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$EVWUDFW�
�
�
� )RXU�9DOLGDWLRQ�2YHUIOLJKWV�IRU�$PD]RQ�0RVDLFV��92$0��DHULDO�YLGHR�VXUYH\V�KDYH�EHHQ�

FDUULHG�RXW�LQ�WKH�%UD]LOLDQ�$PD]RQ�WR�SURYLGH�JURXQG�YHULILFDWLRQ�IRU�PDSSLQJ�RI�ZHWODQG�FRYHU�

ZLWK�WKH�*OREDO�5DLQ�)RUHVW�0DSSLQJ��*5)0��3URMHFW�-(56���PRVDLFV�RI�WKH�$PD]RQ�EDVLQ��

6XUYH\V�LQ������DQG�������DFTXLUHG�ZLWK�KDQGKHOG�DQDORJ�FDPFRUGHUV�IURP�VPDOO�DLUFUDIW��ZHUH�

WLPHG�WR�LPDJLQJ�RI�WKH�*5)0�ORZ��DQG�KLJK�ZDWHU�PRVDLFV��DQG�OLPLWHG�WR�ZLWKLQ�����NP�RI�

0DQDXV��)RU�WKH������DQG������IOLJKWV��GLJLWDO�FDPFRUGHU�V\VWHPV�ZHUH�LQVWDOOHG�LQ�WKH�

%DQGHLUDQWH�VXUYH\�SODQH�RSHUDWHG�E\�%UD]LO¶V�1DWLRQDO�,QVWLWXWH�IRU�6SDFH�5HVHDUFK��7KH�

92$0���DQG�92$0���VXUYH\V�FLUFXPVFULEHG�WKH�%UD]LOLDQ�$PD]RQ��GRFXPHQWLQJ�JURXQG�

FRQGLWLRQV�DW�UHVROXWLRQV�RQ�WKH�RUGHU�RI���P��ZLGH�DQJOH�IRUPDW��DQG����FP��]RRP�IRUPDW��IRU�

ZHWODQGV��IRUHVWV��VDYDQQDV��DQG�KXPDQ�LPSDFWHG�DUHDV��*36�LQIRUPDWLRQ�HQFRGHG�RQ�WKH�

YLGHR�DXGLR�WUDFN�ZDV�H[WUDFWHG�E\�PRVDLFNLQJ�VRIWZDUH�WKDW�DXWRPDWLFDOO\�JHQHUDWHV�JHRFRGHG�

GLJLWDO�PRVDLFV�IURP�YLGHR�FOLSV��2Q�WKH������VXUYH\��D�ODVHU�DOWLPHWHU�UHFRUGHG�SURILOHV�RI�

WHUUDLQ�DQG�YHJHWDWLRQ�FDQRS\�KHLJKWV���$�YDOLGDWLRQ�GDWDVHW�ZDV�FRPSLOHG�IURP�WKH�YLGHRJUDSK\�

IRU�D�SRUWLRQ�RI�WKH�*5)0�PRVDLFV�H[WHQGLQJ�VL[�E\�IRXU�GHJUHHV�LQ�ORQJLWXGH�DQG�ODWLWXGH��XVLQJ�

UDQGRPO\�VHOHFWHG�SRLQWV�DORQJ�IOLJKW�OLQHV��2WKHU�DSSOLFDWLRQV�RI�WKH�92$0�YLGHRJUDSK\�LQFOXGH�

DFTXLVLWLRQ�RI�JURXQG�FRQWURO�SRLQWV�IRU�LPDJH�JHRORFDWLRQ��FUHDWLRQ�RI�D�KLJK�UHVROXWLRQ�

JHRFRGHG�PRVDLF�RI�D�IRUHVW�VWXG\�DUHD��IRUHVW�ELRPDVV�HVWLPDWLRQ��DQG�UDSLG�DVVHVVPHQW�RI�ILUH�

GDPDJH��*HRFRGHG�GLJLWDO�YLGHRJUDSK\�SURYLGHV�D�FRVW�HIIHFWLYH�PHDQV�RI�FRPSLOLQJ�KLJK�

UHVROXWLRQ�YDOLGDWLRQ�GDWDVHWV�IRU�ODQG�FRYHU�PDSSLQJ�LQ�UHPRWH��FORXG�FRYHUHG�UHJLRQV��

�
�
�
���,QWURGXFWLRQ�
�

7KH�FDSDFLW\�WR�JHQHUDWH�VDWHOOLWH�EDVHG�ODQG�FRYHU�PDSV�DW�JOREDO�RU�FRQWLQHQWDO�VFDOHV�

KDV�HYROYHG�UDSLGO\�RYHU�WKH�SDVW�WZR�GHFDGHV��LQ�UHVSRQVH�WR�DGYDQFHV�LQ�WKH�DELOLW\�WR�UHFHLYH��

SURFHVV��FDOLEUDWH��FODVVLI\��VWRUH��DQG�GLVVHPLQDWH�ODUJH�YROXPHV�RI�LPDJH�GDWD��&LKODU�������

'HIULHV�DQG�%HOZDUG��������$V�WKH�JHRJUDSKLF�H[WHQW�RI�ODQG�FRYHU�GDWDVHWV�KDV�H[SDQGHG��WKH�

WDVN�RI�DFTXLULQJ�DGHTXDWH�JURXQG�YHULILFDWLRQ�IRU�DFFXUDF\�DVVHVVPHQW�KDV�EHFRPH�

LQFUHDVLQJO\�GLIILFXOW���9DOLGDWLRQ�VWUDWHJLHV�WKDW�ZRUN�ZHOO�IRU�ORFDO�VWXGLHV��VXFK�DV�LQWHUSUHWDWLRQ�

RI�DHULDO�SKRWRJUDSKV�RU�XVH�RI�H[LVWLQJ�KLJK�UHVROXWLRQ�PDSV��EHFRPH�LPSUDFWLFDO�RU�LPSRVVLEOH�

DW�VXEFRQWLQHQWDO�RU�JOREDO�VFDOHV��,QVWHDG��D�VWDWLVWLFDOO\�YDOLG�YHULILFDWLRQ�FDQ�EH�EDVHG�RQ�KLJK�

UHVROXWLRQ�VDWHOOLWH�LPDJHU\�RI�D�VHW�RI�UDQGRPO\�VHOHFWHG�VDPSOH�SL[HOV��DV�LQ�WKH�XVH�RI�/DQGVDW�

7KHPDWLF�0DSSHU��70��DQG�6327�LPDJHU\�IRU�YDOLGDWLRQ�RI�WKH���NP�',6&RYHU�ODQG�FRYHU�
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GDWDVHW��0XFKRQH\��HW�DO��������6FHSDQ��������9DOLGDWLRQ�VHWV�FDQ�DOVR�EH�GHYHORSHG�XVLQJ�

LQWHQVLYHO\�VWXGLHG�VLWHV�UHSUHVHQWDWLYH�RI�ELRPH�W\SHV��EXLOGLQJ�OLEUDULHV�RI�PXOWL�VHQVRU��PXOWL�

VFDOH�GDWD��WKLV�LV�WKH�VWUDWHJ\�EHKLQG�WKH�GHYHORSPHQW�RI�WKH�(26�/DQG�9DOLGDWLRQ�&RUH�6LWHV�

�-XVWLFH��HW�DO���������5DWKHU�WKDQ�EHLQJ�UDQGRPO\�VHOHFWHG��VXFK�VLWHV�DUH�ORFDWHG�WR�WDNH�

DGYDQWDJH�RI�ORQJ�WHUP�JURXQG�DQG�DLUFUDIW�EDVHG�PHDVXUHPHQWV��

7KLV�SDSHU�GHVFULEHV�D�VROXWLRQ�WR�D�VXEFRQWLQHQWDO�VFDOH�YDOLGDWLRQ�SUREOHP�WKDW�FRXOG�

QRW�EH�DGGUHVVHG�XVLQJ�VDWHOOLWH�LPDJHU\�RU�LQWHQVLYH�VWXG\�VLWHV��PDSSLQJ�$PD]RQLDQ�ZHWODQGV�

DW�KLJK��DQG�ORZ�ZDWHU�VWDJHV�XVLQJ�WKH�*OREDO�5DLQ�)RUHVW�0DSSLQJ��*5)0��3URMHFW�-(56���

PRVDLFV�RI�WKH�$PD]RQ�EDVLQ��5RVHQTYLVW��HW�DO���������$HULDO�YLGHRJUDSK\�SURYLGHG�D�PHDQV�RI�

VDPSOLQJ�WKH�VWXG\�DUHD�RI�����PLOOLRQ�VTXDUH�NLORPHWHUV�DW�UHDVRQDEOH�FRVW��7KH�-(56���

$PD]RQ�0XOWL�VHDVRQ�0DSSLQJ�6WXG\��-$006��ZHWODQGV�PDSSLQJ��D�FRPSRQHQW�RI�WKH�1$6'$�

�1DWLRQDO�6SDFH�'HYHORSPHQW�$JHQF\�RI�-DSDQ��*5)0�SURMHFW�DQG�RI�1$6$¶V�/DUJH�6FDOH�

%LRVSKHUH�$WPRVSKHUH�([SHULPHQW�LQ�$PD]{QLD��/%$��SURMHFW��ZLOO�SURYLGH�WKH�ILUVW�DFFXUDWH�

HVWLPDWHV�RI�WKH�VHDVRQDO�H[WHQW�RI�LQXQGDWLRQ�DQG�ZHWODQG�YHJHWDWLRQ�LQ�WKH�$PD]RQ�EDVLQ���

6\QWKHWLF�DSHUWXUH�UDGDU��6$5��VHQVRUV�DUH�ZHOO�VXLWHG�IRU�UHPRWH�VHQVLQJ�RI�WURSLFDO�

ZHWODQGV��VLQFH�WKH\�SHQHWUDWH�FORXG�FRYHU�DQG�FDQ�GHWHFW�IORRGLQJ�EHQHDWK�YHJHWDWLRQ�

FDQRSLHV��WKH�/�EDQG�IUHTXHQF\�DQG�++��KRUL]RQWDO�VHQG��KRUL]RQWDO�UHFHLYH��SRODUL]DWLRQ�RI�WKH�

-(56���VDWHOOLWH�DUH�RSWLPDO�IRU�PDSSLQJ�RI�LQXQGDWLRQ�LQ�IORRGHG�IRUHVWV��ZKLFK�DUH�H[WHQVLYH�LQ�

WKH�$PD]RQ�EDVLQ��+HVV��HW�DO���������-(56���LPDJH�DFTXLVLWLRQV�IRU�WKH�WZR�*5)0�$PD]RQ�

PRVDLFV��&KDSPDQ��HW�DO��,Q�SUHVV��ZHUH�WLPHG�WR�FRUUHVSRQG�WR�KLJK��DQG�ORZ�ZDWHU�FRQGLWLRQV�

IRU�WKH�$PD]RQ�5LYHU��7KH�FODVVLILFDWLRQ�V\VWHP�XVHG�IRU�WKH�ZHWODQGV�PDSSLQJ��+HVV�������LV�

EDVHG�RQ�YHJHWDWLRQ�VWUXFWXUH�DQG�LQXQGDWLRQ�VWDWH��LPSRUWDQW�IXQFWLRQDO�SDUDPHWHUV�UHTXLUHG�IRU�

PRGHOLQJ�PHWKDQH�JHQHUDWLRQ�DQG�RWKHU�ELRJHRFKHPLFDO�SURFHVVHV�LQ�ZHWODQG�HFRV\VWHPV�

�6DKDJLDQ�DQG�0HODFN���������

7KH�W\SLFDO�VHDVRQDO�YDULDWLRQ�LQ�ULYHU�VWDJH�DORQJ�WKH�FHQWUDO�$PD]RQ�IORRGSODLQ�QHDU�

0DQDXV�LV�DERXW����P��ZLWK�GDLO\�FKDQJHV�LQ�WKH�UDQJH�RI����FP�GXULQJ�SHULRGV�RI�SHDN�FKDQJH�

�,ULRQ��HW�DO���������)OXFWXDWLRQV�LQ�IORRGSODLQ�ZDWHU�OHYHOV�FDQ�FDXVH�ODUJH�FKDQJHV�LQ�UDGDU�

EDFNVFDWWHULQJ�SURSHUWLHV�RI�ZRRG\�YHJHWDWLRQ��VLQFH�YDU\LQJ�DPRXQWV�RI�WUXQNV�DQG�FDQRSLHV�

DUH�VXEPHUJHG��3URSHUWLHV�RI�DTXDWLF�PDFURSK\WH�VWDQGV�DUH�DOVR�G\QDPLF��DV�IORDWLQJ�JUDVVHV�

JURZ�DQG�VHQHVFH�UDSLGO\��-XQN�DQG�3LHGDGH��������7KH�NH\�UHTXLUHPHQWV�IRU�DQ�$PD]RQ�

ZHWODQGV�YDOLGDWLRQ�GDWD�VHW�DUH�WKHUHIRUH����DELOLW\�WR�GHWHFW�ERWK�YHJHWDWLRQ�VWUXFWXUH�DQG�

LQXQGDWLRQ��HYHQ�EHQHDWK�SODQW�FDQRSLHV��DQG����VLPXOWDQHLW\�ZLWK��RU�DW�OHDVW�VHDVRQDO�SUR[LPLW\�

WR��WKH�-(56���LPDJLQJ�GDWHV��
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8VH�RI�RSWLFDO�VDWHOOLWH�LPDJHU\�ZDV�QRW�DQ�RSWLRQ�IRU�WKH�-$006�ZHWODQGV�YDOLGDWLRQ�

EHFDXVH�RQH�RI�WKH�LPSRUWDQW�FRYHU�FODVVHV��IORRGHG�FORVHG�FDQRS\�IRUHVW��FDQQRW�EH�

GLVWLQJXLVKHG�IURP�QRQ�IORRGHG�IRUHVW�ZLWK�RSWLFDO�VDWHOOLWH�VHQVRUV��0HODFN��HW�DO���������)RU�

FRYHU�W\SHV�WKDW�DUH�GHWHFWDEOH�ZLWK�RSWLFDO�GDWD��VXFK�DV�RSHQ�ZDWHU�RU�DTXDWLF�PDFURSK\WHV��

LQVXIILFLHQW�FORXG�IUHH�VFHQHV�ZHUH�DYDLODEOH�IURP�VHQVRUV�VXFK�DV�70�GXULQJ�WKH�*5)0�

$PD]RQ�PRVDLF�DFTXLVLWLRQ�SHULRGV�RI��6HSWHPEHU�1RYHPEHU������DQG��0D\�-XQH�������RU�

GXULQJ�WKRVH�PRQWKV�LQ�RWKHU�\HDUV��$OWKRXJK�PXFK�RI�WKH�$PD]RQ�EDVLQ�KDV�EHHQ�PDSSHG�DW�D�

VFDOH�RI����������RU������������WKH�WKHPDWLF�LQIRUPDWLRQ�RQ�WKHVH�PDSV�LV�QRW�DGHTXDWH�IRU�

YHULI\LQJ�FODVVLILFDWLRQV�RI�LQXQGDWHG�DUHD�DW�KLJK��DQG�ORZ�ZDWHU�VWDJHV��1RU�ZDV�LW�SRVVLEOH�WR�

H[WUDSRODWH�JURXQG�LQIRUPDWLRQ�IURP�LQWHQVLYH�VWXG\�VLWHV��VLQFH�WKH�IHZ�H[LVWLQJ�VLWHV�FRYHU�D�

YHU\�VPDOO�DUHD�DQG�UHSUHVHQW�D�QDUURZ�UDQJH�RI�ZHWODQG�W\SHV��$HULDO�SKRWRJUDSK\�ZDV�QRW�

SUDFWLFDO�EHFDXVH�RI�WKH�FRVW�RI�ILOP�SURFHVVLQJ��DQG�WKH�ODFN�RI�HIILFLHQW�PHDQV�RI�JHRFRGLQJ�

DQG�DQDO\]LQJ�SKRWRJUDSKLF�GDWD�ZLWKRXW�XVLQJ�DQ�H[SHQVLYH�SKRWRJUDPPHWULF�FDPHUD�V\VWHP���

%HJLQQLQJ�LQ�WKH�����V��DHULDO�YLGHRJUDSK\�KDV�EHHQ�LQFUHDVLQJO\�XVHG�IRU�DSSOLFDWLRQV�

ZKHUH�WKH�DGYDQWDJHV�RI�YLGHRJUDSK\�UHODWLYH�WR�SKRWRJUDSK\��VXFK�DV�ORZHU�FRVW�DQG�

LPPHGLDWH�DYDLODELOLW\�RI�GDWD��RXWZHLJK�WKH�GLVDGYDQWDJHV��VXFK�DV�SRRUHU�VSDWLDO�UHVROXWLRQ�

DQG�GLIILFXOW\�RI�DQDO\VLV��0DXVHO��HW�DO��������0HLVQHU��������.LQJ��������SURYLGHV�D�

FRPSUHKHQVLYH�UHYLHZ�RI�WKH�HYROXWLRQ�RI�YLGHR�VHQVRUV�DQG�DSSOLFDWLRQV�WKURXJK�WKH�HDUO\�

����V��0DQ\�DHULDO�YLGHRJUDSK\�DSSOLFDWLRQV�IRFXV�RQ�PHDVXUHPHQW�RI��WUDQVLHQW�SKHQRPHQD�

VXFK�DV�ZLOGOLIH�SRSXODWLRQV��6LGOH�DQG�=LHZLW]�������6WURQJ�DQG�&RZDUGLQ�������DQG�SHVW�

LQIHVWDWLRQV��(YHULWW��HW�DO���������RQ�PDSSLQJ�G\QDPLF�ODQG�IHDWXUHV�VXFK�DV�ZHWODQG�SODQW�

FRPPXQLWLHV��-HQQLQJV��HW�DO��������DQG�FRDVWDO�ODQGIRUPV��(OHYHOG��HW�DO���������RU�RQ�ODQG�

FRYHU�PDSSLQJ�LQ�UHPRWH�DUHDV�ZLWK�OLPLWHG�H[LVWLQJ�DHULDO�SKRWRJUDSK\�DQG�SRRU�LQIUDVWUXFWXUH�

�0DUVK��HW�DO���������7KH�86�1DWLRQDO�%LRORJLFDO�6HUYLFH
V�*DS�$QDO\VLV�3URJUDP��ZKLFK�

UHTXLUHG�ORZ�FRVW��KLJK�UHVROXWLRQ��UHJLRQDO�VDPSOLQJ�RI�FRPSOH[�SODQW�FRPPXQLWLHV��ZDV�DQ�

LPSHWXV�WR�WKH�LPSURYHPHQW�RI�YLGHR�VXUYH\�PHWKRGV�LQ�WKH�HDUO\�����V��$Q�LPSRUWDQW�DGYDQFH�

ZDV�DXWRPDWLF�ODEHOOLQJ�RI�YLGHR�IUDPHV�ZLWK�*OREDO�3RVLWLRQLQJ�6\VWHP��*36��FRRUGLQDWHV��

XVLQJ�D�WLPH�FRGH�JHQHUDWRU��*UDKDP��������*HRUHIHUHQFLQJ�RI�WKH�YLGHR�GDWD�PDGH�LW�SRVVLEOH�

WR�H[WHQG�DHULDO�SRLQW�VDPSOLQJ�WHFKQLTXHV�GHYHORSHG�IRU����PP�SKRWRJUDSK\��1RUWRQ�*ULIILWKV�

������WR�DHULDO�YLGHRJUDSK\��6FKXOW]��HW�DO������D��6OD\PDNHU��HW�DO����������

,Q�WKH�PLG�����V��LQQRYDWLRQV�LQ�GLJLWDO�WHFKQRORJ\�UHYROXWLRQL]HG�YLGHR�GDWD�DFTXLVLWLRQ��

VWRUDJH��DQG�DQDO\VLV��7ZR�VLJQLILFDQW�HYHQWV��ERWK�LQ�������ZHUH�WKH�LQWURGXFWLRQ�RI�GLJLWDO�

FDPFRUGHUV�SULFHG�IRU�WKH�KLJK�HQG�FRQVXPHU�PDUNHW��DQG�WKH�GHYHORSPHQW�RI�WKH�,(((������

+LJK�3HUIRUPDQFH�6HULDO�%XV��-HQQLQJV�����D��-HQQLQJV�����E���7KHVH�DGYDQFHV��DORQJ�ZLWK�
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LPSURYHPHQWV�LQ�PXOWLPHGLD�FDSDFLWLHV�RI�SHUVRQDO�FRPSXWHUV���PDGH�LW�SRVVLEOH�WR�DFTXLUH�

KLJK�UHVROXWLRQ�GLJLWDO�YLGHR�DQG�WUDQVIHU�LW�WR�D�FRPSXWHU�ZLWK�SHUIHFW�UHWHQWLRQ�RI�LPDJH�TXDOLW\��

XVLQJ�QRQ�SURIHVVLRQDO�YLGHR�HTXLSPHQW���

7KLV�SDSHU�GHVFULEHV�KRZ�YLGHRJUDSK\�DFTXLUHG�GXULQJ�IRXU�DHULDO�VXUYH\V�RI�WKH�

%UD]LOLDQ�$PD]RQ�±�WKH�9DOLGDWLRQ�2YHUIOLJKWV�IRU�$PD]RQ�0RVDLFV��92$0��VXUYH\V�±�ZDV�

SURFHVVHG�WR�FUHDWH�D�WUDLQLQJ�DQG�YDOLGDWLRQ�GDWDVHW�IRU�ZHWODQGV�PDSSLQJ�ZLWK�WKH�*5)0�

PRVDLFV��$OWKRXJK�WKH�SULPDU\�JRDO�RI�WKH�YLGHR�VXUYH\V�ZDV�WR�FROOHFW�JURXQG�YHULILFDWLRQ�IRU�

ZHWODQG�FRYHU�W\SHV��ZH�GHVFULEH�VRPH�IXUWKHU�DSSOLFDWLRQV�RI�WKH�GDWDVHW��LQFOXGLQJ�DFTXLVLWLRQ�

RI�JURXQG�FRQWURO�SRLQWV�IRU�LPDJH�JHRORFDWLRQ��FUHDWLRQ�RI�D�KLJK�UHVROXWLRQ�JHRFRGHG�PRVDLF�RI�

D�IRUHVW�VWXG\�DUHD��IRUHVW�ELRPDVV�HVWLPDWLRQ��DQG�UDSLG�DVVHVVPHQW�RI�ILUH�GDPDJH��

�

���7KH�92$0�VXUYH\V�

�

�)RXU�YLGHR�VXUYH\V�KDYH�EHHQ�FDUULHG�RXW�WR�GDWH���92$0���DQG�92$0����IORZQ�

GXULQJ�WKH�*5)0��LPDJLQJ�SHULRGV�IRU�WKH�FHQWUDO�$PD]RQ�DQG�OLPLWHG�WR�DUHDV�ZLWKLQ�����NP�RI�

0DQDXV��DQG�92$0���DQG�92$0����IORZQ�GXULQJ�WKH�VDPH�VHDVRQV�DV�WKH�HDUOLHU�VXUYH\V�DQG�

FLUFXPVFULELQJ�WKH�%UD]LOLDQ�$PD]RQ��WDEOH�����)RU�92$0���DQG�92$0����YLGHR�GDWD�ZHUH�

DFTXLUHG�ZLWK�D�KDQGKHOG�+L���FDPFRUGHU�DLPHG�REOLTXHO\�IURP�WKH�GRRU�RU�ZLQGRZ�RI�D�OLJKW�

DLUFUDIW��DW�IOLJKW�DOWLWXGHV�RI�����WR�����P��*36�ORFDWLRQ�DQG�ORFDO�WLPH�ZHUH�UHFRUGHG�E\�KDQG�DW�

DSSUR[LPDWHO\���PLQXWH�LQWHUYDOV��7KH�FDPFRUGHU�GLVSOD\�RI�ORFDO�WLPH�ZDV�LPSULQWHG�RQ�WKH�

YLGHRWDSH��DOORZLQJ�D�URXJK�JHRORFDWLRQ�RI�WKH�VZDWK���7KH�IOLJKW�SDWKV��ILJXUH����LQFOXGHG�WKH�

IORRGSODLQV�RI�PDMRU�ZKLWHZDWHU�ULYHUV��FHQWUDO�6ROLP}HV�$PD]RQ��ORZHU�3XUXV��ORZHU�-DSXUi��

DQG�EODFNZDWHU�ULYHUV��ORZHU�1HJUR��LQFOXGLQJ�$QDYLOKDQDV�DUFKLSHODJR��ORZHU�-D~���WKH�%DOELQD�

5HVHUYRLU��LQWHUIOXYLDO�EODFNZDWHU�ZHWODQGV�LQ�WKH�-D~�EDVLQ��DQG�EORFNHG�YDOOH\�ODNHV��7HIp��

0DPLi����

�

�,QVHUW�WDEOH���DERXW�KHUH��

�,QVHUW�ILJXUH���DERXW�KHUH��

�

$FTXLUHG�QHDUO\�VLPXOWDQHRXVO\�ZLWK�WKH�LPDJLQJ�GDWHV�RI�WKH�-(56���PRVDLF�VFHQHV�

FRYHULQJ�WKH�VXUYH\�IOLJKW�OLQHV�����WR����2FWREHU������DQG����0D\�WR���-XQH��������WKH�

92$0���DQG�92$0���GDWDVHWV�SURYLGH�D�SHUPDQHQW�UHFRUG�RI�WKH�IORRGSODLQ�FRQGLWLRQV�

FDSWXUHG�E\�WKH�*5)0�$PD]RQ�PRVDLFV��2ZLQJ�WR�WKHLU�OLPLWHG�JHRJUDSKLF�FRYHUDJH��KRZHYHU��

LW�ZDV�FOHDU�WKDW�WKH������DQG������IOLJKWV�ZRXOG�KDYH�WR�EH�VXSSOHPHQWHG�ZLWK�DGGLWLRQDO�



�

7DEOH����92$0�VXUYH\�GDWHV�DQG�IRUPDWV��'DWHV�RI�-(56���LPDJH�DFTXLVLWLRQV�IRU�

0DQDXV�UHJLRQ�ZHUH�������2FWREHU��������ORZ�ZDWHU�PRVDLF��DQG����0D\�±���-XQH�

������KLJK�ZDWHU�PRVDLF���

�

6XUYH\� 'DWHV� 9LGHR�)RUPDW� 3ODWIRUP� +RXUV�

92$0��� ���2FW�±���1RY������ ��DQDORJ��REOLTXH�VLGH�ORRNLQJ� UHQWHG�OLJKW�DLUFUDIW� ���

92$0��� ���0D\�±����0D\������ ��DQDORJ��REOLTXH�VLGH�ORRNLQJ� UHQWHG�OLJKW�DLUFUDIW� ���

92$0��� ���6HS�±���2FW������ ��GLJLWDO��YHUWLFDO�

��DQDORJ��REOLTXH�UHDU�ORRNLQJ�

,13(�%DQGHLUDQWH�

�

���

���

92$0���

�

��-XQ�±����-XQ������ ��GLJLWDO��YHUWLFDO��ZLGH�DQJOH�

��GLJLWDO��YHUWLFDO��]RRP�

,13(�%DQGHLUDQWH�

�

���

���

7RWDO� � � � ����

�

�
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�

0DQDXV�

92$0��� 92$0���
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, $PD]RQ�5LYHU�

1HJUR�5LYHU�

$PD]RQ�5LYHU�

1HJUR�5LYHU�

-DSXUi�5LYHU�

-D~�5LYHU�

%DOELQD�
5HVHUYRLU�

92$0��� 92$0��� $PD]RQ�%DVLQ�
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VXUYH\V�LQ�RUGHU�WR�VXSSRUW�DQ�DFFXUDF\�DVVHVVPHQW�RI�WKH�-$006�EDVLQZLGH�ZHWODQGV�

PDSSLQJ��)XUWKHUPRUH��YLGHR�GDWD�IURP�WKH�ILUVW�WZR�VXUYH\V�KDV�VHYHUDO�OLPLWDWLRQV��6RPH�

IRRWDJH�LV�VKDN\�RU�RXW�RI�IRFXV��%HFDXVH�RI�WKH�DQDORJ�YLGHR�IRUPDW��WDSH�UHSURGXFWLRQ�RU�IUDPH�

JUDEELQJ�UHVXOW�LQ�VLJQLILFDQW�ORVV�RI�LPDJH�TXDOLW\��PDNLQJ�LW�GLIILFXOW�WR�VKDUH�WKH�GDWDVHW�ZLWK�

PXOWLSOH�XVHUV��,PDJH�VFDOH�YDULHV�DFURVV�WKH�REOLTXH�VZDWK�DQG�DV�D�IXQFWLRQ�RI�DLUFUDIW�KHLJKW�

DQG�FDPHUD�DQJOH��$OWKRXJK�WKH�DLUFUDIW�SRVLWLRQ�ZDV�UHFRUGHG�SHULRGLFDOO\��SRUWLRQV�RI�WKH�YLGHR�

VZDWKV�ZLWKRXW�GLVWLQFWLYH�ODQGVFDSH�IHDWXUHV�FDQQRW�EH�UHOLDEO\�ORFDWHG��$�IROORZ�XS�VXUYH\�ZDV�

WKHUHIRUH�IORZQ�LQ�6HSWHPEHU�DQG�2FWREHU�������WLPHG�WR�FRUUHVSRQG�DV�FORVHO\�DV�SRVVLEOH�WR�

WKH�-(56���DFTXLVLWLRQ�GDWHV�LQ�6HSWHPEHU�DQG�2FWREHU�������EXW�FRYHULQJ�D�JUHDWHU�DUHD�DQG�

XVLQJ�DQ�LPSURYHG�FDPHUD�DQG�JHRORFDWLRQ�V\VWHP�WR�DGGUHVV�WKH�WHFKQLFDO�OLPLWDWLRQV�RI�WKH�

�����DQG������GDWDVHWV��

)RU�WKH�92$0���VXUYH\��%UD]LO
V�1DWLRQDO�,QVWLWXWH�IRU�6SDFH�5HVHDUFK��,13(��DJUHHG�WR�

PDNH�DYDLODEOH�WKHLU�%DQGHLUDQWH�DHULDO�VXUYH\�SODQH�WR�DFTXLUH�D�YDOLGDWLRQ�GDWDVHW�IRU�WKH�

-(56���ZHWODQGV�PDSSLQJ��IRU�D�MRLQW�,13(�8&6%�DQDO\VLV�RI�WKH�$PD]RQ�IORRGSODLQ�XVLQJ�

PRVDLFNHG�70�VFHQHV��6KLPDEXNXUR��HW�DO��������DQG�IRU�QXPHURXV�,13(�UHVHDUFK�SURMHFWV�LQ�

WKH�$PD]RQ��$SSURYDO�ZDV�REWDLQHG�IURP�%UD]LO¶V�(VWDGR�0DLRU�GDV�)RUoDV�$UPDGDV�IRU�DQ�

H[WHQVLYH�PLVVLRQ��7KH�IOLJKW�UDQJH�RI�WKH�%DQGHLUDQWH�PDGH�LW�SRVVLEOH�WR�XQGHUWDNH�D�

FRPSUHKHQVLYH�ZHWODQGV�VXUYH\�RI�WKH�%UD]LOLDQ�$PD]RQ��FRYHULQJ�DUHDV�UHPRWH�IURP�DQ\�

DLUSRUW��7KH�IOLJKW�SDWK��ILJXUH����ZDV�GHVLJQHG�WR�VDPSOH�DV�JUHDW�D�YDULHW\�RI�ZHWODQGV�DV�

SRVVLEOH��LQFOXGLQJ�WKH�HVWXDU\��ORZHU��PLGGOH��DQG�XSSHU�UHDFKHV�RI�WKH�$PD]RQ�5LYHU�ZLWKLQ�

%UD]LO��PDMRU�EODFNZDWHU�DQG�ZKLWHZDWHU�WULEXWDULHV�VSDQQLQJ�D�ZLGH�UDQJH�RI�ODWLWXGH�DQG�

ORQJLWXGH��FDPSLQD�ZHWODQGV��DQG�PDMRU�VDYDQQD�UHJLRQV���$OWKRXJK�ZHWODQGV�GHWHUPLQHG�WKH�

JHQHUDO�RXWOLQH�RI�WKH�IOLJKW�SDWK��YLGHR�ZDV�DFTXLUHG�FRQWLQXRXVO\�H[FHSW�RYHU�UHVWULFWHG�DUHDV��

WKHUHE\�VDPSOLQJ�D�EURDG�UDQJH�RI�XQGLVWXUEHG�IRUHVW�DQG�VDYDQQD�YHJHWDWLRQ��SDVWXUHV��

YDULRXV�VWDJHV�RI�IRUHVW�UHJURZWK��DQG�XUEDQ�DUHDV����

�

�,QVHUW�ILJXUH���DERXW�KHUH��

�

7KH�92$0���YLGHR�V\VWHP�ZDV�DVVHPEOHG�DW�WKH�8QLYHUVLW\�RI�&DOLIRUQLD�6DQWD�%DUEDUD�

DQG�WKH�-HW�3URSXOVLRQ�/DERUDWRU\�IURP�RII�WKH�VKHOI�FRPSRQHQWV��ILJXUH�����*HRORFDWLRQ�ZDV�

DFKLHYHG�E\�HQFRGLQJ�*36�ORFDWLRQ�RQ�HDFK�YLGHR�IUDPH�XVLQJ�D�+RULWD�*36��WLPH�FRGH�

JHQHUDWRU��7KH�WLPH�FRGH�JHQHUDWRU�UHFHLYHV�WKH�DLUFUDIW¶V�*36�ORFDWLRQ�DQG�*UHHQZLFK�0HDQ�

7LPH�IURP�D�*36�UHFHLYHU��*36�WLPH�DQG�ORFDWLRQ�DUH�WKHQ�UHFRUGHG�LQ�6037(��6RFLHW\�RI�

0RWLRQ�3LFWXUH�DQG�7HOHYLVLRQ�(QJLQHHUV���IRUPDW�RQ�WKH�DXGLR�WUDFN�RI�WKH�YLGHRWDSH��7KH�*36�



�
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GDWD�DUH�DOVR�UHFRUGHG�LQ�DQ�$6&,,�ORJ�ILOH��3OD\LQJ�EDFN�WKH�YLGHRWDSH�ZLWK�D�9&5�DQG�WLPH�

FRGH�UHDGHU��WKH�*36�WLPH�GLVSOD\HG�RQ�WKH�PRQLWRU�FDQ�EH�PDWFKHG�ZLWK�WKH�ORJ�ILOH�WR�UHWULHYH�

DLUFUDIW�ORQJLWXGH��ODWLWXGH��DQG�DOWLWXGH���

7KH�SULPDU\�YLGHR�GDWDVHW�ZDV�DFTXLUHG�ZLWK�D�GLJLWDO�FDPFRUGHU�XVLQJ�'9��GLJLWDO�

YLGHR���WKH�PRVW�ZLGHO\�XVHG�FRQVXPHU�GLJLWDO�YLGHR�IRUPDW���$GYDQWDJHV�RI�'9�RYHU�DQDORJ�

YLGHR�LQFOXGH�LPSURYHG�UHVROXWLRQ�DQG�FRORU�DFFXUDF\��ORVVOHVV�GXSOLFDWLRQ�RI�YLGHRWDSHV�DQG�

FDSWXUH�WR�GLVN��DQG�VPDOOHU�YLGHRWDSH�VL]H��-HQQLQJV�����D���7KH�GLJLWDO�FDPFRUGHU�ZDV�

SRVLWLRQHG�LQ�D�YHUWLFDO�IRUPDW�WR�DFKLHYH�D�SODQLPHWULF�YLHZ��$�VHFRQG�+L����DQDORJ��FDPFRUGHU�

LQ�DQ�REOLTXH�UHDU�ORRNLQJ�SRVLWLRQ�ZDV�RSHUDWHG�LQ�WDQGHP��WR�SURYLGH�D�EURDGHU�ODQGVFDSH�

FRQWH[W�IRU�WKH�YHUWLFDO�IRUPDW�VZDWK��7KH�+L���YLGHRWDSH�ZDV�DOVR�JHRORFDWHG�XVLQJ�WKH�WLPH�

FRGH�JHQHUDWRU��

7KH������VXUYH\��DJDLQ�LQ�WKH�,13(�%DQGHLUDQWH�VXUYH\�SODQH��ZDV�FRQGXFWHG�XVLQJ�D�

YLGHR�DFTXLVLWLRQ�V\VWHP��ILJXUH����GHYHORSHG�E\�WKH�GHSDUWPHQWV�RI�1DWXUDO�5HVRXUFH�

&RQVHUYDWLRQ�DQG�&RPSXWHU�6FLHQFH�RI�WKH�8QLYHUVLW\�RI�0DVVDFKXVHWWV��80DVV��$PKHUVW�

�6FKXOW]��HW�DO������D����$�ODVHU�UDQJHILQGHU������QP�ZDYHOHQJWK��PHDVXUHG�DLUFUDIW�KHLJKW�

DERYH�JURXQG�RU�FDQRS\��DQG�DQ�DWWLWXGH�DQG�KHDGLQJ�UHIHUHQFH�V\VWHP��$+56��PHDVXUHG�

DLUFUDIW�WLS�DQG�WLOW��$LUFUDIW�SRVLWLRQ�FRXOG�WKHQ�EH�SURMHFWHG�WR�JURXQG�FRRUGLQDWHV�FRUUHFWHG�IRU�

GHYLDWLRQV�IURP�D�YHUWLFDO�YLHZLQJ�DQJOH��7R�LPSURYH�WKH�DFFXUDF\�ZLWK�ZKLFK�DLUFUDIW�SRVLWLRQ�

ZDV�NQRZQ��WKH�80DVV�V\VWHP�*36�ZDV�XSJUDGHG�WR�UHFHLYH�D�UHDO�WLPH��GLIIHUHQWLDOO\�

FRUUHFWHG�*36�VLJQDO�IURP�WKH�2PQLVWDU�FRPPHUFLDO�*36�VDWHOOLWH�QHWZRUN��%RWK�92$0���

FDPFRUGHUV�ZHUH�GLJLWDO�DQG�ERWK�ZHUH�YHUWLFDOO\�RULHQWHG��RQH�LQ�ZLGH�DQJOH�PRGH�DQG�RQH�LQ�

]RRP�PRGH��7KH�FDPFRUGHUV��ODVHU�DQG�$+56�ZHUH�PRXQWHG�RQ�DQ�,13(�EXLOW�IUDPH��

&DPFRUGHU�VKXWWHU�VSHHGV�ZHUH�IL[HG�DW�������V��ZLGH�DQJOH��DQG��������V��]RRP���

�

�,QVHUW�ILJXUH���DERXW�KHUH��

�

)OLJKW�OLQHV�IRU�92$0����ILJXUH����ZHUH�GHVLJQHG�WR�GXSOLFDWH�NH\�SRUWLRQV�RI�92$0���

IOLJKW�OLQHV�DQG�WR�SURYLGH�FRYHUDJH�RI�LQWHQVLYH�VWXG\�VLWHV�IRU�WKH�(FRORJ\�FRPSRQHQW�RI�

1$6$¶V�/%$�SURMHFW���7KH�/%$�SRUWLRQ�RI�WKH�VXUYH\�IRFXVHG�RQ�KXPDQ�LPSDFWHG�DUHDV��

LQFOXGLQJ�VHFRQGDU\�IRUHVWV��VHOHFWLYHO\�ORJJHG�IRUHVWV��DQG�SDVWXUHV��

�
���3URFHVVLQJ�RI�IOLJKW�DQG�YLGHR�GDWD��
�

7KH�92$0�YLGHRJUDSK\�FDQ�EH�XVHG�LQ�LWV�RULJLQDO�YLGHRWDSH�IRUP��E\�YLHZLQJ�LW�RQ�D�

WHOHYLVLRQ�PRQLWRU��+RZHYHU��XVLQJ�WKH�YLGHRWDSH�PHGLXP�LW�LV�GLIILFXOW�WR�FRPSDUH�GLIIHUHQW�VLWHV��



�

)OLJKW�'DWD�$FTXLVLWLRQ�&RPSXWHU�0LQL�'9�9LGHR�5HFRUGHUV�

*36�DQG�$QWHQQD�

7LPH�&RGH�*HQHUDWRU�

1DYLJDWLRQ�&RPSXWHU�

'LJLWDO�9LGHR�&DPHUDV�

=RRP�:LGH�DQJOH�

/DVHU��
5DQJHILQGHU�

$WWLWXGH�	�+HDGLQJ�
5HIHUHQFH�6\VWHP�

7LS��7LOW�

'9� '9�

5DQJH�WR�
*URXQG�

*36�7LPH�
DQG�3RVLWLRQ�

*36�7LPH�
DQG�3RVLWLRQ�
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PDNH�TXDQWLWDWLYH�PHDVXUHPHQWV���FUHDWH�D�GDWDEDVH�RI�VHOHFWHG�VLWHV��RU�VKDUH�GDWD�ZLWK�

RWKHUV��$OO�WKHVH�WDVNV�DUH�IDFLOLWDWHG�E\�WUDQVIHULQJ�WKH�YLGHR�GDWD�WR�FRPSXWHU�GLVN�DQG�

FRQYHUWLQJ�LW�WR�D�QRQ�YLGHR�IRUPDW��7KH�&RPSXWHU�9LVLRQ�/DE�RI�WKH�'HSDUWPHQW�RI�&RPSXWHU�

6FLHQFH�DW�80DVV�KDV�GHYHORSHG�D�VXLWH�RI�VRIWZDUH�WRROV�WR�DXWRPDWH�IUDPH�H[WUDFWLRQ��

PRVDLFNLQJ��DQG�JHRFRGLQJ�RI�WKH�YLGHR�GDWD�DQG�PD[LPL]H�LWV�XVHIXOQHVV�IRU�HQYLURQPHQWDO�

PRQLWRULQJ�DSSOLFDWLRQV��6FKXOW]��HW�DO������D��6FKXOW]��HW�DO������E��=KX��HW�DO���������7KLV�

VHFWLRQ�GLVFXVVHV�WUDQVIHU�RI�YLGHR�GDWD�IURP�WDSH�WR�FRPSXWHU�GLVN�DQG�SURFHVVLQJ�ZLWK�WKH�

80DVV�SURJUDPV��XVLQJ�WKH�92$0���GDWDVHW�DV�DQ�H[DPSOH���$�GLDJUDP�RI�WKH�SURFHVVLQJ�IORZ�

LV�VKRZQ�LQ�ILJXUH����

�

�,QVHUW�ILJXUH���DERXW�KHUH��

�

)OLJKW�GDWD�SURFHVVLQJ��

7KH�IOLJKW�GDWD�DFTXLVLWLRQ�FRPSXWHU�UHFRUGHG�GDWD�VWUHDPV�IURP�WKH�ODVHU�DOWLPHWHU�

�VDPSOLQJ�DW�����+]���WKH�$+56�������+]���DQG�WKH�*36�WLPH�FRGH�JHQHUDWRU�����+]��

GHWHUPLQHG�E\�WKH�YLGHR�DFTXLVLWLRQ�UDWH�RI����IUDPHV�SHU�VHFRQG���%HFDXVH�RI�WKH�GLIIHUHQW�

VDPSOLQJ�UDWHV��WKH�VWUHDPV�ZHUH�UHFRUGHG�VHSDUDWHO\��ZLWK�D�V\VWHP�FORFN�WLPH�VWDPS�IRU�HDFK�

UHDGLQJ��3RVW�SURFHVVLQJ�ZDV�WKHUHIRUH�UHTXLUHG�LQ�RUGHU�WR�V\QFKURQL]H�WKH�GDWD�VWUHDPV�DQG�WR�

UHVDPSOH�DOO�GDWD�ILHOGV�WR�WKH�VDPSOLQJ�UDWH�RI�WKH�ODVHU��7KH�$+56�DQG�*36�ORFDWLRQ�ILHOGV�

ZHUH�LQWHUSRODWHG�EHWZHHQ�UHDGLQJV��6LQFH�YLGHR�UDWH�LV�IL[HG�DW����IUDPHV�SHU�VHFRQG��YLGHR�

WLPH�FRGHV��KRXU�PLQXWH�VHFRQG�IUDPH��ZHUH�UHSHDWHG�UDWKHU�WKDQ�LQWHUSRODWHG��(DFK�YLGHR�

IUDPH�LV�WKXV�DVVRFLDWHG�ZLWK�PXOWLSOH�ODVHU��$+56��DQG�*36�ORFDWLRQ�ILHOGV��8VLQJ�$+56�WLS�

DQG�WLOW�UHDGLQJV�DQG�WKH�ODVHU�PHDVXUHPHQW�RI�GLVWDQFH�IURP�DLUFUDIW�WR�JURXQG��DLUFUDIW�SRVLWLRQ�

UHDGLQJV�IURP�WKH�*36�ZHUH�FRUUHFWHG�IRU�WKH�RIIVHW�EHWZHHQ�WKH�*36�DQWHQQD�DQG�FDPHUD�

SRVLWLRQ�DQG�SURMHFWHG�WR�JLYH�WKH�JURXQG�SRVLWLRQV�RI�WKH�ODVHU�KLWV��7KH�:*6���GDWXP�ZDV�

XVHG�IRU�DOO�JHRJUDSKLFDO�FRRUGLQDWHV���

$EVROXWH�HOHYDWLRQV�RI�ODVHU�KLWV�ZHUH�FDOFXODWHG�E\�VXEWUDFWLQJ�WKH�YHUWLFDO�GLVWDQFH�

EHWZHHQ�DLUFUDIW�DQG�JURXQG�IURP�*36�GHWHUPLQHG�DLUFUDIW�HOHYDWLRQ��)RU�SRUWLRQV�RI�WKH�VXUYH\�

IORZQ�DW�DOWLWXGHV�EH\RQG�WKH�UDQJH�RI�WKH�ODVHU����������P�DERYH�JURXQG���DQ�DOWHUQDWH�IOLJKW�

GDWD�SURFHVVLQJ�RSWLRQ�DOORZV�WKH�XVHU�WR�HQWHU�DQ�HVWLPDWHG�JURXQG�HOHYDWLRQ��IURP�ZKLFK�

DSSUR[LPDWH�DLUFUDIW�WR�JURXQG�GLVWDQFH�FDQ�EH�FDOFXODWHG�DQG�XVHG�WR�HVWLPDWH�JURXQG�SRVLWLRQ��

*URXQG�HOHYDWLRQ�FDQ�EH�HVWLPDWHG�IURP�D�PDS�RU�IURP�RFFDVLRQDO�ODVHU�UHWXUQV�IURP�KLJKO\�

UHIOHFWLYH�REMHFWV��GHWHFWDEOH�DW�DOWLWXGHV�EH\RQG�WKH�QRUPDO�ODVHU�UDQJH��

�
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&DSWXUH�RI�YLGHR�GDWD�WR�FRPSXWHU�GLVN��

�7KH�GDWH�DQG�WLPH�RI�WKH�YLGHR�IRRWDJH�IRU�D�SDUWLFXODU�VLWH�DUH�UHWULHYHG�XVLQJ�IOLJKWOLQH�

YHFWRU�DQG�DWWULEXWH�ILOHV�JHQHUDWHG�IURP�IOLJKW�ORJV��)OLJKW�OLQHV�DUH�RYHUODLG�RQ�D�JHRUHIHUHQFHG�

VDWHOOLWH�LPDJH�DQG�WLPHFRGHV�DUH�VHOHFWHG�E\�FOLFNLQJ�RQ�SRLQWV�DORQJ�WKH�IOLJKWOLQH�DQG�YLHZLQJ�

WKHLU�DWWULEXWHV��7KH�YLGHRWDSH�LV�YLHZHG�XVLQJ�D�GLJLWDO�9&5�ZLWK�YLGHR�RXWSXW�URXWHG�WKURXJK�D�

WLPH�FRGH�UHDGHU��ZKLFK�GLVSOD\V�RQ�WKH�WHOHYLVLRQ�PRQLWRU�WKH�*36�WLPHFRGH�WKDW�ZDV�HQFRGHG�

GXULQJ�WKH�IOLJKW�RQ�WKH�DXGLR�WUDFN�RI�WKH�YLGHRWDSH��7KH�XVHU�FDQ�WKHQ�DGYDQFH�WR�WKH�FRUUHFW�

SRUWLRQ�RI�WKH�YLGHRWDSH�WR�FDSWXUH�IRRWDJH�RI�WKH�WDUJHW�VLWH��

)RU�YLGHR�FDSWXUH��WKH�9&5�LV�FRQWUROOHG�IURP�WKH�PRQLWRU�RI�D�FRPSXWHU�HTXLSSHG�ZLWK�

GLJLWDO�YLGHR�FDSWXUH�FDUG�DQG�VRIWZDUH��FRQQHFWHG�WR�WKH�9&5�ZLWK�DQ�,(((������FRQQHFWRU��

7KH�WUDQVIHU�WR�FRPSXWHU�GRHV�QRW�HQWDLO�GHFRPSUHVVLRQ�RU�DOWHUDWLRQ�RI�WKH�RULJLQDO�IRUPDW��WKH�

'9�IRUPDW�LV�UHWDLQHG�RQ�GLVN��DQG�WKH�WUDQVIHU�LV�ORVVOHVV���7KH�'9�ILOH�PD\�EH�³ZUDSSHG´�E\�WKH�

FDSWXUH�VRIWZDUH�LQ�WKH�IRUPDW�RI�D�PXOWL�PHGLD�DUFKLWHFWXUH��IRU�H[DPSOH��WKH�0RWR'9�FDSWXUH�

FDUG�XVHG�WR�SURFHVV�WKH�92$0�GDWDVHWV�ZUDSV�'9�FOLSV�VR�DV�WR�EH�UHDGDEOH�ZLWK�WKH�

4XLFN7LPH�PXOWL�PHGLD�XWLOLWLHV��'9�ILOHV�UHTXLUH�ODUJH�DPRXQWV�RI�GLVN�VSDFH²DERXW����*E�IRU�

RQH�KRXU�RI�YLGHR����

�

)UDPH�H[WUDFWLRQ��

9DULRXV�NLQGV�RI�PXOWL�PHGLD�VRIWZDUH�FDQ�EH�XVHG�WR�H[WUDFW�WKH�IUDPHV�IURP�D�YLGHR�

FOLS�DQG�FUHDWH�LPDJH�ILOHV�IRU�HDFK�IUDPH��EXW�WKH\�PXVW�EH�PRGLILHG�LQ�RUGHU�WR�UHWDLQ�WKH�*36�

LQIRUPDWLRQ�IURP�WKH�DXGLR�WUDFN���7KH�80DVV�IUDPH�H[WUDFWLRQ�SURJUDP��EXLOW�RQ�4XLFN7LPH�ILOH�

KDQGOLQJ�XWLOLWLHV��DXWRPDWLFDOO\�QDPHV�HDFK�LPDJH�ILOH�XVLQJ�WKH�DFTXLVLWLRQ�GDWH�DQG�*36�

WLPHFRGH�DQG�IUDPH�QXPEHU�VR�WKDW�WKH�LPDJH�ILOHQDPHV�DORQH�JLYH�DQ�H[DFW�FURVV�UHIHUHQFH�WR�

WKH�IOLJKW�ORJ�GDWD��7KH�IUDPH�H[WUDFWLRQ�SURJUDP�FUHDWHV����ELW�%03�ILOHV�ZLWK�GLPHQVLRQV�RI�

����[������(DFK�ILOH�LV�DSSUR[LPDWHO\���0E��D����VHFRQG�FOLS�UHTXLUHV�DERXW�����0E�RI�GLVN�

VSDFH�IRU�WKHVH�LQWHUPHGLDWH�ILOHV��

�

0RVDLFNLQJ�DQG�JHRFRGLQJ��

2QFH�FRQYHUWHG�WR�LPDJH�IRUPDW��WKH�LQGLYLGXDO�IUDPHV�H[WUDFWHG�IURP�WKH�YLGHR�FOLS�FDQ�

EH�PRVDLFNHG�LQWR�D�FRQWLQXRXV�VWULS�ZLWK�LQH[SHQVLYH�FRPPHUFLDO�PRVDLFNLQJ�SURJUDPV�WKDW�

XVH�IUDPH�PDWFKLQJ�WR�EXLOG�WKH�PRVDLF��'UDZEDFNV�WR�WKLV��IUHH��PRVDLF�PHWKRG�DUH�WKDW�VPDOO�

HUURUV�DFFXPXODWH�GXULQJ�WKH�PRVDLFNLQJ��UHVXOWLQJ�LQ�ODUJH�SRVLWLRQLQJ�HUURUV�WRZDUGV�WKH�HQG�RI�

WKH�VWULS��FKDQJHV�LQ�VFDOH�RZLQJ�WR�WRSRJUDSKLF�UHOLHI�DUH�QRW�UHIOHFWHG�LQ�LPDJH�VFDOH��DQG�

JHRFRGLQJ�RI�VWULSV��SRVW�PRVDLFNLQJ��XVLQJ�FRQWURO�SRLQWV�GHULYHG�IURP�IOLJKW�ORJV��LV�ODERU�
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LQWHQVLYH��+RZHYHU��WKH�PRVDLFNLQJ�DOJRULWKP�LQ�WKH�80DVV�VRIWZDUH��=KX��HW�DO��������

DGGUHVVHV�WKHVH�SUREOHPV�E\�XVLQJ�WKH�IOLJKW�ORJ�GDWD�WR�FUHDWH�D��JOREDOO\�FRUUHFW�PRGHO�RI�WKH�

PRWLRQ�WUDFN��FRQVWUDLQLQJ�WKH�SURSDJDWLRQ�RI�HUURUV��$��WZR�WUDFN��PHWKRG�LV�HPSOR\HG�DV�

IROORZV���

���,QLWLDO�UHJLVWUDWLRQ�RI�IUDPHV���0DWFKHV�ZLWKLQ�DGDSWLYH�VHDUFK�ZLQGRZV�LQ�FXUUHQW�DQG�

UHIHUHQFH�IUDPHV�DUH�HYDOXDWHG�XVLQJ�D�FRPELQDWLRQ�RI�FRUUHODWLRQ��QRUPDOL]HG�DEVROXWH�

GLIIHUHQFH��DQG�WH[WXUH��QRUPDOL]HG�DYHUDJH�PDJQLWXGH�RI�WKH�JUDGLHQW�LPDJH�����,QWHU�IUDPH�

PRWLRQ�SDUDPHWHUV�DUH�LWHUDWLYHO\�HVWLPDWHG��XVLQJ�D�ZHLJKWHG�OHDVW�PHDQ�VTXDUHV�PHWKRG��

���7UDFN�JHQHUDWLRQ�DQG�UHILQHPHQW��$Q��HVWLPDWHG��WUDFN�LV�JHQHUDWHG�IURP�WKH�LQLWLDO�

UHJLVWUDWLRQ��DQG�DQ��H[SHFWHG��WUDFN�IURP�WKH�IOLJKW�ORJ�GDWD��7KH�HVWLPDWHG�WUDFN�ZLOO�\LHOG�D�

PRVDLF�WKDW�LV�VHDPOHVV�EXW�ZLWKRXW�JHRJUDSKLFDO�UHIHUHQFH��ZKLOH�WKH�H[SHFWHG�WUDFN�ZLOO�\LHOG�D�

PRVDLF�WKDW�LV�JOREDOO\�FRQVLVWHQW�ZLWK�JHRJUDSKLFDO�GDWD�IURP�WKH�IOLJKW�ORJV��EXW�KDV�

GLVFRQWLQXLWLHV�EHWZHHQ�IUDPHV��&RPSDULVRQ�EHWZHHQ�WKH�WZR�VHWV�RI�LQWHUIUDPH�PRWLRQ�

SDUDPHWHUV�LV�WKHQ�XVHG�WR�UHILQH�DQG�XSGDWH�WKH�WZR�WUDFNV���

����7ZR�WUDFN��PRVDLF�FRPSRVLWLRQ��7KH�JHR�FRUUHFWHG�PRVDLF�LV�EXLOW�E\�DSSO\LQJ�D�OLQH�

E\�OLQH�WUDQVIRUPDWLRQ�WR�WKH�VHDPOHVV�PRVDLF�SURGXFHG�IURP�WKH�UHILQHG�HVWLPDWHG�WUDFN��XVLQJ�

WKH�UHILQHG�H[SHFWHG�WUDFN�WR�FRUUHFW�DFFXPXODWHG�JHRJUDSKLFDO�HUURU�IUDPH�E\�IUDPH��7KH�

UHVXOWLQJ�PRVDLF�LV�JOREDOO\�FRUUHFW�JHRJUDSKLFDOO\��EXW�PDLQWDLQV�WKH�SUHFLVH�VHDPOHVV�VWLWFKLQJ�

RI�VXFFHVVLYH�IUDPHV�DFKLHYHG�E\�WKH�LQLWLDO�IUDPH�UHJLVWUDWLRQ��

7KH�80DVV�SURJUDP�XVHG�WR�PRVDLF�92$0���YLGHR�FOLSV�RXWSXWV�WKH�PRVDLF�DV�D����ELW�

ILOH�LQ�*HR7LII�IRUPDW��5LWWHU�DQG�5XWK��������$Q�DXWRPDWLFDOO\�JHQHUDWHG�*HR7LII�KHDGHU�JLYHV�

SL[HO�GLPHQVLRQV�LQ�PHWHUV��DQG�870�FRRUGLQDWHV�RI�WKH�XSSHU�OHIW�FRUQHU�RI�WKH�PRVDLF��

�

3URFHVVLQJ�RI�HDUOLHU�92$0�GDWDVHWV��

)RRWDJH�IURP�WKH������VXUYH\�ZDV�SURFHVVHG�LQ�D�VLPLODU�PDQQHU�WR�92$0���GDWD��

6LQFH�WKH�92$0���V\VWHP�GLG�QRW�LQFOXGH�D�ODVHU�SURILOHU�RU�$+56��JURXQG�SRVLWLRQV�RI�IUDPH�

FHQWHUV�ZHUH�DVVXPHG�WR�EH�HTXDO�WR�DLUFUDIW�SRVLWLRQV��DQG�VFDOH�GLIIHUHQFHV�GXH�WR�YDULDWLRQV�

LQ�WHUUDLQ�HOHYDWLRQ�ZHUH�QRW�LQFRUSRUDWHG�LQ�WKH�PRVDLFNLQJ��7KH�REOLTXH�IRRWDJH�IURP�WKH�������

������DQG������VXUYH\V�FDQQRW�EH�PRVDLFNHG�LQWR�JHRFRGHG�LPDJH�ILOHV�DV�FDQ�WKH�YHUWLFDO�

IRUPDW�GDWD��+RZHYHU��FOLSV�IURP�WKHVH�GDWDVHWV�FDQ�EH�WUDQVIHUUHG�WR�FRPSXWHU�GLVN�E\�ILUVW�

FRS\LQJ�WKHP�IURP�WKHLU�RULJLQDO�+L���IRUPDW�WR�'9�IRUPDW�YLGHRWDSHV��)UDPHV�FDQ�WKHQ�EH�

H[WUDFWHG��DQG�IRU�VRPH�IRRWDJH�VKRUW�PRVDLFV�FDQ�EH�FRQVWUXFWHG��)UDPHV�RU�PRVDLFV�FDQ�EH�

DSSUR[LPDWHO\�JHRORFDWHG�E\�FURVV�UHIHUHQFLQJ�ZLWK�IOLJKW�ORJ�GDWD��

�
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�,QVHUW�ILJXUH���DERXW�KHUH��

�

���&KDUDFWHULVWLFV�RI�WKH�YLGHR�GDWDVHWV�
�
7LPLQJ�RI�VXUYH\V�UHODWLYH�WR�IORRGLQJ�VHDVRQDOLW\��

7KH�WLPLQJ�RI�WKH�92$0�VXUYH\V�DQG�-(56���DFTXLVLWLRQV�UHODWLYH�WR�$PD]RQ�5LYHU�

VWDJH�LV�VKRZQ�LQ�ILJXUH���IRU�0DQDFDSXUX�JDXJH��ORFDWHG����NP�ZHVW�RI�0DQDXV��-(56���KLJK�

ZDWHU�PRVDLF�LPDJHV�IRU�WKH�FHQWUDO�$PD]RQ�ZHUH�DFTXLUHG�DW�ULYHU�VWDJHV�������FP�KLJKHU�

WKDQ�WKH�ORQJ�WHUP�PHDQ�KLJK�ZDWHU�VWDJH��ZKLOH�ORZ�ZDWHU�PRVDLF�LPDJHV�ZHUH�DFTXLUHG�DW�

ULYHU�OHYHOV�IURP�����WR�����P�EHORZ�PHDQ�ORZ�ZDWHU�VWDJH���7KH�UHFXUUHQFH�LQWHUYDO�IRU�ULYHU�

VWDJH�DV�ORZ�DV�WKDW�FDSWXUHG�RQ�WKH�-(56���ORZ�ZDWHU�PRVDLF�LV�DSSUR[LPDWHO\����\HDUV��$W�

VXFK�VWDJH�OHYHOV��WKH�EHGV�RI�VKDOORZ�IORRGSODLQ�ODNHV�DQG�GHSUHVVLRQV�XVXDOO\�LQXQGDWHG�\HDU�

URXQG�DUH�H[SRVHG��DV�DUH�VDQGEDUV�DQG�RWKHU�GHSRVLWLRQDO�IHDWXUHV�LQ�ULYHU�FKDQQHOV��ILJXUH�����

,QWHUDQQXDO�YDULDELOLW\�LQ�$PD]RQ�5LYHU�GLVFKDUJH�DSSHDUV�WR�EH�FRXSOHG�WR�(O�1LQR�±�6RXWKHUQ�

2VFLOODWLRQ�F\FOHV��5LFKH\��HW�DO����������

�

�,QVHUW�ILJXUH���DERXW�KHUH��

�

� %HFDXVH�WKH�92$0���DQG�92$0���VXUYH\V�ZHUH�FDUULHG�RXW�GXULQJ�WKH�-(56���

LPDJLQJ�SHULRGV��IORRGSODLQ�LQXQGDWLRQ�FRQGLWLRQV�UHFRUGHG�GXULQJ�WKRVH�VXUYH\V�FRUUHVSRQG�WR�

WKRVH�RQ�WKH�PRVDLFV��+RZHYHU��VWDJH�OHYHOV�ZHUH�DERXW���P�KLJKHU�GXULQJ�WKH�92$0���VXUYH\�

WKDQ�GXULQJ�WKH�-(56���KLJK�ZDWHU�LPDJLQJ��DQG���WR���P�KLJKHU�IRU�WKH�92$0���VXUYH\�WKDQ�

IRU�WKH�-(56���ORZ�ZDWHU�LPDJLQJ��7KXV��VRPH�DUHDV�WKDW�ZHUH�LQXQGDWHG�GXULQJ�WKH�92$0���

VXUYH\��SDUWLFXODUO\�LQ�VKDOORZ�ODNHV��ZHUH�H[SRVHG�RQ�WKH�ORZ�ZDWHU�PRVDLF��DQG�VRPH�KLJKHU�

DUHDV�RQ�OHYHHV�ZHUH�GU\�RQ�WKH�KLJK�ZDWHU�PRVDLF�EXW�IORRGHG�GXULQJ�WKH�92$0���VXUYH\��

7KHVH�GLVFUHSDQFLHV�PD\�LQWURGXFH�HUURUV�GXULQJ�DFFXUDF\�DVVHVVPHQW��)RU�WKH�WRSRJUDSKLFDOO\�

KLJKHVW�DQG�ORZHVW�SDUWV�RI�WKH�IORRGSODLQ��WKH�92$0���DQG�92$0���VXUYH\V��WKRXJK�RI�ORZHU�

UHVROXWLRQ�DQG�SRRUO\�JHRORFDWHG��PD\�SURYLGH�EHWWHU�WUDLQLQJ�DQG�YDOLGDWLRQ�GDWDVHWV��+RZHYHU��

JLYHQ�WKH����P�GLIIHUHQFH�LQ�$PD]RQ�5LYHU�VWDJH�EHWZHHQ�WKH�ORZ��DQG�KLJK�ZDWHU�PRVDLFV��WKH�

92$0���DQG�92$0���VXUYH\V��DGHTXDWHO\�UHSUHVHQW�ZDWHU�OHYHOV�RQ�WKH�-(56���PRVDLFV�IRU�

WKH�FHQWUDO�$PD]RQ���

� 7KH�FRQWUDVW�EHWZHHQ�ORZ�DQG�KLJK�ZDWHU�FRQGLWLRQV�IRU�D�W\SLFDO�$PD]RQ�IORRGSODLQ�VLWH�

LV�VHHQ�LQ�WKH�WZR�PRVDLFNHG�VZDWKV�VKRZQ�LQ�ILJXUH����)RU�WKLV�VLWH�QHDU�3DULQWLQV���YiU]HD�

IRUHVW�VWDQGV�DQG�LQGLYLGXDO�ODUJHU�WUHHV�DSSHDU�WKH�VDPH�DW�ORZ��ZDWHU��XSSHU�VZDWK��DQG�KLJK�

ZDWHU��ORZHU�VZDWK����ZKLOH�VKRUWHU�WUHHV�DQG�VKUXEV�DUH�VXEPHUJHG�DW�KLJK�ZDWHU���$UHDV�ZLWK�
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EDUH�VRLO�DQG�JUDVV�DW�ORZ�ZDWHU�KDYH�HLWKHU�RSHQ�ZDWHU�RU�IORDWLQJ�PDFURSK\WH�FRYHU�DW�KLJK�

ZDWHU��

�

5HVROXWLRQ�DQG�VZDWK�ZLGWK��

)O\LQJ�KHLJKW�IRU�WKH�92$0���VXUYH\�UDQJHG�IURP�����WR�����P��ZLWK�D�PHGLDQ�RI�����

P��)RU�VHJPHQWV�ZKHUH�ODVHU�GDWD�ZDV�UHTXLUHG��IO\LQJ�KHLJKW�ZDV�VHOHFWHG�WR�PD[LPL]H�VZDWK�

ZLGWK�ZKLOH�UHPDLQLQJ�ZLWKLQ�WKH�UDQJH�RI�WKH�ODVHU�LQVWUXPHQW�DQG�EHORZ�WKH�FORXG�FHLOLQJ��$W�WKH�

PHGLDQ�IO\LQJ�KHLJKW��VZDWK�ZLGWK�ZDV�DERXW�����P��ZLGH�DQJOH��DQG����P��]RRP���ZLWK�SL[HO�

GLPHQVLRQV�RI�DERXW������P��ZLGH��DQG�����FP��]RRP����5HVROXWLRQ�RI�WKH�92$0���YLGHR�GDWD�

ZDV�LQ�JHQHUDO�HTXLYDOHQW�WR�SL[HO�GLPHQVLRQ��ZLWK�WKH�H[FHSWLRQ�RI�RFFDVLRQDO�ORVV�RI�IRFXV�RYHU�

VPRRWK�ZDWHU�VXUIDFHV��2Q�WKH�KLJK�UHVROXWLRQ�]RRP�IRRWDJH��IHDWXUHV�VXFK�DV�LQGLYLGXDO�

EUDQFKHV��OHDYHV��DQG�JUDVV�VWHPV�DUH�GLVWLQJXLVKDEOH���

6ZDWK�ZLGWK�DQG�SL[HO�GLPHQVLRQ�ZHUH�VLPLODU�IRU�WKH�92$0���YHUWLFDO�IRUPDW�GDWD��EXW�

UHVROXWLRQ�ZDV�ORZHU�IRU�WKUHH�UHDVRQV��)LUVW��IRFXVLQJ�SUREOHPV�RFFXUUHG�LQWHUPLWWHQWO\�GXULQJ�

WKH������VXUYH\��GXULQJ�WKHVH�HSLVRGHV�WKH�FDPHUD�ZHQW�VOLJKWO\�RXW�RI�IRFXV�IRU�D�IHZ�IUDPHV�

EHIRUH�UHWXUQLQJ�WR�IRFXV��6HFRQG��WKH�GLJLWDO�FDPFRUGHU�XVHG�IRU�WKH������VXUYH\�XVHG�

LQWHUODFHG�YLGHR��LQ�ZKLFK�RGG�DQG�HYHQ�OLQHV�RI�D�IUDPH�DUH�UHFRUGHG�DW�GLIIHUHQW�PRPHQWV��WKLV�

FDQ�FDXVH�EOXUULQJ�ZKHQ�WKH�FDPHUD�LV�PRYLQJ�UHODWLYH�WR�WKH�WDUJHW��DV�LQ�DHULDO�VXUYH\V��7KH�

SURJUHVVLYH�VFDQ�YLGHR�XVHG�LQ�WKH�92$0���FDPFRUGHUV�GRHV�QRW�XVH�LQWHUODFLQJ��7KLUG��WKH�

KLJK�OHYHOV�RI�DWPRVSKHULF�KD]H�DQG�VPRNH�W\SLFDO�RI�WKH�ODWH�GU\�VHDVRQ�UHGXFHG�WKH�TXDOLW\�RI�

WKH������GDWD��SDUWLFXODUO\�LQ�WKH�REOLTXH�IRUPDW���

)RU�WKH�REOLTXH�92$0���DQG�92$0���GDWDVHWV��UHVROXWLRQ�DQG�VZDWK�ZLGWK�ZHUH�

YDULDEOH��GHSHQGLQJ�RQ�FDPHUD�DQJOH�DQG�]RRP�IDFWRU���

�

*HRORFDWLRQ�DFFXUDF\�RI�92$0���DQG�92$0���GDWD���

���7KH�DEVROXWH�JHRORFDWLRQ�DFFXUDF\�RI�PRVDLFV�JHQHUDWHG�IURP�92$0���DQG�92$0���GDWD�LV�

DIIHFWHG�E\�HUURUV�IURP�VHYHUDO�VRXUFHV��

��� $LUFUDIW�*36�ORFDWLRQ���)RU�WKH�UHDO�WLPH��GLIIHUHQWLDOO\�FRUUHFWHG�*36�VLJQDO�UHFHLYHG�RQFH�

SHU�VHFRQG�GXULQJ�WKH�92$0���VXUYH\��H[SHFWHG�SUREDELOLWLHV�RI�KRUL]RQWDO�HUURU�DUH����

����WKDW�ORFDWLRQ�HUURU�ZLOO�EH�OHVV�WKDQ�����P���������WKDW�LW�ZLOO�EH�OHVV�WKDQ�����P��DQG�

����WKDW�LW�ZLOO�EH�OHVV�WKDQ�����P��7KH�UDQJH�RI�YHUWLFDO�HUURU�LV���WR�����WLPHV�DV�JUHDW��

UHVXOWLQJ�LQ�D��������SUREDELOLW\�RI�YHUWLFDO�HUURU�OHVV�WKDQ������P���������SUREDELOLW\�RI�

HUURU�OHVV�WKDQ�����P��DQG�����SUREDELOLW\�RI�HUURU�OHVV�WKDQ������P���)RU�WKH�92$0���
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VXUYH\��ZKLFK�ZDV�EDVHG�RQ��QRQ�GLIIHUHQWLDOO\�FRUUHFWHG�*36�UHDGLQJV�HYHU\���VHFRQGV��

KRUL]RQWDO�HUURU�SUREDELOLWLHV�DUH�HVWLPDWHG�DW�����IRU�HUURUV�������P���

��� )UDPH�FHQWHU�ORFDWLRQ��SUH�PRVDLFNLQJ��)RU�92$0����FDOFXODWLRQ�RI�WKH�KRUL]RQWDO�RIIVHW�

EHWZHHQ�DLUFUDIW�ORFDWLRQ�DQG�IUDPH�FHQWHU�ORFDWLRQ�LV�DIIHFWHG�E\�HUURUV�LQ�*36�EDVHG�

YHUWLFDO�SRVLWLRQ�RI�WKH�DLUFUDIW��LQ�UDQJH�WR�JURXQG��PHDVXUHG�E\�ODVHU�UDQJHILQGHU���DQG�LQ�

DLUFUDIW�WLS�DQG�WLOW��PHDVXUHG�E\�$+56����$W�DQ�DLUFUDIW�KHLJKW�DERYH�JURXQG�RI�����P�DQG�

DLUFUDIW�WLS�WLOW�RI��R���DQG�DVVXPLQJ�LQVWUXPHQW�HUURUV�RI�������P�IURP�WKH�*36�������FP�

IURP�WKH�ODVHU�UDQJHILQGHU�DQG�������R�IURP�WKH�$+56��WKH�UHVXOWLQJ�HUURU�LQ�RIIVHW�

FDOFXODWLRQ�ZRXOG�EH���P������P�RI�ZKLFK�LV�RZLQJ�WR�HUURU�LQ�WLS�WLOW�PHDVXUHPHQW��$GGLQJ�

WKLV�WR�WKH�����P�KRUL]RQWDO�HUURU�DFKLHYHG��������RI�WKH�WLPH�IRU�DLUFUDIW�SRVLWLRQ�\LHOGV�

DQ�HUURU�RI�XS�WR���P�LQ�KRUL]RQWDO�SRVLWLRQV�RI�IUDPH�FHQWHUV��$LU�WXUEXOHQFH�ZRXOG�DGG�

IXUWKHU�HUURU�WR�IUDPH�FHQWHU�ORFDWLRQ��7KH������VXUYH\�GLG�QRW�LQFOXGH�$+56�RU�ODVHU�

PHDVXUHPHQWV��$JDLQ�DVVXPLQJ�DQ�DLUFUDIW�KHLJKW�DERYH�JURXQG�RI�����P�DQG�DLUFUDIW�

WLS�WLOW�RI���R��D�KRUL]RQWDO�HUURU�RI�����P�ZRXOG�UHVXOW�IURP�WKH�ODFN�RI�FRUUHFWLRQ�RZLQJ�WR�

WLS�WLOW��

��� 3L[HO�ORFDWLRQ��SRVW�PRVDLFNLQJ��7KH�DPRXQW�RI�HUURU�LQWURGXFHG�GXULQJ�PRVDLFNLQJ�LV�

HVWLPDWHG�WR�EH�RQ�WKH�RUGHU�RI�����SL[HOV��RU�DERXW�����P�IRU�ZLGH�DQJOH�PRVDLFV�DW�

W\SLFDO�IOLJKW�DOWLWXGHV��IRU�WKH�FHQWHU�WUDFN�RI�WKH�PRVDLF��5HODWLYH�DQG�DEVROXWH�

JHRORFDWLRQ�HUURUV�FDQ�EH�H[SHFWHG�WR�LQFUHDVH�DORQJ�WKH�PDUJLQV�RI�PRVDLFV��RZLQJ�WR�

OHQV�GLVWRUWLRQV�DQG�WR�WHUUDLQ�KHLJKW�HIIHFWV�ZKHUH�WHUUDLQ�KHLJKW�YDULHV�DFURVV�WKH�YLGHR�

VZDWK��2SWLFDO�GLVWRUWLRQ�PRGHOV�IRU�WKH�OHQVHV�XVHG�LQ�WKH�WZR�VXUYH\V�DUH�QRW�FXUUHQWO\�

DYDLODEOH��

�

%HFDXVH�RI�WKH�QXPEHU�RI�LQWHUDFWLQJ�IDFWRUV�DIIHFWLQJ�JHRORFDWLRQ�DFFXUDF\��DQG�WKH�

ODUJH�DPRXQW�RI�GDWD�FROOHFWHG��D�FRPSUHKHQVLYH�DVVHVVPHQW�RI�JHRORFDWLRQ�HUURU�LV�QRW�

IHDVLEOH�IRU�WKH�92$0���DQG�92$0���GDWDVHWV��&RPSDULVRQ�ZLWK�ILHOG�*36�PHDVXUHPHQWV�

IRU�D�VPDOO�QXPEHU�RI�VLWHV�LQGLFDWHV�WKDW�DEVROXWH�HUURUV�DUH�LQ�WKH�UDQJH�RI���WR����P��������

DQG����WR�����P��������DORQJ�WKH�FHQWHU�WKLUG�RI�PRVDLFNHG�VZDWKV���

�

�,QVHUW�ILJXUH���DERXW�KHUH��

�

92$0���ODVHU�GDWD��

7KH�ODVHU�DOWLPHWHU�UHFRUGHG�WKH�UDQJH�WR�WKH�ODVW�UHWXUQ�IURP�HDFK�SXOVH��$W�WKH�

VDPSOLQJ�UDWH�RI�����+]��WKLV�UHVXOWHG�LQ�DERXW���ODVHU�KLWV�SHU�YLGHR�IUDPH���7KH�SRZHURI�WKH�
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ODVHU�ZDV�OLPLWHG�WR�PHHW�H\H�VDIHW\�VWDQGDUGV�ZKHQ�IORZQ�DW�ORZ�DOWLWXGHV��7KH�SHUFHQWDJH�RI�

³]HUR�UHWXUQV´����SXOVHV�IRU�ZKLFK�QR�UHWXUQ�ZDV�GHWHFWDEOH����LQFUHDVHG�ZLWK�DLUFUDIW�KHLJKW�

DERYH�JURXQG�DV�VKRZQ�LQ�ILJXUH�����2YHU�WHUUDLQ�ZLWKRXW�VWDQGLQJ�ZDWHU��DW�DLUFUDIW�KHLJKWV�

DERYH�JURXQG�RI�OHVV�WKDQ�����P��OHVV�WKDQ�����RI�UHWXUQV�ZHUH�EHORZ�WKH�GHWHFWLRQ�WKUHVKROG��

]HUR�UHWXUQV�LQFUHDVHG�WR�����DW�����P�DQG�����DW�����P���6HJPHQWV�ZLWK�PRUH�WKDQ��������

]HUR�UHWXUQV�DUH�RI�OLPLWHG�XVH�IRU�DQDO\VLV�RI�YHJHWDWLRQ�KHLJKWV��EXW�FDQ�EH�XVHG�IRU�PRVDLF�

JHRFRGLQJ���5HWXUQV�IURP�ZDWHU�VXUIDFHV�YDULHG�ZLWK�ZDWHU�VXUIDFH�URXJKQHVV�DQG�SUHVHQFH�RI�

VXQJOLQW��UHIOHFWLYLW\�IURP�VPRRWK�ZDWHU�VXUIDFHV�ZLWKRXW�VXQJOLQW�ZDV�EHORZ�GHWHFWLRQ�

WKUHVKROGV��$W�D�UDQJH�RI�����P��WKH�EHDPZLGWK�RI�WKH�ODVHU�SXOVH�LV�DSSUR[LPDWHO\���P��DOORZLQJ�

LW�WR�SHQHWUDWH�VPDOO�JDSV�LQ�YHJHWDWLRQ�FDQRSLHV�DQG�UHFRUG�UDQJH�WR�JURXQG�RU�XQGHUVWRU\��

�

�,QVHUW�ILJXUH���DERXW�KHUH��

�

)LJXUH���VKRZV�D�ODVHU�SURILOH�DORQJ�D����NP�IOLJKWOLQH�VHJPHQW�LQ�WKH�VRXWKHUQ�SRUWLRQ�RI�

WKH�5RUDLPD�5XSXQXQL�VDYDQQD�UHJLRQ��%HJLQQLQJ�RQ�WKH�QRUWK�EDQN�RI�WKH�&DXDPp�5LYHU��WKH�

WUDQVHFW�H[WHQGV�VRXWKZHVW�DFURVV�WKH�ULYHU�IORRGSODLQ��WKURXJK�WKH�RXWVNLUWV�RI�WKH�FLW\�RI�%RD�

9LVWD��DQG�DFURVV�VHYHUDO�VWUHDPV�WKDW�GUDLQ�VRXWKHDVW�WR�WKH�%UDQFR�5LYHU��7KLV�DUHD�LV�SDUW�RI�

DQ�H[WHQVLYH��ODUJHO\�XQGLVVHFWHG�SHGLSODLQ��KDYLQJ�D�ORZ�GHQVLW\��QRQ�RUJDQL]HG�GUDLQDJH�

SDWWHUQ�ZLWK�FORVHG�ODNHV��6FKDHIHU�DQG�'DOU\PSOH��������7KH�IODWQHVV�RI�WKH�WHUUDLQ�FDQ�EH�

VHHQ�LQ�WKH�ODVHU�SURILOH��JURXQG�HOHYDWLRQV�RXWVLGH�RI�GUDLQDJHV�GHFUHDVH�IURP����P�LQ�WKH�

QRUWKHDVW�WR����P�LQ�WKH�VRXWKZHVW���

3RUWLRQV�RI�WKH�WUDQVHFW�IRU�ZKLFK�VWDQGLQJ�ZDWHU�LV�YLVLEOH�RQ�WKH�YLGHRJUDSK\�DUH�

LQGLFDWHG�DORQJ�WKH�WRS�RI�ILJXUH�����7KH�XSODQG�VXUIDFH�LV�DERXW����P�KLJKHU�LQ�HOHYDWLRQ�WKDQ�

WKH�ULYHU�FKDQQHO��DQG�PRUH�WKDQ����P�DERYH�SHDN�IORZ�OHYHO�IRU�WKH�ULYHU��7KH�SUHVHQFH�RI�

VWDQGLQJ�ZDWHU�LQ�XSODQG�GHSUHVVLRQV�DQG�GUDLQDJHZD\V�LQGLFDWHV�WKDW�GLUHFW�UDLQIDOO�LQSXW�DQG�

ORFDO�UXQRII�DUH�WKH�SULPDU\�LQSXWV�WR�VXUIDFH�IORRGLQJ��DQG�WKDW�VHDVRQDOLW\�RI�IORRGLQJ�LQ�DUHDV�

DZD\�IURP�WKH�ULYHU�IORRGSODLQ�FDQQRW�EH�GLUHFWO\�SUHGLFWHG�IURP�ULYHU�VWDJH��,Q�DGGLWLRQ�WR�

WRSRJUDSK\��WKH�ODVHU�SURILOH�JLYHV�LQIRUPDWLRQ�DERXW�YHJHWDWLRQ�KHLJKWV��VKRZLQJ�VKUXE�KHLJKWV�

RI�����P�DQG�WUHH�KHLJKWV�RI�������P��SDOPV��DQG�������P��RWKHU�EURDGOHDYHG��DORQJ�WKH�

WUDQVHFW���

�

�

�

�
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���8VH�RI�GLJLWDO�YLGHRJUDSK\�WR�WUDLQ�DQG�YDOLGDWH�ZHWODQGV�PDVNLQJ�DQG�FODVVLILFDWLRQ�
�
&UHDWLRQ�RI��WKH�-$006�ZHWODQGV�PDVN��
�

7KH�-$006�ZHWODQGV�PDSSLQJ�LV�GRQH�LQ�WZR�SKDVHV�����D�ZHWODQGV�PDVN�LV�FUHDWHG�

WKDW�H[FOXGHV�DOO�QRQ�ZHWODQGV�IHDWXUHV�����WKH�DUHDV�ZLWKLQ�WKH�ZHWODQGV�PDVN�DUH�FODVVLILHG�

LQWR�FRYHU�W\SHV�RQ�ERWK�WKH�ORZ��DQG�KLJK�ZDWHU�PRVDLFV���:HWODQGV�DUH�GHILQHG�DV�YHJHWDWHG�

RU�QRQ�YHJHWDWHG�DUHDV�WKDW�DUH�VHDVRQDOO\�RU�SHUPDQHQWO\�LQXQGDWHG��7KH�PDVNLQJ�DQG�

FODVVLILFDWLRQ�VWHSV�DUH�EHLQJ�DSSOLHG�WR�PRVDLF�WLOHV�PHDVXULQJ�VL[�GHJUHHV�RI�ORQJLWXGH�E\�IRXU�

GHJUHHV�RI�ODWLWXGH�������[������SL[HOV�DW�WKH�-(56���PRVDLF�UHVROXWLRQ���WKH�-$006�VWXG\�

DUHD�FRPSULVHV����RI�WKHVH�WLOHV���+HUH�ZH�GHVFULEH�XVH�RI�WKH�92$0���GDWD�IRU�DVVHVVLQJ�WKH�

WKHPDWLF�DFFXUDF\�RI�WKH�ZHWODQGV�PDVN�IRU�WKH�WLOH�FRQWDLQLQJ�WKH�FLW\�RI�0DQDXV��

7KH�PHWKRG�IRU�FUHDWLQJ�D�ZHWODQGV�PDVN�IURP�WKH�FR�UHJLVWHUHG�ORZ��DQG�KLJK�ZDWHU�

-(56���PRVDLFV�LV�GHVFULEHG�E\�%DUERVD�HW�DO����%DUERVD��HW�DO���������'LVFULPLQDWLRQ�EHWZHHQ�

ZHWODQG�DQG�QRQ�ZHWODQG�IHDWXUHV�EDVHG�RQ�WKH�UDGDU�EDFNVFDWWHULQJ�FRHIILFLHQW�� R��RI�-(56���

PRVDLF�SL[HOV�GRHV�QRW�\LHOG�JRRG�UHVXOWV��VLQFH�PDQ\�ZHWODQG�DQG�QRQ�ZHWODQG�IHDWXUHV�GLVSOD\�

VLPLODU�/�++�EDFNVFDWWHULQJ�VWDWLVWLFV��([DPSOHV�RI�ZHWODQG�QRQ�ZHWODQG�SDLUV�ZLWK�VLPLODU�/�++�

UHWXUQV�LQFOXGH�IORRGHG�SDOPV�DQG�XUEDQ�DUHDV��ERWK�ZLWK� R�UDQJLQJ�IURP����WR����G%���IORRGHG�

YiU]HD�IRUHVW�DQG�IDFLQJ�KLOOVORSHV�RULHQWHG�QRUPDO�WR�WKH�-(56���ORRN�GLUHFWLRQ�������WR����G%���

DQG�DTXDWLF�PDFURSK\WHV�DQG�SDVWXUHV������WR������G%����6XFK�SDLUV�RI�IHDWXUHV�FDQQRW�EH�ZHOO�

VHSDUDWHG�E\�SL[HO�EDVHG�FODVVLILHUV�XVLQJ� R��WH[WXUH�RI� R��RU�UDWLR�RI�ORZ��WR�KLJK�ZDWHU� R���

KRZHYHU��WKH\�DUH�UHDGLO\�GLVWLQJXLVKHG�E\�D�KXPDQ�LQWHUSUHWHU�EDVHG�RQ�VSDWLDO�SDWWHUQ�DQG�

FRQWH[W��$�K\EULG�PDFKLQH�LQWHUSUHWHG�DQG�KXPDQ�LQWHUSUHWHG�PHWKRG�ZDV�WKHUHIRUH�HPSOR\HG�

WR�JHQHUDWH�WKH�ZHWODQGV�PDVN���

7KH�FR�UHJLVWHUHG�-(56���PRVDLFV�ZHUH�VHJPHQWHG�LQWR�KRPRJHQHRXV�SRO\JRQV�XVLQJ�

D�UHJLRQ�JURZLQJ�DOJRULWKP��DQG�WKH�UHVXOWLQJ�SRO\JRQV�ZHUH�DVVLJQHG�DV�ZHWODQG�RU�QRQ�

ZHWODQG�DIWHU�DQ�XQVXSHUYLVHG�FOXVWHULQJ�XVLQJ�SRO\JRQ�EDFNVFDWWHULQJ�VWDWLVWLFV��7KH��LPDJH�

VHJPHQWDWLRQ�DQG�SRO\JRQ�EDVHG�FODVVLILFDWLRQ�URXWLQHV�XVHG�DUH�SDUW�RI�,13(¶V�635,1*�

VRIWZDUH�SDFNDJH��&DPDUD��HW�DO���������7KH�DXWRPDWLFDOO\�JHQHUDWHG�DQG�FOXVWHUHG�SRO\JRQV�

ZHUH�HGLWHG�E\�D�KXPDQ�LQWHUSUHWHU��:LWK�WKLV�SRO\JRQ�EDVHG�DSSURDFK��WKH�LQWHUSUHWHU�FDQ�

LQFRUSRUDWH�VSDWLDO�SDWWHUQ�DQG�FRQWH[W�LQWR�HGLWLQJ�GHFLVLRQV��ZKLFK�ZRXOG�QRW�EH�SUDFWLFDO�ZLWK�D�

SL[HO�EDVHG�FODVVLILFDWLRQ���

&ODVVLILFDWLRQ�RI�D�SRO\JRQ�DV�D�ZHWODQG�ZDV�WKXV�EDVHG�LQLWLDOO\�RQ�EDFNVFDWWHULQJ�

YDOXHV�LQGLFDWLYH�RI�IORRGLQJ�RQ�HLWKHU�KLJK��RU�ORZ�ZDWHU�PRVDLFV��WKHQ�PRGLILHG�EDVHG�RQ�

ORFDWLRQ�RU�VSDWLDO�SDWWHUQ�LQGLFDWLYH�RI�D�ZHWODQG�RU�QRQ�ZHWODQG��DV�MXGJHG�E\�D�KXPDQ�
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LQWHUSUHWHU��&DVHV�ZKHUH�DVVLJQPHQW�RI�D�SRO\JRQ�DV�ZHWODQG�RU�QRQ�ZHWODQG�ZDV�LQ�GRXEW�ZHUH�

UHVROYHG�LQ�PRVW�FDVHV�E\�FRPSDULVRQ�RI�WKH�PRVDLFV�ZLWK�70�LPDJHU\�RU�PDSV���,Q�VRPH�

LQVWDQFHV��92$0�YLGHRJUDSK\�ZDV�YLHZHG�LQ�RUGHU�WR�PDNH�DQ�DVVLJQPHQW��WKH�YLGHR�VHJPHQWV�

XVHG�IRU�WKLV�SXUSRVH�ZHUH�H[FOXGHG�IURP�WKH�GDWDVHW�XVHG�IRU�YDOLGDWLRQ�RI�WKH�ZHWDQGV�PDVN��

7KH�UHVXOWLQJ�ZHWODQGV�PDVN�IRU�WKH�0DQDXV�WLOH�LV�VKRZQ�LQ�ILJXUH��������RI�WKH�WLOH�DUHD�LV�

FRYHUHG�E\�ZHWODQGV��7KH�PLQLPXP�PDSSLQJ�XQLW��HTXLYDOHQW�WR�WKH�PLQLPXP�SRO\JRQ�VL]H�

VSHFLILHG�GXULQJ�WKH�LPDJH�VHJPHQWDWLRQ��LV����SL[HOV��RU�DSSUR[LPDWHO\������NP���

�

�,QVHUW�ILJXUH���DERXW�KHUH��

�

&UHDWLRQ�RI��WKH�YDOLGDWLRQ�GDWDVHW��

6DPSOH�ORFDWLRQV�IRU�DVVHVVLQJ�WKH�WKHPDWLF�DFFXUDF\�RI�WKH�ZHWODQGV�PDVN�ZHUH�

VHOHFWHG�E\�D�UDQGRP�VDPSOLQJ�RI�IOLJKW�WLPHV��DORQJ�WKH�92$0���VXUYH\�WUDFNV��VWUDWLILHG�E\�

FODVV��L�H���ZHWODQG�RU�QRQ�ZHWODQG��DQG�XVLQJ�D�PLQLPXP�WLPH�VDPSOLQJ�XQLW�RI�RQH�VHFRQG��

(DFK�VDPSOH�FRQVLVWV�RI�D�����[�����P�DUHD�FHQWHUHG�RQ�WKH�870�FRRUGLQDWHV�FRUUHVSRQGLQJ�WR�

WKH�UDQGRPO\�VHOHFWHG�IOLJKW�WLPH��7ZR�FRQVWUDLQWV�ZHUH�SODFHG�RQ�WKH�VDPSOH�VHOHFWLRQ��

VDPSOHV�FRXOG�QRW�EH�ORFDWHG�ZLWKLQ����IOLJKW�VHFRQGV�RI�RQH�DQRWKHU��WR�DYRLG�RYHUODSSLQJ�

VDPSOHV��DQG�D�PD[LPXP�RI���VDPSOHV�ZDV�DOORZHG�ZLWKLQ�HDFK�FHOO�RI�D���[���NP�JULG�

VXSHULPSRVHG�RQ�WKH�WLOH���WR�DYRLG�RYHUVDPSOLQJ�DUHDV�ZLWK�PXOWLSOH�IOLJKW�OLQHV���

7KH�VDPSOH�VL]H�UHTXLUHG�WR�DFKLHYH�D�FRQILGHQFH�OHYHO�RI�����DQG�D�SUHFLVLRQ�RI������

IRU�HVWLPDWLRQ�RI�HUURU�PDWUL[�FRPSRQHQWV�ZDV�FDOFXODWHG�WR�EH�������EDVHG�RQ�WKH�PXOWLQRPLDO�

GLVWULEXWLRQ��&RQJDOWRQ�DQG�*UHHQ�������7RUWRUD��������&ODVV�SURSRUWLRQV�RI�����QRQ�ZHWODQG�

DQG�����ZHWODQG�ZHUH�DVVXPHG�IRU�WKLV�FDOFXODWLRQ��HVWLPDWHG�IURP�UHVXOWV�RI�D�SUHOLPLQDU\�

ZHWODQGV�PDVNLQJ�RI�VL[�PRVDLF�WLOHV��92$0���IOLJKW�OLQHV�WUDYHUVHG����RI�WKH����PRVDLF�WLOHV��2I�

WKH������UDQGRPO\�VHOHFWHG�IOLJKW�WLPHV������IHOO�ZLWKLQ�WKH�0DQDXV�WLOH��ILJXUH�����ZKLFK�KDG�

JUHDWHU�WKDQ�DYHUDJH�IOLJKW�FRYHUDJH��7KLV�UHSUHVHQWHG������RI�WKH�VDPSOH�SRRO�RI��������IOLJKW�

WLPHV�ZLWKLQ�WKH�WLOH��DIWHU�H[FOXGLQJ�VXUYH\�VHJPHQWV�UHIHUHQFHG�GXULQJ�PDVN�HGLWLQJ����

7HQ�VHFRQG�ZLGH�DQJOH�DQG�]RRP�YLGHR�FOLSV�FHQWHUHG�RQ�WKH�UDQGRPO\�VHOHFWHG�VDPSOH�

WLPHV�ZHUH�VDYHG�WR�GLVN�DQG�WKH�VDPSOHV�ZHUH�ODEHOHG�DV�ZHWODQG�RU�QRQ�ZHWODQG��ZLWK�WKH�

H[FHSWLRQ�RI�VDPSOHV�IRU�ZKLFK�D��WKH�DLUFUDIW�ZDV�EDQNLQJ�DW�D�VWHHS�DQJOH�GXULQJ�D�WXUQ��DERXW�

���RI�WKH�UDQGRP�VDPSOHV���E��WKH�JURXQG�ZDV�REVFXUHG�E\�FORXGV��VPRNH��RU�FORVXUH�RI�WKH�

EHOO\�SRUW�GXULQJ�UDLQIDOO�����RI�VDPSOHV����F���WKH�VDPSOH�FRXOG�QRW�EH�LGHQWLILHG�DV�HLWKHU�

ZHWODQG�RU�QRQ�ZHWODQG�����RI�VDPSOHV���RU�G��WKH�VDPSOH�DUHD�IHOO�GLUHFWO\�RQ�D�

ZHWODQG�QRQZHWODQG�ERXQGDU\��OHVV�WKDQ����RI�VDPSOHV���/DEHOLQJ�ZDV�EDVHG�VROHO\�RQ�WKH�
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YLGHR�UHFRUG���6DPSOHV�ZHUH�ODEHOHG�DV�ZHWODQG�LI�WKH\�ZHUH�IORRGHG�GXULQJ�WKH�92$0���

VXUYH\��RU�LI�WKH\�KDG�YHJHWDWLRQ�W\SHV�RU�JHRPRUSKRORJLF�WUDLWV�GLDJQRVWLF�RI�$PD]RQLDQ�

ZHWODQGV��HYHQ�WKRXJK�WKH\�ZHUH�QRW�IORRGHG�GXULQJ�WKH�YLGHR�VXUYH\��

�$UHDV�IORRGHG�GXULQJ�WKH�VXUYH\�ZHUH�UHDGLO\�GHWHFWHG�LQ�PRVW�FDVHV��HLWKHU�E\�VXQJOLQW�

IURP�ZDWHU�VXUIDFHV��VHHQ�WKURXJK�FDQRS\�JDSV�LQ�IORRGHG�IRUHVWV���RU�E\�UHIOHFWLRQV�RI�VN\��

FORXG�RU�DLUSODQH�LQ�WKH�ZDWHU�VXUIDFH��)ORRGLQJ�ZDV�PRUH�GLIILFXOW�WR�GHWHFW�RQ�RYHUFDVW�GD\V��,Q�

VRPH�FDPSLQD�ZHWODQGV��EODFNZDWHU�ZHWODQGV�RQ�ZKLWH�VDQG���SDWFKHV�RI�EDUH��GU\�VDQG�ZHUH�

GLIILFXOW�WR�GLVWLQJXLVK�IURP�VXQJOLQW�RU�FORXG�UHIOHFWLRQV��6RPH�IOLJKWOLQH�RULHQWDWLRQ�DQG�VXQ�DQJOH�

FRPELQDWLRQV�ZHUH�GLIILFXOW�WR�LQWHUSUHW��HVSHFLDOO\�DW�KLJKHU�IOLJKW�DOWLWXGHV���

/DEHOLQJ�D�VDPSOH�DV�QRQ�ZHWODQG�ZDV�PRUH�WLPH�FRQVXPLQJ�WKDQ�ODEHOLQJ�D�ZHWODQG�

VDPSOH��VLQFH�LW�UHTXLUHG�FRQILUPDWLRQ�RI�WKH�DEVHQFH�RI�IORRGLQJ��DQG�VLQFH�XSODQG�IRUHVW�RU�

VKUXE�FDQRSLHV�PD\�VXSHUILFLDOO\�UHVHPEOH�ZHWODQG�FDQRSLHV��,Q�PDQ\�FDVHV��LW�ZDV�QHFHVVDU\�

WR�YLHZ�WKH�]RRP�DV�ZHOO�DV�WKH�ZLGH�DQJOH�IRRWDJH��WR�YHULI\�ODFN�RI�IORRGLQJ�E\�FORVH�YLHZLQJ�RI�

JURXQG�IHDWXUHV�LQ�FDQRS\�JDSV��)RU�IRRWDJH�VKRW�DW�KLJK�IOLJKW�DOWLWXGHV�DQG�ORZ�VXQ�DQJOHV��

JURXQG�IHDWXUHV�ZHUH�OLNHO\�WR�EH�REVFXUHG�E\�VKDGRZ��PDNLQJ�LW�GLIILFXOW�RU�LPSRVVLEOH�WR�UXOH�

RXW�WKH�SUHVHQFH�RI�IORRGLQJ��

6LQFH�WKH�-(56���KLJK�ZDWHU�PRVDLF�DQG�92$0���VXUYH\�ZHUH�WLPHG�WR�SHDN�KLJK�

ZDWHU�IRU�WKH�FHQWUDO�$PD]RQ��LW�LV�QRW�VXUSULVLQJ�WKDW�IRU�WKH�0DQDXV�WLOH��DOO�VDPSOHV�ODEHOHG�DV�

ZHWODQG�ZHUH�LGHQWLILDEOH�RQ�WKH�YLGHR�E\�WKH�SUHVHQFH�RI�IORRGLQJ��,Q�SDUWV�RI�WKH�%UD]LOLDQ�

$PD]RQ�ZLWK�D�GLIIHUHQW�VHDVRQDOLW\�RI�LQXQGDWLRQ��ZHWODQGV�PD\�QRW�KDYH�EHHQ�IORRGHG�GXULQJ�

WKH�92$0���VXUYH\��,Q�WKRVH�FDVHV��GLVWLQFWLYH�YHJHWDWLRQ��RU�JHRPRUSKRORJLF�IHDWXUHV�VXFK�DV�

PHDQGHU�VFDUV�DQG�R[ERZ�ODNHV��ZLOO�DLG�LQ�ODEHOLQJ�ZHWODQGV�VDPSOHV�WKDW�ZHUH�QRW�IORRGHG�

GXULQJ�WKH�VXUYH\��

)RU�HDFK�RI�WKH�����VDPSOH�SRLQWV��WKH�YDOLGDWLRQ�GDWDVHW�UHFRUG�FRQVLVWV�RI�WKH�ZLGH�

DQJOH�DQG�]RRP�YLGHR�FOLSV�LQ�4XLFN7LPH�IRUPDW��PRVDLFNHG�ZLGH�DQJOH�DQG�]RRP�VWULSV�LQ�

*HR7LII��IRUPDW��DQG�IOLJKW�ORJ�GDWD�LQ�$6&,,�IRUPDW��)LJXUH����VKRZV�WKH�JHRFRGHG�ZLGH�DQJOH�

PRVDLF�DQG�DQ�HQODUJHG�SRUWLRQ�RI�WKH�]RRP�PRVDLF�IRU�D�VDPSOH�ORFDWHG�LQ�D�FDPSLQD�ZHWODQG�

QHDU�WKH�FRQIOXHQFH�RI�WKH�1HJUR�DQG�8QLQL�5LYHUV��DQG��LQXQGDWHG�GXULQJ�WKH�YLGHR�VXUYH\��7KH�

YLGHR�FOLSV��ZKLFK�UHTXLUH�ODUJH�DPRXQWV�RI�GLVN�VSDFH��DUH�UHWDLQHG�DV�SDUW�RI�WKH�VDPSOH�UHFRUG�

EHFDXVH�IODVKHV�RI�VXQJOLQW�DQG�UHIOHFWLRQV�LQ�WKH�ZDWHU�VXUIDFH�DUH�PXFK�PRUH�REYLRXV�LQ�WKH�

G\QDPLF�YLGHR�IRUPDW�WKDQ�RQ�WKH�VWDWLF�PRVDLFV��

�

�,QVHUW�ILJXUH����DERXW�KHUH��

�
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$VVHVVPHQW�RI�WKHPDWLF�DFFXUDF\�RI�WKH�ZHWODQGV�PDVN��

�

7KH�HUURU�PDWUL[�IRU�WKH�0DQDXV�WLOH�YDOLGDWLRQ�LV�VKRZQ�LQ�WDEOH����)RU�HDFK�RI�WKH�����

VDPSOHV��WKH�YLGHRJUDSK\�EDVHG�FODVV�DVVLJQPHQW��ZHWODQG�RU�QRQ�ZHWODQG��ZDV�FRPSDUHG�ZLWK�

WKH�FODVVLILFDWLRQ�RI�WKDW���KD�DUHD�RQ�WKH�ZHWODQGV�PDVN��)RXU�RI�WKH�����QRQ�ZHWODQG�VDPSOHV�

ZHUH�PLVFODVVLILHG�RQ�WKH�PDVN�DV�ZHWODQG��DQG���RI�WKH����ZHWODQG�VDPSOHV�ZDV�PLVFODVVLILHG�

DV�QRQ�ZHWODQG��DQ�RYHUDOO�DFFXUDF\�RI��������3URGXFHU¶V�DFFXUDFLHV�IRU�QRQ�ZHWODQG�DQG�

ZHWODQG�ZHUH�����DQG������UHVSHFWLYHO\��SURGXFHU¶V�DFFXUDF\�HVWLPDWHV�WKH�SUREDELOLW\�WKDW�D�

JLYHQ�UHIHUHQFH�VDPSOH�KDV�EHHQ�FRUUHFWO\�PDSSHG�RQ�WKH�ZHWODQGV�PDVN��8VHU¶V�DFFXUDFLHV���

ZKLFK�JLYH�WKH�SUREDELOLW\�WKDW�D�JLYHQ�PDVN�VDPSOH�KDV�EHHQ�FRUUHFWO\�PDSSHG��ZHUH�����IRU�

QRQ�ZHWODQG�DQG�����IRU�ZHWODQG��$OO�PLVFODVVLILHG�VDPSOHV�ZHUH�HLWKHU�ORFDWHG�ZLWKLQ�����

SL[HOV�RI�D�SRO\JRQ�ERXQGDU\�RU�ZHUH�ORFDWHG�RQ�IHDWXUHV�VPDOOHU�WKDQ�WKH�PLQLPXP�PDSSLQJ�

XQLW�XVHG�IRU�WKH�ZHWODQGV�PDVN��H�J��VPDOO�QRQ�ZHWODQG�LVODQGV�RU�SHQLQVXODV�VXUURXQGHG�E\�

ZHWODQG��7KLUW\�SHUFHQW�RI�WKH�����UHIHUHQFH�VDPSOHV�IRU�WKH�0DQDXV�WLOH�ZHUH�ZHWODQG��7KLV�LV�D�

KLJKHU�ZHWODQG�FRYHU�WKDQ�WKH�����HVWLPDWH�IRU�WKH�VWXG\�DUHD�DV�D�ZKROH�EHFDXVH�WKH�0DQDXV�

WLOH�KDV�D�KLJKHU�WKDQ�DYHUDJH�FRQFHQWUDWLRQ�RI�ODUJH�ULYHU�IORRGSODLQV��DQG�LV�QHDUO\�HTXDO�WR�WKH�

����ZHWODQG�FRYHU�HVWLPDWHG�E\�WKH�PDVN�IRU�WKH�0DQDXV�WLOH��

�

�,QVHUW�WDEOH���DERXW�KHUH��

�

$OWKRXJK�WKH�YLGHR�GHULYHG�YDOLGDWLRQ�VDPSOHV�ZHUH�UDQGRPO\�VHOHFWHG�IURP�92$0���

IOLJKW�WLPHV��WKH�IOLJKW�OLQHV�WKHPVHOYHV�ZHUH�SXUSRVHIXOO\�ORFDWHG�WR�PD[LPL]H�ZHWODQG�DQG�/%$�

VLWH�FRYHUDJH�ZKLOH�PLQLPL]LQJ�WRWDO�IOLJKW�GLVWDQFH��7KH�YDOLGDWLRQ�GDWDVHW�WKHUHIRUH�PXVW�EH�

FRQVLGHUHG�D�SUREDELOLW\�VDPSOH�RI�WKH�VXEUHJLRQ�FRYHUHG�E\�WKH�YLGHRJUDSK\��EXW�D�

QRQSUREDELOLW\�VDPSOH�RI�WKH�VWXG\�UHJLRQ�DV�D�ZKROH��6WHKPDQ�DQG�&]DSOHZVNL��������*LYHQ�

WKH�ODUJH�DUHD�DQG�VPDOO�QXPEHU�RI�DLUSRUWV�LQ�WKH�VWXG\�UHJLRQ�DQG�WKH�GHVLUHG�IRFXV�RQ�

ZHWODQGV��V\VWHPDWLF�RU�UDQGRP�ORFDWLRQ�RI�WKH�IOLJKW�OLQHV�ZDV�QRW�SUDFWLFDO��7KH�DUHD�FRYHUHG�

E\�WKH�VXUYH\�FDQ�EH�YLHZHG�DV�UHSUHVHQWDWLYH�RI�WKH�VWXG\�DUHD�LQ�WKDW�WKH�IOLJKW�SDWKV�ZHUH�

GHVLJQHG�WR�VDPSOH�WKH�IXOO�UDQJH�RI�ZHWODQG�W\SHV�RI�WKH�%UD]LOLDQ�$PD]RQ��EXW�FDQQRW�EH�

SURYHQ�WR�EH�UHSUHVHQWDWLYH�LQ�D�VWDWLVWLFDO�VHQVH��)XUWKHU�YLGHRJUDSKLF�VXUYH\V�DUH�EHLQJ�

SODQQHG�WR�REWDLQ�FRYHUDJH�RYHU�ODUJH�$PD]RQLDQ�ZHWODQGV�IRU�ZKLFK�WKH�92$0�VXUYH\�GDWD�

�FRQILQHG�WR�%UD]LO��PD\�QRW�EH�UHSUHVHQWDWLYH��VXFK�DV�WKH�0DUDxRQ�8FD\DOL�SDOP�VZDPSV�RI�

3HUX�DQG�WKH�%ROLYLDQ�/ODQRV�GH�0R[RV��

�



7DEOH����(UURU�PDWUL[��SURGXFHU¶V�DFFXUDF\��DQG�XVHU¶V�DFFXUDF\�IRU�0DQDXV�ZHWODQGV�
PDVN��EDVHG�RQ�UHIHUHQFH�GDWD�GHULYHG�IURP�92$0���GLJLWDO�YLGHRJUDSK\��

�
��

5HIHUHQFH�'DWD�

� 1RQ�ZHWODQG� :HWODQG� 7RWDO�

1RQ�ZHWODQG� ��� �� ���

:HWODQG� �� ��� ���

�

:HWODQGV�

0DVN�

7RWDO� ���� ��� ����

�

3URGXFHU¶V�$FFXUDF\� � 8VHU¶V�$FFXUDF\�

5HIHUHQFH� 3HUFHQW� � 0DVN� 3HUFHQW�

1RQ�ZHWODQG� ��� � 1RQ�ZHWODQG� ���

:HWODQG� ��� � :HWODQG� ���

�
2YHUDOO�$FFXUDF\� ��������� �������
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7UDLQLQJ�RI�FODVVLILFDWLRQ�DOJRULWKPV�IRU�-$006�ZHWODQGV�YHJHWDWLRQ�DQG�LQXQGDWLRQ�PDSSLQJ��

� 7KH�VHFRQG�SKDVH�RI�WKH�-$006�ZHWODQGV�PDSSLQJ����FODVVLILFDWLRQ�RI�WKH�DUHDV�ZLWKLQ�

WKH�YDOLGDWHG�ZHWODQGV�PDVN�LQWR�YHJHWDWLYH�K\GURORJLF�FODVVHV�±�LV�RQJRLQJ���$IWHU�D�VHFRQG�

LPDJH�VHJPHQWDWLRQ�RI�WKH�FR�UHJLVWHUHG�PRVDLFV��H[FOXGLQJ�WKH�QRQ�ZHWODQG�SRUWLRQV���

VWDWLVWLFV�DUH�H[WUDFWHG�IRU�WKH�VHJPHQWDWLRQ�EDVHG�SRO\JRQV��$�UXOHV�EDVHG�FODVVLILHU�LV�WKHQ�

GHULYHG�EDVHG�RQ�D�WUDLQLQJ�VHW�RI�VHJPHQWDWLRQ�EDVHG�SRO\JRQV��DQG�DSSOLHG�WR�WKH�IXOO�VHW�RI�

ZHWODQGV�SRO\JRQV���7KH�YHJHWDWLYH�K\GURORJLF�FODVVHV�DUH�EDVHG�RQ�YHJHWDWLRQ�VWUXFWXUH�DQG�

LQXQGDWLRQ�VWDWH��RSHQ�ZDWHU��EDUH�JURXQG��QRQ�IORRGHG�RU�IORRGHG�KHUEDFHRXV��QRQ�IORRGHG�RU�

IORRGHG�ZRRGODQG��QRQ�IORRGHG�RU�IORRGHG�IRUHVW���)RU�VRPH�RI�WKH�ZHWODQGV�FODVVHV���-(56���

EDFNVFDWWHULQJ�VWDWLVWLFV�DUH�QRW�XQLTXH�RQ�D�VLQJOH�GDWH��EXW�FDQ�EH�GLVWLQJXLVKHG�XVLQJ�WKH�WZR�

GDWH�VLJQDWXUH���)RU�H[DPSOH��WKH�92$0���IOLJKW�VHJPHQW�VKRZQ�LQ�ILJXUH����WUDYHUVHV�WKUHH�

WUDLQLQJ�SRO\JRQV�RQ�WKH�VHJPHQWHG�WZR�GDWH�PRVDLFV��7KH�PHGLDQ�EDFNVFDWWHULQJ�FRHIILFLHQWV�

� R��IRU�SRO\JRQV�$��%��DQG�&�UHVSHFWLYHO\�DUH������G%�������G%��DQG������G%�DW�ORZ�ZDWHU��DQG��

����G%��������G%��DQG������G%�DW�KLJK�ZDWHU����

�

�,QVHUW�ILJXUH����DERXW�KHUH��

�

7KH�YLGHRJUDSKLF�UHFRUG�DLGV�LQ�LQWHUSUHWLQJ�WKHVH�VLJQDWXUHV�DQG�FRUUHFWO\�WUDLQLQJ�D�

FODVVLILHU��7KH�ZLGH�DQJOH�DQG�]RRP�IUDPHV�VKRZ�WKDW�SRO\JRQ�$�LV�FORVHG�FDQRS\�YiU]HD�

IRUHVW��IRU�ZKLFK� R��LQFUHDVHV�IURP������WR������G%�ZKHQ�WKH�IRUHVW�LV�IORRGHG�DW�KLJK�ZDWHU��7KLV�

LQFUHDVH�RI�����G%�LV�H[SHFWHG�EHFDXVH�WKH�VPRRWK�ZDWHU�VXUIDFH�LQ�WKH�IORRGHG�VWDWH�DFWV�DV�D�

VSHFXODU�UHIOHFWRU��HQDEOLQJ�VWURQJ�GRXEOH�ERXQFH�UHWXUQV�IURP�WUHH�WUXQNV�DQG�EUDQFKHV��+HVV�

HW�DO�����������3RO\JRQ�%��RFFXS\LQJ�D�WRSRJUDSKLFDOO\�ORZHU�SRVLWLRQ��LV�DQ�RSHQ�ZRRGODQG�ZKLFK�

UHPDLQHG�IORRGHG�DW�ORZ�ZDWHU�DQG�KDG�PDFURSK\WH�FRYHU�DQG�VRPH�RSHQ�ZDWHU�DW�KLJK�ZDWHU�

VWDJH��+LJK�ZDWHU�EDFNVFDWWHULQJ�GHFUHDVHG�IRU�SRO\JRQ�%�EHFDXVH�VRPH�RI�WKH�WUHHV�DQG�

VKUXEV�WKDW�ZHUH�FRQWULEXWLQJ�WR�GRXEOH�ERXQFH�VFDWWHULQJ�EHFDPH�VXEPHUJHG�DW�KLJK�ZDWHU���

7KH�FRYHU�DW�SRO\JRQ�&�LV�VHHQ�RQ�WKH�KLJK�ZDWHU�YLGHR�IUDPHV�WR�KDYH�URXJKO\�HTXDO�DPRXQWV�

RI�RSHQ�ZDWHU�DQG�DTXDWLF�PDFURSK\WH��ZLWK�VFDWWHUHG�WUHHV��DW�ORZ�ZDWHU��WKH�FRYHU�ZRXOG�EH�

VLPLODU�WR�WKDW�RI�SRO\JRQ�%�DW�KLJK�ZDWHU��DQG�WKH�EDFNVFDWWHULQJ�FRHIILFLHQWV�FRQILUP�WKLV���

%DFNVFDWWHULQJ�GHFUHDVHV�IRU�SRO\JRQ�&�DW�KLJK�ZDWHU��DV�VRPH�RI�WKH�HPHUJHQW�ZRRG\�

VFDWWHULQJ�HOHPHQWV�DUH�VXEPHUJHG�DQG�WKH�SHUFHQW�RSHQ�ZDWHU�FRYHU�LV�KLJKHU��7KDW�XQIORRGHG�

IRUHVW��$��ORZ�ZDWHU��DV�ZHOO�DV�IORRGHG�RSHQ�ZRRGODQG�DQG�DTXDWLF�PDFURSK\WH��%��ORZ�ZDWHU��

&��KLJK�ZDWHU��KDYH�D�PHGLDQ� R�RI�±����G%�VKRZV�WKH�LPSRUWDQFH�RI�XVLQJ�PXOWL�WHPSRUDO�GDWD�
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IRU�ZHWODQG�PDSSLQJ�ZLWK�/�++�6$5�GDWD�DQG�WKH�XVHIXOQHVV�RI�YLGHRJUDSK\�IRU�FRUUHFWO\�

LQWHUSUHWLQJ�WKH�-(56���GDWD�WR�WUDLQ�FODVVLILHUV��

92$0���DQG�92$0����QRQ�GLJLWDO��YLGHRJUDSK\�LV�EHLQJ�XVHG�WR�ORFDWH�WUDLQLQJ�VLWHV�IRU�

FODVVHV�QRW�ZHOO�UHSUHVHQWHG�RQ�WKH�92$0���DQG�92$0���VXUYH\V��%HFDXVH�ZDWHU�OHYHOV�ZHUH�

����P�KLJKHU�GXULQJ�WKH������DQG������VXUYH\V�WKDQ�GXULQJ�WKH������DQG������-(56���

LPDJLQJ���WKH�LQXQGDWLRQ�VWDWHV�RI�DUHDV�VXFK�DV�ODNH�EHGV�DQG�VDQG�EDUV�H[SRVHG�DW�ORZ�ZDWHU��

RU�KLJK�OHYHH�IRUHVW�WKDW�UHPDLQHG�GU\�DW�KLJK�ZDWHU��DUH�EHVW�GHWHUPLQHG�IURP�WKH�

FRQWHPSRUDQHRXV������DQG������YLGHRJUDSK\��

�

���)XUWKHU�DSSOLFDWLRQV�RI�WKH�92$0�GDWD�
�

/RFDWLRQ�RI�JURXQG�FRQWURO�SRLQWV�LQ�UHPRWH�UHJLRQV��

(IIHFWLYH�XVH�RI�JHRFRGHG�YLGHR�GDWD�DV�D�YDOLGDWLRQ�GDWDVHW�DVVXPHV�WKH�DFFXUDWH�

JHRORFDWLRQ�RI�WKH�VDWHOOLWH�LPDJHU\�ZLWK�ZKLFK�WKH�YLGHR�GDWD�LV�EHLQJ�FRPSDUHG��(UURUV�LQ�

JHRORFDWLRQ�RI�VDWHOOLWH�LPDJHU\�FDQ�VLJQLILFDQWO\�DIIHFW�YDOLGDWLRQ�UHVXOWV�IRU�ODQG�FRYHU�PDSSLQJ�

�+XVDN��HW�DO����������*HRFRGLQJ�RI�WKH�*5)0�$PD]RQ�PRVDLFV�ZDV�DFFRPSOLVKHG�E\�

LQFRUSRUDWLQJ�JURXQG�FRQWURO�SRLQWV�IURP�����������DQG����������VFDOH�PDSV�LQWR�WKH�

PRVDLFNLQJ�SURFHVV��6LTXHLUD��HW�DO���������:KLOH�VXFK�PDSV�H[LVW�IRU�PXFK�RI�WKH�$PD]RQ�

EDVLQ��WKHUH�LV�D�FRYHUDJH�JDS�IRU�D�ODUJH�SRUWLRQ�RI�WKH�ZHVWHUQ�DQG�QRUWKZHVWHUQ�SDUW�RI�WKH�

EDVLQ��LQFOXGLQJ�PXFK�RI�WKH�0DQDXV�WLOH��6LQFH�WKH�VFDOH�RI�WKH�PDSV�FXUUHQWO\�DYDLODEOH�IRU�WKLV�

UHJLRQ�LV�WRR�FRDUVH�IRU�XVH�LQ�JHRFRGLQJ�WKH�PRVDLFV��WKH�PDS�EDVHG�JURXQG�FRQWURO�SRLQWV�IRU�

WKH�PRVDLF�JHRFRGLQJ�ZHUH�VXSSOHPHQWHG�ZLWK�JURXQG�FRQWURO�SRLQWV�ORFDWHG�RQ�YLGHR�PRVDLFV�

FUHDWHG�IURP�92$0���VXUYH\�GDWD��$Q�H[DPSOH�RI�D�JURXQG�FRQWURO�SRLQW�XVHG�IRU�WKH�0DQDXV�

WLOH�LV�VKRZQ�LQ�ILJXUH�����$OWKRXJK�UHODWLYHO\�IHZ�IHDWXUHV�DUH�ERWK�VPDOO�HQRXJK�WR�ORFDWH�WR�

ZLWKLQ�����SL[HOV�RQ�WKH�����P�-(56���PRVDLFV��DQG�ODUJH�DQG�GLVWLQFW�HQRXJK�WR�DSSHDU�FOHDUO\�

RQ�WKH�PRVDLF��LQFRUSRUDWLRQ�RI�D�IHZ�VXFK�SRLQWV�FDQ�VLJQLILFDQWO\�LQFUHDVH�WKH�DFFXUDF\�RI�

JHRFRGLQJ�IRU�DUHDV�ODFNLQJ�DFFXUDWH�PDSV��:LWK�KLJK�UHVROXWLRQ�RSWLFDO�LPDJHU\�VXFK�DV�70���

PDWFKLQJ�RI�FRQWURO�SRLQWV�EHWZHHQ�VDWHOOLWH�YLGHR�LPDJHV�LV�HDVLHU��DQG�WKH�JHRFRGHG�

YLGHRJUDSK\�RIIHUV�D�SUDFWLFDO�PHDQV�RI�EXLOGLQJ�D�GDWDEDVH�RI�JURXQG�FRQWURO�SRLQWV�LQ�UHPRWH�

UHJLRQV��

�

�,QVHUW�ILJXUH����DERXW�KHUH��

�

�
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+LJK�UHVROXWLRQ�PDSSLQJ�RI�ORQJ�WHUP�VWXG\�VLWHV��

7KH�KLJK�G\QDPLF�UDQJH�DQG�FRQWLQXRXV�DXWRPDWLF�DSHUWXUH�DQG�JDLQ�DGMXVWPHQWV�RI�

GLJLWDO�YLGHR�FDPHUDV�DOORZ�WKHP�WR�DGDSW�WR�UDSLGO\�FKDQJLQJ�OLJKW�FRQGLWLRQV�DQG�FDSWXUH�D�

UHDVRQDEOH�UHSUHVHQWDWLRQ�RI�WKH�JURXQG�HYHQ�XQGHU�D�SLHEDOG�VN\��*RRG�TXDOLW\�WZR�

GLPHQVLRQDO�PRVDLFV�FDQ�WKXV�EH�FRQVWUXFWHG�IURP�PXOWLSOH�IOLJKW�OLQHV�DFTXLUHG�XQGHU�ZLGHO\�

YDU\LQJ�OLJKW�FRQGLWLRQV���7KLV�FDSDELOLW\�ZDV�GHPRQVWUDWHG�GXULQJ�92$0���IRU�WKH�VLWH�RI�WKH�

%LRORJLFDO�'\QDPLFV�RI�)RUHVW�)UDJPHQWV�3URMHFW��%'))3���D�FROODERUDWLYH�UHVHDUFK�HIIRUW�

EHWZHHQ�%UD]LO
V�1DWLRQDO�,QVWLWXWH�IRU�$PD]RQLDQ�5HVHDUFK��,13$��DQG�WKH�0XVHXP�RI�1DWXUDO�

+LVWRU\�RI�WKH�6PLWKVRQLDQ�,QVWLWXWLRQ��7KH�%'))3�VLWH�LV�DOVR�FXUUHQWO\�WKH�IRFXV�RI�DQ�/%$�

IRUHVW�ELRPDVV�LQYHVWLJDWLRQ��1HDUO\�FRPSOHWH�FRYHUDJH�RI�WKH�KLOO\�VLWH�QRUWK�RI�0DQDXV�ZDV�

DFTXLUHG�XQGHU�EURNHQ�FORXG�FRYHU�DW������P�DERYH�JURXQG��2YHU�D�SHULRG�RI�����KRXUV��VHYHQ�

IOLJKW�OLQHV�ZHUH�IORZQ�LQ�D�SDWWHUQ�WKDW�SURYLGHG�����VLGH�ODS�IRU�WKH�ZLGH�DQJOH�FDPHUD�

FRYHUDJH�RI�WKH����[����NP�DUHD��DQG�WKUHH�RI�WKRVH�OLQHV�ZHUH�IORZQ�DJDLQ�DW�ORZ�DOWLWXGH�WR�

REWDLQ�ODVHU�FRYHUDJH��7KH�KLJKHU�DOWLWXGH�YLGHR�VZDWKV�ZHUH�PRVDLFNHG�XVLQJ�WKH�PHWKRGRORJ\�

SUHYLRXVO\�GHVFULEHG��7KH�JHRUHIHUHQFHG�PRVDLF�VWULSV�IRU�HDFK�IOLJKW�OLQH�ZHUH�WKHQ�UHFWLILHG�WR�

HDFK�RWKHU�DQG�PRVDLFNHG�WRJHWKHU�XVLQJ�WKH�FRPPHUFLDO�*,6�VRIWZDUH�7170,36��SURGXFLQJ�D�

GLJLWDO�RUWKRLPDJH�ZLWK�D�UHVROXWLRQ�RI�����P�DQG�KRUL]RQWDO�JHRORFDWLRQ�DFFXUDF\�RI�

DSSUR[LPDWHO\���P��+D\ZDUG�DQG�6OD\PDNHU��������$�SRUWLRQ�RI�WKH�RUWKRLPDJH��ZKLFK�LV�EHLQJ�

XVHG�DV�D�UHVHDUFK�VLWH�PDS��LV�VKRZQ�LQ�ILJXUH�����

�

�,QVHUW�ILJXUH����DERXW�KHUH��

�

)RUHVW�ELRPDVV�HVWLPDWLRQ��

7KH�FRYHUDJH�RI�WKH�%'))3�VLWH�LV�DOVR�EHLQJ�XVHG�LQ�DQ�RQJRLQJ�SURMHFW�DW�WKH�

8QLYHUVLW\�RI�0DVVDFKXVHWWV�WR�GHYHORS�D�PHWKRGRORJ\�IRU�HVWLPDWLQJ�VWDQGLQJ�ELRPDVV�LQ�

WURSLFDO�IRUHVWV�IURP�DHULDO�YLGHRJUDSK\��$�PRGLILFDWLRQ�RI�WKH�80DVV�PRVDLFNLQJ�SURJUDP�LV�

XVHG�WR�SURGXFH�YLGHR�VWULSV�LQ�VWHUHR�SDLUV��:KHUHDV�WKH�VWDQGDUG�JHRUHIHUHQFLQJ�SURJUDP�

H[WUDFWV�D�IHZ�OLQHV�IURP�WKH�FHQWHU�RI�HDFK�YLGHR�IUDPH�WR�FRQVWUXFW�LWV�FRQWLQXRXV�VZDWK��WKH�

VWHUHR�PRGLILFDWLRQ�H[WUDFWV�WZR�VHWV�RI�OLQHV�IURP�WKH�OHDGLQJ�DQG�WUDLOLQJ�SRUWLRQV�RI�HDFK�

IUDPHV��FRQVWUXFWLQJ�VHSDUDWH�PRVDLF�VWULSV�WKDW�DUH�D�FRQVLVWHQW�HSLSRODU�SDLU��7KHVH�VWULSV�FDQ�

WKHQ�EH�UHJLVWHUHG�WR�WKH�JURXQG�XVLQJ�WKH�JHRUHIHUHQFHG�FHQWHU�VWULS�DQG�HOHYDWLRQ�GDWD�IURP�

WKH�ODVHU��YLHZHG�XVLQJ�VRIWZDUH�VXFK�DV�(5'$6�6WHUHR�$QDO\VW��DQG�XVHG�WR�PDNH�

PHDVXUHPHQWV�LQ��'�VSDFH���6OD\PDNHU��HW�DO���������
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7KH�%'))3�VWXG\�LV�EDVHG�RQ����SHUPDQHQW��RQH�KHFWDUH�VWXG\�SORWV�ORFDWHG�LQ�

FRQWLQXRXV�IRUHVW�DQG�LQ�IRUHVW�IUDJPHQWV�UDQJLQJ�IURP�RQH�WR�����KHFWDUHV�LQ�DUHD��7UHH�FURZQ�

GLDPHWHUV��WUHH�KHLJKWV��DQG�GLDPHWHU�DW�EUHDVW�KHLJKW��GEK��RI�WUHHV�ZLWKLQ�HDFK�VLWH�KDYH�EHHQ�

PHDVXUHG��DQG�WKHLU�ELRPDVV�KDV�EHHQ�FDOFXODWHG�IURP�DOORPHWULF�HTXDWLRQV�WKDW�XVH�GEK�DV�WKH�

VLJQLILFDQW�PHDVXUHPHQW��/DXUDQFH��HW�DO���������6HYHUDO�RI�WKHVH�VLWHV�ZHUH�WUDYHUVHG�E\�ORZ�

DOWLWXGH�92$0���IOLJKW�OLQHV��ZLWK�]RRP�FRYHUDJH�DW���FP�UHVROXWLRQ��)URP�WKHVH�GDWD���'�

PRGHO�VWULSV�ZHUH�FRQVWUXFWHG�DQG�XVHG�WR�HVWLPDWH�WKH�DERYH�JURXQG�ELRPDVV�RI�WKH�VLWHV�E\�

FDOFXODWLQJ�WKH�DYHUDJH�GEK�SHU�KHFWDUH��+D\ZDUG�DQG�6OD\PDNHU��������/LQHDU���KD�SORWV�ZHUH�

GHOLQHDWHG�DFURVV�WKHVH�VLWHV�RQ�WKH�]RRP�PRVDLFV�DQG�EHVW�ILWWLQJ�HOOLSVHV�GUDZQ�LQ��'�VSDFH�

DURXQG�HYHU\�WUHH�FURZQ�WR�FDOFXODWH�LWV�DYHUDJH�GLDPHWHU��7KHVH�FURZQ�PHDVXUHPHQWV�ZHUH�

WKHQ�XVHG�WR�HVWLPDWH�WKH�GEK�YDOXHV�RI�WKRVH�WUHHV�XVLQJ�D�UHJUHVVLRQ�HTXDWLRQ�GHYHORSHG�IURP�

%'))3�ILHOG�GDWD�ZKLFK�FRUUHODWHG�WUHH�FURZQ�DUHD�WR�GEK��7KH�DYHUDJH�RI�WKH�FDOFXODWHG�GEK�

YDOXHV�IRU�HDFK�VLWH�ZDV�FRPSDUHG�WR�WKH�DFWXDO�DYHUDJH�GEK�IRU�WKDW�VLWH�DV�GHWHUPLQHG�IURP�

WKH�%'))3�JURXQG�PHDVXUHPHQWV��DQG�JRRG�DJUHHPHQW�ZDV�IRXQG�EHWZHHQ�WKH�DYHUDJH�YLGHR�

FDOFXODWHG�GEK�YDOXHV�DQG�WKH�JURXQG�PHDVXUHG�YDOXHV��*LYHQ�WKH�HDVH�DQG�VSHHG�ZLWK�ZKLFK�

DHULDO�PHDVXUHPHQWV�FDQ�EH�PDGH�IURP�WKH�KLJK�UHVROXWLRQ��'�YLGHR�PRGHO�DV�FRPSDUHG�WR�

JURXQG�VXUYH\V��WKLV�DSSURDFK�PD\�JUHDWO\�LQFUHDVH�WKH�HIILFLHQF\�RI�PRQLWRULQJ�SURJUDPV�WKDW�

FDOFXODWH�UHJLRQDO�ELRPDVV�YDOXHV�WR�HVWLPDWH�WKH�DPRXQW�RI�VHTXHVWHUHG�FDUERQ��6OD\PDNHU��HW�

DO���������

�

5DSLG�DVVHVVPHQW�RI�WURSLFDO�IRUHVW�ILUHV��

7KH�IUHTXHQW�UHSHDW�F\FOH�RI�FRDUVH�UHVROXWLRQ�VHQVRUV�VXFK�DV�WKH�'063��'HIHQVH�

0HWHURORJLFDO�6DWHOOLWH�3URJUDP��2SHUDWLRQDO�/LQHVFDQ�6\VWHP��2/6��PDNHV�WKHP�HIIHFWLYH�DW�

PRQLWRULQJ�ODUJH�ILUHV��)XOOHU�DQG�)XON��������)LQH�UHVROXWLRQ�PRQLWRULQJ�LV�SUREOHPDWLF�LQ�WKH�

WURSLFV��KRZHYHU��EHFDXVH�WKH�ORQJHU�UHSHDW�F\FOHV�RI�KLJKHU�UHVROXWLRQ�VHQVRUV��FRPELQHG�ZLWK�

WKH�SUHVHQFH�RI�VPRNH�RU�FORXGV��FDQ�UHVXOW�LQ�IHZ�VDWHOOLWH�LPDJHV�VXLWDEOH�IRU�UDSLGO\�

HVWLPDWLQJ�ILUH�H[WHQW�DQG�GDPDJH��*HRFRGHG�YLGHRJUDSK\�ZDV�VKRZQ�WR�EH�XVHIXO�LQ�DQ�,13(�

PXOWL�VHQVRU�DVVHVVPHQW�RI�GDPDJH�WR�IRUHVWV�IROORZLQJ�WKH�VHYHUH���������ILUH�VHDVRQ�LQ�WKH�

VWDWH�RI�5RUDLPD��%UD]LO��6KLPDEXNXUR��HW�DO���������,Q�WKDW�VWXG\��DQ�HTXLYDOHQW�WR�WKH�92$0���

V\VWHP�ZDV�IORZQ�RQ�WKH�,13(�%DQGHLUDQWH�DIWHU�WKH�RQVHW�RI�WKH�UDLQ\�VHDVRQ�EURXJKW�DQ�HQG�

WR�ZLGHVSUHDG�ILUHV��%UD]LOLDQ�JRYHUQPHQWDO�DJHQFLHV�XUJHQWO\�QHHGHG�WR�DVVHVV�ILUH�GDPDJH�WR�

IRUHVWV��EXW�FORXG�FRYHU�SUHYHQWHG�WKH�XVH�RI�RSWLFDO�VDWHOOLWH�LPDJHU\��)O\LQJ�EHORZ�WKH�FORXG�

FHLOLQJ�RI������WR������P��WKH�,13(�SODQH�VDPSOHG�DUHDV�WKDW�KDG�EHHQ�LGHQWLILHG�E\�%UD]LOLDQ�

$UP\�ILUH�FUHZV�DQG�RQ�'063�2/6�LPDJHU\�DV�KDYLQJ�D�KLJK�IUHTXHQF\�RI�ILUHV���
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,QWHUSUHWHUV�ZHUH�HDVLO\�DEOH�WR�GLVWLQJXLVK�EXUQHG�IURP�XQEXUQHG�DUHDV�RQ�PRVDLFNHG�

YLGHR�VWULSV��WKRXJK�DXWRPDWHG�LQWHUSUHWDWLRQ�ZDV�QRW�SRVVLEOH�RZLQJ�WR�KLJKO\�YDULDEOH�VFHQH�

LOOXPLQDWLRQ�FDXVHG�E\�LQWHUPLWWHQW�FORXG�FRYHU��7ZR�GHJUHHV�RI�ILUH�GDPDJH�WR�IRUHVWV�FRXOG�EH�

GHWHUPLQHG�IURP�WKH�YLGHRJUDSK\��VXUIDFH�ILUHV��ZKLFK�DIIHFWHG�PDLQO\�WKH�IRUHVW�XQGHUVWRU\���

DQG�FDQRS\�ILUHV��ZKLFK�EXUQHG�PRVW�RI�WKH�RYHUVWRU\�DV�ZHOO�DV�XQGHUJURZWK�DQG�ZRXOG�UHTXLUH�

DQ�H[WHQGHG�SHULRG�IRU�IRUHVW�UHFRYHU\��SRVVLEO\�OHDGLQJ�WR�VLJQLILFDQW�FKDQJHV�LQ�IRUHVW�

FRPSRVLWLRQ���3DWWHUQV�RI�ILUH�VSUHDG�IURP�DJULFXOWXUDO�FOHDULQJV�WR�VXUURXQGLQJ�IRUHVW�FRXOG�DOVR�

EH�VWXGLHG�RQ�WKH�YLGHR�PRVDLFV��,Q�WKH�,13(�VWXG\��WKH�YLGHRJUDSK\�SURYLGHG�LQGHSHQGHQW�

FRQILUPDWLRQ�RI�HVWLPDWHV�RI�EXUQHG�IRUHVW�DUHD�GHULYHG�IURP�/DQGVDW�LPDJHU\�REWDLQHG�VHYHUDO�

PRQWKV�DIWHU�WKH�HQG�RI�WKH�ILUH�VHDVRQ��

�

���&RQFOXVLRQ�
�
�

'HYHORSPHQW�RI�ODQG�FRYHU�YDOLGDWLRQ�GDWDVHWV�RIWHQ�LQYROYHV�D�VHULHV�RI�FRPSURPLVHV��

QHFHVVLWDWHG�E\�OLPLWHG�ILQDQFLDO�UHVRXUFHV�DV�ZHOO�DV�E\�SK\VLFDO�FRQVWUDLQWV�VXFK�DV�FORXG�

FRYHU��UHPRWH�ORFDWLRQ��DQG�G\QDPLF�JURXQG�FRQGLWLRQV��$HULDO�YLGHRJUDSK\�KHOSV�RYHUFRPH�

VRPH�RI�WKHVH�OLPLWDWLRQV�E\�SURYLGLQJ�D�ZD\�WR�REWDLQ�KLJK�UHVROXWLRQ�GLJLWDO�LPDJHU\�IURP�

UHPRWH�DUHDV�XQGHU�FORXG�FRYHU��DW�UHDVRQDEOH�FRVW���:KHQ�PDQ\�KRXUV�RI�IRRWDJH�DUH�

FROOHFWHG��WKH�DELOLW\�WR�DXWRPDWLFDOO\�JHRORFDWH�DQG�PRVDLF�WKH�YLGHR�GDWD�EHFRPHV�FULWLFDO�IRU�

HIIHFWLYH�DQDO\VLV��WKH�KDUGZDUH�DQG�VRIWZDUH�GHVFULEHG�KHUH�IRU�WKH�92$0���DQG�92$0���

VXUYH\V�ZHUH�VKRZQ�WR�PHHW�WKLV�UHTXLUHPHQW��

7KH�VXUYH\V�GRFXPHQWHG�FKDQJHDEOH�IHDWXUHV�VXFK�DV�LQXQGDWLRQ�VWDWH�XQGHU�FRQGLWLRQV�

WKH�VDPH�DV�RU�VLPLODU�WR�WKRVH�SUHYDLOLQJ�GXULQJ�WKH�*5)0�$PD]RQ�PRVDLF�DFTXLVLWLRQV��

&RYHUDJH�ZDV�REWDLQHG�IRU�DUHDV�UHSUHVHQWDWLYH�RI��WKH�IXOO�UDQJH�RI�ZHWODQG�W\SHV�IRXQG�LQ�WKH�

%UD]LOLDQ�$PD]RQ��DV�ZHOO�DV�IRU�SULPDU\�IRUHVW��IRUHVW�FOHDULQJV��DQG�VDYDQQDV��ORFDWDEOH�WR�

ZLWKLQ�DSSUR[LPDWHO\����P��92$0����RU�����P��92$0����RI�WKH�WUXH�ORFDWLRQ��8VLQJ�WKH�

92$0���GDWDVHW��D�PHWKRGRORJ\�ZDV�GHPRQVWUDWHG�IRU�DFTXLULQJ�D�UDQGRPO\�VHOHFWHG�VHW�RI�

YDOLGDWLRQ�VDPSOHV�IRU�D�IUHTXHQWO\�FORXG�FRYHUHG�DUHD�H[WHQGLQJ�VL[�E\�IRXU�GHJUHHV�LQ�

ORQJLWXGH�DQG�ODWLWXGH���)XUWKHU�DSSOLFDWLRQV�GHPRQVWUDWHG�LQFOXGH�REWDLQLQJ�FRQWURO�SRLQWV�IRU�

LPDJH�JHRORFDWLRQ��FUHDWLQJ�KLJK�UHVROXWLRQ�GLJLWDO�RUWKRLPDJHV�RI�LQWHQVLYH�VWXG\�VLWHV��

HVWLPDWLQJ�IRUHVW�ELRPDVV��DQG�DVVHVVLQJ�ILUH�GDPDJH�WR�IRUHVWV��7R�RXU�NQRZOHGJH��WKH�92$0�

VXUYH\V�DUH�WKH�ILUVW�WR�REWDLQ�D�KLJK�UHVROXWLRQ��JHRFRGHG�YDOLGDWLRQ�GDWDVHW�IRU�D�

VXEFRQWLQHQWDO�VFDOH�WURSLFDO�UHJLRQ��7KH�UHVXOWLQJ�YDOLGDWLRQ�GDWDVHW�LV�QRZ�EHLQJ�XVHG�E\�,13(�

DQG�/%$�LQYHVWLJDWRUV���:H�H[SHFW�WKDW�LW�ZLOO��QRW�RQO\�VHUYH�DV�D�YDOLGDWLRQ�VRXUFH�IRU�ZHWODQGV�
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PDSSLQJ�ZLWK�6$5�DQG�RSWLFDO�GDWD��EXW�ZLOO�SURYLGH�D�EHQFKPDUN�IRU�ORQJ�WHUP�PRQLWRULQJ�RI�

YHJHWDWLRQ�LQ�WKH�%UD]LOLDQ�$PD]RQ���

�

�
�
'LVFODLPHU��
7UDGH�QDPHV�DUH�JLYHQ�IRU�WKH�EHQHILW�RI�WKH�UHDGHU�DQG�GR�QRW�LPSO\�HQGRUVHPHQW�RI�SDUWLFXODU�

SURGXFWV��

�
$FNQRZOHGJHPHQWV���,QYDOXDEOH�WHFKQLFDO�VXSSRUW�LQ�DVVHPEOLQJ�WKH�YLGHR�V\VWHPV�ZDV�

SURYLGHG�E\�%LOO�$QGHUVRQ��'DYH�/LQGHQ��%RE�3DUJHH��%UHQW�%XUJHVV��DQG�7RQ\�7RQNLQ��

2PQLVWDU�,QF��NLQGO\�SURYLGHG�D�FRPSOLPHQWDU\�*36�VDWHOOLWH�VXEVFULSWLRQ��%UXFH�)RUVEHUJ�DQG�

$NH�5RVHQTYLVW�ZHUH�LQVWUXPHQWDO�LQ�FROOHFWLQJ�WKH������DQG������YLGHRJUDSKLF�GDWDVHWV��

6SHFLDO�WKDQNV�WR�LQWUHSLG�%DQGHLUDQWH�SLORW�3HGUR�6DQWRV��7KDQN�\RX�WR�%UXFH�1HOVRQ���6FRWW�

$QGHUVRQ��,YDQ�%HUJLHU��5RGULJR�/RUHQH��0D\FLUD�&RVWD��DQG�5HLQDOGR�%DUERVD�IRU�DVVLVWDQFH�

GXULQJ�DHULDO�DQG�ILHOG�VXUYH\V��)RU�PDNLQJ�WKH�*5)0�$PD]RQ�PRVDLFV�DQG�92$0�VXUYH\V�D�

UHDOLW\��ZH�WKDQN�$NH�5RVHQTYLVW��0DVDQREX�6KLPDGD���'LDQH�:LFNODQG��%UXFH�&KDSPDQ��3DXO�

6LTXHLUD���*UHJ�0F*DUUDJK��DQG�5\DQ�$VKNHU��7KH�FRPPHQWV�RI�WKUHH�DQRQ\PRXV�UHYLHZHUV�

ZHUH�YHU\�KHOSIXO��6XSSRUW�IRU�WKLV�UHVHDUFK�ZDV�SURYLGHG�E\�1$6$�JUDQWV�WR�*5)0�-$006�

VWXGLHV�DW�-HW�3URSXOVLRQ�/DERUDWRU\��7RQ\�)UHHPDQ��3�,���DQG�8&6%��-RKQ�0HODFN��3�,����DQG�WR�

/%$�(FRORJ\�LQYHVWLJDWLRQ�/&�����-RKQ�0HODFN�DQG�(YO\Q�1RYR��3�,¶V����$FTXLVLWLRQ�RI�WKH�

-(56���PRVDLF�LPDJHU\�ZDV�PDGH�SRVVLEOH�E\�1$6'$¶V�*OREDO�5DLQIRUHVW�0DSSLQJ�3URMHFW��

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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),*85(�&$37,216�
�
)LJXUH����*5)0�KLJK�ZDWHU�$PD]RQ�PRVDLF�DQG�IOLJKW�SDWKV�IRU�92$0�VXUYH\V���7RS��0DQDXV�

UHJLRQ��VKRZLQJ�VXUYH\�IOLJKW�OLQHV�IRU�������UHG��DQG�������EOXH���ERWWRP��IOLJKW�OLQHV�IRU������

�UHG��DQG�������EOXH���ZLWK�$PD]RQ�EDVLQ�ERXQGDU\�VKRZQ�LQ�\HOORZ��0DMRU�ZHWODQG�DQG�

VDYDQQD�IHDWXUHV�ILOPHG�RQ������DQG������VXUYH\V�LQFOXGH�%DQDQDO�ZHWODQGV��$���7XFXUXL�

5HVHUYRLU��%���0DUDMy�,VODQG��&���$PDSi�ZHWODQGV��'���$PD]RQ�IORRGSODLQ��%DOELQD�5HVHUYRLU�

�(���1HJUR�IORRGSODLQ��%UDQFR�1HJUR�ZHWODQGV��)���5RUDLPD�VDYDQQD�ZHWODQGV��*���ORZHU�-DSXUi�

IORRGSODLQ��+���3XUXV�IORRGSODLQ��,���+XPDLWi�VDYDQQDV��-���DQG�*XDSRUp�ZHWODQGV��.����

�

)LJXUH����92$0����YLGHR�V\VWHP��DV�PRXQWHG�LQ�SRUW�RI�,13(�%DQGHLUDQWH�VXUYH\�SODQH��XSSHU�

OHIW���+RULWD�*36��WLPH�FRGH�JHQHUDWRU�UHFHLYHG�VLJQDO�IURP�0DJHOODQ�*36�ZLWK�H[WHUQDOO\�

PRXQWHG�DQWHQQD��XSSHU�ULJKW���*36�SRVLWLRQ�DQG�WLPHFRGH�ZHUH�UHFRUGHG�RQ�DXGLR�WUDFNV�RI�

ERWK�YLGHRWDSHV��DQG�LQ�$6&,,�IRUPDW�RQ�ODSWRS�FRPSXWHU��&RORU�PRQLWRU�ZLWK�VZLWFK�ER[�

GLVSOD\HG�IRRWDJH�IURP�HLWKHU�FDPHUD��ZLWK�+RULWD�WLPH�FRGH�GLVSOD\��LQ�UHDO�WLPH��6RQ\�'9;�

�����GLJLWDO�FDPFRUGHU�DQG�6RQ\�&&'�75����+L���FDPFRUGHU�ZHUH�RSHUDWHG�LQ�WDQGHP�IURP�

FDPHUD�PRXQW�FXVWRP�EXLOW�E\�,13(��ORZHU�OHIW�DQG�ULJKW����

�

)LJXUH����'LJLWDO�YLGHR�DFTXLVLWLRQ�V\VWHP�IRU�92$0���VXUYH\���2PQL67$5�UHDO�WLPH��GLIIHUHQWLDO�

*36�VLJQDO�UHFHLYHG�E\�7ULPEOH�����*36�XVLQJ�H[WHUQDOO\�PRXQWHG�/�EDQG�UHFHLYHU�ZDV�

FRQYHUWHG�WR�6037(�IRUPDW�E\�+RULWD�*36��WLPH�FRGH�JHQHUDWRU��IRU�HQFRGLQJ�RQ�DXGLR�WUDFNV�

RI�GLJLWDO�YLGHRWDSHV��*36�GDWD�ZDV�DOVR�XVHG�IRU�FRQWLQXRXV�XSGDWLQJ�RI�IOLJKW�WUDFN�RQ�

QDYLJDWLRQ�FRPSXWHU���:LGH�DQJOH�DQG�]RRP�IRUPDW�YLGHRJUDSK\�DFTXLUHG�VLPXOWDQHRXVO\�E\�

WZR�&DQRQ�;/���GLJLWDO�FDPFRUGHUV�ZDV�UHFRUGHG�LQ�PLQL�'9�IRUPDW�DQG�YLHZHG�XVLQJ�6RQ\�*9�

'����9LGHR�:DONPDQ�9&5V���'DWD�VWUHDPV�IURP�:DWVRQ�,QGXVWULHV�%$����$+56��DWWLWXGH�DQG�

KHDGLQJ�UHIHUHQFH�V\VWHP���/DVHU�$WODQWD�$GYDQWDJH�ODVHU�UDQJHILQGHU��DQG�*36�ZHUH�WLPH�

VWDPSHG�DQG�UHFRUGHG�E\�IOLJKW�GDWD�DFTXLVLWLRQ�FRPSXWHU�IRU�SRVW�IOLJKW�SURFHVVLQJ���

�

)LJXUH����3URFHVVLQJ�IORZ�IRU�GLJLWDO�YLGHR�PRVDLFNLQJ�DQG�JHRFRGLQJ��

�

�

)LJXUH� ��� 7LPLQJ� RI� 92$0� VXUYH\V� UHODWLYH� WR� $PD]RQ� 5LYHU� VWDJH� DW� 0DQDFDSXUX� JDXJH��

DSSUR[�����NP�ZHVW�RI�0DQDXV��

�
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)LJXUH�����8SSHU��FDSWXUHG�DQDORJ�YLGHR�IUDPHV�IURP�92$0���VXUYH\�IRU�/DJR�&DEDOLDQD��OHIW��

DQG� $QDYLOKDQDV� $UFKLSHODJR� RI� 5LR� 1HJUR� �ULJKW��� � &DEDOLDQD� YLHZ� LV� ZHVW�ORRNLQJ� DORQJ�

QRUWKHUQ�VKRUH�RI�ODNH��OHIW�SRUWLRQ�RI�IUDPH�VKRZV�JUDVVHV�JURZLQJ�RQ�ODNH�EHG��H[SRVHG�RQO\�

DW�EHORZ�DYHUDJH� ORZ�ZDWHU� OHYHOV��/RZHU��PRVDLFNHG�92$0����ORZ�ZDWHU�� WRS��DQG�92$0���

�KLJK�ZDWHU��ERWWRP��GLJLWDO�YLGHR�VWULSV�IRU�$PD]RQ�IORRGSODLQ�VLWH�QHDU�3DULQWLQV��

�

)LJXUH�����3HUFHQW�RI�SXOVHV�IURP�92$0���ODVHU�UDQJHILQGHU�IRU�ZKLFK�QR�UHWXUQ�ZDV�GHWHFWDEOH�

�³]HUR�UHWXUQV´��DV�D�IXQFWLRQ�RI�IO\LQJ�KHLJKW�DERYH�JURXQG��

�

)LJXUH����/DVHU�SURILOH�RI����NP�WUDQVHFW�DFURVV�5RUDLPD�VDYDQQDV��3RLQWV�SORWWHG�DFURVV�WRS�RI�

JUDSK� VKRZ� DUHDV� ZKHUH� IORRGLQJ� LV� YLVLEOH� RQ� YLGHRJUDSK\�� )ORRGHG� ZDWHUZD\V� ZLWK� ZRRG\�

YHJHWDWLRQ��PDLQO\�0DXULWLD�IOH[XRVD�SDOPV��DUH�VHHQ�DV�EULJKW�VWUHDP�QHWZRUN�RQ�-(56���KLJK�

ZDWHU�PRVDLF�DW�XSSHU�ULJKW��DQG�DV�IORRGHG�GHSUHVVLRQV�ZLWK�ODVHU�KLWV�IURP�WUHHWRSV�RQ�ODVHU�

SURILOH��

�

)LJXUH� ��� � /RFDWLRQV� RI� YDOLGDWLRQ� VDPSOH� SRLQWV� ����� QRQ�ZHWODQG�� ��� ZHWODQG�� RQ� 0DQDXV�

ZHWODQGV�PDVN��

�

�

)LJXUH� ���� 9DOLGDWLRQ� VDPSOH� IRU� -$006�ZHWODQGV�PDVN��0DQDXV� WLOH�� ,QWHUIOXYLDO�ZHWODQG� RQ�

ZKLWH� VDQG� QHDU� FRQIOXHQFH� RI� 1HJUR� DQG� 8QLQL� 5LYHUV�� ��� -XQH� ������ 7KH� �� KD� VDPSOH� LV�

FHQWHUHG�RQ�D�UDQGRPO\�VHOHFWHG�SRLQW�DORQJ�WKH�IOLJKW�OLQH��7RS��PRVDLF�RI����VHFRQG�92$0���

IOLJKW�VHJPHQW��ZLGH�DQJOH���VKRZLQJ�IOLJKW�OLQH��UHG��DQG�VDPSOH�DUHD��\HOORZ���:HWODQG�XSODQG�

ERXQGDU\�H[WHQGV�GLDJRQDOO\�IURP�ORZHU�ULJKW�WR�WRS�FHQWHU�RI�PRVDLF��7KH�VPRRWK�WH[WXUH�RI�WKH�

FDPSLQD� ZHWODQG� FRQWUDVWV� ZLWK� WKH� URXJK� WH[WXUH� RI� WKH� XSODQG� IRUHVW� FDQRS\�� /RZHU� ULJKW��

SRUWLRQ� RI� ]RRP� PRVDLF�� ZLWK� EODFNZDWHU� LQXQGDWLRQ� YLVLEOH� WKURXJK� PL[HG� VKUXE� DQG� SDOP�

FDQRS\��/RZHU�OHIW��ORFDWLRQ�RI�VDPSOH�RQ�92$0���IOLJKW�OLQH��SORWWHG�RQ�ZHWODQGV�PDVN��ZKLWH� �

ZHWODQG��JUD\� �QRQ�ZHWODQG���

�

)LJXUH�����0RVDLFNHG�92$0���VWULS�����VHFRQG���DQG�LQGLYLGXDO�ZLGH�DQJOH�DQG�]RRP�IUDPHV�

DW� ORFDWLRQV�$�� %�� DQG�&��$PD]RQ� IORRGSODLQ� QHDU� /DJR�&DEDOLDQD�� ��� -XQH�������7UDQVLWLRQ�

IURP� YiU]HD� IRUHVW� RQ� OHYHH� �$��� WKURXJK�ZRRGODQG� VDYDQQD�ZLWK� IORDWLQJ�PDFURSK\WH� �%��� WR�

VSDUVH�ZRRGODQG�VDYDQQD�ZLWK�IORDWLQJ�PDFURSK\WH��&���WR�RSHQ�ODNH�ZDWHU���

�
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)LJXUH������&RQWURO�SRLQW�DW�FRQIOXHQFH�RI�VPDOO�FKDQQHO�DQG�R[ERZ�ODNH��ORFDWHG�RQ�PRVDLFNHG�

YLGHR� VWULS� �XSSHU��� -(56���PRVDLF� �ORZHU� OHIW��� DQG� /DQGVDW� 7KHPDWLF�0DSSHU� VFHQH� �ORZHU�

ULJKW��� -DSXUi�6ROLP}HV� IORRGSODLQ�� ��� -XQH� ������ 0DSV� DUH� QRW� DYDLODEOH� IRU� WKLV� UHJLRQ� DW�

VFDOHV�ODUJHU�WKDQ������������

�

)LJXUH�����1RUWKZHVW�SRUWLRQ�RI�KLJK�UHVROXWLRQ�GLJLWDO�RUWKRLPDJH�RI�%'))3�VLWH��SUHSDUHG�IURP�

VHYHQ�92$0��� IOLJKW� OLQHV��3L[HO�GLPHQVLRQV�����P�� �'��6OD\PDNHU�DQG�&��+D\ZDUG��8QLY��RI�

0DVVDFKXVHWWV��$PKHUVW��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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�
�
�
��� %$5%26$�� &��� +(66�� /��� 0(/$&.�� -�� DQG� 1292�� (��� ������ 0DSSLQJ� $PD]RQ� %DVLQ�

ZHWODQGV� WKURXJK� UHJLRQ�JURZLQJ� VHJPHQWDWLRQ� DQG� VHJPHQWHG�EDVHG� FODVVLILFDWLRQ� RI�

-(56��� GDWD�� ,;� /DWLQ� $PHULFDQ� 6\PSRVLXP� RQ� 5HPRWH� 6HQVLQJ� �6(/3(5��� �����

1RYHPEHU������SS��,Q�SUHVV��

��� &$0$5$��*���628=$��5��&��0���)5(,7$6��8��0��DQG�*$55,'2��-��&��3���������635,1*��

,QWHJUDWLQJ� UHPRH� VHQVLQJ� DQG� *,6� E\� REMHFW�RULHQWHG� GDWD� PRGHOLQJ�� &RPSXWHU�

*UDSKLFV���������������

��� &+$30$1�� %��� 6,48(,5$�� 3�� DQG� )5((0$1�� $��� ,Q� SUHVV�� 7KH� -(56��� $PD]RQ� 0XOWL�

6HDVRQ� 0DSSLQJ� 6WXG\� �-$006��� REVHUYDWLRQ� VWUDWHJLHV� DQG� GDWD� FKDUDFWHULVWLFV��

,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ��

��� &,+/$5��-���������/DQG�FRYHU�PDSSLQJ�RI�ODUJH�DUHDV�IURP�VDWHOOLWHV��VWDWXV�DQG�UHVHDUFK�

SULRULWLHV��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ�����������������

��� &21*$/721��5��*��DQG�*5((1��.���������$VVHVVLQJ�WKH�$FFXUDF\�RI�5HPRWHO\�6HQVHG�

'DWD��3ULQFLSOHV�DQG�3UDFWLFHV��%RFD�5DWRQ��/HZLV�3XEOLVKHUV���

��� '()5,(6�� 5�� 6�� DQG� %(/:$5'�� $�� 6��� ������ *OREDO� DQG� UHJLRQDO� ODQG� FRYHU�

FKDUDFWHUL]DWLRQ� IURP� VDWHOOLWH� GDWD�� DQ� LQWURGXFWLRQ� WR� WKH� 6SHFLDO� ,VVXH�� ,QWHUQDWLRQDO�

-RXUQDO�RI�5HPRWH�6HQVLQJ�����������������

��� (/(9(/'�� 0�� $��� %/2.�� 6�� 7�� DQG� %$.;�� -�� 3�� *��� ������ 'HULYLQJ� UHOLHI� RI� D� FRDVWDO�

ODQGVFDSH�ZLWK�DHULDO�YLGHR�GDWD��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ���������������

��� (9(5,77��-��+���(6&2%$5��'��(���6800<��.��5��DQG�'$9,6��0��5���������8VLQJ�DLUERUQH�

YLGHR��JOREDO�SRVLWLRQLQJ�V\VWHP��DQG�JHRJUDSKLFDO� LQIRUPDWLRQ�V\VWHP�WHFKQRORJLHV�IRU�

GHWHFWLQJ�DQG�PDSSLQJ�FLWUXV�EODFNIO\�LQIHVWDWLRQV��6RXWKZHVWHUQ�(QWRPRORJLVW����������

�����

��� )8//(5��'��2��DQG�)8/.��0���������&RPSDULVRQ�RI�12$$�$9+55�DQG�'063�2/6�IRU�

RSHUDWLRQDO� ILUH� PRQLWRULQJ� LQ� .DOLPDQWDQ�� ,QGRQHVLD�� ,QWHUQDWLRQDO� -RXUQDO� RI� 5HPRWH�

6HQVLQJ���������������

���� *5$+$0��/��$���������$LUERUQH�YLGHR�IRU�QHDU�UHDO�WLPH�YHJHWDWLRQ�PDSSLQJ��-RXUQDO�RI�

)RUHVWU\������������
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���� +$<:$5'�� &�� '�� DQG� 6/$<0$.(5�� '��� ������ (VWLPDWLQJ� WKH� VLJQLILFDQW� DERYH� JURXQG�

ELRPDVV� RI� $PD]RQLDQ� UDLQ� IRUHVW� XVLQJ� ORZ�DOWLWXGH� DHULDO� YLGHRJUDSK\�� ��WK�%LHQQLDO�

:RUNVKRS�RQ�&RORU�3KRWRJUDSK\�DQG�9LGHRJUDSK\�LQ�5HVRXUFH�$VVHVVPHQW��������0D\�

���� +(66�� /�� /��� ������ 0RQLWRULQJ� IORRGLQJ� DQG� YHJHWDWLRQ� RQ� VHDVRQDOO\� LQXQGDWHG�

IORRGSODLQV� ZLWK�PXOWL�IUHTXHQF\� SRODULPHWULF� V\QWKHWLF� DSHUWXUH� UDGDU�� �6DQWD�%DUEDUD��

&DOLIRUQLD��8QLYHUVLW\�RI�&DOLIRUQLD�6DQWD�%DUEDUD���SS�������

���� +(66��/�� /���0(/$&.��-��0���),/262��6��DQG�:$1*��<���������'HOLQHDWLRQ�RI� LQXQGDWHG�

DUHD� DQG� YHJHWDWLRQ� DORQJ� WKH� $PD]RQ� IORRGSODLQ� ZLWK� WKH� 6,5�&� V\QWKHWLF� DSHUWXUH�

UDGDU��,(((�7UDQVDFWLRQV�RQ�*HRVFLHQFH�DQG�5HPRWH�6HQVLQJ���������������

���� +86$.�� *�� -��� +$'/(<�� %�� &�� DQG� 0&*:,5(�� .�� &��� ������ /DQGVDW� WKHPDWLF� PDSSHU�

UHJLVWUDWLRQ� DFFXUDF\� DQG� LWV� HIIHFWV� RQ� WKH� ,*%3� YDOLGDWLRQ�� 3KRWRJUDPPHWULF�

(QJLQHHULQJ�DQG�5HPRWH�6HQVLQJ�����������������

���� ,5,21��*���-81.��:��-��DQG�0(//2��-��$��6��1��'���������7KH�ODUJH�FHQWUDO�$PD]RQLDQ�ULYHU�

IORRGSODLQV�QHDU�0DQDXV��JHRORJLFDO��FOLPDWRORJLFDO��K\GURORJLFDO��DQG�JHRPRUSKRORJLFDO�

DVSHFWV�� ,Q� 7KH� &HQWUDO� $PD]RQ� )ORRGSODLQ�� (FRORJ\� RI� D� 3XOVLQJ� 6\VWHP�� HGLWHG� E\�

-XQN��:��-���%HUOLQ��6SULQJHU���SS���������

���� -(11,1*6��&��$���92+6��3��$��DQG�'(:(<��0��5���������&ODVVLILFDWLRQ�RI�D�ZHWODQG�DUHD�

DORQJ�WKH�XSSHU�0LVVLVVLSSL�5LYHU�ZLWK�DHULDO�YLGHRJUDSK\��:HWODQGV���������������

���� -(11,1*6�� 5��� ����D�� &RQVXPHU� DQG� SURIHVVLRQDO� GLJLWDO� YLGHR� UHFRUGLQJ� DQG� GDWD�

IRUPDWV��KWWS���ZZZ�DGDSWHF�FRP�WHFKQRORJ\�VWDQGDUGV�����IRUPDWV�KWPO��

���� -(11,1*6��5��� ����E�� )LUH� RQ� WKH�:LUH�� WKH� ,(((������+LJK�3HUIRUPDQFH�6HULDO�%XV��

KWWS���ZZZ�DGDSWHF�FRP�WHFKQRORJ\�VWDQGDUGV�����EXV�KWPO��

���� -81.�� :�� -�� DQG� 3,('$'(�� 0�� 7�� )��� ������ 3ODQW� OLIH� LQ� WKH� IORRGSODLQ� ZLWK� VSHFLDO�

UHIHUHQFH�WR�KHUEDFHRXV�SODQWV��,Q�7KH�&HQWUDO�$PD]RQ�)ORRGSODLQ��(FRORJ\�RI�D�3XOVLQJ�

6\VWHP��HGLWHG�E\�-XQN��:��-���%HUOLQ��6SULQJHU���SS�����������

���� -867,&(��&���%(/:$5'��$���025,6(77(��-���/(:,6��3���35,9(77(��-��DQG�%$5(7��)���������

'HYHORSPHQWV� LQ� WKH� 
YDOLGDWLRQ
� RI� VDWHOOLWH� VHQVRU� SURGXFWV� IRU� WKH� VWXG\� RI� WKH� ODQG�

VXUIDFH��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ�����������������

���� .,1*�� '�� -��� ������ $LUERUQH� PXOWLVSHFWUDO� GLJLWDO� FDPHUD� DQG� YLGHR� VHQVRUV�� D� FULWLFDO�

UHYLHZ�RI� V\VWHP�GHVLJQV�DQG�DSSOLFDWLRQV��&DQDGLDQ�-RXUQDO�RI�5HPRWH�6HQVLQJ������

���������

���� /$85$1&(�� :�� )��� /$85$1&(�� 6�� *�� DQG� '(/$021,&$�� 3��� ������ 7URSLFDO� IRUHVW�

IUDJPHQWDWLRQ�DQG�JUHHQKRXVH�JDV�HPLVVLRQV��)RUHVW�(FRORJ\�DQG�0DQDJHPHQW�������

���������
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���� 0$56+��6��(���:$/6+��-��/��DQG�62%5(9,/$��&���������(YDOXDWLRQ�RI�DLUERUQH�YLGHR�GDWD�

IRU�ODQG�FRYHU�FODVVLILFDWLRQ�DFFXUDF\�DVVHVVPHQW�LQ�DQ�LVRODWHG�%UD]LOLDQ�IRUHVW��5HPRWH�

6HQVLQJ�RI�(QYLURQPHQW������

���� 0$86(/�� 3�� :��� (9(5,77�� -�� +��� (6&2%$5�� '�� (�� DQG� .,1*�� '�� -��� ������ $LUERUQH�

YLGHRJUDSK\��FXUUHQW�VWDWXV�DQG�IXWXUH�SHUVSHFWLYHV��3KRWRJUDPPHWULF�(QJLQHHULQJ�DQG�

5HPRWH�6HQVLQJ�����������������

���� 0(,61(5��'��(���������)XQGDPHQWDOV�RI�DLUERUQH�YLGHR�UHPRWH�VHQVLQJ��5HPRWH�6HQVLQJ�

RI�(QYLURQPHQW�������������

���� 0(/$&.�� -�� 0��� +(66�� /�� /�� DQG� 6,33(/�� 6��� ������ 5HPRWH� VHQVLQJ� RI� ODNHV� DQG�

IORRGSODLQV�LQ�WKH�$PD]RQ�%DVLQ��5HPRWH�6HQVLQJ�5HYLHZV���������������

���� 08&+21(<��'���675$+/(5��$���+2'*(6��-��DQG�/2&$6752��-���������7KH�,*%3�',6&RYHU�

FRQILGHQFH� VLWHV� DQG� WKH� 6\VWHP� IRU� 7HUUHVWULDO� (FRV\VWHP� 3DUDPHWUL]DWLRQ�� WRROV� IRU�

YDOLGDWLQJ� JOREDO� ODQG�FRYHU� GDWD��3KRWRJUDPPHWULF�(QJLQHHULQJ�DQG�5HPRWH�6HQVLQJ��

���������������

���� 125721�*5,)),7+6�� 0��� ������ $HULDO� SRLQW� VDPSOLQJ� IRU� ODQG� XVH� VXUYH\V�� -RXUQDO� RI�

%LRJHRJUDSK\���������������

���� 5,&+(<�� -�� (��� 12%5(��&�� DQG�'(6(5��&��� ������$PD]RQ�5LYHU� GLVFKDUJH� DQG� FOLPDWH�

YDULDELOLW\�������WR�������6FLHQFH����������������

���� 5,77(5�� 1�� DQG� 587+�� 0��� ������ 7KH� *HR7LII� GDWD� LQWHUFKDQJH� VWDQGDUG� IRU� UDVWHU�

JHRJUDSKLF�LPDJHV��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ�����������������

���� 526(149,67�� $��� 6+,0$'$�� 0��� &+$30$1�� %��� )5((0$1�� $�� DQG� 27+(56�� ������ 7KH�

*OREDO� 5DLQ� )RUHVW� 0DSSLQJ� SURMHFW� ��� D� UHYLHZ�� ,QWHUQDWLRQDO� -RXUQDO� RI� 5HPRWH�

6HQVLQJ�����������������

���� 6$+$*,$1�� '�� DQG� 0(/$&.�� -��� ������ *OREDO� :HWODQG� 'LVWULEXWLRQ� DQG� )XQFWLRQDO�

&KDUDFWHUL]DWLRQ�� 7UDFH� *DVHV� DQG� WKH� +\GURORJLF� &\FOH�� 5HSRUW� IURP� WKH� MRLQW�

*$,0�,*%3�',6�,*$&�/8&&� ZRUNVKRS�� ,*%3� 5HSRUW� 1R�� ��� �6WRFNKROP�� ,*%3�

6HFUHWDULDW���

���� 6&(3$1�� -��� ������ 7KHPDWLF� YDOLGDWLRQ� RI� KLJK�UHVROXWLRQ� JOREDO� ODQG�FRYHU� GDWD� VHWV��

3KRWRJUDPPHWULF�(QJLQHHULQJ�DQG�5HPRWH�6HQVLQJ�����������������

���� 6&+$()(5��&��(��*��5��DQG�'$/5<03/(��-��%���������/DQGVFDSH�HYROXWLRQ� LQ�5RUDLPD��

QRUWK� $PD]RQLD�� *HRPRUSKRORJ\�� JHQHVLV� DQG� ODQGVFDSH� HYROXWLRQ�� =HLWVFKULIW� IXU�

*HRPRUSKRORJLH������������

���� 6&+8/7=�� +��� +$1621�� $��� +2/0(6�� &��� 5,6(0$1�� (��� 6/$<0$.(5�� '�� DQG� 672//(�� )���

����D��,QWHJUDWLQJ�VPDOO�IRUPDW�DHULDO�SKRWRJUDSK\��YLGHRJUDSK\��DQG�D�ODVHU�SURILOHU�IRU�
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HQYLURQPHQWDO�PRQLWRULQJ�� ,6356�:*�,,,���:RUNVKRS�RQ�,QWHJUDWHG�6HQVRU�&DOLEUDWLRQ�

DQG�2ULHQWDWLRQ��-XQH�������������SS���

���� 6&+8/7=��+���6/$<0$.(5��'���+$1621��$���5,6(0$1��(���+2/0(6��&���32:(//��0��DQG�

'(/$1(<�� 0��� ����E�� &RVW�HIIHFWLYH� GHWHUPLQDWLRQ� RI� ELRPDVV� IURP� DHULDO� LPDJHV��

,QWHUQDWLRQDO�:RUNVKRS�RQ�,QWHJUDWHG�6SDWLDO�'DWD��-XQH�������������SS���

���� 6+,0$%8.852��<��(���1292��(��0��DQG�0(57(6��/��$��.���������$PD]RQ�5LYHU�PDLQVWHP�

IORRGSODLQ�70�/DQGVDW�GLJLWDO�PRVDLF��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ��LQ�SUHVV��

���� 6+,0$%8.852��<��(���6$1726��-��5��'���1292��(��0���.58*��7��DQG�+(66��/��/���������

(VWLPDWLYD�GD�ÈUHD�GH�&REHUWXUD�)ORUHVWDO�$IHWDGD�SHOR�,QFrQGLR�HP�5RUDLPD��8WLOL]DQGR�

'DGRV� GH� 0XOWL�VHQVRUHV�� �6mR� -RVp� GRV� &DPSRV�� %UD]LO�� ,QVWLWXWR� 1DFLRQDO� GH�

3HVTXLVDV�(VSDFLDLV���

���� 6,'/(�� -�� *�� DQG� =,(:,7=�� -�� :��� ������ 8VH� RI� DHULDO� YLGHRJUDSK\� LQ� ZLOGOLIH� KDELWDW�

VWXGLHV��:LOGOLIH�6RFLHW\�%XOOHWLQ�������������

���� 6,48(,5$��3���+(16/(<��6���6+$))(5��6���+(66��/���0&*$55$*+��*���&+$30$1��%��DQG�

)5((0$1�� $��� ������ $� FRQWLQHQWDO�VFDOH� PRVDLF� RI� WKH� $PD]RQ� %DVLQ� XVLQJ� -(56���

6$5��,(((�7UDQVDFWLRQV�RQ�*HRVFLHQFH�DQG�5HPRWH�6HQVLQJ�����������������

���� 6/$<0$.(5�� '�� 0��� -21(6�� .�� 0�� /��� *5,)),1�� &�� 5�� DQG� ),11�� -�� 7��� ������ 0DSSLQJ�

GHFLGXRXV�IRUHVWV�LQ�VRXWKHUQ�1HZ�(QJODQG�XVLQJ�DHULDO�YLGHRJUDSK\�DQG�K\SHUFOXVWHUHG�

PXOWL�WHPSRUDO� /DQGVDW� 70� LPDJHU�� ,Q� *DS� $QDO\VLV�� $� /DQGVFDSH� $SSURDFK� WR�

%LRGLYHUVLW\�3ODQQLQJ��HGLWHG�E\�6FRWW�� -��0���7HDU��7��+��DQG�'DYLV��)��:�� �%HWKHVGD��

0'��$PHULFDQ�6RFLHW\�RI�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���SS����������

���� 6/$<0$.(5��'��0���6&+8/7=��+���+$1621��$���5,6(0$1��(���+2/0(6��&���32:(//��0��DQG�

'(/$1(<�� 0��� ������ &DOFXODWLQJ� IRUHVW� ELRPDVV� ZLWK� VPDOO� IRUPDW� DHULDO� SKRWRJUDSK\��

YLGHRJUDSK\� DQG� D� SURILOLQJ� ODVHU�� ��WK�%LHQQLDO�:RUNVKRS� RQ�9LGHRJUDSK\� DQG�&RORU�

3KRWRJUDSK\� LQ� 5HVRXUFH� $VVHVVPHQW�� $SULO� ����� �%HWKHVGD�� 0DU\ODQG�� $PHULFDQ�

6RFLHW\�IRU�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ���SS�����������

���� 67(+0$1�� 6�� 9�� DQG�&=$3/(:6.,�� 5�� /��� ������'HVLJQ� DQG�DQDO\VLV� IRU� WKHPDWLF�PDS�

DFFXUDF\� DVVHVVPHQW�� IXQGDPHQWDO� SULQFLSOHV�� 5HPRWH� 6HQVLQJ� RI� (QYLURQPHQW�� ����

���������

���� 67521*�� /�� /�� DQG�&2:$5',1�� /��0��� ������ ,PSURYLQJ� SUDLULH� SRQG� FRXQWV�ZLWK� DHULDO�

YLGHR�DQG�JOREDO�SRVLWLRQLQJ�V\VWHPV��-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW���������������

���� 725725$��5���������$�QRWH�RQ�VDPSOH�VL]H�HVWLPDWLRQ�IRU�PXOWLQRPLDO�SRSXODWLRQV��7KH�

$PHULFDQ�6WDWLVWLFLDQ���������������



� ��

���� =+8�� =��� 5,6(0$1�� (�� 0��� +$1621�� $�� 5��� 6&+8/7=�� +�� DQG� 6/$<0$.(5�� '��� ������

$XWRPDWLF� JHR�FRUUHFWHG� YLGHR� PRVDLFV� IRU� HQYLURQPHQWDO� PRQLWRULQJ�� �WK� ,(((�

,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ��6HSWHPEHU�������������7RURQWR��,&&9���
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7DEOH����92$0�VXUYH\�GDWHV�DQG�IRUPDWV��'DWHV�RI�-(56���LPDJH�DFTXLVLWLRQV�IRU�0DQDXV�

UHJLRQ�ZHUH�������2FWREHU��������ORZ�ZDWHU�PRVDLF��DQG����0D\�±���-XQH�������KLJK�ZDWHU�

PRVDLF���

�

6XUYH\� 'DWHV� 9LGHR�)RUPDW� 3ODWIRUP� +RXUV�

92$0��� ���2FW�±���1RY������ ��DQDORJ��REOLTXH�VLGH�ORRNLQJ� UHQWHG�OLJKW�DLUFUDIW� ���

92$0��� ���0D\�±����0D\������ ��DQDORJ��REOLTXH�VLGH�ORRNLQJ� UHQWHG�OLJKW�DLUFUDIW� ���

92$0��� ���6HS�±���2FW������ ��GLJLWDO��YHUWLFDO�

��DQDORJ��REOLTXH�UHDU�ORRNLQJ�

,13(�%DQGHLUDQWH�

�

���

���

92$0���

�

��-XQ�±����-XQ������ ��GLJLWDO��YHUWLFDO��ZLGH�DQJOH�

��GLJLWDO��YHUWLFDO��]RRP�

,13(�%DQGHLUDQWH�
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7DEOH����(UURU�PDWUL[��SURGXFHU¶V�DFFXUDF\��DQG�XVHU¶V�DFFXUDF\�IRU�0DQDXV�ZHWODQGV�PDVN��

EDVHG�RQ�UHIHUHQFH�GDWD�GHULYHG�IURP�92$0���GLJLWDO�YLGHRJUDSK\��

�

5HIHUHQFH�'DWD�

� 1RQ�ZHWODQG� :HWODQG� 7RWDO�

1RQ�ZHWODQG� ��� �� ���

:HWODQG� �� ��� ���

�

:HWODQGV�

0DVN�

7RWDO� ���� ��� ����

�
�

3URGXFHU¶V�$FFXUDF\� � 8VHU¶V�$FFXUDF\�

5HIHUHQFH� 3HUFHQW� � 0DVN� 3HUFHQW�

1RQ�ZHWODQG� ��� � 1RQ�ZHWODQG� ���

:HWODQG� ��� � :HWODQG� ���

�
2YHUDOO�$FFXUDF\� ��������� �������


