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,QWURGXFWLRQ

7KLV�DQDO\VLV�RI�UHODWLYH�DTXDWLF�KDELWDW�LQWHJULW\�LQ�WKH�/RZHU�0LGGOH�.ODPDWK�DQG�WKH
8SSHU�6DFUDPHQWR��ZDV�UHTXHVWHG�E\�:RUOG�:LOGOLIH�)XQG�WR�LQIRUP�WKH�FRPSUHKHQVLYH
FRQVHUYDWLRQ�SODQ�EHLQJ�SXUVXHG�LQ�WKH�.ODPDWK�6LVNL\RX�7HUUHVWULDO�(FRUHJLRQ���7KLV
SODQ�LV�EDVHG�RQ�'DYLG�%URZHU¶V�FRQFHSW�RI�SODQHWDU\�&35��&RQVHUYDWLRQ��3URWHFWLRQ�
5HVWRUDWLRQ���DQG�DLPV�WR��FRQVHUYH��SURWHFW��DQG�UHVWRUH�WKH�.ODPDWK�6LVNL\RX
HFRUHJLRQ�LQ�KDUPRQ\�ZLWK�ORFDO�FRPPXQLWLHV���7KURXJK�WKLV�SODQ��UHJLRQDO�FRQVHUYDWLRQ
SODQQLQJ�KDV�IRFXVHG�RQ�WKUHH�EURDG��HFRUHJLRQ�ZLGH��FRQVHUYDWLRQ�JRDOV�����
&RQVHUYDWLRQ�RI��������RI�WKH�����������KHFWDUHV������PLOOLRQ�DFUHV��RI�SULYDWH�ODQGV
WKURXJK�FRQVHUYDWLRQ�HDVHPHQWV��IHH�WLWOH�DFTXLVLWLRQV��DQG�PDUNHW�EDVHG�VROXWLRQV�����
3URWHFWLRQ�RI��������RI�WKH�����������KHFWDUHV������PLOOLRQ�DFUHV��RI�SXEOLF�ODQGV��DQG
����5HVWRUDWLRQ�RI�IRFDO�VSHFLHV��H�J���VDOPRQ��DQG�NH\VWRQH�HFRV\VWHP�SURFHVVHV��H�J��
ILUH��

7KLV�DVVHVVPHQW�RI�DTXDWLF�KDELWDW�LQWHJULW\�IRFXVHV�RQ�PDSSLQJ�KXPDQ�LPSDFWV�DQG
LGHQWLI\LQJ�*,6�GDWD�JDSV�ZLWKLQ�&DOLIRUQLD�SODQQLQJ�ZDWHUVKHGV�LQ�WKH�/RZHU�DQG�0LGGOH
.ODPDWK�EDVLQV�DQG�WULEXWDULHV�DQG�WKH�8SSHU�6DFUDPHQWR�5LYHU��)LJXUH������2XU
SULPDU\�IRFXV�LV�RQ�WKH�UHODWLYH�KHDOWK�RI�VDOPRQLG�KDELWDW�YDULDEOHV���7KLV�UHSRUW
LQFOXGHV�D�SUHOLPLQDU\�SULRULWL]DWLRQ�RI�ZDWHUVKHGV�IRU�VDOPRQLG�FRQVHUYDWLRQ�DQG
UHVWRUDWLRQ�HIIRUWV���7KH�PRGHO�OD\HUV�KDYH�EHHQ�FRPSDUHG�WR�DGGLWLRQDO�GDWD�OD\HUV�WR
KLJKOLJKW�DUHDV�ZKLFK�KDYH�EHHQ�VLJQLILFDQWO\�LPSDFWHG�E\�KXPDQ�DFWLYLWLHV���,Q�DGGLWLRQ�
WKH�GDWD�FROOHFWHG�IRU�WKLV�DVVHVVPHQW�KDYH�EHHQ�LQWHJUDWHG�ZLWK�GDWD�FROOHFWHG�IRU
6RXWKZHVWHUQ�2UHJRQ�WR�GHYHORS�D�SUHOLPLQDU\�DTXDWLF�LQWHJULW\�DVVHVVPHQW�IRU�WKH
FHQWUDO�.ODPDWK�6LVNL\RX�HFRUHJLRQ���7KHVH�DQDO\VHV�DUH�VWHSV�LQ�DQ�HIIRUW�WR�KLJKOLJKW
EDVLQV�FRQWDLQLQJ�UHODWLYHO\�KLJK�TXDOLW\�DTXDWLF�KDELWDW�DQG�LGHQWLI\�SULRULW\�WDUJHWV�IRU
DTXDWLF�KDELWDW�FRQVHUYDWLRQ��SUHVHUYDWLRQ�DQG�UHVWRUDWLRQ�

%DVLQ�'HVFULSWLRQV

.ODPDWK�%DVLQ

7KH�.ODPDWK�5LYHU�EDVLQ�GUDLQV�DSSUR[LPDWHO\��������VT��NP��������VTXDUH�PLOHV��LQ
6RXWKHUQ�2UHJRQ�DQG�1RUWKHUQ�&DOLIRUQLD���7KH�EDVLQ�LV�VHSDUDWHG�LQWR�WZR�VHFWLRQV�E\
D�VHW�RI���K\GURHOHFWULF�GDPV���7KH�ORZHU�VHFWLRQ�RI�WKH�.ODPDWK�FRYHUV��������VT��NP
�������VT��PLOHV��DQG�LQFOXGHV�WKH�KLJKO\�GLVVHFWHG�DQG�GHQVHO\�IRUHVWHG�7ULQLW\�5LYHU
GUDLQDJH��������VT��NP��������VT��PLOHV���6DOPRQ�5LYHU�GUDLQDJH��������VT��NP������VT�
PLOHV���6FRWW�5LYHU�GUDLQDJH��������VT��NP������VT��PLOHV��DQG�6KDVWD�5LYHU�GUDLQDJH
�����VT��NP������VT��PLOHV����7KLV�DQDO\VLV�IRFXVHV�RQ�WKH�VHFWLRQ�RI�WKH�.ODPDWK�EDVLQ
ZLWKLQ�WKH�.ODPDWK�6LVNL\RX�HFRUHJLRQ��WKH�ORZHU�PLGGOH�.ODPDWK�5LYHU��EHORZ�,URQ�*DWH
'DP��DQG�WULEXWDULHV�RI�WKLV�VHFWLRQ�RI�WKH�.ODPDWK��DQG�WKH�8SSHU�6DFUDPHQWR�5LYHU�
7KLV�DQDO\VLV�LV�IRFXVLQJ�RQ�DQDGURPRXV�ILVK�KDELWDW�LQWHJULW\�LVVXHV��DQG�VDOPRQLGV
KDYH�EHHQ�UHVWULFWHG�WR�WKH�ORZHU�PLGGOH�VHFWLRQV�RI�WKH�.ODPDWK�E\�,URQ�*DWH�'DP�

7KH�VDOPRQLG�UDQJH�PDSV�LQFOXGHG�KHUH��)LJXUH����ZHUH�FUHDWHG�E\�0R\OH�DQG�5DQGDOO�
DQG�LQFRUSRUDWHG�ILVK�ORFDWLRQV�IURP����GDWDEDVHV���:KLOH�WKHVH�ILVK�UDQJH�PDSV�RI
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VWHHOKHDG�	�UDLQERZ�WURXW��2QFRUK\QFKXV�P\NLVV���&XWWKURDW�7URXW��2QFRUK\QFKXV
FODUNL�FODUNL���&KXP�VDOPRQ��2QFRUK\QFKXV�NHWD��&KLQRRN�VDOPRQ��2QFRUK\QFKXV
WVKDZ\WVFKD���6RFNH\H�VDOPRQ��2QFRUK\QFKXV�QHUND���DQG�&RKR�VDOPRQ
�2QFRUK\QFKXV�NLVXWFK��GR�QRW�VKRZ�H[WHQVLYH�GLVWULEXWLRQ�RI�VDOPRQLGV�LQ�WKH�.ODPDWK
EDVLQ��&RKR��&KLQRRN��VWHHOKHDG�WURXW��DQG�FRDVWDO�FXWWKURDW�WURXW�DUH�DOO�IRXQG�LQ�WKH
EDVLQ���,Q�WKLV�\HDU¶V�ILVK�NLOO��RQ�WKH�ORZHU�.ODPDWK��6HSWHPEHU���������������&KLQRRN�
&RKR��DQG�VWHHOKHDG�GLHG�GXH�WR�ORZ�VWUHDPIORZV��KLJK�VWUHDP�WHPSHUDWXUHV�DQG�WKH
HSLGHPLF�VSUHDG�RI�WZR�QDWXUDOO\�RFFXUULQJ�SDUDVLWHV�WKDW�GHVWUR\HG�WKH�JLOOV�RI�WKH�ILVK�
+LVWRULFDOO\�&KLQRRN��&RKR��DQG�VWHHOKHDG�DOO�HQWHUHG�.ODPDWK�/DNH�LQ�WKH�XSSHU�SDUW�RI
WKH�EDVLQ�DQG�OLNHO\�LQKDELWHG�WKH�XSSHUPRVW�WULEXWDULHV�RI�WKH�EDVLQ�

,W¶V�EHHQ�HVWLPDWHG�WKDW�LQ�QRUWKHUQ�&DOLIRUQLD�WKH�&RKR�VDOPRQ�SRSXODWLRQ��LQFOXGLQJ
KDWFKHU\�ILVK��PD\�EH�RQO\����RI�WKH�DEXQGDQFH�RI�WKH�����V�SRSXODWLRQ���7KH\�KDYH
EHHQ�HOLPLQDWHG�LQ�PDQ\�VWUHDPV�DQG�LQ�VRPH�ZDWHUVKHGV�DGXOWV�DUH�REVHUYHG�RQO\�RQH
\HDU�LQ�WKUHH��WKXV�WZR�RI�WKH�VSDZQLQJ�OLQHV�KDYH�EHHQ�ORVW���:KLOH�WKHUH�KDV�EHHQ��DQG
FRQWLQXHV�WR�EH��PXFK�GLVFXVVLRQ�DERXW�WKH�FDXVH�RI�WKH�GHFOLQHV�RI�DQDGURPRXV�ILVK
VWRFNV��RQH�RI�WKH�NH\�LPSDFWV�LV�WKH�GHJUDGDWLRQ�DQG�ORVV�RI�IUHVKZDWHU�KDELWDW���$PRQJ
WKH�IDFWRUV�FRQWULEXWLQJ�WR�IUHVKZDWHU�KDELWDW�GHJUDGDWLRQ�DQG�ORVV�DUH�KXPDQ�DFWLYLWLHV
WKDW�FDXVH�WKH�DOWHUDWLRQ�DQG�ORVV�RI�ULSDULDQ�YHJHWDWLRQ�DQG�DVVRFLDWHG�GHFUHDVHV�LQ
LQVWUHDP�ODUJH�ZRRG\�GHEULV�DQG�QXWULHQW�LQSXWV��LQFUHDVHG�UDWHV�RI�VWUHDP�FKDQQHO
VWUXFWXUH�PRGLILFDWLRQ�DQG�VLPSOLILFDWLRQ��FKDQJHV�LQ�WKH�K\GURORJLF�UHJLPH��PRVW
VLJQLILFDQWO\�GHFUHDVHV�LQ�EDVHIORZ���GLVFRQWLQXLW\�LQ�VWUHDP�DQG�JURXQGZDWHU
FRQQHFWLYLW\��DQG�DOWHUDWLRQ�RI�ZDWHU�FKHPLVWU\���2WKHU�IDFWRUV�LPSDFWLQJ�VDOPRQLG
SRSXODWLRQV�LQFOXGH�RYHUILVKLQJ��LQWHUDFWLRQV�ZLWK�KDWFKHU\�ILVK�DQG�RFHDQ�KDELWDW
FKDQJHV���.ODPDWK�EDVLQ�&RKR�DQG�VWHHOKHDG�WURXW�KDYH�ERWK�EHHQ�UHYLHZHG�E\�WKH
1DWLRQDO�0DULQH�)LVKHULHV�6HUYLFH��10)6��XQGHU�WKH�(QGDQJHUHG�6SHFLHV�$FW��(6$�
DQG�&RKR�DUH�IHGHUDOO\�OLVWHG�DV�D�WKUHDWHQHG�VSHFLHV�

7KH�.ODPDWK�%DVLQ�KDV�D�ORQJ�KLVWRU\�RI�KXPDQ�DFWLYLWLHV�WKDW�KDYH�DOWHUHG�IUHVKZDWHU
KDELWDW���'XULQJ�WKH�����V�WKH�H[SDQVLRQ�RI�JROG�PLQLQJ�LQWR�WKH�PLGGOH�UHDFKHV�RI�WKH
.ODPDWK�ZHUH�DFFRPSDQLHG�E\�WKH�HVWDEOLVKPHQW�RI�IDUPLQJ�FRPPXQLWLHV�DQG
DVVRFLDWHG�DJULFXOWXUDO�DQG�UDQFKLQJ�ODQG�XVH�FKDQJHV���&RPPHUFLDO�WLPEHU�KDUYHVW�DQG
FRPPHUFLDO�ILVKLQJ�LQFUHDVHG�LQ�WKH�ORZHU�EDVLQ�LQ�WKH�ODWH�����V���7KH�K\GURORJLF
FRQQHFWLYLW\�RI�.ODPDWK�KDV�EHHQ�H[WHQVLYHO\�DOWHUHG�E\�WKH�GHYHORSPHQW�RI�PDQ\
ZDWHU�GLYHUVLRQ�SURMHFWV��DQG�FXUUHQWO\�WKH�DJULFXOWXUDO�LUULJDWLRQ�GLYHUVLRQV�DUH
VLJQLILFDQW�QRW�RQO\�LQ�WKH�XSSHU�EDVLQ��EXW�DOVR�LQ�WKH�6KDVWD��6FRWW�DQG�7ULQLW\�EDVLQV�
7KH�ILUVW�ODUJH�GDP�ZDV�EXLOW�LQ������RQ�WKH�6KDVWD�5LYHU���,Q�WKH�8SSHU�.ODPDWK��WKH
8SSHU�.ODPDWK�,UULJDWLRQ�3URMHFW�ZDV�FUHDWHG�LQ�������WKH�ILUVW�ODUJH�GDP�RQ�WKH
PDLQVWHP�RI�WKH�.ODPDWK�5LYHU�ZDV�FRPSOHWHG�LQ�������LQ�WKH�:DUG¶V�&DQ\RQ�DUHD�DQG
,URQ�*DWH�'DP�ZDV�FRPSOHWHG�LQ��������:DWHU�DOORFDWLRQ�LQ�WKH�.ODPDWK�EDVLQ�KDV
EHFRPH�D�KLJKO\�FRQWHVWHG�LVVXH�DQG�KDV�JDLQHG�ODUJH�DPRXQWV�RI�QDWLRQDO�PHGLD
DWWHQWLRQ�RYHU�WKH�SDVW�IHZ�\HDUV�

7KH�7ULQLW\�5LYHU�LV�WKH�ODUJHVW�WULEXWDU\�WR�WKH�.ODPDWK�5LYHU�DQG�MRLQV�WKH�PDLQVWHP�RI
WKH�.ODPDWK�DW�ULYHU�NP�����ULYHU�PLOH�������2QH�RI�WKH�PRVW�VLJQLILFDQW�LPSDFWV�RQ�WKH
7ULQLW\�5LYHU�K\GURORJLF�UHJLPH�LV�WKH�7ULQLW\�'LYHUVLRQ�SURMHFW�LQ�WKH�8SSHU�7ULQLW\�EDVLQ�
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$V�PXFK�DV�����RI�8SSHU�7ULQLW\�VWUHDPIORZ�LV�GLYHUWHG��WKURXJK�WKH�&OHDU�&UHHN
7XQQHO��LQWR�WKH�6DFUDPHQWR�EDVLQ���0XFK�RI�WKLV�ZDWHU�LV�GHVWLQH�WR�EH�XVHG�E\�WKH
&HQWUDO�9DOOH\�,UULJDWLRQ�3URMHFW�

7KH�6DOPRQ�5LYHU�MRLQV�WKH�PDLQVWHP�RI�WKH�.ODPDWK�DW�ULYHU�NP������ULYHU�PLOH�����
7KLV�WULEXWDU\�LV�KHDYLO\�IRUHVWHG�DQG�PRUH�WKDQ�����LV�PDQDJHG�E\�WKH�1DWLRQDO�)RUHVW
6HUYLFH���$SSUR[LPDWHO\�����RI�WKH�EDVLQ�LV�PDQDJHG�DV�:LOGHUQHVV�$UHDV���7KHVH
ZLOGHUQHVV�DUHDV�DUH�SULPDULO\�LQ�KHDGZDWHU�VWUHDP�GUDLQDJHV�DW�KLJKHU�HOHYDWLRQV���7KH
6DOPRQ�5LYHU�LV�WKH�RQO\�PDMRU�WULEXWDU\�WR�WKH�.ODPDWK�WKDW�LV�QRW�LPSDFWHG�E\
VLJQLILFDQW�ZDWHU�GLYHUVLRQ�SURMHFWV���7KH�SULPDU\�KXPDQ�LPSDFWV�DUH�UHODWHG�WR�URDG
FRQVWUXFWLRQ��IRUHVW�KDUYHVW�DQG�IUHTXHQW�ZLOGILUHV��ZKLFK�FRQWULEXWH�WR�HOHYDWHG�VXPPHU
VWUHDP�WHPSHUDWXUHV�DQG�LQFUHDVHG�ODQGVOLGH�IUHTXHQF\�

7KH�6FRWW�5LYHU�MRLQV�WKH�PDLQVWHP�RI�WKH�.ODPDWK�DW�ULYHU�NP������ULYHU�PLOH���������
NP�����PLOHV��GRZQVWUHDP�IURP�,URQ�*DWH�'DP���,W�LV�HVWLPDWHG�WKDW�WKHUH�DUH�������
KHFWDUHV���������DFUHV�������RI�WKH�EDVLQ��LV�DFWLYHO\�LUULJDWHG�LQ�WKH�6FRWW�YDOOH\���$V
PXFK�DV�������������FXELF�PHWHUV���������DFUH�IHHW��RI�ZDWHU�LV�GLYHUWHG�WKURXJK����
GLYHUVLRQV�RYHU�D�GLVWDQFH�RI�����NP������PLOHV��RI�GLWFKHV�DQG�SLSHOLQHV�GXULQJ�WKH
JURZLQJ�VHDVRQ���7KHVH�ZDWHU�GLYHUVLRQV�UHJXODUO\�FDXVH�VWUHDP�UHDFKHV�WR�JR�GU\
EHWZHHQ�-XO\�DQG�6HSWHPEHU�

7KH�6KDVWD�5LYHU�MRLQV�WKH�PDLQVWHP�RI�WKH�.ODPDWK�DW�ULYHU�NP������ULYHU�PLOH������
DSSUR[LPDWHO\����NP�����PLOHV��GRZQVWUHDP�IURP�,URQ�*DWH�'DP���7KLV�EDVLQ�UHFHLYHV
YHU\�OLWWOH�UDLQIDOO��EHWZHHQ����DQG����FHQWLPHWHUV�����DQG����LQFKHV��SHU�\HDU��DQG
FRQWDLQV�H[WHQVLYH�DJULFXOWXUDO�ODQGV���,W�LV�HVWLPDWHG�WKDW��������KHFWDUHV��������
DFUHV������RI�WKH�EDVLQ��DUH�DFWLYHO\�LUULJDWHG���,UULJDWLRQ�ZDWHU�LV�SULPDULO\�VXSSOLHG�E\
VSULQJV�DQG�JURXQGZDWHU�ZLWKGUDZDOV�DQG�JURXQGZDWHU�UHFKDUJH�LV�GHSHQGHQW�RQ�PHOW
ZDWHU�IURP�ZLQWHU�VQRZ�SDFN���7KH�'ZLQQHOO�'DP�ZDV�EXLOW�LQ�������FUHDWLQJ�D�WHUPLQDO
EDUULHU�IRU�ILVK�PLJUDWLRQ�DQG�FUHDWLQJ�/DNH�6KDVWLQD���:DWHU�WHPSHUDWXUHV�DQG�QXWULHQW
ORDGV�DUH�KLJK�LQ�WKH�ODNH�DQG�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�WKH�GRZQVWUHDP�UHDFK�RI�WKH
ULYHU�

8SSHU�6DFUDPHQWR

7KH�6DFUDPHQWR�5LYHU�GUDLQV�WKH�QRUWKHUQ�FHQWUDO�SDUW�RI�&DOLIRUQLD���7KH�6DFUDPHQWR�LV
&DOLIRUQLD
V�ODUJHVW�ULYHU���,W�VWUHWFKHV�����NP������PLOHV��IURP�LWV�KHDGZDWHUV�QHDU
0RXQW�6KDVWD�WR�LWV�PRXWK�DW�WKH�'HOWD���7KH�ZDWHUVKHG�LQFOXGHV�WKH�HDVWHUQ�VORSHV�RI
WKH�&RDVW�5DQJHV��WKH�VRXWKHUQ�VORSHV�RI�0W��6KDVWD��DQG�WKH�ZHVWHUQ�VORSHV�RI�WKH
VRXWKHUQPRVW�UHJLRQ�RI�WKH�&DVFDGHV�DQG�WKH�1RUWKHUQ�VHFWLRQ�RI�WKH�6LHUUD�1HYDGD�
7KH�6DFUDPHQWR�FDUULHV�����RI�WKH�VWDWH
V�WRWDO�UXQRII�ZDWHU���$OO�&KLQRRN�VDOPRQ�UXQV
VWRS�DW�.HVZLFN�'DP��VRXWK�RI�6KDVWD�/DNH���7KH�.ODPDWK�6LVNL\RX�HFRUHJLRQ�RYHUODSV
ZLWK�SDUWV�RI�WKH�XSSHU�DQG�QRUWKZHVWHUQ�6DFUDPHQWR�EDVLQ���7KH�8SSHU�6DFUDPHQWR
DERYH�/DNH�6KDVWD��QRW�LQFOXGLQJ�WKH�3LW�5LYHU���FRYHUV�������VT��NP��������VT��PLOHV�
DQG�WKH�1RUWKZHVWHUQ�6DFUDPHQWR�GUDLQDJHV�LQFOXGHG�LQ�WKLV�DQDO\VLV��EHORZ�/DNH
6KDVWD��GUDLQ�������VT��NP��������VT��PLOHV��
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.ODPDWK�DQG�6DFUDPHQWR�3ODQQLQJ�:DWHUVKHG�$TXDWLF�+DELWDW
$VVHVVPHQW

7KH������5RJXH�5LYHU�DTXDWLF�LQWHJULW\�DQDO\VLV�XVHG�URDG�GHQVLW\��URDG�VWUHDP
LQWHUVHFWLRQV��IRUHVW�FKDQJH�DQG�ILVK�EDUULHUV�DV�VXUURJDWH�LQGLFDWRUV�RI�ZDWHUVKHG
LQWHJULW\���7KHVH�GDWD�OD\HUV�DUH�LQFOXGHG�LQ�WKH�FXUUHQW�DQDO\VLV���7KLV�VHFWLRQ�GHVFULEHV
WKH�GDWD��RUGLQDO�VFRUHV�DQG�DTXDWLF�LQWHJULW\�PRGHOV�FUHDWHG�IRU�WKH�/RZHU�0LGGOH
.ODPDWK�DQG�8SSHU�6DFUDPHQWR�

+LJK�URDG�GHQVLW\�FRQWULEXWHV�WR�LQFUHDVHG�OHYHOV�RI�HURVLRQ�DQG�VHGLPHQWDWLRQ�DQG
FRQVHTXHQW�DOWHUDWLRQV�WR�K\GURORJLFDO�SDWWHUQV�DQG�GHJUDGDWLRQ�RI�ZDWHU�TXDOLW\��2&65,
��������,Q�DGGLWLRQ��ZDWHUVKHGV�ZLWK�KLJKHU�URDG�GHQVLWLHV�SURYLGH�HDVLHU�KXPDQ�DFFHVV
DQG�DUH�FRUUHODWHG�ZLWK�KLJKHU�OHYHOV�RI�GLVWXUEDQFHV�IURP�KXPDQ�DFWLYLWLHV�WKDW�GHJUDGH
ZDWHU�TXDOLW\�DQG�DTXDWLF�KDELWDW�LQWHJULW\��)ULVVHOO�HW�DO��������5RWK�HW�DO��������

5RDG�VWUHDP�LQWHUVHFWLRQV�DUH�WKH�PDLQ�GHOLYHU\�SRLQW�RI�URDG�UHODWHG�VHGLPHQWV�LQWR
VWUHDPV��&DVH�HW�DO����������,QFUHDVHG�VHGLPHQW�ORDGV�GHFUHDVH�VDOPRQLG�IRRG�VXSSOLHV
DQG�DOWHU�VSDZQLQJ�DQG�UHDULQJ�KDELWDW���6HGLPHQW�DQG�ZDWHU�LQIOX[�DW�URDG�VWUHDP
LQWHUVHFWLRQV�FRQWULEXWH�WR�EDQN�HURVLRQ��FKDQQHO�ZLGHQLQJ��IORRGLQJ��ORVV�RI�FULWLFDO�SRRO
KDELWDW��DQG�FORJJLQJ�RI�LQWHUVWLWLDO�VSDFHV�LQ�WKH�VWUHDPEHG�JUDYHOV��+LFNV�HW�DO��������
5RDG�VWUHDP�LQWHUVHFWLRQV�RIWHQ�FUHDWH�SK\VLFDO�EDUULHUV�WR�ILVK�PLJUDWLRQ��OHDGLQJ�WR
KDELWDW�IUDJPHQWDWLRQ�

'LVWXUEDQFH�RI�!�����RI�IRUHVW�FRYHU�LQ�D�ZDWHUVKHG��GXH�WR�IRUHVW�KDUYHVW��ZLOGILUH��ZLQG
WKURZ��RU�IRUHVW�SHVWV�GLVHDVHV��KDV�EHHQ�FRUUHODWHG�ZLWK�LQFUHDVHV�LQ�DPELHQW�DLU
WHPSHUDWXUHV�DQG�VWUHDP�WHPSHUDWXUHV��7KHXUHU�HW�DO��������%DUWKDORZ�������DQG�(VVLJ
��������6WUHDP�ZDWHU�WHPSHUDWXUH�LV�D�FULWLFDO�IDFWRU�IRU�VDOPRQLG�KHDOWK���6WUHDP
WHPSHUDWXUHV�EHWZHHQ���R&�DQG���R&�DUH�FRQVLGHUHG�EHORZ�RSWLPDO�FRQGLWLRQV�DQG
WHPSHUDWXUHV�DERYH���R&�DUH�JHQHUDOO\�OHWKDO���6DOPRQLGV�DUH�PRUH�VXVFHSWLEOH�WR
GLVHDVH�DQG�OHVV�OLNHO\�WR�IHHG�DQG�JURZ�ZHOO�LQ�VXE�RSWLPDO�VWUHDP�WHPSHUDWXUH
FRQGLWLRQV���+LJK�VWUHDP�WHPSHUDWXUHV�DOVR�FRUUHVSRQG�WR�ORZ�OHYHOV�RI�GLVVROYHG
R[\JHQ��'�2���DQG�5LOOLQJ�HW�DO���������REVHUYHG�WKDW�'�2��OHYHOV�����PJ�/�ZHUH�OHWKDO�
)RUHVW�KDUYHVW�SUDFWLFHV��SDUWLFXODUO\�FOHDUFXWV��FUHDWH�VLJQLILFDQW�RSHQLQJV�LQ�IRUHVW
FRYHU���2WKHU�IRUHVW�KDUYHVW�LPSDFWV�RQ�DTXDWLF�KDELWDW�LQWHJULW\�LQFOXGH�GHFUHDVHG
ULSDULDQ�FRYHU��GHFUHDVHG�ODUJH�ZRRG\�GHEULV�LQSXW�WR�VWUHDPV�ZLWK�FRQVHTXHQW
GHFUHDVHV�LQ�VWUHDP�FKDQQHO�FRPSOH[LW\��DQG�LQFUHDVHG�VHGLPHQWDWLRQ�DQG�ODQGVOLGH
KD]DUGV�

)LVK�EDUULHUV�ZHUH�QRW�XVHG�LQ�WKLV�DQDO\VLV�RI�WKH�/RZHU�0LGGOH�.ODPDWK�DQG�8SSHU
6DFUDPHQWR���$FFRUGLQJ�WR�WKH�QDWLRQDO�LQYHQWRU\�RI�GDPV��WKHUH�DUH����SHUPDQHQW
GDPV�ORFDWHG�WKH�VWXG\�DUHD���:H�ZHUH�QRW�DEOH�WR�ILQG�D�ODUJHU�GDWDEDVH�RI�ILVK
EDUULHUV��FRPSDUDEOH�WR�WKH�GDWD�VHW�GHYHORSHG�E\�WKH�5RJXH�%DVLQ�)LVK�$FFHVV�7HDP�
)LQGLQJ�RU�GHYHORSLQJ�WKLV�GDWD�OD\HU�VHHPV�D�FULWLFDO�VWHS�LQ�WKH�LGHQWLILFDWLRQ�RI�DTXDWLF
KDELWDW�FRQVHUYDWLRQ��SURWHFWLRQ�DQG�UHVWRUDWLRQ�SURMHFWV���0DQ\�LQ�VWUHDP�UHVWRUDWLRQ
SURMHFWV�IRFXV�RQ�ILVK�EDUULHU�DOWHUDWLRQ�RU�UHPRYDO��DQG�DQ�DQDO\VLV�RI�DTXDWLF�KDELWDW
FRQQHFWLYLW\�ZRXOG�EH�YDOXDEOH�LQ�SULRULWL]LQJ�WKHVH�HIIRUWV���)LVK�EDUULHUV�LPSHGH�DQG
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VRPHWLPHV�WHUPLQDWH�XSVWUHDP�DQG�GRZQVWUHDP�PLJUDWLRQ���,Q�DGGLWLRQ��EDUULHUV�DOWHU
WKH�QDWXUDO�K\GURORJLF�UHJLPH�RI�WKH�VWUHDP�V\VWHP�

7KH�H[WHQVLYH�PLQHUDO�GHSRVLWV�LQ�WKH�.ODPDWK�6LVNL\RX�HFRUHJLRQ�DUH�GXH�WR�WKH
XQGHUO\LQJ�URFN�OLWKRORJ\�FRPELQHG�ZLWK�PDJQHWLF��K\GURWKHUPDO��DQG�ZHDWKHULQJ
SURFHVVHV�DFFRPSDQ\LQJ�WKHLU�GHSRVLWLRQ��&ROHPDQ�DQG�.UXFNHEHUJ���������7KH�PRVW
LPSRUWDQW�RI�WKHVH�KDYH�EHHQ�WKH�JROG�GHSRVLWV�UHVXOWLQJ�LQ�D�ORQJ�KLVWRU\�RI�SODFHU
PLQLQJ�LQ�WKH�ULYHUV�RI�WKLV�UHJLRQ��2UU�DQG�2UU���������3ODFHU�JROG�PLQLQJ�H[SDQGHG�LQWR
QRUWKHUQ�&DOLIRUQLD�GXULQJ�WKH�����V�DQG�FRQFHQWUDWHG�DUHDV�RI�SODFHU�PLQH�DFWLYLW\
KDYH�FRYHUHG�PDQ\�RI�WKH�ULYHUV�DQG�VWUHDPV�LQ�WKH�UHJLRQ���0LQLQJ�LV�D�FRQVWDQW�WKUHDW
WR�WKH�HFRORJLFDO�LQWHJULW\�RI�WKH�DUHD�LQ�D�QXPEHU�RI�ZD\V���/RGH�PLQLQJ�RI�QLFNHO�
FREDOW��FKURPLXP�DQG�RWKHU�PLQHUDOV�SK\VLFDOO\�GLVWXUEV�WKH�VRLOV��FUXVKLQJ�DQG
XSURRWLQJ�YHJHWDWLRQ��GLVSODFLQJ�SODQWV�DQG�DQLPDOV��DQG�IUDJPHQWLQJ�KDELWDWV�E\
FUHDWLQJ�JDSV�DQG�URDG�FRUULGRUV�ZLWK�KHDY\�WUDIILF�

3ODFHU�PLQLQJ�RSHUDWLRQV�DORQJ�VWUHDP�EHQFKHV�XWLOL]H�KHDY\�HTXLSPHQW�DQG�ZLWKGUDZ
ZDWHU�IURP�VWUHDPV���7KHVH�RSHUDWLRQV�DOWHU�WKH�ODQGVFDSH�E\�FUHDWLQJ�PLQH�SLWV��WDLOLQJV
SLOHV�DQG�VHWWOLQJ�SRQGV�IRU�PLQH�ZDVWHV���,QVWUHDP�SODFHU�GHSRVLWV�RFFXU�ZKHUH�VWUHDP
YHORFLWLHV�DUH�VORZHU�DQG�EHGORDG�DQG�VXVSHQGHG�VHGLPHQWV�DUH�GHSRVLWHG���,QVWUHDP
SODFHU�PLQLQJ�RSHUDWLRQV�FRQJUHJDWH�DORQJ�HFRORJLFDOO\�LPSRUWDQW��ORZ�JUDGLHQW�VWUHDP
UHDFKHV�ZKHUH�JROG�LV�PRVW�OLNHO\�WR�EH�GHSRVLWHG�DORQJ�ZLWK�JUDYHO�RU�VDQG��86',
%XUHDX�RI�/DQG�0DQDJHPHQW���������7KHVH�WHFKQLTXHV�GLVWXUE�VWUHDP�VXEVWUDWHV�DQG
LPSDFW�LQVWUHDP�VWUXFWXUH���0DQ\�RI�WKHVH�ORZ�JUDGLHQW�UHDFKHV�DUH�FULWLFDO�VSDZQLQJ
KDELWDW�IRU�ZLOG�VDOPRQ��VWHHOKHDG�DQG�FXWWKURDW�WURXW��1DWLRQDO�0DULQH�)LVKHULHV�6HUYLFH
��������7KH�0LQHUDO�$YDLODELOLW\�6\VWHP�DQG�0LQHUDO�,QGXVWU\�/RFDWLRQ�GDWD�OD\HU�IURP
WKH�(3$�%$6,16�GDWDEDVH�KDV�EHHQ�LQFOXGHG�LQ�WKLV�DQDO\VLV�DV�DQ�LQLWLDO�GDWD�OD\HU
UHSUHVHQWLQJ�WKH�UHJLRQDO�LPSDFWV�RI�PLQLQJ�RQ�DTXDWLF�LQWHJULW\���)XUWKHU�GHYHORSPHQW�RI
PLQLQJ�FODLPV�GHQVLW\�GDWD�OD\HUV�IURP�WKH�%/0�/DQG�DQG�0LQHUDO�5HFRUGV�/5����
RQOLQH�GDWDEDVH�ZRXOG�SURYLGH�D�PRUH�GHWDLOHG�YLHZ�RI�WKH�H[WHQW�RI�FXUUHQW�PLQLQJ
FODLPV�DQG�WKH�SRWHQWLDO�IRU�UHFUHDWLRQDO�DQG�LQGXVWULDO�PLQLQJ�LPSDFWV�

:DWHUVKHG�%RXQGDULHV

2QH�RI�WKH�REMHFWLYHV�RI�WKLV�DQDO\VLV�LV�WR�LQWHJUDWH�GDWD�IURP�WKH�.ODPDWK�DQG
6DFUDPHQWR�ULYHUV�ZLWK�GDWD�IURP�5RJXH�5LYHU�DQG�RWKHU�ULYHUV�ZLWKLQ�WKH�.ODPDWK�
6LVNL\RX�HFRUHJLRQ���7KH�5RJXH�5LYHU�DQG�VRXWKHUQ�2UHJRQ�FRDVWDO�VWUHDPV�DQDO\VLV
VXPPDUL]HG�GDWD�DW�WKH��WK�ILHOG�K\GURORJLF�XQLW��+8��VFDOH���6L[WK�ILHOG�+8V�DUH
GHYHORSHG�DW�WKH�VWDWH�DQG�UHJLRQDO�OHYHO�DQG�KDYH�EHHQ�GHYHORSHG�IRU�2UHJRQ�
+RZHYHU��&DOLIRUQLD�KDV�GHYHORSHG�D�GLIIHUHQW�ZDWHUVKHG�GHOLQHDWLRQ�VFKHPH�
&$/:$7(5������EDVHG�RQ�WKH�6WDWH�:DWHU�5HVRXUFHV�&RQWURO�%RDUG�SODQQLQJ
ZDWHUVKHG�QXPEHULQJ�VFKHPH��7KH�SODQQLQJ�ZDWHUVKHGV�DUH�VLPLODU�LQ�VL]H�WR��WK�ILHOG
+8V�DQG�ZHUH�XVHG�LQ�WKLV�DQDO\VLV��)LJXUH������7DEOH���OLVWV�WKH�&$/:$7(5�,'�QXPEHU
SUHIL[HV���7KH�ZDWHUVKHGV�WKDW�FURVV�WKH�&DOLIRUQLD�2UHJRQ�ERXQGDULHV�ZHUH�H[WHQGHG
LQWR�2UHJRQ�E\�RQ�VFUHHQ�GLJLWL]LQJ�LQ�$UF0DS�IROORZLQJ�WKH�ULGJHOLQHV�RQ�WKH���P�GLJLWDO
HOHYDWLRQ�PRGHOV��'(0��



�&RQVHUYDWLRQ�%LRORJ\�,QVWLWXWH�±�������� �

7DEOH����&$/:$7(5����%DVLQ�,GHQWLILFDWLRQ�1XPEHUV
0DMRU�%DVLQV &$/:$7(5�,'�%DVLQ�1XPEHU�3UHIL[HV
/RZHU�.ODPDWK�5LYHU �������
0LGGOH�.ODPDWK�5LYHU �������
7ULQLW\�5LYHU ������
6DOPRQ�5LYHU �������
6FRWW�5LYHU �������
6KDVWD�5LYHU �������
8SSHU�6DFUDPHQWR�DERYH�6KDVWD�/DNH ����������������������
1RUWKZHVWHUQ�6DFUDPHQWR�EHORZ�6KDVWD�/DNH ������

7KHUH�DUH�D�WRWDO�RI�����SODQQLQJ�ZDWHUVKHGV�LQ�WKH�VHFWLRQV�RI�WKH�/RZHU�0LGGOH
.ODPDWK�DQG�8SSHU�6DFUDPHQWR�ULYHUV�WKDW�RYHUODS�WKH�.ODPDWK�6LVNL\RX�HFRUHJLRQ�
7KHUH�DUH�����LQ�WKH�.ODPDWK�EDVLQ�DQG�����LQ�WKH�8SSHU�6DFUDPHQWR�EDVLQ���7KH
SODQQLQJ�ZDWHUVKHGV�YDU\�VLJQLILFDQWO\�LQ�VL]H��PLQLPXP������KHFWDUHV������DFUHV��
PD[LPXP���������KHFWDUHV����������DFUHV���PHDQ��������KHFWDUHV��������DFUHV�����'XH
WR�WKLV�YDULDWLRQ�LQ�DUHD��ZH�KDYH�DOWHUHG�WKH�PHWKRGV�IRU�DQDO\VLV�RI�SRLQW�GDWD�WR
DFFRXQW�IRU�ZDWHUVKHG�DUHD���3RLQW�FRXQWV�KDYH�EHHQ�GLYLGHG�E\�ZDWHUVKHG�DUHD�WR
QRUPDOL]HG�WKH�HVWLPDWH�RI�WKH�DUHD�LPSDFWHG�E\�URDG�VWUHDP�LQWHUVHFWLRQV�DQG�PLQHUDO
LQGXVWU\�DFWLYLWLHV�

5RDGV

7KH����������URDGV�FRYHUDJH�IRU�WKLV�DQDO\VLV�ZDV�DVVHPEOHG�IURP�WKH�&DOLIRUQLD�)RUHVW
DQG�)LUH�3URWHFWLRQ�:DWHUVKHG�$VVHVVPHQW�FRYHUDJHV��86*6�GLJLWDO�OLQH�JUDSKLFV��DQG
RQ�VFUHHQ�GLJLWL]LQJ��LQ�$UF0DS��RI�86*6�GLJLWDO�UDVWHU�JUDSKLFV��'5*V��ZKHUH�WKH
YHFWRU�GDWD�GRHV�QRW�DOUHDG\�H[LVW���2QFH�WKHVH�OD\HUV�ZHUH�FRPSOHWHG�WKH\�ZHUH
DSSHQGHG�WRJHWKHU���5RDG�OHQJWK�DQG�URDG�GHQVLW\�ZHUH�FDOFXODWHG�IRU�WKH�&$/:$7(5
SODQQLQJ�ZDWHUVKHGV���5RDG�GHQVLW\�ZDV�FDOFXODWHG�DV�NP�NP��IRU�HDFK�ZDWHUVKHG��7KH
UHVXOWLQJ�URDG�GHQVLWLHV�ZHUH�JURXSHG�LQWR�ILYH�RUGLQDO�FDWHJRULHV��KLJK�GHQVLW\��YHU\
SRRU�KDELWDW� ���WR�ORZ�GHQVLW\��YHU\�JRRG�KDELWDW� ����XVLQJ�QDWXUDO�EUHDNV��-HQNV�DQG
&DVSHOO���������)LJXUH���LOOXVWUDWHV�WKH�URDGV�FRYHUDJH�DQG�WKH�URDG�GHQVLW\�VFRUHV�
7DEOH���OLVWV�WKH�VFRUHV�DQG�QDWXUDO�EUHDNV�GHWHUPLQHG�IRU�URDG�GHQVLW\�LQ�WKH
/RZHU�0LGGOH�.ODPDWK�DQG�8SSHU�6DFUDPHQWR���$UHDV�RI�ORZHVW�URDG�GHQVLWLHV
FRUUHVSRQG�ZLWK�WKH�ZLOGHUQHVV�DUHDV�LQ�WKH�.ODPDWK��7ULQLW\�DQG�6DOPRQ�EDVLQV�

7DEOH����5RDG�'HQVLW\�6FRUHV�IRU�&$/:$7(5�%DVLQV
5RDG�'HQVLW\

�NP�NP�� 5RDG�'HQVLW\�6FRUH ��RI�:DWHUVKHGV 'HVFULSWLRQ

������±������ � ��� 9HU\�*RRG
������±������ � ��� *RRG
������±������ � ��� 0RGHUDWH
������±������ � ��� 3RRU
������±������ � �� 9HU\�3RRU

6WUHDPV

7KH�DYDLODEOH����������VWUHDPV�FRYHUDJHV�ZHUH�QRW�XVHG�LQ�WKLV�DQDO\VLV�EHFDXVH�
QHLWKHU�WKH�&DOLIRUQLD�)RUHVW�DQG�)LUH�3URWHFWLRQ�:DWHUVKHG�$VVHVVPHQW�VWUHDP



�&RQVHUYDWLRQ�%LRORJ\�,QVWLWXWH�±�������� �

FRYHUDJH��QRU�WKH�86�)RUHVW�6HUYLFH�VWUHDP�FRYHUDJH�ZHUH�FRPSOHWH�DQG�ZKHQ
FRPSDUHG�DJDLQVW�RQH�DQRWKHU�WKH�GHQVLW\�RI�VWUHDP�OLQHV�GLG�QRW�PDWFK�EHWZHHQ�WKH
FRYHUDJHV���,Q�DGGLWLRQ�WR�WKHVH�FRQFHUQV�DERXW�GDWD�TXDOLW\��GDWD�ZHUH�QRW�DYDLODEOH�IRU
���TXDGV�DQG�QHHGHG�WR�EH�FUHDWHG�IURP�WKH�'5*V�

7KH����������VWUHDPV�FRYHUDJH�XVHG�LQ�WKLV�DQDO\VLV�ZDV�FUHDWHG�IURP�WKH���P�'(0
XVLQJ�$UF0DS�K\GURORJ\�URXWLQHV���7KH�UHVXOWLQJ�FRYHUDJH�ZDV�FRPSDUHG�DQG�DUHDV�RI
ORZ�QR�JUDGLHQW�VWUHDNLQJ�ZHUH�FRUUHFWHG�DJDLQVW�WKH�H[LVWLQJ�VWUHDP�FRYHUDJHV�RU
DJDLQVW�WKH�86*6�'5*V�ZKHUH�QR�VWUHDP�FRYHUDJH�H[LVWV���&RUUHFWLRQV�ZHUH�PDGH�WR
UHSUHVHQW�VWUHDPV�WKDW�DUH�LQWHUFHSWHG�E\�LUULJDWLRQ�VWUXFWXUHV��EXW�WKH�LUULJDWLRQ
VWUXFWXUHV�ZHUH�QRW�GLJLWL]HG���'HYHORSLQJ�D�FRYHUDJH�RI�WKHVH�LUULJDWLRQ�VWUXFWXUHV�LV�DQ
LPSRUWDQW�FRPSRQHQW�IRU�IXUWKHU�DQDO\VLV�RI�WKH�K\GURORJLF�FRQQHFWLYLW\�DQG�DTXDWLF
LQWHJULW\�RI�WKLV�UHJLRQ�

6WUHDP�OHQJWK�DQG�VWUHDP�GHQVLW\��ZHUH�FDOFXODWHG�IRU�WKH�&$/:$7(5�SODQQLQJ
ZDWHUVKHGV���)LJXUH���ZDV�LQFOXGHG�WR�KLJKOLJKW�WKH�DUHDV�ZKHUH�VWUHDPV�DUH
GLVFRQWLQXRXV��ZDWHUVKHGV�KLJKOLJKWHG�LQ�\HOORZ��GXH�WR�LUULJDWLRQ�VWUXFWXUHV�

5RDG�6WUHDP�,QWHUVHFWLRQV

7KH����������URDGV�DQG�VWUHDPV�FRYHUDJHV�ZHUH�XVHG�WR�FDOFXODWH�URDG�VWUHDP
LQWHUVHFWLRQV�XVLQJ�WKH�$UF9LHZ�H[WHQVLRQ�³7KHPH�,QWHUVHFWLRQV�WR�3RLQWV��7,3V�´�
7KHVH�URDG�VWUHDP�LQWHUVHFWLRQV�ZHUH�FRXQWHG�ZLWKLQ�HDFK�&$/:$7(5�SODQQLQJ
ZDWHUVKHG�DQG�WKHQ�GLYLGHG�E\�WKH�ZDWHUVKHG�DUHD�WR�QRUPDOL]H�WKH�GDWD�DQG�DFFRXQW
IRU�WKH�YDULDWLRQ�LQ�VL]H�RI�WKH�SODQQLQJ�ZDWHUVKHGV���)LJXUH���LOOXVWUDWHV�WKH�URDG�VWUHDP
LQWHUVHFWLRQV�DQG�URDG�VWUHDP�LQWHUVHFWLRQ�VFRUHV���7DEOH���OLVWV�WKH�VFRUHV�DQG�QDWXUDO
EUHDNV�GHWHUPLQHG�IRU�QRUPDOL]HG�URDG�VWUHDP�LQWHUVHFWLRQV�LQ�WKH�/RZHU�0LGGOH
.ODPDWK�DQG�8SSHU�6DFUDPHQWR�

7DEOH����5RDG�6WUHDP�,QWHUVHFWLRQ�6FRUHV�IRU�&$/:$7(5�%DVLQV
5RDG�6WUHDP
,QWHUVHFWLRQV

5RDG�6WUHDP�,QWHUVHFWLRQ
6FRUH

��RI�:DWHUVKHGV 'HVFULSWLRQ

��±��� � ��� 9HU\�*RRG
���±��� � ��� *RRG
���±��� � ��� 0RGHUDWH
���±���� � �� 3RRU
����±���� � � 9HU\�3RRU

5RDG�6WUHDP
,QWHUVHFWLRQV�+HFWDUHV

5RDG�6WUHDP�,QWHUVHFWLRQ
6FRUH

��RI�:DWHUVKHGV 'HVFULSWLRQ

�������±������� � ��� 9HU\�*RRG
�������±������� � ��� *RRG
�������±������� � ��� 0RGHUDWH
�������±������� � ��� 3RRU
�������±������� � �� 9HU\�3RRU

)RUHVW�&KDQJH

7KH�SHUFHQW�RI�IRUHVW�KDUYHVWHG�EHWZHHQ������DQG������ZDV�VXPPDUL]HG�E\
&$/:$7(5�SODQQLQJ�ZDWHUVKHG���7KLV�GDWD�OD\HU�ZDV�GHYHORSHG�IURP�DQ�DQDO\VLV�RI



�&RQVHUYDWLRQ�%LRORJ\�,QVWLWXWH�±�������� ��

0XOWLVSHFWUDO�6FDQQHU��066��LPDJHV�IRU�WKH�.ODPDWK�6LVNL\RX�HFRUHJLRQ���)RUHVW
KDUYHVW�ZDV�FDOFXODWHG�DV�D�SHUFHQWDJH�RI�IRUHVWHG�DUHD��EHFDXVH�QRW�DOO�RI�WKH
ZDWHUVKHGV�DUH�FRPSOHWHO\�IRUHVWHG���7KH�SHUFHQWDJH�RI�IRUHVW�KDUYHVW�LQ�HDFK
ZDWHUVKHG�ZDV�DVVLJQHG�DQ�RUGLQDO�VFRUH�������XVLQJ�QDWXUDO�EUHDNV���)LJXUH��
LOOXVWUDWHV�WKH�IRUHVW�GLVWXUEDQFH�GDWD�DQG�WKH�SHUFHQWDJH�RI�IRUHVW�FXW�EHWZHHQ�����
DQG��������7DEOH���OLVWV�WKH�VFRUHV�DQG�QDWXUDO�EUHDNV�GHWHUPLQHG�IRU�WKH�SHUFHQWDJH�RI
IRUHVW�KDUYHVWHG�LQ�WKH�/RZHU�0LGGOH�.ODPDWK�DQG�8SSHU�6DFUDPHQWR���,W�VKRXOG�EH
QRWHG�WKDW�WZR�RI�WKH�DUHDV�ZKLFK�VKRZ�KLJK�SHUFHQWDJHV�RI�IRUHVW�FXW��WKH�6KDVWD
9DOOH\�DQG�WKH�QRUWKZHVWHUQ�6DFUDPHQWR�9DOOH\��KDYH�YHU\�ORZ�SHUFHQWDJHV�RI�IRUHVW�LQ
������DQG�DUH�DUHDV�ZLWK�QDWXUDOO\�ORZ�IRUHVW�GHQVLW\���7KH�DUHDV�WKDW�KDYH�EHHQ�PRVW
LPSDFWHG�E\�IRUHVW�KDUYHVW�DUH�WKH�ZDWHUVKHGV�VXUURXQGLQJ�WKH�PRXWK�RI�WKH�.ODPDWK
DQG�WKH�6DOPRQ�ULYHU�ZDWHUVKHGV�VXUURXQGLQJ�WKH�FRQIOXHQFH�RI�WKH�QRUWK�DQG�VRXWK
IRUNV�RI�WKH�ULYHU���7KLV�DUHD�LV�SULPDULO\�1DWLRQDO�)RUHVW�6HUYLFH�ODQG�EHWZHHQ�WKH
0DUEOH�0RXQWDLQ�DQG�7ULQLW\�$OSV�:LOGHUQHVV�$UHDV�

7DEOH����3HUFHQW�RI�)RUHVW�&XW������������&XW�+HFWDUHV���)RUHVW�+HFWDUHV��6FRUHV�IRU�&$/:$7(5
%DVLQV
3HUFHQW�RI�)RUHVW�&XW )RUHVW�&XW�6FRUH ��RI�:DWHUVKHGV 'HVFULSWLRQ

�����±����� � ��� 9HU\�*RRG
�����±������ � ��� *RRG
������±������ � �� 0RGHUDWH
������±������ � �� 3RRU
������±������� � �� 9HU\�3RRU

0LQHUDO�ORFDWLRQV

$�WRWDO�RI�WKH�PLQHUDO�ORFDWLRQV�IURP�WKH�0LQHUDO�$YDLODELOLW\�6\VWHP�DQG�0LQHUDO�,QGXVWU\
/RFDWLRQ�GDWD�OD\HU��(3$�%$6,16��ZDV�VXPPHG�ZLWKLQ�HDFK�&$/:$7(5�SODQQLQJ
ZDWHUVKHG�DQG�WKHQ�GLYLGHG�E\�WKH�ZDWHUVKHG�DUHD�WR�QRUPDOL]H�WKH�GDWD�DQG�DFFRXQW
IRU�WKH�YDULDWLRQ�LQ�VL]H�RI�WKH�SODQQLQJ�ZDWHUVKHGV���)LJXUH���LOOXVWUDWHV�WKH�SULPDU\
PLQHUDO�FRPPRGLW\�IRU�HDFK�PLQHUDO�ORFDWLRQ�DQG�WKH�PLQHUDO�ORFDWLRQ�VFRUHV���7DEOH��
OLVWV�WKH�VFRUHV�DQG�QDWXUDO�EUHDNV�GHWHUPLQHG�IRU�QRUPDOL]HG�PLQHUDO�ORFDWLRQV�LQ�WKH
/RZHU�0LGGOH�.ODPDWK�DQG�8SSHU�6DFUDPHQWR���%DVHG�RQ�WKHVH�GDWD��VRPH�RI�WKH
KHDYLHVW�PLQLQJ�DFWLYLW\�KDV�RFFXUUHG�DORQJ�WKH�PDLQVWHP�DQG�WULEXWDULHV�RI�WKH�PLGGOH
.ODPDWK��LQ�WKH�KHDGZDWHUV�RI�WKH�QRUWK�IRUN�RI�WKH�6DOPRQ��LQ�WKH�ZDWHUVKHGV�LQ�WKH
PLGGOH�UHDFKHV�RI�WKH�7ULQLW\��DQG�LQ�WKH�ZDWHUVKHGV�MXVW�GRZQVWUHDP�RI�6KDVWD�/DNH
DORQJ�WKH�6DFUDPHQWR�



�&RQVHUYDWLRQ�%LRORJ\�,QVWLWXWH�±�������� ��

7DEOH����1XPEHU�RI�0LQLQJ�,QGXVWU\�/RFDWLRQ��0,/�0$6�'DWDEDVH��6FRUHV�IRU�&$/:$7(5�%DVLQV
��RI�0LQHUDO�/RFDWLRQV 0LQLQJ�/RFDWLRQ�6FRUH ��RI�:DWHUVKHGV 'HVFULSWLRQ

��±�� � ��� 9HU\�*RRG
��±�� � ��� *RRG
��±��� � �� 0RGHUDWH
���±��� � �� 3RRU
���±��� � �� 9HU\�3RRU

��RI�0LQHUDO
/RFDWLRQV�+HFWDUHV 0LQLQJ�/RFDWLRQ�6FRUH ��RI�:DWHUVKHGV 'HVFULSWLRQ

��������±�������� � ��� 9HU\�*RRG
��������±�������� � ��� *RRG
��������±�������� � �� 0RGHUDWH
��������±�������� � �� 3RRU
��������±�������� � �� 9HU\�3RRU

3UHOLPLQDU\�$TXDWLF�+DELWDW�,QWHJULW\�0RGHOV�IRU�/RZHU�0LGGOH�.ODPDWK�DQG
8SSHU�6DFUDPHQWR

7ZR�SUHOLPLQDU\�PRGHOV�RI�UHODWLYH�DTXDWLF�KDELWDW�FRQGLWLRQ�DUH�SUHVHQWHG�KHUH���7KH
ILUVW�PRGHO��0RGHO����LQWHJUDWHV�WKH�WKUHH�FRPSRQHQWV�WKDW�ZHUH�XVHG�DV�VXUURJDWHV�IRU
DTXDWLF�KDELWDW�TXDOLW\��URDG�GHQVLW\��QRUPDOL]HG�URDG�VWUHDP�LQWHUVHFWLRQV��DQG
SHUFHQWDJH�RI��IRUHVW�KDUYHVWHG��LQ�WKH�LQLWLDO�5RJXH�5LYHU�DQDO\VLV���2UGLQDO�VFRUHV������
IRU�HDFK�FRPSRQHQW�ZHUH�VXPPHG�WR�FDOFXODWH�D�FRPSRVLWH�VFRUH��������DQG�DOO�WKUHH
FRPSRQHQWV�VKDUHG�HTXDO�LPSRUWDQFH�LQ�WKH�FDOFXODWLRQ���7KH�VHFRQG�PRGHO��0RGHO���
LQFOXGHV�WKH�PLQHUDO�ORFDWLRQV�RUGLQDO�VFRUH��������UHVXOWLQJ�LQ�YDOXHV�UDQJLQJ�IURP�����
ZLWK�HDFK�FRPSRQHQW�VKDULQJ�HTXDO�LPSRUWDQFH�LQ�WKH�FDOFXODWLRQ���(DFK�RI�WKH
FRPSRVLWH�VFRUHV�ZHUH�UDQNHG�XVLQJ�QDWXUDO�EUHDNV�WR�GHOLYHU�D�VFRUH�RI�UHODWLYH�DTXDWLF
KDELWDW�LQWHJULW\�IURP����YHU\�JRRG��WR����YHU\�SRRU����)LJXUH���LOOXVWUDWHV�WKHVH
SUHOLPLQDU\�DTXDWLF�KDELWDW�FRQGLWLRQ�PRGHOV�DQG�WDEOH���OLVWV�WKH�UDQJH�RI�VFRUHV���$UHDV
RI�KLJK�DTXDWLF�LQWHJULW\�RYHUODS�ZLWK�*$3���SURWHFWHG�DUHDV��6LVNL\RX�:LOGHUQHVV�$UHD�
0DUEOH�0RXQWDLQ�:LOGHUQHVV�$UHD��7ULQLW\�$OSV�:LOGHUQHVV�$UHD��<ROOR�%ROO\�0LGGOH�(HO
:LOGHUQHVV�$UHD����$UHDV�RI�ORZ�DTXDWLF�LQWHJULW\�VFRUHV�KLJKOLJKW�ZDWHUVKHGV�LQ�WKH
XSSHU�6DOPRQ�5LYHU��WKH�6FRWW�DQG�6KDVWD�GUDLQDJHV��DQG�WKH�XSSHU�7ULQLW\�5LYHU�

7DEOH�����6XPPDU\�RI�0RGHO���	�0RGHO���&RPSRVLWH�6FRUHV
&XPXODWLYH�6FRUH 0RGHO���2UGLQDO�6FRUH ��RI�:DWHUVKHGV 'HVFULSWLRQ

��±�� � �� 9HU\�3RRU
������ � ��� 3RRU
��±��� � ��� 0RGHUDWH
���±��� � ��� *RRG
���±��� � ��� 9HU\�*RRG

&XPXODWLYH�6FRUH 0RGHO���2UGLQDO�6FRUH ��RI�:DWHUVKHGV 'HVFULSWLRQ
��±��� � �� 9HU\�3RRU
���±��� � ��� 3RRU
���±��� � ��� 0RGHUDWH
���±��� � ��� *RRG
���±��� � ��� 9HU\�*RRG
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)LJXUH��������������5RDGV�	�5RDG�'HQVLW\�6FRUHV
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6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD
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(XUHND

5HGGLQJ

5HG�%OXII

:HDYHUYLOOH

&UHVFHQW�&LW\�
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6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

(XUHND

5HGGLQJ

5HG�%OXII

&UHVFHQW�&LW\
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/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV

6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

���������5RDGV 5RDG�'HQVLW\

���������5RDGV�

�������������
�������������
�������������
�������������
�����������������9HU\�3RRU

����3RRU
����0RGHUDWH
����*RRG
����9HU\�*RRG

5RDG�'HQVLW\��NP�VT�NP�
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)LJXUH��������������6WUHDPV�	�6WUHDP�'HQVLW\

�

�

�

�

�

�

6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

<UHND

(XUHND

5HGGLQJ

5HG�%OXII

:HDYHUYLOOH

&UHVFHQW�&LW\�

�

�

�

�

�

6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

(XUHND

5HGGLQJ

5HG�%OXII

&UHVFHQW�&LW\

$+1.1);
+056+676'

%105'48#6+10

99(
5

/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV

6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

���������6WUHDPV 6WUHDP�'HQVLW\

7ULQLW\�5LYHU�'LYHUVLRQ�WR�
6DFUDPHQWR�5LYHU�
�&OHDU�&UHHN�7XQQHO�

�������������
�������������
�������������
�������������
�������������

6WUHDP�'HQVLW\��NP�VT��NP�

%DVLQV�ZLWK�
GLVFRQWLQXRXV�VWUHDPV

���������6WUHDPV�



)LJXUH�����5RDG�6WUHDP�,QWHUVHFWLRQV�	�5RDG�6WUHDP�,QWHUVHFWLRQ�6FRUHV
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6DFUDPHQWR

5LYHU

.ODPDWK
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/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV

6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

���������5RDG�6WUHDP�,QWHUVHFWLRQV 1RUPDOL]HG�5RDG�6WUHDP�,QWHUVHFWLRQ�6FRUH

� 5RDG�6WUHDP�,QWHUVHFWLRQV
���������������
���������������
���������������
���������������
���������������

����9HU\�*RRG
����*RRG
����0RGHUDWH
����3RRU
����9HU\�3RRU

,QWHUVHFWLRQV���+HFWDUH
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/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV
6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

)RUHVW�&KDQJH������������ 3HUFHQW�)RUHVW�&XW������������

1RQ�)RUHVW
)RUHVW�%RWK�'DWHV
1RQ�)RUHVW���V��5HJURZWK���V
)RUHVW���V��&XW���V
)RUHVW���V��%XUQHG���V
&ORXGV�	�6KDGRZV
1R�'DWD

����9HU\�*RRG
����*RRG
����0RGHUDWH
����3RRU
����9HU\�3RRU

���������
������������
�����������
�����������
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)LJXUH�����0LQHUDO�,QGXVWU\�/RFDWLRQV�	�0LQHUDO�/RFDWLRQV�6FRUHV
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/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV
6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

0LQHUDO�,QGXVWU\�/RFDWLRQV�E\�&RPPRGLW\ 1RUPDOL]HG�0LQHUDO�/RFDWLRQ�6FRUHV

� &KURPLXP
� *ROG
� 1LFNHO
� 6DQG��*UDYHO�	�6WRQH
5 2WKHU

�����������������
�����������������
�����������������
�����������������
���������������������9HU\�3RRU

����3RRU
����0RGHUDWH
����*RRG
����9HU\�*RRG

6LWHV���+HFWDUH
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)LJXUH����3UHOLPLQDU\�0RGHOV�RI�.ODPDWK�6DFUDPHQWR�$TXDWLF�,QWHJULW\
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/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV

6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

0RGHO���&RPSRVLWH�6FRUH 0RGHO���&RPSRVLWH�6FRUH

0RGHO���5DQN��&RPSRVLWH�RI�5RDG�'HQVLW\��
1RUPDOL]HG�5RDG�6WUHDP�,QWHUVHFWLRQ��)RUHVW�&XW�

����9HU\�3RRU
����3RRU
����0RGHUDWH
����*RRG
����9HU\�*RRG

����9HU\�3RRU
����3RRU
����0RGHUDWH
����*RRG
����9HU\�*RRG

0RGHO���5DQN��&RPSRVLWH�RI�5RDG�'HQVLW\��
1RUPDOL]HG�5RDG�6WUHDP�,QWHUVHFWLRQ��

)RUHVW�&XW��1RUPDOL]HG�0LQHUDO�/RFDWLRQV�
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/RZHU�0LGGOH�.ODPDWK�DQG�8SSHU�6DFUDPHQWR���$X[LOLDU\�'DWD

,Q�DGGLWLRQ�WR�WKH�GDWD�OD\HUV�WKDW�ZHUH�XVHG�WR�GHYHORS�WKH�SUHOLPLQDU\�DTXDWLF�KDELWDW
DVVHVVPHQW��D�QXPEHU�RI�RWKHU�GDWD�OD\HUV�UHSUHVHQWLQJ�HFRV\VWHP�FKDUDFWHULVWLFV��ODQG
XVH�SDWWHUQV��DQG�HFRV\VWHP�GLVWXUEDQFH�KDYH�EHHQ�FROOHFWHG���7KHVH�GDWD�OD\HUV�KDYH
EHHQ�VXPPDUL]HG�DQG�DUH�JUDSKLFDOO\�SUHVHQWHG�IRU�FRPSDULVRQ�ZLWK�WKH�SUHOLPLQDU\
PRGHOV���,Q�DGGLWLRQ��WKLV�VHFWLRQ�SUHVHQWV�OLVWV�RI�GDWD�WKDW�DUH�HLWKHU�RQO\�DYDLODEOH�IRU
VPDOO�VHFWLRQV�RI�WKH�EDVLQV�RU�QRW�FXUUHQWO\�DYDLODEOH���7KHUH�DUH�D�QXPEHU�RI�ZD\V�WKDW
WKHVH�GDWD�OD\HUV�PLJKW�EH�LQWHJUDWHG�LQWR�DQ�DTXDWLF�LQWHJULW\�DQDO\VLV��DQG�ZH�LGHQWLI\
GDWD�VHWV�WKDW�ZRXOG�SURYLGH�NH\�LQIRUPDWLRQ�LQ�WKH�DQDO\VLV�RI�DTXDWLF�KDELWDW�LQWHJULW\�

(FRV\VWHP�&KDUDFWHULVWLFV

$TXDWLF�)HDWXUHV

2QH�RI�WKH�NH\�FRPSRQHQWV�WR�IUHVKZDWHU�ELRGLYHUVLW\�FRQVHUYDWLRQ�SODQQLQJ�LV�WKH
LGHQWLILFDWLRQ�RI�WKH�NH\�DTXDWLF�VSHFLHV�DQG�IHDWXUHV��$EHOO�HW�DO����������:KLOH�WKH
FXUUHQW�DQDO\VLV�IRFXVHV�RQ�VDOPRQLG�KDELWDW�FRQVHUYDWLRQ��SUHVHUYDWLRQ�DQG�UHVWRUDWLRQ�
WKHUH�DUH�RWKHU�DTXDWLF�VSHFLHV�DQG�DTXDWLF�KDELWDWV�LQ�WKH�UHJLRQ�WKDW�VKRXOG�EH
FRQVLGHUHG���7KH�86*6�JHRQDPHV�GDWDEDVH�SURYLGHV�SRLQW�ORFDWLRQV�RI�PDMRU��QDPHG
ODNHV��VSULQJV��VZDPSV�DQG�ZDWHUIDOOV�DQG�ZRXOG�DOORZ�DQ�LQLWLDO�H[DPLQDWLRQ�RI�FOXVWHUV
RI�DTXDWLF�IHDWXUHV���7KLV�GDWDEDVH�LV�DYDLODEOH��EXW�LV�QRW�SUHVHQWHG�KHUH���)RU�DQ�LQ�
GHSWK�DQDO\VLV�RI�DTXDWLF�IHDWXUHV�D�PRUH�GHWDLOHG�GDWD�VHW��VSHFLILF�WR�WKLV�DUHD��VKRXOG
EH�LGHQWLILHG�WR�KHOS�LGHQWLI\�DUHDV�RI�KLJK�DTXDWLF�KDELWDW�GLYHUVLW\�

(OHYDWLRQ�DQG�6ORSH

7KH�HOHYDWLRQ�DQG�SHUFHQW�VORSH�RI�WKH�UHJLRQ�DUH�LOOXVWUDWHG�LQ�)LJXUH�����7KHVH�PDSV
ZHUH�FUHDWHG�IURP�WKH�86*6���P�'(0���&XUUHQWO\��WKH�86*6���P�'(0V�GR�QRW
FRPSOHWHO\�FRYHU�WKHVH�EDVLQV���7KHVH�PDSV�RI�HOHYDWLRQ�DQG�VORSH�VKRZ�GLVWLQFW
GLIIHUHQFHV�LQ�WKH�WRSRJUDSK\�RI�WKH�.ODPDWK�WULEXWDULHV�IURP�ZHVW�WR�HDVW���,Q�WKH
ZHVWHUQ�SDUW�RI�WKH�EDVLQ�WKH�7ULQLW\�DQG�6DOPRQ�ULYHUV�DUH�KLJKO\�GLVVHFWHG�ZLWK
KHDGZDWHUV�LQ�WKH�7ULQLW\�$OSV�DQG�0DUEOH�0RXQWDLQV���7KH�YDOOH\V�DUH�QDUURZ�DQG
JHQHUDOO\�VXUURXQGHG�E\�VWHHS�VORSHV���7R�WKH�HDVW��WKH�6FRWW�DQG�6KDVWD�ULYHUV�KDYH
IODWWHU�WRSRJUDSK\�ZLWK�ZLGHU�YDOOH\V�

/RZ�JUDGLHQW�UHDFKHV��������DUH�FULWLFDO�VSDZQLQJ�DQG�UHDULQJ�KDELWDW�IRU�ZLOG�VDOPRQ�
VWHHOKHDG�DQG�FXWWKURDW�WURXW��1DWLRQDO�0DULQH�)LVKHULHV�6HUYLFH���������$OO�VWUHDP
UHDFKHV�ZLWK�FKDQQHO�JUDGLHQWV�OHVV�WKDQ�����DUH�FRQVLGHUHG�WR�EH�SRWHQWLDO�ILVK
EHDULQJ�VWUHDPV�H[FHSW�ZKHUH�ILVK�EDUULHUV�H[LVW��1DWLRQDO�0DULQH�)LVKHULHV�6HUYLFH
��������7KHUH�DUH�D�QXPEHU�RI�LPSRUWDQW��ORZ�JUDGLHQW�DUHDV�RQ�WKH�PDLQVWHPV�RI�WKH
7ULQLW\�DQG�WKH�.ODPDWK���7KH�DUHDV�RI�ORZ�VORSH�LQ�WKH�6FRWW�DQG�6KDVWD�YDOOH\V�RYHUODS
ZLWK�DUHDV�ZKHUH�QXPHURXV�LUULJDWLRQ�ZDWHUZD\V�DQG�HQJLQHHUHG�VWUXFWXUHV�KDYH
DOWHUHG�VWUHDP�FRQQHFWLYLW\�



�&RQVHUYDWLRQ�%LRORJ\�,QVWLWXWH�±�������� ��

6HUSHQWLQH�6RLOV

6HUSHQWLQH��8OWUDPDILF��JHRORJ\�SURGXFHV�VRLOV�WKDW�DUH�XQLTXH�LQ�PDQ\�RI�WKHLU�SK\VLFDO
DQG�FKHPLFDO�SURSHUWLHV���7KHVH�VRLOV�KDYH�KLJK�FRQFHQWUDWLRQV�RI�PLQHUDO�HOHPHQWV�
SDUWLFXODUO\�QLFNHO��FKURPLXP��LURQ��PDJQHVLXP��DQG�FREDOW���7KH�PLQHUDO�LPEDODQFH�DQG
WR[LFLW\�RI�WKHVH�VRLOV�FRQWULEXWH�WR�WKH�XQXVXDO�IORUD�RI�WKH�DUHD�DQG�KLJK�QXPEHUV�RI
LQGLYLGXDO�VSHFLHV���:HW�VHUSHQWLQH�VRLOV�VXSSRUW�GLYHUVH�ZHWODQG�FRPPXQLWLHV��WKH�PRVW
VSHFWDFXODU�RI�ZKLFK�LV�WKH�'DUOLQJWRQLD�IHQ���7KHVH�ZHWODQG�FRPPXQLWLHV�DUH
SDUWLFXODUO\�VHQVLWLYH�WR�FKDQJHV�LQ�K\GURORJLF�UHJLPHV���,URQLFDOO\��WKH�IHDWXUH�WKDW
PDNHV�WKH�UHJLRQ�VXFK�D�ERWDQLFDO�WUHDVXUH��KLJKO\�PLQHUDOL]HG�VRLOV��DOVR�FUHDWHV�D
PDMRU�FRQVHUYDWLRQ�FRQIOLFW�±�PLQLQJ���)LJXUH����LOOXVWUDWHV�WKH�H[WHQW�RI�VHUSHQWLQH�VRLOV
LQ�WKH�.ODPDWK�DQG�8SSHU�6DFUDPHQWR�EDVLQV���7KLV�GDWD�OD\HU�ZDV�FUHDWHG�IURP�WKH
15&6�67$76*2�VRLO�VXUYH\�PDSV���'LJLWDO�VWDWH�VRLO�VXUYH\��6685*2��PDSV�GR�QRW
H[LVW�IRU�WKH�HQWLUH�UHJLRQ�DW�WKLV�WLPH���7DEOH���VXPPDUL]HV�WKH�SHUFHQWDJH�RI�VHUSHQWLQH
VRLOV�LQ�WKH�.ODPDWK�DQG�6DFUDPHQWR�EDVLQV���6HUSHQWLQH�VRLOV�PDNH�XS�DSSUR[LPDWHO\
����RI�VRLOV�LQ�WKH�EDVLQV�

7DEOH����3HUFHQWDJH�RI�6HUSHQWLQH�6RLOV
6HUSHQWLQH�6RLOV ��RI�%DVLQV

!�������� ���
��������� ��
��������� ��
��������� ��
���������� ��

/DQG��DQG�:DWHU�8VH���/DQG�&RYHU

2ZQHUVKLS

7KH�RZQHUVKLS�LQ�WKH�/RZHU�0LGGOH�.ODPDWK�DQG�8SSHU�6DFUDPHQWR�EDVLQV�LV�PRUH
SXEOLF�WKDQ�SULYDWH������DQG�����UHVSHFWLYHO\���3XEOLF�ODQGV�DUH�FRQFHQWUDWHG�LQ�WKH
ORZHU�UHDFKHV�RI�WKH�.ODPDWK�PDLQVWHP��LQ�WKH�6FRWW�DQG�6KDVWD�EDVLQV��DQG�LQ�WKH
QRUWKZHVWHUQ�6DFUDPHQWR��)LJXUH�������7KH�,&5%�RZQHUVKLS��������GDWD�VHW�GRHV�QRW
GLVWLQJXLVK�EHWZHHQ�ODQG�XVHV���H�J��LQGXVWULDO�IRUHVW�YV��QRQ�LQGXVWULDO�IRUHVW��
'LVWLQJXLVKLQJ�EHWZHHQ�ODQG�XVH�DV�ZHOO�DV�RZQHUVKLS�ZRXOG�EH�YHU\�XVHIXO�IRU
SULRULWL]LQJ�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�HIIRUWV�LQ�WKH�VXEUHJLRQ���7DEOH���VXPPDUL]HV
WKH�SHUFHQWDJH�RI�SULYDWH�ODQGV�LQ�WKH�EDVLQV�

7DEOH����3HUFHQWDJH�3ULYDWHO\�2ZQHG�/DQG
3ULYDWH�/DQG ��RI�%DVLQV
�������� ���
��������� ��
��������� ���
��������� ���
���������� ���
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3URWHFWHG�$UHDV

:LOGHUQHVV�DUHDV�DQG�RWKHU�SURWHFWHG�DUHDV�DUH�LOOXVWUDWHG�LQ�)LJXUH������7KHUH�DUH
��������KHFWDUHV����������DFUHV��RI�VWULFWO\�SURWHFWHG��*$3���VWDWXV��ODQG�LQ�WKH
VXEUHJLRQ��DSSUR[LPDWHO\�����RI�WKH�WRWDO�DUHD�LQ�WKH�EDVLQV���7KHVH�DUHDV�DUH
FRQFHQWUDWHG�LQ�WKH�7ULQLW\�DQG�6DOPRQ�EDVLQV�LQ�WKH�6LVNL\RX�:LOGHUQHVV��0DUEOH
0RXQWDLQ�:LOGHUQHVV��7ULQLW\�$OSV�:LOGHUQHVV��DQG�<ROOR�%ROO\�0LGGOH�(HO�:LOGHUQHVV
DUHDV���$QRWKHU��������KHFWDUHV����������DFUHV��DUH�PRGHUDWHO\�SURWHFWHG��*$3��
VWDWXV���DGGLQJ�DQRWKHU����RI�WKH�DUHD�WR�WKH�DUHD�SURWHFWHG��WRWDOLQJ�����RI�WKH
VXEUHJLRQ�KDYLQJ�VWULFW�RU�PRGHUDWH�SURWHFWHG�VWDWXV���7DEOH���VXPPDUL]HV�WKH
SHUFHQWDJH�RI�VWULFWO\�SURWHFWHG�ODQGV�LQ�WKH�EDVLQV�

7DEOH����3HUFHQWDJH�RI�6WULFWO\�3URWHFWHG�$UHD
6WULFWO\�3URWHFWHG��*$3��� ��RI�%DVLQV

�������� ���
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��������� ��
���������� ��

5RDGOHVV�$UHDV

7ZR�URDGOHVV�DUHDV�FRYHUDJHV�DUH�LQFOXGHG�LQ�WKLV�DVVHVVPHQW���7KH�)RUHVW�6HUYLFH
�)6��LQYHQWRULHG�URDGOHVV�DUHDV�FRYHUDJH�ZDV�GHYHORSHG�EDVHG�RQ�FRPSOHWHG�IRUHVW
SODQV���7KHUH�DUH���������KHFWDUHV����������DFUHV��RI�LQYHQWRULHG�URDGOHVV�DUHDV�LQ�WKH
VXEUHJLRQ��DSSUR[LPDWHO\�����RI�WKH�WRWDO�DUHD�LQ�WKH�EDVLQV���7KH�)6�LQYHQWRULHG
URDGOHVV�DUHDV�VKRZ�D�KLJK�GHJUHH�RI�FRLQFLGHQFH�ZLWK�DUHDV�GHVLJQDWHG�DV�ODWH�VHUDO
UHVHUYHV��/65V����/65V�DUH�DUHDV�GHVLJQDWHG�WR�VHUYH�DV�KDELWDW�IRU�ODWH�VHUDO�DQG�ROG�
JURZWK�VSHFLHV���7KH�&%,�URDGOHVV�DUHDV�FRYHUDJH�LQFOXGHV�WKH�)6�LQYHQWRULHG�URDGOHVV
DUHDV�DORQJ�ZLWK�QRQ�LQYHQWRULHG�)6�URDGOHVV�DUHDV�DQG�%XUHDX�RI�/DQG�0DQDJHPHQW
DUHDV���7KLV�DQDO\VLV�H[SDQGV�WKH�DUHD�RI�URDGOHVV�DUHDV�WR���������KHFWDUHV
�����������DFUHV���DSSUR[LPDWHO\�������RI�WKH�WRWDO�DUHD�LQ�WKH�EDVLQV���7KHVH�DUHDV�DUH
FRQFHQWUDWHG�LQ�WKH�6DOPRQ�DQG�7ULQLW\�VXEEDVLQV��)LJXUH�������7DEOH����VXPPDUL]HV
WKH�SHUFHQWDJH�RI�URDGOHVV�DUHDV�LQ�WKH�EDVLQV���7KHVH�HVWLPDWHV�GR�QRW�LQFOXGH�WKH
SURWHFWHG�URDGOHVV�DUHDV�LQ�GHVLJQDWHG�:LOGHUQHVV�DUHDV��&RPELQHG�ZLWK�*$3���	��
SURWHFWHG�DUHDV��URDGOHVV�DQG�SURWHFWHG�DUHDV�FRYHU�����RI�WKH�VXEUHJLRQ�

7DEOH�����3HUFHQWDJH�RI�,QYHQWRULHG�DQG�7RWDO�5RDGOHVV�$UHDV
)6�,QYHQWRULHG
5RDGOHVV�$UHDV

��RI�%DVLQV
&%,�5RDGOHVV

$UHDV
��RI�%DVLQV

�������� ��� �������� ���
��������� �� ��������� ���
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���������� �� ���������� ���

/DQGVDW������(70��LPDJHU\

$�UHFHQWO\�FRPSOHWHG�DQDO\VLV�RI�/DQGVDW������(70��LPDJHU\��SURYLGHV�D�PRUH�UHFHQW
ORRN�DW�WKH�IRUHVW�FRYHU�LQ�WKH�VXEUHJLRQ���7KLV�GDWD�OD\HU�ZDV�QRW�FDWHJRUL]HG�LQ�WKH
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VDPH�ZD\�DV�WKH�066�����������IRUHVW�FKDQJH�DQDO\VLV�DQG�LV�SUHVHQWHG�KHUH�PHUHO\
DV�DQ�DGGLWLRQDO�GDWD�OD\HU��UDWKHU�WKDQ�DV�DQ�H[WHQVLRQ�RI�WKH�IRUHVW�FKDQJH�DQDO\VLV�
&DWHJRUL]DWLRQ�RI�WKHVH�GDWD�WR�PDWFK�WKH�066�IRUHVW�FKDQJH�GDWD�ZRXOG�H[WHQG�WKH
WLPHVWHS�RI�WKH�IRUHVW�GLVWXUEDQFH�GDWD�VHW���)LJXUH����LOOXVWUDWHV�WKH�/DQGVDW�LPDJHU\
DQG�WKH�SHUFHQW�RI�ROG�DQG�PDWXUH�FRQLIHU�IRUHVW�LQ�WKH�VXEUHJLRQ����������KHFWDUHV
�����������DFUHV��ZHUH�FDWHJRUL]HG�DV�ROG�FRQLIHU�IRUHVW�DQG���������KHFWDUHV
�����������DFUHV��ZHUH�FDWHJRUL]HG�DV�PDWXUH�FRQLIHU�IRUHVW�������RI�WKH�VXEUHJLRQ�LV
FDWHJRUL]HG�DV�ROG�RU�PDWXUH�FRQLIHU�IRUHVW����2Q�WKH�IOLS�VLGH��WKHUH�DUH��������
KHFWDUHV����������DFUHV��RI�\RXQJ�FRQLIHU�IRUHVW�DQG��������KHFWDUHV����������DFUHV�
RI�\RXQJ�UHJHQHUDWLQJ�IRUHVW�LQ�WKH�VXEUHJLRQ��������RI�WKH�VXEUHJLRQ���PXFK�RI�WKLV�LV
FRQFHQWUDWHG�DORQJ�WKH�PDLQVWHP�RI�WKH�.ODPDWK��GRZQVWUHDP�RI�WKH�FRQIOXHQFH�ZLWK
WKH�7ULQLW\�ULYHU���$�OLWWOH�OHVV�WKDQ�KDOI�RI�WKH�WKHVH�KHFWDUHV�RI�\RXQJ�FRQLIHU�DQG
UHJHQHUDWLQJ�IRUHVW�DUH�LQ�WKH����P�VWUHDP�EXIIHUV����������KHFWDUHV����������DFUHV�
��������7DEOH����VXPPDUL]HV�WKH�SHUFHQWDJH�RI�\RXQJ�	�UHJHQHUDWLQJ�DQG�ROG�	�PDWXUH
IRUHVW�FRYHU�LQ�WKH�ZDWHUVKHGV�

7DEOH�����/DQGVDW������(70��,PDJHU\�±�6HUDO�6WDJHV�&DWHJRULHV
/DQGVDW������<RXQJ

&RQLIHU�	
5HJHQHUDWLQJ�)RUHVW

��RI�%DVLQV /DQGVDW������2OG�	
0DWXUH�&RQLIHU ��RI�%DVLQV

�������� ��� �������� ��
��������� ��� ��������� ��
��������� �� ��������� ���
��������� � ��������� ���
���������� � ���������� ���
���P�%XIIHU

/DQGVDW������<RXQJ
&RQLIHU�	

5HJHQHUDWLQJ�)RUHVW

��RI�%DVLQV
���P�%XIIHU

/DQGVDW������2OG�	
0DWXUH�&RQLIHU

��RI�%DVLQV

�������� ��� �������� ��
��������� ��� ��������� ��
��������� �� ��������� ���
��������� � ��������� ���
���������� � ���������� ���

:DWHU�5LJKWV

.ODPDWK�5LYHU�ZDWHU�ULJKWV�LVVXHV�DUH�RIWHQ�KLJKOLJKWHG�LQ�WKH�PHGLD���:DWHU�ULJKWV�GDWD
ZHUH�QRW�LQFRUSRUDWHG�LQWR�WKLV�DQDO\VLV��EXW�ZRXOG�EH�DQ�LPSHUDWLYH�SDUW�RI�DQ\
FRPSOHWH�DQDO\VLV�RI�DTXDWLF�KDELWDW�LQWHJULW\�IRU�SULRULWL]DWLRQ�RI�FRQVHUYDWLRQ�DQG
UHVWRUDWLRQ�SURJUDPV��SDUWLFXODUO\�LQ�EDVLQV�ZLWK�VLJQLILFDQW�LUULJDWLRQ�SUHVVXUHV���7KH
&DOLIRUQLD�'LYLVLRQ�RI�:DWHU�5LJKWV�GHFOLQHG�WR�PDNH�WKH�ZDWHU�ULJKWV�*,6�GDWDEDVH�
LQFOXGLQJ�LQIRUPDWLRQ�DERXW�SRLQWV�RI�GLYHUVLRQ�DQG�SODFH�RI�XVH��DYDLODEOH�DW�WKLV�WLPH
GXH�WR�QDWLRQDO�VHFXULW\�LVVXHV�

:LOG�DQG�6FHQLF�5LYHUV

6HFWLRQV�RI�ERWK�WKH�PDLQVWHP�.ODPDWK�DQG�7ULQLW\�ULYHUV�ZHUH�GHVLJQDWHG�:LOG�DQG
6FHQLF�ULYHUV�LQ�-DQXDU\�RI�������)LJXUH�������7KHUH�DUH�WKUHH�GHVLJQDWLRQ�W\SHV�LQ�WKH
:LOG�DQG�6FHQLF�ULYHU�SURJUDP��:LOG�ULYHU�UHDFKHV�DUH�XQGHYHORSHG��ZLWK�ULYHU�DFFHVV



�&RQVHUYDWLRQ�%LRORJ\�,QVWLWXWH�±�������� ��

YLD�WUDLO�RQO\���6FHQLF�ULYHU�UHDFKHV�DUH�XQGHYHORSHG��EXW�KDYH�VRPH�ULYHU�DFFHVV�YLD
URDG���6RPH�GHYHORSPHQW�LV�DOORZHG�DORQJ�UHFUHDWLRQDO�ULYHU�UHDFKHV�
7KH�PDLQVWHP�RI�WKH�.ODPDWK�ULYHU�LV�GHVLJQDWHG�IURP�WKH�PRXWK�RI�WKH�ULYHU�WR������
PHWHUV��������IHHW��EHORZ�,URQ�*DWH�'DP���7KH�GHVLJQDWLRQ�H[WHQGV�DORQJ�WKH�6DOPRQ
5LYHU�IURP�LWV�FRQIOXHQFH�ZLWK�WKH�.ODPDWK�WR�WKH�FRQIOXHQFH�RI�WKH�QRUWK�DQG�VRXWK
IRUNV�RI�WKH�6DOPRQ�5LYHU��XS�WKH�1RUWK�)RUN�RI�WKH�6DOPRQ�5LYHU�WR�WKH�VRXWKHUQ
ERXQGDU\�RI�WKH�0DUEOH�0RXQWDLQ�:LOGHUQHVV�$UHD��DQG�XS�WKH�VRXWK�IRUN�RI�WKH�6DOPRQ
5LYHU�WR�WKH�&HFLOYLOOH�%ULGJH���7KH�GHVLJQDWLRQ�DOVR�H[WHQGV�XS�WKH�6FRWW�5LYHU�IURP�LWV
FRQIOXHQFH�ZLWK�WKH�.ODPDWK�WR�LWV�FRQIOXHQFH�ZLWK�6FKDFNOHIRUG�&UHHN�DQG�LQFOXGHV�DOO
RI�:RROH\�&UHHN���7KLV�GHVLJQDWLRQ�DGGHG����NP�����PLOHV��RI�ZLOG�ULYHU�����NP����
PLOHV��RI�VFHQLF�ULYHU��DQG�����NP������PLOHV��RI�UHFUHDWLRQ�ULYHU�GHVLJQDWLRQV�WR�WKH
:LOG�DQG�6FHQLF�ULYHUV�V\VWHP�

7KH�PDLQVWHP�RI�WKH�7ULQLW\�ULYHU�LV�GHVLJQDWHG�IURP�WKH�FRQIOXHQFH�ZLWK�WKH�.ODPDWK
5LYHU�WR����PHWHUV������\DUGV��EHORZ�/HZLVWRQ�'DP���7KH�GHVLJQDWLRQ�H[WHQGV�XS�WKH
1RUWK�)RUN�WR�WKH�VRXWKHUQ�ERXQGDU\�RI�WKH�6DOPRQ�7ULQLW\�3ULPLWLYH�$UHD��XS�WKH�6RXWK
)RUN�WR�WKH�&DOLIRUQLD�6WDWH�+LJKZD\����EULGJH�FURVVLQJ��DQG�LQFOXGHV�WKH�1HZ�5LYHU
IURP�WKH�7ULQLW\�5LYHU�FRQIOXHQFH�WR�WKH�6DOPRQ�7ULQLW\�3ULPLWLYH�$UHD���7KLV�GHVLJQDWLRQ
DGGHG����NP�����PLOHV��RI�ZLOG�ULYHU�����NP�����PLOHV��RI�VFHQLF�ULYHU��DQG�����NP�����
PLOHV��RI�UHFUHDWLRQ�ULYHU�GHVLJQDWLRQV�WR�WKH�:LOG�DQG�6FHQLF�ULYHUV�V\VWHP�

5HVWRUDWLRQ�3URMHFWV

,Q�SODQQLQJ�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�SURMHFWV��LW�LV�KHOSIXO�WR�NQRZ�ZKHUH�DQG�ZKDW
KDV�EHHQ�GRQH�LQ�WKH�SDVW���7KUHH�GDWDEDVHV�RI�UHVWRUDWLRQ�SURMHFWV��WRWDOLQJ����
SURMHFWV�DUH�LQFOXGHG�LQ�)LJXUH�����7KHVH�SURMHFWV�ZHUH�FRPSOHWHG�LQ�WKH�PLG�����V�E\
WKH�&$�)LVK�DQG�*DPH�'HSDUWPHQW��86�)LVK�DQG�:LOGOLIH��%XUHDX�RI�/DQG�0DQDJHPHQW
DQG�WKH�)RUHVW�6HUYLFH���7KLV�LQIRUPDWLRQ�LV�E\�QR�PHDQV�FRPSOHWH��DQG�LGHDOO\�D
GDWDEDVH�WKDW�LQFOXGHV�DOO�SURMHFWV�FRPSOHWHG�LQ�WKH�ODVW�FRXSOH�RI�GHFDGHV�ZRXOG�EH
DYDLODEOH�IRU�DQ�DQDO\VLV�RI�UHVWRUDWLRQ�SURMHFW�SULRULWL]DWLRQ���5HVWRUDWLRQ�SURMHFWV�DUH
RIWHQ�XQGHUWDNHQ�ZLWKRXW�DQ�H[DPLQDWLRQ�RI�WKH�GHJUHH�RI�VXFFHVV�RI�SULRU�SURMHFWV�
'HYHORSLQJ�VXEEDVLQ�GDWDEDVHV�RI�SDVW�DQG�DFWLYH�UHVWRUDWLRQ�SURMHFWV�VKRXOG�EH�D
SULRULW\�LQ�WKH�DQDO\VLV�RI�KXPDQ�LPSDFWV�RQ�DTXDWLF�HFRV\VWHPV�DQG�EDVLQZLGH�DTXDWLF
FRQQHFWLYLW\�

(FRV\VWHP�'LVWXUEDQFH�5HJLPHV

:LOGILUH

$�VXPPDU\�RI�ZLOGILUH�DFWLYLW\�GHYHORSHG�E\�WKH�86)6�3DFLILF�6RXWKZHVW�5HVHDUFK
6WDWLRQ�SURYLGHV�DQQXDO�ZLOGILUH�SHULPHWHU�GDWD���������������'XULQJ�WKLV�WLPH�VRPH
DUHDV�KDYH�EXUQHG�PXOWLSOH�WLPHV��DQG�LQ�WKLV�DQDO\VLV�PXOWLSOH�EXUQV�DUH�VXPPDUL]HG
DV�D�WRWDO�QXPEHU�RI�KHFWDUHV�EXUQHG�LQ�HDFK�ZDWHUVKHG��WKXV�LI�WKH�SHUFHQW�RI
ZDWHUVKHG�EXUQHG�EHWZHHQ�����������LV�JUHDWHU�WKDQ�������WKHUH�DUH�DUHDV�LQ�WKDW
ZDWHUVKHG�WKDW�KDYH�EXUQHG�PRUH�WKDQ�RQFH�EHWZHHQ�������������7KHUH�DUH
FRQFHQWUDWHG�DUHDV�RI�IUHTXHQW�H[WHQVLYH�ZLOGILUH�DFWLYLW\�LQ�WKH�6LVNL\RX�:LOGHUQHVV��WKH



�&RQVHUYDWLRQ�%LRORJ\�,QVWLWXWH�±�������� ��

7ULQLW\�$OSV�:LOGHUQHVV�DQG�EHWZHHQ�WKH�7ULQLW\�$OSV�:LOGHUQHVV�DQG�WKH�0DUEOH
0RXQWDLQV�:LOGHUQHVV��DQG�LQ�WKH�&RWWRQZRRG�&UHHN�DUHD�RI�WKH�6DFUDPHQWR�EDVLQ
�)LJXUH�������$�WRWDO�RI���������KHFWDUHV������������DFUHV��EXUQHG�LQ�WKH�VXEUHJLRQ
EHWZHHQ������������������RI�WKH�DUHD����7DEOH����VXPPDUL]HV�WKH�SHUFHQWDJH�RI
ZLOGILUH�EHWZHHQ�����������LQ�WKH�ZDWHUVKHGV

7DEOH�����:LOGILUH����������
)LUHV���������� ��RI�%DVLQV

�������� ���
��������� ���
��������� ��
���������� ��

������������� ��

6XPPDU\�RI�$GGLWLRQDO�'DWD�1HHGV
7KLV�OLVW�RI�DGGLWLRQDO�GDWD�VHWV��SURYLGHV�D�VWDUWLQJ�SRLQW�IRU�FRQWLQXHG�DTXDWLF�DQDO\VLV
LQ�WKH�.ODPDWK�6LVNL\RX�HFRUHJLRQ���6RPH�RI�WKHVH�GDWD�OD\HUV�DUH�DYDLODEOH�IRU�VPDOO
DUHDV�ZLWKLQ�WKH�/RZHU�0LGGOH�.ODPDWK�EDVLQ�DQG�RU�WKH�8SSHU�6DFUDPHQWR�EDVLQ�
LQFOXGLQJ�WKH�.5,6�GDWDEDVHV��&DOLIRUQLD�)LVK�DQG�*DPH�GDWDEDVH��RU�QDWLRQDO�IRUHVW
GDWDEDVHV���+RZHYHU��QRQH�RI�WKHVH�GDWD�VHWV�DUH�FXUUHQWO\�DYDLODEOH�IRU�WKH�HQWLUH�VWXG\
DUHD�

$TXDWLF�)HDWXUHV�+DELWDW�
s� /LQHDU�)LVK�0DSV
s� +DWFKHU\�5HOHDVHV
s� $TXDWLF�,QYHUWHEUDWHV
s� 6WUHDP�6XUYH\�'DWD��&KDQQHO�&RPSOH[LW\��/DUJH�:RRG\�'HEULV�
s� *URXQGZDWHU�&RQQHFWLYLW\

/DQG�8VH�
s� 2ZQHUVKLS�&DWHJRULHV��,QGXVWULDO�1RQ�,QGXVWULDO�)RUHVW��,UULJDWHG�$JULFXOWXUDO�/DQGV�

:DWHU�8VH�
s� )LVK�%DUULHUV
s� ,UULJDWLRQ�:DWHU�'LYHUVLRQ�6WUXFWXUHV��'LWFKHV��$TXHGXFWV��&DQDOV�
s� :DWHU�5LJKWV��3RLQW�2I�'LYHUVLRQ��3ODFH�2I�8VH�

:DWHU�4XDOLW\�
s� 3HVWLFLGH�+HUELFLGH�,QVHFWLFLGH�8VH
s� /DQGVOLGH�+D]DUG
s� 3HUPLWWHG�3ROOXWLRQ�'LVFKDUJHV��([FHVV�3ROOXWLRQ�'LVFKDUJHV
s� 6WUHDP�7HPSHUDWXUH
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)LJXUH�����(OHYDWLRQ�	�6ORSH��86*6����PHWHU�'LJLWDO�(OHYDWLRQ�0RGHO�

�

�

�

�

�

�

6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

<UHND

(XUHND

5HGGLQJ

5HG�%OXII

:HDYHUYLOOH

&UHVFHQW�&LW\�

�

�

�

�

�

6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

<UHND

(XUHND

5HGGLQJ

5HG�%OXII

:HDYHUYLOOH

&UHVFHQW�&LW\
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+056+676'

%105'48#6+10

99(
5

/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV

6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

(OHYDWLRQ 6ORSH

�������
���������
����������
�����������

�����������
�����������
�����������
�����������
�����������

(OHYDWLRQ��PHWHUV� 3HUFHQW�6ORSH

�������
�������
��������
���������
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)LJXUH������6HUSHQWLQH�6RLOV��15&6�67$76*2�'DWD�
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�

6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

<UHND

(XUHND

5HGGLQJ

5HG�%OXII

:HDYHUYLOOH

&UHVFHQW�&LW\�
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6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

<UHND

(XUHND

5HGGLQJ

5HG�%OXII

:HDYHUYLOOH

&UHVFHQW�&LW\

$+1.1);
+056+676'

%105'48#6+10

99(
5

/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV

6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

6HUSHQWLQH�6RLOV 3HUFHQW�6HUSHQWLQH�6RLOV
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���������
���������
���������
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6HUSHQWLQH�6RLOV
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/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV
6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

/DQG�2ZQHUVKLS 3HUFHQW�3ULYDWH�/DQG

3ULYDWH�ODQGV
)RUHVW�6HUYLFH
%/0
1DWLRQDO�3DUN�6HUYLFH
6WDWH�ODQGV
7ULEDO�ODQGV
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)LJXUH������/DQG�2ZQHUVKLS



)LJXUH������3URWHFWHG�$UHDV
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6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

<UHND

(XUHND

5HGGLQJ

5HG�%OXII

:HDYHUYLOOH

&UHVFHQW�&LW\�
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6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

<UHND
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5HGGLQJ

5HG�%OXII

:HDYHUYLOOH

&UHVFHQW�&LW\
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/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV

6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

3URWHFWHG�$UHDV���*$3�&DWHJRULHV 3HUFHQW�*$3���$UHD

*$3�����6WULFWO\�3URWHFWHG
*$3�����0RGHUDWHO\�3URWHFWHG
*$3�����0LQLPDOO\�3URWHFWHG
*$3�����1R�3URWHFWLRQ

��������
���������
���������
���������
����������:LOG�	�6FHQLF�5LYHUV

�
�&
RQVHUYDWLRQ�%
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)LJXUH������5RDGOHVV�$UHDV
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6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

<UHND

(XUHND

5HGGLQJ

5HG�%OXII

:HDYHUYLOOH

&UHVFHQW�&LW\�
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6DFUDPHQWR

5LYHU

.ODPDWK

5LYHU

2UHJRQ
&DOLIRUQLD

<UHND

(XUHND

5HGGLQJ

5HG�%OXII

:HDYHUYLOOH

&UHVFHQW�&LW\
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/RZHU�0LGGOH�.ODPDWK�5LYHU�DQG�8SSHU�6DFUDPHQWR�5LYHU
$TXDWLF�,QWHJULW\�$VVHVVPHQW

0DMRU�6WUHDPV

.ODPDWK�5LYHU�3ODQQLQJ�:DWHUVKHGV

6DFUDPHQWR�5LYHU�3ODQQLQJ�:DWHUVKHGV

1

� �� �� �� �� �� .LORPHWHUV

� �� �� �� �� �� 0LOHV

5RDGOHVV�$UHDV 3HUFHQW�&%,�5RDGOHVV�$UHDV

3URWHFWHG�$UHDV���*$3���	��

$GGLWLRQDO�&%,�5RDGOHVV�$UHDV

)RUHVW�6HUYLFH�,QYHQWRULHG�5RDGOHVV�$UHDV
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���������
���������
���������
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,QWHJUDWLRQ�RI�5RJXH��.ODPDWK��	�6DFUDPHQWR�'DWD��3UHOLPLQDU\
.ODPDWK�6LVNL\RX�(FRUHJLRQ�$TXDWLF�+DELWDW�,QWHJULW\�$VVHVVPHQW

7KLV�VHFWLRQ�SUHVHQWV�WKH�UHVXOWV�RI�LQWHJUDWLQJ�WKH�GDWD�IURP�WKH�5RJXH�EDVLQ�DQDO\VLV
DQG�WKH�.ODPDWK�6DFUDPHQWR�DQDO\VLV���7KH�GDWD�ZHUH�VFRUHG�DIWHU�WKH�GDWD�VHWV�ZHUH
LQWHJUDWHG�WR�SURYLGH�UHODWLYH�VFRUHV�IRU�WKH��WK�ILHOG�ZDWHUVKHGV�DQG�WKH�JHQHUDOO\
VPDOOHU�&$/:$7(5�SODQQLQJ�ZDWHUVKHGV���$OO�GDWD�VHWV�WKDW�DUH�DUHD�GHSHQGHQW�KDYH
EHHQ�QRUPDOL]HG�WR�DFFRXQW�IRU�WKH�GLIIHUHQFHV�LQ�VL]H�EHWZHHQ�WKH��WK�ILHOG�ZDWHUVKHG
DQG�WKH�&$/:$7(5�SODQQLQJ�ZDWHUVKHGV���$OO�VFRUHV�ZHUH�GHWHUPLQHG�XVLQJ�QDWXUDO
EUHDNV��DQG�VFRUHV�ZHUH�DVVLJQHG�RUGLQDO�UDQNV������YHU\�SRRU�±�YHU\�JRRG����)LJXUHV
������������DQG����LOOXVWUDWH�VFRUHV�IRU�URDG�GHQVLW\��URDG�VWUHDP�LQWHUVHFWLRQV��IRUHVW
FKDQJH��DQG�PLQHUDO�ORFDWLRQV���7DEOH����VXPPDULHV�WKH�VFRUHV�E\�ZDWHUVKHGV�
1RWH���7KLV�FRPSDULVRQ�LV�EDVHG�RQ�URDGV�DQG�VWUHDPV�GDWD�WKDW�DUH�FRPSDUDEOH��EXW�QRW�IURP
LGHQWLFDO�VRXUFHV���7KH�VWUHDPV�GDWD�LQ�WKH�5RJXH�5LYHU�%DVLQ�ZHUH�QRW�FUHDWHG�IURP�WKH�GLJLWDO
HOHYDWLRQ�PRGHO�LQ�WKH�VDPH�PDQQHU�DV�WKH�.ODPDWK�DQG�6DFUDPHQWR��DQG�WKH�GDWD�OD\HU�VKRZV
YDULDELOLW\�LQ�VWUHDP�GHQVLW\�WKURXJKRXW�WKH�EDVLQ���,Q�DGGLWLRQ��FDXWLRQ�VKRXOG�EH�XVHG�ZKHQ
LQWHUSUHWLQJ�WKH�PDSV�GXH�WR�WKH�GLVSDULW\�LQ�ZDWHUVKHG�JUDLQ��ODUJHU�ZDWHUVKHG�DUHDV�LQ�WKH�5RJXH
%DVLQ��VPDOOHU�ZDWHUVKHG�DUHDV�LQ�WKH�.ODPDWK�DQG�6DFUDPHQWR����)RU�H[DPSOH��ZDWHUVKHGV�ZLWK
KLJK�URDG�GHQVLW\�GXH�WR�XUEDQ�DUHDV�FRYHU�PRUH�DUHD�LQ�WKH�5RJXH�WKDQ�VLPLODU�DUHDV�LQ�WKH
.ODPDWK�

7DEOH�����.ODPDWK�6LVNL\RX�$TXDWLF�,QWHJULW\�6FRUHV

5RDG�'HQVLW\ ��RI�%DVLQV
2UGLQDO
6FRUH

'HVFULSWLRQ

����������� ��� � 9HU\�*RRG
����������� ��� � *RRG
����������� ��� � 0RGHUDWH
����������� ��� � 3RRU
����������� �� � 9HU\�3RRU
1RUPDOL]HG
,QWHUVHFWLRQV

��RI�%DVLQV
2UGLQDO
6FRUH

'HVFULSWLRQ ,QWHUVHFWLRQV ��RI�%DVLQV

��������±�������� ��� � 9HU\�*RRG ���� ���
��������±�������� ��� � *RRG ����� ���
��������±�������� ��� � 0RGHUDWH ������ ���
��������±�������� ��� � 3RRU ������� ��
��������±�������� �� � 9HU\�3RRU ������� �

)RUHVW�&XW ��RI�%DVLQV
2UGLQDO
6FRUH

'HVFULSWLRQ

������������ ��� � 9HU\�*RRG
�������������� ��� � *RRG
��������������� ��� � 0RGHUDWH
��������������� �� � 3RRU
���������������� �� � 9HU\�3RRU

1RUPDOL]HG�0LQHUDO
/RFDWLRQV ��RI�%DVLQV

2UGLQDO
6FRUH 'HVFULSWLRQ

0LQHUDO
/RFDWLRQV ��RI�%DVLQV

��������±�������� ��� � 9HU\�*RRG ��� ���
��������±�������� ��� � *RRG ���� ���
��������±�������� ��� � 0RGHUDWH ����� ��
��������±�������� �� � 3RRU ����� ��
��������±�������� �� � 9HU\�3RRU ����� �
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7ZR�SUHOLPLQDU\�PRGHOV�RI�UHODWLYH�DTXDWLF�KDELWDW�FRQGLWLRQ�DUH�DOVR�SUHVHQWHG��)LJXUHV
���	�������7KH�ILUVW�PRGHO�LQWHJUDWHV�WKH�WKUHH�FRPSRQHQWV�WKDW�ZHUH�XVHG�DV
VXUURJDWHV�IRU�DTXDWLF�KDELWDW�TXDOLW\��URDG�GHQVLW\��QRUPDOL]HG�URDG�VWUHDP
LQWHUVHFWLRQV��DQG�SHUFHQWDJH�RI��IRUHVW�KDUYHVWHG��LQ�WKH�LQLWLDO�5RJXH�5LYHU�DQDO\VLV�
2UGLQDO�VFRUHV�������IRU�HDFK�FRPSRQHQW�ZHUH�VXPPHG�WR�FDOFXODWH�D�FRPSRVLWH�VFRUH
�������DQG�DOO�WKUHH�FRPSRQHQWV�VKDUH�HTXDO�LPSRUWDQFH�LQ�WKH�FDOFXODWLRQ���7KH�VHFRQG
PRGHO�LQFOXGHV�WKH�PLQHUDO�ORFDWLRQV�RUGLQDO�VFRUH��������UHVXOWLQJ�LQ�D�YDOXH�UDQJH�IURP
�����ZLWK�HDFK�FRPSRQHQW�VKDULQJ�HTXDO�LPSRUWDQFH�LQ�WKH�FDOFXODWLRQ���(DFK�RI�WKH
FRPSRVLWH�VFRUHV�ZHUH�UDQNHG�XVLQJ�QDWXUDO�EUHDNV�WR�GHOLYHU�D�VFRUH�RI�UHODWLYH�DTXDWLF
KDELWDW�LQWHJULW\�IURP����YHU\�JRRG��WR����YHU\�SRRU����7DEOH����OLVWV�WKH�UDQJH�RI�VFRUHV�
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���±��� ��� � 3RRU
���±��� ��� � 0RGHUDWH
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/LWHUDWXUH�&LWHG

$EHOO��5���0��7KLHPH��(��'LQHUVWHLQ��DQG�'��2OVRQ���������$�6RXUFHERRN�IRU
&RQGXFWLQJ�%LRORJLFDO�$VVHVVPHQWV�DQG�'HYHORSLQJ�%LRGLYHUVLW\�9LVLRQV�IRU
(FRUHJLRQ�&RQVHUYDWLRQ��9ROXPH�,,��)UHVKZDWHU�(FRUHJLRQV��&RQVHUYDWLRQ�6FLHQFH
3URJUDP��:RUOG�:LOGOLIH�)XQG��86�

%DUWKDORZ��-�0����������6WUHDP�WHPSHUDWXUH�LQYHVWLJDWLRQV��ILHOG�DQG�DQDO\WLFDO
PHWKRGV��,QVWUHDP�)ORZ�,QIRUPDWLRQ�3DSHU�1R������8�6��)LVK�DQG�:LOGOLIH�6HUYLFH�
%LRORJLFDO�5HSRUW�������������S�

&DVH��3���7��&ODUN��-��0D[ZHOO��DQG�7��6DOH����������6SDWLDO�DQDO\VLV�RI�WKH�FXPXODWLYH
HIIHFW�RI�ODQG�PDQDJHPHQW�DFWLYLWLHV�RQ�VWUHDP�ZDWHU�TXDOLW\�ZLWKLQ�IRUHVWHG
ZDWHUVKHGV���3URFHHGLQJV�RI�WKH�)RXUWHHQWK�$QQXDO�(65,�8VHU�&RQIHUHQFH
�����������

&ROHPDQ��5�*���DQG�$��5��.UXFNHEHUJ����������*HRORJ\�DQG�SODQW�OLIH�RI�WKH�.ODPDWK�
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