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UHDVRQ� WKDW� FDGDVWUDO� DFWLYLWLHV� DUH� QRW� WHFKQLFDOO\� VDWLVIDFWRU\� >.L]LOD\�� ����@�� )RU� WKLV� UHDVRQ��DFFRUGLQJ�WR�WKH�FRGH�LVVXHG�������DOO�WKLV�ODQGV�VKRXOG�EH�UH�PHDVXUHG�
,W�LV�SRVVLEOH�WR�IL[�WKH�FRRUGLQDWHV�RI�WKH�IRUHVW�ERXQGDU\�SRLQWV�ZKLFK�ZHUH�IRXQG�E\�WKH�FRPELQHG�DFWLYLWLHV� RI�*,6� DQG�*36� DQG� WR� WUDQVIHU� WKLV� LQIRUPDWLRQ� WR� FRPSXWHUV� DQG� WR�PDS� WKHP�ZLWKRXW�DSSO\LQJ� FODVVLFDO� PHDVXUHPHQW� DFWLYLWLHV�� *OREDO� SRVLWLRQLQJ� V\VWHP� �*36�� KDV� WKH� DELOLW\� WR�GHWHUPLQH�DQG�PHDVXUH�WKH�FRRUGLQDWH�YDOXHV�RI�D�VSHFLILF�SRLQW�IL[HG�E\�WKH�VXUYH\�PDFKLQH�RQ�HDUWK�DQG� WKH� RQH� LQ� VSDFH�� 7KH� WUDQVIHUHH� RI� WKHVH� GDWD� WR�*,6� VRIWZDUH�PDNHV� LW� SRVVLEOH� WR�ZULWH� WKH�DFFXUDWH�FRRUGLQDWH�YDOXHV�RQ�QXPHULFDO�PDSV��7KLV�JLYHV�XV�WKH�RSSRUWXQLW\�WR�SURGXFH�ORZ�FRVW�DQG�DFFXUDWH�FDGDVWUDO�PDSV�ZLWKLQ�D�YHU\�VKRUW�SHULRG�RI�WLPH��
,W� KDV� EHHQ� VWDUWHG� WKDW� WKH� SHUIRUPDQFH� RI� *36� 7HFKQRORJ\� KDV� EHHQ� H[SHULPHQWHG� XQGHU� WKH�FRQGLWLRQV�RI�ZRRGODQG�YHJHWDWLRQ�>'¶HRQ�������DQG�(YDQV������@�)XUWKHUPRUH��D�IHZ�VWXGLHV�XVHG�*36�SULPDULO\�WR�FROOHFW�DFFXUDWH�GDWD�>+RRN��6XPSWHU�DQG�$VKHU������@��6RPH�UHVHDUFKHV�VWXGLHG�WKH�HIILFLHQF\�RI�PHDVXULQJ�DQG�FRUUHFWLQJ�WKH�UHDO�WLPH�GLVSDULWLHV�RI�IRUHVW�ERXQGDU\�SRLQWV�XVLQJ�*36�>6XPWHU�DQG�$VKHU������@��$OO�WKHVH�VWXGLHV�DQG�RWKHUV�IRFXVHG�RQO\�RQ�WKH�DFFXUDF\�DQG�HIILFLHQW�RI�WKH�PHDVXUHPHQW�LQ�WKH�ZRRGODQGV�EXW�QHYHU�VRXJKW�WKH�SRVVLELOLW\�RI�*36�*,6�LQWHJUDWLRQ�WR�FROOHFW�GDWD�
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7KLV� VWXG\�ZDV� FRQGXFWHG� LQ�'X]NR\�'LVWULFW��7DVRFDJÕ�9LOODJH��7UDE]RQ�� ,Q� WKLV� YLOODJH� WKH� IRUHVW�FDGDVWUDO�VXUYH\V�ZHUH�FRQGXFWHG�E\�WKH�QR����&RPPLWWHH�RI�*HQHUDO�'LUHFWRUDWH�RI�)RUHVWV��6XUYH\V�VWDUWHG�LQ������DQG�ZHUH�FRPSOHWHG�E\�WKH�QR����FRPPLVVLRQ LQ������DQG�SXW�LQWR�SUDFWLFH��,Q�WKLV�VWXG\��ZKLFK�LQWHQG�WR�PHDVXUH�DQG�PDS�WKH�IRUHVW�FDGDVWUDO�ERXQGDU\�SRLQWV��7KH�UHVHDUFK�D�������������VFDOH�WRSRJUDSKLF�PDS�SURGXFHG�E\�WKH�JHQHUDO�'LUHFWRUDWH�RI�0DSSLQJ�DQG�SUHSDUHG�E\�WKH�FDGDVWUDO�FRPPLVVLRQ�QR����DQG�LQFOXGLQJ�WKH�LQIRUPDWLRQ�RQ�IRUHVW�FDGDVWUDO�ILOH�DQG�LWV�VXUYH\�DUHD��$� 7ULPEOH� *HR� ([SORUHU� ,,,� *36� UHFHLYHU� ZDV� XVHG� WRJHWKHU� IRUHVW� ERXQGDU\� SRLQW� FRRUGLQDWH�LQIRUPDWLRQ��7R�HYDOXDWH� WKLV�SLHFH�RI� LQIRUPDWLRQ�7ULPEOH�3DWKILQGHU�RIILFH�VRIWZDUH�ZDV�XVHG�DQG�$UFYLHZ������ZKLFK�LV�*,6�VRIWZDUH��ZDV�XVHG�WR�PDS�DOO�WKLV�LQIRUPDWLRQ��
����� 0HWKRG
,Q�WKLV�VWXG\�DQ�DUHD�RI������P�OHQJWK�EHWZHHQ�WKH���WK�DQG���UG�IRUHVW�ERXQGDU\�SRLQWV�ZDV�XVHG�WR�DSSO\�VXUYH\�DFWLYLWLHV�
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7KH�VXUYH\�RI�IRUHVW�ERXQGDU\�SRLQWV�ZDV�FRQGXFWHG�XVLQJ�D�7ULPEOH�*HR�([SORUHU�,,,�*36�UHFHLYHU�ZLWK�D�IUHH�VWDWLF�PHDVXUH��6WDQGLQJ�RQ�WKH�ERXQGDU\�SRLQW�IL[HG�RQ�HDUWK��XVHUV�PDGH����UHFRUGV�IRU�HDFK�SRLQW��7KHVH�GDWD�ZKHUH�HYDOXDWH�XVLQJ�3DWKILQGHU�VRIWZDUH�DQG�ZDV�IRUPHG�DV�³$UFYLHZ�VKDSH�ILOH´��)LJXUH����

)LJXUH����7ULPEOH�*36�3DWKILQGHU�6RIWZDUH�XVHG�WR�SURFHVV�*36�GDWD
7KH�GDWD�LQ�DUFYLHZ�VKDSH�ZHUH�WUDQVIHUUHG�WR�$UFYLHZ�VRIWZDUH��$QDO\]LQJ�WKH�WRSRJUDSKLF�PDS��RQ�DUFYLHZ�VRIWZDUH�ZDV�FRQVWUXFWHG�RQ�WKH�GDWDEDVH��7KH�FRRUGLQDWH�LQIRUPDWLRQ�RQ�WKH�XSSHU�ULJKW�KDQG�FRUQHU�RI�WKH�DQDO\]HG�SLFWXUH�ZDV�WUDQVIHUUHG�WR�D�GHVFULSWLYH�ILOH�XVLQJ�870�FRRUGLQDWH�V\VWHP�DQG�('���GDWXP�WUDQVIRUPDWLRQ��3L[HO�GLPHQVLRQ�DQG�FHQWUDO�FRRUGLQDWHV�ZHUH�GHILQHG�LQ�WKLV�ILOH�$IWHU� IRUPLQJ�WKH�PDS��HGLWLQJ�WKH�WUDQVIRUPHG�IRUHVW�ERXQGDU\�SRLQWV�WKH�QHZ�IRUHVW�FDGDVWUDO�PDS�ZDV�SURGXFHG��,Q�WKH�IROORZLQJ�ILJXUH��D�JHQHUDO�YLHZ�RI�*,6�GDWDEDVH�SURGXFHG�LQ�$UFYLHZ�VRIWZDUH�LV�SUHVHQWHG��)LJXUH����
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)LJXUH���$UFYLHZ�*,6�JUDSKLF�DQG�VHOI�TXDOLW\�GDWDEDVH�
�� ),1',1*6
)LJXUH���SUHVHQWV�WKH�SRLQW�RI�7DVRFDJÕ�9LOODJH�IRUHVW�FDGDVWUDO�PDS�VKRZLQJ�WKH���WK DQG���UG IRUHVW�ERXQGDU\� SRLQWV� DQG� SURGXFHG� DV� WKH� FRQFOXVLRQ� RI� WKH� VXUYH\V� FRQGXFWHG� RQ� ODQG� VXUIDFH� ZLWK�7ULPEOH�*RH�([SORUHU�,,,�*36�UHFHLYHU�WUDQVIHUULQJ�WKH�GDWD�UHODWHG�WR�WKH�IRUHVW�ERXQGDU\�SRLQWV�WR�WRSRJUDSKLF�PDSV�
,Q�WKLV�VWXG\��D�FRPSDULVRQ�EHWZHHQ�DQG�HYDOXDWLRQ�RI�WKH�FDGDVWUDO�PDS�PDGH�E\�WKH�FRPPLVVLRQ�DQG�WKH�RQH�SURGXFHG�DIWHU�WKH�VXUYH\�RQ�WKH�QXPHULF�JUDQWV�LV�PDGH�
7R� VHUYH� WKLV�SXUSRVH��ZLWK� WKH� FORVXUH�RI� WKH�SRO\JRQ�EHWZHHQ� WKH�VXUYH\HG���WK�DQG���� UG� IRUHVW�ERXQGDU\� SRLQWV�� D� IRUHVW�ERUGHU� GUDZLQJ� ZDV� PDGH� SRVVLEOH�� 'HSHQGLQJ� XSRQ� WKLV� LQIRUPDWLRQ�� D�TXHVWLRQLQJ�ZDV�PDGH�RQ�WKH�GDWDEDVH�RI�WKLV�DUHD��ZKLFK�ZDV�GHILQHG�DV�WKH�VWDWHV�IRUHVW�ODQG�
,W�ZDV�GHWHUPLQHG�WKDW�WKHUH�ZDV�D�SULYDWH�SURSHUW\�RI�IRUHVWODQG�RI�������KD�LQ�WKH�WRWDO�ODQG�DUHD�RI�������KD�GHILQHG�DV�WKH�VWDWH�IRUHVW�ODQG�E\�WKH�FDGDVWUDO�FRPPLVVLRQ��7R�PDNH�WKLV�GHWHUPLQDWLRQ��ZH�XVHG�WRSRJUDSKLF�PDS�LQIRUPDWLRQ�
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)LJXUH����1XPHULF��4XDQWLWDWLYH��)RUHVW�&DGDVWUDO�0DS�PDGH�RQ�*,6�JURXQG�
,W� ZDV� IRXQG� WKDW� WKH� QR� ���IRUHVW� ERXQGDU\� SRLQW� IL[HG� RQ� WKH� ODQG� VXUIDFH� KDG� EHHQ� SRVLWLRQHG�ZURQJO\�RQ�WKH�WRSRJUDSKLF�PDS�GXULQJ�WKH�SURFHVV�RI�PDSSLQJ��,Q�WHUPV�RI�WKH�PHWKRGRORJ\�XVHG�LQWKLV� VWXG\�� DOO� WKH� FRRUGLQDWH� LQIRUPDWLRQ� JDWKHUHG� E\� *36� ZDV� DFFXUDWHO\� DQG� DXWRPDWLFDOO\�WUDQVIHUUHG�WR�WKH�QXPHULF�PDSV��,Q�WKLV�ZD\��LW�LV�SRVVLEOH�WR�HOLPLQDWH�DQ\�HUURUV�GXULQJ�WKH�SURFHVV�RI�GUDZLQJ�WKH�IRUHVW�ERXQGDULHV
�� 5(68/76�$1'�',6&866,216
,W�KDV�EHHQ�FRQFOXGHG�WKDW�*36�GDWD�FDQ�EH�XVHG�LQ�DFFRUGDQFH�ZLWK�WKH�LQWHUQDWLRQDO�VWDQGDUGV�LQ�WKH�%ODFN�VHD�IRUHVWV�
8VLQJ�*36�UHFHLYHUV�DQG�IUHH�VWDWLF�PHDVXUHPHQW�WHFKQLTXHV��LW�LV�SRVVLEOH�WR�REWDLQ�����DFFXUDWH�GDWD�EHORZ���P�OLQHV��7KLV�YDOXH�LV�YDOLG�DQG�DFFHSWDEOH�LQ�IRUHVW�FDGDVWUDO�VXUYH\V��7KHUH�LV�QR�SUREDELOLW\�
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RI� PDNLQJ� DQ\� HUURUV� LQ� WUDQVIHUULQJ� WKH� GDWD� JDWKHUHG� E\� *36� WR� *,6� GDWDEDVH�� 7KLV� DFWLYLW\� LV�FRQGXFWHG�YHU\�UDSLGO\�DQG�FRPSOHWHO\�XQGHU�QXPHULFDO�FRQGLWLRQV�
7KH�LQWURGXFWLRQ RI�WKH�PDSV�DQDO\]HG�WKRURXJKO\�RQ�WKH�GDWDEDVH�DFFRUGLQJ�WR�WKH�FRRUGLQDWH�V\VWHP�VHHPV�WR�EH�YHU\�HDV\��7KDW�LV��LQ�7XUNH\�WKH�VXUYH\RUV�KDYH�WKH�RSSRUWXQLW\�WR�VFDQ�WKH�SDSHU�SULQWHG�WRSRJUDSKLF�PDSV�XVHG�DV�EDVH�IRU�FDGDVWUDO�DFWLYLW\�DQG�WKHQ�WR�LQWURGXFH�WKHP�RQ�WKH�*,6�GDWDEDVH�YHU\�HDVLO\�$UHD� �VTXDUH��� OHQJWK� RWKHU�PHDVXUHV� LQ� WKH�*,6� QXPHULFDO� GDWDEDVH� DUH� FRQVLGHUDEO\� HDV\��0HDQZKLOH��XSGDWLQJ�WKH�GDWD�LV�QRW�SUREOHPDWLF�DQG�QRW�H[SHQVLYH��7KLV�VWXG\�VKRZV�WKDW�WKH�FRPELQDWLRQ� RI�*,6� DQG�*36�DFWLYLWLHV�SOD\� D� FUXFLDO� UROH� LQ�GHYHORSLQJ� WKH� VXUYH\V�RI� WKH�ERXQGDU\� SRLQWV� DQG�PDNLQJ� DQG� GXSOLFDWLQJ� IRUHVW� FDGDVWUDO�PDSV��7KLV� DSSURDFK� SURYLGHV�ZLWKRXW�DQ\�GLIILFXOWLHV�D�QXPEHU�RI�DGYDQWDJHV�IRU�WKRVH�ZKR�ZRUN�RQ�ZRRGODQGV�
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