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7KH�VXFFHVV�RI�WRXULVP�LQ�DQ\�FRXQWU\�GHSHQGV�RQ�WKH�DELOLW\�RI�WKDW�FRXQWU\�WR�VXIILFLHQWO\�GHYHORS��PDQDJH� DQG�PDUNHW� WKH� WRXULVP� IDFLOLWLHV� DQG� DFWLYLWLHV� LQ� WKDW� FRXQWU\��0RVW� GHYHORSLQJ� FRXQWULHV�GHSHQG�PDLQO\�RQ�WRXULVP�IRU�HFRQRPLF�JURZWK�DQG�GLYHUVLW\��7XUNH\��D�GHYHORSLQJ�FRXQWU\�EHWZHHQ�$VLD�DQG�(XURSH�� LV�RQH�VXFK�FRXQWU\�� ,Q�7XUNH\�� WRXULVP�LV�EHFRPLQJ�WKH��ODUJHVW�IRUHLJQ�FXUUHQF\�HDUQHUV��7KLV�SDSHU�JLYHV�GLVFXVVLRQ�RQ�DQ�LQLWLDWLYH�IRU�WKH�GHYHORSPHQW�DQG�WKH�LPSOHPHQWDWLRQ�RI�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV�LQ�WKH�RUJDQLVDWLRQ�DQG�WKH�DGYDQWDJHV�LW�KDV�WR�RIIHU��
)RU�D�WRXULVW��FRPLQJ�WR�D�QHZ�UHVRUW�FDQ�EH�ERWK�H[FLWLQJ�DQG�IUHLJKWLQJ��7R�JHW�WKH�PRVW�RXW�RI�WKH�YLVLW�� VKH�KH� QHHGV� GLIIHUHQW� NLQG� RI� LQIRUPDWLRQ� HVSHFLDOO\� WKH\� QHHG� JHRJUDSKLFDO� LQIRUPDWLRQ��6KH�KH� ZDQWV� WR� NQRZ� ZKHUH� WKH� WRXULVW� DJHQF\� LV�� ZKHUH� WRXULVW� DWWUDFWLRQV� DUH�� KRWHOV�� ZKHUH�VLJKWVHHLQJ� WULSV�JR�DQG�VR�RQ��:LWK�D�*,6�WKH� WRXULVW�VHUYLFHV� LV�HQDEOH� WR�VKRZ�D� ODUJH�DPRXQW�RI�WRXULVW� LQIRUPDWLRQ� LQ� DQ� HDV\� WR� UHDG� NH\� PDS�� 7KH� EHQHILWV� RI� XVLQJ� D� *,6� LV� REYLRXV�� 7KH�LQIRUPDWLRQ� LV� DOZD\V� XS� WR� GDWH�� 7KH� EHFRPHV� G\QDPLF� WLOO� OLQNV� WR� LQWHUHVWLQJ� WRXULVW� VLWHV� LQ�F\EHUVSDFH��7KH�PDS�FDQ�EH�SXEOLVKHG�RQ� WKH� ,QWHUQHW�DQG�EHFRPH�DYDLODEOH� WR�D�ZLGH�DXGLHQFH�RI�SRWHQWLDO�YLVLWRUV�RI�WKH�UHJLRQ��%\�LQFRUSRUDWLQJ�IXQFWLRQV�IRU�VHDUFKLQJ�DQG�SULQWLQJ�WKH�WRXULVW�HDVLO\�FDQ�ILQG�ZKDW�WKH\�ORRN�IRU�DQG�SULQW�D�PDS�WKH�WULS�PDUNHG�RXW��
:LWK� DQ� LPSOHPHQWHG� *,6�� D� ORFDO� WRXULVW� LQIRUPDWLRQ� JXLGH� LV� FUHDWHG� ZLWK� SRZHUIXO� VHDUFK� DQG�DQDO\VLV�IXQFWLRQDOLW\��7RXULVW�GDWD�FDQ�EH�DQDO\VHG�VXFK�DV�ZKLFK�WRXULVW�UHVRUWV�WKDW�DUH�KRW��:KHUH�VKRXOG�WKH\�SODFH�WKH�QH[W�WRXULVW�DWWUDFWLRQ�GXH�WR�WKH�JHRGHPRJUDSKLF�SURILOHV�LQ�GLIIHUHQW�DUHDV"�$UH�WKHUH�HQRXJK�WUDQVSRUWDWLRQ�IDFLOLWLHV�WR�VXSSRUW�WKH�DWWUDFWLRQ"�6HYHUDO�PRUH�H[DPSOH ZLOO�EH�JLYHQ�LQ�WKH�IROORZLQJ�SDUDJUDSKV�
,Q� JHQHUDO�� WRXULVP� DFWLYLWLHV� DURXQG� WKH� FRDVWOLQHV� KDYH� WKH� OHDVW� HQYLURQPHQWDO� HIIHFWV� DPRQJ� WKH�RWKHUV�� 2Q� WKH� RWKHU� KDQG� LQFUHDVLQJ� GHQVLW\� HVSHFLDOO\� GXULQJ� WKH� ZDUP� VHDVRQV� DQG� QRW�XQLIRUP�VWUXFWXUH� RI� WRXULVP� LQ� WKH� \HDU� EDVH� LQGLFDWHV� WKDW� WKHVH� NLQGV� RI� DFWLYLWLHV� ZLOO� EULQJ� ORWV� RI�HQYLURQPHQWDO�SUREOHPV�WRJHWKHU��,W�VKRXOG�QRW�EH�IRUJRWWHQ�WKDW�FOHDQ�DQG�VDIH�HQYLURQPHQW�LV�RQH�RI�WKH�PDLQ�FRPSRQHQWV�RI�WRXULVP��%HFDXVH�RI�WKHVH�UHDVRQV��LPSOHPHQWLQJ�D�*,6��ZKLFK�VXSSOLHV�DQG�VKRZ� JHRJUDSKLFDOO\� DQG� WHPSRUDOO\� WKH� GLVWULEXWLRQ� DQG� JRLQJV�RQ� RI� HQYLURQPHQWDO� EXUGHQV�� LV�HVVHQWLDO�� ,Q� WKLV� VWXG\�� XVLQJ� GLIIHUHQW� GDWD� W\SHV� ZHUH� XVHG� WR� DQDO\]H� WRXULVP� HIIHFWV� LQ� WKH�
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LPSOHPHQWHG�*,6��$IWHU� WKH�IRUPLQJ�*,6��GLIIHUHQW�DQDO\VLV�DQG�TXHULHV�KDYH�EHHQ�GRQH�DQG�UHVXOWV�KDYH�EHHQ�SUHVHQWHG��
7RXULVP� DFWLYLWLHV� RQ� WKH� FRDVWDO� OLQHV�KDYH�DFFHOHUDWHG�DQG�QXPEHU�RI�SHRSOH�SDUWLFLSDWLQJ�FRDVWDO�WRXULVP�KDV�UHDFKHG�WR�VHYHUDO�PLOOLRQV�D�\HDU�� �$OO�RYHU�WKH�ZRUOG��JHWWLQJ�PD[LPXP�EHQHILWV�IURP�FRDVWDO� ]RQHV� DFFRUGLQJ� WR� WKH� FRQFHSW� RI� VXVWDLQDEOH� GHYHORSPHQW� LV� RQO\� SRVVLEOH� E\� XVLQJ�PDQDJHPHQW�SODQV�VXLWDEOH�IRU�WKH�FKDUDFWHULVWLFV�RI�WKH�DUHD��,QFOXGLQJ�SDUWQHUVKLS�DSSURDFK�WKDW�LV�FRPLQJ� YHU\� FRPPRQ�� HIIHFWLYH�� FRUUHFW� DQG� IDVW� GHFLVLRQ�PDNLQJ� LV� SRVVLEOH� XVLQJ� D� JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP�
7RXULVP�DQG�UHFUHDWLRQ�DUH�VWHDGLO\� LQFUHDVLQJ� LQ� LPSRUWDQFH� LQ�VRFLDO�DQG�HFRQRPLF�OLIH��)RU�PDQ\�FRXQWULHV�WKH�WRXULVP�LQGXVWU\�KDV�EHHQ�D�VLPSOH�DQG�TXLFN�HFRQRPLF�VROXWLRQ�WKDW�PDQ\�WLPHV�GURYH�WR� DQ� XQFRQWUROOHG� JURZWK� RI� UHVRXUFHV� DQG� IDFLOLWLHV��$FWXDOO\� WRXULVP� LV� EHFRPLQJ� D� FRPSOLFDWHG�SKHQRPHQRQ�WKHUHIRUH�LV�QR�PRUH�SRVVLEOH�WR�FDUU\�RXW�VWUDWHJLF�DQG�FRPSHWLWLYH�WRXULVP�GHYHORSPHQW�VXSSOLHV�ZLWKRXW�SODQQLQJ�WRXULVP��([SHULHQFHV�OHDUQ�WKDW�WRXULVP�SODQQLQJ�KDV�FKDQJHG�LQ�WKH�UHFHQW�\HDU�� LQ� VXFK� D� VHQVH� WKDW� LW� LQYROYHV� PDQ\� DFWLRQV�� SDUWLFLSDQWV�� OHYHOV� RI� GHFLVLRQV� DQG�LPSOHPHQWDWLRQ��6XFFHVV�LV�PHDVXUHG�E\�WKH�DFKLHYHPHQWV�RI�DQ�LQWHUDFWLRQ�DQG�FROODERUDWLYH�DFWLRQV�DPRQJ�SXEOLF�DQG�SULYDWH�VHFWRUV�HIIHFWLQJ�WKH�WRXULVP�GHYHORSPHQW��*,6�FDQ�EH�DQ�H[FHOOHQW�WRRO�QRW�RQO\� WR� GHVLJQ� DQG� UHJXODWH� WKH� FRUUHFW� VSDWLDO� GHYHORSPHQW�� EXW� DOVR� WR� VXSSRUW� DQG� FRQWURO� WKH�SURFHVV�RI�WKH�UHDOL]DWLRQ�RI�WKH�SODQ�
7KLV�VWXG\�LV�D�FDVH�VWXG\��LQ�VWXG\�DUHD�YLUWXDOO\�QR�H[LVWHQW�WRXULVP�VRIWZDUH�SDFNDJH�VXSSRUWV�WKH�XVH� RI� K\SHUPDSV�� VXFK�PDSV� DUH� KLJKO\� LQWHUDFWLYH�� OLYH�� DQG� DWWUDFWLYH� LQ� SUHVHQWLQJ� KRW� OLQNV� WR�LQWHOOLJHQW�LQIRUPDWLRQ�DVVRFLDWHG�GLUHFWO\�WR�D�JHRJUDSKLF�IHDWXUH��$UF9LHZ�LV�XVHG�IRU�WKLV�WR�SURGXFH�QXPEHU� RI� OD\HUV� RI� LQIRUPDWLRQ��7KH� OD\HUV� DUH� WKHQ� LPSRUWHG� LQWR�$UF9LHZ�DQG�DSSURSULDWH� OLQNV�KDYH�EHHQ�PDGH�EHWZHHQ�PDMRU�WRXULVW�KLVWRULF�VLWHV�DQG�PXOWLPHGLD�GLUHFWRU�DSSOLFDWLRQV�WKDW�SURYLGH�SLFWRULDO��DXGLR�DQG�YLGHR�FRQQHFWLRQ�LV�DOVR�SRVVLEOH���LQIRUPDWLRQ�DERXW�WKH�VLWH��7KH�LQIRUPDWLRQ�LV�LQWHOOLJHQW� LQ� WKH� VHQVH� LW� IHWFKHV� KRWHOV�PRWHOV� ZLWKLQ� D� VSHFLILHG� UDGLXV� DQG� OLVWV� DOO� DYDLODEOH�LQIRUPDWLRQ�LQ�DGGLWLRQ�WR�KLJKOLJKWLQJ�WKHLU�ORFDWLRQV�RQ�WKH�PDS��,QWHOOLJHQFH�LV�DGGHG�IXUWKHU�LQ�WKH�DELOLW\�WR�FRPSXWH�SDWKV�IURP�D�VRXUFH�SRLQW�WR�DQ\�OLVWHG�WRXULVW�VLWH�
,Q� WKLV� VWXG\�� LQ� DGGLWLRQ� WR� WKH� EDVH� GDWD�� XVLQJ� GLIIHUHQW� GDWD� W\SHV� DUH� LQWHQGHG� RQO\� WR� DQDO\]H�WRXULVP�HIIHFWV� LQ� WKH� LPSOHPHQWHG�*,6��6HYHUDO�FRYHUDJHV� �OD\HUV��DUH�XVHG� LQ� WKLV� VWXG\��6RPH�RI�WKHVH� OD\HUV� DUH�� FRDVWDO� ]RQH�� WRXULVP�DFWLYLWLHV��SRSXODWLRQ��XUEDQL]DWLRQ�� URDGV�DQG� WUDQVSRUWDWLRQ��UHVRUWV��ZDWHU��UHFUHDWLRQ�DUHDV��DFFRPPRGDWLRQV�HWF��8VLQJ�WKHVH�OD\HUV�VRPH�RI�WKH�DQDO\VHV�VXFK�DV�SURYLVLRQ�RI�ZDWHU�IRU�WKH�WRXULVP�DFWLYLWLHV��SURGXFWLRQ�RI�ZDVWHZDWHU�DQG�VROLG�ZDVWH��LQGLUHFW�HIIHFWV�RI�LQFUHDVHG�LQ�SRSXODWLRQ��FKDQJH�GHWHFWLRQ�RI�VDQG�GXQH�RI�WKH�FRDVWDO�OLQH�DQG�JUHHQ�DUHDV��WKHUHIRUH�LQFUHDVLQJ�XUEDQ�DUHDV��HWF�FDQ�EH�GRQH��
��� *,6�IRU�7RXULVP�$FWLYLWLHV
*HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHPV� �*,6�� LV� DQ� RUJDQL]HG� FROOHFWLRQ� RI� FRPSXWHU� KDUGZDUH�� VRIWZDUH��JHRJUDSKLF�GDWD�DQG�SHUVRQQHO�GHVLJQHG�WR�HIILFLHQWO\�FDSWXUH��VWRUH��XSGDWH��PDQLSXODWH��DQDO\]H�DQG�GLVSOD\� DOO� IRUPV� RI� JHRJUDSKLFDOO\� UHIHUHQFHG� LQIRUPDWLRQ�� &HUWDLQ� FRPSOH[� VSDWLDO� RSHUDWLRQV� DUH�SRVVLEOH� ZLWK� D� *,6� WKDW� ZRXOG� EH� YHU\� GLIILFXOW�� WLPH� FRQVXPLQJ� RU� LPSUDFWLFDEOH� RWKHUZLVH��KWWS��ZZZ�HVUL�FRP���$�*,6�RIIHUV�WKH�SRVVLELOLW\�RI�D�VWUXFWXUHG�GDWD�PDQDJHPHQW�DQG�GDWD�DFFHVV��,Q�WKLV�ZD\��HIILFLHQW�DQG�REMHFWLYH�DQDO\VLV�SURFHGXUHV�FDQ�EH�DSSOLHG�WR�GDWD��:LWKLQ�*,6��REMHFWV�DUH�EHLQJ�EXLOW�E\�OLQNLQJ�VSDWLDO�GDWD�ZLWK�VHPDQWLF�LQIRUPDWLRQ��$�*,6�FDQ�EH�XVHG�WR�DQVZHU�GLIIHUHQW�TXHULHV�GHSHQGLQJ�RQ�WKH�GDWD�VWRUHG�LQ�LW���6HNHU�HW�DO��������
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'XULQJ� WKH� ODVW� IHZ� \HDUV�� WKH� QXPEHU� RI� WRXULVW� VLWHV�RUJDQL]DWLRQV� WKDW� DUH� XVLQJ� D� *HRJUDSKLFDO�,QIRUPDWLRQ� 6\VWHP� �*,6�� KDYH� LQFUHDVHG� VLJQLILFDQWO\�� � 7KHUH� DUH� QRZ� PDQ\� FRPSDQLHV� WKDW� DUH�SURGXFLQJ� VRIWZDUH� DQG� VXSSRUW� VSHFLILF� WR� WKLV� LQGXVWU\�� �7KH� WRXULVW� LQGXVWU\� LV�QRZ�XVLQJ�*,6� LQ�PDQ\�DSSOLFDWLRQV��LQWHUDFWLYH�ZHE�EDVHG�PDSV��LQIRUPDWLRQ�NLRVNV����'�KLNLQJ�WUDLO�PDSV��DQDO\VLV�RI�FXUUHQW� DQG�SRWHQWLDO� FXVWRPHUV�� OLQH�RI� VLWH�DQDO\VLV� IRU�QHZ�DWWUDFWLRQV�DQG�VFHQLF�EXV� URXWHV��DQG�PXFK� PRUH�� � � 7KLV� RQO\� VHHPV� WR� EH� WKH� WLS� RI� WKH� LFHEHUJ� IRU� ZKDW� WKH� IXWXUH� KROGV� LQ� *,6�WHFKQRORJLHV�EHLQJ�LPSOHPHQWHG�LQ�WKH�WRXULVP�LQGXVWU\���7KLV�SDSHU�ZLOO�GRFXPHQW�VRPH�RI�WKH�XVHV�RI�*,6��DQG�VRPH�RI�WKH�WUHQGV�IRU�IXWXUH�DSSOLFDWLRQV�LQ�WKH�WRXULVP�VHFWRU�
7KH� IROORZLQJ� GHILQLWLRQ� GRQH� E\� 6HPFRU� &RPSDQ\� H[SODLQV� WKDW� KRZ� *,6� FDQ� EH� XVHG� IRU� WKH�EHWWHUPHQW� RI� WKH� WRXULVP� LQGXVWU\�� ³7KH� FRQFHSWV� RI� WLPH� DQG� SODFH� DUH� LQJUDLQHG� LQ� WKH� WRXULVP�LQGXVWU\��+DYLQJ�DQ�XQGHUVWDQGLQJ�RI�\RXU� FXVWRPHU�EDVH� DQG�ZKHUH� WKH\�FRPH�IURP� DQG�NQRZLQJ�ZKDW� WKH\�ZDQW�WR�VHH�DQG�GR�DQG�KRZ�WR�JHW�WKHP�WKHUH�DUH�HVVHQWLDO� WR�WKH�VXFFHVV�RI�DQ\�WRXULVP�RSHUDWLRQ��:KHWKHU�\RX�DUH�D�KRWHO�PDQDJHU��D�GLYLQJ�LQVWUXFWRU��RU�D�JRYHUQPHQW�RIILFLDO�D�*,6�FDQ�SURYLGH� \RX� ZLWK� WKH� WRROV� \RX� QHHG� WR� EHWWHU� SURVSHFW�� XQGHUVWDQG� DQG� VHUYH� WKH� QHHGV� RI� \RXU�FOLHQWV�´���6HPFRU������
7KHUH�DUH�WZR�FDWHJRULHV�IRU�WKH�XVH�RI�D�*,6�V\VWHP�LQ�WRXULVP��SXEOLF�XVH�DQG�PDQDJHPHQW�XVH���7KH�SXEOLF�ZDQWV�WR�ILQG�JHRJUDSKLF�LQIRUPDWLRQ�DERXW�D�SODFH�EHIRUH�WKH\�JR�WKHUH���7KH\�ZDQW�WR�NQRZ�ZKHUH�WKLQJV�DUH�ORFDWHG��ZKDW�DPHQLWLHV�DUH�DYDLODEOH��ZKDW�WKH�FOLPDWH�LV�OLNH��DQG�EH�DEOH�WR�GR�VLWH�VSHFLILF�VHDUFKHV�WR�ILQG�LQIRUPDWLRQ���7KLV�FDQ�EH�DFKLHYHG�WKURXJK�:HE�EDVHG�*,6��RU�,QIRUPDWLRQ.LRVNV�ORFDWHG�LQ�NH\�WRXULVW�DUHDV����7KH�RWKHU�XVHU�RI�WKH�*,6�LV�WKH�0DQDJHPHQW�VLGH��PDQDJHPHQW�PD\�EH�GRQH�E\� LQGLYLGXDO�RSHUDWRUV�� D� WRXULVP�JURXS��RU�E\� WKH� ORFDO�PXQLFLSDOLW\�� � �0DQDJHPHQW�XVHUV� ZDQW� WR� TXHU\� WKH� V\VWHP� IRU� ZKHUH� FXVWRPHUV� DUH� FRPLQJ� IURP�� WKHLU� VRFLR�HFRQRPLF�EDFNJURXQGV��DQG�JRRG�SRWHQWLDO� ORFDWLRQV�IRU�QHZ�WRXULVW�VLWHV�HWF�� �$�OLVW�RI�JHQHUDO�TXHVWLRQV�WKDW�SXEOLF�DQG�PDQDJHPHQW�XVHUV�PD\�DVN�RI�D�*,6�V\VWHP�LV�JLYHQ�LQ�7DEOH���
7RJHWKHU�ZLWK� SUHYLRXV� TXHVWLRQV� VHYHUDO�PRUH� TXHVWLRQV�PLJKW� EH� DVNHG� WR� V\VWHP�VXFK�DV��ZKLFK�DUHD� DIIHFWHG� EHFDXVH� RI� WKH� WRXULVP� DFWLYLWLHV�� ZKDW� ZDV� WKH� ZHDWKHU� TXDOLW\� LQ� FRDVWDO� ]RQH� DQG�ZKLFK� VHDVRQ� LV� EHWWHU� IRU� WRXULVP� DFWLYLWLHV�� ZKDW� NLQG� RI� HQYLURQPHQWDO� ORDGV� DQG� ZKDW� LV� WKH�RSWLPXP�WRXULVP�FDSDFLW\�RI�WKH�FRDVWDO�]RQH�
7KH� EHQHILWV� RI� XVLQJ� D� *,6� DUH� REYLRXV�� 7KH� LQIRUPDWLRQ� LV� DOZD\V� XS� WR� GDWH�� ,QVWHDG� RI� MXVW�GLVSOD\LQJ�D�PDS�WR�WKH�XVHU��WKH�VRIWZDUH�FDQ�LQFRUSRUDWH�SLFWXUHV��VRXQG��H[W��DQLPDWLRQV�DQG�YLGHR�DORQJVLGH�� �7KH�FRPELQDWLRQ�RI�VHYHUDO�PHGLD�RIWHQ�UHVXOWV� LQ�D�SRZHUIXO�DQG�ULFKHU�SUHVHQWDWLRQ�RI�LQIRUPDWLRQ� DQG� LGHDV� WR� VWLPXODWH� LQWHUHVW� DQG� HQKDQFH� LQIRUPDWLRQ� UHWHQWLRQ�� �%HQDEGDOODK� HW� DO������
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7DEOH����/LVW�RI�TXHVWLRQV
3XEOLF�8VHU�4XHVWLRQV� 0DQDJHPHQW�8VHU�4XHVWLRQV�:KHUH�LV�WKH�FLW\��VWDWH�RU�FRXQWU\�ORFDWHG"� :KDW� DUH� WKH� DUHDV� WKDW� WRXULVWV� DUH� LQWHUHVWHG�LQ�:KDW� LV� WKH� FOLPDWH"� � 'RHV� LW� KDYH� ZDUP� RU�FROG�ZHDWKHU"��:KDW�LV�WKH�EHVW�WLPH�RI�\HDU�WR�YLVLW"�

:KDW� DUH� WKH� SK\VLFDO�JHRJUDSKLF�FKDUDFWHULVWLFV�RI�WKRVH�DUHDV"�
:KDW�LV�WKH�RIILFLDO�ODQJXDJH� :KDW� DUH� WKH� DFFRPPRGDWLRQV� DYDLODEOH"��:KDW�LV�WKHLU�FODVVLILFDWLRQ�DQG�FDWHJRUL]DWLRQ"�:KHUH� DUH� WKH� DFFRPPRGDWLRQV� LQ� WKH� FLW\�ORFDWHG"�:KDW�LV�WKHLU�FODVVLILFDWLRQ"�:KDW�DUH�WKHLU�UDWHV"�

:KHUH�DUH�WKH�VWRSV�VWDWLRQV�RI�SXEOLF�WUDQVSRUW�IDFLOLWLHV�ORFDWHG�
:KDW� NLQGV� RI� SXEOLF� WUDQVSRUWDWLRQ� DUH�DYDLODEOH"� :KHUH� DUH� UHQWDO� FDU� DJHQFLHV�ORFDWHG"�

:KDW�DUH�WKH�GHPRJUDSKLF�DQG�VRFLR�HFRQRPLF�FKDUDFWHULVWLFV� RI� WKH� ORFDO� SRSXODWLRQ� RI� HDFK�WRXULVW�VSDFH"�:KHUH� DUH� WKH� FXOWXUDO�QDWXUDO� DPHQLWLHV�ORFDWHG"� :KDW� LV� WKHLU� RSHUDWLRQ� VFKHGXOH"��:KDW�LV�WKH�FRVW�WR�DWWHQG"�
:KDW� DUH� VRPH� SODQV�� SURJUDPV� DQG� SURMHFWV�WKDW�ZRXOG�KHOS�VWLPXODWH�WRXULVW�DFWLYLW\��

:KDW�DWWUDFWLYH�SODFHV�DUH�QHDU�P\�KRWHO"� :KDW�LQIUDVWUXFWXUH�VHUYLFHV�DUH�LQ�FXUUHQW�DQG�SRWHQWLDO� WRXULVW� DUHDV"� :KLFK� LV� WKH� VHUYLFH�TXDOLW\"�:KHUH� DUH� WKH� EDQNV"� � :KHUH� LV� WKH� SROLFH�VWDWLRQ"��:KHUH�LV�WKH�KRVSLWDO"� :KDW� LV� WKH� WRXULVW� GHPDQG� IRU� DWWUDFWLYH�SODFHV��WRXULVW�HTXLSPHQW��DQG�VHUYLFHV"�:KHUH�DUH�WKH�VKRSSLQJ�FHQWHUV"� :KDW� SXEOLF� DQG� SULYDWH� LQVWLWXWLRQV� DUH�DYDLODEOH� WKDW� LV� FRPSHWHQW� LQ� WRXULVP�SODQQLQJ"��&DOGHUD�GH�8JDUWH�HW�DO������
8VH�RI�*,6�WHFKQRORJ\�IRU�WRXULVP�SODQQLQJ�RIIHUV�D�JURXS�RI�DGYDQWDJHV�LQ�GDWD�GRFXPHQWDWLRQ�DQG�SURFHVVLQJ��+RJDQ��������6,*785���������7KHVH�DGYDQWDJHV�KHOS�LQ�WKH�VLPSOLILFDWLRQ�RI�SURFHVVLQJ�RI� YROXPLQRXV� JHRJUDSKLF�WRXULVW� LQIRUPDWLRQ�� UHIHUUHG� WR� QDWXUDO� DQG� FXOWXUDO� UHVRXUFHV�� WRXULVW�IDFLOLWLHV�� DFFHVVLELOLW\�� WUDQVSRUW�� ODQG� XVHV� DPRQJ� RWKHUV�� $OVR�� WKH\� FDQ� GULYH� VSDWLDO� DQDO\VHV�QHFHVVDU\� WR� JHQHUDWH� WKHPDWLF� PDSV� RU� VWDWLVWLFDO� UHSRUWV�� DV� PXFK� IRU� DFDGHPLF�� LQVWLWXWLRQDO��HQWHUSULVH�LQWHUHVW�DV�IRU�RZQ�WRXULVWV�UHTXLUHPHQWV�
� 678'<�$5($�
,Q� WKLV� VWXG\�0DQDYJDW�7RZQVKLS� DW� WKH�0HGLWHUUDQHDQ�FRDVW�RI�7XUNH\�KDV�EHHQ� VHOHFWHG�DV� VWXG\�DUHD��7KLV�DUHD�LV�RQH�RI�WKH�PRVW�SRSXODU�DQG�LPSRUWDQW�WRXULVP�DUHDV�RI�7XUNH\��7KH�DUHD�LV�H[FHOOHQW�IRU�PRXQWDLQ�ELNLQJ��WUHNNLQJ�DQG�FOLII�SDUDFKXWLQJ��2EWDLQHG�UHVXOWV�QRW�RQO\�VKRZ�WKDW�WKH�SUREOHPV�VWLOO�H[LVWLQJ�LQ�WKH�VWXG\�DUHD�FDQ�EH�GHWHUPLQHG�HDVLO\�DQG�V\VWHPDWLFDOO\�XVLQJ�E\�H[SRVHG�*,6�EXW�DOVR�SURYHG�WKDW�*,6�FDQ�EH�DSSOLHG�WR�WKHVH�NLQGV�RI�VWXGLHV�
7KHUH�DUH�ORWV�RI�KLVWRULFDO�PRQXPHQWV�DQG�QDWXUDO�UHVRUWV�LQ�WKLV�DUHD��6RPH�RI�WKH�QDWXUDO�UHVRUWV�DUH��0DQDYJDW�:DWHUIDOO��2\PDSLQDU�DQG�0DQDYJDW�'DPV�DQG�.RSUXOX�.DQ\RQ�1DWLRQDO�3DUN��7KH�ODUJHVW�F\SUHVV�IRUHVW�RI�WKH�0LGGOH�(DVW�LV�KHUH��7KHVH�ULFK�YHJHWDWLRQV�VXSSRUW�QDWXUDOO\��TXLHW�D�ULFK�IDXQD��$QRWKHU�H[DPSOH�RI QDWXUDO�UHVRUWV�LV�7LWUH\HQ�*RO��LW LV�DQ�DUP�RI�WKH�0DQDYJDW�VWUHDP�VZROOHQ�DQG�VSUHDG� WR� ORRN� OLNH� D� ODNH�� EHIRUH� LW� HPSWLHV� LWV�ZDWHUV� WR� WKH� VHD�� 6WXG\� DUHD� LV� JLYHQ� LQ� ILJXUH� ����ZZZ�WRXULVPWXUNH\�RUJ����ZZZ�JHRFLWLHV�FRP�PDQDYJDWHPO�����ZZZ�DERXW�WXUNH\�FRP�WRXULVP�
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)LJXUH����6WXG\�DUHD
6RPH�RI�KLVWRULFDO�DUHDV�DUH�(WHQQD��6HOJH�DQG�6LGH��(WHQQD LV�ORFDWHG����NP�QRUWK�RI�0DQDYJDW�QHDU�6LUWNR\�WKHUH�LV�WKH�UXLQV�RI�WKH�DQFLHQW�FLWK�RI�(WHQQD��,W�GDWHV�IURP�WKH�+HOOHQLVWLF�SHULRG��<RX�FDQ�KDYH�D�ELUG
V� H\H�YLHZ�RI�(WHQQD�RI� WKH�0HGLWHUUDQHDQ�� WKH�0DQDYJDW�SODLQV�DQG�6LGH��6HOJH ZDV�D�SRZHUIXO�FLW\�VWDWH�LQ�DQFLHQW�WLPHV��,W�LV�TXLWH�GLIILFXOW�WR�LPDJLQH��FRQVLGHULQJ�WKH�SUHVHQW�SRZHUW\�RI�WKH�YLOODJHUV��KRZ�D�FLW\�SURVSHUHG�KHUH�ZKLFK�FRXOG�VXSSRUW�DQ�DIIOXHQW�SRSXODWLRQ�RI��������
7KH�IROORZLQJ�PDMRU�SUREOHPV�DQG�LVVXHV�ZHUH�LGHQWLILHG�GXULQJ�WKH�VWXG\�x RYHU�H[SDQVLRQ�RI�WRXULVP�DFWLYLWLHV�UHVXOWLQJ�LQ�RYHUEXLOGLQJ�DORQJ�WKH�FRDVWOLQH�DQG�HQGDQJHUHG�QDWXUDO�HQYLURQPHQW�DQG�FXOWXUDO�KHULWDJH��x HFRQRPLF�VWUXFWXUH��PRQRFXOWXUH�RI�WRXULVP��LQLWLDO�VLJQV�RI�GHFOLQH�RI�WKH�SUHVHQW�WRXULVP�SURMHFW��QHZ�SODQV�IRU�IXUWKHU�LQWHQVLYH�WRXULVP�H[SDQVLRQ�LQ�UHODWLYHO\�YLUJLQ�DUHDV��x LQIUDVWUXFWXUH�SUREOHPV��ZDVWH�PDQDJHPHQW��ZDWHU�UHVRXUFH�PDQDJHPHQW�DQG�VXSSO\��GHSHQGHQFH�RQ�H[WHUQDO�VRXUFHV�RI�HQHUJ\��DQG�x QHHGV�IRU�FDSDFLW\�EXLOGLQJ�DW�ORFDO�DQG�SUHIHFWXUH�OHYHOV��
7KHUH� DUH� DOVR� VHYHUDO�KROLGD\� UHVRUWV� OLH� DURXQG� WKLV� WRZQ��(DVW�RI�6LGH�� WXFNHG� LQ�SLQH� IRUHVWV� WKH�KROLGD\� UHVRUWV�RI�6RUJXQ��7LWUH\HQ�*RO� �%OXH )ODJ�� DQG�.L]LODJDF�DUH�ERWK�SRSXODU� IRU� WKHLU� VDQG\�EHDFKHV�DQG�VSDUNOLQJ�VHD��7KH�DWPRVSKHUH�LV�UHOD[HG��WKH�DFFRPPRGDWLRQ�SOHQWLIXO�DQG�WKH�DFWLYLWLHV�HQGOHVV��:HVW�RI�6LGH��WKH�KROLGD\�FHQWHUV�RI�.XPNR\��&RODNOL�DQG�.DPHO\D�DOVR�RIIHU�VXQ�DQG�VHD��LQ�FORVH�SUR[LPLW\�WR�DQFLHQW�VLWHV��,Q�WKH�3DPSKO\LDQ�6HOHXFLD����NP�QRUWKHDVW�RI�6LGH��DUH�WKH�UHPDLQV��LQ�JRRG�FRQGLWLRQ��RI�5RPDQ�EDWKV�� WHPSOHV��FKXUFKHV��D�PDXVROHXP�� WKHDWUH�DQG�DJRUD��2EVHUYLQJ�HIIHFWV� RI� FKDQJH� GHWHFWLRQ� RQ� WKH� FRDVWDO� OLQH� EHFDXVH� RI� WRXULVP�� ZDWHU� XVDJH�� ZDVWHZDWHU� DQG�DPRXQW�RI�VROLG�ZDVWH�VKRXOG�EH�WDNHQ�DV�SULPDU\�SDUDPHWHUV��%XW�LQ�WKLV�VWXG\�SUHYLRXVO\�PHQWLRQHG�OD\HUV�KDYH�EHHQ�FRQVLGHUHG�DQG�TXHULHV�ZHUH�GRQH�XVLQJ�WKHVH�OD\HUV���
��� 6\VWHP�6WUXFWXUH��'DWD�DQG�$QDO\VLV
,Q� WKLV� VWXG\�$UF9LHZ� ���� KDV� EHHQ� VHOHFWHG� DV� WKH�*,6� VRIWZDUH�� 7KLV� GHVNWRS�*,6� LV� D� ORZ� FRVW�GHVNWRS�*,6�ZLGHO\�XVHG�DOO�RYHU�WKH�ZRUOG�ZLWK�GLIIHUHQW�DSSOLFDWLRQV��,W¶V�H[WHQVLRQV�VXFK�DV�6SDWLDO�$QDO\VLV��1HWZRUN�$QDO\VLV�DQG��'�0RGXOHV�DUH�FRQYHQLHQW�IRU�PRQLWRULQJ�HQYLURQPHQW�DQG�VHYHUDO�
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GLIIHUHQW� DSSOLFDWLRQV�� ,W� DOVR�SURYLGHV� DQ�HDVLHU�ZD\� IRU�GDWD�TXHU\�DQG� IDFLOLWDWHV�GDWD�GLVWULEXWLRQ�DQG� XVH�� 7KLV� VRIWZDUH� DOVR� VXSSRUWV� LQWHJUDWLRQ� RI� GLIIHUHQW� GDWD� VHWV� VXFK� DV� &$'�� 6KDSH� ILOHV��$UF,QIR�FRYHUDJHV��PXOWLPHGLD�LPDJH��DQG�OLQN�UHDO�WLPH�HYHQWV�VXFK�DV�*36��
*UDSKLF�GDWD�REWDLQHG�YLD�GLIIHUHQW�ZD\V��6RPH�RI�WKHP�KDYH�EHHQ�WDNHQ�IURP�0DQDYJDW�7RZQVKLS�$XWKRULW\�DQG�VRPH�RI�WKHP�REWDLQHG�IURP�KDUG�FRS\�PDSV�E\�PHDQV�RI�GLJLWL]LQJ��0DSV�XVHG�LQ�WKLV�VWXG\�KDG�EHHQ�SURGXFHG� LQ�GLIIHUHQW� VFDOHV� OLNH��������DQG���������7KHVH�PDSV� LQ�GLIIHUHQW�VFDOHV�KDYH�EHHQ�EURXJKW�WRJHWKHU�DQG�WKHQ�XVHG�LQ�WKLV�VWXG\��7RJHWKHU�ZLWK�XVHG�OD\HUV�SUHOLPLQDU\�VWXGLHV�DERXW� WKH�GLIIHUHQW� IDFWRUV� WKDW�SDUWLFLSDWH�RQ� WRXULVP�SODQQLQJ�KDYH�EHHQ�FDUULHG�RXW��7KLV� VWXG\�LV�RULHQWHG� WR� WRXULVP� DFWLYLWLHV�� 7ZR� GLIIHUHQW� JURXSV� RI� YDULDEOHV� KDYH� EHHQ� GHWHUPLQHG�� 7KHVH� DUH�IXQFWLRQDOLW\� YDULDEOHV� VXFK� DV� 3ROLWLFDO� WHUULWRULHV�� QDWXUDO� UHVRXUFHV�� FXOWXUDO� � KLVWRULFDO� UHVRXUFHV�DQG�IDFLOLWLHV�DQG� WRXULVW\�TXDOLILFDWLRQV�VXFK�DV�LQIUDVWUXFWXUHV��HQYLURQPHQWDO�TXDOLW\�� ODQG�XVH�DQG�HFRQRPLF�DFWLYLWLHV��
6HYHUDO�GLIIHUHQW�TXHULHV�DQG�DQDO\VLV�KDYH�EHHQ�GRQH�DIWHU�DWWULEXWHV�DUH�FRQQHFWHG�WR�JUDSKLF�GDWD��$SSURDFKLQJ� WR� GDWD� UHODWHG�HDFK�RWKHU� LV�SRVVLEOH�E\�PHDQV�RI�*,6� VRIWZDUH��7KH�HDVLHVW�TXHU\� LV�LGHQWLI\LQJ�DQ�REMHFW��2QH�RI�WKH�VLPLODU�TXHU\�UHVXOW�LV�JLYHQ�LQ�WKH�)LJXUH����

)LJXUH����,GHQWLI\�4XHU\
$QRWKHU�TXHU\�LV�GRQH�WR�VKRZ�W\SHV�RI�EXLOGLQJV�LQ�0DQDYJDW�DQG�UHVXOW�LV�JLYHQ�LQ�)LJXUH����
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ùHNLO��

)LJXUH����4XHU\�H[DPSOH�GRQH�IRU�0DQDYJDW
'DWD� VWRUHG� LQ� GDWDEDVH� LV� VXIILFLHQW� WR�PDNH�TXHU\�DQG�DQDO\VLV� DERXW� WKH� FDSDFLW\�RI�SODFHV��7KLV�NLQG�RI�TXHU\�KHOS�IRU�EHWWHU�RUJDQL]DWLRQ��,W�LV�SRVVLEOH�PDNH�DQ�KRWOLQN�ZLWK�WKH�SLFWXUH�DQG�FDQ�EH�GLUHFWO\�VHHQ�ZLWK�TXHU\�UHVXOW��,Q�)LJXUH����RQH�RI�WKH�TXHU\�H[DPSOH�GRQH�IRU�KLVWRULFDO�PRQXPHQW�LV�JLYHQ����

)LJXUH����5HVXOW�RI�TXHU\�H[DPSOH�DQG�3LFWXUH�RI�WKH�KRWHO�
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&21&/86,216
$IWHU�WKH�FRPSDULQJ�ILJXUHV���DQG����LW�KDV�EHHQ�VKRZQ�WKHUH�DUH�JUHDW�VLPLODULWLHV�EHWZHHQ�WKHP��7KH�WRXULVP� DUHDV� KDYH� WKH� KLJKHU� JUDGH� DQG�KLJKHU� SRSXODWLRQ��'XH� WR�REWDLQHG� UHVXOWV�� WKH� DXWKRULWLHV�VKRXOG�FDUHIXOO\�SURWHFW�WKLV�DUHD��7RJHWKHU�ZLWK�REWDLQHG�UHVXOWV�IURP�*,6�DQG�RQ�WKH�VLWH�VWXG\��ZHUH�GRQH�E\� WKH�DXWKRUV� VHYHUDO� WLPHV�� VRPH�VHYHUH�HQYLURQPHQWDO�SUREOHPV�KDYH�EHHQ�UHDOL]HG�� �7KHVH�DUH�� VDQG� GXQHV� DUH� GLVPLVVHG�� WKH� UHVLGHQWLDO� DUHDV� FRYHU� DUFKHRORJLFDO� VLWHV�� EHFDXVH� RI� WKH� VROLG�ZDVWH�SUREOHP�KDYHQ¶W�EHHQ�VROYHG�\HW�DQG�WKUHDW�6LGH�VHWWOHPHQWV�ZLWK�WHUULEOH�VPHOO�HVSHFLDOO\�LQ�WKH�ZDUP�VHDVRQV��+RWHOV�ORFDWHG�QH[W�WR�VHDVLGH��HYHQ�WKRXJK�LW�LV�IRUELGGHQ�E\�ORZ��FORVHG�WKH�FRDVW�IRU�SXEOLF�XVDJH���
)RUPLQJ�D�*,6�IRU�WKH�WRXULVP�DFWLYLWLHV�LV�KLJKO\�QHFHVVDU\��8VLQJ�WKLV�NLQG�RI�V\VWHP�UHGXFHV�FRVW�DQG�LQFUHDVHV�HIILFLHQF\�LQ�WRXULVP�DFWLYLWLHV��LQFUHDVHV�PDQDJHPHQW�FRQWURO��SURYLGHV�LQIRUPDWLRQ�IRU�GHFLVLRQ�VXSSRUW�DQG�SROLF\�PDNLQJ�DQG�VDYHV�WLPH��PDQ�SRZHU�DQG�WLPH��7KH�UHG�WDSH��H[SHULHQFHG�GXULQJ�WKH GDWD�FROOHFWLQJ�SKDVH��VKRXOG�EH�PLQLPL]HG�EHWZHHQ�LQVWLWXWLRQV�
7KH�7RXULVP�,QGXVWU\�KDV� VHHQ�PDQ\�DGYDQFHV�DQG�SRWHQWLDO� IRU�QHZ�RSSRUWXQLWLHV�ZLWK� WKH�LQWURGXFWLRQ� RI� *HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHPV�� � ,W� LV� DOVR� SRVVLEOH� IRU� WRXULVW� DWWUDFWLRQ�RSHUDWRUV��DQG�WRXULVP�JURXSV�WR�ILQG�RXW�ZKHUH�WKHLU�FXVWRPHUV�DUH�FRPLQJ�IURP��PDUNHW�WR�SRWHQWLDO�QHZ�FOLHQWV��DQG�SHUIRUP�DQDO\VLV�IRU�QHZ�WRXULVW�VLWHV���'DWD�RQ�WKH�WRXULVW�DFWLYLWLHV�RI� DQ\� JLYHQ� UHJLRQ� EHFRPH� DYDLODEOH�� LW� LV� IRUHVHHDEOH� WKDW� WKH� XVHV� IRU�*,6� VRIWZDUH�ZLOO�FRQWLQXH�WR�GHYHORS���,Q�WKH�IXWXUH��D�QHZ�W\SH�*,6��ZKHUH�GDWD�LV�FHQWUDOO\�ORFDWHG��PLJKW�EH�DSSOLHG�DQG�DOO�OHYHOV�RI�*RYHUQPHQW�DQG�LQGLYLGXDOV�FDQ�VKDUH�LQIRUPDWLRQ�DQG�UHVRXUFHV���
5()(5(1&(6
%HQDEGDOODK�� 6��� DQG� %RXQHPUD� %HQ� 6ROWDQH�� .��� 7KH� ,PSRUWDQFH� RI� 0XOWLPHGLD� DQG� *HRJUDSKLF�,QIRUPDWLRQ� 6\VWHP� 7HFKQRORJLHV� LQ� WKH� 7RXULVP� ,QGXVWU\�� ,QVWLWXW� 5HJLRQDO� GHV� 6FLHQFHV�,QIRUPDWLTXHV�HW�GHV�7HOHFRPPXQLFDWLRQV��,56,7���0DKUDMQH��7XQLVLD��������KWWS���ZZZ�HUFLP�RUJ�PHGFRQI�SDSHUV�ERXQHPUD�KWPO
&DOGHUD� GH� 8JDUWH��1��� &XEHURV�� 5��� ,QGULDJR�� -���0ROLQD��1��� 6LJWXU�=XOLD��$Q�$SSOLFDWLRQ� RI�*,6�7HFKQRORJLHV� IRU� 7RXULVP� 3ODQQLQJ�� 8QLYHUVLW\� RI� =XOLD�� 0DUDFDLER�� 9HQH]XHOD�� �������KWWS���ZZZ�HVUL�FRP�OLEUDU\�XVHUFRQI�SURF���SURIHVVLRQDO�SDSHUV�3$3����S����KWP
+RJDQ��0���/LWHUDWXUH�5HYLHZ��7KH�8VH�RI�*,6�LQ�WKH�7RXULVP�,QGXVWU\��*,6�6HW�%��$����������*,67������3URMHFW�3ODQQLQJ�������KWWS���JLVZHE�DWKHQD�EFLW�FD�VWXGHQWV�FODVV������JLVE����*,67����B��KWPO
6HNHU�� '�=��� .DEGDVOL�� 6� DQG� 0HUFDQ�� '�� (��� *HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHPV� IRU� &RDVWDO� =RQH�0DQDJHPHQW�$IWHU� DQ� (DUWKTXDNH��7KLUG�%ODFN� 6HD� ,QWHUQDWLRQDO�&RQIHUHQFH�� SS�� ���������9DUQD��%XOJDULD�������
6HPFRU�,QIRUPDWLRQ�6\VWHPV�DQG�6HUYLFHV��7RXULVP�DQG�5HFUHDWLRQ�������KWWS���FRUSZHE�VHPFRU�FRP�JLV�VROXWLRQV�LQGXVWU\�WRXULVP�KWPO
7KH�6,*785�SURMHFW��$Q�$SSOLFDWLRQ�RI�*,6�7HFKQRORJLHV�IRU�7RXULVP�3ODQQLQJ�������KWWS���ZZZ�HVUL�FRP�OLEUDU\�XVHUFRQI�SURF���SURIHVVLRQDO�SDSHUV�3$3����S����KWP
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