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$KPDGX�%HOOR�8QLYHUVLW\��=DULD
(�PDLO�DG]XDVDPXHO#\DKRR�FRP

$EVWUDFW
,Q�UHFHQW�\HDUV��WKH�UDWH�RI�FULPH�LQ�1LJHULD�LV�FDXVLQJ�D�ZLGHVSUHDG�FRQFHUQ��7KHUH�LV�QHHG�
IRU�HIIHFWLYH�PRQLWRULQJ�DQG�FRQWURO�RI�FULPH�WR�HQKDQFH�WKH�VHFXULW\�RI�OLYHV�DQG�SURSHUWLHV��
7KLV�SDSHU�VHHNV� WR�XVH�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6�� WR� LGHQWLI\��PDS�DQG�DQDO\]H�
WKH� GLVWULEXWLRQ� RI� FULPH� VFHQDULRV� LQ� .DGXQD� PHWURSROLV�� 'DWD� DERXW� FULPH� LQFLGHQFHV�
EHWZHHQ� ����� DQG� ����� ZDV� REWDLQHG� IURP� WKH� 6WDWH� &ULPLQDO� ,QYHVWLJDWLRQ� 'HSDUWPHQW��
3ROLFH� +HDGTXDUWHUV�� .DGXQD�� 7KHVH� GDWD� DORQJVLGH� ZLWK� WKH� GLJLWDO� PDS� RI� .DGXQD�
PHWURSROLV�ZHUH�XVHG�LQ�$UF*,6�HQYLURQPHQW�DQG�DQDO\VLV�FDUULHG�RXW�WR�LGHQWLI\�FULPH�]RQHV�
LQ WKH�VWXG\�DUHD�7KH�UHVXOW� VKRZV� WKDW�6DERQ�7DVKD�KDV� WKH�KLJKHVW� UDWH�RI�FULPH�ZLWK����
SHUFHQW�RI�WKH�WRWDO�UHSRUWHG�FDVHV�RI�FULPH�LQ�WKH�DUHD�XQGHU�UHYLHZ��ZKLOH�8QJXZDU�6DQXVL�
KDV�WKH�ORZHVW�UDWH�RI�FULPH�ZLWK���SHUFHQW�RI�WKH�WRWDO�UHSRUWHG�FDVHV�RI�FULPH�LQ�WKH�VWXG\�
DUHD�� ,W� ZDV� WKHUHIRUH� UHFRPPHQGHG� WKDW� PRUH� 3ROLFH� 6WDWLRQV� EH� HVWDEOLVKHG� LQ� 6DERQ�
7DVKD�%DQDZD�� .DEDOD� 'RNL�� 8QJZDQ� 5LPL� DQG� .DEDOD� :HVW� WRLQWHQVLI\WKH� HIIRUW� RI� WKH�
SDWURO�WHDP�LQ�ILJKWLQJ�FULPH�LQ�WKH�DIIHFWHG�DUHDV�

.H\ZRUGV��*HRVSDWLDO�$QDO\VLV��&ULPH�=RQHV��*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6��DQG�$UF*,6�
����

,QWURGXFWLRQ�DQG�%DFNJURXQG
&ULPH�PD\� EH� GHILQHG� DV� DQ\� YLRODWLRQ� RI� ODZ�� DQ� RPLVVLRQ� RI� D� GXW\� FRPPDQGHG�� RU� WKH�
FRPPLVVLRQ� RI� DQ� DFW� SURKLELWHG� E\� ODZ� DQG� SXQLVKDEOH� E\� WKH� VWDWH� �7XGHOD� ����� DQG�
&KDXGKDUL�� ������� 7KH� UDWH� RI� FULPH� LQ� 1LJHULD� WRGD\� LV� FDXVLQJ� VOHHSOHVV� QLJKW� WR� PDQ\�
1LJHULDQV�� 7KHUH� DUH� YDULRXV� FDVHV� RI� FULPH� UDQJLQJ� IURP� DUP� UREEHU\� WR� NLGQDSSLQJ�� 7KH�
WUDGLWLRQDO�DQG�ROG�V\VWHP�RI�LQWHOOLJHQFH�DQG�FULPLQDO�UHFRUG�PDLQWHQDQFH�KDV�IDLOHG�WR�OLYH�
XS� WR� WKH� UHTXLUHPHQWV� RI� WKH� H[LVWLQJ� FULPH� VFHQDULR� �0XEDVKLU�� �������0DQXDO� SURFHVVHV�
QHLWKHU�SURYLGH�DFFXUDWH��UHOLDEOH�DQG�FRPSUHKHQVLYH�GDWD�URXQG�WKH�FORFN�QRU�GRHV�LW�KHOS�LQ�
WUHQG� SUHGLFWLRQ� DQG� GHFLVLRQ� VXSSRUW�� ,W� DOVR� UHVXOWV� LQ� ORZHU� SURGXFWLYLW\� DQG� LQHIIHFWLYH�
XWLOL]DWLRQ� RI� PDQSRZHU�� ,QDGHTXDWH� PRGHUQ� WHFKQRORJ\� DQG� LQVXIILFLHQW� PDQSRZHU� KDYH�
SUHYHQWHG�WKH�1LJHULDQ�VHFXULW\�DJHQWV�IURP�WDFNOLQJ�WKH�LVVXH�RI�FULPH�LQ�1LJHULD�HIIHFWLYHO\��
7KHUH�LV�WKHUHIRUH�QHHG�WR�GHYLFH�D�QHZ�ZD\�RI�FULPH�UHFRUG��PRQLWRULQJ��DQG�PDQDJHPHQW�WR�
DEDWH�WKH�RFFXUUHQFH�RI�FULPH�LQ�.DGXQD�PHWURSROLV�DQG�RI�FRXUVH��1LJHULD�DV�ZKROH��

7KH� VROXWLRQ� WR� WKLV� HYHU�LQFUHDVLQJ� SUREOHP� OLHV� LQ� WKH� HIIHFWLYH� XVH� RI� ,QIRUPDWLRQ�
7HFKQRORJ\��$FFRUGLQJ�WR�&KDXGKDUL��������VXFFHVVIXO�FULPH�SUHYHQWLRQ�VWUDWHJLHV�UHTXLUH�D�
ODUJHU�VFDOH�DQDO\VLV� WR� LGHQWLI\�SRVVLEOH� LQWHUYHQWLRQ�SRLQWV�� ,QWHUYHQWLRQ�VWUDWHJLHV�PXVW�EH�
FULPH�DQG�VLWXDWLRQ�VSHFLILF�

*HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHP� �*,6� KDV� EHHQ� LGHQWLILHG� WR� EH� D� FRQYHQLHQW� WRRO� IRU� WKLV�
VWXG\�� ,W� KDV� JUHDW� SRWHQWLDO� LQ� FULPLQRORJLFDO� UHVHDUFK� EHFDXVH� RI� LWV� WKUHH� NH\� IXQFWLRQV��
GDWDEDVH�PDQDJHPHQW�� VSDWLDO� DQDO\VLV� DQG� YLVXDOL]DWLRQ� �$OH[DQGHU� DQG�;LDQJ�� ������*,6�
XVHV� JHRVSDWLDO� GDWD� DQG� FRPSXWHU�JHQHUDWHG� PDSV� DV� DQ� LQWHUIDFH� IRU� LQWHJUDWLQJ� DQG�
DFFHVVLQJ� PDVVLYH� DPRXQWV� RI� ORFDWLRQ�EDVHG� LQIRUPDWLRQ� �-RKQVRQ�� ������� ,W� LV� WKH�
FRPSUHKHQVLYH�LGHD�WR�SURYLGH�WKH�LQIRUPDWLRQ�UHTXLUHG�WR�WKH�DGPLQLVWUDWLYH�VWDII�WR�DQDO\]H�
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DQG�PDNH�D�TXLFN�GHFLVLRQ�E\�SURYLGLQJ�WKH�HQG�XVHU�ZLWK�GHVFULSWLYH�LQIRUPDWLRQ�DOORZLQJ�
WKH�HQIRUFHPHQW�DJHQFLHV�WR� LGHQWLI\�DUHDV�WKDW�DUH�FULPH�SURQH�DQG�WKH�UDWH�RI�FULPH�LQ�WKH�
DIIHFWHG�DUHDV��&ULPH�PDSSLQJ�ZLOO�HQDEOH�SROLFH�XQGHUVWDQG�KRZ�WR�PDNH�GHFLVLRQV�DQG�KRZ�
WR�GHSOR\�SDWURO�WHDPV�WR�WKH�DIIHFWHG�]RQHV��

&ULPH� DQDO\VLV� LV� GHILQHG� DV� D� VHW� RI� V\VWHPDWLF�� DQDO\WLFDO� SURFHVVHV� GLUHFWHG� DW� SURYLGLQJ�
WLPHO\�DQG�SHUWLQHQW�LQIRUPDWLRQ�UHODWLYH�WR�FULPH�SDWWHUQV�DQG�WUHQG�FRUUHODWLRQV�WR�DVVLVW�WKH�
RSHUDWLRQDO� DQG� DGPLQLVWUDWLYH� SHUVRQQHO� LQ� SODQQLQJ� WKH� GHSOR\PHQW� RI� UHVRXUFHV� IRU� WKH�
SUHYHQWLRQ� DQG� VXSSUHVVLRQ� RI� FULPLQDO� DFWLYLWLHV�� DLGLQJ� WKH� LQYHVWLJDWLYH� SURFHVV�� DQG�
LQFUHDVLQJ� DSSUHKHQVLRQV� DQG� WKH� FOHDUDQFH� RI� FDVHV�&KDXGKUL�� ������� &ULPH� $QDO\VLV�
WKURXJK�*,6� LV� WRGD\� EHFRPLQJ�PRUH� QHFHVVDU\� LQ�1LJHULD� DV� WKH� UDWHV� RI� FULPHV� DUH� YHU\�
PXFK�RQ�WKH�ULVH��LQ�RUGHU�WR�PDNH�EHWWHU�LQIRUPHG�GHFLVLRQV�DQG�WR�SUHVHQW�FULPH�LQIRUPDWLRQ�
LQ� JHRJUDSKLF� FRQWH[W�� *,6� FDQ� EH� XVHG� DV� D� YHU\� XVHIXO� WRRO� WR� GLVSOD\� DQG� DSSO\� VSDWLDO�
DQDO\VLV� WR�GDWD��ZKLFK�UHVLGH�LQ� ODUJH�GDWDEDVHV� WR�\LHOG�D�VWURQJ�YLVXDO�DSSUHFLDWLRQ�RI� WKH�
SDWWHUQV�RI�FULPHV���

&ULPH�PDSSLQJ�DQG�DVVHVVPHQW�KDV�EHFRPH�YHU\�LPSRUWDQW�LQ�RXU�VRFLHW\�LQ�YLHZ�RI�WKH�IDFW�
WKDW�LW�LV�FRPPLWWHG�GDLO\�ZLWK�PRUH�SHUIHFWLRQ��7KH�PHWKRGV�XVHG�IRU�PDSSLQJ�DQG�DVVHVVLQJ�
FULPH�DUH�PDQ\��GHSHQGLQJ�RQ�WKH�XVH�WR�ZKLFK�WKH�PDS�ZLOO�EH�SXW�DQG�WKH�VRXUFH�RI�GDWD�

+\DWW��������XVHG�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6��WR�JHQHUDWH�FDWFKPHQW�]RQHV�VLPLODU�
WR�SROLFH�SUHFLQFWV�DURXQG�SXEOLF�KRXVLQJ�GHYHORSPHQWV�LQ�WKUHH�FLWLHV��7KH�DGGUHVV�PDWFKHG�
ORFDWLRQV�RI�DOO�UHSRUWHG�FULPHV�FDVHV�ZHUH�WKHQ�RYHUODLG�WR�FRXQW�FULPHV�DQG�FDOFXODWH�FULPH�
UDWHV�ZLWKLQ�WKHVH�]RQHV��SURGXFLQJ�GDWD�WR�DQVZHU�FULPLQRORJLFDO�TXHVWLRQV�

$OH[DQGHU�DQG�;LDQJ��������XVHG *,6�WR WKH�LGHQWLI\�FULPH�SDWWHUQV�LQ�WKH�&KDUORWWH��1RUWK�
&DUROLQD�� XUEDQ� DUHD��:LWK�*,6� FDSDELOLWLHV�� WKH� WLPH� VHULHV� DQG� VSDWLDO� SDWWHUQV� RI�PXUGHU�
ZHUH�DFFXUDWHO\�LGHQWLILHG�DQG�HIIHFWLYHO\�SUHVHQWHG��

&KDXGKDUL��������HPSOR\HG�WKH�XVH�RI�*,6�WR�PRQLWRU�FULPH��DQDO\]H�WKH�YROXPH�RI�FULPH��
YLROHQW� FULPH�� DQG� RUJDQL]HG� FULPH�� DV� D� SRWHQWLDO� DQDO\WLFDO� WRRO� IRU� WDFWLFDO� LQYHVWLJDWLYH�
IRUHFDVWLQJ��,Q�KLV�SDSHU�HPSKDVLV�ZDV�SODFHG�RQ�RUJDQL]HG�FULPH�ZLWKLQ�D�VPDOO�ORFDOLW\�RI�
3XQH��,QGLD�

&KDLQH\�DQG�'DQGR�������XVHG�FULPH�GDWD�IRU�D�SHULRG�EHIRUH�D�IL[HG�GDWH��WKDW�KDV�DOUHDG\�
SDVVHG�� WR� JHQHUDWH� KRWVSRW�PDSV�� DQG� WHVW� WKHLU� DFFXUDF\� IRU� SUHGLFWLQJ�ZKHUH� FULPHV�ZLOO�
RFFXU�QH[W��+RWVSRW�PDSSLQJ�DFFXUDF\�LV�FRPSDUHG�LQ�UHODWLRQ�WR�FULPH�W\SH��WKH�UHWURVSHFWLYH�
WLPH� SHULRG� RI� GDWD� XVHG�� DQG� WKH� WLPH� SHULRG� DIWHU� WKH� SURGXFWLRQ� RI� WKH� KRWVSRW� PDS��
7KHUHIRUH��WKH�UHVHDUFK�FRPSDUHV�ZKLFK�FULPH�W\SHV�SURGXFH�WKH�PRVW�UHOLDEOH�KRWVSRW�PDSV�
IRU� SUHGLFWLQJ�ZKHUH� FULPH� KDSSHQV� QH[W�� 7KH� UHVXOWV� LQGLFDWH� WKDW� FULPH� KRWVSRW�PDSSLQJ�
DFFXUDF\� GLIIHUV� VLJQLILFDQWO\� DFURVV� GLIIHUHQW� FULPH� W\SHV� DQG� LQ� UHODWLRQ� WR� WKH� YROXPH� RI�
GDWD�XVHG��DQG�KRZ�UHOHYDQW�WKH�PDSV�FRQWLQXH�WR�EH�LQ�DFFXUDWHO\�LGHQWLI\LQJ�FULPH�SUREOHP�
DUHDV��

&XUUHQWO\��*,6�LV�QRW�EHLQJ�XVHG�IRU�FULPH�FRQWURO�DQG�PDQDJHPHQW�LQ�NDGXQD��7KLV�PD\�EH�
GXH�WR�WKH�ODFN�RI�DZDUHQHVV�RI�WKH�EHQHILWV�RIIHUHG�E\�*,6�LQ�FULPH�FRQWURO�DQG�PDQDJHPHQW�
LQ�WKH�FRXQWU\�

7KH� DLP� RI� WKLV� VWXG\� LV� WKHUHIRUH�� WR� PDS� &ULPH� LQFLGHQFHV� DQG� WR� DVVHVV� WKH� VSDWLDO�
GLVWULEXWLRQ� RI� FULPH� LQ� .DGXQD PHWURSROLV� WKDW� ZRXOG� DVVLVW� LQ� FULPH� FRQWURO�7KLV� ZLOO�
SURYLGH�ILUVWKDQG� LQIRUPDWLRQ� WR�HQIRUFHPHQW�DJHQWV� WR� WDNH�DGHTXDWH�DQG�HIIHFWLYH�VWHSV� WR�
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UHGXFH�DQG�SUHYHQW�FULPH�� WR�UHGXFH�VXIIHULQJ�RI�YLFWLPV�� WR�SXQLVK�WKH�JXLOW\��DQG�WR�GLUHFW�
RXU�OLPLWHG�UHVRXUFHV�ZKHUH�WKH\�FDQ�GR�PRVW�JRRG��

.DGXQD�6WDWH�LV�ORFDWHG�RQ�WKH�VRXWKHUQ�HQG�RI�WKH�+LJK�3ODLQV�RI�QRUWKHUQ�1LJHULD��ERXQGHG�
E\� SDUDOOHOV� ����
1� DQG� �����
1�� DQG� H[WHQGV� IURP� WKH� XSSHU� 5LYHU�0DULJD� RQ� ����
(� WR�
����
(�RQ�WKH�IRRW�VORSHV�RI�WKH�VFDUS�RI�-RV�3ODWHDX��

7KH�VWDWH�FDSLWDO�FRYHUV�DQ�DUHD�RI�DERXW���NP�E\���NP�ZLWK�D�SRSXODWLRQ�HVWLPDWH�RI�DERXW�
���PLOLORQ� �1DWLRQDO� 3RSXODWLRQ� &RPPLVVLRQ�� ������� .DGXQD� PHWURSROLV� FRPSULVHV� RI�
.DGXQD�1RUWK��.DGXQD�6RXWK�DQG�SDUW�RI�,JDEL�/RFDO�*RYHUQPHQW�$UHD��

0HWKRGRORJ\
'DWD� DERXW� FULPH� LQFLGHQFHV� EHWZHHQ� ����� DQG� ����� ZHUH� REWDLQHG� DW� WKH� 3ROLFH�
+HDGTXDUWHUV�� �6WDWH� &,'��� 7KLV� GDWD� VKRZHG� WKH� QDWXUH� RI� FULPH�� GDWHV� DQG� SODFHV� RI�
RFFXUUHQFH�� QXPEHU� RI� VXVSHFWV� DQG� WKH� ORFDWLRQV� ZKHUH� FULPHV� IUHTXHQWO\� RFFXUUHG� �VHH�
7DEOH� �� IRU� QDWXUH� RI� FULPHV� DQG� DSSHQGL[� ,� IRU� GHWDLOV��� $OVR� DFTXLUHG� IURP� 3ROLFH�
+HDGTXDUWHUV� ZDV� DOO� WKH� GLYLVLRQDO� KHDGTXDUWHUV� RI� SROLFH� LQFOXGLQJ� WKHLU� DUHDV� RI�
MXULVGLFWLRQ��$� WRWDO� RI� IRXUWHHQ�3ROLFH� GLYLVLRQDO� KHDGTXDUWHUV�ZHUH� DFTXLUHG� RQ�ZKLFK� WKH�
FULPH�ORFDWLRQV�DUH�EDVHG��6HH�7DEOH�����7R�FDUU\�RXW�SURSHU�DQDO\VLV�RI� WKH� WUHQG�RI�FULPH�
RFFXUUHQFH�LQ�WKH�DUHD�XQGHU�VWXG\��WKHUH�ZDV�D�QHHG�WR�HGLW�WKH�GDWD�WR�UHPRYH�DQ\�SRVVLEOH�
HUURU��7KH� GDWD�ZDV� DOVR� H[DPLQHG� WR� LGHQWLI\� DQG�PDS� DUHDV� RI� FULPH� FRQFHQWUDWLRQ� XVLQJ�
+DQG�KHOG� *36�� 7KH� ]RQLQJ� ZDV� GRQH� XVLQJ� WKH� OLVW� RI� DUHDV� FRYHUHG� E\� HDFK� 3ROLFH�
GLYLVLRQDO�+HDGTXDUWHUV� DV� JXLGH��$V� D� UHVXOW�� WKH� VWXG\� DUHD�ZDV� GLYLGHG� LQWR� ��� GLIIHUHQW�
]RQHV�DV�VKRZQ�LQ�7DEOH���DQG�)LJXUH���

$�VWUHHW�JXLGH�PDS�RI�WKH�VWXG\�DUHD�ZDV�DFTXLUHG�WR�VHUYH�DV�D�EDVH�PDS�DQG�ZDV�LPSRUWHG�
LQWR� $UF*,6���� HQYLURQPHQW�� � 7KH� GHPDUFDWLRQV� RI� WKH� ]RQHV� ZHUH� GRQH� LQ� WKH� $UF0DS�
HQYLURQPHQW�E\�GLJLWL]LQJ�D�YHFWRU� ILOH� LQWR�SRO\JRQ�IHDWXUHV�XVLQJ�FRS\�RI� WKH�VWUHHW�JXLGH�
PDS�RI�WKH�VWXG\�DUHD�DV�EDFNJURXQG��
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7DEOH����1DWXUH�RI�FULPHVLGHQWLILHG�LQ�WKH�VWXG\�DUHD
6�1 1$785(�2)�&5,0(

� &XOSDEOH�KRPLFLGH

� $UPHG�UREEHU\

� 7KHIW�	�RWKHU�VWHDOLQJ

� 7KHIW�RI�YHKLFOH

� 9DQGDOL]LQJSXEOLF�SURSHUWLHV

� %DQN�IUDXG

� 5DSH

� +RXVH�EUHDNLQJ�	WKHIW

� 5HFHLYLQJ�VWROHQ�SURSHUWLHV

�� )LUH�LQFLGHQFHV

�� $VVDXOW�

�� 8QODZIXO�SRVVHVVLRQ�RI�ILUH�DUPV

�� 7HUURULVP

7DEOH����3ROLFH�SRVW�DQG�WKHLU�/RFDWLRQV
),' 6+$3( ; < ',9,6,21B+
� 3RO\JRQ ��������� ���������� .DEDOD�'RNL
� 3RO\JRQ ��������� ���������� 6DERQ�7DVKD
� 3RO\JRQ ��������� ���������� *DEDVDZD
� 3RO\JRQ ��������� ���������� .DNXUL
� 3RO\JRQ ��������� ���������� .DZR
� 3RO\JRQ ��������� ���������� 6DERQ�*DUL
� 3RO\JRQ ��������� ���������� %DUQDZD
� 3RO\JRQ ��������� ���������� 7XGXQ�:DGD
� 3RO\JRQ ��������� ���������� .XUPL�0DVKL
� 3RO\JRQ ��������� ���������� .DEDOD�:HVW
�� 3RO\JRQ ��������� ��������� 0DODOL

�� 3RO\JRQ ��������� ���������� 8QJXZDQ�6DQXVL
�� 3RO\JRQ ��������� ���������� 8QJXZDQ�5LPL
�� 3RO\JRQ ��������� ���������� 5LJDVD

)URP� WKH����FULPH�]RQHV�REWDLQHG� LQ� WKH�VWXG\�DUHD����PDMRU�FULPH�]RQHV�ZHUH�GHWHUPLQHG�
EDVHG�RQ�WKH�QXPEHU�RI�FULPHV�WKDW�RFFXUUHG�LQ�HDFK�DUHD��,I�WKH�WRWDO�FULPHV�RFFXUUHQFH�LQ�DQ�
DUHD�LV�OHVV�WKDQ�HTXDO�WR������WKH�DUHD�LV�FODVVLILHG�DV�D�ORZ�FULPH�]RQH��+RZHYHU��LI�WKH�WRWDO�
FULPH�RFFXUUHQFH�LV�PRUH�WKDQ�����WLPHV��WKH�DUHD�LV�FODVVLILHG�DV�D�KLJK�FULPH�]RQH��7KH�WRWDO�
QXPEHU�RI�FULPH�FDVHV�UHFRUGHG�ZLWKLQ�WKH�VWXG\�SHULRG�RI�����������LV�������
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7DEOH����$UHDV�FRQWDLQHG�LQ�HDFK�=RQH
6�1 =21(6 $5($6
�� %$51$:$ 1DUD\L��%DUQDZD�WRZQ��6WDWLRQ�URXQGDERXW��'RZQ�TXDUWHU��5DLOZD\�
�� *$%$6$:$ /XJJDUG� KDOO�� 0DUDID�� %LGGD� URDG�� <DNXEX� *DZDQ� ZD\�� 2OG� ZROI� URDG��

1XUVLQJ�KRPH��6RNRWR�URDG��'XUED�KRWHO��1(3$�URXQGDERXW��$OL�$NLOX�URDG�
�� .$%$/$�:(67 .XGDQGDQ��8QJXZDU�0DOODP�0D¶D]X�.DEDOD�ZHVW�
�� .$%$/$�'2., .DEDOD�'RNL��&RVWLQ��*DPML�JDWH��6ZLPPLQJ�SRRO�URDG�E\�SROLFH�FROOHJH�
�� .$.85, ,QGXVWULDO�DUHD��0DUNHW��1DVDUUDZ�',&��3HDJRXW�MXQFWLRQ��7H[WLOH�E\�EUHZHU\��

$WLODUL
�� .$:2 8QJXZDU�'RVD��&62$��8QJXZDU�.DQDZD��8QJXZDU�6KDQX��8QJXZDU�6DUNL��

$EDNZD��1HZ�%DUUDFN��8QJXZDU�*ZDUL��5DILQ�*X]D��8QJXZDU�.DML��0DQGR�
SDUN��$IDND�YLOODJH��+D\LQ�%DQNL�

�� .850,1�0$6+, 3DQWHND�QHZ���1QDPGL�$]LNLZH�ZD\��([SUHVV�ZD\
�� 0$/$/, %DGDUDZD��.ZDUX��5DED�URDG��7HFKQLFDO�6FKRRO��)*&�0DODOL��1HZ�,VD�.DLWD�

URDG��1HZ�'DZDNL�URDG�
�� 5,*$6$ +D\LQ�7DURUR��(VNROD\H��%DNLQ�5XZD�
��� 6$%21�*$5, &RQVWLWXWLRQ�URDG��$%6�6WDGLXP��.DWVLQD�URDG�E\�$KPDGX�%HOOR�ZD\��/DJRV�

6WUHHW� URXQGDERXW�� $EXEDNDU� *XPL� �FHQWUDO��� /RNRMD� E\� 0DLGXJXUL� URDG��
2ULRNSDWD��1(3$�URXQGDERXW��/XJJDUG�KDOO�URXQGDERXW�

��� 6$%21�7$6+$ 8QJXZDU� 6XQGD\�� 7HOHYLVLRQ�� 8QJXZDU� %RUR�� 113&� 4XDUWHUV�� 8QJXZDU�
0DLVDPDUL��.DNDX��7ROOJDWH�

��� 78'81�:$'$ )LUH�6HUYLFH��=DQJR��%DFFDPD�URDG��7XGXQ�1XSDZD��3RO\WKHQLF��7XGXQ�ZDGD�
FLQHPD�DUHD��.ZDQD�/DPL�

��� 81*8:$5�5,0, *�5�$��+D\LQ�'DQEXVKL\D��QHZ�.DGXQD�FLW\���8QJXZDU�5LPL�
��� 81*8:$5�6$186, %DGLNNR�����%DUDFN�DUHD��8QJXZDU�6DQXVL��.DVXZDU�%DFFL�

)LJXUH����7KH�6WXG\�DUHD�VKRZLQJ�=RQHV

'DWDEDVH�'HVLJQ
$�GDWDEDVH�V\VWHP�LV�D�ODUJH�FRPSXWHUL]HG�FROOHFWLRQ�RI�VWUXFWXUHG�GDWD�ZKRVH�RYHUDOO�JRDO�LV�
WR�VWRUH�LQIRUPDWLRQ�DQG�DOORZ�XVHUV�WR�UHWULHYH�DQG�XSGDWH�LQIRUPDWLRQ�RQ�GHPDQG��'DWDEDVH�
GHVLJQ� FRQVWLWXWHV� RQH� RI� WKH� FRUH� WDVNV� LQ� GHYHORSLQJ� DQ\�*,6� DSSOLFDWLRQ�� ,W� LQYROYHV� WKH�
SURFHVV�E\�ZKLFK�WKH�UHDO�ZRUOG�HQWLWLHV�DQG�WKHLU�LQWHUUHODWLRQVKLSV�DUH�DQDO\]HG�DQG�PRGHOHG�
LQ�VXFK�D�ZD\�WKDW�PD[LPXP�EHQHILWV�DUH�GHULYHG�ZKLOH�XVLQJ�WKH�PLQLPXP�TXDQWLW\�RI�GDWD�
�.XIRQL\L�� ������� 7KH� GDWDEDVH� GHVLJQ� FRQVLVWV� RI� WZR� PDLQ� SKDVHV� QDPHO\�� 7KH� 'HVLJQ�
SKDVH�DQG�WKH�,PSOHPHQWDWLRQ�SKDVH��7KH�GHVLJQ�SKDVH�FRQVLVWV�RI�WKH�FRQFHSWXDO��ORJLFDO�DQG�
WKH�SK\VLFDO�
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&RQFHSWXDO�'HVLJQ
&RQFHSWXDO�GDWD�PRGHO�LV�WKH�UHSUHVHQWDWLRQ�RI�KXPDQ�SHUFHSWLRQ�RI�UHDOLW\� ,W�FRQVLGHUV�WKH�
UHOHYDQW�HQWLWLHV�DQG�WKHLU� LQWHUUHODWLRQVKLS�ZLWK�RWKHU�HQWLWLHV�DV�ZHOO�DV� WKHLU�FKDUDFWHULVWLFV�
DQG� DWWULEXWHV� ZKLFK� VXSSRUW� WKH� SURFHVV� DQG� WKH� DSSOLFDWLRQ� IRU� ZKLFK� WKH� GDWDEDVH� LV�
GHVLJQHG�� ,Q� VSDWLDO� GDWD� PRGHO� ZH� KDYH� D� FKRLFH� RI� WKUHH� W\SHV� RI� FRQFHSWXDO� PRGHOV� RI�
ZKLFK�RQH�PD\�EH�DGRSWHG��7KHVH�VFKHPHV�DUH�7HVVHODWLRQ��9HFWRU�DQG�2EMHFW�RULHQWHG��7KLV�
SDSHU�KRZHYHU�PDGH�XVH�RI�WKH�YHFWRU�GDWD�PRGHO�

$IWHU� RUJDQL]LQJ� WKH� GDWD� LQWR� ]RQHV�� IRXU� OD\HUV�� 3ROLFH�6WDWLRQ�� 6WUHHWV��&ULPH� DQG�=RQHV�
ZHUH�LGHQWLILHG�WRJHWKHU�ZLWK�WKHLU�DWWULEXWHV�DV�VKRZQ�LQ�WKH�HQWLW\�UHODWLRQVKLS�GLDJUDP��VHH�
)LJXUH� ����$Q� HQWLW\� UHODWLRQVKLS� GLDJUDP� �(5�� LV� D� JUDSKLFDO� UHSUHVHQWDWLRQ� RI� WKH� ORJLFDO�
UHODWLRQVKLSV�RI�HQWLWLHV��RU�REMHFWV�� LQ�RUGHU�WR�FUHDWH�D�GDWDEDVH�� ,Q�OLQH�ZLWK�YHFWRU�PRGHO�
UHSUHVHQWDWLRQ��3ROLFH�VWDWLRQV�DQG�FULPH�LQFLGHQFHV�ZHUH�WDNHQ�DV�SRLQW�IHDWXUHV��VWUHHWV�WDNHQ�
DV�OLQHDU�IHDWXUHV�DQG�]RQHV�ZHUH�WDNHQ�DV�SRO\JRQ�IHDWXUH�

/RJLFDO�'HVLJQ
7KH� ORJLFDO� GHVLJQ� LV� FRQFHUQHG� ZLWK� WKH� WUDQVIRUPDWLRQ� RI� WKH� FRQFHSWXDO� PRGHO� WR� D�
SDUWLFXODU� NLQG� RI� GDWDEDVH� 0DQDJHPHQW� 6\VWHP� �'%06�� IRU� ZKLFK� WKH� V\VWHP� ZLOO� EH�
LPSOHPHQWHG�� 7KH� GHVLJQ�ZDV�PDGH� WR� UHIOHFW� KRZ� WKH� GDWD� LV� JRLQJ� WR� EH� UHFRUGHG� LQ� WKH�
FRPSXWHU� V\VWHP�� ,Q� WKLV� VWXG\�� WKH� UHODWLRQDO� GDWD� PRGHO� ZDV� DGRSWHG�� 7KLV� LQYROYHV�
DUUDQJLQJ�GDWD�LQWR�VHULHV�RI�WDEOHV�FDOOHG�UHODWLRQ��(DFK�WDEOH�UHSUHVHQW�DQ�HQWLW\�LQ�ZKLFK�DOO�
WKH�DWWULEXWHV�DVVRFLDWHG�ZLWK�LW�DUH�UHFRUGHG�

7KH�ORJLFDO�GHVLJQ�IRU�WKLV�VWXG\�LV�DV�VKRZQ�EHORZ�

3ROLFH�6WDWLRQ�36B,'� /RFDWLRQ��1R��RI�&ULPHV��1R��RI�6WDII��6WUB,'
6WUHHWV�6WUB,'� 6WUHHW�QDPH��=QB,'��&UB,'
&ULPH�&ULPHB,'� QDPH��ORFDWLRQ��GDWH��1R��RI�RFFXUUHQFH��JHQGHU�RI�VXVSHFW��36B,'
=RQH�=RQHB,'��QDPH�� ORFDWLRQ��DUHD�FRYHUHG� UHSUHVHQWV� WKH�SULPDU\�NH\V�RI�3ROLFH�6WDWLRQ��
6WUHHWV��&ULPH�DQG�]RQHV�UHVSHFWLYHO\��36B,'�

3K\VLFDO�'HVLJQ
7KLV�LQYROYHV�PDSSLQJ�LQWR�WKH�LQEXLOW�GDWD�W\SHV�RI�WKH�VHOHFWHG�ORJLFDO�PRGHO�EHLQJ�XVHG�WR�
LPSOHPHQW�WKH�FRQFHSWXDO�GDWD�PRGHO��$�SK\VLFDO�GDWDEDVH�PRGHO�VKRZV�DOO�WDEOH�VWUXFWXUHV��
LQFOXGLQJ�FROXPQ�QDPH��FROXPQ�GDWD�W\SH��FROXPQ�FRQVWUDLQWV��SULPDU\�NH\��IRUHLJQ�NH\��DQG�
UHODWLRQVKLSV�EHWZHHQ�WDEOHV�6HH�7DEOH���WR�7DEOH���EHORZ��

7DEOH���3ROLFH�6WDWLRQ
$755,%87(6 '$7$B7<3( ),(/'B�/(1*7+�6,=(

36B,' 1XPEHU /RQJB,QWHJHU
/RFDWLRQ 7H[W ��

1R�BRIBFULPHV 1XPEHU /RQJB,QWHJHU
1R�B�IB6WDII 1XPEUH /RQJB,QWHJHU

7DEOH���6WUHHWV
$755,%87(6 '$7$B7<3( ),(/'B�/(1*7+�6,=(

6WUB,' 1XPEHU /RQJB,QWHJHU
6WUBQDPH 7H[W ��
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� P

�P
�

���

� P

)LJXUH���(QWLW\�5HODWLRQVKLS�'LDJUDP

7DEOH���&ULPHV
$755,%87(6 '$7$B7<3( ),(/'B�/(1*7+�6,=(

&UB,' 1XPEHU /RQJB,QWHJHU
1DPH 7H[W ��

/RFDWLRQ 7H[W ��
'DWH 1XPEHU /RQJB,QWHJHU

1R�BRIBRFFXUHQFHV 1XPEHU /RQJB,QWHJHU
*HQGHUBRIBVXVSHFW 7H[W ��

7DEOH����=RQHV
$755,%87(6 '$7$B7<3( ),(/'B�/(1*7+�6,=(

=QB,' 1XPEHU /RQJB,QWHJHU
1DPH 7H[W ��

/RFDWLRQ 7H[W ��
$UHDB&RYHUHG 1XPEHU /RQJB,QWHJHU

5HVXOWV�DQG�'LVFXVVLRQ
*,6� LV� GLIIHUHQW� IURP� RWKHU� LQIRUPDWLRQ� V\VWHP� EHFDXVH� RI� LWV� DELOLW\� WR� SHUIRUP� VSDWLDO�
DQDO\VLV�� ,Q� WKLV� VWXG\�� WKH IROORZLQJ� DQDO\VHV� ZHUH� SHUIRUPHG�� 6SDWLDO� 6HDUFK� �GDWDEDVH�
H[WUDFWLRQ��� &ODVVLILFDWLRQ� DQG�+RWVSRW�$QDO\VLV� DQG� 3UR[LPLW\�$QDO\VLV� XVLQJ�$UF*,6� ����
VRIWZDUH�

3ROLFH�6WDWLRQ

=RQHV
6WUHHWV

&ULPH5HFRUGV

/RFDWHG
LQ

2FFXUV
LQ

:LWKLQ

/HDGV�������
WR

&ULPHB,'

1DPH

/RFDWLRQ

'DWH

1R�RI�RFFXUUHQFH

*HQGHU�RI�VXVSHFW

1R�RI�FULPHV

3ROLFHB,'

/RFDWLRQ

=RQHB,'

&ULPHB,'

6WUHHWB,'

1DPH

1R�RI�VWDII

/RFDWLRQ

1DPH

$UHDV�FRYHUHG
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6SDWLDO�6HDUFK
6SDWLDO� VHDUFK�RSHUDWLRQV� DUH�XVHG� WR� H[WUDFW� FHUWDLQ� DWWULEXWHV� LQ� WKH�QHLJKERXUKRRG��ZKLFK�
PXVW�EH�ORJLFDOO\�GHILQHG�7KLV�RSHUDWLRQ�HQDEOHV�WKH�XVHU�WR�UHWULHYH�GDWD�IURP�WKH�GDWDEDVH�WR�
REWDLQ� LQIRUPDWLRQ� WKDW ZLOO� EH� QHHGHG� WR� VXSSRUW� GHFLVLRQ�PDNLQJ�� 7KH� IROORZLQJ� TXHULHV�
ZHUH� FDUULHG�RXW� IURP� WKH�GDWDEDVH�GHYHORSHG� WR�GHPRQVWUDWH� WKH�XVDELOLW\�RI� WKH�GDWD��7KH�
UHVXOWV�REWDLQHG�IURP�WKH�TXHULHV�DQG�DQDO\VHV�DUH�VKRZQ�LQ�)LJXUH���DQG���EHORZ�

�L� /RZ�FULPH�]RQH�LQ .DGXQD�PHWURSROLV
6\QWD[��³7RWDOB&ULPH�� ����

)LJXUH����/RZ�FULPH�]RQH�LQ�.DGXQD�PHWURSROLV

�LL� +LJK�FULPH�]RQHV�LQ�.DGXQD�PHWURSROLV
6\QWD[��7RWDOB&ULPH�!����

)LJXUH ���+LJK�&ULPH�]RQHV�LQ�.DGXQD�PHWURSROLV
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7KH�UHVXOW�RI�)LJXUH���VKRZV�WKH�]RQHV��KLJK�OLJKWHG�ZLWK�EOXH�DV�WKH�ORZ�FULPH�]RQHV��7KHVH�
]RQHV�KDYH�FULPH�FDVHV�OHVV�WKDQ�HTXDO�WR����WLPHV�DQG�LQFOXGH�.DEDOD�:HVW��7XGXQ�:DGD��
*DEDVDZD��0DODOL��8QJXZDU�5LPL�DQG�8QJXZDU�6DQXVL�6DERQ�

)LJXUH� �� VKRZV� WKH� ]RQHV�� KLJKOLJKWHG� ZLWK� EOXH�� DV� KLJK� FULPH ]RQHV�� KDYLQJ� QXPEHU� RI�
RFFXUUHQFH�PRUH�WKDQ�����WLPHV��7KHVH�]RQHV�LQFOXGH�.DZR��6DERQ�*DUL��%DUQDZD��.DEDOD�
'RNL��.DNXUL��5LJDVD��.XUPLQ�0DVKL�DQG�6DERQ�7DVKD��7KLV�WKHUHIRUH�PHDQV�WKDW�PRUH�HIIRUW�
LV�QHHGHG�E\�VHFXULW\�DJHQWV�WR�UHGXFH�FULPH�LQ�WKHVH�DUHDV��

����&ULPH�&ODVVLILFDWLRQ
7KH� GDWD� REWDLQHG� IURP� 3ROLFH� 6WDWLRQV� ZDV� VWXGLHG� WR� LGHQWLI\DQG�PDS� FULPH� KRW� VSRWVDV�
VKRZQ�LQ�)LJXUH���EHORZ�

)LJXUH����&ULPH�+RW�6SRW�LQ�.DGXQD�0HWURSROLV

$�GHWDLOHG�UHVXOW�LV�VKRZQ�LQ�7DEOH���EHORZ�LQ�ZKLFK�WKH�GLIIHUHQW�DUHDV�DUH�FDWHJRUL]HG�LQWR�
ORZ�DQG�KLJK�FULPH�]RQHV�� ,W� DOVR�JLYHV� WKH� WRWDO�QXPEHU�RI�FULPH�FDVHV�FRPPLWWHG� LQ�HDFK�
ORFDOLW\�
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7DEOH����=RQHV�ZLWK�KLJK�DQG�ORZ�FULPHV�
6�1 =RQHV 1R�RI�&ULPH

&DVHV��1&&�
3HUFHQWDJH
FULPH

'LIIHUHQFH
�1&6�$9&�

5HPDUNV

�� %DUQDZD ��� �� �� +LJK
�� *DEDVDZD ��� �� ��� /RZ
�� .DEDOD�:HVW �� �� ��� /RZ
�� .DEDOD�'RNL ��� �� �� +LJK
�� .DNXUL ��� �� �� +LJK
�� .DZR ��� ��� �� +LJK
�� .XUPLQ�0DVKL ��� �� � +LJK
�� 0DODOL �� �� ��� /RZ
�� 5LJDVD ��� �� � +LJK
�� 6DERQ�*DUL ��� �� �� +LJK
��� 6DERQ�7DVKD ��� ��� �� +LJK
��� 7XGXQ�:DGD �� �� ��� /RZ
��� 8QJXZDU�5LPL ��� �� �� /RZ
��� 8QJXZDU�6DQXVL �� �� ��� /RZ

7DEOH� �� VKRZV� WKDW�� 6DERQ�7DVKD� DQG�.DZR� KDYH� WKH� KLJKHVW� FULPH� FDVHV� RI� ���� DQG� ����
UHVSHFWLYHO\��ZKLFK�UHSUHVHQW�����DQG�����UHVSHFWLYHO\��RI�WKH�WRWDO�FULPH�FDVHV�LQ�WKH�DUHD��
7KLV�PD\�EH�DV�D�UHVXOW�RI�WKH�KLJK�SRSXODWLRQ�LQ�WKHVH�DUHDV��7KLV�PHDQV�WKDW�PRUH�HIIRUW�LV�
QHHGHG�E\�ODZ�HQIRUFHPHQW�DJHQWV�WR�ILJKW�FULPH�LQ�WKHVH DUHDV��2Q�WKH�RWKHU�KDQG��8QJXZDU�
6DQXVL� DQG� .DEDOD� :HVW� KDYH� WKH� ORZHVW� FULPH� FDVHV� RI� ��� DQG� ��� UHVSHFWLYHO\�� ZKLFK�
UHSUHVHQW����DQG����UHVSHFWLYHO\�RI�WKH�WRWDO�FULPH�

����3UR[LPLW\�$QDO\VLV�XVLQJ�%XIIHUV
)LJXUH� �� EHORZ� VKRZV� WKH� GLVWULEXWLRQ� RI� 3ROLFH� 'LYLVLRQV� �3ROLFH� 6WDWLRQV�� LQ� .DGXQD�
PHWURSROLV��%XIIHUV�ZHUH�FUHDWHG�DW��NP�DURXQG�WKH�3ROLFH�6WDWLRQV�WR�DFFHVV�WKH�SUR[LPLW\�RI�
WKH�3ROLFH�VWDWLRQ�WR�WKH�FULPH�DUHDV��,W�ZDV�REVHUYHG�WKDW�WKH�ORFDWLRQ�RI�WKH�3ROLFHVWDWLRQV�LV�
FRQFHQWUDWHG� DW� WKH� KHDUW� RI� WKH� FLW\� DQG� IDU� DSDUW�� OHDYLQJ�PRVW� RI� WKH� FULPH� DUHDV� DW� WKH�
PHUF\�RI�WKH�KRRGOXPV��+HQFH��6DERQ�7DVKD�ZKLFK�KDV�WKH�KLJKHVW�FULPH�LQFLGHQFHV�KDV�RQO\�
RQH�SROLFH�VWDWLRQ�DQG�LV�ORFDWHG�PRUH�WKDQ��NP�DZD\�IURP�WKH�FULPH�KRW�VSRW��2WKHU�FULPH�
KRW�VSRW ORFDWHG�LQ�.DZR��5LJDVD�DQG�%DUQDZD�DUH�DOVR�ORFDWHG�DW�D�GLVWDQFH�PRUH�WKDQ��NP�
DZD\�IURP�3ROLFH�6WDWLRQV��7KLV�LPSOLHV�WKDW�WKH�FULPLQDODFWLYLWLHV�FDQ�WDNH�SODFH�LQ�WKLV�DUHD�
ZLWKRXW�IHDU�RI�LQWHUYHQWLRQ�E\�VHFXULW\�DJHQWV��,W�ZDV�DOVR�REVHUYHG�WKDW�.DEDOD�'RNL�KDV�QR�
SROLFH�VWDWLRQ�SODFHG�QHDU� WR� WKHLU�DUHDV��7KLV�ZLOO� OLPLW� WKH�HIIRUW�RI� WKH�RIILFHUV� LQ� ILJKWLQJ�
FULPH�PRVW� HVSHFLDOO\� GXULQJ� HPHUJHQF\� VLWXDWLRQ�� 6XFFHVVIXO� FULPH� UHGXFWLRQ� LQ� WKLV� DUHD�
UHTXLUHV�WKH�ORFDWLRQ�RI�DW�OHDVW�D�3ROLFH�VWDWLRQ�WR�FRPEDW�FULPH�LQ�WKLV�DUHD��7KLV�ZLOO�HQDEOH�
WKH�3ROLFH�RIILFHUV�WR�UHVSRQG�SURPSWO\�WR�FULPH�HVSHFLDOO\�GXULQJ�HPHUJHQF\�FDOOV��
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)LJXUH����3ROLFH�6WDWLRQV�EXIIHUHG�DW��NP

)XUWKHUPRUH��7DEOH���EHORZ�VKRZV�WKH�QXPEHU�RI�FULPHV�WKDW�RFFXUUHG�LQ�HDFK�PRQWK�RI�WKH�
SHULRG� RI� VWXG\� VWDUWLQJ� IURP� ����� WR� ������ 7KH� GDWD� LQ� 7DEOH� �� DUH� XVHG� WR� SORW� WKH�
LQFLGHQFHV�RI�FULPH�LQ�WKH�VWXG\�DUHD�DV�VKRZQ�LQ�)LJXUH���EHORZ�
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7DEOH����1XPEHU�RI�FULPHV�LQ�WKH�SHULRG�XQGHU�UHYLHZ
���� ���� ����

0RQWK 1R��RI�FULPHV 1R��RI�FULPHV 1R��RI�FULPHV
-DQXDU\ �� �� ��
)HEUXDU\ �� �� ��
0DUFK �� �� ��
$SULO �� �� ��
0D\ ��� �� ��
-XQH �� �� ��
-XO\ �� �� ��
$XJXVW �� �� ��
6HSWHPEHU �� �� ��
2FWREHU �� �� ��
1RYHPEHU �� �� ��
'HFHPEHU ��� �� ���

)LJXUH����1XPEHU�RI�FULPH�RFFXUUHQFH�SHU�PRQWK

,Q�)LJXUH����LW�ZDV�REVHUYHG�WKDW�\HDU������H[SHULHQFHG�KLJK�FULPH�RFFXUUHQFH�LQ�WKH�PRQWK�
RI�0D\� DQG�'HFHPEHU�ZLWK� ���� DQG� ���� FDVHV� UHVSHFWLYHO\�ZKLOH�2FWREHU� DQG�1RYHPEHU�
UHFRUGHG�WKH�ORZHVW�FDVHV�RI�FULPH�ZLWK����DQG����FDVHV�UHVSHFWLYHO\��,Q�������WKH�QXPEHUV�RI�
FULPH�RFFXUUHQFHV�ZHUH�PLQLPDO�FRPSDUHG�ZLWK������DQG�������+RZHYHU��1RYHPEHU�VKRZV�
D� WRWDO�RI����FDVHV�DV� WKH�KLJKHVW� LQ� WKDW�\HDU�ZKLOH� WKH�PRQWK�RI�$XJXVW� UHFRUGHG� WKH� OHDVW�
QXPEHU� RI� FULPH� FDVHV� LQ� WKDW� \HDU�ZLWK� D� WRWDO� ��� RFFXUUHQFHV�� ,Q� \HDU� ������ FULPH� FDVHV�
ZHUH�UHFRUGHG�KLJKHVW�LQ�$SULO��-XO\�1RYHPEHU�DQG�'HFHPEHU�ZLWK������������DQG�����FDVHV�
UHVSHFWLYHO\�

:LWK� WKH�KLJK�FULPH�FDVHV�VKRZQ�LQ�'HFHPEHU�RI������DQG������ UHVSHFWLYHO\� RQH�PD\�EH�
WHPSWHG� WR� VD\� WKDW� WKLV� LV� GXH� WR� WKH�&KULVWPDV� DQG� 6DOODK� FHOHEUDWLRQV� WKDW� WRRN� SODFH� LQ�
'HFHPEHU�� +RZHYHU�� VHFXULW\� DJHQFLHV� VKRXOG� LQFUHDVH� VXUYHLOODQFH� GXULQJ� 'HFHPEHU� WR�
PRQLWRU�WKH�DFWLYLWLHV�RI�KRRGOXPV�LQ�WKH�DUHD�DQG�DOVR�WR�HQVXUH�VDIHW\�RI�OLYHV�DQG�SURSHUWLHV�
RI�DOO�1LJHULDQV�LQ�WKH�DUHD��
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&RQFOXVLRQV
7KH�LQWURGXFWLRQ�DQG�WKH�XVH�RI�*,6�LQ�3ROLFH�DQG�SXEOLF�DJHQFLHV��IDFLOLWDWHV�WKH�LQIRUPDWLRQ��
NQRZOHGJH� DQG� UHVXOW�PDQDJHPHQW� LQ� FULPH�SUHYHQWLRQ��7KH� ILQGLQJV� RI� WKLV� VWXG\� VKRZHG
WKDW� XVLQJ� *,6� LV� D� PXFK� PRUH� FRPSDWLEOH� PHDQV� RI� FULPH� SDWWHUQ� DQDO\VLV� WKDQ� WKH� ROG�
PHWKRG�EHFDXVH�RI�LWV�JHRJUDSKLF�UHIHUHQFLQJ�FDSDELOLWLHV��7KH�WKUHH�EDVLF�FDWHJRULHV�RI�*,6�
IXQFWLRQV� �GDWDEDVH� PDQDJHPHQW�� VSDWLDO� DQDO\VLV� DQG� YLVXDOL]DWLRQ�� LQ� D� VLQJOH� FRPSXWHU�
EDVHG�V\VWHP�FUHDWHG�DQ�HQYLURQPHQW�PXFK�PRUH�FRQGXFLYH�WR�WKH�ORFDWLRQ�DQDO\VLV�RI�FULPH�
SDWWHUQV�WKDQ�FXUUHQW�PHWKRG�RI�NHHSLQJ�FULPLQDO�UHFRUGV�LQ�ILOHV�

:LWK� WKH�VXSSRUW�DQG�HQFRXUDJHPHQW� IURP�DOO� UHOHYDQW�DXWKRULWLHV��*,6�FDQ�EH�XVHG� WR�PDS�
DQG�DQDO\]H�FULPH�RFFXUUHQFHV�ZLWK�D�YLHZ�WR�GHWHUPLQH�IDFWRUV�OHDGLQJ�WR�VXFK�FULPHV�DQG�
KRZ�WKH\�FDQ�EH�HIIHFWLYHO\�PDQDJHG��3ROLFH�DQG�RWKHU�ODZ�HQIRUFHPHQW�DJHQWV�FRXOG�SURGXFH�
PDSV� VKRZLQJ� WKH� FULPH� VFHQH� DQG� WKHLU� SROLFH� SRVWV� RU� VWDWLRQV�� E\� SHUIRUPLQJ� VLPSOH�
DQDO\VLV�XVLQJ�*,6��7KLV�ZLOO�DVVLVW�WKH�3ROLFH�LQ�ORFDWLQJ�PRUH�VWDWLRQV�DQG�GHSOR\LQJ�LWV�PHQ�
WR�FRQWURO�FULPH�

&ULPH�PRQLWRULQJ�DQG�FRQWURO� LV�YHU\� LPSRUWDQW� LQ�RXU�VRFLHW\�EHFDXVH�GHYHORSPHQW� LQ�DQ\�
FRPPXQLW\� GHSHQGV� WR� D� ODUJH� H[WHQW� RQ� LWV� VWDWH� RI� VHFXULW\�� 7RGD\� WKH� UDWH� RI� FULPH� LQ�
1LJHULD�KDV�EHHQ�RQ�WKH�LQFUHDVH�DQG�WKHVH�FULPHV�DUH�EHLQJ�FDUULHG�RXW�ZLWK�PRUH�SHUIHFWLRQ�
DQG�VRSKLVWLFDWLRQ��

,W�LV WKHUHIRUH��UHFRPPHQGHG�WKDW�WKH�XVH�RI�*,6�IRU�FULPH�PDSSLQJ�VKRXOG�EH�LQWURGXFHG�LQ�
.DGXQD� 6WDWH� WR� HQKDQFH� FULPH� PRQLWRULQJ� DQG� FRQWURO� LQ� WKH� VWXG\� DUHD�� ,Q� DGGLWLRQ��
JRYHUQPHQW� VKRXOG� SURYLGH IXQG� WR� SXUFKDVH� DOO� WKH� QHFHVVDU\� HTXLSPHQW� DQG� VRIWZDUH�
QHHGHG� IRU� WKH� VPRRWK� UXQQLQJ�DQG�RSHUDWLRQ�RI�*,6�DQG� IRU� WKH� WUDLQLQJ�RI�SHUVRQQHO� WKDW�
ZLOO�KDQGOH�WKH�*,6�HTXLSPHQW��7KLV�ZLOO�JR�D�ORQJ�ZD\�LQ�ILJKWLQJ�FULPH�LQ�WKH�DUHD�

,W�LV�DOVR�UHFRPPHQGHG�WKDW�WKH�UHVHDUFK�VKRXOG�EH�H[WHQGHG�WR�D�SHULRG�RI�DW�OHDVW�ILYH�\HDUV�
VR�WKDW�PRUH�GDWD�ZLOO�EH�FROOHFWHG�WR�KHOS�DVVHVV�WKH�SDWWHUQ�RI�WKH�DFWLYLWLHV�RI�WKH�FULPLQDOV�
LQ� WKH� DUHD�� 7KLV� ZLOO� JLYH� ODZ� HQIRUFHPHQW� DJHQWV� DQ� XQGHUVWDQGLQJ� RI� WKH� DFWLYLWLHV� RI�
KRRGOXPV�DQG�WR�GHYLFH�D�PHDQV�RI�FRQWUROOLQJ�WKHP�

5HIHUHQFHV
$OH[DQGHU� 0�� DQG�;LDQJ���:��� ��������&ULPH�3DWWHUQ�$QDO\VLV�8VLQJ�*,6��'HSDUWPHQW� RI���

&ULPLQDO� -XVWLFH�� �'HSDUWPHQW� RI� *HRJUDSK\� DQG� (DUWK� 6FLHQFH�� 8QLYHUVLW\� RI� 1RUWK����
&DUROLQD� DW� &KDUORWWH�� 1&� ������� 5HWULHYHG� IURP�
KWWS��OLEUDULHV�PDLQH�HGX�VSDWLDO�JLVZHE�VSDGE�JLV�OLV�JLVOLV�F�KWP� $FFHVVHG�RQ���QG 6HSWHPEHU��
�����

&KDLQH\�� 6�� DQG� 'DQGR�� -��� �������� 7KH� 8WLOLW\� RI� +RWVSRW� 0DSSLQJ� IRU� 3UHGLFWLQJ� ZKHUH�
&ULPH� ZLOO� +DSSHQ� 1H[W� )RXUWK� 8.� 1DWLRQDO� &ULPH� 0DSSLQJ� &RQIHUHQFH�� /RQGRQ��
5HWULHYHG�IURP�ZZZ�JRRJOH�FRP��$FFHVVHG�RQ���QG 6HSWHPEHU������

&KDXGKDUL�� 3�� 6��� �������� $� 3HUVSHFWLYH� $SSURDFK� LQ� &ULPH� 0RQLWRULQJ� 8VLQJ� *,6��
6\PELRVLV� ,QVWLWXWH� RI� *HRLQIRUPDWLFV� µ6\PELRVLV� %KDYDQ¶� ������ *RNKOH� &URVV� 5RDG��
0RGHO�&RORQ\� 3XQH��0DKDUDVKWUD��������� 5HWULHYHG� IURP�ZZZ�JRRJOH�FRP��$FFHVVHG�
RQ���WK 6HSWHPEHU�������

+\DWW�� 5��$��� ��������0HDVXULQJ�&ULPH� LQ� WKH�9LFLQLW\� RI� 3XEOLF�+RXVLQJ�ZLWK�*,6��(65,�
8VHU &RQIHUHQFH� 5HWULHYHG�IURP�KWWS��ZZZ�UWL�RUJ� $FFHVVHG�RQ���QG 6HSWHPEHU�������
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-RKQVRQ��&�3�����������&ULPH�0DSSLQJ�DQG�$QDO\VLV�8VLQJ�*,6� *HRPDWLFV�*URXS��&�'$&��
3XQH�8QLYHUVLW\�&DPSXV��3XQH���������5HWULHYHG� IURP�ZZZ�FGDFLQGLD�FRP��$FFHVVHG�
RQ��WK $XJXVW�������

.XIRQL\L�������� *,6��$�SDSHU�GHOLYHUHG�DW�D�SXEOLF�OHFWXUH�RUJDQL]HG�E\�2\R 6WDWH�EUDQFK�RI�
1,6�DW�,EDGDQ�SS������

0XEDVKLU� 0��� �������� $VVHVVLQJ� &ULPH� =RQHV� LQ� .DGXQD� 0HWURSROLV� 8VLQJ� *,6�� $Q�
8QGHUJUDGXDWH�SURMHFW�VXEPLWWHG�WR� WKH�'HSDUWPHQW�RI�*HRPDWLFV�(QJLQHHULQJ��$KPDGX�
%HOOR�8QLYHUVLW\��=DULD�

13&����������1DWLRQDO�3RSXODWLRQ�&RPPLVVLRQ�5HSRUW�

7XGHOD��3����������7UHQGV�LQ�&ULPH�0DSSLQJ��7KH�&KDOOHQJHV�DQG�3HUVSHFWLYHV�RI�,QWHJUDWLQJ
&ULPH� 0DSSLQJ� LQ� /RFDO� 6DIHW\� DQG� *RYHUQDQFH� 3ROLFLHV� 5HWULHYHG� IURP�
KWWS���ZZZ�FULPH�SUHYHQWLRQ�LQWO�RUJ�LRBYLHZ�SKS"LRBLG ���	LRBSDJHBLG �����
$FFHVVHG�RQ����6HSWHPEHU�������
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$SSHQGL[�,��$EVWUDFW�RI�&ULPH�5HFRUGV�RI�.DGXQD�0HWURSROLV������������
6�1 1DWXUH�RI�&ULPH 1R�2I�

&ULPHV
1R�RI�

6XVSHFWV
*HQGHU�RI�
6XVSHFWV

&RRUGLQDWHV�/RFDWLRQ
(�������������������������1

/RFDWLRQ�RI�&ULPHV 'DWH�2I�
&ULPHV

� $UPHG�5REEHU\ � �� 0 ������������������������ 3RVW�2IILFH�5RDG��
8QJXZDU�5LPL

-DQ���

� 7KHIW�	2WKHU�6WHDOLQJ � � 0 ������������������������ 6DERQ�7DVKD -DQ���

� 7KHIW�2I�9HKLFOH �� � 0 ������������������������ 0DODOL -DQ���

� 9DQGHUOL]DWLRQ�3+&1� � � 0 ������������������������ $OL\X�0DNDPD�5RDG��
%DUQDZD

-DQ���

� %DQN�)UDXG � � 0 ������������������������ %DQN�5RDG��7XGXQ�
:DGD

-DQ���

� 9DQGHUOL]DWLRQ�3+&1� � � 0 ������������������������ 6DPDUX�5RDG��.DNXUL )HE���

� 8QODZIXO�3RVVHVVLRQ � � 0 ������������������������ 6DERQ�7DVKD )HE���

� $UPHG�5REEHU\ � �� 0 ����������������������� 6DERQ�7DVKD 0DU���

� $UPHG�5REEHU\ � � 0 ������������������������ .DJDUNR�5RDG��.DZR $SU���

�� $UPHG�5REEHU\ � � 0 ������������������������ 6DERQ�7DVKD $SU���

�� &XOSDEOH�+RPLFLGH � � 0 ������������������������ .DZR -XQH���

�� &XOSDEOH�+RPLFLGH � � 0 ������������������������ .XUPLQ�0DVKL -XQ���

�� $UPHG�5REEHU\ � � 0 ������������������������ .DZR -XQ���

�� 7KHIW�	�2WKHU�6WHDOLQJ � � 0 ������������������������ 6DERQ�*DUL� -XQ���

�� 7KHIW�	�2WKHU�6WHDOLQJ � � 0 ������������������������ .DZR -XQ���

�� $UPHG�5REEHU\ � � ) ������������������������ %DUQDZD� -XO���

�� $UPHG�5REEHU\ � � 0 ����������������������� .DNXUL -XO���

�� 7KHIW�	2WKHU�6WHDOLQJ � � 0 ������������������������ %DUQDZD -XO���

�� 7KHIW�	2WKHU�6WHDOLQJ � � 0 ������������������������ 7XGXQ�:DGD -XO���

�� 7KHIW�	�RWKHU�VWHDOLQJ � � 0 ����������������������� .DNXUL 2FW���

�� 7KHIW�	�RWKHU�VWHDOLQJ � � 0 ������������������������ .XUPL�0DVKL 2FW���

�� 7KHIW�	�RWKHU�VWHDOLQJ � � 0 ������������������������ *DEDVDZD 2FW���

�� 8QODZIXO�3RVVHVVLRQ � �0 ���������� ���������� 8QJXZDU�6DQXVL 2FW���

�� 5DSH � � 0 ������������������������ 7XGXQ�:DGD 2FW���

�� $UPHG�5REEHU\ � � 0 ������������������������ %DUQDZD 2FW���

�� $UPHG�5REEHU\ � � 0 ���������������������� 3RVW�2IILFH�5G��6DERQ�
7DVKD

2FW���

�� $UPHG�5REEHU\ � � 0 ������������������������ %DEDQ�'RGR�5G��
.DNXUL

2FW���

�� 7KHIW�	�RWKHU�VWHDOLQJ � � 0 ������������������������ %DUQDZD 2FW���

�� 7KHIW�	�RWKHU�VWHDOLQJ � � 0 ������������������������ 7XGXQ�:DGD 2FW���

�� $UPHG�5REEHU\ � � 0 ������������������������ 7XGXQ�:DGD 1RY���

�� $UPHG�5REEHU\ � � 0 ����������������������� .DNXUL 1RY���

�� 7KHIW�	�2WKHU�6WHDOLQJV � � 0 ������������������������ 6DERQ�7DVKD 1RY���

�� 7KHIW�	�2WKHU�6WHDOLQJV �� � 0 ������������������������ .DZR 1RY���

�� 7KHIW�	�2WKHU�6WHDOLQJV �� �� 0 ������������������������ .XUPLQ�0DVKL 1RY���

�� $UPHG�5REEHU\ � �� 0 ������������������������ %DUQDZD 'HF���

�� $UPHG�5REEHU\ � � 0 ����������������������� .DNXUL 'HF���

�� 7KHIW�	�2WKHU�6WHDOLQJV � � 0 ������������������������ 6DERQ�7DVKD 'HF���

�� 7KHIW�	�2WKHU�6WHDOLQJV � � 0 ����������������������� 5LJDVD 'HF���

�� 5HFHLYLQJ�VWROHQ�SURSHUW\ � ��0 0 ������������������������ .DZR )HE���

�� 5HFHLYLQJ�VWROHQ�SURSHUW\ � � 0 ������������������������ %DUQDZD )HE���

�� $UPHG�5REEHU\ � � 0 ������������������������ *DEDVDZD )HE���
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�� &XOSDEOH�KRPLFLGH � � 0 ������������������������ .DJDUNR�&ORVH��6DERQ�
7DVKD

$SU���

�� +RXVH�EUHDNLQJ�DQG�WKHIW �� �� 0 ������������������������ 0DODOL $SU���

�� 5DSH � � 0 ������������������������ 8QJXZDQ�5LPL -XQH���

�� 6WRUH�%UHDNLQJ�	�7KHIW � � ������������������������ 6DERQ�*DUL 6HSW���

�� 7KHIW�	�RWKHU�VWHDOLQJ � � 0 ����������������������� 5LJDVD 6HSW���

�� +RXVH�%UHDNLQJ�7KHIW � � ) ������������������������ 6DPDUX�5RDG��.DNXUL 'HF���

�� +RXVH�%UHDNLQJ�7KHIW � � ) ������������������������ .XGDQ�5RDG��.DZR 'HF���

�� $UPHG�5REEHU\ � � ) ����������������������� .DNXUL 'HF���

�� 7KHIW�	�2WKHU�6WHDOLQJ � � ) ������������������������ 6DERQ�7DVKD 'HF���

�� 7KHIW�2I�9HKLFOH � � 0 ������������������������ 8QJXZDU�6DQXVL 'HF���

�� 6WRUH�%UHDNLQJ�	�7KHIW � � ) ������������������������ 6DERQ�*DUL 'HF���

�� +RXVH�%UHDNLQJ�	�7KHIW � � 0 ������������������������ 6DERQ�*DUL 'HF���


