGXFWLRQ� RI�(QYLURQPHQWDO� 3ODQV� DQG�� JXLGH� DGPLQLVWUDWLYH� DQG� LQYHVWPHQW� DFWLYLWLHV�� $� SODQQLQJ� SURFFHV� ZDV�H[HFXWHG�DERXW�ZKDW�NLQG�RI�DQG�ZKDW�TXDOLW\�GDWDV�VKRXOG�EH�LQYROYHG�LQ�VXFK�D�V\VWHP�DQG�ZKDW�GDWD�VRXUFHV�VKRXOG�EH�XVHG��'XULQJ�WKH�VWXG\��WKH�SUREOHP�RI�QRW�EHLQJ�DEOH�WR�UHDFK�VRPH�GDWD�WKURXJK�UHTXLUHG�GDWD�VRXUFHV�RU� LQ�UHTXLUHG�TXDOLW\�DV�DQWLFLSDWHG�LQ�GDWD�DFTXLVLRQ�SODQ�PDGH�LQHYLWDEOH�WR�LQFOLQH� VRPH� RWKHU� GDWD� VRXUFHV�� ,Q� WKLV� UHVSHFW�� VXFK� PHWKRGV� DV� FRPSDULQJ� WKH� GDWD� RULJLQDWHG�GLIIHUHQW�VRXUFHV�DQG�DSSO\LQJ�UHOHYDQW�H[SHUWV�ZHUH�IROORZHG��,Q�DGGLWLRQ�WR�WKLV��VDWHOOLWH�LPDJHV�ZHUH�DOVR�XVHG�
�� 3529,1&(�$'0,1,675$7,21�$1'�7+(�1(('�)25�63$7,$/�'$7$
3URYLQFHV� IRUP� WKH� EDVLF� DGPLQLVWUDWLYH� SDUWV� RI� WKH� FRXQWU\� DQG� DQ� LPSRUWDQW� EDVH� IRU� WKH� SXEOLF�DGPLQLVWUDWLRQ�EHFDXVH��LQ�DFFRUGDQFH�ZLWK�WKH�7XUNLVK�FRQVWLWXWLRQ��SURYLQFH�V\VWHP�LV�DFFHSWHG�DV�D�EDVH� LQ� YLHZ� RI� FHQWUDO� PDQDJHPHQW�� ,Q� HFRQRPLFDO� DQG� VRFLDO� GHYHORSPHQW�� HOLPLQDWLQJ� UHJLRQDO�GHYHORSPHQW� GLIIHUHQFHV� DQG� SURYLGLQJ� D� QDWLRQ� ZLGH� EDODQFHG� LPSURYHPHQW�� SURYLQFHV� VKRXOG� EH�DFFHSWHG� DV�PDLQ� XQLWV��:KHQ� FRVLGHUHG� WKDW� D� SODQQDG� LPSURYHPHQW� FRQVLVW� RI� ORFDO�� UHJLRQDO� DQG�QDWLRQDO�VWDJHV��SURYLQFHV�IRUPV�WKH�PRVW�LPSRUWDQW�DGPLQLVWUDWLYH�VWHS�IRU�SODQQLQJ�DQG�GHWHUPLQDWLRQ�RI�VWUDWHJLHV�DW�ORFDO�OHYHO�>'37� ����@�
3URYLQFH� DGPLQLVWUDWLRQ� WKDW� IRUP� DQ� LQWHJULW\� LQ� LWV� FRQVWLWXRQ� IRUPV� D� VPDOO� PRGHO� RI� QDWLRQDO�DGPLQLVWUDWLRQ��:KHQ� FRQVLGHUHG� LQ� YLHZ� RI� QDWLRQDO� DGPLQLVWUDWLYH� XQLWV�� SURYLQFH� DGPLQLVWUDWLRQV�NHHS�PRVW�RI� WKH�SXEOLF� IRXQGDWLRQV� LQ� LWV� LQWHULRU��DQG�E\� MRLQLQJ� WKH�VSDWLDO�GDWDV� UHODWLQJ� WR�HDFK�SURYLQFH��QDWLRQ�ZLGH�VSDWLDO�GDWD�VHWV�FRPH�WRJHWKHU�DV�D�ZKROH��$GPLQLVWUDWLYH�XQLWV�UHTXLUH�VSDWLDO�GDWDV� WR�FDUU\�RXW� WKHLU�PDQDJHULDO�DFWLYLWLHV��%HLQJ�DEOH� WR�DFKLYH� WKLV�DQG�SURYLGH� LPSURYHPHQW� LQ�SURYLQFH�VFDOH�FDQ�EH�REWDLQHG�E\�LPSURYLQJ�DGPLQLVWUDWLRQV�LQ�FHQWUH�RI�SRSXODWLRQ��SURGXFLQJ�DQG�FRQWUROOLQJ� SURSHU� ODQG� XVH� SODQV�� SODQQLQJ� FRQYHQLHQW� KRXVLQJ� DUHDV� DQG� LQWHJUDWLQJ� ZLWK�HQYLURQPHQWDO�LQIUDVWUXFWXUH�>*URRW������@�
,Q�7XUNH\��WKHUH�DUH�WKUHH�EDVH�ORFDO�DGPLQLVWUDWLRQ�V\VWHPV�ZKLFK�DUH�SURYLQFH��FRXQW\�DQG�YLOODJH��$PRQJ�WKHVH��SURYLQFH�DGPLQLVWUDWLRQV�KDYH�WKH�SRVLWLRQ�EHLQJ�FLYLO�VXSHULRU�LQ�UHVSHFW�RI�DXWKRULW\�DQG� UHVSRQVLELOLW\� 7KHVH� DGPLQLVWUDWLRQV� DOVR� SUHSDUH� GHYHORSPHQW� VFKHPHV�� WKURXJK� VXSHUYLVLQJ�XUEDQ�DQG�UXUDO�DUHDV��7KHUHIRUH��PDNLQJ�GHFLVLRQV�E\�SURYLQFH�DGPLQLVWUDWRU�ZLOO�EH�SRVVLEOH�RQO\�E\�IRUPLQJ�*HRJUDSKLF�'DWD�%DVH��*'%��DQG�SURYLGLQJ�EDVH�PDSV�DLPLQJ�DW�WKH�IXWXUH�SODQQLQJ�
�� 0(7+2'2/2*<
7KH�FLW\�RI�7UDE]RQ�LV�VLWXDWHG�EHWZHHQ���R �¶���¶¶�� ��R ��¶�HDVW�ORQJLWXGHV�DQG���R ��¶�� ��R �¶�QRUWK�ODWLWXGHV�LQ�WKH�PLGGOH�RI�(DVW�%ODFNVHD�5HJLRQ��)LJXUH ����,Q�WKH�FLW\��LQFUHDVLQJ�HOHYDWLRQ�EHJLQQLQJ�IURP�WKH�VHD�OHYHO�H[FHHGV�����P�LQ�VRPH�DUHDV��*HQHUDOO\��PRXQWDLQV��KLOOV�DQG�KLJK�SODWHDXV�WDNH�SDUW� LQ� LQQHU� ODQG�RI� WKH� UHJLRQ��7KH� FLW\� LV� WKH�PRVW� LPSRUWDQW� WUDGH� FHQWUH� LQ� WKH� UHJLRQ�ZLWK� WKH�IHDWXUHV�RI�KDYLQJ�KLVWRULFDO�DQG�FXOWXUDO�ZHDOWK��EHLQJ�WKH�FHWUH�RI�RWKHU�SRSXODWLRQ�XQLWV�DV�ZHOO�DV�LWV�XQLTXH�JHRJUDSKLFDO�SRVLWLRQ�
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)LJXUH����7KH�ORFDWLRQ�RI�7UDE]RQ�LQ�7XUNH\
��� 'HVLJQLQJ�5HJLRQDO�*HRJUDSKLFDO�'DWD�%DVH
:KHQ�GDWD�EDVH�GHVLJQ�IRU�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP�LV�GHDOHG�ZLWK�LQ�YLHZ�RI�WKH�V\VWHP��LW�LV�XQGHUVWRRG� WKDW� WKLV� LQFOXGH� VRPH� FRPSRQHWV� VXFK� DV� VRIWZDUH�� KDUGZDUH��PHWKRGV�� XVHUV� DQG� GDWD�HOHPHQWV�� $PRQJ� WKLV� FRPSRQHQWV�� DOWKRXJK� VWUXFWXULQJ� DQG� GHVLJQLQJ� KDUGZDUH�� VRIWZDUH��PHWKRG�DQG� XVHU� FRPSRQHQWV� LV� HDV\� EHFDXVH� WKLV� LV� VHOHFWHG� E\� UHODWHG� IRXQGDWLRQ�� GDWD�EDVH� GHVLJQ� LV� DQ�H[WHUHPO\�KDUG�SURFFHV�
+RZHYHU�� WKH� UHDO� VXFFHVV� GHSHQGV� RQ� WKH� TXDOLW\� DQG�EHLQJ� VHUYLFHDEOH� RI� WKH� GDWD� WKDW� WKH� V\WHP�LQFOXGHV��EHLQJ�DEOH�WR�RIIHU�WKH�KLJK�TXDOLW\�GDWD�UHTXLUHG�E\�WKH�DGPLQLVWUDWRUV�ZLWK�WKH�OHDVW�ODERXU�DQG� LQ�PXFK�PRUH� VKRUW�WLPH� >%DúNHQW�� ����@�� 7KH� ILUVW� VWHS� LV� GHWHUPLQDWLRQ� RI� XVHU� UHTXHVWV� DQG�UHTXLUHPHQWV�� WKDW� LV� WR� VD\�� GHWHUPLQDWLRQ� RI� LQ�ZKDW� DLPV� WKH�SURGXWV� IURP� WKH�'DWD�%DVH�ZLOO� EH�XVHG��7KHQ��LQ�YLHZ�RI�WKLV�UHTXLUHPHQWV��'DWD�%DVH�'HVLJQ�LV�UHDOLVHG��$�UHJLRQ�ZLGH�*HRJUDSKLFDO�'DWD�%DVH�PD\�VSUHDG�LQ�VXFK�D�ZLGH�H[WHQW�DUHD�DV�SURYLQFHV�DQG�LQFOXGH�D�JUHDG�GHDO�RI�GDWD�W\SHV��7KHUHIRUH��FODVVLILFDWLRQ�RI�WKH�GDWDV�DUH�UHTXLUHG�DFFRUGLQJ�WR�XVLQJ�SURSRVH�DQG�H[WHQW�DI�WKH�GDWD�EDVH��,Q�UHVSHFW�RI�WKLV��DV�D�UHVXOW�RI�D�UHVHDUFK�RQ�SXEOLF�IRXQGDWLRQV�LQ�7UDE]RQ��GHVLJQHG�IRU�WKH�FLW\�7UDE]RQ�DV�SLORW�DUHD�WKH�*HRJUDSKLF�'DWD�%DVH�'HVLJQ�WKURXJK�ZKLFK�UHTXLUHG�VSDWLDO�GDWD�W\SHV�IRU�D�UHJLRQDO�GDWDEDVH�ZHUH�GHWHUPLQHG� LV�VHHQ�LQ�ILJXUH����,Q�VXFK�D�GDWDEDVH�WKDW�IRUPV PDLQ�EDVHV�IRU�UHJLRQDO�VFDOHG�ZRUNV��LW�VKRXOG�EH�FKRVHQ�IRU�PD[LPXP����������VFDOH�DQG�IRU�PLQLPXP�����������VFDOH� LQ� GDWD� SUHVHQWDWLRQ� DFFRUGLQJ� WR� WKH� XVDJH� SXUSRVH��)RU� LQVWDQFH��ZKLOH� WKH� VWUHDP�PDS�RI� D�UHJLRQ� LV�����������VFDOHG�DQG�WKH�PDS�UHSUHVHQWLQJ�OLWRORJLFDO�VWUXFWXUH�RI�WKH�VDPH�UHJLRQ�PD\�EH����������VFDOHG��2UJDQLVLQJ�RI�WKH�GDWDV�DFTXLUHG�GLIIHUHQW�VRXUFHV�DQG�UHODWHG�WR�HDFK�RWKHU�VKRXOG�EH�SODQQHG�LQ�DGYDQFH��:KHQ�WKLV�W\SHV�RI�GDWDV�DUH�JDWKHUHG�LQ�WKH�VDPH�GDWDEDVH��LW�ZLOO�EH�VHHQ�WKDW�WKLV�GDWDV�PD\�KDYH�FRPPRQ�VSDWLDO�IHDWXUHV�RU�REMHFWV��)RU�WKLV�UHDVRQ��WKLV�W\SHV�RI�GDWD�VHWV�VKRXOG�EH�FROOHFWHG�LQ�WKH�VDPH�GDWD�OD\HU�WR�SUHYHQW�GDWD�UHSHWLWLRQ�DQG�QRW�WR�H[SHULHQFH�ORVV�RI�WLPH�DQG�ODERXU� LQ�IXWXUH�XSGDWH�SURFHVVHV��)RU�H[DPSOH��ZKHQ�LW� LV� UHTXLUHG� WR�GLVSOD\�SURYLQFH��FRXQW\�DQG�YLOODJH� ERUGHUV�� FRPELQDWLRQ� RI� YLOODJH� ERUGHUV� IRUP� FRXQW\� ERUGHUV� DQG� FRPELQDWLRQ� RI� FRXQW\�ERUGHUV�DOVR�IRUP�SURYLQFH�ERUGHUV��$Q\�PRGLILFDWLRQ�RQ�DQ\�RI�WKLV�JUDSKLF�GDWD�VHWV�UHODWHG�WR�HDFK�RWKHU�FORVHO\��HVSHFLDOO\�QHDU�WKH�ERUGHUV��HIIHFWV�RWKHU�GDWD�VHWV�DW�WKH�VDPH�WLPH��%\�FROOHFWLQJ�LQ�WKH�VDPH�OD\HU�WKH�GDWDV�UHODWLQJ�WR DGPLQLVWUDWLYH�ERXQGULHV��LW�LV�HOLPLQDWHG�WKH�ORVV�RI�ODERXU�DQG�WLPH�IRU�GDWD�UHSHWLWLRQ�LQ�WKH�SURFHVV�RI�XSGDWH��
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��� 'DWD�3URFHVVLQJ�7KURXJK�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHPV�DQG�5HPRWH�6HQVLQJ�
,Q�SURGXFLQJ�UHJLRQ�ZLGH�JHRJUDSKLFDO�GDWDV��LW�ZDV�WRRN�DGYDQWDJH�RI�KLJK�GDWD�JDWKHULQJ�FDSDFLW\�RI�WKH� 5HPRWH� 6HQVLQJ� 7HFKQLTXLHV� DQG�� LQ� SURFHVVLQJ� JDWKHUHG� GDWD�� LW�ZDV� JDLQHG� IURP� KLJK� SRZHU�TXHUU\LQJ�DQG�DQDO\VLQJ�IDFLOLWLHV�RI�*,6��7KH�SRLQW�WKDW�VKRXOG�ILUVWO\�EH�SDLG�DWWHQWLRQ�LV�WR�FODVVLI\�WKLV�GDWD� LQ�DFFRUGDQFH�ZLWK� UHTXLUHG�VWDQGDUWV��DFFXUDF\�DQG�VFDOH� LQ�DFTXLVLRQ�SURFHVV�RI� WKH�GDWD�VHWV�� ,Q� 7XUNH\�� QRW� IRUPLQJ� D� VWDQGDUG� EHWZHHQ� SXEOLF� IRXQGDWLRQ� LQ� UHVSHFW� RI� DXWKRULW\� DQG�UHVSRQVLELOLW\� LQ� SURGXFLQJ� VSDWLDO� GDWDV� XS� WR� QRZ�� ORWV� RI� GDWD� W\SHV� DUH� DFTXLUHG� E\� GLIIHUHQW�IRXQGDWLRQV� ZLWK� GLIIHUHQW� TXDOLW\�� VFDOH�� RFFXUDF\� DQG� VWDQGDUGV� DW� WKH� VDPH� WLPH�� 7KHUHIRUH�� WKH�SURSHU�LQIRUPDWLRQV�IRU�WKLV�VWXG\�WKDW�FRPHV�IURP�GLIIHUHQW�VRXUFHV�ZHUH�HQWHJUDWHG�ZLWK�HDFK�RWKHU��7KLV� LQIRUPDWLRQV�FRQVLVW�RI�JUDSKLFDO�DQG�QRQ�JUDSKLFDO�LQIRUPDWLRQV��*UDSKLFDO�LQIRUPDWLRQV�ZHUH�FRPELQHG�XQGHU�WKH�FRRUGLQDWH�V\VWHP�WKDW�KDV�870�SURMHFWLRQ�DQG�('����GDWXP�
$IWHU� WKH� DYDLODEOH� GDWD� H[LVWLQJ� LQ� WKH� FRQVWLWXWLRQ� RI� IRXQGDWLRQV�ZHUH� DFTXLUHG��PLVVLQJ� GDWD�� LQ�DFFRUGDQFH� ZLWK� WKH� DLP� RI� WKH� VWXG\�� ZHUH� DFTXLUHG� WKURXJK� UHPRWHO\� VHQVHG� LPDJHV�� %\� WDNLQJ�DGYDQWDJH�RI�WKH�IHDWXUHV�RI�/DQGVDW�(70��LPDJHV�XVHG�PRVW�LQ�UHJLRQ�ZLGH�ZRUNV�DQG�DFTXLULQJ�GDWD�UHODWHG� WR� QDWXUHO� UHVRXUFHV� PLVVLQJ� RU� ODFNLQJ� GDWD�ZHUH� JDWKHUHG�� /DQGVDW� (70�� LPDJHV� KDYH� D�SDQFURPDWLF�EDQG�DW���P�UHVROXWLRQ�DV�ZHOO�DV�D�PXOWLVSHFWUDO�EDQG�DW���P�UHVROXWLRQ��%\�FRPELQLQJ�SDQFURPDWLF� EDQG� ZLWK� PXOWLVSHFWUDO� EDQG�� D� QHZ� PXOWLVSHFWUDO� EDQG� FRQVLVWLQJ� RI� IDU� PRUH� ULFK�LQIRUPDWLRQV� ZDV� REWDLQHG� DIWHUZDUGV�� 'DWD� RQ� WKH� LPDJH� ZHUH� JDWKHUHG� LQ� WZR� ZD\V� DV� YLVXDO�LQWHUSUHWDWLRQ� DQG� LPDJH� SURFHVVLQJ� WHFKQLTXHV�� 9LVXDO� LQWHUSUHWDWLRQ� ZRUNV� ZHUH� FDUULHG� RXW� E\�SURYLGLQJ�WKH�HQWHJUDWLRQ�RI�LPDJH�ZLWK�YHFWRU�GDWD�E\�PHDQV�RI IHDWXUHV�RI�$5&�,1)2�VRIWZDUH��,Q�WKLV�SURFHVV��HVSHFLDOO\��VRPH�GDWD�WKDW�LV�SRVVLEOH�WR�IROORZ�DQG�LQWHUSUHW�YLD�WKH�H\HV�VXFK�DV�URXWHV��VWUHDPV�DQG�VKRUH�OLQHV�ZHUH�REWDLQHG��7KH�SURFHVV�RI�JDWKHULQJ�ODQG�FRYHU�LQIRUPDWLRQV�ZDV�UHDOLVHG�XVLQJ�VXSHUYLVHG�FODVVLILFDWLRQ�PHWKRG�YLD�(U0DSSHU�VRIWZDUH�
��� $QDO\VLQJ�DQG�4XHUU\LQJ�'DWDEDVHV�7KURXJK�*,6$� $QDO\VLQJ�/DQG�&RYHU��,Q�WKH�VWXG\�IRU�ODQG�PDQDJHPHQW��VSDWLDO�GDWD�LQ�PDS�IRUP�LV�DOZD\V�UHTXLUHG��,W�KDV�EHHQ�XQGHUVWRRG�WKDW� UHPRWHO\� VHQVHG� LPDJHV� JDWKHULQJ� GDWD� FRQWLQLRXVO\� DERXW� YDVW� EURDG� IUDPHV� DUH� XVHIXO� LQ�GHWHUPLQLQJ� ODQG� FRYHU� >%URQVYHOG� HW� DO��� ����@�� /DQG� FRYHU� W\SHV� ZHUH� REWDLQHG� E\� FODVVLI\LQJ�/DQGVDW� (70�� LPDJHV� LQ� (UPDSSHU� VRIWZDUH� ZLWK� VXSHUYLVHG� FODVVLILFDWLRQ� WHFKQLTXH� �)LJXUH� ����7KHQ��LW�ZDV�FDOFXODWHG�DUHDO�SURSRUWLRQ�IRU�HDFK�FODVV��7KXV��ODQG�FODVV�SURSRUWLRQV�DQG�SHUFHQWDJHV�ZHUH�REWDLQHG�IRU�WKH�SURYLQFH��7DEOH�����0RUH�WKDQ�KDOI�RI�WKH�SURYLQFH�DUHD�LV�FRYHUHG�ZLWK�SODQW��$PRQJ�WKLV�SODQWV��KDUG�ZRRG�ZLWK����SHUFHWDJH�DQG�KD]HOQXW�UDLVHG�ZLWK�DJULFXOWXUDO�SURSRVH�ZLWK����SHFHQWDJH�KDYH�ODUJHVW�SURSRUWLRQ��7DEOH����$UHDO�SURSRUWLRQV�DQG�SHUFHQWDJHV�RI�ODQG�FODVVHV

/DQG�&ODVV $UHD�K� 3HUFHQWDJH� +$5'�:22' ������� ������ 5$1*( ������ ������ (*5,&8/785( ������ ������ +$=(/187 ������ ������ +$5'�62)7�:22' ������ ����� 62)7�:22' ������ ����� 52&.< ����� ����� *5((1�7($ ����� ����� 6(77/(0(17 ����� ������ &/28' ����� ����727$/ ������� �������
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/DQG�XVH�FODVVHV�RI�7UDE]RQ�ZHUH�FROOHFWHG�XQGHU����FODVVHV�DIWHU�VSHUYLVHG�FODVVLILFDWLRQ�DQG�LPDJH�HQKDQFHPHQW�ZRUNV�ZHUH�H[HFXWHG��7KH�FODVV�KDYLQJ�WKH�ODUJHVW�SURSRUWLRQ�RXW�RI�WKLV�FODVVHV�LV�KDUG�ZRRG� ZLWK� ��� SHUFHQWDJH�� 7KLV� FODVV� LQFOXGHV� VRPH� KDUG� ZRRG� VSHFLHV� VXFK� DV� EHHFK�� KRUQEHDP��FKHVWQXW�� HWF�� 7KH� FODVV� RI� DJULFXOWXUDO� DUHDV� LQYROYHV� PDLQO\� FRUQ�� WREDFFR�� EHDQ� DQG� WKH� RWKHU�DJULFXOWXUDO�VSHFLHV�UDLVHG�LQ�WKH�UHJLRQ��%HFDXVH�DJULFXOWXUDO�DUHDV�DUH�VFDWWHUHG�LQ�VPDO�SHDFHV�DV�D�UHVXOW� RI� WRSRJUDSKLFDO� VWUXFWXUH� RI� UHJLRQ�� DOVR� FRQVLGHULQJ WKH�SUHFLVLRQ�RI�XVHG� LPDJH�� WKLV� DUHDV�ZHUH� FRPELQHG�XQGHU� RQH� FODVV��7KH� UHDVRQ� IRU� GHWHUPLQDWLRQ� RI� JUHHQ� WHD� DUHV� RI� WKH� SURYLQFH� DV������K�DULVHV�IURP�PL[LQJ�WKLV�DUHDV�ZLWK�KDUG�ZRRG�WUHHV��7KH�PRVW�LPSRUWDQW�UHDVRQ�IRU�WKLV�VWXDWLRQ�LV� WKH�REOLJDWLRQ�RI�ZRUNLQJ�ZLWK�D� VLQJOH� LPDJH�VHQVHG�D� IL[HG� WLPH��:RUNLQJ�ZLWK�GLIIHUHQW�GDWHG�LPDJHV�� HVSHFLDOO\� RQ� GDWHV� RI� OHDYLQJ� OHDYHV� RI� KDUG�ZRRG� WUHHV�PDNHV� SRVVLEOH� GHWHUPLQDWLRQ� RI�JUHHQ�WHD�DUHDV�PXFK�PRUH�SUHFLVHO\�

)LJXUH����/DQG�FRYHU�PDS�RI�7UDE]RQ
%� �'�0RGHO�$QDO\VLV�$��'�PRGHO�RI�WKH�DUHD�LQ�7,1�GDWD�PRGHO�ZDV�IRUPHG�XVLQJ�L]RKLSV�UHSUHVHQWLQJ�WKH�WRSRJUDSKLFDO�VWUXFWXUH�RI�WKH�SURYLQFH��7KH��'�PRGHO�ZDV�FRQYHUWHG�WR�*5,'�GDWD�PRGHO�LQ�SURSRVH�RI�RYHUODSSLQJ�ZLWK�UHPRWHO\�VHQVHG�LPDJH��'LJLWDO�(OHYDWLRQ�0RGHO��'(0��REWDLQHG�ZLWK�UHVROXWLRQ�RI�WKH�LPDJH�E\�UH�VDPSOLQJ�ZDV�RYHUODSSHG�ZLWK� WKH� LPDJH��DQG� WKXV��D� UHDO�PRGHO�RI� WKH�SURYLQFH�ZDV�FRQVWLWXWHG��)LJXUH�����8VLQJ�WKLV�PRGHO��VORSH�DQG�DVSHFW LQIRUPDWLRQV�ZHUH�REWDLQHG�DV�GDWD�OD\HUV��,Q�WKH WDEOH�EHORZ��DUHDO�DQG�SHUFHQWDJH�SURSRUWLRQV�DUH� OLVWHG� LQ�DFFRUGDQFH�ZLWK� WKH�VORSH�FODVVHV��&RPSDULQJ�ZLWK� WKH� WRWDO�DUHD�� WKLUW\ SHUFHQWDJH�RI� WKH�DUHD� LV�EHORYH�����VORSH�UDWLR�DQG�WKH�UHVW�������KDV�D�VORSH� UDWLR� DERYH� ����� 7KLV�� LQ� JHQHUDO�� LQGLFDWHV� WKDW� WKH� SURYLQFH� KDV� D� URXJK� DQG� VORSLQJ�WRSRJUDSKLFDO�VWUXFWXUH��$GGLWLRQDOO\�� WKH�YROXPH�RI�SURYLQFH�EHJLQQLQJ�IURP�VHD�OHYHO�DV������NP�DQG�WKH�VXUIDFH�DUHD�DV������NP� ZHUH�GHWHUPLQHG�7DEOH����6ORSH�FODVVHV�DQG�SURSRUWLRQV�RI�7UDE]RQ(öø0�6,1,), ������� �������� �������� �������� �������� �������� �������� ��������� !����$/$1�NP�� ��� ��� ��� ��� ��� ��� ��� ��� ���25$1��� ����� ���� ���� ����� ����� ����� ����� ���� ����



,QWHUQDWLRQDO�6\PSRVLXP�RQ�*,6��6HSWHPEHU��������������,VWDQEXO�785.(<

�D�

&� 'HPRJUDILF�$QDO\VLV�
3URYLQFH�� FRXQW\� DQG� YLOODJH ERUGHUV� RI� 7UDE]RQ�ZHUH� REWDLQHG�ZLWK� D�PHWLFXORXV�ZRUN�� 7KH�PDS�VKRZLQJ� SURYLQFH�� FRXQW\� DQG� YLOODJH� ERUGHUV� LV� VHHQ� LQ� )LJXUH� ��� 7KURXJK� DGPLQLVWUDWLYH� DQG�GHPRJUDSKLFDO�VWUXFWXUH�UHSUHVHQWHG�E\�JUDSKLFDO�DQG�QRQ�JUDSKLFDO�GDWD�LQ�GDWDEDVH��LW�FDQ�EH�PDGH�YDULRXV�TXHUULHV�DQG�DQDO\VHV�DLPLQJ�DW�GLIIHUHQW�SXUSRVHV��7KLV�DQD\VHV�SHUIRUP�DQ�LPSRUWDQW�UROH�LQ�H[HTXWLQJ� SURSHUO\� LQYHVWPHQWV� DQG� VHUYLFHV� UHODWHG� WR� KXPDQ� EHLQJV�� ,Q� DFFRUGDQFH� ZLWK� VRPH�VWDWLVWLFV� REWDLQHG� XVLQJ� WKH� 'DWDEDVH�� WKH� WRWDO� DUHD� RI� WKH� SURYLQFH� LV� ������ NP�� DQG� LW� KDV� D�SRSXODWLRQ� RI� �������� DFFRGLQJ� WR� XQFHUWDLQ� FHVXV� RI� ������ 7KH� FHQVXVHV� EHLQJ� UHDOL]HG� LQ� WKH�SURYLQFH�DW�GLIIHUHQW�WLPHV�VLQFH������LV�VKRZQ�LQ�7DEOH����,Q�WKH�SURYLQFH�KDYLQJ�D�SRSXODWLRQ�JURZWK�RI�����XQWLOO�������VLQFH�WKLV�GDWH��SRSXODWLRQ�JURZWK�KDV�GHFUHDVHG�LQFUHDVLQJO\��+RZHYHU��DFFRUGLQJ�WR�XQFHUWDLQ�FHQVXV�RI�������WKH�SRSXODWLRQ�RI�WKH�SURYLQFH�GHFUHDVHG�ZLWK�D�����UDWH�LQ�WKUHH�\HDUV�SHULRG��7KH�SURYLQFH�RI�7UDE]RQ�FRQVLVWV�RI����FRXQWLHV�LQFOXGLQJ�WKH�FHQUH�RI�SURYLQFH�LQ�������,Q�DGGLWLRQ�WR�WKLV��H[FHS�IRU�WKH�FRXQWLHV��WKHUH�DUH�����DGPLQLVWUDWLYH�XQLWV�ZLWK�EXFDN��EHOGH�DQG�YLOODJH�VWDWXWH��(QWHJUDWLQJ�WKLV�XQLWV�ZLWK�ODQG�FRYHU�LQIRUPDWLRQV��ODQG�FRYHU�RI�HDFK�DGPLQLVWUDWLYH�XQLW�ZDV�REWDLQHG��$V�D�UHVXOW�RI�WKH�DQDO\VHV�PDGH�LQ�KD]HOQXW�DUHDV�WKH�PRVW�SURGXFWLYH�FURS�RI�WKH�SURYLQFH�GLUHFWHG�WR�FRXQWLHV�DQG�YLOODJHV��WKH�FRXQW\�KDYLQJ�WKH�PRVW�SURSRUWLRQ�RI�KD]HOQXW�DUHD�LV�7UDE]RQ��WKH� FHQWUH� RI� SURYLQFH��ZLWK� ����� SHUFHQWDJH� ������K�� DQG� WKH� OHDVW� LV�dD\NDUD�ZLWK�����SHUFHQWDJH�������K���$QG�DV�IRU�WKH�YLOODJHV��WKH�YLOODJH�KDYLQJ�WKH�PRVW�SURSRUWLRQ�RI�KD]HOQXW�DUHD�LV�WKH�YLOODJH�FDOOHG�³'LOHN´�LQ�$UVLQ��D�FRXQW\�LQ�7UDE]RQ��ZLWK������SHUFHQWDJH�����K��
7DEOH����3RSXODWLRQ�LQIRUPDWLRQ�DERXW�7UDE]RQ3238/$7,21 ,1&5($6(���&,7< 9,//$*( 727$/ &,7< 9,//$*( 727$/���� ������ ������� ������� � � ����� ������ ������� ������� ����� ���� �������� ������ ������� ������� ����� ���� �������� ������ ������� ������� ����� ���� �������� ������ ������� ������� ����� ����� ��������� ������� ������� ������� ����� ���� ��������� ������� ������� ������� ����� ���� ��������� ������� ������� ������� ����� ���� �������� ������� ������� ������� ���� ����� �������� ������� ������� ������� ����� ���� �������� ������� ������� ������� ����� ������ �������� ������� ������� ������� ����� ����� ��������
 ������� ������� ������� ����� ����� ����� )LJXUH����$GPLQLVWUDWLYH�XQLWV�RI�7UDE]RQ
 XQFHUWDLQ�FHQVXV�'� $QDO\VLV�RI�WKH�RWKHU�LQIRUPDWLRQ�

)LJXUH����,QWHJUDWLRQ�RI�'(0�ZLWK�LPDJH�XVLQJ�(U0DSSHU���D��0HUJHG�SDQ�DQG�PXOWLVSHNWUDO�LPDJH�RI�7UDE]RQ���E���'�YLHZ�RI�FODVVLILHG�/DQGVDW�(70��D�FRYHULQJ�7UDE]RQ�SURYLQFH
�E��
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7KHUH� DUH� YDULRXV� W\SHV� RI� GDWD� VHWV� LQ� WKH� JHRJUDSKLF� GDWD� EDVH�� ,W� LV� HVSHFLDOO\� PHQWLRQHG� KHUH�TXHUULHV�DERXW�URDGV��VWUHDPV�DQG�WRXULVP�LQIRUPDWLRQV��7KH�GDWD�DERXW�URDG�QHWZRUN�ZHUH�FODVVLILHG��LQ�DFFRUGDQFH�ZLWK�URDG�W\SHV�DV�WKH�URDGV�ZLWK�WZR�ODQHV�RU�PRUH��SHUPDQHQW�YHKLFOH�URDG��VXPPHU�YHKLFOH�URDG��7KH�OHQJWK�RI�DOO�W\SHV�RI��WKLV�URDGV�ZHHU�GHWHUPLQHG�DV�����NP�LQ�WRWDO��7KH�WRWDO�OHQJWK�RI� WKH� VWUHDPV� KDYH� FRPSXWHG� DV� ����� NP� LQ� WKH� DGPLQLVWUDWLYH� ERUGHV� RI� 7UDE]RQ� SURYLQFH�� 7KH�KLJKHVW�KLOO�LV�³'HPLUNDSL´�KDYLQJ������P�HOHYDWLRQ�
%HVLGHV��D�WRXULVP�PDS�ZDV�SUHSDUHG�WKURXJK�JHRJUDSKLF�GDWD�EDVH�IRU�SXUSRVH�RI�EHWWHU�DGYHUWLVHPHQW�KLVWRULFDO�DQG�WRXULVWLF�ZHDOWK�RI�WKH�UHJLRQ�DQG�JXLGLQJ�WRXULVP�DFWLYLWLHV��7KLV�WKHPDWLF�PDS�ZLWK�LWV�WKHPDWLF�IHDWXUHV DGGUHVVHV�WR�WKH�HQG�XVHUV�
�� &21&/86,21
2QH�RI�WKH�PRVW�LPSRUWDQW�SUREOHP�LQ�RXU�FRXQWU\�LV��XQFRQWUROOHG�UDSLG�JURZWK�RI�WKH�FLWLHV��7KH�*,6�VWXGLHV�KDYH�EHHQ�EHFRPH�PRUH�GHQVH�KHUH��(VSHFLDOO\��LQ�ODWH�\HDUV��LQ�ODUJH�VFDOH�PXQLFLSDOLWLHV��*,6�XVDJH�KDYH�EHHQ� LQFUHDVHG� UDSLGO\��%XW� LW� FRYHUV� VPDOO� DUHDV�DQG�GXH� WR� WDNLQJ�DORQJ� WLPH�ZRUNLQJ�ZLWK�PRUH�GHWDLOHG�IHDWXUHV��WR�HVWDEOLVK�DQG�WR�VSUHDG�ODUJH�DUHDV�LV�JHWWLQJ�VORZ��,Q�7XUNH\�WKHUH�DUH�LQVXIILFLHQW� *,6� VWXGLHV� DW� ODUJH� DUHDV� LQYROYLQJ� UXUDO� DUHDV�� +RZHYHU�� ORFDO� DGPLQLVWUDWLRQV� DUH�UHVSRQVLEOH� IRU� ERWK� RI� XUEDQ� DQG� UXUDO� DUHDV��7KLV� DUHDV� DUH� WKH� ILHOGV� VSUHDGLQJ�PXFK�PRUH� ODUJH�ILHOGV�DQG�DOVR�LQFOXGLQJ�IDU�PRU�YDULRXV�VSDWLDO�GHWDLOV��/RFDO�DGPLQLVWUDWLRQV�PXVW�EH�VXSSO\�WKH�EHVW�PDQDJHPHQW�DQG�PDNH�GHFLVLRQV��'HFLVLRQ�PDNLQJ�MXVW�FDQ�EHVW�ZLWK�UHJLRQDO�SODQ��WHUULWRULDO�SODQ�DQG�HQYLURQPHQW� HIIHFW� HYDOXDWLRQ� UHSRUW� ZKLFK� LV� SUHSDUHG� RQO\� XS� WR� GDWH� LQIRUPDWLRQ� DQG� � WRGD\V�WHFKQRORJLFDO�FRQGLWLRQV��,W�FRXOG�SRVVLEOH�LI�WKH�SODQ�DQG�UHSRUWV�SUHSDUH�UDSLGO\��DFFXUDWHO\�DQG�XS�WR�GDWH�� )RU� WKLV� UHDVRQ� PDNLQJ� D� *HRJUDSKLF� 'DWDEDVH� LQ� SURYLQFH� VFDOH�� LQLWLDOO\� IXOILOO� WKH� ORFDO�DGPLQLVWUDWLRQ�HQYLURQPHQWDO�PDQDJHPHQW��FRQWURO�WKH�QDWXUDO�UHVRXUFHV�DQG�SODQQLQJ�WKH�IXWXUH��
�� 5()(5(1&(6
*HRUJH�� +��� ³'HYHORSLQJ� FRXQWULHV� DQG� UHPRWH� VHQVLQJ�� KRZ� LQWHUJRYHUQPHQWDO� IDFWRUV� LPSHGH�SURJUHVV��VSDFH�SROLF\´��YRO�����SS����������������<RPUDOÕR÷OX��7���³&R÷UDIL�%LOJL�6LVWHPOHUL�7HPHO�.DYUDPODU�YH�8\JXODPDODU´��6HoLO�RIVHW��øVWDQEXO���������7�&��%DúEDNDQOÕN��³8OXVDO�%LOJL�6LVWHPL´��$QNDUD��������'37�� ³%|OJHVHO� *HOLúPH� g]HO� øKWLVDV� .RPLV\RQX� 5DSRUX´�� 9,,�� %Hú� \ÕOOÕN� NDONÕQPD� SODQÕ� UDSRUX��������*URRW�� 5��� ³5HIRUP� RI� *RYHUPHQW� DQG� 7KH� )XWXUH� 3HUIRUPDQFH� RI� 1DWLRQDO� 6XUYH\V´�� &RPSXWHUV�(QYLURQPHQW�DQG�8UEDQ�V\VWHPV��Y�����SS������������������%DVNHQW�� (�=��� ³7�UNL\H�2UPDQFÕOÕ÷Õ� øoLQ�1DVÕO� %LU�&R÷UDIL�%LOJL� 6LVWHPL� �&%6��.XUXOPDOÕGÕU"�gQ�dDOÕúPD�YH�.DYUDPVDO�<DNODúÕP´��-RXUQDO�RI�$JULFXOWXUH�DQG�)RUHVWU\��7h%ø7$.��YRO�����SS�����������������>%URQVYHOG�� .��� 6��� &KXWLUDWWDQDSDQ�� %��� SDWWDQDNDNRN�� 5��� 6XZDQZHUDNDPWRP�� DQG� 3�� 7UDNRROGLW@��³7KH�XVH�RI�ORFDO�NQRZOZGJH�LQ�ODQG�XVH�ODQG�FRYHU�PDSSLQJ�IURP�VDWHOOLWH�LPDJHV´��,7&�MRXUQDO��YRO����SS������������������
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