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$EVWUDFW

7KLV�SDSHU�H[DPLQHV�KRZ�ZHOO�IXWXUH�8�6��QDWLRQDO�DQG�WKHDWHU�PLVVLOH�GHIHQVH�V\VWHPV�ZLOO

KDYH� WR� SHUIRUP� WR�PHHW� UHDVRQDEOH� GHIHQVH� REMHFWLYHV�� DV� D� IXQFWLRQ� RI� WKH� OHYHO� RI� WKH

WKUHDW��'HSOR\LQJ�D�WKLQ�8�6��QDWLRQDO�PLVVLOH�GHIHQVH�WRGD\�LV�SUHPDWXUH�EHFDXVH�WKH�WKUHDW

LV�QRW�UHDGLO\�DSSDUHQW��WKH�8QLWHG�6WDWHV�FDQ�GHWHU�PRVW�WKUHDWV��DQG�WKH�8QLWHG�6WDWHV�KDV

VRPH�FRQYHQWLRQDO�FRXQWHUIRUFH�RSWLRQV�DJDLQVW�D�GHYHORSLQJ�VWDWH·V�QDVFHQW�,&%0�DUVHQDO�

+RZHYHU�� LI�� RU�ZKHQ�� LQWHUFRQWLQHQWDO� EDOOLVWLF�PLVVLOH� WKUHDWV� DSSHDU�� D� GHIHQVH�ZLWK� ���

LQWHUFHSWRUV� GHSOR\HG� DW� RQH�RU� WZR� VLWHV� DURXQG� WKH� FRQWLQHQWDO�8QLWHG� 6WDWHV� VKRXOG� EH

DEOH�WR�LQWHUFHSW�EHWZHHQ���−���DSSDUHQW�ZDUKHDGV��DVVXPLQJ�10'�V\VWHPV�FDQ�GHWHFW�DQG

WUDFN�ZDUKHDGV�ZLWK�D�SUREDELOLW\�DERYH������DQG�WKDW�10'�LQWHUFHSWRUV�KDYH�D�VLQJOH�VKRW

SUREDELOLW\� RI� NLOO� �663.�� DJDLQVW� ZDUKHDGV� EHWZHHQ� ����²������ 7KHDWHU�UDQJH� EDOOLVWLF

PLVVLOHV�SUHVHQW�D�JUHDWHU�QHDU�WHUP�WKUHDW��7KH�FXUUHQW�7+$$'�SURJUDP�PD\�SURYLGH�DQ

HIIHFWLYH�XSSHU�WLHU�GHIHQVH��EXW�RQO\�LI�LW�FDQ�DFKLHYH�GHWHFWLRQ�DQG�WUDFNLQJ�SUREDELOLWLHV�LQ

WKH�UDQJH�����²�����DQG� LQWHUFHSWRU�663.V� LQ� WKH�UDQJH����²�����IRU� WKUHDWV�ZLWK�EHWZHHQ

���²����DSSDUHQW�ZDUKHDGV��/DUJHU�WKUHDWV�ZLOO�UHTXLUH�HYHQ�KLJKHU�WHFKQLFDO�SHUIRUPDQFH�

6LPLODUO\��WKH�FXUUHQW�17:�SURJUDP�ZLOO�UHTXLUH�WKH�VDPH�GHWHFWLRQ�DQG�WUDFNLQJ�SUREDELOLW\�

EXW�ZLWK� LQWHUFHSWRU�663.V� LQ� WKH�UDQJH�RI����������� WR�GHDO�ZLWK� WKH� VDPH�VL]H�RI� WKUHDW�

0RUHRYHU�� IRU� WKHVH� GHIHQVHV� WR� EH� WUXO\� XVHIXO�� WKH\�PXVW� EH� DFFRPSDQLHG�E\� DQ� HTXDOO\

HIIHFWLYH�ORZHU�WLHU��H�J���XVLQJ�3$&���WHUPLQDO�GHIHQVHV��7KH�PDLQ�FKDOOHQJH�IRU�XSSHU��DQG

ORZHU�WLHU� GHIHQVHV� LV� UHVSRQVLYH� WKUHDWV� WKDW� XVH� FRXQWHUPHDVXUHV� VXFK� DV� GHFR\V� DQG

FKHPLFDO� RU� ELRORJLFDO� VXEPXQLWLRQV�� $LUERUQH� ERRVW�SKDVH� WKHDWHU� PLVVLOH� GHIHQVHV� DUH

UHODWLYHO\�UREXVW�ZLWK�UHVSHFW�WR�WKHVH�FRXQWHUPHDVXUHV�DQG�WKH\�SRVH�UHODWLYHO\� OLWWOH� WKUHDW

WR� WKH� QXFOHDU� IRUFHV� RI� WKH� ILYH�PDMRU� QXFOHDU� SRZHUV��+HQFH��PRUH� HPSKDVLV� VKRXOG� EH

SODFHG�RQ�VXFK�V\VWHPV�LQ�FXUUHQW�8�6��PLVVLOH�GHIHQVH�SODQV�
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$FNQRZOHGJPHQWV

,� ZLVK� WR� WKDQN�'DYLG� %HUQVWHLQ��*HRUJH� %XQQ�� 6WHYH� )HWWHU��*HRIIUH\� )RUGHQ�� /W��*HQ�

*OHQQ�.HQW� �86$)� UHW����0LFKDHO�0D\��7HG�3RVWRO�� DQG�'DYLG�9DXJKDQ� IRU� VKDULQJ� WKHLU

LQVLJKWV�RQ�EDOOLVWLF�PLVVLOH�GHIHQVH�DQG�IRU�SURYLGLQJ�YDOXDEOH�FULWLTXHV�RI�YDULRXV�DVSHFWV�RI

WKLV� ZRUN�� ,� DOVR� ZLVK� WR� WKDQN� WKH� &HQWHU� IRU� ,QWHUQDWLRQDO� 6HFXULW\� DQG� &RRSHUDWLRQ� DW

6WDQIRUG�8QLYHUVLW\�DQG�&DUQHJLH�&RUSRUDWLRQ��ZLWKRXW�ZKRVH�VXSSRUW�WKLV�ZRUN�ZRXOG�QRW

KDYH�EHHQ�SRVVLEOH�

7KH�YLHZV�H[SUHVVHG�KHUH�DUH�VROHO\�WKH�DXWKRU·V�DQG�GR�QRW�UHIOHFW�WKRVH�RI�WKH�&HQWHU��WKH

&DUQHJLH�&RUSRUDWLRQ��RU�DQ\�RI�WKH�&HQWHU·V�RWKHU�VSRQVRUV�
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+RZ�0XFK�%DOOLVWLF�0LVVLOH�'HIHQVH�,V�(QRXJK"

,QWURGXFWLRQ

7KH�$PHULFDQ�GHEDWH�RQ�EDOOLVWLF�PLVVLOH�GHIHQVH�KDV�RIWHQ�EHHQ�SRODUL]HG��ZLWK�DGYRFDWHV

FODLPLQJ�WKDW�VXFK�GHIHQVHV�DUH�HVVHQWLDO�WR�8�6��VHFXULW\�DQG�WKDW�WKH\�VKRXOG�EH�GHSOR\HG�DV

VRRQ�DV�SRVVLEOH��DQG�FULWLFV�FODLPLQJ�WKDW�WKH\�VKRXOG�QRW�EH�GHSOR\HG�EHFDXVH� WKH\�XSVHW

VWUDWHJLF�VWDELOLW\�DQG�RU�WKH\�ZRQ·W�ZRUN���/HVV�IUHTXHQWO\�GRHV�RQH�HQFRXQWHU�TXDQWLWDWLYH

DQDO\VHV�RI�KRZ�ZHOO�GHIHQVHV�ZRXOG�KDYH�WR�ZRUN�WR�DFFRPSOLVK�VSHFLILF�VHFXULW\�REMHFWLYHV�

*LYHQ�WKH�PRXQWLQJ�SROLWLFDO�SUHVVXUH�ZLWKLQ�WKH�8QLWHG�6WDWHV�WR�GHSOR\�ERWK�QDWLRQDO�DQG

WKHDWHU� PLVVLOH� GHIHQVHV� LQ� WKH� FRPLQJ� GHFDGH�� WKLV� TXHVWLRQ� LV� RI� PRUH� WKDQ� DFDGHPLF

LQWHUHVW�

7UDGLWLRQDOO\�WKH�TXHVWLRQ�´+RZ�PXFK�EDOOLVWLF�PLVVLOH�GHIHQVH�LV�HQRXJK"µ�LV�DGGUHVVHG

E\� VSHFLI\LQJ� WKH� WHFKQLFDO� SHUIRUPDQFH� DVVRFLDWHG� ZLWK� D� JLYHQ� GHIHQVH� V\VWHP�� WKHQ

FDOFXODWLQJ�WKH�VL]H�RI�WKH�GHIHQVH�UHTXLUHG�WR�PHHW�VSHFLILF�GHIHQVH�REMHFWLYHV��+RZHYHU��WKH

BBBBBBBBBBB
� )RU HDUOLHU DUWLFOHV RQ WKH SROLWLFDO�PLOLWDU\ LPSDFW RI EDOOLVWLF PLVVLOH GHIHQVH VHH &KDUOHV *ODVHU� ´:K\ (YHQ

*RRG 'HIHQVHV 0D\ %H %DG�µ ,QWHUQDWLRQDO 6HFXULW\� )DOO ����� SS� ��−���� DQG ´'R :H :DQW WKH 0LVVLOH

'HIHQVHV :H &DQ %XLOG"µ ,QWHUQDWLRQDO 6HFXULW\� 6XPPHU ����� SS� ��−��� DQG .HLWK 3D\QH DQG &ROLQ *UD\�

´1XFOHDU 3ROLF\ DQG WKH 'HIHQVLYH 7UDQVLWLRQ�µ )RUHLJQ $IIDLUV� 6SULQJ ����� )RU PRUH UHFHQW DUWLFOHV VHH /LVEHWK

*URQOXQG� *HRUJH /HZLV� 7KHRGRUH 3RVWRO� DQG 'DYLG :ULJKW� ´+LJKO\ &DSDEOH 7KHDWHU 0LVVLOH 'HIHQVHV DQG

WKH $%0 7UHDW\�µ $UPV &RQWURO 7RGD\� $SULO ����� SS� �−�� 6SXUJHRQ .HHQ\� -U�� ´7KH 7KHDWHU 0LVVLOH 'HIHQVH

7KUHDW WR 8�6� 6HFXULW\�µ $UPV &RQWURO 7RGD\� 6HSWHPEHU ����� SS� �−�� .HLWK 3D\QH� ´3RVW²&ROG :DU

'HWHUUHQFH DQG 0LVVLOH 'HIHQVH�µ 2UELV� 6SULQJ ����� SS� ���−���� &XUW :HOGRQ� ´:K\ :H 0XVW $FW DW 2QFH�µ

2UELV� :LQWHU ����� SS� ��−��� DQG +HQU\ &RRSHU� ´7R %XLOG DQ $IIRUGDEOH 6KLHOG�µ 2UELV� :LQWHU ����� SS�

��²���� )RU JRRG DUWLFOHV RQ WKH WHFKQLFDO DVSHFWV RI EDOOLVWLF PLVVLOH GHIHQVH VHH 5LFKDUG /� *DUZLQ DQG +DQV

$� %HWKH� ´$QWL�%DOOLVWLF 0LVVLOH 6\VWHPV�µ 6FLHQWLILF $PHULFDQ� 0DUFK ����� DQG 7KH $PHULFDQ 3K\VLFDO 6RFLHW\

6WXG\ *URXS 5HSRUW RQ WKH 6FLHQFH DQG 7HFKQRORJ\ RI 'LUHFWHG (QHUJ\ :HDSRQV� 5HYLHZV RI 0RGHUQ 3K\VLFV�

9RO� ��� 1R� �� 3DUW ,,� -XO\ �����
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WHFKQLFDO�SHUIRUPDQFH�RI� IXWXUH�EDOOLVWLF�PLVVLOH�GHIHQVH�V\VWHPV� LV�GLIILFXOW� WR�VSHFLI\�ZLWK

DQ\� FHUWDLQW\�� 0RUHRYHU�� SODQV� H[LVW� IRU� WKH� VL]H� RI� SRVVLEOH� IXWXUH� 8�6�� EDOOLVWLF� PLVVLOH

GHIHQVH��%0'��GHSOR\PHQWV³IRU�H[DPSOH��D�QDWLRQDO�PLVVLOH�GHIHQVH��10'��ZLWK�HLWKHU���

RU�����LQWHUFHSWRUV�ORFDWHG�DW�D�VLQJOH�VLWH�LV�XQGHU�VWXG\��DQG�WKHDWHU�PLVVLOH�GHIHQVHV��70'�

ZLWK�DSSUR[LPDWHO\�������7KHDWHU�+LJK�$OWLWXGH�$UHD�'HIHQVH��7+$$'��DQG�RU�����1DY\

7KHDWHU�:LGH��17:��XSSHU�WLHU�LQWHUFHSWRUV�DUH�FXUUHQWO\�DPRQJ�WKH�FRUH�70'�SURJUDPV

EHLQJ� SXUVXHG� E\� WKH� &OLQWRQ� DGPLQLVWUDWLRQ�� 7KHUHIRUH�� WKH� TXHVWLRQ� LV� EHWWHU� WXUQHG

DURXQG�� QDPHO\�� ´:KDW� OHYHO� RI� WHFKQLFDO� SHUIRUPDQFH� PXVW� GHIHQVHV� PHHW� LI� H[LVWLQJ

SURJUDPV�DUH�WR�PHHW�XVHIXO�SROLWLFDO�PLOLWDU\�REMHFWLYHV"µ�)RU�H[DPSOH��KRZ�HIIHFWLYH�PXVW

D�QDWLRQDO�PLVVLOH�GHIHQVH�EH�WR�SURYLGH�KLJK�FRQILGHQFH�SURWHFWLRQ�DJDLQVW�VPDOO�DFFLGHQWDO

RU�XQDXWKRUL]HG�DWWDFNV��RU�KRZ�HIIHFWLYH�PXVW�D�WKHDWHU�PLVVLOH�GHIHQVH�EH�WR�GHIHQG�8�6�

DOOLHV� IURP� WKHDWHU� EDOOLVWLF�PLVVLOHV� DUPHG�ZLWK�ZHDSRQV� RI�PDVV� GHVWUXFWLRQ"� 7KLV� SDSHU

DGGUHVVHV�WKHVH�TXHVWLRQV�

7KLV�SDSHU� LV�GLYLGHG� LQWR� IRXU� VHFWLRQV��7KH� LQWURGXFWLRQ�GLVFXVVHV� WKH�EDOOLVWLF�PLVVLOH

DQG� QXFOHDU�� ELRORJLFDO�� DQG� FKHPLFDO� �1%&�� ZHDSRQV� SUROLIHUDWLRQ� SUREOHPV�� SRVW−&ROG
:DU�VHFXULW\�REMHFWLYHV�DSSURSULDWH�IRU�GHWHUPLQLQJ�KRZ�PXFK�8�6��EDOOLVWLF�PLVVLOH�GHIHQVH

LV�HQRXJK��WKH�FULWHULD�IRU�HYDOXDWLQJ�GHIHQVH�SHUIRUPDQFH��DQG�JHQHULF�FRXQWHUPHDVXUHV�WR

%0'� V\VWHPV�� 7KH� VHFRQG� VHFWLRQ� DGGUHVVHV� WKH� TXHVWLRQ� RI� KRZ�PXFK� QDWLRQDO� PLVVLOH

GHIHQVH�LV�HQRXJK�IRU�WKH�8QLWHG�6WDWHV��7KH�WKLUG�VHFWLRQ�DGGUHVVHV�WKH�VDPH�TXHVWLRQ�IRU

WKHDWHU�PLVVLOH�GHIHQVH��DQG�WKH�ODVW�VHFWLRQ�SURYLGHV�VRPH�FRQFOXGLQJ�REVHUYDWLRQV�

%DOOLVWLF�0LVVLOH�7KUHDWV�

1%&� ZHDSRQV� DUH� SUROLIHUDWLQJ�� DOEHLW� VORZO\�� WR� VHYHUDO� VWDWHV� SRWHQWLDOO\� KRVWLOH� WR� WKH

8QLWHG�6WDWHV���1XFOHDU�SUROLIHUDWLRQ�KDV�EHHQ�WKH�GRPLQDQW�FRQFHUQ��DOWKRXJK�QRQH�RI�WKH

WKUHH�YLUWXDO�GH� IDFWR�QXFOHDU� VWDWHV� �L�H��� ,QGLD��3DNLVWDQ�� DQG� ,VUDHO�� LV� OLNHO\� WR� FRPH� LQWR

FRQIOLFW� ZLWK� WKH� 8QLWHG� 6WDWHV�� DQG� WKH� IRXU� PRVW� SUREOHPDWLF� VWDWHV� IURP� WKH� 8�6�

SHUVSHFWLYH� �L�H��� ,UDQ�� ,UDT�� /LE\D�� DQG� 1RUWK� .RUHD�� DUH� QRW� OLNHO\� WR� GHYHORS� QXFOHDU

ZHDSRQV� VRRQ��� &KHPLFDO� DQG� ELRORJLFDO� ZHDSRQV� �&%:�� DUH� RI� JUHDWHU� FRQFHUQ� EHFDXVH

BBBBBBBBBBB
� 7KH HPSKDVLV KHUH RQ EDOOLVWLF PLVVLOH GHOLYHU\ VKRXOG QRW EH WDNHQ WR LPSO\ WKDW RWKHU GHOLYHU\ PHDQV� H�J��

DLUFUDIW� FUXLVH PLVVLOHV� RU FRYHUW GHOLYHU\ E\ WUXFN� VKLS� IRRW� HWF� DUH QRW HTXDOO\ LPSRUWDQW� ,Q IDFW� IRU

FKHPLFDO DQG ELRORJLFDO ZHDSRQV WKH\ PD\ EH PRUH DWWUDFWLYH GHOLYHU\ PHDQV� WKRXJK EDOOLVWLF PLVVLOHV PD\ VWLOO

EH IDYRUHG E\ OHDGHUV ZKR GRXEW WKH HIIHFWLYHQHVV RI FRYHUW RSHUDWLRQV�

� )RU D 8�6� JRYHUQPHQW DVVHVVPHQW RI WKH SUREOHP VHH 3UROLIHUDWLRQ� 7KUHDW DQG 5HVSRQVH� 8�6� 'HSDUWPHQW RI

'HIHQVH� $SULO ����� DQG 'HSDUWPHQW RI 'HIHQVH $QQXDO 5HSRUW WR &RQJUHVV� 1XFOHDU� %LRORJLFDO� &KHPLFDO �1%&�

:DUIDUH 'HIHQVH� $SULO �����
� )LQDQFLDO DQG WHFKQLFDO SUREOHPV KDYH VHW EDFN ,UDQ·V QXFOHDU SRZHU LQGXVWU\ DQG� SUHVXPDEO\� LWV QXFOHDU

ZHDSRQV SURJUDP DV ZHOO� DOWKRXJK FRQFHUQ KDV EHHQ UDLVHG RYHU 5XVVLD·V DVVLVWDQFH LQ EXLOGLQJ VHYHUDO ODUJH

QXFOHDU SRZHU SODQWV LQ ,UDQ� ,UDT·V QXFOHDU ZHDSRQV SURJUDP ZDV UHYHUVHG E\ WKH ���� *XOI :DU DQG WKH 81

6SHFLDO &RPPLVVLRQ·V �816&20� HIIRUWV WR GHVWUR\ LWV UHPDLQLQJ QXFOHDU ZHDSRQV LQIUDVWUXFWXUH� &RQWLQXHG

PRQLWRULQJ E\ 816&20 PDNHV LW GLIILFXOW IRU ,UDT WR UHYLYH LWV QXFOHDU SURJUDP XQWLO WKHVH LQVSHFWLRQV FHDVH�

$OWKRXJK /LE\D LV LQWHUHVWHG LQ DFTXLULQJ QXFOHDU ZHDSRQV� LW KDV QR LQGLJHQRXV QXFOHDU SURJUDP� $QG� 1RUWK

.RUHD·V SURJUDP ZDV IUR]HQ E\ WKH $JUHHG )UDPHZRUN VLJQHG LQ 2FWREHU ����� DOWKRXJK WKLV FRXOG XQUDYHO�



�

WKH\�FRVW� OHVV�WR�SURGXFH�WKDQ�QXFOHDU�ZHDSRQV�DQG�WKH�WHFKQRORJLHV�UHTXLUHG�DUH�GXDO�XVH

DQG��KHQFH��GLIILFXOW�WR�FRQWURO��7KH�FDVH�RI�,UDT�H[HPSOLILHV�WKH�SUREOHP�VLQFH�LW�GHYHORSHG

D�ODUJH�FODQGHVWLQH�&%:�DUVHQDO�ZKLOH�HYDGLQJ�LQWHUQDWLRQDO�VFUXWLQ\��XVHG�FKHPLFDO�ZHDSRQV

LQ�WKH�����−���,UDQ�,UDT�:DU�DV�ZHOO�DV�DJDLQVW�WKH�.XUGV�LQ�QRUWKHUQ�,UDT��DQG�FRQWLQXHV�WR

KLGH�PXFK�RI� LWV�&%:�SURJUDP�GHVSLWH� WKH�PRVW� LQWUXVLYH� RQ�VLWH� LQVSHFWLRQ� UHJLPH� HYHU

LPSOHPHQWHG��

%DOOLVWLF�PLVVLOH�SUROLIHUDWLRQ�LV�RI�FRQFHUQ�ODUJHO\�EHFDXVH�WKH�PRGHVW�SD\ORDGV��W\SLFDOO\

���²������NJ���VKRUW�DWWDFN�WLPHOLQHV��OHVV�WKDQ����PLQXWHV�IRU�PLVVLOHV�ZLWK�UDQJHV�OHVV�WKDQ

������NP���DQG�WKH�ODFN�RI�GHIHQVHV�DJDLQVW�VXFK�PLVVLOHV�PDNH�WKHP�DWWUDFWLYH�IRU�GHOLYHULQJ

QXFOHDU��ELRORJLFDO��DQG�FKHPLFDO�ZHDSRQV���7KHLU�UHODWLYHO\�SRRU�DFFXUDF\³W\SLFDOO\��−��NP
FLUFXODU� HUURU� SUREDEOH� IRU�PLVVLOHV�ZLWK� UDQJHV� OHVV� WKDQ� ������ NP³GRHV�QRW� DSSUHFLDEO\

GHJUDGH� WKHLU�HIIHFWLYHQHVV� IRU�1%&�GHOLYHU\�DJDLQVW� ODUJH�PLOLWDU\� IDFLOLWLHV�RU�XUEDQ�DUHDV�

DOWKRXJK�LW�GRHV�PDNH�WKHP�PLOLWDULO\�LQHIIHFWLYH�IRU�FRQYHQWLRQDO�DWWDFNV�

$ERXW���� VWDWHV�FXUUHQWO\� HLWKHU�KDYH�RU�DUH� WU\LQJ� WR� DFTXLUH�EDOOLVWLF�PLVVLOHV��)RXU�RI

WKHVH� �,UDT�� ,UDQ�� 1RUWK� .RUHD�� DQG� /LE\D�� ZHUH� VLQJOHG� RXW� LQ� D� ����� 8�6�� 1DWLRQDO

,QWHOOLJHQFH�(VWLPDWH�DV�WKH�VWDWHV�PRVW�OLNHO\�WR�GHYHORS�LQWHUPHGLDWH�UDQJH�EDOOLVWLF�PLVVLOHV

LQ� WKH� QH[W� ��� WR� ��� \HDUV��� 1RUWK� .RUHD� LV� SDUWLFXODUO\� WURXEOHVRPH� EHFDXVH� RI� LWV� SDVW

ZLOOLQJQHVV�WR�VHOO�EDOOLVWLF�PLVVLOHV�DEURDG��QRWDEO\�WKH�6FXG�&�DQG�1R�'RQJ�PLVVLOHV��0RVW

EDOOLVWLF�PLVVLOH�SUROLIHUDWLRQ�WR�GDWH�KDV�LQYROYHG�PLVVLOHV�ZLWK�UDQJHV�OHVV�WKDQ�����NP���,Q

WKH� QH[W� GHFDGH��PLVVLOHV� ZLWK� UDQJHV� EHWZHHQ� ������ NP� DQG� ������ NP�PD\� DSSHDU�� H�J��

1RUWK�.RUHD·V�1R�'RQJ���DQG�7DHSR�'RQJ���PLVVLOHV��3DNLVWDQ·V�*KDXUL�PLVVLOH�EDVHG�RQ

WKH�1R�'RQJ��DQG�,UDQ·V�6KDKDE���DQG�6KDKDE���PLVVLOHV���$IWHU�WKH�QH[W�GHFDGH��PLVVLOHV

ZLWK� UDQJHV� EH\RQG� ������ NP�PD\� DSSHDU�� WKRXJK� WKH\� UHTXLUH�PXOWLVWDJH�PLVVLOHV��:KLOH

������������������������������������������������������������������������������������������������������������������������������������������������
*LYHQ 1RUWK .RUHD·V FKURQLF HFRQRPLF SUREOHPV� D UHVXPSWLRQ RI LWV QXFOHDU SURJUDP VHHPV XQOLNHO\�

+RZHYHU� WKLV UHODWLYHO\ EHQLJQ SURMHFWLRQ FRXOG FKDQJH UDSLGO\ LI DQ\ RI WKHVH VWDWHV DFTXLUHV QXFOHDU ZHDSRQV

RU ILVVLOH PDWHULDO E\ WKHIW RU EODFN�PDUNHW SXUFKDVH IURP WKH IRUPHU 6RYLHW 8QLRQ�
� (YDQ 0HGHLURV� ´5HSRUW 6D\V ,UDTL :HDSRQV 3URJUDPV :HUH 0RUH $GYDQFHG 7KDQ $GPLWWHG�µ $UPV &RQWURO

7RGD\� 9RO� ������ 1RYHPEHU ����� S� ���
� )RU DQ RYHUYLHZ RI WKH EDOOLVWLF PLVVLOH SUROLIHUDWLRQ SUREOHP VHH -DQQH 1RODQ� 7UDSSLQJV RI 3RZHU� %DOOLVWLF

0LVVLOHV LQ WKH 7KLUG :RUOG �:DVKLQJWRQ� '&� 7KH %URRNLQJV ,QVWLWXWLRQ� ������ -RKQ +DUYH\ DQG 8]L 5XELQ�

$VVHVVLQJ %DOOLVWLF 0LVVLOH 3UROLIHUDWLRQ DQG ,WV &RQWURO� &HQWHU IRU ,QWHUQDWLRQDO 6HFXULW\ DQG $UPV &RQWURO� 6WDQIRUG

8QLYHUVLW\� 1RYHPEHU ����� DQG 6WHYH )HWWHU� ´%DOOLVWLF 0LVVLOHV DQG :HDSRQV RI 0DVV 'HVWUXFWLRQ� :KDW ,V

WKH 7KUHDW" :KDW 6KRXOG %H 'RQH"µ ,QWHUQDWLRQDO 6HFXULW\� 9RO� ��� 1R� � �6XPPHU ������ SS� �²���
� 6HH ´3URVSHFWV IRU WKH :RUOGZLGH 'HYHORSPHQW RI %DOOLVWLF 0LVVLOH 7KUHDWV� �����µ DV UHSURGXFHG LQ 7KH /DVW

)LIWHHQ 0LQXWHV� %DOOLVWLF 0LVVLOH 'HIHQVH LQ 3HUVSHFWLYH� -RVHSK &LULQFLRQH DQG )UDQN YRQ +LSSHO� HGV�� &RDOLWLRQ WR

5HGXFH 1XFOHDU 'DQJHUV� ����� $SSHQGL[ %�
� 6HH� IRU H[DPSOH� ´$UWLOOHU\ 5RFNHW� %DOOLVWLF 0LVVLOH� 6RXQGLQJ 5RFNHW� DQG 6SDFH�/DXQFK &DSDELOLWLHV RI

6HOHFWHG &RXQWULHV�µ 7KH 1RQSUROLIHUDWLRQ 5HYLHZ� )DOO ����� 9RO� ����� &HQWHU IRU 1RQSUROLIHUDWLRQ 6WXGLHV�

0RQWHUH\ ,QVWLWXWH RI ,QWHUQDWLRQDO 6WXGLHV� 0RQWHUH\� &$� SS� ���²���� DQG ´7KHDWHU %DOOLVWLF 0LVVLOH 6\VWHPV

DQG &DSDELOLWLHV�µ $UPV &RQWURO 7RGD\� 0DUFK ����� SS� ��²���
� 5HSRUWV RQ ,UDQ·V 6KDKDE�� �a����� NP UDQJH� DQG 6KDKDE�� �a����� NP UDQJH� PLVVLOH SURJUDP KDYH

UHFHQWO\ DSSHDUHG LQ WKH SUHVV� 6HH %LOO *HUW]� ´5XVVLD� &KLQD DLG ,UDQ·V PLVVLOH SURJUDP�µ 7KH :DVKLQJWRQ 7LPHV�

6HSW� ��� ����� S� ��
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PXOWLVWDJH� PLVVLOHV� SUHVHQW� WHFKQLFDO� FKDOOHQJHV�� 1RUWK� .RUHD� UHFHQWO\� GHPRQVWUDWHG� WKDW

WKHVH� FKDOOHQJHV� FDQ� EH� VXUPRXQWHG� ZKHQ� LW� ODXQFKHG� D� WZR�VWDJH� 7DHSR� 'RQJ� EDOOLVWLF

PLVVLOH� WKDW�DWWHPSWHG��EXW� IDLOHG�� WR�SXW�D� VDWHOOLWH� LQ�RUELW�XVLQJ�D� VROLG�IXHO� WKLUG� VWDJH���

0RUHRYHU�� &%:� ZDUKHDG� GHVLJQ� EHFRPHV� GLIILFXOW� IRU� PLVVLOHV� ZLWK� UDQJHV� JUHDWHU� WKDQ

DSSUR[LPDWHO\� ���� NP�EHFDXVH� UHHQWU\� KHDWLQJ� FDQ� GHVWUR\� &%:� DJHQWV� DQG� DWPRVSKHULF

GLVSHUVDO�EHFRPHV�GLIILFXOW�DW�KLJK�UHHQWU\�VSHHGV�

5XVVLD� DQG�&KLQD� DUH� WKH� RQO\� WZR� FRXQWULHV� WKDW� FXUUHQWO\� ILHOG� LQWHUFRQWLQHQWDO�UDQJH

EDOOLVWLF�PLVVLOHV� WKDW� FRXOG�SRVH�D� WKUHDW� WR� WKH�8�6��KRPHODQG��$� FRQWURYHUVLDO� �����8�6�

1DWLRQDO� ,QWHOOLJHQFH� (VWLPDWH�� ZLWK� ZKLFK� WKH� 8�6�� LQWHOOLJHQFH� FRPPXQLW\� VWLOO� DJUHHV�

VWDWHG� WKDW� QR� QHZ� EDOOLVWLF�PLVVLOH� WKUHDWV� ZLOO� DSSHDU� WR� WKH� ��� FRQWLJXRXV� VWDWHV� EHIRUH

������ HYHQ� LI� VRPH� DVVLVWDQFH� IURP�PRUH� DGYDQFHG� VWDWHV� LV� IRUWKFRPLQJ� LQ� WKH� IRUP� RI

H[SHUWLVH�RU�KDUGZDUH����+RZHYHU��D�PRUH�UHFHQW�DVVHVVPHQW�E\�DQ�LQGHSHQGHQW�FRPPLVVLRQ

VWDWHV�WKDW�ORQJ�UDQJH�PLVVLOH�WKUHDWV�WR�WKH�8QLWHG�6WDWHV�PLJKW�GHYHORS�ZLWKLQ�DV�IHZ�DV�ILYH

\HDUV�RI�D�GHFLVLRQ�WR�DFTXLUH�VXFK�V\VWHPV�DQG�WKDW�OLWWOH�ZDUQLQJ�PD\�SUHFHGH�RSHUDWLRQDO

GHSOR\PHQWV� GXH� WR� WKH� HURGLQJ� DELOLW\� RI� WKH�8�6�� LQWHOOLJHQFH� FRPPXQLW\� WR� GHWHFW� VXFK

SURJUDPV����2EYLRXVO\��ZLWKRXW�DFFHVV�WR�PXFK�PRUH�LQIRUPDWLRQ��LW�LV�GLIILFXOW�WR�GHWHUPLQH

ZKLFK�DVVHVVPHQW�LV�PRUH�DFFXUDWH��$PRQJ�WKH�UHDVRQV�ZK\�WKUHDWV�PD\�EH�PRUH�LPPLQHQW

LV� WKH� LQFUHDVHG�DFFHVV� WR�EDOOLVWLF�PLVVLOH� WHFKQRORJ\��QRWZLWKVWDQGLQJ� WKH�H[LVWHQFH�RI� WKH

0LVVLOH�7HFKQRORJ\�&RQWURO�5HJLPH����6SDFH�ODXQFK�YHKLFOHV�DUH�DQRWKHU�VRXUFH�RI�FRQFHUQ

EHFDXVH� WKH\� FDQ� EH� FRQYHUWHG� WR� ,&%0V�� DOWKRXJK� UHODWLYHO\� IHZ� VWDWHV� KDYH�� RU� DUH

GHYHORSLQJ��VXFK�YHKLFOHV���

BBBBBBBBBBB
�� %LOO *HUW]� ´1� .RUHDQ PLVVLOH VHHQ SRVLQJ ULVN WR 8�6��µ :DVKLQJWRQ 7LPHV� 6HSWHPEHU ��� ����� SJ� �� *XV

&RQVWDQWLQH� ´1� .RUHDQ VDWHOOLWH GHVFULEHG DV D GXG�µ :DVKLQJWRQ 7LPHV� 6HSWHPEHU ��� ����� SJ� ��� DQG 'DYLG

:ULJKW� ´7DHSRGRQJ � WHVW IOLJKW�µ RQ KWWS���ZZZ�IDV�RUJ�QHZV�GSUN�������������GSUN�GFZ�KWP 6HSWHPEHU

�� �����
�� 7KLV HVWLPDWH KDV EHHQ FKDOOHQJHG E\ WKH *HQHUDO $FFRXQWLQJ 2IILFH� DPRQJ RWKHUV� 6HH 8�6� *HQHUDO

$FFRXQWLQJ 2IILFH� )RUHLJQ 0LVVLOH 7KUHDWV� $QDO\WLF 6RXQGQHVV RI &HUWDLQ 1DWLRQDO ,QWHOOLJHQFH (VWLPDWHV�

*$2�16,$'�������� $XJXVW ����� 2Q WKH RWKHU KDQG� DQ LQGHSHQGHQW UHYLHZ FRQGXFWHG WR GHWHUPLQH

ZKHWKHU WKH ���� 1DWLRQDO ,QWHOOLJHQFH (VWLPDWH ZDV SROLWLFL]HG FRQFOXGHG WKDW LW ZDV QRW� ,Q IDFW� WKH SDQHO

VWDWHG WKDW FXUUHQW HYLGHQFH VXSSRUWV WKH FRQFOXVLRQV UHDFKHG LQ WKH ���� 1,( PRUH VWURQJO\ WKDQ VWDWHG LQ WKH

1,( LWVHOI� 6HH 7LP :HLQHU� ´3DQHO 5HMHFWV &KDUJHV 6WXG\ 3ROLWLFL]HG $WRP 7KUHDW�µ 1HZ <RUN 7LPHV� 'HF� ��

����� S� ���
�� 'RQDOG +� 5XPVIHOG HW DO�� ([HFXWLYH 6XPPDU\ RI WKH 5HSRUW RI WKH &RPPLVVLRQ WR $VVHVV WKH %DOOLVWLF 0LVVLOH 7KUHDW WR

WKH 8QLWHG 6WDWHV� 3XUVXDQW WR 3XEOLF /DZ ���� ���WK &RQJUHVV� -XO\ ��� �����
�� )RU H[DPSOH� &KLQD KDV EHHQ DFFXVHG RI YLRODWLQJ WKH 0LVVLOH 7HFKQRORJ\ &RQWURO 5HJLPH E\ VHOOLQJ WKH 0�

�� PLVVLOH ���� NP UDQJH� WR 3DNLVWDQ DQG SRVVLEO\ VHOOLQJ WKH 0�� PLVVLOH ���� NP UDQJH� WR 6\ULD� 7KHUH KDYH

DOVR EHHQ FODLPV WKDW 5XVVLDQ SULYDWH HQWHUSULVHV� LQ FROOXVLRQ ZLWK 5XVVLDQ JRYHUQPHQW RIILFLDOV� DUH KHOSLQJ

,UDQ EXLOG WKH 6KDKDE�� DQG 6KDKDE�� PLVVLOHV� YDULDQWV RI WKH 1RUWK .RUHDQ 1R 'RQJ PLVVLOH� LQ YLRODWLRQ RI

WKH 07&5� 6HH %LOO *HUW]� ´5XVVLD� &KLQD DLG ,UDQ·V PLVVLOH SURJUDP�µ :DVKLQJWRQ 7LPHV� 6HSW� ��� ����� S� ��
�� 7KH RQO\ VWDWHV GHYHORSLQJ VSDFH�ODXQFK YHKLFOHV� EHVLGHV WKH ILYH QXFOHDU SRZHUV� DUH -DSDQ� %UD]LO� ,QGLD�

,VUDHO� DQG 8NUDLQH� 6HH 7KH 1RQSUROLIHUDWLRQ 5HYLHZ� :LQWHU ����� 9RO� ����� &HQWHU IRU 1RQSUROLIHUDWLRQ 6WXGLHV�

0RQWHUH\ ,QVWLWXWH RI ,QWHUQDWLRQDO 6WXGLHV� 0RQWHUH\� &$� SS� ���²����
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,I�D�EDOOLVWLF�PLVVLOH�WKUHDW�WR�8�6��WHUULWRU\�GHYHORSV�E\�������EHVLGHV�WKDW�SRVHG�E\�5XVVLD

RU� &KLQD�� LW� OLNHO\� ZLOO� FRPH� IURP� 1RUWK� .RUHD·V� 7DHSR� 'RQJ��� PLVVLOH� ZLWK� D� UDQJH

HVWLPDWHG�DW�������NP� LI� LWV�SD\ORDG� LV� UHGXFHG�IURP�������NJ� WR�DURXQG�����NJ����:LWK�D

������NP�UDQJH�� WKLV�PLVVLOH�FRXOG�KLW�SDUWV�RI�$ODVND�DQG�WKH�ZHVWHUQ� WLS�RI� WKH�+DZDLLDQ

,VODQGV�� &RQVHTXHQWO\�� WKLV� WKUHDW� ZRXOG� QRW� UHTXLUH� D� GHIHQVH� RI� WKH� HQWLUH� FRQWLQHQWDO

8QLWHG� 6WDWHV��0RUHRYHU��1RUWK�.RUHD�PLJKW� QRW� H[LVW� LQ� ��� \HDUV�� ,I� DQ� LQWHUFRQWLQHQWDO

EDOOLVWLF�PLVVLOH�WKUHDW�PDWHULDOL]HV�LQ�WKH�GHYHORSLQJ�ZRUOG��LW�LV�XQOLNHO\�WR�LQYROYH�PRUH�WKDQ

D�IHZ�,&%0V��5HFDOO�WKDW�&KLQD�EXLOW�DQ�,&%0�IRUFH�FRQWDLQLQJ�RQO\����VLQJOH�ZDUKHDG�')�

��,&%0V�GXULQJ�WKH�ILUVW�WKUHH�GHFDGHV�RI�LWV�H[LVWHQFH�DV�D�QXFOHDU�SRZHU�

7KHUHIRUH��WKH�EDOOLVWLF�PLVVLOH�SUROLIHUDWLRQ�SUREOHP�ODUJHO\�FRQFHUQV�PLVVLOHV�ZLWK�UDQJHV

OHVV�WKDQ�������NP��SRWHQWLDOO\�DUPHG�ZLWK�1%&�ZHDSRQV��DQG�KHQFH�FRQVWLWXWHV�D�WKUHDW�WR

8�6��WURRSV�RYHUVHDV�DQG�8�6��DOOLHV��7KH�EDOOLVWLF�PLVVLOH� WKUHDW� WR� WKH�8�6��KRPHODQG�RYHU

WKH� QH[W� GHFDGH� FRQVLVWV� ODUJHO\� RI� WKH� SRVVLELOLW\�� KRZHYHU� UHPRWH�� RI� DQ� DFFLGHQWDO�

XQDXWKRUL]HG�� RU� LQDGYHUWHQW� DWWDFN� E\� 5XVVLD� RU� &KLQD�� DQG� RI� WKH� SRVVLELOLW\� WKDW� D

GHYHORSLQJ�VWDWH�ZLOO�DFTXLUH�ORQJ�UDQJH�PLVVLOH�WHFKQRORJ\�RU�,&%0V�IURP�D�PRUH�DGYDQFHG

VWDWH�LQ�FRQWUDYHQWLRQ�RI�WKH�0LVVLOH�7HFKQRORJ\�&RQWURO�5HJLPH��)LQDOO\�� LI�FRQYHQWLRQDOO\

DUPHG� EDOOLVWLF� PLVVLOHV� DUH� WKH� RQO\� WKUHDW�� VXEVWDQWLDO� H[SHQGLWXUHV� IRU� EDOOLVWLF� PLVVLOH

GHIHQVH�ZRXOG�QRW�EH�MXVWLILHG�

2EMHFWLYHV�IRU�'HWHUPLQLQJ�+RZ�0XFK�%DOOLVWLF�0LVVLOH�'HIHQVH�,V�(QRXJK

$SSURSULDWH� REMHFWLYHV� IRU� 8�6�� QDWLRQDO�PLVVLOH� GHIHQVH� DUH� WR� SURWHFW� DJDLQVW� DFFLGHQWDO�

XQDXWKRUL]HG�� DQG� LQDGYHUWHQW� DWWDFNV� IURP� 5XVVLD� �DQG� SRVVLEO\� &KLQD�� DQG� WR� SURWHFW

DJDLQVW� VPDOO� LQWHQWLRQDO� EDOOLVWLF�PLVVLOH� WKUHDWV� IURP� FRXQWULHV� WR� ZKLFK� LQWHUFRQWLQHQWDO�

UDQJH�EDOOLVWLF�PLVVLOHV�PLJKW�SUROLIHUDWH�LQ�WKH�IXWXUH��7KH�GLVVROXWLRQ�RI�WKH�IRUPHU�6RYLHW

8QLRQ�DQG� WKH�SRVVLELOLW\� WKDW�5XVVLDQ� OHDGHUV�PLJKW� ORVH�FRQWURO�RYHU� WKHLU�QXFOHDU�DUPHG

PLVVLOHV� KDV� VSDUNHG� FRQFHUQ� RYHU� SRVVLEOH� DFFLGHQWDO� DQG� XQDXWKRUL]HG� PLVVLOH� ODXQFKHV�

7KH�IDFW� WKDW�5XVVLD·V�EDOOLVWLF�PLVVLOH� HDUO\�ZDUQLQJ�QHWZRUN�KDV�GHWHULRUDWHG� VXJJHVWV� WKDW

DQ�LQDGYHUWHQW�5XVVLDQ�PLVVLOH�ODXQFK�LQ�UHVSRQVH�WR�IDOVH�ZDUQLQJ�RI�D�EDOOLVWLF�PLVVLOH�DWWDFN

PD\� DOVR� EH� D� JURZLQJ� FRQFHUQ���� 6LQFH� LW� LV� GLIILFXOW� IRU� WKH�8QLWHG� 6WDWHV� WR� YHULI\� WKDW

DGHTXDWH�VWHSV�KDYH�EHHQ�WDNHQ�WR�PLQLPL]H�WKH�OLNHOLKRRG�RI�DFFLGHQWDO��XQDXWKRUL]HG��DQG

LQDGYHUWHQW� EDOOLVWLF� PLVVLOH� DWWDFNV�� LW� LV� QRW� VXUSULVLQJ� WKDW� WKH\� KDYH� EHFRPH� D� SRSXODU

UDWLRQDOH�IRU�D�QDWLRQDO�PLVVLOH�GHIHQVH��'HIHQVHV��DIWHU�DOO��DUH�XQGHU�XQLODWHUDO�8�6��FRQWURO�

0RUHRYHU�� E\� SRWHQWLDOO\� OLPLWLQJ� WKH� GDPDJH� IURP� VXFK� DWWDFNV�� GHIHQVHV� UHGXFH� WKH

OLNHOLKRRG�RI�IXUWKHU�HVFDODWLRQ�

BBBBBBBBBBB
�� 6HH /LVEHWK *URQOXQG DQG 'DYLG :ULJKW� ´7KUHDW $VVHVVPHQW� 3DUW $� 7KLUG :RUOG 0LVVLOHV�µ LQ 7KH /DVW

)LIWHHQ 0LQXWHV� %DOOLVWLF 0LVVLOH 'HIHQVH LQ 3HUVSHFWLYH� -RVHSK &LULQFLRQH DQG )UDQN YRQ +LSSHO� HGV�� &RDOLWLRQ WR

5HGXFH 1XFOHDU 'DQJHUV� :DVKLQJWRQ� '&� ����� S� ��� DQG %LOO *HUW]� ´,QWHOOLJHQFH UHSRUW ZDUQV RI PLVVLOH

ODXQFKHV DJDLQVW 8�6��µ 7KH :DVKLQJWRQ 7LPHV� 0D\ ��� ����� S� ��
�� $ UHFHQW &,$ UHSRUW DSSDUHQWO\ UDLVHG FRQFHUQV DERXW WKH ZHDNQHVV RI 5XVVLD·V EDOOLVWLF PLVVLOH HDUO\�ZDUQLQJ

QHWZRUN� 6HH %LOO *HUW]� ´5XVVLDQ UHQHJDGHV SRVH QXNH GDQJHU�µ 7KH :DVKLQJWRQ 7LPHV� 2FWREHU ��� ����� S� ��
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+RZHYHU�� DVVHVVLQJ� WKH� FRVW�HIIHFWLYHQHVV� RI� GHIHQVHV� DJDLQVW� DFFLGHQWDO�� XQDXWKRUL]HG�

DQG�LQDGYHUWHQW�DWWDFNV�LV�FRPSOLFDWHG�E\�WKH�IDFW�WKDW�LW�LV�YLUWXDOO\�LPSRVVLEOH�WR�GHWHUPLQH

HLWKHU� WKHLU� OLNHOLKRRG� RU� WKHLU� VL]H�� 7KH� 8�6�� LQWHOOLJHQFH� FRPPXQLW\� HVWLPDWHV� WKDW� ´WKH

FXUUHQW� WKUHDW� WR� 1RUWK� $PHULFD� IURP� XQDXWKRUL]HG� RU� DFFLGHQWDO� ODXQFK� RI� 5XVVLDQ� RU

&KLQHVH�VWUDWHJLF�PLVVLOHV�UHPDLQV�UHPRWH�DQG�KDV�QRW�FKDQJHG�VLJQLILFDQWO\�IURP�WKDW�RI�WKH

SDVW�GHFDGH�µ���$�PRUH�UHFHQW�&,$�UHSRUW�DOOHJHGO\�VWDWHV�WKDW�XQGHU�QRUPDO�FLUFXPVWDQFHV

WKH� OLNHOLKRRG� RI� DQ� XQDXWKRUL]HG� PLVVLOH� ODXQFK� LV� ´ORZ�µ� GHVSLWH� 5XVVLDQ� SROLWLFDO� DQG

HFRQRPLF� WXUPRLO� DQG�GLVDUUD\� LQ� WKH�DUPHG� IRUFHV����:KLOH� WKHVH�HVWLPDWHV�SURYLGH� VRPH

FRPIRUW�� LW� LV� GLIILFXOW� WR� NQRZ� KRZ� ´UHPRWHµ� RU� ´ORZµ� WKHVH� WKUHDWV� UHDOO\� DUH�� 5XVVLDQ

OHDGHUV� WHQG� WR�GLVPLVV�:HVWHUQ� FRQFHUQV�� DVVHUWLQJ� WKDW�5XVVLDQ�QXFOHDU�ZHDSRQV� DUH� VWLOO

XQGHU�UHOLDEOH�FRQWURO����+RZ�LV�RQH�WR�NQRZ"�(YHQ�FRPSOHWH�NQRZOHGJH�RI�WKH�5XVVLDQ��RU

&KLQHVH��QXFOHDU�FRPPDQG�DQG�FRQWURO�V\VWHP�ZRXOG�QRW�DOORZ�RQH�WR�HVWLPDWH�DFFXUDWHO\

WKH�OLNHOLKRRG�RI�WKHVH�HYHQWV�

7KH� OLNHO\� VL]H� RI� DFFLGHQWDO�� XQDXWKRUL]HG�� DQG� LQDGYHUWHQW� DWWDFNV� LV� DOVR� GLIILFXOW� WR

GHWHUPLQH��$FFLGHQWV�PD\� LQYROYH�RQO\� D� IHZ�PLVVLOHV��+RZHYHU�� WKH� VL]H� RI� XQDXWKRUL]HG

ODXQFKHV�GHSHQGV�RQ�KRZ�IDU�XS�WKH�FKDLQ�RI�FRPPDQG�RQH�DVVXPHV�WKH�FRQVSLUDF\�WDNHV

SODFH����,I�ILHOG�FRPPDQGHUV�ODXQFK�,&%0V�RU�6/%0V�ZLWKRXW�DXWKRUL]DWLRQ��WKH�DWWDFN�VL]H

FRXOG� UDQJH� IURP� D� IHZ�ZDUKHDGV� WR� XS� WR� ����ZDUKHDGV�� ZLWK�PRVW� VFHQDULRV� FOXVWHULQJ

DURXQG����ZDUKHDGV�IRU�IXWXUH�,&%0�IRUFHV����,I�WKH�5XVVLDQ�JHQHUDO�VWDII�RU�FRPPDQGHUV

RI� WKH� 6WUDWHJLF� 5RFNHW� )RUFHV� ODXQFK� PLVVLOHV� ZLWKRXW� DXWKRUL]DWLRQ� IURP� WRS� SROLWLFDO

OHDGHUV��WKHQ�ODUJH�XQDXWKRUL]HG�DWWDFNV�LQYROYLQJ�WHQV�RU�KXQGUHGV�RI�PLVVLOHV�FRXOG�RFFXU�

DVVXPLQJ� VXERUGLQDWH� FRPPDQGHUV� FDUU\� RXW� WKHLU� RUGHUV���� )LQDOO\�� LQDGYHUWHQW� ODXQFKHV�

BBBBBBBBBBB
�� 6HH 5LFKDUG &RRSHU� +RXVH 1DWLRQDO 6HFXULW\ &RPPLWWHH +HDULQJV� )HEUXDU\ ��� ����� DV UHSURGXFHG LQ 7KH

/DVW )LIWHHQ 0LQXWHV� %DOOLVWLF 0LVVLOH 'HIHQVH LQ 3HUVSHFWLYH� -RVHSK &LULQFLRQH DQG )UDQN YRQ +LSSHO� HGV�� &RDOLWLRQ

WR 5HGXFH 1XFOHDU 'DQJHUV� ����� $SSHQGL[ %� 6HH DOVR� %LOO *HUW]� ´,QWHOOLJHQFH UHSRUW ZDUQV RI PLVVLOH

ODXQFKHV DJDLQVW 8�6��µ 7KH :DVKLQJWRQ 7LPHV� 0D\ ��� ����� S� �� DQG ´'R ZH QHHG D PLVVLOH GHIHQVH V\VWHP"µ

7KH :DVKLQJWRQ 7LPHV� 0D\ ��� ����� S� $���
�� 6HH %LOO *HUW]� ´5XVVLDQ UHQHJDGHV SRVH QXNH GDQJHU�µ 7KH :DVKLQJWRQ 7LPHV� 2FWREHU ��� ����� S� ��
�� 6HH %LOO *HUW]� ´/HEHG VD\V QXFOHDU SUREOHPV LQ 5XVVLD SRVH QR JOREDO WKUHDW�µ 7KH :DVKLQJWRQ 7LPHV� 2FWREHU

��� ����� S� ���
��)RU D JRRG WUHDWPHQW RI 6RYLHW�5XVVLDQ QXFOHDU FRPPDQG DQG FRQWURO VHH %UXFH %ODLU� 7KH /RJLF RI $FFLGHQWDO

1XFOHDU :DU� 7KH %URRNLQJV ,QVWLWXWLRQ� :DVKLQJWRQ� '&� ����� &KDSWHU ��
�� ,I 5XVVLDQ ODXQFK FRQWURO RIILFHUV FRXOG FLUFXPYHQW WKH ORFNV WKDW SUHYHQW ,&%0 ODXQFK ZLWKRXW EHLQJ

GHWHFWHG DQG FRXQWHUPDQGHG E\ KLJKHU DXWKRULWLHV� WKHVH XQDXWKRUL]HG ODXQFKHV FRXOG LQYROYH XS WR �−��
PLVVLOHV� GHSHQGLQJ RQ WKH ,&%0 VLOR FRPSOH[� RU XS WR � PLVVLOHV IRU DQ 66��� EDWWDOLRQ LQYROYLQJ D WRWDO RI XS

WR �� ZDUKHDGV LI WKH ,&%0V FDUU\ VLQJOH ZDUKHDGV �DV SODQQHG XQGHU 67$57 ,,�� RU XS WR ��� ZDUKHDGV LI WKH

PLVVLOHV FDUU\ XS WR �� 0,59V �DV LV WKH FDVH IRU WKH 66����� ,I WKH FRGHV UHTXLUHG WR ODXQFK 5XVVLDQ 6/%0V FDQ

EH FLUFXPYHQWHG� DV PDQ\ DV �� RU �� 6/%0V� GHSHQGLQJ RQ WKH VXEPDULQH W\SH� FDUU\LQJ D WRWDO RI EHWZHHQ ��

DQG ��� ZDUKHDGV� PLJKW EH ODXQFKHG LQ DQ XQDXWKRUL]HG PDQQHU� DOWKRXJK IXWXUH 5XVVLDQ VXEPDULQHV ZLOO

OLNHO\ FDUU\ IHZHU ZDUKHDGV�
�� 'XULQJ WKH ���� 5XVVLDQ FRXS DWWHPSW� VHQLRU ILHOG FRPPDQGHUV UHVSRQVLEOH IRU 5XVVLD·V QXFOHDU IRUFHV

DSSDUHQWO\ IRUPHG D VHFUHW SDFW WR GLVREH\ DQ\ QXFOHDU ODXQFK RUGHUV FRPLQJ IURP WKH FRXS SORWWHUV� 6HH %UXFH

%ODLU� 7KH /RJLF RI $FFLGHQWDO 1XFOHDU :DU� SS� ��²���



�

SDUWLFXODUO\� ODXQFKHV� EDVHG� RQ� IDOVH� ZDUQLQJ� RI� DQ� LQFRPLQJ� DWWDFN�� PD\� EH� TXLWH� ODUJH�

SHUKDSV� LQYROYLQJ� DV� PDQ\� DV� VHYHUDO� KXQGUHG� RU� VHYHUDO� WKRXVDQG� ,&%0� DQG� 6/%0

ZDUKHDGV�GHSHQGLQJ�RQ�WKH�DOHUW�VWDWXV�RI�5XVVLDQ�IRUFHV�DQG�ZKHWKHU�WKH�67$57�,,�7UHDW\

HQWHUV� LQWR� IRUFH���� ,Q� VXPPDU\�� WKH� VL]H� RI� DFFLGHQWDO�� XQDXWKRUL]HG�� DQG� LQDGYHUWHQW

EDOOLVWLF�PLVVLOH�DWWDFNV�FDQ�YDU\�IURP�RQH�WR�VHYHUDO�WKRXVDQG�ZDUKHDGV�

7KHUHIRUH�� WKH� EHQHILW� RQH� GHULYHV� IRU� D� JLYHQ� OHYHO� RI� EDOOLVWLF�PLVVLOH� GHIHQVH� DJDLQVW

DFFLGHQWDO��XQDXWKRUL]HG��DQG�LQDGYHUWHQW�DWWDFNV�LV�YLUWXDOO\�LPSRVVLEOH�WR�GHWHUPLQH�EHFDXVH

WKH� SUREDELOLW\� DQG� OLNHO\� VL]H� RI� WKHVH� DWWDFNV� DUH� XQNQRZQ�� 2WKHU� DSSURDFKHV� PD\� DOVR

UHGXFH� WKH� OLNHOLKRRG� RI� WKHVH� DWWDFNV� LQ� OHVV� H[SHQVLYH� ZD\V�� H�J��� GHWDUJHWLQJ� EDOOLVWLF

PLVVLOHV�� UHGXFLQJ� WKHLU� DOHUW� UDWH�� DQG� SRVVLEO\� SODFLQJ� FRPPDQG�GHVWUXFW� SDFNDJHV� RQ

EDOOLVWLF� PLVVLOHVWKRXJK� WKH� HIILFDF\� RI� WKHVH� DSSURDFKHV� LV� DOVR� GLIILFXOW� WR� SURYH���

&RQVHTXHQWO\�� SURWHFWLQJ� DJDLQVW� DFFLGHQWDO�� XQDXWKRUL]HG�� DQG� LQDGYHUWHQW� EDOOLVWLF�PLVVLOH

DWWDFNV�LV�D�SUREOHPDWLF�UDWLRQDOH�IRU�D�WKLQ�8�6��QDWLRQDO�PLVVLOH�GHIHQVH�EHFDXVH�RQH�FDQQRW

GHWHUPLQH�KRZ�PXFK�EHQHILW�WR�H[SHFW�IURP�GLIIHUHQW�OHYHOV�RI�GHIHQVH��PDNLQJ�SROLF\�WUDGH�

RIIV�YLUWXDOO\�LPSRVVLEOH��+RZHYHU��WKLV�LV�QRW�WR�VD\�WKDW�RQH�VKRXOG�LJQRUH�WKH�SUREOHP�

,QWHQWLRQDO�EDOOLVWLF�PLVVLOH�WKUHDWV�WR�WKH�8�6��KRPHODQG�IURP�GHYHORSLQJ�VWDWHV�DUH�QRW

SURMHFWHG� WR� H[LVW� EHIRUH� ������ DV� GLVFXVVHG� DERYH�� ,I� WKH\� RFFXU�� WKH� 8QLWHG� 6WDWHV� KDV

GHWHUUHQFH� DQG� FRXQWHUIRUFH� RSWLRQV� IRU� FRSLQJ� ZLWK� WKLV� WKUHDW�� 'HWHUUHQFH� LV� FUHGLEOH

EHFDXVH�WKHUH�LV�OLWWOH�GRXEW�DERXW�WKH�LGHQWLW\�RI�WKH�DWWDFNHU�LI�EDOOLVWLF�PLVVLOHV�DUH�XVHG³D

VHULRXV�SUREOHP�IRU�FRYHUW� DWWDFNV³DQG� WKHUH� LV� OLWWOH�GRXEW� WKDW� WKH�8QLWHG�6WDWHV�ZRXOG

UHWDOLDWH�ZLWK�FRQYHQWLRQDO�RU�QXFOHDU�ZHDSRQV�LI�WKH�8�6��KRPHODQG�ZHUH�DWWDFNHG�ZLWK�DQ\

QXFOHDU�� ELRORJLFDO�� RU� FKHPLFDO�ZHDSRQ� ILUVW����0RUHRYHU�� DJDLQVW� UHJLRQDO� RSSRQHQWV�� WKH

BBBBBBBBBBB
�� /DXQFKLQJ 5XVVLDQ PLVVLOHV EHIRUH 8�6� PLVVLOHV DUULYH RQ WDUJHW LQ D K\SRWKHWLFDO FRXQWHUIRUFH DWWDFN LV DQ

RSWLRQ 5XVVLDQ VWUDWHJLF SODQQHUV KDYH FRQVLGHUHG IRU \HDUV� 7UDGLWLRQDO 6RYLHW ZULWLQJV RQ WKH VXEMHFW

HPSKDVL]HG ODUJH� SURPSW UHWDOLDWRU\ UHVSRQVHV� LQYROYLQJ WKH EXON RI WKH 6RYLHW VLOR�EDVHG ,&%0 IRUFH DQG

6/%0V RQ SLHU�VLGH DOHUW� 6HH� IRU H[DPSOH� 6WHSKHQ 0H\HU� ´6RYLHW 1XFOHDU 2SHUDWLRQV�µ LQ 0DQDJLQJ 1XFOHDU

2SHUDWLRQV� $VKWRQ &DUWHU� -RKQ 6WHLQEUXQHU� DQG &KDUOHV =UDNHW� HGV�� 7KH %URRNLQJV ,QVWLWXWLRQ� :DVKLQJWRQ�

'&� ����� DQG %UXFH %ODLU� *OREDO =HUR $OHUW IRU 1XFOHDU )RUFHV� 7KH %URRNLQJV ,QVWLWXWLRQ� :DVKLQJWRQ� '&�

�����
�� )RU D SURSRVDO FDOOLQJ IRU GHDOHUWLQJ QXFOHDU IRUFHV VHH %UXFH %ODLU� *OREDO =HUR $OHUW IRU 1XFOHDU )RUFHV�

%URRNLQJV 2FFDVLRQDO 3DSHU �:DVKLQJWRQ� '&� %URRNLQJV ,QVWLWXWLRQ� ������ )RU DQ LQWHUHVWLQJ SURSRVDO IRU

KRZ EDOOLVWLF PLVVLOHV PLJKW EH GHVWUR\HG DIWHU ODXQFK VHH 6KHUPDQ )UDQNHO� ´$ERUWLQJ 8QDXWKRUL]HG /DXQFKHV

RI 1XFOHDU�$UPHG %DOOLVWLF 0LVVLOHV WKURXJK 3RVW�/DXQFK 'HVWUXFWLRQ�µ 6FLHQFH DQG *OREDO 6HFXULW\� ����� SS� �²

���
�� 7KHUH LV VRPH GHEDWH DERXW WKH UROH RI QXFOHDU ZHDSRQV LQ GHWHUULQJ &%: DWWDFNV EHFDXVH WKLV UXQV FRXQWHU

WR 8�6� QHJDWLYH VHFXULW\ DVVXUDQFHV� HYHQ LI WKH RSSRQHQW XVHV ELRORJLFDO RU FKHPLFDO ZHDSRQV ILUVW� :KLOH WKH

8QLWHG 6WDWHV FRXOG MXVWLI\ QXFOHDU UHWDOLDWLRQ DFFRUGLQJ WR WKH OHJDO GRFWULQH RI ´EHOOLJHUHQW UHSULVDO�µ WKH 8QLWHG

6WDWHV ZRXOG KDYH WR FRQVLGHU WKH SROLWLFDO FRQVHTXHQFHV RI EHLQJ WKH ILUVW WR XVH QXFOHDU ZHDSRQV LQ RYHU ��

\HDUV� 6HH *HRUJH %XQQ DQG 5RODQG 7LPHUEDHY� ´6HFXULW\ $VVXUDQFHV WR 1RQ�1XFOHDU�:HDSRQ 6WDWHV� 3RVVLEOH

2SWLRQV IRU &KDQJH�µ 3URJUDPPH IRU 3URPRWLQJ 1XFOHDU 1RQ�3UROLIHUDWLRQ ,VVXH 5HYLHZ� 1R� �� 0RXQWEDWWHQ &HQWUH IRU

,QWHUQDWLRQDO 6WXGLHV� 8QLYHUVLW\ RI 6RXWKDPSWRQ� 6RXWKDPSWRQ� 8.� 6HSWHPEHU ����� )RU WKH DUJXPHQW WKDW

DQ DPELJXRXV 8�6� GHFODUDWRU\ SROLF\ VKRXOG EH UHWDLQHG� LQFOXGLQJ WKH WKUHDW WR UHWDOLDWH ZLWK QXFOHDU ZHDSRQV

DJDLQVW &%: DWWDFNV� VHH 'DYLG *RPSHUW� .HQQHWK :DWPDQ� DQG 'HDQ :LONHQLQJ� ´1XFOHDU )LUVW 8VH

5HYLVLWHG�µ 6XUYLYDO� ,QWHUQDWLRQDO ,QVWLWXWH IRU 6WUDWHJLF 6WXGLHV� /RQGRQ� $XWXPQ ����� SS� ��²���



�

8QLWHG� 6WDWHV� VKRXOG� EH� DEOH� WR� GHVWUR\� ILUVW�JHQHUDWLRQ� ,&%0V� ZLWK� FRQYHQWLRQDO

FRXQWHUIRUFH� DWWDFNV� EHFDXVH� WKHVH� ,&%0V� W\SLFDOO\� DUH� ODXQFKHG� IURP� IL[HG� VLWHV���

1HYHUWKHOHVV��D�WKLQ�QDWLRQDO�PLVVLOH�GHIHQVH�FRXOG�SURYLGH�LQVXUDQFH�DJDLQVW�WKH�EUHDNGRZQ

RI�GHWHUUHQFH�DQG�LQHIIHFWLYH�FRXQWHUIRUFH�RSWLRQV��7KH�TXHVWLRQ�LV�ZKHWKHU�WKH�LQVXUDQFH�LV

ZRUWK�WKH�FRVW�

$SSURSULDWH� REMHFWLYHV� IRU� WKHDWHU� PLVVLOH� GHIHQVH� DUH� WR� SURWHFW� DOOLHG� FLWLHV� DQG� 8�6�

WURRSV�IURP�WKHDWHU�UDQJH�EDOOLVWLF�PLVVLOH�WKUHDWV��3URWHFWLQJ�DOOLHG�FLWLHV�LV�SDUWLFXODUO\�VDOLHQW

EHFDXVH�H[WHQGHG�GHWHUUHQFH�WHQGV�WR�EH�OHVV�HIIHFWLYH�WKDQ�GHWHUUHQFH�RI�DWWDFNV�DJDLQVW�WKH

8�6�� KRPHODQG�� SUHHPSWLYH� FRXQWHUIRUFH� DWWDFNV� DUH� OHVV� OLNHO\� WR� VXFFHHG� EHFDXVH� WKHDWHU

EDOOLVWLF�PLVVLOHV�DUH�XVXDOO\�PRELOH��DQG�SDVVLYH�GHIHQVHV��ZKLFK�DUH�HIIHFWLYH�IRU�SURWHFWLQJ

8�6�� WURRSV� IURP� &%:� WKUHDWV�� W\SLFDOO\� DUH� QRW� DYDLODEOH� IRU� FLYLOLDQ� SRSXODWLRQV�� :LWK

UHVSHFW�WR�QXFOHDU�DWWDFNV��RSSRQHQWV�PD\�EH�UHOXFWDQW�WR�XVH�WKHLU�SUHFLRXV�QXFOHDU�ZHDSRQV

WR�DWWDFN�8�6��PLOLWDU\�IRUFHV�XQOHVV�WKH\�EHOLHYH�WKH�WKUHDW�RI�DWWDFN�ZRXOG�PDNH�WKH�8QLWHG

6WDWHV� DYRLG� UHJLRQDO� LQWHUYHQWLRQ� DOWRJHWKHU� RU� DQ� DFWXDO� DWWDFN� ZRXOG� KDYH� D� VLJQLILFDQW

LPSDFW� RQ� 8�6�� PLOLWDU\� RSHUDWLRQV�� 7KHUH� LV� UHDVRQ� WR� EHOLHYH� QHLWKHU� ZRXOG� EH� WUXH���

,QVWHDG�� WKH\�ZLOO� OLNHO\�ZLWKKROG� WKHVH� SUHFLRXV� DVVHWV� WR� WKUHDWHQ� DQ� RSSRQHQW·V� FLWLHV� WR

GHWHU�WKH�GHIHDW�RI�WKHLU�UHJLPH�LI�WKH�ZDU�JRHV�EDGO\��7KLV�DSSDUHQWO\�ZDV�6DGGDP�+XVVHLQ·V

FDOFXOXV�ZLWK�UHVSHFW�WR�&%:�XVH�LQ�WKH������*XOI�:DU��7KHUHIRUH��WKH�PDLQ�REMHFWLYH�IRU

8�6�� WKHDWHU� PLVVLOH� GHIHQVH� VKRXOG� EH� WR� SURWHFW� DOOLHG� FLWLHV� VR� DOOLHG� OHDGHUV� DUH� OHVV

YXOQHUDEOH�WR�FRHUFLRQ�E\�RSSRQHQWV�SRVVHVVLQJ�EDOOLVWLF�PLVVLOHV�DUPHG�ZLWK�1%&�ZDUKHDGV�

7KLV�LV�QRW�D�IDYRU�WKH�8QLWHG�6WDWHV�EHVWRZV�XSRQ�LWV�DOOLHV�EXW�LV�UHTXLUHG�WR�SURWHFW�8�6�

LQWHUHVWV��3URWHFWLQJ�8�6��PLOLWDU\�IRUFHV�RYHUVHDV�LV��WR�VRPH�H[WHQW��D�OHVVHU�LQFOXGHG�FDVH�

BBBBBBBBBBB
�� 5HFDOO WKDW ,UDT·V IL[HG 6FXG ODXQFK VLWHV ZHUH FRPSOHWHO\ GHVWUR\HG ZLWKLQ WKH ILUVW IHZ PLQXWHV RI WKH ����

*XOI :DU� XQOLNH LWV PRELOH 6FXG ODXQFKHUV� 6HH %DUU\ '� :DWWV DQG 7KRPDV $� .HDQ\� *XOI :DU $LU 3RZHU

6XUYH\� 9ROXPH ,,� (IIHFWV DQG (IIHFWLYHQHVV� 8�6� *RYHUQPHQW 3ULQWLQJ 2IILFH� :DVKLQJWRQ� '&� ����� SS� ���²����
�� %HLQJ D VWDWXV TXR SRZHU� WKH 8QLWHG 6WDWHV LV DSW WR EH ULVN DYHUVH LQ PDQ\ LQWHUQDWLRQDO FRQIOLFWV� +HQFH�

RQH ZRXOG H[SHFW QXFOHDU WKUHDWV IURP VPDOO QXFOHDU SRZHUV WR EH DQ HIIHFWLYH PHDQV WR GHWHU 8�6�

LQWHUYHQWLRQ� 2Q WKH RWKHU KDQG� IHDU RI D ORVV RI SRZHU� SUHVWLJH� RU LQIOXHQFH LQ WKH IXWXUH LI WKH 8QLWHG 6WDWHV

DSSHDUV WR KDYH EHHQ LQWLPLGDWHG E\ D VPDOO QXFOHDU VWDWH LQ WKH SUHVHQW PD\ VWUHQJWKHQ 8�6� UHVROYH WR

LQWHUYHQH WR DYRLG WKH SHUFHSWLRQ WKDW WKH 8QLWHG 6WDWHV FDQ EH LQWLPLGDWHG E\ VPDOO QXFOHDU VWDWHV� :LWK UHVSHFW

WR WKH LPSDFW RI QXFOHDU DWWDFNV RQ PLOLWDU\ RSHUDWLRQV� W\SLFDOO\ WHQV RI QXFOHDU ZHDSRQV �IXVLRQ ERPEV� QRW

ILVVLRQ ERPEV� DUH UHTXLUHG WR EOXQW ODUJH FRQYHQWLRQDO PLOLWDU\ RSHUDWLRQV RI WKH VRUW WKH 8QLWHG 6WDWHV FDQ

PRXQW� 7KH PRVW OLNHO\ WDUJHWV IRU DWWDFN ZRXOG EH ODUJH� IL[HG LQVWDOODWLRQV VXFK DV DLUILHOGV� SRUWV� FRPPDQG

DQG FRQWURO FHQWHUV� DQG ORJLVWLFV VLWHV� LI WKH\ FDQ EH LGHQWLILHG DQG WDUJHWHG� 7\SLFDOO\ DURXQG ��−�� VXFK

IDFLOLWLHV H[LVW LQ D JLYHQ WKHDWHU RI RSHUDWLRQV� )RU H[DPSOH� LQ 2SHUDWLRQ 'HVHUW 6WRUP FRDOLWLRQ DLU IRUFHV XVHG

�� DLUILHOGV DORQH� 0RUHRYHU� DUP\ GLYLVLRQV DQG VKLSV DW VHD DUH GLIILFXOW WR WDUJHW RQ WKH PRYH DQG VRPH

DLUILHOGV IRU WDFWLFDO DLU RSHUDWLRQV ZLOO EH RXW RI UDQJH RI WKHDWHU EDOOLVWLF PLVVLOHV� )LQDOO\� VPDOO ILVVLRQ ERPEV

FDQQRW FRPSOHWHO\ GHVWUR\ VRPH IDFLOLWLHV VXFK DV ODUJH SRUWV� WKHUHE\ UHTXLULQJ VHYHUDO ZHDSRQV WR UHQGHU D

VLQJOH IDFLOLW\ LQRSHUDEOH� 7KHUHIRUH� VPDOO QXFOHDU VWDWHV FDQQRW H[SHFW WR GHIHDW 8�6� FRQYHQWLRQDO IRUFHV ZLWK

QXFOHDU DWWDFNV� 7KHLU VWUDWHJ\ ZRXOG KDYH WR EH WR WKUHDWHQ FDVXDOWLHV WKDW RXWZHLJK WKH EHQHILWV RI

LQWHUYHQWLRQ� %XW� WKLV LV DQ LPSUHFLVH WKUHVKROG DQG PD\ QRW EH UHDFKHG E\ WKUHDWHQLQJ VPDOO QXFOHDU DWWDFNV�

HVSHFLDOO\ LI WKHUH LV UHDVRQ WR EHOLHYH WKH DWWDFNV ZLOO QRW EH FDUULHG RXW �L�H�� GHWHUUHQFH ZLOO ZRUN��
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%DOOLVWLF�0LVVLOH�'HIHQVH�3HUIRUPDQFH�&ULWHULD

'HWHUPLQLQJ� KRZ� PXFK� EDOOLVWLF� PLVVLOH� GHIHQVH� LV� HQRXJK� GHSHQGV� RQ� WKH� GHIHQVH

SHUIRUPDQFH�FULWHULRQ��'HIHQVH�SHUIRUPDQFH�FDQ�EH�DSSURDFKHG�IURP�WZR�DQJOHV��SROLWLFDO

DQG�PLOLWDU\��$V�D�SROLWLFDO�PDWWHU��GHIHQVHV�PXVW�EH�JRRG�HQRXJK�WR�VDWLVI\�DQ�HOHFWRUDWH�WKDW

QDWLRQDO� OHDGHUV� KDYH� QRW� IRUVDNHQ� WKHLU� SURWHFWLRQ�� RU� WR� FRQYLQFH� DOOLHG� OHDGHUV� WKDW� WKH

8QLWHG�6WDWHV�LV�FRPPLWWHG�WR�WKHLU�GHIHQVH�VR�WKH\�DUH�OHVV�VXVFHSWLEOH�WR�FRHUFLRQ��7KLV�PD\

QRW�UHTXLUH�KLJK�GHIHQVH�SHUIRUPDQFH��DV�GHPRQVWUDWHG�E\�WKH�3DWULRW�70'�V\VWHP�GXULQJ

WKH������*XOI�:DU����+RZHYHU��IURP�D�PLOLWDU\�SHUVSHFWLYH�EDOOLVWLF�PLVVLOH�GHIHQVH�LV�XVHIXO

RQO\� LI� LW� EORFNV� HQRXJK� RI� WKH� DWWDFN� WR� PDNH� RIIHQVLYH� VWULNHV� WDFWLFDOO\� RU� VWUDWHJLFDOO\

LQHIIHFWLYH�� ,I� WKH� WDUJHWV� DUH� FLWLHV� DQG� WKH� WKUHDW� LQYROYHV� 1%&� ZDUKHDGV�� WKH� GHIHQVH

SHUIRUPDQFH�PXVW�EH�TXLWH�KLJK��,Q�WKLV�FDVH��LW�PD\�DOVR�KDYH�WR�EH�TXLWH�KLJK�WR�DFKLHYH�WKH

GHVLUHG�SROLWLFDO�EHQHILWV���

:KLOH� WKHUH� LV� QR� ´FRUUHFWµ� GHIHQVH� SHUIRUPDQFH� FULWHULRQ�� WKH\� PXVW� DOO� VKDUH� WKH

DWWULEXWH�RI�YHU\�ORZ�OHDNDJH�LI�WKH�GHIHQVH�LV�DWWHPSWLQJ�WR�SURWHFW�WDUJHWV�IURP�ZHDSRQV�RI

PDVV� GHVWUXFWLRQ�� 7KLV� DQDO\VLV� XVHV� D� SDUWLFXODUO\� GHPDQGLQJ� FULWHULRQ³D� VSHFLILF

SUREDELOLW\�WKDW�QR�ZDUKHDGV�OHDN�WKURXJK�WKH�GHIHQVH³EHFDXVH�VXFK�D�GHIHQVH�ZRXOG�KDYH

FOHDU�SROLWLFDO�DQG�PLOLWDU\�EHQHILWV�LQ�D�ZRUOG�ZLWK�QXFOHDU��ELRORJLFDO��DQG�FKHPLFDO�WKUHDWV�

7KHUHIRUH��WKLV�DQDO\VLV�DVVXPHV�D�QDWLRQDO�PLVVLOH�GHIHQVH�PXVW�DFKLHYH�D�SUREDELOLW\�RI�����

WKDW� QR�ZDUKHDGV� OHDN� WKURXJK� WKH� GHIHQVH� IRU� DWWDFNV� FRQWDLQLQJ� XS� WR� ��−���ZDUKHDGV�
7KLV� LV� HVVHQWLDOO\� WKH� VDPH� SHUIRUPDQFH� FULWHULRQ� XVHG� E\� WKH� %DOOLVWLF� 0LVVLOH� 'HIHQVH

2UJDQL]DWLRQ� IRU� D� 8�6�� QDWLRQDO� PLVVLOH� GHIHQVH���� ,W� FDSWXUHV� D� UDQJH� RI� 5XVVLDQ� DQG

&KLQHVH� DFFLGHQWDO� DQG� XQDXWKRUL]HG� ODXQFK� VFHQDULRV�� HVSHFLDOO\� LI� PRVW� EDOOLVWLF� PLVVLOHV

FRQWDLQ�D�VLQJOH�ZDUKHDG�LQ�WKH�IXWXUH��DQG�FRYHUV�PRVW�LQWHQWLRQDO�WKUHDWV�IURP�FRXQWULHV�WR

ZKLFK�LQWHUFRQWLQHQWDO�UDQJH�EDOOLVWLF�PLVVLOHV�PLJKW�SUROLIHUDWH��)RU�WKHDWHU�PLVVLOH�GHIHQVH�

WKLV� DQDO\VLV� DVVXPHV� D� JRDO� RI� D� SUREDELOLW\� RI� ����� WKDW� QR� ZDUKHDGV� OHDN� WKURXJK� WKH

GHIHQVH��HYHQ�LI�WKH�HQWLUH�WKHDWHU�EDOOLVWLF�PLVVLOH�DUVHQDO�LV�ODXQFKHG�DW�D�VLQJOH�WDUJHW��H�J��

DQ�DOO\·V�FDSLWDO���7KLV� DSSHDUV� WR�EH� OHVV� VWULQJHQW� WKDQ� WKH�10'�FULWHULRQ��+RZHYHU��RQH

VKRXOG� QRWH� WKDW� LW� DSSOLHV� WR� WKH� RSSRQHQW·V� HQWLUH� WKHDWHU� EDOOLVWLF� PLVVLOH� DUVHQDO�� L�H��

BBBBBBBBBBB
�� 7KH 3DWULRW V\VWHP DSSDUHQWO\ ZDV QRW HIIHFWLYH DJDLQVW 6FXG PLVVLOHV� \HW LW GLG OHW ,VUDHOL OHDGHUV UHVLVW SXEOLF

SUHVVXUH WR UHWDOLDWH IRU ,UDTL PLVVLOH DWWDFNV³DQ DFW WKDW ZRXOG KDYH EURXJKW ,VUDHO LQWR WKH ZDU DQG OLNHO\ VSOLW

WKH 8�6��OHG FRDOLWLRQ�
�� )RU H[DPSOH� WKH SROLWLFDO EHQHILW RI GHSOR\LQJ 3DWULRW EDWWHULHV WR ,VUDHO GXULQJ WKH ���� *XOI :DU PD\ KDYH

HYDSRUDWHG TXLFNO\ KDG ,UDT ODXQFKHG PLVVLOHV DUPHG ZLWK FKHPLFDO RU ELRORJLFDO ZDUKHDGV LQVWHDG RI KLJK�

H[SORVLYH ZDUKHDGV�
�� 7KH RIILFLDO 8�6� 10' SHUIRUPDQFH FULWHULRQ LV D ´�� SHUFHQW FRQILGHQFH RI D �� SHUFHQW NLOO SUREDELOLW\µ

DVVXPLQJ IRXU LQWHUFHSWRUV DUH ILUHG DW HDFK LQFRPLQJ REMHFW LQ D VKRRW�ORRN�VKRRW PRGH� ZLWK WZR VKRWV ILUHG

LQ WKH ILUVW VKRW RSSRUWXQLW\ DQG WZR LQ WKH VHFRQG� 6HH 0LFKDHO 'RUQKHLP� ´0LVVLOH 'HIHQVH 'HVLJQ -XJJOHV

&RPSOH[ )DFWRUV�µ $YLDWLRQ :HHN DQG 6SDFH 7HFKQRORJ\� )HEUXDU\ ��� ����� S� ��� ,I WKLV FULWHULRQ LV LQWHUSUHWHG WR

PHDQ WKDW WKH SUREDELOLW\ RI KDYLQJ QR PRUH WKDQ � RXW RI �� DWWDFNLQJ REMHFWV OHDN WKURXJK WKH GHIHQVH LV �����

WKLV LV HTXLYDOHQW WR VWDWLQJ WKDW WKH SUREDELOLW\ WKDW QR ZDUKHDGV OHDN WKURXJK WKH GHIHQVH LV HTXDO WR ���� IRU

DWWDFNV FRQWDLQLQJ XS WR �� ZDUKHDGV�



��

SRWHQWLDOO\�VHYHUDO�KXQGUHG�PLVVLOHV��LQVWHDG�RI�D�VLQJOH�DWWDFN����6XFK�D�GHIHQVH�ZRXOG�PDNH

WKHDWHU�EDOOLVWLF�PLVVLOHV�WDFWLFDOO\�XVHOHVV�DQG�VWUDWHJLFDOO\�PDUJLQDO�

%0'�&RXQWHUPHDVXUHV

7KH�PRVW�VLJQLILFDQW�WHFKQLFDO�DGYDQFH�ZLWK�UHVSHFW�WR�EDOOLVWLF�PLVVLOH�GHIHQVH�RYHU�WKH�SDVW

WZR�GHFDGHV�KDV�EHHQ� WKH� DGYHQW� RI� KLW�WR�NLOO� LQWHUFHSWRUV��7KLV� LV� WKH� FULWLFDO� WHFKQRORJ\

XSRQ�ZKLFK�PRVW�FXUUHQW�10'�DQG�70'�V\VWHPV�UHO\��7R�GDWH�����KLW�WR�NLOO�LQWHUFHSW�WHVWV

KDYH� EHHQ� SHUIRUPHG� DJDLQVW� EDOOLVWLF� PLVVLOH� WDUJHWV�� VWDUWLQJ� ZLWK� WKH� +RPLQJ� 2YHUOD\

([SHULPHQW�LQ������DQG�HQGLQJ�ZLWK�WKH�PRVW�UHFHQW�7+$$'�WHVW�IDLOXUH�RQ�0D\����������

,Q� VL[� RI� WKHVH� WHVWV� WKH� LQWHUFHSWRU� KLW� LWV� WDUJHW�� ,Q� WKH� UHVW�� VRPH� V\VWHP� IDLOXUH�� QRW

QHFHVVDULO\� UHODWHG� WR� WKH� KRPLQJ� ZDUKHDG�� FDXVHG� WKH� LQWHUFHSWRU� WR� PLVV� LWV� WDUJHW���

'HVSLWH�WKHVH�WHSLG�WHVW�UHVXOWV��WKHUH�LV�QR�SK\VLFDO�UHDVRQ�ZK\�KLW�WR�NLOO�LQWHUFHSWRUV�FDQQRW

EH�PDGH�WR�ZRUN��DOWKRXJK�WKH\�UHSUHVHQW�D�GDXQWLQJ�HQJLQHHULQJ�FKDOOHQJH�

7KH�PRVW�LPSRUWDQW�TXHVWLRQ�LV�QRW�ZKHWKHU�KLW�WR�NLOO�LQWHUFHSWRUV�ZLOO�ZRUN��EXW�UDWKHU

ZKHWKHU�WKH\�ZLOO�ZRUN�LI�DQ�RSSRQHQW�GHSOR\V�FRXQWHUPHDVXUHV����&RXQWHUPHDVXUHV�FDQ�EH

JURXSHG�LQWR�WKUHH�FDWHJRULHV��WKRVH�WKDW�PDNH�WDUJHW�GHWHFWLRQ�DQG�WUDFNLQJ�GLIILFXOW��WKHUHE\

GHOD\LQJ� WKH� ODXQFK� RI� DQ� LQWHUFHSWRU� RU� FDXVLQJ� LW� QRW� WR� EH� ODXQFKHG� DW� DOO��� WKRVH� WKDW

UHGXFH� WKH� LQWHUFHSWRU�VLQJOH�VKRW�SUREDELOLW\�RI�NLOO� �663.��DIWHU� LW� LV� ODXQFKHG�� DQG� WKRVH

WKDW� VLPSO\� RYHUZKHOP� WKH� GHIHQVH�ZLWK� WRR�PDQ\� WDUJHWV�� ([DPSOHV� RI� FRXQWHUPHDVXUHV

WKDW� PDNH� PLVVLOH� DQG� ZDUKHDG� GHWHFWLRQ� DQG� WUDFNLQJ� GLIILFXOW� DUH� VWHDOWK� WHFKQLTXHV� WR

UHGXFH�WKHLU�UDGDU�DQG�LQIUDUHG�VLJQDWXUHV��DQG�UDGDU� MDPPHUV�WKDW� LQFUHDVH�WKH�EDFNJURXQG

QRLVH�� 7HFKQLTXHV� IRU� UHGXFLQJ� H[RDWPRVSKHULF� LQWHUFHSWRU� 663.V� ZRXOG� EH� FRROLQJ� WKH

ZDUKHDGV� VR� KLW�WR�NLOO� LQIUDUHG� VHHNHUV� KDYH� GLIILFXOW\� ORFNLQJ� RQWR� WKHLU� WDUJHWV� �FRRO

BBBBBBBBBBB
�� 6HYHUDO FRXQWULHV PD\ KDYH XS WR ��� WKHDWHU�UDQJH EDOOLVWLF PLVVLOHV LQ WKHLU FXUUHQW DUVHQDOV� ,UDT UHSRUWHGO\

KDG DURXQG ��� $O +XVVD\Q PLVVLOHV SULRU WR WKH ���� *XOI :DU� WKRXJK LW ODXQFKHG RQO\ �� GXULQJ WKH ZDU� 6HH

-DQH·V 6WUDWHJLF :HDSRQV 6\VWHPV� 6HSWHPEHU ����� ,VVXH ��� +RZHYHU� WKH QXPEHU RI ORQJ�UDQJH WKHDWHU EDOOLVWLF

PLVVLOHV� H�J�� WKH 1RUWK .RUHDQ 1R 'RQJ DQG ,UDQLDQ 6KDKDE�� RU 6KDKDE�� PLVVLOHV� LQ DQ RSSRQHQW·V DUVHQDO

LV OLNHO\ WR EH OHVV WKDQ ���� DW OHDVW RYHU WKH QH[W GHFDGH RU WZR� 6HH� IRU H[DPSOH� ´$UWLOOHU\ 5RFNHW� %DOOLVWLF

0LVVLOH� 6RXQGLQJ 5RFNHW� DQG 6SDFH�/DXQFK &DSDELOLWLHV RI 6HOHFWHG &RXQWULHV�µ 7KH 1RQSUROLIHUDWLRQ 5HYLHZ� )DOO

����� 9RO� ����� &HQWHU IRU 1RQSUROLIHUDWLRQ 6WXGLHV� 0RQWHUH\ ,QVWLWXWH RI ,QWHUQDWLRQDO 6WXGLHV� 0RQWHUH\�

&$� SS� ���²���� DQG ´7KHDWHU %DOOLVWLF 0LVVLOH 6\VWHPV DQG &DSDELOLWLHV�µ $UPV &RQWURO 7RGD\� 0DUFK ����� SS�

��²���
�� 6HH 0LFKDHO 'RUQKHLP� ´0LVVLOH 'HIHQVH 'HVLJQ -XJJOHV &RPSOH[ )DFWRUV�µ $YLDWLRQ :HHN DQG 6SDFH

7HFKQRORJ\� )HEUXDU\ ��� ����� S� ���� DQG %UDGOH\ *UDKDP� ´/RZ�7HFK )ODZV 6WDOO +LJK�$OWLWXGH 'HIHQVH�µ

:DVKLQJWRQ 3RVW� -XO\ ��� ����� S� ��
�� 5HODWLYHO\ OLWWOH KDV EHHQ SXEOLVKHG DERXW EDOOLVWLF PLVVLOH GHIHQVH FRXQWHUPHDVXUHV� 5LFKDUG /� *DUZLQ DQG

+DQV $� %HWKH ZHUH DPRQJ WKH ILUVW WR GLVFXVV EDOOLVWLF PLVVLOH GHIHQVH FRXQWHUPHDVXUHV WR HDUO\ 8�6� %0'

SURJUDPV LQ WKH ODWH ����V LQ ´$QWL�%DOOLVWLF 0LVVLOH 6\VWHPV�µ 6FLHQWLILF $PHULFDQ� 0DUFK ����� $ GHWDLOHG

WHFKQLFDO WUHDWPHQW RI EDOOLVWLF PLVVLOH GHWHFWLRQ� WUDFNLQJ� DQG GHFR\ GLVFULPLQDWLRQ FDQ EH IRXQG LQ

´$FTXLVLWLRQ� 7UDFNLQJ� DQG 'LVFULPLQDWLRQ�µ &KDSWHU �� $PHULFDQ 3K\VLFDO 6RFLHW\ 6WXG\ *URXS 5HSRUW RQ WKH

6FLHQFH DQG 7HFKQRORJ\ RI 'LUHFWHG (QHUJ\ :HDSRQV� 5HYLHZV RI 0RGHUQ 3K\VLFV� 9RO� ��� 1R� �� 3DUW ,,� -XO\

����� )RU D UHFHQW XSGDWH RQ WKH FRXQWHUPHDVXUH SUREOHP VHH *HRUJH 1� /HZLV DQG 7KHRGRUH $� 3RVWRO�

´)XWXUH FKDOOHQJHV WR EDOOLVWLF PLVVLOH GHIHQVH�µ ,((( 6SHFWUXP� 6HSWHPEHU ����� SS� ��²���
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ZDUKHDGV� KHDW� XS� XSRQ� UHHQWU\�� DQG� HQFDSVXODWLQJ� ZDUKHDGV� LQ� ODUJH� EDOORRQV�� WKHUHE\

REVFXULQJ� WKH� SUHFLVH� ZDUKHDG� ORFDWLRQ� VR� KLW�WR�NLOO� LQWHUFHSWRUV� PLVV� WKHLU� WUXH� WDUJHW���

0DQHXYHULQJ�ZDUKHDGV�FDQ�SRWHQWLDOO\�UHGXFH�HQGRDWPRVSKHULF�LQWHUFHSWRU�663.V��&XUUHQW

%0'�GHVLJQHUV�DSSDUHQWO\�H[SHFW�H[RDWPRVSKHULF�10'�LQWHUFHSWRU�663.V�DERYH������DQG

70'� LQWHUFHSWRU� 663.V� DV� KLJK� DV� ����� WR� ��������:KLOH� WKLV�PD\� QRW� EH� XQUHDOLVWLF� IRU

XQLWDU\� ZDUKHDGV� ZLWKRXW� FRXQWHUPHDVXUHV�� LW� LV� XQOLNHO\� WKDW� VXFK� KLJK� 663.V� FDQ� EH

DFKLHYHG�LQ�WKH�SUHVHQFH�RI�FRXQWHUPHDVXUHV��+RZHYHU��LW�LV�DOVR�GLIILFXOW�WR�DVVHVV�KRZ�ORZ

WKH�663.�PLJKW�GURS�

)LQDOO\�� FRXQWHUPHDVXUHV� WKDW� VDWXUDWH� WKH� GHIHQVH� ZRXOG� EH� GHFR\V� WKDW� FDQQRW� EH

GLVFULPLQDWHG� IURP�ZDUKHDGV��0,59V� IRU� QXFOHDU�WLSSHG�PLVVLOHV�� FKHPLFDO� DQG� ELRORJLFDO

ZDUKHDG� VXEPXQLWLRQV�� DQG� ODUJH� DWWDFNV� WKDW� FRQYHUJH� RQ� WKH� GHIHQVH� VLPXOWDQHRXVO\�

WKHUHE\�VDWXUDWLQJ�WKH�WUDFNLQJ�DQG�ILUH�FRQWURO�FDSDELOLWLHV�RI�WKH�GHIHQVH��L�H���VDWXUDWLQJ�WKH

GHIHQVH�´EDWWOH�VSDFHµ���%RRVWHU�IUDJPHQWV�FDQ�DSSHDU�DV�H[RDWPRVSKHULF�GHFR\V��DOWKRXJK

UHFHQW� DGYDQFHV� LQ� UDGDU� �H�J��� LPDJLQJ� UDGDU�ZLWK� YHU\� JRRG� UDQJH� UHVROXWLRQ�� DQG�RSWLFDO

VHQVRUV��H�J���ORQJ�ZDYH�LQIUDUHG�VHQVRUV��PD\�PDNH�LW�SRVVLEOH�WR�GLVFULPLQDWH�FUXGH�GHFR\V

DQG�ERRVWHU�IUDJPHQWV�IURP�ZDUKHDGV��&%:�VXEPXQLWLRQV�DUH�D�SRWHQWLDO�RSWLRQ�IRU�WKHDWHU

EXW� QRW� QDWLRQDO� PLVVLOH� GHIHQVHV� EHFDXVH� WKH\� FDQQRW� ZLWKVWDQG� WKH� UHHQWU\� KHDWLQJ

DVVRFLDWHG�ZLWK�ORQJ�UDQJH�PLVVLOHV��,Q�SULQFLSOH��DQ�DGYHUVDU\�FRXOG�GHSOR\�WHQV�RU�KXQGUHGV

RI�&%:� VXEPXQLWLRQV� RQ� HDFK� WKHDWHU�PLVVLOH³D� WKUHDW� WKDW� ZLOO� VDWXUDWH�PLGFRXUVH� DQG

WHUPLQDO�WKHDWHU�PLVVLOH�GHIHQVHV��6PDOO�VXEPXQLWLRQV�DOVR�ZLOO�EH�GLIILFXOW� WR�WUDFN�EHFDXVH

RI�WKHLU�VPDOO�UDGDU�FURVV�VHFWLRQ�DQG��LI�WUDFNHG��ZLOO�EH�GLIILFXOW�WR�LQWHUFHSW�ZLWK�KLW�WR�NLOO

LQWHUFHSWRUV�EHFDXVH�RI�WKHLU�VPDOO�VL]H��)LQDOO\��RQH�VKRXOG�QRWH�WKDW�OLJKWZHLJKW�GHFR\V��H�J��

FKDII��EDOORRQV��HWF���ZRXOG�TXLFNO\�EH�VWULSSHG�DZD\�E\�DWPRVSKHULF�GUDJ�IRU�PLVVLOHV�ZLWK

UDQJHV�OHVV�WKDQ�DSSUR[LPDWHO\�����NP�EHFDXVH�WKHVH�PLVVLOHV�QHYHU�OHDYH�WKH�DWPRVSKHUH�

,W� LV� LPSRUWDQW� WR�QRWH� WKDW� WKH�FXUUHQW� WKHDWHU�EDOOLVWLF�PLVVLOH� WKUHDW�FRQVLVWV� ODUJHO\�� LI

QRW� VROHO\�� RI� XQLWDU\� ZDUKHDGV� VLQFH� QR� LQWHQWLRQDO� FRXQWHUPHDVXUHV� ZHUH� XVHG� RQ� ,UDTL

EDOOLVWLF� PLVVLOHV� GXULQJ� WKH� *XOI� :DU� DQG� QRQH� KDYH� EHHQ� REVHUYHG� LQ� WKHDWHU� EDOOLVWLF

PLVVLOH�WHVWV�VLQFH�WKHQ��DW�OHDVW�DPRQJ�GHYHORSLQJ�VWDWHV��DOWKRXJK�VXFK�WHVWV�PD\�KDYH�JRQH

XQQRWLFHG�����1RU�LV�LW�FOHDU�ZKHQ�GHFR\V�RU�RWKHU�FRXQWHUPHDVXUHV�PLJKW�DSSHDU��DOWKRXJK

BBBBBBBBBBB
�� ([RDWPRVSKHULF LQWHUFHSWV RFFXU DW DOWLWXGHV DERYH ��²��� NP� (QGRDWPRVSKHULF LQWHUFHSWV RFFXU EHORZ

WKLV DOWLWXGH� 7KLV GLVWLQFWLRQ LV LPSRUWDQW SULQFLSDOO\ EHFDXVH VLPSOH OLJKWZHLJKW GHFR\V �EDOORRQV� FKDII� HWF��

DUH UHPRYHG IURP WKH ´WKUHDW FORXGµ DW DOWLWXGHV EHWZHHQ �� NP DQG ��� NP� WKXV UHGXFLQJ WKH GHFR\

GLVFULPLQDWLRQ SUREOHP IRU HQGRDWPRVSKHULF LQWHUFHSWV�
�� 6HH 0LFKDHO 'RUQKHLP� ´0LVVLOH 'HIHQVH 'HVLJQ -XJJOHV &RPSOH[ )DFWRUV�µ $YLDWLRQ :HHN DQG 6SDFH

7HFKQRORJ\� )HEUXDU\ ��� ����� S� ��� )RU DQ HVWLPDWH RI WKH 7+$$' 663. HTXDO WR ���� VHH ´7+$$'�µ :RUOG

0LVVLOHV %ULHILQJ� 7HDO *URXS &RUSRUDWLRQ� )DLUID[ 9$� ����� S� �� 8VLQJ WKH 10' SHUIRUPDQFH FULWHULRQ VWDWHG

E\ WKH %DOOLVWLF 0LVVLOH 'HIHQVH 2UJDQL]DWLRQ RQH FDQ LQIHU WKDW 10' LQWHUFHSWRU 663.V PXVW EH DERYH �����
�� 7KH 5XPVIHOG &RPPLVVLRQ UHFHQWO\ SRLQWHG WR ZHDNQHVVHV LQ WKH 8�6� ,QWHOOLJHQFH &RPPXQLW\·V DELOLW\ WR

DFFXUDWHO\ PRQLWRU EDOOLVWLF PLVVLOH GHYHORSPHQW SURJUDPV� 3UHVXPDEO\ WKLV LQFOXGHV DQ RSSRQHQW·V

FRXQWHUPHDVXUH SURJUDPV� :KLOH IOLJKW WHVWV RI PRGHVWO\ VRSKLVWLFDWHG FRXQWHUPHDVXUHV SUREDEO\ ZRXOG EH

QHFHVVDU\� WKH\ PD\ EH GLIILFXOW WR REVHUYH� 5HFDOO WKH UHFHQW 1RUWK .RUHDQ 7DHSR 'RQJ��PLVVLOH ODXQFK WKDW

DWWHPSWHG WR SXW D VDWHOOLWH LQWR RUELW� 7KH LQDELOLW\ WR GHWHUPLQH ZKHWKHU WKLV ZDV D VDWHOOLWH ODXQFK� DV 1RUWK

.RUHD RULJLQDOO\ FODLPHG� RU D EDOOLVWLF PLVVLOH WHVW KLJKOLJKWV WKH GLIILFXOW\ LQ SURYLGLQJ DFFXUDWH PRQLWRULQJ WR
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LW�VHHPV�UHDVRQDEOH�WR�DVVXPH�WKH\�ZLOO�EHFDXVH�WKHVH�FRXQWHUPHDVXUHV��ZKLOH�QRW�WULYLDO��DUH

SUREDEO\�ZLWKLQ�WKH�UHDFK�RI�PRVW�FRXQWULHV�WKDW�KDYH�WKH�DELOLW\�WR�SURGXFH�EDOOLVWLF�PLVVLOHV

LQGLJHQRXVO\�

$� GHILQLWLYH� WHFKQLFDO� DVVHVVPHQW� RI� WKHVH� FRXQWHUPHDVXUHV� DQG� %0'� FRXQWHU�

FRXQWHUPHDVXUHV�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU��6XIILFH�LW�WR�VD\�WKDW�WKH�HIIHFWLYHQHVV�RI

%0'�V\VWHPV�DJDLQVW�VLPSOH�WKUHDWV��L�H���XQLWDU\�ZDUKHDGV�ZLWK�RQO\�FUXGH�SHQHWUDWLRQ�DLGV�

PD\� EH� IDLUO\� JRRG�� DVVXPLQJ� DGHTXDWH� WHVWLQJ� FDQ� VROYH� WKH� HQJLQHHULQJ� SUREOHPV� WKDW

SODJXH� FXUUHQW�JHQHUDWLRQ� KLW�WR�NLOO� LQWHUFHSWRUV�� +RZHYHU�� %0'� HIIHFWLYHQHVV� DJDLQVW

IXWXUH� WKUHDWV� LV� XQFHUWDLQ� DQG� ZLOO� GHSHQG� ODUJHO\� RQ� WKH� DELOLW\� WR� GHIHDW� RIIHQVLYH

FRXQWHUPHDVXUHV�RI�WKH�VRUW�PHQWLRQHG�DERYH��,I�PLGFRXUVH�DQG�WHUPLQDO�FRXQWHUPHDVXUHV

SURYH�GLIILFXOW�WR�GHIHDW�IRU�XSSHU�DQG�ORZHU�WLHU�70'�V\VWHPV��WKHQ�DLUERUQH�ERRVW�SKDVH

70'� V\VWHPV� EHFRPH� DWWUDFWLYH� EHFDXVH� WKH\� DUH� UHODWLYHO\� UREXVW� WR� HQHP\

FRXQWHUPHDVXUHV��)RU�H[DPSOH�� WKH\�DUH�WKH�RQO\�DFWLYH�GHIHQVH�FDSDEOH�RI�GHIHDWLQJ�&%:

VXEPXQLWLRQV�� XQOHVV� RQH� FRQVLGHUV� QXFOHDU�WLSSHG� 70'� LQWHUFHSWRUV³D� SROLWLFDOO\

XQDWWUDFWLYH�RSWLRQ�IRU�WKH�8QLWHG�6WDWHV��DOWKRXJK�VRPH�5XVVLDQV�KDYH�H[SUHVVHG�LQWHUHVW�LQ

VXFK� V\VWHPV�� 7KH� LPSDFW� RI� FRXQWHUPHDVXUHV� LV� FDSWXUHG� LQ� WKH� IROORZLQJ� DQDO\VLV� E\

DQDO\]LQJ�WKH�YDULDWLRQ�LQ�GHIHQVH�HIIHFWLYHQHVV�DV�D�IXQFWLRQ�RI�SDUDPHWULF�YDULDWLRQV�LQ�WKH

ZDUKHDG�GHWHFWLRQ�DQG�WUDFNLQJ�SUREDELOLW\��WKH�LQWHUFHSWRU�663.��DQG�WKH�QXPEHU�RI�GHFR\V

WKDW�FDQQRW�EH�GLVFULPLQDWHG�IURP�ZDUKHDGV�

+RZ�0XFK�10'�,V�(QRXJK"

&XUUHQWO\� RQO\� WZR� VWDWHV�� 5XVVLD� DQG� &KLQD�� FDQ� WKUHDWHQ� WKH� 8QLWHG� 6WDWHV� ZLWK

LQWHUFRQWLQHQWDO�UDQJH�EDOOLVWLF�PLVVLOHV��0RUHRYHU�� LW� LV�XQOLNHO\�WKDW�DQ\�RWKHU�VWDWHV�KRVWLOH

WR� WKH� 8QLWHG� 6WDWHV� ZLOO� GHSOR\� ,&%0V� EHIRUH� ������ XQOHVV� WKH\� DUH� DLGHG� E\� PRUH

WHFKQLFDOO\�DGYDQFHG�VWDWHV��,I��RU�ZKHQ��VXFK�WKUHDWV�DSSHDU��GHWHUUHQFH�VKRXOG�EH�HIIHFWLYH

LQ� PRVW� VFHQDULRV³DFFLGHQWDO�� XQDXWKRUL]HG�� DQG� LQDGYHUWHQW� DWWDFNV� EHLQJ� D� QRWDEOH

H[FHSWLRQ³DQG� 8�6�� SUHHPSWLYH� FRQYHQWLRQDO� FRXQWHUIRUFH� DWWDFNV� VKRXOG� EH� HIIHFWLYH

DJDLQVW�WKH�IL[HG�,&%0V�GHYHORSLQJ�FRXQWULHV�PLJKW�GHSOR\��,I�DFFLGHQWDO��XQDXWKRUL]HG��DQG

LQDGYHUWHQW�DWWDFNV�IURP�5XVVLD� �RU�&KLQD��DUH� WKH�GRPLQDQW�FRQFHUQ�� WKHLU� OLNHOLKRRG�PD\

EH�UHGXFHG�E\�RWKHU��UHODWLYHO\�LQH[SHQVLYH��PHDQV��7KHUHIRUH��WKHUH�LV�QR�FRPSHOOLQJ�QHHG�WR

GHSOR\� D� WKLQ� QDWLRQDO� PLVVLOH� GHIHQVH� DW� WKH� FXUUHQW� WLPH�� DOWKRXJK� UHVHDUFK� DQG

GHYHORSPHQW� RQ� QDWLRQDO� PLVVLOH� GHIHQVH� LV� D� SUXGHQW� KHGJH� LQ� FDVH� WKUHDWV� DULVH� LQ� WKH

IXWXUH��&RQVHTXHQWO\��WKH�VKRUW�DQVZHU�WR�WKH�TXHVWLRQ�´+RZ�PXFK�QDWLRQDO�PLVVLOH�GHIHQVH

LV�HQRXJK"µ�LV�´1RQH�µ

+RZHYHU�� LI� WKUHDWV� DULVH� LQ� WKH� IXWXUH�� LW� LV� XVHIXO� WR� QRWH� WKDW� D� WKLQ� QDWLRQDO�PLVVLOH

GHIHQVH� FRQVLVWLQJ� RI� ���� JURXQG�EDVHG� LQWHUFHSWRUV� GHSOR\HG� DW� VHYHUDO� VLWHV� DURXQG� WKH

8QLWHG� 6WDWHV�PLJKW� SURYLGH� SURWHFWLRQ� DJDLQVW� VPDOO� DFFLGHQWDO� DQG� XQDXWKRUL]HG� EDOOLVWLF

������������������������������������������������������������������������������������������������������������������������������������������������
REVHUYH WKH GHSOR\PHQW RI FRXQWHUPHDVXUHV� HVSHFLDOO\ RQ VKRUW DQG PHGLXP�UDQJH EDOOLVWLF PLVVLOHV� HYHQ

ZKHQ WKH 8�6� ,QWHOOLJHQFH &RPPXQLW\ KDV DGYDQFH QRWLFH RI WKH ODXQFK�



��

PLVVLOH� DWWDFNV� FRQWDLQLQJ� XS� WR� ��−��� DSSDUHQW� ZDUKHDGV�� DQG� SURYLGH� VRPH� LQVXUDQFH

DJDLQVW� WKH� IDLOXUH� RI� GHWHUUHQFH� DQG� FRQYHQWLRQDO� FRXQWHUIRUFH� RSWLRQV� LI� UHJLRQDO

RSSRQHQWV� DFTXLUH� D� IHZ� ,&%0V�� DV� WKH� VXEVHTXHQW� DQDO\VLV� ZLOO� VKRZ�� 7KH� $%0�7UHDW\

ZRXOG� KDYH� WR� EH� DPHQGHG� WR� DOORZ� VXFK� D� GHIHQVH�� EXW� WKLV� ZRXOG� QRW� QHFHVVDULO\

XQGHUPLQH� VWUDWHJLF� VWDELOLW\�� (YHQ� D� VLQJOH�VLWH� GHIHQVH� ZLWK� ���� LQWHUFHSWRUV� SUREDEO\

YLRODWHV�WKH�$%0�7UHDW\�EHFDXVH��DOWKRXJK�����LQWHUFHSWRU�ODXQFKHUV�DUH�DOORZHG�DW�D�VLQJOH

VLWH�DQG�WKHUH�LV�QR�VSHHG�OLPLW�RQ�$%0�LQWHUFHSWRU�PLVVLOHV��WKH�����LQWHUFHSWRU�H[FHSWLRQ

LQ� WKH�$%0�7UHDW\� �L�H���$UWLFOH� ,,,��ZDV� LQWHQGHG� WR�DOORZ�D� WKLQ�GHIHQVH�RI� DQ� LQGLYLGXDO

UHJLRQ� DQG� QRW� D� GHIHQVH� RI� D� FRXQWU\·V� HQWLUH� WHUULWRU\���� ,I� D� VLQJOH�VLWH�10'� V\VWHP� LV

GHSOR\HG� DW� D� VLWH� WKDW� LV� QRW� DURXQG� WKH� QDWLRQ·V� FDSLWDO� RU� RQH� RI� LWV� ,&%0� ILHOGV�� RU� LI

PXOWLSOH�VLWHV�DUH�GHSOR\HG�IRU�D�PRUH�UREXVW�QDWLRQDO�PLVVLOH�GHIHQVH��WKHQ�FOHDUO\�WKH�$%0

7UHDW\�ZRXOG�KDYH�WR�EH�DPHQGHG�RU�DEURJDWHG�

7ZR�LVVXHV�PXVW�EH�DGGUHVVHG�WR�FDOFXODWH�KRZ�PXFK�QDWLRQDO�PLVVLOH�GHIHQVH�LV�HQRXJK

WR�JXDUDQWHH� WKDW� DOO�ZDUKHDGV� LQ� DQ� DWWDFN�ZLOO� EH�GHVWUR\HG�ZLWK� D� SUREDELOLW\� RI� DW� OHDVW

������WKH�QXPEHU�RI�VLWHV�UHTXLUHG�WR�FRYHU�WKH�8QLWHG�6WDWHV�DQG�WKH�QXPEHU�RI�LQWHUFHSWRUV

UHTXLUHG�DW�HDFK�VLWH�WR�PHHW�WKH�GHIHQVH�SHUIRUPDQFH�FULWHULRQ�DV�D� IXQFWLRQ�RI� WKH�DWWDFN

VL]H��7KH�QXPEHU�RI�10'�VLWHV�UHTXLUHG�WR�GHIHQG�WKH�8QLWHG�6WDWHV�GHSHQGV�RQ�WKH�DUHD

WKDW�FDQ�EH�GHIHQGHG�IURP�D�VLQJOH�VLWH��L�H���WKH�GHIHQGHG�IRRWSULQW���

,I� WKH� LQLWLDO� V\VWHP� LV� WR� EH�$%0�7UHDW\� FRPSOLDQW�� WKH� LQLWLDO� VLWH�PXVW� EH� ORFDWHG� DW

*UDQG�)RUNV��1RUWK�'DNRWD��RU�DURXQG�:DVKLQJWRQ��'�&��)URP�*UDQG�)RUNV�DQ�LQWHUFHSWRU

ZLWK�D�EXUQRXW�VSHHG�DERYH�����NP�VHF�DQG�VXSSRUWHG�E\�VSDFH�EDVHG�WUDFNLQJ�VHQVRUV�FDQ

FRYHU� WKH� HQWLUH� FRQWLQHQWDO� 8QLWHG� 6WDWHV� IRU� QRUWKHUO\� DWWDFNV� �L�H��� 5XVVLDQ� ,&%0V� DQG

6/%0V�ODXQFKHG�IURP�WKHLU�EDVWLRQV�RU�&KLQHVH�,&%0V��ZLWK�D�EDUUDJH�ILULQJ�GRFWULQH�EXW

QRW�ZLWK�D�VKRRW�ORRN�VKRRW�GRFWULQH�EHFDXVH�OHVV�WLPH�LV�DYDLODEOH�IRU�WKH�VHFRQG�LQWHUFHSW

DWWHPSW����7ZR�VLWHV�ZRXOG�EH�UHTXLUHG�IRU�EDUUDJH�FRYHUDJH�RI�DWWDFNV� IURP�DOO� D]LPXWKV�

BBBBBBBBBBB
�� $UWLFOH ,� SDUDJUDSK � RI WKH $%0 7UHDW\ FOHDUO\ VWDWHV WKDW ´(DFK 3DUW\ XQGHUWDNHV QRW WR GHSOR\ $%0

V\VWHPV IRU D GHIHQVH RI WKH WHUULWRU\ RI LWV FRXQWU\���DQG QRW WR GHSOR\ $%0 V\VWHPV IRU D GHIHQVH RI DQ LQGLYLGXDO

UHJLRQ H[FHSW DV SURYLGHG IRU LQ $UWLFOH ,,, RI WKLV 7UHDW\µ �HPSKDVLV DGGHG�� $UWLFOH ,,, DOORZV XS WR ��� JURXQG�

EDVHG LQWHUFHSWRU ODXQFKHUV DW D VLQJOH GHSOR\PHQW DUHD ZKRVH UDGLXV LV OHVV WKDQ ��� NP FHQWHUHG HLWKHU RQ WKH

QDWLRQ·V FDSLWDO RU RQH RI LWV ,&%0 VLOR ILHOGV� ,Q DGGLWLRQ� LW VSHFLILHV FRQVWUDLQWV RQ WKH QXPEHU RI $%0 UDGDUV

WKDW FDQ EH ORFDWHG DW WKDW VLWH� $UWLFOH ,,, FOHDUO\ LV LQWHQGHG WR DOORZ D WKLQ UHJLRQDO $%0 GHIHQVH DQG QRW RQH

WKDW FRYHUV WKH HQWLUH QDWLRQDO WHUULWRU\�
�� 7KH GHIHQGHG IRRWSULQW GHSHQGV RQ WKH LQWHUFHSWRU GHVLJQ� WKH ZDUKHDG VLJQDWXUH �L�H�� UDGDU FURVV VHFWLRQ

DQG LQIUDUHG UDGLDWHG SRZHU�� DQG WKH FKDUDFWHU RI WKH VHQVRU VXSSRUW �L�H�� WKH UDGDU SRZHU�DSHUWXUH SURGXFW�

WKH LQIUDUHG RSWLFV� DQG WKH ORFDWLRQ RI WKH VHQVRUV� H�J�� JURXQG�EDVHG UDGDUV FROORFDWHG ZLWK WKH 10'

LQWHUFHSWRUV� JURXQG�EDVHG UDGDUV ORFDWHG HOVHZKHUH ZLWKLQ WKH FRQWLQHQWDO 8QLWHG 6WDWHV RU RXWVLGH 8�6�

WHUULWRU\� RU VSDFH�EDVHG LQIUDUHG VHQVRUV VXFK DV WKH 6SDFH�%DVHG ,QIUD�5HG 6HQVRU−/RZ�(DUWK 2UELW� RU

6%,56�/(2 V\VWHP�� 6%,56�/(2� IRUPHUO\ NQRZQ DV WKH 6SDFH DQG 0LVVLOH 7UDFNLQJ 6\VWHP �6076� DQG

EHIRUH WKDW %ULOOLDQW (\HV� LV D FRQVWHOODWLRQ RI ORZ�HDUWK�RUELW VDWHOOLWHV GHVLJQHG WR WUDFN REMHFWV LQ VSDFH XVLQJ

ORQJ�ZDYH LQIUDUHG VHQVRUV�
�� ,Q D EDUUDJH ILULQJ GRFWULQH VHYHUDO LQWHUFHSWRUV DUH ILUHG DW WKH LQFRPLQJ ZDUKHDG QHDUO\ VLPXOWDQHRXVO\� ,Q

VKRRW�ORRN�VKRRW PRGH WKH GHIHQVH LQLWLDOO\ ILUHV RQH RU WZR LQWHUFHSWRUV DW HDFK ZDUKHDG� WKHQ ILUHV D YROOH\ RI

LQWHUFHSWRUV DW DQ\ ZDUKHDG WKDW OHDNV WKURXJK WKH ILUVW VKRW RSSRUWXQLW\� 6KRRW�ORRN�VKRRW ILULQJ GRFWULQHV DUH
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)LQDOO\�� WZR� VLWHV� ZRXOG� EH� UHTXLUHG� WR� FRYHU� WKH� HQWLUH� FRQWLQHQWDO� 8QLWHG� 6WDWHV� ZLWK� D

VKRRW�ORRN�VKRRW� ILULQJ�GRFWULQH�IRU�QRUWKHUO\�DWWDFNV��ZKHUHDV� IRXU� WR�QLQH�VLWHV�ZRXOG�EH

UHTXLUHG�WR�FRYHU�WKUHDWV�IURP�DOO�D]LPXWKV�GHSHQGLQJ�RQ�WKH�WUDFN�GDWD�WKDW�FDQ�EH�REWDLQHG

GXULQJ� WKH� HDUO\� PLGFRXUVH� SRUWLRQ� RI� D� EDOOLVWLF� PLVVLOH·V� WUDMHFWRU\� �L�H��� GHSHQGLQJ� RQ

ZKHWKHU� JURXQG�EDVHG� UDGDUV� ORFDWHG�RXWVLGH� WKH� FRQWLQHQWDO�8QLWHG�6WDWHV�RU� VSDFH�EDVHG

WUDFNLQJ� VHQVRUV� DUH� HPSOR\HG�����$ODVND� DQG�+DZDLL�PD\� IDOO�ZLWKLQ� WKH� RXWHU� UHDFKHV� RI

:HVW�&RDVW�10'�VLWHV�EXW��PRUH�OLNHO\��ZRXOG�EH�SURWHFWHG�E\�VKRUW�UDQJH�PLVVLOH�GHIHQVHV

WKDW�SURYLGH�ORFDO�FRYHUDJH�

7KH�QXPEHU�RI�10'� LQWHUFHSWRUV� UHTXLUHG� DW� HDFK� VLWH� FDQ�EH� GHULYHG� XVLQJ� D� VLPSOH

PRGHO�ZKHUHLQ�WKH�WHFKQLFDO�SHUIRUPDQFH�RI�WKH�GHIHQVH�LV�FDSWXUHG�E\�WZR�SDUDPHWHUV��WKH

SUREDELOLW\� ZLWK� ZKLFK� WKH� 10'� VHQVRUV� FDQ� VXFFHVVIXOO\� GHWHFW�� WUDFN�� DQG� FODVVLI\

LQFRPLQJ�ZDUKHDGV�DV�ZDUKHDGV�VR�DQ�LQWHUFHSWRU�FDQ�EH�ODXQFKHG�DJDLQVW�WKHP��ODEHOHG�KHUH

DV� 3�WUDFN��� DQG� WKH� SUREDELOLW\� ZLWK� ZKLFK� D� VLQJOH� LQWHUFHSWRU� FDQ� GHVWUR\� DQ� LQFRPLQJ

ZDUKHDG� �L�H��� WKH� LQWHUFHSWRU� 663.����� $JDLQ�� IRU� WKLV� DQDO\VLV�� WKH� VL]H� RI� WKH� GHIHQVH� LV

VSHFLILHG� LQ� DGYDQFH� DQG� WKH� WHFKQLFDO� SHUIRUPDQFH� WKDW� VXFK� D� GHIHQVH� PXVW� PHHW� LV

FDOFXODWHG�� 7KLV� DSSURDFK� KDV� EHHQ� WDNHQ� EHFDXVH� UHOLDEOH� HVWLPDWHV� IRU� WKH� WHFKQLFDO

SHUIRUPDQFH� RI� IXWXUH�10'� V\VWHPV� DUH� GLIILFXOW� WR� REWDLQ�� LQ� SDUW� EHFDXVH� WKLV� UHTXLUHV

GHWDLOHG� WHFKQLFDO� LQIRUPDWLRQ� UHJDUGLQJ� WKH�H[DFW�10'�DUFKLWHFWXUH� �ZKLFK�KDV� \HW� WR�EH

ILQDOL]HG���WKH�JXLGDQFH�V\VWHP�RI�WKH�LQWHUFHSWRUV��WKH�SK\VLFDO�VLJQDWXUHV�RI�EDOOLVWLF�PLVVLOH

ZDUKHDGV��DQG�WKH�HIIHFWLYHQHVV�RI�SRVVLEOH�FRXQWHUPHDVXUHV��DQG�LQ�SDUW�EHFDXVH�KLVWRULFDO

H[SHULHQFH� OHDGV� RQH� WR� EH� FDXWLRXV� DERXW� DFFHSWLQJ� WKH� GHVLJQ� SHUIRUPDQFH� RI� %0'

V\VWHPV�DV�LQGLFDWLYH�RI�WKHLU�DFWXDO�ZDUWLPH�SHUIRUPDQFH���

������������������������������������������������������������������������������������������������������������������������������������������������
PRUH HIILFLHQW EHFDXVH VXEVHTXHQW LQWHUFHSWRUV DUH QRW ODXQFKHG LI WKH ZDUKHDG LV GHVWUR\HG LQ WKH ILUVW VKRW

RSSRUWXQLW\� +RZHYHU� WKH\ DUH PRUH GHPDQGLQJ WHFKQLFDOO\ EHFDXVH WKH\ UHTXLUH FRQILGHQW NLOO DVVHVVPHQW

DIWHU WKH ILUVW VKRW DQG WKH\ KDYH VPDOOHU GHIHQGHG IRRWSULQWV EHFDXVH OHVV IO\RXW WLPH LV DYDLODEOH IRU WKH VHFRQG

LQWHUFHSW DWWHPSW�
�� 6HH 5XVVHOO 6KDYHU� ´3ULRULWLHV IRU %DOOLVWLF 0LVVLOH 'HIHQVH�µ LQ 1HZ &KDOOHQJHV IRU 'HIHQVH 3ODQQLQJ� 5HWKLQNLQJ

+RZ 0XFK ,V (QRXJK� HG� 3DXO 'DYLV� 5$1'� 6DQWD 0RQLFD� &$� ����� SS� ���²����
�� )RU D GHVFULSWLRQ RI WKLV PRGHO VHH 'HDQ $� :LONHQLQJ� $ 6LPSOH 0RGHO IRU &DOFXODWLQJ %DOOLVWLF 0LVVLOH 'HIHQVH

(IIHFWLYHQHVV� &,6$& :RUNLQJ 3DSHU� &HQWHU IRU ,QWHUQDWLRQDO 6HFXULW\ DQG &RRSHUDWLRQ� 6WDQIRUG 8QLYHUVLW\�

6WDQIRUG� &$� $XJXVW �����
�� +LVWRULFDO H[SHULHQFH� HVSHFLDOO\ UHJDUGLQJ 3DWULRW SHUIRUPDQFH LQ WKH ���� *XOI :DU� VXJJHVWV WKDW RQH

VKRXOG QRW EH RYHUFRQILGHQW DERXW WKH WHFKQLFDO SHUIRUPDQFH RI %0' V\VWHPV� 7KH 8�6� $UP\ PDLQWDLQV WKDW

3DWULRW EDWWHULHV ZHUH UHVSRQVLEOH IRU VXFFHVVIXOO\ LQWHUFHSWLQJ RYHU �� SHUFHQW RI WKH 6FXGV ILUHG DW ,VUDHO DQG

RYHU �� SHUFHQW RI WKRVH ILUHG DW 6DXGL $UDELD� +RZHYHU� WKH WUXH LQWHUFHSW UDWH ZDV SUREDEO\ EHORZ �� SHUFHQW

DQG PD\ KDYH EHHQ FORVHU WR ]HUR� 6HH +HQU\ /� +LQWRQ� 2SHUDWLRQ 'HVHUW 6WRUP� 'DWD 'RHV 1RW ([LVW WR &RQFOXVLYHO\

6D\ +RZ :HOO 3DWULRW 3HUIRUPHG� 8�6� *HQHUDO $FFRXQWLQJ 2IILFH� *$2�16,$'�������� 6HSWHPEHU �����

*HRUJH 1� /HZLV DQG 7KHRGRUH $� 3RVWRO� ´9LGHR (YLGHQFH RQ WKH (IIHFWLYHQHVV RI 3DWULRW GXULQJ WKH ����

*XOI :DU�µ 6FLHQFH DQG *OREDO 6HFXULW\� 9RO� �� ����� SS� �²��� DQG -HUHPLDK 6XOOLYDQ� 'DQ )HQVWHUPDFKHU� 'DQLHO

)LVKHU� 5XWK +RZHV� 2·'HDQ -XGG� DQG 5RJHU 6SHHG� 7HFKQLFDO 'HEDWH RYHU 3DWULRW 3HUIRUPDQFH LQ WKH *XOI :DU�

$UPV &RQWURO� 'LVDUPDPHQW� DQG ,QWHUQDWLRQDO 6HFXULW\ 5HVHDUFK 5HSRUW� 8QLYHUVLW\ RI ,OOLQRLV DW 8UEDQD�

&KDPSDLJQ� � $SULO �����



��

0.98

0.98

0.99

0.99

1.00

1.00

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Interceptor SSPK

P
(t

ra
ck

)

20
70

250 150
50 40 30

100

10-warhead threat, no decoys

10

NMD interceptors

)LJ������10'�,QWHUFHSWRUV��%DUUDJH��YV�����:DUKHDG�7KUHDW

)LJXUH��� LOOXVWUDWHV�KRZ� WKH�QXPEHU�RI�10'� LQWHUFHSWRUV� WKDW�PXVW� HQJDJH� WKH� DWWDFN

YDULHV�DV�D�IXQFWLRQ�RI�LQWHUFHSWRU�663.�DQG�ZDUKHDG�GHWHFWLRQ�DQG�WUDFNLQJ�SUREDELOLW\�IRU

D�IL[HG�DWWDFN�VL]H�FRQWDLQLQJ����ZDUKHDGV��7KLV�ILJXUH�DVVXPHV�D�EDUUDJH�ILULQJ�GRFWULQH���

1RWH�WKDW�WKH�GHIHQVH�FDQQRW�PHHW�WKH�SHUIRUPDQFH�FULWHULRQ�LI�3�WUDFN�� LV�EHORZ��������IRU

WKLV� DWWDFN� VL]H�� UHJDUGOHVV� RI� WKH� LQWHUFHSWRU� 663.� RU� KRZ� PDQ\� VKRWV� DUH� ILUHG�� 7ZR

FRQFHSWV�FXUUHQWO\�XQGHU�GLVFXVVLRQ�IRU�DQ�LQLWLDO�VLQJOH�VLWH�10'�V\VWHP�KDYH�HLWKHU����RU

����10'�LQWHUFHSWRUV�GHSOR\HG�DW�*UDQG�)RUNV�RU�SRVVLEO\�DW�DQRWKHU�ORFDWLRQ��H�J���$ODVND�

WKH� ODWWHU� RI� ZKLFK� ZRXOG� UHTXLUH� PRGLI\LQJ� WKH� $%0� 7UHDW\���� 7KHUHIRUH�� WKH� UHTXLUHG

WHFKQLFDO�SHUIRUPDQFH� IRU����LQWHUFHSWRU� DQG�����LQWHUFHSWRU�GHIHQVHV� FRUUHVSRQGV� WR� DQ\

YDOXHV�RI�663.�DQG�3�WUDFN�� WR�WKH�ULJKW�RI�WKH����LQWHUFHSWRU�DQG�����LQWHUFHSWRU�FRQWRXU

OLQHV�� UHVSHFWLYHO\�� 1RWH� WKDW� LI� WKH� 663.� GURSV� EHORZ� ������ WKH� UHTXLUHG� QXPEHU� RI

LQWHUFHSWRUV� EHJLQV� WR� JURZ� UDSLGO\�� PDNLQJ� DQ� HIIHFWLYH� GHIHQVH� LQFUHDVLQJO\� LPSODXVLEOH

BBBBBBBBBBB
�� )RU D EDUUDJH ILULQJ GRFWULQH WKH QXPEHU RI VKRWV WDNHQ DW HDFK ZDUKHDG LV FRQVWDQW DORQJ HDFK RI WKH 10'

LQWHUFHSWRU FRQWRXU OLQHV� H�J�� IRXU VKRWV DUH WDNHQ DW HDFK WDUJHW DORQJ WKH ���LQWHUFHSWRU FRQWRXU OLQH�
�� 6HH 8�6� *HQHUDO $FFRXQWLQJ 2IILFH� 1DWLRQDO 0LVVLOH 'HIHQVH� *$2�16,$'�������� :DVKLQJWRQ� '�&�� -XQH

����� SS� ��−��� DQG 6WDQOH\ .DQGHER� ´8�6� 3XUVXHV 10' 6\VWHP WR 3UHSDUH IRU ¶5RJXH· 7KUHDW�µ $YLDWLRQ

:HHN DQG 6SDFH 7HFKQRORJ\� 0DUFK �� ����� SS� ��²���



��

EHFDXVH�VL[�RU�PRUH�VKRWV�PXVW�EH�ILUHG�DW�HDFK�LQFRPLQJ�ZDUKHDG����$JDLQ��FXUUHQW�10'

SODQQHUV�KRSH�WR�DFKLHYH�663.V�DERYH��������

)LJXUH� �� LOOXVWUDWHV� WKH� VL]H� RI� WKH� GHIHQVH� DVVXPLQJ� DOO� LQWHUFHSWRUV� FDQ� HQJDJH� WKH

LQFRPLQJ�ZDUKHDGV��7KLV�ZRXOG�EH�WUXH��IRU�H[DPSOH��LI�KLJK�VSHHG�LQWHUFHSWRUV�DUH�ILUHG�LQ�D

EDUUDJH�IURP�D�VLQJOH�10'�VLWH�RU�IRU�D�PXOWLVLWH�10'�V\VWHP�ZKHUH�WKH�DWWDFN�LV�DOORFDWHG

DJDLQVW�WDUJHWV�VSUHDG�XQLIRUPO\�WKURXJKRXW�DOO�GHIHQGHG�DUHDV��DV�PLJKW�EH�WKH�FDVH�IRU�DQ

DFFLGHQWDO� RU� XQDXWKRUL]HG� DWWDFN�� +RZHYHU�� LI� DQ� DWWDFN� LV� FRQFHQWUDWHG� DJDLQVW� WDUJHWV

ORFDWHG�LQ�D�VXEVHW�RI�WKH�GHIHQGHG�DUHDV�IRU�D�PXOWLVLWH�10'�V\VWHP��WKHQ�SURSRUWLRQDWHO\

PRUH�LQWHUFHSWRUV�WKDQ�VKRZQ�LQ�)LJ����PXVW�EH�GHSOR\HG�WR�PHHW�WKH�GHIHQVH�SHUIRUPDQFH

FULWHULRQ���

)LJXUH���LOOXVWUDWHV�VLPLODU�YDULDWLRQV�IRU�D�VKRRW�ORRN�VKRRW�ILULQJ�GRFWULQH��DJDLQ�IRU�DQ

DWWDFN� FRQWDLQLQJ� ��� ZDUKHDGV���� 7KH� RSWLPDO� QXPEHU� RI� VKRWV� WDNHQ� LQ� WKH� ILUVW� VKRW

RSSRUWXQLW\�YDULHV�DFURVV�WKH�GRPDLQ����0XOWLSOH�VLWHV�DUH�UHTXLUHG�WR�FRYHU�WKH�FRQWLQHQWDO

8QLWHG�6WDWHV�IRU�D�VKRRW�ORRN�VKRRW�ILULQJ�GRFWULQH��+HQFH��WKH�WRWDO�QXPEHU�RI�LQWHUFHSWRUV

WKDW�PXVW�EH�GHSOR\HG�LV�HTXDO�WR�WKH�QXPEHUV�LQ�)LJ����RQO\�LI�WKH�DWWDFN�LV�VSUHDG�XQLIRUPO\

RYHU�DOO�GHIHQGHG�DUHDV��,I�WKH�DWWDFN�LV�FRQFHQWUDWHG�DJDLQVW�WDUJHWV�ORFDWHG�LQ�D�VXEVHW�RI�WKH

GHIHQGHG� DUHDV� WR� VDWXUDWH� WKH� GHIHQVH�� WKHQ� SURSRUWLRQDWHO\� PRUH� LQWHUFHSWRUV� PXVW� EH

GHSOR\HG�� DV� GLVFXVVHG� DERYH� IRU� D� EDUUDJH� ILULQJ� GRFWULQH�� 7KHUHIRUH�� IRU� H[DPSOH�� LI� DQ

DWWDFN�ZLWK����ZDUKHDGV�LV�GLUHFWHG�DJDLQVW�WDUJHWV�ORFDWHG�LQ�WKH�QRQ�RYHUODSSLQJ�UHJLRQ�RI

RQH�VKRRW�ORRN�VKRRW�IRRWSULQW�IRU�D�IRXU�VLWH�V\VWHP��IRXU�WLPHV�WKH�QXPEHU�RI�LQWHUFHSWRUV

VKRZQ� LQ� )LJ�� �� ZRXOG� EH� UHTXLUHG� QDWLRQZLGH� WR� JXDUDQWHH� WKDW� QR� ZDUKHDG� ZRXOG� OHDN

WKRXJK�WKH�GHIHQVH�

BBBBBBBBBBB
�� 7DNLQJ PRUH WKDQ VL[ VKRWV DW HDFK LQFRPLQJ REMHFW PD\ VDWXUDWH WKH 10' EDWWOH VSDFH EHFDXVH HDFK

LQWHUFHSWRU PXVW EH WUDFNHG DV LW IOLHV WRZDUG WKH LQWHUFHSW SRLQW� 7KH GHIHQVH PD\ DOVR OLPLW WKH QXPEHU RI

LQWHUFHSWRUV DOORFDWHG WR HDFK HDUO\�DUULYLQJ ZDUKHDG WR DOORZ IRU VXEVHTXHQW DWWDFNV� DVVXPLQJ WKH DWWDFN LV

EHOLHYHG WR EH LQWHQWLRQDO� :KLOH WKHVH DUJXPHQW DUH VXJJHVWLYH� WKH\ GR QRW VHW ULJLG OLPLWV RQ WKH QXPEHU RI

VKRWV DQ 10' V\VWHP FDQ WDNH DW HDFK LQFRPLQJ ZDUKHDG�
�� 6HH IRRWQRWH ���
�� ,Q JHQHUDO� WKH QXPEHU RI LQWHUFHSWRUV WKDW PXVW EH GHSOR\HG LV HTXDO WR WKH UDWLR 6�1 WLPHV WKH QXPEHUV

JLYHQ LQ )LJ� �� ZKHUH 6 LV WKH QXPEHU RI VLWHV UHTXLUHG IRU FRPSOHWH FRYHUDJH DQG 1 LV WKH QXPEHU RI VLWHV WKDW

FDQ HQJDJH WKH LQFRPLQJ DWWDFN� )RU H[DPSOH� LI WZR VLWHV DUH UHTXLUHG IRU EDUUDJH FRYHUDJH DQG WKH DWWDFN LV

FRQFHQWUDWHG DJDLQVW WDUJHWV ORFDWHG LQ D VLQJOH GHIHQGHG DUHD� WKHQ WZLFH WKH QXPEHU RI LQWHUFHSWRUV VKRZQ RQ

WKH FRQWRXU OLQHV LQ )LJ� � PXVW EH GHSOR\HG WR JXDUDQWHH WKDW �� RXW RI �� ZDUKHDGV FDQ EH VKRW GRZQ ZLWK D

SUREDELOLW\ RI ����� L�H�� WKH WHFKQLFDO SHUIRUPDQFH UHTXLUHG IRU D ����LQWHUFHSWRU GHIHQVH ZRXOG EH YDOXHV RI

663. DQG 3�WUDFN� WR WKH ULJKW RI WKH ���LQWHUFHSWRU FRQWRXU OLQH LQ )LJ� ��
�� )RU D VKRRW�ORRN�VKRRW GRFWULQH� WKH QXPEHU RI VKRWV WDNHQ DW HDFK ZDUKHDG LV QRW FRQVWDQW DORQJ WKH

LQWHUFHSWRU FRQWRXU OLQHV LQ )LJ� ��
�� 7\SLFDOO\� RQH VKRW WDNHQ LQ WKH ILUVW VKRW RSSRUWXQLW\ DSSUR[LPDWHO\ EHWZHHQ WKH ���LQWHUFHSWRU DQG ���

LQWHUFHSWRU FRQWRXU OLQHV� WZR VKRWV LQ WKH UHJLRQ EHWZHHQ WKH ���LQWHUFHSWRU DQG ���LQWHUFHSWRU FRQWRXU OLQHV�

WKUHH VKRWV EHWZHHQ WKH ���LQWHUFHSWRU DQG ����LQWHUFHSWRU FRQWRXU OLQHV� DQG IRXU RU PRUH VKRWV WR WKH OHIW RI

WKH ����LQWHUFHSWRU FRQWRXU OLQH� )RU D GHULYDWLRQ RI WKH RSWLPDO VKRRW�ORRN�VKRRW LQWHUFHSWRU DOORFDWLRQ VHH

'HDQ $� :LONHQLQJ� $ 6LPSOH 0RGHO IRU &DOFXODWLQJ %DOOLVWLF 0LVVLOH 'HIHQVH (IIHFWLYHQHVV� RS FLW�� SS� ��²���
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)LJ������10'�,QWHUFHSWRUV��6KRRW�/RRN�6KRRW��YV�����:DUKHDG�7KUHDW

,I� VXFK� D� IRXU�VLWH� GHIHQVH� RSHUDWHV� LQ� D� EDUUDJH� ILULQJ�PRGH�� WKH� GHIHQGHG� IRRWSULQWV

EHFRPH�DSSUR[LPDWHO\�WZLFH�WKH�VL]H�RI�WKH�VKRRW�ORRN�VKRRW�IRRWSULQWV��WKHUHE\�LQFUHDVLQJ

WKH� RYHUODS� EHWZHHQ� DGMDFHQW� VLWHV�� ,Q� WKLV� FDVH�� WKH� 0LGZHVW� FRXOG� EH� GHIHQGHG� E\

LQWHUFHSWRUV�ILUHG�LQ�D�EDUUDJH�IURP�DQ\�RI�WKH�IRXU�VLWHV�DQG�WKH�(DVW�DQG�:HVW�FRDVWV�ZRXOG

EH�FRYHUHG�E\� LQWHUFHSWRUV� IURP� WZR�RI� WKH� IRXU� VLWHV��&RQVHTXHQWO\�� WKH� WRWDO�QXPEHU�RI

LQWHUFHSWRUV� WKDW�PXVW�EH�GHSOR\HG� IRU�D� IRXU�VLWH�10'�DUFKLWHFWXUH� WR�KDQGOH� WKH�ZRUVW�

FDVH�DWWDFN� VFHQDULRV�ZRXOG�EH�DW�PRVW� WZLFH� WKH�QXPEHUV�JLYHQ� LQ�)LJXUH��� IRU�D�EDUUDJH

ILULQJ�GRFWULQH�DQG�IRXU�WLPHV�WKH�QXPEHUV�JLYHQ�LQ�)LJ����IRU�D�VKRRW�ORRN�VKRRW�GRFWULQH�

)RU�H[DPSOH������10'�LQWHUFHSWRUV�GHSOR\HG�DW�IRXU�VLWHV�FDQ�JXDUDQWHH�ZLWK�D�SUREDELOLW\

RI������WKDW�QR�ZDUKHDGV�ZLOO�OHDN�WKURXJK�D�GHIHQVH�RSHUDWLQJ�LQ�EDUUDJH�PRGH�SURYLGHG�WKH

WHFKQLFDO�SHUIRUPDQFH�RI�WKH�GHIHQVH�LV�WR�WKH�ULJKW�RI�WKH����LQWHUFHSWRU�FRQWRXU�OLQH�LQ�)LJ�

�� DQG� WR� WKH� ULJKW� RI� WKH� ���LQWHUFHSWRU� FRQWRXU� OLQH� LQ� )LJ�� �� LI� WKH� GHIHQVH� RSHUDWHV� LQ

VKRRW�ORRN�VKRRW� PRGH�� 1RWH� WKDW� WKLV� LV� HVVHQWLDOO\� WKH� VDPH� WHFKQLFDO� SHUIRUPDQFH� IRU

HLWKHU�PRGH�� DW� OHDVW� IRU� VPDOO� WKUHDWV�� 7KLV� UDLVHV� WKH� TXHVWLRQ� RI� ZKHWKHU� RSHUDWLQJ� WKH

GHIHQVH�LQ�VKRRW�ORRN�VKRRW�PRGH�LV�GHVLUDEOH�EHFDXVH�WKH�LQFUHDVHG�HIILFLHQF\�RI�WKH�VKRRW�

ORRN�VKRRW�PRGH� LV� RIIVHW� E\� WKH� GHFUHDVHG� FRYHUDJH� IRU� DWWDFNV� WKDW� DUH� FRQFHQWUDWHG� WR

VDWXUDWH�WKH�GHIHQVH��0RUHRYHU��VKRRW�ORRN�VKRRW�GRFWULQHV�UHTXLUH�DFFXUDWH�NLOO�DVVHVVPHQW�

ZKLFK�PD\�EH�WHFKQLFDOO\�GLIILFXOW�WR�DFKLHYH��+HQFH��RSHUDWLQJ�LQ�EDUUDJH�PRGH�DSSHDUV�WR

EH�WKH�EHVW�RSWLRQ�IRU�D�WKLQ�QDWLRQDO�PLVVLOH�GHIHQVH��DW�OHDVW�IRU�VPDOO�WKUHDWV�
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)LJ������10'�,QWHUFHSWRUV��%DUUDJH��YV�����:DUKHDG�7KUHDW

)LJXUH� �� LOOXVWUDWHV� WKH� QXPEHU� RI� 10'� LQWHUFHSWRUV� UHTXLUHG� WR� PHHW� WKH� GHIHQVH

SHUIRUPDQFH�FULWHULRQ�IRU�D�EDUUDJH�ILULQJ�GRFWULQH�DVVXPLQJ�D����ZDUKHDG�WKUHDW��$V�RQH�FDQ

VHH��EHWWHU�GHWHFWLRQ�DQG�WUDFNLQJ�SUREDELOLWLHV�DQG�KLJKHU�663.V�DUH�UHTXLUHG�DV�WKH�QXPEHU

RI�ZDUKHDGV�LQ�WKH�WKUHDW�LQFUHDVHV��,Q�SDUWLFXODU��D�����LQWHUFHSWRU�VLQJOH�VLWH�10'�V\VWHP

ZRXOG�KDYH�WR�KDYH�YDOXHV�IRU�663.�DQG�3�WUDFN��WR�WKH�ULJKW�RI�WKH�����LQWHUFHSWRU�FRQWRXU

OLQH�LQ�)LJ�����H�J���DQ�663.�DERYH������DQG�D�GHWHFWLRQ�DQG�WUDFNLQJ�SUREDELOLW\�DERYH�������

8QWLO�QRZ��WKLV�GLVFXVVLRQ�KDV�DVVXPHG�WKDW�GHFR\V�DUH�QRW�SUHVHQW�RU�WKDW�10'�V\VWHPV

FDQ�GLVFULPLQDWH�ZDUKHDGV�IURP�GHFR\V��7KH�ODWWHU�PD\�QRW�EH�D�UHDOLVWLF�DVVXPSWLRQ��H[FHSW

SRVVLEO\�IRU�FUXGH�GHFR\V��+HQFH��WKH�QXPEHU�RI�DSSDUHQW�ZDUKHDGV�ZLWK�ZKLFK�WKH�GHIHQVH

PXVW�FRQWHQG�PD\�EH�VHYHUDO� WLPHV� WKH�QXPEHU�RI� UHDO�ZDUKHDGV��)LJXUHV��²��FDQ�DOVR�EH

XVHG�WR�VL]H�WKH�GHIHQVH�LI�GHFR\V�DUH�SUHVHQW�LQ�WKH�DWWDFN��,Q�WKLV�FDVH��WKH�IL[HG�DWWDFN�VL]H

LQ� WKHVH� ILJXUHV� UHSUHVHQWV� WKH� QXPEHU� RI� UHDO� ZDUKHDGV� LQ� WKH� DWWDFN� �L�H��� ��� RU� ��

ZDUKHDGV���7KH�QXPEHU�RI�10'�LQWHUFHSWRUV�DORQJ�HDFK�FRQWRXU�OLQH�PXVW�EH�PXOWLSOLHG�E\

WKH� UDWLR� RI� WKH� QXPEHU� RI� DSSDUHQW� ZDUKHDGV� �L�H��� ZDUKHDGV� SOXV� GHFR\V� WKDW� FDQQRW� EH

GLVFULPLQDWHG�E\� WKH� GHIHQVH�� WR� WKH� QXPEHU� RI� UHDO�ZDUKHDGV� LQ� WKH� DWWDFN� WR� REWDLQ� WKH



��

FRUUHFW�QXPEHU�RI� LQWHUFHSWRUV� UHTXLUHG� WR�PHHW� WKH�GHIHQVH� SHUIRUPDQFH� FULWHULRQ���� )RU

H[DPSOH�� LI� WZR� XQGLVFULPLQDWHG� GHFR\V� DFFRPSDQ\� HDFK�ZDUKHDG� LQ� D� ���ZDUKHDG� DWWDFN

GLUHFWHG�DJDLQVW�D�VLQJOH�VLWH�10'�V\VWHP�RSHUDWLQJ�LQ�EDUUDJH�PRGH��WKHQ�D�����LQWHUFHSWRU

GHIHQVH�ZRXOG�KDYH�WR�KDYH�DQ�663.�DQG�D�ZDUKHDG�GHWHFWLRQ�DQG� WUDFNLQJ�SUREDELOLW\� WR

WKH� ULJKW� RI� D� ���LQWHUFHSWRU� FRQWRXU� OLQH� LQ� )LJ�� �� WR� EH� DEOH� WR� VKRRW� GRZQ� DOO� ��� UHDO

ZDUKHDGV�IURP�DPRQJ����DSSDUHQW�ZDUKHDGV�ZLWK�D�SUREDELOLW\�RI�������H�J���DQ�LQWHUFHSWRU

663.�DERYH������DQG�D�ZDUKHDG�WUDFNLQJ�SUREDELOLW\�DERYH����������1RWH�WKDW�WKH�QXPEHU�RI

LQWHUFHSWRUV�UHTXLUHG�JURZV�OLQHDUO\�ZLWK�WKH�DSSDUHQW�DWWDFN�VL]H�

,Q�VXPPDU\��D�PRGLILHG�$%0�7UHDW\� WKDW�DOORZV� WKH�8QLWHG�6WDWHV�RU�5XVVLD� WR�GHSOR\

���� LQWHUFHSWRUV� DW� RQH� RU�PRUH� VLWHV� VKRXOG� SURYLGH� DGHTXDWH� SURWHFWLRQ� DJDLQVW� DWWDFNV

FRQWDLQLQJ�IHZHU�WKDQ����ZDUKHDGV�DLPHG�DW�WDUJHWV�VSUHDG�HYHQO\�WKURXJKRXW�DOO�GHIHQGHG

DUHDV��SURYLGHG�10'�LQWHUFHSWRUV�FDQ�DWWDLQ�663.V�DERYH������DQG�ZDUKHDG�GHWHFWLRQ�DQG

WUDFNLQJ� SUREDELOLWLHV� DERYH� ������ )RU� VXFK� VPDOO� WKUHDWV�� VKRRW�ORRN�VKRRW� GRFWULQHV

SUREDEO\�DUH�QRW�ZRUWK�WKH�FRVW�EHFDXVH�D�EDUUDJH�ILULQJ�GRFWULQH�ZRUNV�HTXDOO\�ZHOO��WKHUHE\

DYRLGLQJ�WKH�SUREOHP�RI�UHOLDEOH�NLOO�DVVHVVPHQW��,I�HIIHFWLYH�GHFR\V�DUH�DGGHG�WR�WKH�WKUHDW�

WKH�LQWHUFHSWRU�663.�PXVW�LQFUHDVH��EXW�QRW�WKH�GHWHFWLRQ�DQG�WUDFNLQJ�SUREDELOLW\��WR�PHHW

WKH� VDPH� SHUIRUPDQFH� FULWHULRQ�� ,I� WKH� DWWDFN� LV� FRQFHQWUDWHG� DJDLQVW� D� VXEVHW� RI� WKH

GHIHQGHG�DUHDV�IRU�D�PXOWLVLWH�GHIHQVH��SURSRUWLRQDWHO\�PRUH�LQWHUFHSWRUV�ZRXOG�EH�UHTXLUHG

WR�PHHW�WKH�GHIHQVH�SHUIRUPDQFH�FULWHULRQ��)RU�DWWDFNV�FRQWDLQLQJ�PRUH�WKDQ����ZDUKHDGV�

10'� V\VWHPV� ZLOO� HLWKHU� UHTXLUH� LQ� H[FHVV� RI� ���� LQWHUFHSWRUV�� LQWHUFHSWRU� 663.V� DERYH

DSSUR[LPDWHO\� ����� DQG� GHWHFWLRQ� DQG� WUDFNLQJ� SUREDELOLWLHV� DERYH� ������ DQG�RU� HIIHFWLYH

GHFR\� GLVFULPLQDWLRQ�� 6LQFH� ���� 10'� LQWHUFHSWRUV� PLJKW� SURYLGH� DQ� DGHTXDWH� GHIHQVH

DJDLQVW� DWWDFNV� FRQWDLQLQJ� XS� WR� ��� DSSDUHQW�ZDUKHDGV�� DVVXPLQJ� D� KLJK� OHYHO� RI� WHFKQLFDO

SHUIRUPDQFH�� LW� LV�QRW�ZRUWK� WKH�SROLWLFDO� FRVWV� WR�PRGLI\� WKH�$%0�7UHDW\� WR� DOORZ�PRUH

LQWHUFHSWRUV� DW� WKH� FXUUHQW� WLPH�� JLYHQ� WKDW� FRQFHUQV� OLNHO\� ZLOO� DULVH� ZLWK� UHVSHFW� WR� WKH

UHWDOLDWRU\� FDSDELOLWLHV� RI� WKH� PHGLXP� QXFOHDU� SRZHUV���� 0RGLI\LQJ� WKH� WUHDW\� WR� DOORZ

PXOWLSOH�VLWHV�PD\�EH�PRUH�XVHIXO�DQG�VKRXOG�EH�HDVLHU�WR�DFFRPSOLVK�SROLWLFDOO\�

)LQDOO\�� D� WKLQ� QDWLRQDO� PLVVLOH� GHIHQVH� FRQVLVWLQJ� RI� ���� LQWHUFHSWRUV� ZRXOG� KDYH� DQ

DFTXLVLWLRQ�FRVW�RI�DSSUR[LPDWHO\������ELOOLRQ�������GROODUV�� LI�GHSOR\HG�DW�D�VLQJOH�VLWH�DQG

BBBBBBBBBBB
�� 7R EH SUHFLVH� WKLV LV WUXH RQO\ IRU EDUUDJH ILULQJ GRFWULQHV� ,W LV DOVR WUXH IRU VKRRW�ORRN�VKRRW ILULQJ

GRFWULQHV LI WKH LQWHUFHSWRU 663. DJDLQVW ZDUKHDGV LV WKH VDPH DV IRU GHFR\V� ZKLFK LQ JHQHUDO ZLOO QRW EH WKH

FDVH� )RU WKH PRUH JHQHUDO FDOFXODWLRQ VHH 'HDQ $� :LONHQLQJ� $ 6LPSOH 0RGHO IRU &DOFXODWLQJ %DOOLVWLF 0LVVLOH

'HIHQVH (IIHFWLYHQHVV� RS FLW�� S� ���
�� 7KH H[DPSOH RI WZR KLJK�TXDOLW\ GHFR\V SHU ZDUKHDG LV PRWLYDWHG E\ WKH IDFW WKDW *UHDW %ULWDLQ UHSRUWHGO\

KDG WZR KLJK�TXDOLW\ GHFR\V� LQ DGGLWLRQ WR RWKHU SHQHWUDWLRQ DLGV� IRU HDFK &KHYDOLQH ZDUKHDG GHSOR\HG RQ

%ULWLVK 3RODULV 6/%0V LQ WKH ����V� 6HH 5REHUW 1RUULV� $QGUHZ %XUURZV� DQG 5LFKDUG )LHOGKRXVH� %ULWLVK�

)UHQFK� DQG &KLQHVH 1XFOHDU :HDSRQV� 1XFOHDU :HDSRQV 'DWDERRN� 9RO� 9� :HVWYLHZ 3UHVV� ����� SS� ���²����
�� )RU DQ DQDO\VLV RI WKLV LPSDFW VHH 'HDQ $� :LONHQLQJ� +RZ 0XFK %DOOLVWLF 0LVVLOH 'HIHQVH ,V 7RR 0XFK" &,6$&

:RUNLQJ 3DSHU� &HQWHU IRU ,QWHUQDWLRQDO 6HFXULW\ DQG &RRSHUDWLRQ� 6WDQIRUG 8QLYHUVLW\� 6WDQIRUG� &$� 2FWREHU

�����
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DURXQG�����ELOOLRQ� LI� WKHVH� LQWHUFHSWRUV� DUH� VSUHDG� DURXQG� IRXU� VLWHV���� ,I� WKH� VLQJOH� VLWH� LV

ORFDWHG� DW� WKH� *UDQG� )RUNV� 0LQXWHPDQ� ,&%0� VLWH� DQG� WKH� LQWHUFHSWRUV� DUH� UHIXUELVKHG

0LQXWHPDQ�,,,�,&%0V��WKHQ� WKH� WRWDO�DFTXLVLWLRQ�FRVW�PLJKW�GURS�WR�DURXQG����ELOOLRQ�IRU

���� LQWHUFHSWRUV����(VWLPDWHV� IRU� DOWHUQDWLYH�10'�DUFKLWHFWXUHV�KDYH�EHHQ� DV�KLJK� DV� ���

ELOOLRQ�������GROODUV�����$�PRUH�UHFHQW�HVWLPDWH�SODFHV�WKH�WRWDO����\HDU� OLIH�F\FOH�FRVW� �L�H��

5	'��DFTXLVLWLRQ��DQG�RSHUDWLQJ�FRVWV�IRU����\HDUV��IRU�D�VLQJOH�VLWH�10'�V\VWHP�DW������−
������ELOOLRQ��GHSHQGLQJ�RQ�ZKHQ�DQG�ZKHUH�WKH�V\VWHP�LV�GHSOR\HG���

7KHUHIRUH�� DOWKRXJK� WKH� VKRUW� DQVZHU� WR� WKH� TXHVWLRQ� ´+RZ� PXFK� QDWLRQDO� PLVVLOH

GHIHQVH�LV�HQRXJK"µ�LV�´1RQH�µ�LI�WKUHDWV�EHFRPH�DSSDUHQW�LQ�WKH�IXWXUH��D�WKLQ�10'�V\VWHP

FRQVLVWLQJ�RI�����LQWHUFHSWRUV�ORFDWHG�DW�RQH�RU�WZR�VLWHV�VKRXOG�EH�VXIILFLHQW�SURYLGHG�WKH

WKUHDW� LV� VPDOOHU� WKDQ� ��²��� DSSDUHQW� ZDUKHDGV� DQG� WKH� GHIHQVH� FDQ� DFKLHYH� ZDUKHDG

GHWHFWLRQ� DQG� WUDFNLQJ� SUREDELOLWLHV� DERYH� ����� DQG�10'� LQWHUFHSWRU� 663.V� DERYH� ���²

������2QO\� LI� WKH� SURMHFWHG� LQWHUFRQWLQHQWDO� EDOOLVWLF� PLVVLOH� WKUHDW� WR� WKH� 8QLWHG� 6WDWHV� LV

ODUJHU�WKDQ����DSSDUHQW�ZDUKHDGV��GHWHUUHQFH�DQG�FRQYHQWLRQDO�FRXQWHUIRUFH�RSWLRQV�DJDLQVW

QDVFHQW�,&%0�DUVHQDOV�DUH�GHHPHG�LQHIIHFWLYH��DQG�DOWHUQDWLYHV� IRU� UHGXFLQJ� WKH� OLNHOLKRRG

RI�DFFLGHQWDO��XQDXWKRUL]HG��DQG�LQDGYHUWHQW�DWWDFNV�DUH�QRQH[LVWHQW�RU�WRR�H[SHQVLYH�VKRXOG

RQH�FRQVLGHU�GHSOR\LQJ�D�QDWLRQDO�PLVVLOH�GHIHQVH�VXEVWDQWLDOO\�LQ�H[FHVV�RI�����LQWHUFHSWRUV�

BBBBBBBBBBB
�� 7KLV HVWLPDWH LV EDVHG RQ WKH $UP\ SURSRVDO IRU D VLQJOH�VLWH QDWLRQDO PLVVLOH GHIHQVH FRQVLVWLQJ RI QHZ

JURXQG�EDVHG UDGDUV� �� LQWHUFHSWRUV� FRPPDQG DQG FRQWURO V\VWHPV� DQG D QHZ EDVH LQIUDVWUXFWXUH� 7KH

HVWLPDWHG FRVW LV DURXQG ���� ELOOLRQ� RI ZKLFK ���� ELOOLRQ LV DVVRFLDWHG ZLWK HDFK VLWH DQG DURXQG ��� PLOOLRQ LV

WKH FRVW IRU HDFK LQWHUFHSWRU� 8VLQJ WKLV HVWLPDWH� RQH DUULYHV DW DQ HVWLPDWH RI �� ELOOLRQ ����� GROODUV� IRU ���

LQWHUFHSWRUV GHSOR\HG DW D VLQJOH VLWH DQG ����� ELOOLRQ LI ��� LQWHUFHSWRUV DUH GHSOR\HG DW IRXU VLWHV� 6HH 86$)

:KLWH 3DSHU� 0LQXWHPDQ 2SWLRQ IRU 1DWLRQDO 0LVVLOH 'HIHQVH� 'HSDUWPHQW RI WKH $LU )RUFH� 86$)�;2;,� -XQH

����� $Q HVWLPDWH RI ���� ELOOLRQ ����� GROODUV� IRU ��� LQWHUFHSWRUV DW D VLQJOH VLWH LV DOVR JLYHQ E\ 6WDQOH\ :�

.DQGHER� ´8�6� 3XUVXHV 10' 6\VWHP WR 3UHSDUH IRU ¶5RJXH· 7KUHDW�µ $YLDWLRQ :HHN DQG 6SDFH 7HFKQRORJ\� 0DUFK

�� ����� S� ���
�� 7KH 8�6� 'HIHQVH 'HSDUWPHQW UHFHQWO\ HVWLPDWHG WKDW WKH DFTXLVLWLRQ FRVW ZRXOG EH ���� ELOOLRQ IRU DQ LQLWLDO

10' VLWH DW *UDQG )RUNV� 1'� FRQVLVWLQJ RI �� LQWHUFHSWRUV XVLQJ UHIXUELVKHG 0LQXWHPDQ ,&%0 ERRVWHUV

ZLWK DQ H[RDWPRVSKHULF�NLOO YHKLFOH DV SD\ORDG� H[LVWLQJ ,&%0 VLORV� DQG WKH H[LVWLQJ EDVH LQIUDVWUXFWXUH� ,I RQH

DVVXPHV ���� ELOOLRQ RI WKLV LV IRU EDVH LPSURYHPHQWV DQG WKDW LW FRVWV DURXQG ��� PLOOLRQ IRU HDFK UHIXUELVKHG

0LQXWHPDQ LQWHUFHSWRU �LQFOXGLQJ WKH H[RDWPRVSKHULF�NLOO YHKLFOH�� WKHQ D ��� LQWHUFHSWRU GHSOR\PHQW ZRXOG

FRVW DURXQG �� ELOOLRQ� 6HH -RKQ 'RQQHOO\� ´0LQXWHPDQ 0LVVLOH 'HIHQVH :RXOG &RVW �� %LOOLRQ�µ 'HIHQVH :HHN�

-XQH �� ����� S� �� $Q HDUOLHU $LU )RUFH HVWLPDWH XVLQJ D OHVV H[SHQVLYH NLQHWLF�NLOO YHKLFOH VHW WKH FRVW DW ����

ELOOLRQ� 6HH 86$) :KLWH 3DSHU� 0LQXWHPDQ 2SWLRQ IRU 1DWLRQDO 0LVVLOH 'HIHQVH� 'HSDUWPHQW RI WKH $LU )RUFH�

86$)�;2;,� -XQH �����
�� 7KH &RQJUHVVLRQDO %XGJHW 2IILFH HVWLPDWHG WKDW LW ZRXOG WDNH EHWZHHQ ��� DQG ��� ELOOLRQ WR GHSOR\ D

QDWLRQDO PLVVLOH GHIHQVH V\VWHP RI WKH VRUW FDOOHG IRU LQ WKH ���� 'HIHQG $PHULFD $FW� L�H�� RQH WKDW LQFOXGHG

VSDFH�EDVHG ODVHUV� VSDFH�EDVHG VHQVRUV� DQG JURXQG�EDVHG LQWHUFHSWRUV DQG UDGDUV GHSOR\HG DW VHYHUDO VLWHV

DURXQG WKH 8QLWHG 6WDWHV� ,Q DGGLWLRQ LW ZRXOG FRVW DURXQG ��²�� ELOOLRQ DQQXDOO\ WR RSHUDWH VXFK D GHIHQVH� 6HH

-HII (UOLFK� ´*URXS $GGV %LOOLRQV WR 10' &RVW (VWLPDWH�µ 'HIHQVH 1HZV� $XJXVW �²��� ����� S� ��
�� 7KH ORZ FRVW HVWLPDWH SHUWDLQV WR D V\VWHP GHSOR\HG DW *UDQG )RUNV LQ ���� DQG WKH KLJK HVWLPDWH LV IRU D

V\VWHP GHSOR\HG LQ $ODVND LQ ����� 7KH ODWHU GHSOR\PHQW GDWH DOORZV PRUH LQWHUFHSWRUV DQG VSDFH�EDVHG

WUDFNLQJ VHQVRUV WR EH LQFOXGHG LQ WKH V\VWHP DUFKLWHFWXUH� 6HH 8�6� *HQHUDO $FFRXQWLQJ 2IILFH� 1DWLRQDO 0LVVLOH

'HIHQVH� *$2�16,$'�������� :DVKLQJWRQ� '&� -XQH ����� SS� ��−���



��

7KHDWHU�%DOOLVWLF�0LVVLOH�'HIHQVH

&XUUHQW�70'�3URJUDPV

7KH�´FRUHµ�70'�SURJUDPV�FXUUHQWO\�IXQGHG�E\�WKH�%DOOLVWLF�0LVVLOH�'HIHQVH�2UJDQL]DWLRQ

LQFOXGH� WKH�3DWULRW�3$&��� V\VWHP�� WKH�1DY\�$UHD�'HIHQVH� �IRUPHUO\�1DY\� ORZHU� WLHU��� WKH

7KHDWHU�+LJK�$OWLWXGH�$UHD�'HIHQVH��7+$$'���WKH�1DY\�7KHDWHU�:LGH�GHIHQVH��IRUPHUO\

1DY\�XSSHU�WLHU���DQG�WKH�0HGLXP�([WHQGHG�$LU�'HIHQVH�6\VWHP��0($'6�����3$&���LV�D

ORZHU�WLHU� GHIHQVH� XVLQJ� WKH�(ULQW� LQWHUFHSWRU�ZKLFK�ZLOO� EHJLQ� GHSOR\PHQW� E\� WKH� HQG� RI

������ 7KH� (ULQW� LQWHUFHSWRU� LV� D� QHZ� DJLOH� PLVVLOH� ZLWK� D� KLW�WR�NLOO� ZDUKHDG� GHVLJQHG� WR

LQWHUFHSW� WDUJHWV� XS� WR� DSSUR[LPDWHO\� ��� NP� LQ� DOWLWXGH�� 7KH� WRWDO� 3$&��� SURJUDP� LV

SURMHFWHG� WR� FRQWDLQ� DURXQG� ������(ULQW�PLVVLOHV�� D� QXPEHU� VXIILFLHQW� WR� RXWILW� ��� 3DWULRW

EDWWHULHV�ZLWK����PLVVLOHV�HDFK��7KH�WRWDO�SURJUDP�FRVW��L�H���GHYHORSPHQW�SOXV�SURFXUHPHQW

FRVWV��IRU�WKH�3DWULRW�3$&���V\VWHP�LV�HVWLPDWHG�WR�EH������ELOOLRQ���

7KH� 1DY\� $UHD� 'HIHQVH� �1$'�� LV� D� ORZHU�WLHU� GHIHQVH� XVLQJ� D� EODVW�IUDJPHQWDWLRQ

ZDUKHDG�DQG�D�PRGLILHG�YHUVLRQ�RI�WKH�6WDQGDUG�0LVVLOH����WKH�%ORFN��$��FXUUHQWO\�GHSOR\HG

RQ�$HJLV�FUXLVHUV�IRU�DLU�GHIHQVH��$OWKRXJK�WKH�IXOO�SURJUDP�IRU�1$'�KDV�\HW�WR�EH�GHILQHG�

WKH� FXUUHQW� SODQ� LV� WR� EX\� PRUH� WKDQ� ������ %ORFN� �$� PLVVLOHV�� ZLWK� SURGXFWLRQ� VWDUWLQJ

DURXQG�������WR�EH�GHSOR\HG�LQ�WKH�YHUWLFDO�ODXQFK�V\VWHPV�DERDUG�DW�OHDVW����$HJLV�FUXLVHUV

DQG����GHVWUR\HUV����7KH�WRWDO�1$'�SURJUDP�FRVW�LV�SURMHFWHG�WR�EH������ELOOLRQ���

7+$$'�LV�DQ�XSSHU�WLHU�GHIHQVH�GHVLJQHG�WR�HQJDJH�EDOOLVWLF�PLVVLOH�ZDUKHDGV�DW�DOWLWXGHV

EHWZHHQ����NP�DQG�����NP��7+$$'�LV�EDVHG�RQ�D�KLW�WR�NLOO�LQWHUFHSWRU�ZLWK�D�IO\RXW�VSHHG

DURXQG�����NP�VHF�DQG�DQ�LQIUDUHG�VHHNHU����7KH�7+$$'�JURXQG�EDVHG�UDGDU�LV�UHSXWHG�WR

BBBBBBBBBBB
�� 70' V\VWHPV FDQ EH FDWHJRUL]HG DFFRUGLQJ WR WKH DOWLWXGH DW ZKLFK WKH\ PDNH WKHLU LQWHUFHSWV� 'HIHQVHV

WKDW LQWHUFHSW WDUJHWV EHORZ �� NP DUH FDOOHG ORZHU�WLHU V\VWHPV� ,Q WKLV UHJLRQ DHURG\QDPLF IRUFHV DUH

DSSUHFLDEOH� FDXVLQJ PRVW GHFR\V WR EH VWULSSHG DZD\� WKHUHE\ PDNLQJ GHFR\ GLVFULPLQDWLRQ HDVLHU EXW

SRWHQWLDOO\ FDXVLQJ WKH ZDUKHDGV WR PDQHXYHU GXH WR DHURG\QDPLF IRUFHV� PDNLQJ WKHP KDUG WR LQWHUFHSW� 7KH

GHIHQGHG IRRWSULQW IRU ORZHU�WLHU V\VWHPV LV VPDOO DQG VKRRW�ORRN�VKRRW WDFWLFV DUH QRW SRVVLEOH EHFDXVH

LQVXIILFLHQW WLPH UHPDLQV IRU UHOLDEOH NLOO DVVHVVPHQW DQG D VHFRQG VKRW� 70' LQWHUFHSWRUV WKDW LQWHUFHSW WKHLU

WDUJHWV DERYH �� NP DUH FDOOHG XSSHU�WLHU GHIHQVHV� %HWZHHQ �� DQG ��²��� NP� WKH XSSHU�HQGRDWPRVSKHULF

UHJLRQ� DWPRVSKHULF IRUFHV DUH WRR ZHDN IRU ZDUKHDG PDQHXYHULQJ� EXW OLJKW GHFR\V DUH VWULSSHG DZD\� ,Q WKLV

UHJLRQ� WKH GHIHQGHG IRRWSULQW JURZV DQG VKRRW�ORRN�VKRRW WDFWLFV EHFRPH SRVVLEOH� )LQDOO\� DERYH DURXQG ��²

��� NP WKH HIIHFWV RI WKH DWPRVSKHUH DUH QHJOLJLEOH� ,Q WKH H[RDWPRVSKHULF UHJLRQ� 70' V\VWHPV PXVW FRSH

ZLWK WKH IXOO UDQJH RI GHFR\V WKDW PLJKW DFFRPSDQ\ DQ LQFRPLQJ ZDUKHDG� PDNLQJ GHFR\ GLVFULPLQDWLRQ WKH

SULQFLSDO WHFKQLFDO FKDOOHQJH� /DUJH GHIHQGHG IRRWSULQWV DQG VKRRW�ORRN�VKRRW WDFWLFV� LQ SULQFLSOH� DUH SRVVLEOH�
�� 6HH -RKQ 3LNH� ´%DOOLVWLF 0LVVLOH 'HIHQVH� ,V WKH 8�6� ¶5XVKLQJ WR )DLOXUH"·�µ $UPV &RQWURO 7RGD\� 9RO� ��� 1R�

�� $SULO ����� SJ� ���
�� 6HH 'DYLG +XJKHV� ´1DY\ 5HDGLHV )OHHW IRU $QWL�6FXG :DUIDUH�µ $YLDWLRQ :HHN DQG 6SDFH 7HFKQRORJ\� )HEUXDU\

��� ����� SS� ��²��� DQG ´1DY\ 7DFWLFDO 0LVVLOH 'HIHQVH�µ :RUOG 0LVVLOHV %ULHILQJ� 7HDO *URXS &RUSRUDWLRQ�

)DLUID[� 9$� �����
��� 6HH -RKQ 3LNH� ´%DOOLVWLF 0LVVLOH 'HIHQVH� ,V WKH 8�6� ¶5XVKLQJ WR )DLOXUH"·�µ RS FLW�� SJ� ���
�� 6HH 0LFKDHO 'RUQKHLP� ´7KDDG 3URJUDP )XWXUH 7LHG WR 7HVW 5HVXOWV�µ $YLDWLRQ :HHN DQG 6SDFH 7HFKQRORJ\�

0DUFK �� ����� SS� ��²���



��

EH�D�SRZHUIXO�SKDVHG�DUUD\�;�EDQG�UDGDU�ZLWK�D�QRPLQDO�GHWHFWLRQ�UDQJH�XS�WR�����NP�WKDW

FDQ�GLVFULPLQDWH� VLPSOH� GHFR\V� EDVHG�RQ� WKHLU� VL]H� DQG� UDGDU� FURVV� VHFWLRQ��7KH�7+$$'

SURJUDP�FXUUHQWO\�FRQVLVWV�RI���� UDGDUV�DQG�������7+$$'�PLVVLOHV����7KH� WRWDO�7+$$'

SURJUDP�FRVW�LV�SURMHFWHG�WR�EH�������ELOOLRQ����'HSOR\PHQW�RI�WKH�ILUVW�RSHUDWLRQDO�EDWWHU\

ZDV� UHFHQWO\� DFFHOHUDWHG� IURP������ WR������� WKRXJK� WKH�SURJUDP�PD\� VOLS� RU� EH� FDQFHOHG

HQWLUHO\�LI�WKH�7+$$'�WHVW�SURJUDP�LV�QRW�VXFFHVVIXO��DOO�ILYH�WHVWV�WR�GDWH�KDYH�IDLOHG��

7KH�1DY\�7KHDWHU�:LGH��17:��GHIHQVH�LV�DQ�XSSHU�WLHU�GHIHQVH�DQG�LV�WKH�OHDVW�PDWXUH

RI� WKH�FRUH�70'�V\VWHPV��1HLWKHU� WKH�PLVVLOH�QRU� WKH�ZDUKHDG�GHVLJQ�KDV�EHHQ� ILQDOL]HG�

7\SLFDOO\�� D� ERRVWHG� 6WDQGDUG� 0LVVLOH��� LV� DVVXPHG� ZLWK� D� EXUQRXW� VSHHG� DURXQG� �−���
NP�VHF�� 7KH� ZDUKHDG� PRVW� IUHTXHQWO\� DVVXPHG� LV� WKH� KLW�WR�NLOO� /LJKWZHLJKW� ([R�

$WPRVSKHULF� 3URMHFWLOH� �/($3��� 6LQFH� /($3� XVHV� ORQJ�ZDYH� LQIUDUHG� VHQVRUV� LW� FDQ� RQO\

RSHUDWH� RXWVLGH� WKH� DWPRVSKHUH� �UHSRUWHGO\� DERYH� ��� NP����� &XUUHQWO\� ���� 17:

LQWHUFHSWRUV�DUH� WR�EH�SURFXUHG�IRU�GHSOR\PHQW�RQ�$HJLV�FUXLVHUV�DQG�GHVWUR\HUV�HTXLSSHG

ZLWK�YHUWLFDO�ODXQFK�V\VWHPV����7KH�WRWDO�SURJUDP�FRVW�IRU�WKH�17:�V\VWHP�LV�QRW�DYDLODEOH

EHFDXVH�WKH�ILQDO�GHVLJQ�KDV�\HW�WR�EH�GHWHUPLQHG�

)LQDOO\�� 0($'6� LV� D� KLJKO\� PRELOH� ���°� ORZHU�WLHU� GHIHQVH� GHVLJQHG� WR� UHSODFH� WKH
+$:.�DLU� GHIHQVH� V\VWHP� IRU� GHIHQGLQJ�PLOLWDU\� IRUFHV� LQ� WKH� ILHOG� IURP� DLU� DQG� WDFWLFDO

EDOOLVWLF�PLVVLOH�WKUHDWV��$�QRPLQDO�GHSOR\PHQW�GDWH�RI������KDV�EHHQ�VXJJHVWHG��WKRXJK�WKLV

GHSHQGV�RQ� IXQGLQJ� FRPPLWPHQWV� IURP� WKH�PHPEHUV� RI� DQ� LQWHUQDWLRQDO� FRQVRUWLXP� �WKH

8QLWHG� 6WDWHV��*HUPDQ\�� ,WDO\�� DQG� SRVVLEO\� RWKHUV����� $V� RI� WKLV� ZULWLQJ�� WKHUH� LV� D� JRRG

FKDQFH�WKH�0($'6�SURJUDP�ZLOO�EH�FDQFHOHG�

6HYHUDO�DGYDQFHG�WHFKQRORJ\�GHPRQVWUDWLRQ�SURJUDPV�H[LVW�IRU�LQWHUFHSWLQJ�WKHDWHU�UDQJH

EDOOLVWLF� PLVVLOHV� LQ� WKHLU� ERRVW� SKDVH�� 7KHVH� FRQFHSWV� DUH� EDVHG� HLWKHU� RQ� D� KLJK�VSHHG

DLUERUQH� LQWHUFHSWRU� ILUHG� IURP� ILJKWHU� DLUFUDIW� RU� XQPDQQHG� DHULDO� YHKLFOHV�� D� KLJK�SRZHU

DLUERUQH�ODVHU��$%/��FDUULHG�DERDUG�D�%RHLQJ��������)�DLUFUDIW��RU�D�VSDFH�EDVHG�ODVHU��6%/��

7KH�$%/�KDV�EHHQ�VHOHFWHG�DV�WKH�$LU�)RUFH·V�PDLQ�ERRVW�SKDVH�70'�SURJUDP��ZLWK�����

ELOOLRQ�IXQGHG�IRU�D�SURWRW\SH�$%/�WR�EH�GHSOR\HG�E\�������7KH�WRWDO�SURFXUHPHQW�FRVW�IRU

VHYHQ�DLUERUQH�/DVHUV�LV�SURMHFWHG�WR�EH������ELOOLRQ����6SDFH�EDVHG�ODVHUV�DUH�QRW�H[DPLQHG

LQ�WKLV�SDSHU�EHFDXVH�WKH\�DUH�EDQQHG�IRU�QDWLRQDO�PLVVLOH�GHIHQVH�E\�WKH�$%0�7UHDW\�DQG

IRU� WKHDWHU� PLVVLOH� GHIHQVH� E\� WKH� 6HFRQG� $JUHHG� 6WDWHPHQW� UHODWLQJ� WR� WKH� $%0� 7UHDW\

VLJQHG�RQ�6HSWHPEHU����������

BBBBBBBBBBB
�� 6HH 0LFKDHO 'RUQKHLP� ´0LVVLOH 'HIHQVH 6RRQ� %XW :LOO ,W :RUN"µ $YLDWLRQ :HHN DQG 6SDFH 7HFKQRORJ\�

)HEUXDU\ ��� ����� S� ���
�� 6HH -RKQ 3LNH� ´%DOOLVWLF 0LVVLOH 'HIHQVH� ,V WKH 8�6� ¶5XVKLQJ WR )DLOXUH"·�µ RS FLW�� SJ� ���
�� 6HH 0LFKDHO 'RUQKHLP� ´¶7KHDWHU :LGH· 0LVVLOH 'HIHQVH $SSHDOLQJ� &RQWURYHUVLDO� 'LIILFXOW�µ $YLDWLRQ :HHN

DQG 6SDFH 7HFKQRORJ\� 0DUFK �� ����� SS� ��²���
�� 6HH ´1DY\ 7DFWLFDO 0LVVLOH 'HIHQVH�µ :RUOG 0LVVLOHV %ULHILQJ� 7HDO *URXS &RUSRUDWLRQ� )DLUID[� 9$� ����� DQG

0LFKDHO 'RUQKHLP� ´0LVVLOH 'HIHQVH 6RRQ� %XW :LOO ,W :RUN"µ $YLDWLRQ :HHN DQG 6SDFH 7HFKQRORJ\� )HEUXDU\ ���

����� S� ���
�� 6HH -RVHSK $QVHOPR� ´0($'6 )DFHV 7RXJK 6HOO�µ $YLDWLRQ :HHN DQG 6SDFH 7HFKQRORJ\� 0DUFK �� ����� S� ���
�� 6HH 0DUN +HZLVK� ´6FXGNLOOHUV�µ -DQH·V ,QWHUQDWLRQDO 'HIHQFH 5HYLHZ� ������� S� ���



��

1RWZLWKVWDQGLQJ� WKH� LVVXH�RI�FRXQWHUPHDVXUHV�� WKHUH� LV� UHODWLYHO\� OLWWOH�GHEDWH�DERXW� WKH

QHHG� IRU� ORZHU�WLHU� 70'� V\VWHPV� VXFK� DV� 3$&��� RU� 1$'� WR� GHIHQG� KLJK�YDOXH� WDUJHWV�

3HUKDSV�WKH�RQO\�GHEDWH�LV�ZKHWKHU�ERWK�DUH�QHFHVVDU\��7KH\�KDYH�DERXW�WKH�VDPH�FRYHUDJH�

KRZHYHU��3$&���LV�WHFKQLFDOO\�PRUH�PDWXUH�DQG�KDV�WKH�DELOLW\�WR�GHIHQG�LQODQG�WDUJHWV��2Q

WKH� RWKHU� KDQG�� 1$'� FDQ� EH� GHSOR\HG� PRUH� UDSLGO\� WR� GLVWDQW� WKHDWHUV� DQG� DYRLGV� WKH

SROLWLFDOO\�VHQVLWLYH�LVVXH�RI�SUHSRVLWLRQLQJ�8�6��PLOLWDU\�HTXLSPHQW�DQG�SHUVRQQHO�LQ�WKH�KRVW

QDWLRQ� EHIRUH� D� ZDU� VWDUWV�� :KHWKHU� WKLV� GLIIHUHQFH� MXVWLILHV� WKH� DGGHG� H[SHQVH� IRU� WZR

V\VWHPV� LQ� DQ� DXVWHUH� ILVFDO� HQYLURQPHQW� LV� GRXEWIXO�� 2I� WKH� WZR�� 3$&��� FOHDUO\� LV� WKH

SUHIHUUHG�V\VWHP�EHFDXVH�RI�LWV�DELOLW\�WR�GHIHQG�LQODQG�WDUJHWV�

'HEDWHV�RYHU�ZLGH�DUHD�70'�V\VWHPV��L�H���XSSHU�WLHU�DQG�ERRVW�SKDVH�V\VWHPV��DUH�PRUH

FRQWHQWLRXV�� 7KHVH� V\VWHPV�PD\� SURYLGH�PRUH� HIIHFWLYH� WKHDWHU�PLVVLOH� GHIHQVH�� KRZHYHU�

WKH\�DOVR�KDYH�D�JUHDWHU�FDSDELOLW\�IRU�LQWHUFHSWLQJ�VWUDWHJLF�PLVVLOHV�DQG��KHQFH��IRU�XSVHWWLQJ

VWUDWHJLF�VWDELOLW\��/LNH�3$&���DQG�1$'��7+$$'�DQG�17:�DUH�DOVR�VRPHZKDW�GXSOLFDWLYH�

DOWKRXJK�17:�FRYHUDJH�ZLOO�EH�JUHDWHU�EHFDXVH�RI�LWV�KLJKHU�IO\RXW�VSHHG��$OVR��17:�GRHV

QRW� UHTXLUH� KRVW�QDWLRQ� VXSSRUW�� 7KLV� DQDO\VLV� FRQFHQWUDWHV� RQ� 7+$$'�OLNH� GHIHQVHV�� DV

RSSRVHG� WR� 17:�� EHFDXVH� 7+$$'� LV� WHFKQLFDOO\� PRUH� PDWXUH� DQG�� KHQFH�� PRUH

LQIRUPDWLRQ� LV� DYDLODEOH� FRQFHUQLQJ� LWV� SURMHFWHG� FDSDELOLWLHV�� $LUERUQH� ERRVW�SKDVH� 70'

V\VWHPV�ZLOO�DOVR�EH�DGGUHVVHG�

+RZ�0XFK�8SSHU�7LHU�70'�,V�(QRXJK"

7KH�REMHFWLYH�IRU�WKHDWHU�PLVVLOH�GHIHQVH�XVHG� LQ� WKLV�DQDO\VLV� LV� WR�SURWHFW�DOOLHG�FLWLHV�DQG

8�6��PLOLWDU\�IRUFHV�IURP�EDOOLVWLF�PLVVLOHV�DUPHG�ZLWK�1%&�ZDUKHDGV��3URWHFWLQJ�DOOLHG�FLWLHV

LV� WKH�PRUH�GHPDQGLQJ�REMHFWLYH��7KH�SHUIRUPDQFH�FULWHULRQ�DVVXPHG�IRU� WKLV� DQDO\VLV� LV� D

SUREDELOLW\� RI� ����� WKDW� QR� 1%&� ZDUKHDG� ZLOO� ODQG� RQ� DQ\� KLJK�YDOXH� WDUJHW�� 7KH

SHUIRUPDQFH�WKLV�UHTXLUHV� IRU�HDFK�70'�V\VWHP� LV�FRPSOLFDWHG�EHFDXVH� LW�GHSHQGV�RQ�WKH

QXPEHU�RI�OD\HUV� LQ�WKH�RYHUDOO�70'�DUFKLWHFWXUH��:LWK�WKH�70'�V\VWHPV�FXUUHQWO\�XQGHU

FRQVLGHUDWLRQ��RQH�FDQ�LPDJLQH�WKUHH�SRVVLEOH�OD\HUV��D�ERRVW�SKDVH�OD\HU��DQ�XSSHU�WLHU�OD\HU

FRQVLVWLQJ� RI� 7+$$'� �RU�17:��� DQG� D� ORZHU�WLHU� OD\HU� FRQVLVWLQJ� RI� 3$&��� �RU�1$'��

7+$$'��RU�17:��PD\�DOVR�RSHUDWH� LQ�VKRRW�ORRN�VKRRW�PRGH��HIIHFWLYHO\�SURYLGLQJ� WZR

PLGFRXUVH� OD\HUV�� WKRXJK� WKH� IRRWSULQW� IRU� VKRRW�ORRN�VKRRW� FRYHUDJH� VKULQNV��7KH�ERRVW�

SKDVH�� XSSHU�WLHU�� DQG� ORZHU�WLHU� OD\HUV� FDQ� EH� WUHDWHG� DV� QHDUO\� VWDWLVWLFDOO\� LQGHSHQGHQW�

SURYLGHG��VHSDUDWH�VXUYHLOODQFH�DQG�WUDFNLQJ�VHQVRUV�VXSSRUW�HDFK�OD\HU���

3$&����RU�1$'��LV�GHVLJQHG�WR�GHIHQG�KLJK�SULRULW\�WDUJHWV��H�J���FLWLHV�DQG�ODUJH�PLOLWDU\

IDFLOLWLHV� VXFK� DV� SRUWV� DQG� DLUILHOGV��� +RZHYHU�� WKH� QXPEHU� RI� LQWHUFHSWRUV� UHTXLUHG� WR

GHIHQG�DOO�LPSRUWDQW�WDUJHWV�LQ�D�WKHDWHU�LV�WRR�ODUJH�IRU�ORZHU�WLHU�GHIHQVHV�WR�PHHW�WKH�DERYH

GHIHQVH�SHUIRUPDQFH�FULWHULRQ�DORQH��2WKHU�70'�OD\HUV�PXVW�EH�SUHVHQW��)RU�WKH�SXUSRVH�RI

WKLV� DQDO\VLV� ,� DVVXPH� WKDW� DW� OHDVW� ��� KLJK�YDOXH� WDUJHWV� FDQ� EH� SURWHFWHG� E\� D� ORZHU�WLHU

BBBBBBBBBBB
�� $ FULWLFDO DVVXPSWLRQ XQGHUO\LQJ WKLV DQDO\VLV LV WKDW QR FRPPRQ PRGH HUURUV RFFXU EHWZHHQ WKH XSSHU DQG

ORZHU WLHUV� ,I FRPPRQ PRGH HUURUV H[LVW EHWZHHQ OD\HUV� WKH\ PXVW RFFXU OHVV WKDQ ��� SHUFHQW RI WKH WLPH IRU

WKLV DQDO\VLV WR UHPDLQ YDOLG�



��

GHIHQVH��7KHUHIRUH��WKH�HQWLUH�WKHDWHU�FDQQRW�EH�SURWHFWHG�E\�D�PXOWL�OD\HUHG�70'�GHIHQVH�

RQO\�DERXW����KLJK�YDOXH�WDUJHWV��XQOHVV�ERWK�ERRVW�SKDVH�DQG�PLGFRXUVH�OD\HUV�H[LVW��

7R�DQVZHU�WKH�TXHVWLRQ�´+RZ�PXFK�XSSHU�WLHU�70'�LV�HQRXJK"µ�RQH�PXVW�DGGUHVV�WKH

IROORZLQJ�WZR�TXHVWLRQV��KRZ�PDQ\�XSSHU�WLHU�EDWWHULHV��VLWHV��DUH�UHTXLUHG�WR�FRYHU�GLIIHUHQW

WKHDWHUV�RI�LQWHUHVWV�DQG�KRZ�PDQ\�XSSHU�WLHU�LQWHUFHSWRUV�PXVW�HQJDJH�WKH�LQFRPLQJ�DWWDFN

WR�PHHW�WKH�GHIHQVH�SHUIRUPDQFH�FULWHULRQ"�7KH�QXPEHU�RI�70'�VLWHV�UHTXLUHG�GHSHQGV�RQ

WKH�70'�IRRWSULQW��ZKLFK�LV�D�FRPSOLFDWHG�IXQFWLRQ�RI�PDQ\�IDFWRUV���

)LJXUH���VXJJHVWV�WKDW�DSSUR[LPDWHO\����7+$$'�EDWWHULHV�DUH�VXIILFLHQW�WR�FRYHU�6RXWK

.RUHD�DQG�-DSDQ�DJDLQVW�1RUWK�.RUHDQ�WKUHDWV��DVVXPLQJ�WKH�GHIHQVH�RSHUDWHV�LQ�D�EDUUDJH

ILULQJ� PRGH���� 6KRRW�ORRN�VKRRW� IRRWSULQWV� ZRXOG� EH� FRQVLGHUDEO\� VPDOOHU�� $OWKRXJK� RQH

7+$$'� IRRWSULQW� PLJKW� FRYHU� 6RXWK� .RUHD�� WZR� IRRWSULQWV� �L�H��� EDWWHULHV�� DUH� PRUH

UHDVRQDEOH�JLYHQ� WKH�GHQVLW\�RI�FLWLHV�DQG�PLOLWDU\� IDFLOLWLHV� WR�EH�GHIHQGHG��7KH� IRRWSULQWV

FRYHULQJ�-DSDQ�DUH�VPDOOHU�EHFDXVH� WKH\�ZRXOG�EH�GHIHQGLQJ�DJDLQVW�KLJKHU�VSHHG�PLVVLOHV�

H�J��� WKH�1RUWK�.RUHDQ�1R�'RQJ�RU�7DHSR�'RQJ�PLVVLOHV��$� VLPLODU�QXPEHU�RI�7+$$'

VLWHV�ZRXOG�EH�UHTXLUHG�WR�FRYHU�LPSRUWDQW�DUHDV�ZLWKLQ�WKH�3HUVLDQ�*XOI�

7KH�FRYHUDJH�REWDLQHG�ZLWK�WKH�17:�V\VWHP�LV�FRPSOLFDWHG�E\�WKH�IDFW�WKDW�WKH�17:�

GHIHQGHG�IRRWSULQW�GHSHQGV�RQ�WKH�ORFDWLRQ�RI�WKH�17:�VKLSV�UHODWLYH�WR�WKH�EDOOLVWLF�PLVVLOH

ODXQFK�ORFDWLRQ��7KH�PRVW�IDYRUDEOH�VFHQDULR�LV�FRYHUDJH�RI�-DSDQ�EHFDXVH�17:�VKLSV�FDQ

EH� GHSOR\HG� EHWZHHQ� WKH� WKUHDW� �1RUWK�.RUHD�� DQG� WKH� WHUULWRU\� EHLQJ� GHIHQGHG�� ,Q� IDFW�

17:� VKLSV� VWDWLRQHG� LQ� WKH�PLGGOH� RI� WKH� 6HD� RI� -DSDQ�PLJKW� EH� DEOH� WR� HQJDJH� 1RUWK

.RUHDQ�PLVVLOHV�LQ�WKHLU�DVFHQW�SKDVH��WKHUHE\�JLYLQJ�YHU\�ODUJH�GHIHQGHG�IRRWSULQWV�EHKLQG

WKH� VKLS�� ,Q� DQ\� FDVH�� DSSUR[LPDWHO\� WZR� WR� IRXU�17:�VLWHV� DUH� UHTXLUHG� WR� GHIHQG� DOO� RI

-DSDQ�� GHSHQGLQJ� RQ� WKHLU� ORFDWLRQ���� 'HIHQGLQJ� 6RXWK�.RUHD� UHTXLUHV� DQ� DGGLWLRQDO� VLWH�

17:�FRYHUDJH� LQ� WKH�3HUVLDQ�*XOI�ZRXOG�EH�PRUH� GLIILFXOW� GXH� WR� WKH� ODFN� RI� DFFHVVLEOH

ZDWHUV�

BBBBBBBBBBB
�� 7KH PRVW LPSRUWDQW IDFWRUV DUH WKH LQWHUFHSWRU IO\RXW VSHHG� WKH UDGDU GHWHFWLRQ UDQJH �ZKLFK LV D IXQFWLRQ

RI WKH UDGDU·V SRZHU�DSHUWXUH SURGXFW� WKH WDUJHW UDGDU FURVV VHFWLRQ� DQG WKH QXPEHU RI REMHFWV WKDW PXVW EH

HQJDJHG VLPXOWDQHRXVO\�� DQG WKH UDQJH �L�H�� UHHQWU\ VSHHG� RI WKH WKHDWHU EDOOLVWLF PLVVLOH�
�� 7KH 7+$$' IRRWSULQWV FRYHULQJ 6RXWK .RUHD DUH DSSUR[LPDWHO\ ��� NP LQ GLDPHWHU DQG WKRVH FRYHULQJ

-DSDQ DUH DSSUR[LPDWHO\ ��� NP LQ GLDPHWHU� 7KHVH DUH EDVHG RQ HVWLPDWHV RI 7+$$' SHUIRUPDQFH PDGH E\

WKH &RQJUHVVLRQDO %XGJHW 2IILFH� 6HH 7KH )XWXUH RI 7KHDWHU 0LVVLOH 'HIHQVH� &RQJUHVVLRQDO %XGJHW 2IILFH�

:DVKLQJWRQ� '&� -XQH ����� 7KH\ UHSUHVHQW DQ XSSHU ERXQG RQ 7+$$' FRYHUDJH EHFDXVH WKH\ DUH EDVHG RQO\

RQ WKH NLQHPDWLFV RI D VLQJOH 7+$$' LQWHUFHSW� L�H�� WKH GLVWDQFH RXW WR ZKLFK D 7+$$' LQWHUFHSWRU FDQ IO\ WR

PHHW D VLQJOH LQFRPLQJ ZDUKHDG� JLYHQ DQ HVWLPDWH RI WKH GHWHFWLRQ UDQJH IRU WKH 7+$$' JURXQG�EDVHG UDGDU�

,I PXOWLSOH ZDUKHDGV DWWDFN WDUJHWV ORFDWHG ZLWKLQ D VLQJOH GHIHQGHG DUHD VLPXOWDQHRXVO\� WKH GHIHQGHG IRRWSULQW

VKULQNV� DQG LI WKH 7+$$' UDGDU LV TXHXHG E\ RWKHU VHQVRUV� WKH IRRWSULQW LQFUHDVHVHVSHFLDOO\ IRU ORQJ�UDQJH

WKHDWHU EDOOLVWLF PLVVLOHV� ,Q DGGLWLRQ� WKH SUREDELOLW\ ZLWK ZKLFK D ZDUKHDG ZLOO EH GHVWUR\HG LV QRW XQLIRUP

WKURXJKRXW WKLV IRRWSULQW� DOWKRXJK IRU SXUSRVHV RI WKLV DQDO\VLV D XQLIRUP 663. KDV EHHQ DVVXPHG�
�� 6HH 0LFKDHO $� 'RUQKHLP� ´¶7KHDWHU :LGH· 0LVVLOH 'HIHQVH� $SSHDOLQJ� &RQWURYHUVLDO� 'LIILFXOW�µ $YLDWLRQ

:HHN DQG 6SDFH 7HFKQRORJ\� 0DUFK �� ����� S� ���
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)LJ������7+$$'�&RYHUDJH�RI�1RUWKHDVW�$VLD

7KH� QXPEHU� RI� XSSHU�WLHU� �H�J��� 7+$$'� RU�17:�� LQWHUFHSWRUV� WKDW�PXVW� HQJDJH� WKH

LQFRPLQJ�DWWDFN�LV�FDOFXODWHG�DVVXPLQJ�KLJK�YDOXH�WDUJHWV�DUH�GHIHQGHG�E\�DQ�HTXDOO\�FDSDEOH

ORZHU� WLHU�� L�H���7+$$'�DQG�3$&��� LQWHUFHSWRUV�DUH�DVVXPHG�WR�KDYH� WKH�VDPH�663.�DQG

ERWK�V\VWHPV�DUH�DVVXPHG�WR�KDYH�WKH�VDPH�YDOXH�IRU�3�WUDFN��� ,Q�RWKHU�ZRUGV�� WKH� OHDNDJH

UDWH�IRU�HDFK�OD\HU�LV�DVVXPHG�WR�EH�WKH�VDPH��:KLOH�WKLV�JHQHUDOO\�ZLOO�QRW�EH�WKH�FDVH��WKLV

DVVXPSWLRQ� DOORZV� RQH� WR� YLVXDOL]H� KRZ� WKH� UHTXLUHG� QXPEHU� RI� XSSHU�WLHU� LQWHUFHSWRUV

YDULHV� ZLWK� WKH� RYHUDOO� WHFKQLFDO� SHUIRUPDQFH� RI� WKH� GHIHQVH�� ,Q� DGGLWLRQ�� ERWK� OD\HUV� DUH

DVVXPHG�WR�RSHUDWH�RQO\�LQ�EDUUDJH�PRGH��WR�DFKLHYH�ZLGH�DUHD�FRYHUDJH�IRU�7+$$'�DQG

EHFDXVH� LQVXIILFLHQW� WLPH� H[LVWV� IRU� 3$&��� WR� RSHUDWH� LQ� DQ\WKLQJ� EXW� EDUUDJH� PRGH��

7KHUHIRUH��WKLV�OD\HUHG�DUFKLWHFWXUH�SURYLGHV�D�WKLQ�DUHD�GHIHQVH�RYHU�WKH�HQWLUH�WKHDWHU�ZLWK

VHOHFWHG�KLJK�YDOXH�WDUJHWV�SURWHFWHG�E\�ERWK�XSSHU�DQG�ORZHU�WLHU�GHIHQVHV�

7KH�UHTXLUHG�QXPEHU�RI�XSSHU�WLHU�LQWHUFHSWRUV��RSHUDWLQJ�LQ�D�EDUUDJH�PRGH��WKDW�PXVW

HQJDJH� WKH� LQFRPLQJ�DWWDFN� WR�HQVXUH� WKDW�QR�ZDUKHDGV� OHDN� WKURXJK� WKH�XSSHU� DQG� ORZHU

WLHUV�ZLWK�D�SUREDELOLW\�RI�����LV�VKRZQ�LQ�)LJ����IRU�DQ�DWWDFN�FRQWDLQLQJ�����ZDUKHDGV�DQG

QR�GHFR\V��DV� D� IXQFWLRQ�RI� WKH�663.�DQG�3�WUDFN�� DVVXPHG� IRU� WKH�XSSHU�DQG� ORZHU� WLHUV�

)LJXUHV���DQG���VKRZ�VLPLODU�SORWV� IRU�����ZDUKHDG�DQG�����ZDUKHDG� WKUHDWV�� UHVSHFWLYHO\�

DJDLQ�DVVXPLQJ�QR�GHFR\V��7KH�QXPEHU�RI�3$&���LQWHUFHSWRUV�UHTXLUHG�LQ�WKH�ORZHU�WLHU�KDV

QRW�EHHQ�FDOFXODWHG��*HQHUDOO\��LW�ZLOO�EH�IDU�OHVV�WKDQ�WKH�QXPEHU�RI�XSSHU�WLHU�LQWHUFHSWRUV�

1RWH� WKDW� WKH�PLQLPXP�YDOXH� IRU�3�WUDFN�� LQFUHDVHV� DV� WKH� VL]H� RI� WKH� WKUHDW� LQFUHDVHV�� ,Q
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JHQHUDO�� ODUJHU� LQWHUFHSWRU� LQYHQWRULHV� FDQ� FRPSHQVDWH� IRU� UHGXFHG� WHFKQLFDO� SHUIRUPDQFH�

ZLWK�WKH�FDYHDW� WKDW�DW�VRPH�SRLQW�VR�PDQ\� LQWHUFHSWRUV�PXVW�EH�ILUHG�DW� LQFRPLQJ� WDUJHWV

WKDW�WKH�GHIHQVH�EDWWOH�VSDFH�EHFRPHV�VDWXUDWHG�

7KHUHIRUH�� LI� WKH� FXUUHQW�7+$$'�SURJUDP� ������� LQWHUFHSWRUV�� LV� WR�PHHW� WKH� GHIHQVH

SHUIRUPDQFH�FULWHULRQ�IRU�D�����������RU�����ZDUKHDG�WKUHDW��WKLV�OD\HUHG�DUFKLWHFWXUH�ZRXOG

UHTXLUH�D�WHFKQLFDO�SHUIRUPDQFH�IRU�ERWK�XSSHU��L�H���7+$$'��DQG�ORZHU��L�H���3$&����WLHUV

ZLWK�YDOXHV�RI�3�WUDFN�� DQG� LQWHUFHSWRU�663.�WR� WKH� ULJKW�RI� WKH�������LQWHUFHSWRU� FRQWRXU

OLQHV� LQ� )LJV�� ��� ��� DQG� ��� UHVSHFWLYHO\�� DVVXPLQJ� WKH� DWWDFN� LV� VSUHDG� XQLIRUPO\� RYHU� DOO

GHIHQGHG� VLWHV�� )RU� H[DPSOH�� IRU� D� ����ZDUKHDG� WKUHDW�� 7+$$'� DQG� 3$&��� LQWHUFHSWRU

663.V�ZRXOG�KDYH� WR�EH�DERYH������ZLWK� LQGHSHQGHQW�GHWHFWLRQ�DQG� WUDFNLQJ�SUREDELOLWLHV

DERYH�������IRU�WKH�FXUUHQW�7+$$'�SURJUDP�WR�JXDUDQWHH�WKDW�QRQH�RI� WKH�����ZDUKHDGV

ZRXOG�ODQG�RQ�KLJK�SULRULW\�WDUJHWV�LQ�6RXWK�.RUHD�RU�-DSDQ��DVVXPLQJ�WKH�HQWLUH�7+$$'

LQWHUFHSWRU�VWRFN�LV�GHSOR\HG�WR�WKLV�WKHDWHU�LQ�WLPH�RI�ZDU��$JDLQ��IRU�FRPSDULVRQ��UHFDOO�WKDW

70'�SODQQHUV�DSSDUHQWO\�KRSH�IRU�D�7+$$'�663.�DV�KLJK�DV�����²�������

+RZHYHU�� DQ� RSSRQHQW� ZLOO� OLNHO\� FRQFHQWUDWH� LWV� DWWDFN� LQ� DQ� HIIRUW� WR� VDWXUDWH� RQH

GHIHQGHG�VLWH��ZLWK� WKH�FRQVWUDLQW� WKDW�QRW�DOO�EDOOLVWLF�PLVVLOHV�FDQ�EH� ODXQFKHG� LQ� D� VLQJOH

GD\�� 7KH� PD[LPXP� GDLO\� ODXQFK� UDWH� LV� OLPLWHG� E\� WKH� QXPEHU� RI� DYDLODEOH� ODXQFKHUV�

$OWKRXJK�6FXG�W\SH�PLVVLOHV�FDQ�EH�UHORDGHG�ZLWKLQ�VHYHUDO�KRXUV��IHZ�PRELOH�ODXQFKHUV�ZLOO

BBBBBBBBBBB
�� 6HH IRRWQRWH ���
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EH� DEOH� WR� ODXQFK�PRUH� WKDQ� RQH�PLVVLOH� SHU� GD\� EHFDXVH� RI� WKH� QHHG� WR�PRYH� DQG� KLGH

LPPHGLDWHO\�DIWHU�ODXQFK�WR�DYRLG�8�6��DLU�DWWDFNV����)L[HG�EDOOLVWLF�PLVVLOH�ODXQFK�VLWHV�ZLOO�EH

GHVWUR\HG�YHU\�UDSLGO\�LQ�D�FRQIOLFW�RU�ZDU�LQYROYLQJ�WKH�8QLWHG�6WDWHV��+LVWRULFDOO\��FRXQWULHV

KDYH�GHSOR\HG�EHWZHHQ���WR����PLVVLOHV�SHU�PRELOH�ODXQFKHU��,UDT�KDG�DERXW����PLVVLOHV�SHU

ODXQFKHU��� VXJJHVWLQJ� WKDW�DW�PRVW��−���SHUFHQW�RI� WKH�DUVHQDO� FDQ�EH� ODXQFKHG� LQ�D� VLQJOH
GD\����)RU�H[DPSOH��GXULQJ�WKH������*XOI�:DU�QR�PRUH�WKDQ����$O�+XVVD\Q�PLVVLOHV�ZHUH

ILUHG�LQ�D�VLQJOH�GD\�����SHUFHQW�ZHUH�ODXQFKHG�DW�QLJKW���ZKLFK�FRUUHVSRQGV�WR�����SHUFHQW�RI

,UDT·V� DUVHQDO� SULRU� WR� WKH� ZDU���� 7KHUHIRUH�� HDFK� GHIHQGHG� VLWH� PXVW� KDYH� HQRXJK

LQWHUFHSWRUV� WR� KDQGOH� WKLV� IUDFWLRQ� RI� WKH� WRWDO� DUVHQDO�� XQGHU� WKH� DVVXPSWLRQ� WKDW

VXEVHTXHQW�DWWDFNV�FDQ�EH�KDQGOHG�E\�UHSOHQLVKLQJ�LQWHUFHSWRUV�DW�WKH�VLWH�V��EHLQJ�H[KDXVWHG

ZLWKLQ�OHVV�WKDQ����KRXUV�IURP�VWRUDJH�VLWHV�LQ�WKHDWHU�

)RU�H[DPSOH��LI����7+$$'�VLWHV�DUH�UHTXLUHG�WR�FRYHU�6RXWK�.RUHD�DQG�-DSDQ��HDFK�VLWH

FDQ�KDQGOH�DWWDFNV�RI�XS�WR����SHUFHQW�RI�WKH�WRWDO�EDOOLVWLF�PLVVLOH�DUVHQDO�LQ�D�VLQJOH�GD\��7KH

WRWDO�QXPEHU�RI�LQWHUFHSWRUV�WKDW�PXVW�EH�GHSOR\HG�WR�WKH�WKHDWHU�WR�JXDUDQWHH�WKDW�QR�VLQJOH

VLWH�FDQ�EH�VDWXUDWHG�LV�HTXDO�WR�����WLPHV�WKH�QXPEHU�RI�LQWHUFHSWRUV�JLYHQ�LQ�)LJV���²�����,Q

RWKHU� ZRUGV�� D� 7+$$'� SURJUDP� ZLWK� DSSUR[LPDWHO\� ������ LQWHUFHSWRUV� PXVW� KDYH� D

WHFKQLFDO�HIIHFWLYHQHVV�WR�WKH�ULJKW�RI�����LQWHUFHSWRU�FRQWRXU�OLQHV�LQ�)LJV���²��WR�PHHW�WKH

GHIHQVH�SHUIRUPDQFH�FULWHULRQ�LI�WKH�DWWDFN�LV�FRQFHQWUDWHG�DJDLQVW�WDUJHWV�ORFDWHG�LQ�D�VLQJOH

GHIHQGHG� IRRWSULQW�EHFDXVH�RQO\����� LQWHUFHSWRUV�ZLOO� EH� DEOH� WR� HQJDJH� WKH� DWWDFN� LQ� WKLV

VFHQDULR�� ,I�1RUWK�.RUHD� FDQ� ODXQFK�PRUH� WKDQ� ��� SHUFHQW� RI� LWV� DUVHQDO� DJDLQVW� D� VLQJOH

GHIHQGHG�DUHD�LQ�RQH�GD\��WKHQ�WKH�QXPEHU�RI�LQWHUFHSWRUV�WKDW�PXVW�EH�GHSOR\HG�DW�HDFK�VLWH

LQFUHDVHV��)RU�H[DPSOH��LI����SHUFHQW�RI�WKH�DUVHQDO�FDQ�EH�ODXQFKHG�LQ�D�VLQJOH�GD\��WZLFH�WKH

QXPEHU� RI� 7+$$'� LQWHUFHSWRUV� PXVW� EH� GHSOR\HG� DW� HDFK� VLWH� DQG� ���� WLPHV� WKH� WRWDO

QXPEHU� RI� LQWHUFHSWRUV� REWDLQHG� IURP� )LJV�� �²�� PXVW� EH� GHSOR\HG� WR� WKH� WKHDWHU� WR

JXDUDQWHH�WKDW�QR�VLQJOH�VLWH�FDQ�EH�VDWXUDWHG����)LJV���²��DOVR�DOORZ�RQH�WR�DVVHVV�WKH�LPSDFW

BBBBBBBBBBB
�� $Q HVWLPDWH RI �²� KRXUV IRU WKH 6FXG UHORDG WLPH LV JLYHQ E\ 7KRPDV &RFKUDQ� :LOOLDP $UNLQ� 5REHUW

1RUULV� DQG -HIIUH\ 6DQGV� 1XFOHDU :HDSRQV 'DWDERRN� 9RO� ,9� 6RYLHW 1XFOHDU :HDSRQV� 1DWXUDO 5HVRXUFHV 'HIHQVH

&RXQFLO� ����� S� ����
�� )RU H[DPSOH� 5XVVLD GHSOR\HG IRXU PLVVLOHV ZLWK HDFK 6FXG % PRELOH ODXQFKHU� 6HH -DQH·V 6WUDWHJLF :HDSRQV

6\VWHPV� 6HSWHPEHU ����� ,VVXH ��� 2Q WKH RWKHU KDQG� (DVW *HUPDQ\ DSSDUHQWO\ GHSOR\HG DURXQG �²� 6FXG %

PLVVLOHV IRU HDFK ODXQFKHU� )RU ,UDT WKH UDWLR ZDV FORVHU WR �� 6FXG % RU $O +XVVD\Q PLVVLOHV SHU PRELOH

ODXQFKHU� 6HH 'DYLG ,VE\� -DQH·V ,QWHOOLJHQFH 5HYLHZ� 9RO� ����� 0DUFK ����� SS� ���²����
�� 7KLV LV DURXQG KDOI WKH PD[LPXP GDLO\ ODXQFK UDWH ,UDT FRXOG KDYH DWWDLQHG� 2QH VKRXOG DOVR QRWH WKDW WKH

DYHUDJH GDLO\ 6FXG ODXQFK UDWH GURSSHG WKUHHIROG �IURP ��� WR ��� ODXQFKHV SHU GD\� DIWHU 8�6� 6FXG�KXQWLQJ

RSHUDWLRQV EHJDQ� 6HH 7KH *XOI :DU $LU 3RZHU 6XUYH\� 6XPPDU\ 5HSRUW� 9RO� ,� 3DUW ,, �:DVKLQJWRQ� '&� 8�6�

*RYHUQPHQW 3ULQWLQJ 2IILFH� ������ SS� ��²���
�� 6LQFH WKH QXPEHU RI LQWHUFHSWRUV GHULYHG LQ )LJV �²� DUH VSUHDG WKURXJKRXW 6 VLWHV� WKH IUDFWLRQ RI WKH

EDOOLVWLF PLVVLOH DUVHQDO WKDW HDFK VLWH FDQ GHIHQG DJDLQVW LV ��6� ,Q JHQHUDO� ����6 WLPHV WKH QXPEHU RI

LQWHUFHSWRUV UHTXLUHG WR HQJDJH WKH DWWDFN PXVW EH GHSOR\HG WR WKH WKHDWHU WR JXDUDQWHH WKDW QR VLQJOH VLWH FDQ

EH VDWXUDWHG IRU D GHIHQVH FRQWDLQLQJ 6 GHIHQGHG VLWHV�
�� 7KH JHQHUDO HTXDWLRQ IRU WKH WRWDO QXPEHU RI LQWHUFHSWRUV WKDW PXVW EH GHSOR\HG WR WKH WKHDWHU LV ,�6�0�

���0 ZKHUH , LV WKH WRWDO QXPEHU RI LQWHUFHSWRUV WKDW PXVW HQJDJH WKH DWWDFN IURP )LJV �²�� 6 LV WKH QXPEHU RI
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RI� FRXQWHUPHDVXUHV� WKDW� UHGXFH�ZDUKHDG�GHWHFWLRQ� DQG� WUDFNLQJ� FDSDELOLWLHV� RU� LQWHUFHSWRU

663.V�� WKDW� LV�� DVVXPLQJ� RQH� FDQ� GHWHUPLQH� E\� KRZ� PXFK� WKHVH� SDUDPHWHUV� PLJKW� EH

GHJUDGHG� �ZKLFK� LV� GLIILFXOW� EHFDXVH� LW� GHSHQGV� RQ� WKH� WHFKQLFDO� GHWDLOV� RI� WKH

FRXQWHUPHDVXUH�DQG�GHIHQVLYH�FRXQWHU�FRXQWHUPHDVXUHV��

)LQDOO\�� LI� WKH� DWWDFN� FRQWDLQV� GHFR\V� WKDW� FDQQRW� EH� GLVFULPLQDWHG� E\� WKH� GHIHQVH�� WKH

QXPEHU�RI�LQWHUFHSWRUV�UHTXLUHG�WR�PHHW�WKH�GHIHQVH�SHUIRUPDQFH�FULWHULRQ�FDQ�EH�REWDLQHG

E\�PXOWLSO\LQJ�WKH�QXPEHU�RI�LQWHUFHSWRUV�DORQJ�DQ\�JLYHQ�FRQWRXU�OLQH�LQ�)LJV���²��E\�WKH

UDWLR�RI�WKH�QXPEHU�RI�DSSDUHQW�ZDUKHDGV� WR� WKH�QXPEHU�RI� UHDO�ZDUKHDGV� LQ� WKH�DWWDFN���

7KH�DWWDFN�VL]HV�LQ�)LJV���²��FRUUHVSRQG�WR�WKH�QXPEHU�RI�UHDO�ZDUKHDGV��)RU�H[DPSOH��LI�WKH

DWWDFN� FRQWDLQV� WZR� HIIHFWLYH� GHFR\V� IRU� HDFK�ZDUKHDG�� WKHQ� D� ������7+$$'� LQWHUFHSWRU

GHSOR\PHQW�PXVW�KDYH�D�WHFKQLFDO�SHUIRUPDQFH�WR�WKH�ULJKW�RI�WKH�����LQWHUFHSWRU�FRQWRXU

OLQHV�LQ�)LJV���²��WR�PHHW�WKH�GHIHQVH�SHUIRUPDQFH�FULWHULRQ��DVVXPLQJ�WKH�DWWDFN� LV�VSUHDG

XQLIRUPO\� DFURVV� DOO� GHIHQGHG� DUHDV� DQG� WKDW� QR�PRUH� WKDQ� ��� SHUFHQW� RI� WKH� RSSRQHQW·V

DUVHQDO�FDQ�EH�ILUHG�LQ�D�VLQJOH�GD\��7KDW�LV��IRU�DQ�DWWDFN�FRQWDLQLQJ�����UHDO�ZDUKHDGV�DQG

���� HIIHFWLYH�GHFR\V�� WKH�XSSHU� DQG� ORZHU� WLHUV�PXVW�KDYH� D� WHFKQLFDO�SHUIRUPDQFH� WR� WKH

ULJKW�RI�WKH�����LQWHUFHSWRU�FRQWRXU� OLQH� LQ�)LJ�����H�J���GHWHFWLRQ�DQG�WUDFNLQJ�SUREDELOLWLHV

DERYH������DQG�663.V�DERYH������ LQ�RUGHU�IRU�WKH�GHIHQVH�WR�FRPSOHWHO\�EORFN�DOO�����UHDO

ZDUKHDGV� IURP� DPRQJ� ���� DSSDUHQW� ZDUKHDGV� ZLWK� D� SUREDELOLW\� RI� ����� ,I� WKH� DWWDFN� LV

FRQFHQWUDWHG� DJDLQVW� WDUJHWV� ORFDWHG�ZLWKLQ� D� VLQJOH�7+$$'�GHIHQGHG� IRRWSULQW�� WKHQ� WKH

WHFKQLFDO�SHUIRUPDQFH�ZRXOG�KDYH� WR�EH�DSSUR[LPDWHO\� WR� WKH� ULJKW�RI� WKH�����LQWHUFHSWRU

FRQWRXUV�LQ�)LJV����DQG��³GHPRQVWUDWLQJ�WKDW�HIIHFWLYH�GHFR\V�DQG�VDWXUDWLRQ�WDFWLFV��WR�WKH

H[WHQW�WKH\�FDQ�EH�LPSOHPHQWHG��LQFUHDVH�DSSUHFLDEO\�WKH�WHFKQLFDO�SHUIRUPDQFH�UHTXLUHG�IRU

WKH�GHIHQVH�

8VLQJ�WKH�EHVW�VFHQDULR�IRU�WKH�17:�V\VWHP��L�H���WKH�GHIHQVH�RI�-DSDQ��RQH�FDQ�XVH�)LJV�

�²��WR�GHWHUPLQH�WKH�WHFKQLFDO�SHUIRUPDQFH�UHTXLUHG�IRU�D�����LQWHUFHSWRU�17:�V\VWHP�WR

PHHW�WKH�VDPH�GHIHQVH�SHUIRUPDQFH�FULWHULRQ³DJDLQ��DVVXPLQJ�WKDW�KLJK�SULRULW\�WDUJHWV�DUH

GHIHQGHG� E\� D� ORZHU�WLHU� GHIHQVH� DQG� WKDW� ERWK� OD\HUV� KDYH� WKH� VDPH� OHDNDJH� UDWH�� )RU

H[DPSOH�� LI� WKUHH� 17:� VLWHV� DUH� UHTXLUHG� WR� GHIHQG� 6RXWK� .RUHD� DQG� -DSDQ� DQG� DOO� ���

LQWHUFHSWRUV� DUH� GHSOR\HG� DW� WKHVH� VLWHV�� WKHQ� WKH� 17:� V\VWHP� ZRXOG� KDYH� WR� KDYH� D

WHFKQLFDO�SHUIRUPDQFH�WR�WKH�ULJKW�RI�����LQWHUFHSWRU�FRQWRXU�OLQHV�LQ�)LJV���²��WR�PHHW�WKH

SHUIRUPDQFH� FULWHULRQ� IRU� ����� ����� DQG� ����ZDUKHDG� WKUHDWV�� UHVSHFWLYHO\�� ,I� WKH� RIIHQVH

FRQFHQWUDWHV�LWV�DWWDFN�DJDLQVW�WDUJHWV�ORFDWHG�ZLWKLQ�D�VLQJOH�17:�IRRWSULQW�EXW�FDQ�ODXQFK

QR� PRUH� WKDQ� ��� SHUFHQW� RI� LWV� DUVHQDO� LQ� D� VLQJOH� GD\�� WKHQ� WKH� WHFKQLFDO� SHUIRUPDQFH

UHTXLUHG�IRU�D�����LQWHUFHSWRU�17:�V\VWHP�ZRXOG�KDYH�WR�EH�DSSUR[LPDWHO\�WR�WKH�ULJKW�RI

����LQWHUFHSWRU� FRQWRXU� OLQHV� LQ� )LJV�� �²���1RWH� WKDW� WKH�17:� V\VWHP� LV�PRUH� UREXVW� WR

VDWXUDWLRQ� WDFWLFV� WKDQ�7+$$'�EHFDXVH� WKH�17:�V\VWHP�KDV� D� ODUJHU�GHIHQGHG� IRRWSULQW

DQG� HDFK� $HJLV� FUXLVHU� FDQ� FDUU\� PRUH� 17:� LQWHUFHSWRUV� WKDQ� HDFK� 7+$$'� EDWWHU\�

+RZHYHU�� LQ�JHQHUDO��WKH�17:�V\VWHP�ZLOO�UHTXLUH�KLJKHU�WHFKQLFDO�SHUIRUPDQFH�WR�PHHW�D

������������������������������������������������������������������������������������������������������������������������������� �����������������
70' VLWHV UHTXLUHG IRU FRPSOHWH FRYHUDJH� DQG 0 LV WKH QXPEHU RI WKHDWHU EDOOLVWLF PLVVLOHV SHU ODXQFKHU LQ WKH

DUVHQDO�
�� $JDLQ� WR EH SUHFLVH WKLV LV WUXH RQO\ IRU EDUUDJH ILULQJ GRFWULQHV�



��

JLYHQ�WKUHDW�EHFDXVH�RI�WKH�VPDOOHU�LQWHUFHSWRU�LQYHQWRU\������FRPSDUHG�ZLWK�DSSUR[LPDWHO\

������IRU�7+$$'���DVVXPLQJ�DOO�WKH�LQWHUFHSWRUV�DUH�GHSOR\HG�WR�D�JLYHQ�WKHDWHU�RI�LQWHUHVW�

+RZ�0XFK�$LUERUQH�%RRVW�3KDVH�70'�,V�(QRXJK"

$OWKRXJK� WHFKQLFDOO\� PRUH� FKDOOHQJLQJ�� ERRVW�SKDVH� WKHDWHU� PLVVLOH� GHIHQVH� LV� DWWUDFWLYH

EHFDXVH�PLVVLOH�ERRVWHUV�DUH�UHODWLYHO\�HDV\�WR�GHWHFW�DQG�WUDFN�E\�UDGDU�DQG�LQIUDUHG�VHQVRUV�

ERRVWHUV� DUH� HDVLHU� WR� GHVWUR\� WKDQ� ZDUKHDGV�� NLOO� DVVHVVPHQW³D� QRQ�WULYLDO� WDVN� IRU

PLGFRXUVH�GHIHQVH³LV�UHODWLYHO\�HDV\�EHFDXVH�WKUXVW�WHUPLQDWLRQ�RU�FDWDVWURSKLF�FROODSVH�RI

WKH�ERRVWHU�FDQ�EH�YHULILHG�XVLQJ�DFFXUDWH�WUDFN�GDWD��DQG�WKH�HQWLUH�SD\ORDG��ZDUKHDGV�DQG

SHQHWUDWLRQ�DLGV��FDQ�EH�GHVWUR\HG�LQ�D�VLQJOH�VKRW��0RUHRYHU��LI�LQWHUFHSWHG�VHYHUDO�VHFRQGV

EHIRUH� ERRVWHU� EXUQRXW�� WKH� GHEULV� ZLOO� IDOO� VKRUW� RI� WKH� WDUJHW� DUHD�� SRWHQWLDOO\� DYRLGLQJ

FROODWHUDO� GDPDJH� WR� IULHQGO\� WHUULWRU\�� )LQDOO\�� ERRVWHU� GHFR\V� DUH� GLIILFXOW� WR� EXLOG���� ,Q

VKRUW��ERRVW�SKDVH�WKHDWHU�PLVVLOH�GHIHQVH�KDV�VLPLODU�DGYDQWDJHV�WR�WKH�ERRVW�SKDVH�VWUDWHJLF

PLVVLOH� GHIHQVH� WKDW� DQLPDWHG� 3UHVLGHQW� 5HDJDQ·V� 6WUDWHJLF� 'HIHQVH� ,QLWLDWLYH�� +RZHYHU�

XQOLNH�ERRVW�SKDVH�VWUDWHJLF�GHIHQVH��ERRVW�SKDVH�WKHDWHU�PLVVLOH�GHIHQVH�FDQ�EH�FRQGXFWHG

IURP� DLUFUDIW� DQG� KHQFH� GRHV� QRW� UHTXLUH� VSDFH�EDVHG� ZHDSRQV�� DW� OHDVW� IRU� VPDOO� VWDWHV�

EHFDXVH� DLUFUDIW� FDQ� JHW� FORVH� HQRXJK� WR� WKHDWHU� PLVVLOHV� GXULQJ� WKHLU� ERRVW� SKDVH�� 2QO\

DLUERUQH�ERRVW�SKDVH�70'�FRQFHSWV�ZLOO�EH�GLVFXVVHG�LQ�WKLV�SDSHU�

$QRWKHU�DGYDQWDJH�RI�ERRVW�SKDVH�70'��DW�OHDVW�DJDLQVW�VPDOO�VWDWHV��LV�WKDW�WKH�GHIHQVH

RQO\� QHHGV� WR� FRYHU� WKH� RSSRQHQW·V� WHUULWRU\� DV� RSSRVHG� WR� DOO� IULHQGO\� RU� DOOLHG� WHUULWRU\

ZLWKLQ�EDOOLVWLF�PLVVLOH�UDQJH��,QWHOOLJHQFH�LQIRUPDWLRQ�FDQ�EH�XVHG�WR�IXUWKHU�ORFDOL]H�SRVVLEOH

ODXQFK�DUHDV����&RQVHTXHQWO\��DLUERUQH�ERRVW�SKDVH�70'�V\VWHPV�PD\�EH�HIIHFWLYH�DJDLQVW

VPDOO�VWDWHV�VXFK�DV�1RUWK�.RUHD�EXW�ZRXOG�EH�ODUJHO\�LQHIIHFWLYH�DJDLQVW�ODUJH�VWDWHV�VXFK�DV

5XVVLD� DQG� &KLQD�� RU� DJDLQVW� DQ\� VWDWH� WKDW� FDQ� GHSOR\� EDOOLVWLF� PLVVLOHV� RQ� VXEPDULQHV�

&RQVHTXHQWO\��VXFK�GHIHQVHV�SRVH�UHODWLYHO\�OLWWOH�WKUHDW�WR�WKH�VWUDWHJLF�IRUFHV�RI�DQ\�RI�WKH

ILYH�PDMRU�QXFOHDU�SRZHUV�

$LUERUQH�,QWHUFHSWRU

7KH�DLUERUQH�LQWHUFHSWRU�LV�D�KLJK�VSHHG�URFNHW�ODXQFKHG�HLWKHU�IURP�D�ILJKWHU�RU�XQPDQQHG

DHULDO�YHKLFOH��8$9��WKDW�ORLWHUV�RYHU�RU�QHDU�HQHP\�WHUULWRU\��,W�HPSOR\V�D�NLQHWLF�NLOO�YHKLFOH

WKDW�KRPHV�RQ�WKH�ERRVWHU·V�LQIUDUHG�VLJQDWXUH��$%,V�ZRXOG�SUREDEO\�UHFHLYH�ERRVWHU�WUDFN

LQIRUPDWLRQ� IURP� DQ� DLUERUQH� UDGDU� DQG�RU� LQIUDUHG� VHQVRU� SODWIRUP�� DOWKRXJK� WUDFN

BBBBBBBBBBB
�� 6PDOO� FKHDS VRXQGLQJ URFNHWV ZLWK WKH VDPH WKUXVW�WR�PDVV UDWLR DV WKH WKHDWHU EDOOLVWLF PLVVLOH EHLQJ

GHFR\HG DQG ZLWK FRUQHU UHIOHFWRUV WR UHSURGXFH WKH WKHDWHU EDOOLVWLF PLVVLOH UDGDU FURVV VHFWLRQ FRXOG EH EXLOW LQ

ODUJH QXPEHUV DQG ILUHG VLPXOWDQHRXVO\ ZLWK HDFK WKHDWHU EDOOLVWLF PLVVLOH� PDNLQJ LW GLIILFXOW WR GLVWLQJXLVK WKH

ERRVWHU E\ UDGDU DORQH� ,QIUDUHG VHQVRUV FDQ GLVWLQJXLVK WKH ERRVWHU IURP VXFK GHFR\V� +RZHYHU� WKLV LPSOLHV

WKDW GHFR\ GLVFULPLQDWLRQ ZRXOG EH GHOD\HG XQWLO WKH ERRVWHU ULVHV DERYH DQ\ FORXGV WKDW PLJKW EH SUHVHQW³D

WLPH GHOD\ RQ WKH RUGHU RI ��²�� VHFRQGV�
�� )RU H[DPSOH� GXULQJ WKH ���� *XOI :DU� PRELOH 6FXG ODXQFKHV ZHUH FRQILQHG WR OHVV WKDQ RQH�TXDUWHU RI

,UDT·V WHUULWRU\� 6HH %DUU\ :DWWV DQG 7KRPDV .HDQH\� ´(IIHFWV DQG (IIHFWLYHQHVV�µ *XOI :DU $LU 3RZHU 6XUYH\�

9RO� ,,� 3DUW ,, �:DVKLQJWRQ� '&� 8�6� *RYHUQPHQW 3ULQWLQJ 2IILFH� ������ S� ����
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LQIRUPDWLRQ�FRXOG�FRQFHLYDEO\�FRPH�IURP�VSDFH�EDVHG�VHQVRUV�RU�IURP�VHQVRUV�DERDUG�WKH

ODXQFK� SODWIRUP� LWVHOI� �H�J��� WKH� )���� ILUH�FRQWURO� UDGDU� RU� DQ� LQIUDUHG� VHDUFK� DQG� WUDFN

V\VWHP��

7KH�GHIHQGHG�IRRWSULQW�IRU�$%,V�GHSHQGV�RQ�WKH�LQWHUFHSWRU�IO\RXW�VSHHG��WKH�EXUQ�WLPH

IRU�WKH�WKHDWHU�EDOOLVWLF�PLVVLOH�ERRVWHU��DQG�WKH�WLPH�GHOD\�EHWZHHQ�WKH�ODXQFK�RI�WKH�EDOOLVWLF

PLVVLOH�DQG�WKH�$%,��$%,V�EDVHG�RQ�FXUUHQW�URFNHW�PRWRUV�FDQ�SUREDEO\�DFKLHYH�PD[LPXP

VSHHGV�DURXQG���NP�VHF��DOWKRXJK��−��NP�VHF�$%,V�VKRXOG�EH�WHFKQLFDOO\�IHDVLEOH�IRU����

NJ�FODVV�URFNHWV�DVVXPLQJ�D����NJ�NLQHWLF�NLOO�YHKLFOH��7KHDWHU�EDOOLVWLF�PLVVLOH�ERRVW�WLPHV�DUH

W\SLFDOO\�EHWZHHQ���−����VHFRQGV��GHSHQGLQJ�RQ�WKH�UDQJH�DQG�GHVLJQ�RI�WKH�PLVVLOH��)LQDOO\�

WKH�WLPH�DYDLODEOH�IRU�$%,�IO\RXW�LV�HTXDO�WR�WKH�WKHDWHU�EDOOLVWLF�PLVVLOH�ERRVW�GXUDWLRQ�PLQXV

WKH�WLPH�GHOD\�EHWZHHQ�WKH�WKHDWHU�EDOOLVWLF�PLVVLOH�DQG�$%,�ODXQFKHV��7KLV�WLPH�GHOD\�RFFXUV

EHFDXVH�LW�WDNHV�WLPH�WR�GHWHFW�DQG�DFFXUDWHO\�WUDFN�EDOOLVWLF�PLVVLOHV��(VWDEOLVKLQJ�DQ�DFFXUDWH

WUDFN�FRXOG�RFFXU���−���VHFRQGV�DIWHU�EDOOLVWLF�PLVVLOH�ODXQFK��WKRXJK����VHFRQGV�LV�SUREDEO\

PRUH� UHDVRQDEOH� LI� LQIUDUHG� VHQVRUV� DUH� UHTXLUHG� WR� SRVLWLYHO\� LGHQWLI\� ERRVWHUV� DIWHU� WKH\

FOLPE�DERYH�DQ\�FORXGV�WKDW�PLJKW�EH�SUHVHQW��L�H���WKH�WLPH�LW�WDNHV�WR�UHDFK�DQ�DOWLWXGH�RI

DERXW����NP�VLQFH�FORXGV�RFFXU�OHVV�IUHTXHQWO\�DERYH�WKLV�KHLJKW���7\SLFDO� LQWHUFHSW�UDQJHV

IRU�QHDU�WHUP��L�H�����NP�VHF��$%,�V\VWHPV�DUH�EHWZHHQ�DSSUR[LPDWHO\����NP�DQG�����NP�IRU

WKHDWHU� EDOOLVWLF� PLVVLOHV� ZLWK� UDQJHV� EHWZHHQ� ���� NP� DQG� ������ NP�� $W� WKH� KLJK� HQG�� �

NP�VHF� $%,V� FDQ� KDYH� LQWHUFHSW� UDQJHV� EHWZHHQ� DSSUR[LPDWHO\� ���� NP� DQG� ���� NP� IRU

PLVVLOHV�ZLWK�UDQJHV�EHWZHHQ�����NP�DQG�������NP���

)LJXUH� �� LOOXVWUDWHV� WKH� $%,� FRYHUDJH� RI�1RUWK� .RUHD� XVLQJ� �� NP�VHF� $%,V� ZLWK� ���

VHFRQG�ODXQFK�GHOD\V�DJDLQVW�6FXG�%��6FXG�&��DQG�1R�'RQJ−OLNH�PLVVLOHV�ZLWK�ERRVW�WLPHV

RI���������DQG����VHFRQGV��UHVSHFWLYHO\����$SSUR[LPDWHO\�IRXU�RU�ILYH�$%,�RUELWV�VKRXOG�EH

VXIILFLHQW�WR�FRYHU�PRVW�RI�1RUWK�.RUHD��)HZHU�ZRXOG�EH�UHTXLUHG�LI�VLJQLILFDQW�ODXQFK�DUHD

ORFDOL]DWLRQ�FDQ�EH�DFKLHYHG��,I�WKH�7DHSR�'RQJ���PLVVLOH�LV�GHSOR\HG�E\�1RUWK�.RUHD��ZLWK

DQ�HVWLPDWHG�UDQJH�RI�RYHU�������NP�DQG�D�EXUQ�WLPH�SUREDEO\�RYHU�����VHFRQGV��WKHQ�D��

NP�VHF�$%,�VKRXOG�EH�DEOH�WR�LQWHUFHSW�WKLV�PLVVLOH�IURP�DSSUR[LPDWHO\����²����NP�DZD\

�DVVXPLQJ�D����VHFRQG�ODXQFK�GHOD\���LPSO\LQJ�WKDW�WZR�RU�WKUHH�$%,�IRRWSULQWV�ZRXOG�FRYHU

1RUWK�.RUHD�DQG�WKDW�WKH�7DHSR�'RQJ�PLJKW�EH�YXOQHUDEOH�WR�$%,V�RUELWLQJ�RXWVLGH�1RUWK

.RUHDQ�DLUVSDFH��)RXU�WR�ILYH�$%,�RUELWV�ZRXOG�DOVR�SURYLGH�UHDVRQDEOH�FRYHUDJH�RI�,UDT�IRU

GLIIHUHQW� UDQJH� WKHDWHU�EDOOLVWLF�PLVVLOHV�� DOWKRXJK� LW� LV� LQVXIILFLHQW� IRU� D� ODUJH� VWDWH� VXFK� DV

,UDQ�XQOHVV�YHU\�KLJK�VSHHG�LQWHUFHSWRUV�DUH�DYDLODEOH��UHDFWLRQ�WLPHV�FDQ�EH�UHGXFHG�EHORZ

���VHFRQGV��RU�VLJQLILFDQW�DUHD�OLPLWDWLRQ�FDQ�EH�DFKLHYHG�

BBBBBBBBBBB
�� 6HH 'HDQ $� :LONHQLQJ� $LUERUQH %RRVW�3KDVH 7KHDWHU 0LVVLOH 'HIHQVH� &,6$& :RUNLQJ 3DSHU� &HQWHU IRU

,QWHUQDWLRQDO 6HFXULW\ DQG &RRSHUDWLRQ� 6WDQIRUG 8QLYHUVLW\� 6WDQIRUG� &$� WR EH SXEOLVKHG�
�� ,I WKH 1R 'RQJ KDV D EXUQ WLPH DV VKRUW DV �� VHFRQGV� DV VXJJHVWHG LQ WKH OLWHUDWXUH� WKHQ WKH 1R 'RQJ

IRRWSULQW GLPHQVLRQV ZRXOG VKULQN WR DSSUR[LPDWHO\ WKH VL]H RI WKH 6FXG % IRRWSULQW� LPSO\LQJ WKDW WKUHH WLPHV

WKH QXPEHU RI RUELWV ZRXOG EH UHTXLUHG WR FRYHU 1RUWK .RUHD� 6HH 'DYLG :ULJKW DQG 7LPXU .DG\VKHY LQ ´$Q

$QDO\VLV RI WKH 1RUWK .RUHDQ 1RGRQJ 0LVVLOH�µ 6FLHQFH DQG *OREDO 6HFXULW\� 9RO� �� ����� SS� ���²����
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)LJ������$%,�&RYHUDJH�RI�1RUWK�.RUHD

7KH� QXPEHU� RI� $%,V� UHTXLUHG� WR� PHHW� D� JLYHQ� GHIHQVH� SHUIRUPDQFH� FULWHULRQ� FDQ� EH

GHWHUPLQHG�IURP�FDOFXODWLRQV�VLPLODU�WR�WKRVH�IRU�XSSHU�WLHU�70'�GHIHQVHV��H[FHSW�WKDW�$%,

V\VWHPV�FDQQRW�RSHUDWH�LQ�VKRRW�ORRN�VKRRW�PRGH�GXH�WR�LQVXIILFLHQW�WLPH��7KH�QXPEHU�RI

$%,V�WKDW�PXVW�EH�RQ�VWDWLRQ�LQ�DQ\�JLYHQ�IRRWSULQW�LV�FDOFXODWHG�E\�PXOWLSO\LQJ�WKH�QXPEHU

RI�$%,V� WKDW�PXVW� EH� ODXQFKHG� DW� HDFK� EDOOLVWLF�PLVVLOH� WR�PHHW� WKH� GHIHQVH� SHUIRUPDQFH

FULWHULRQ�E\� WKH�PD[LPXP�QXPEHU�RI�PLVVLOHV� WKDW�FDQ�EH� ODXQFKHG� IURP�ZLWKLQ� WKH�$%,�

GHIHQGHG� IRRWSULQW�GXULQJ� WKH� WLPH� LW� WDNHV� WR� UHSODFH�$%,�SODWIRUPV� WKDW� KDYH� H[KDXVWHG

WKHLU�LQWHUFHSWRUV��DSSUR[LPDWHO\�RQH�KRXU���7KLV�LV�DVVXPHG�WR�EH�WKH�VDPH�DV�WKH�PD[LPXP

GDLO\�ODXQFK�UDWH�GLVFXVVHG�DERYH��DVVXPLQJ�DOO�PRELOH�ODXQFKHUV�FDQ�FRQFHQWUDWH�LQ�D�VLQJOH

$%,�IRRWSULQW�DQG�WKDW�WKH\�FDQ�ILUH�WKHLU�PLVVLOHV�ZLWKLQ�RQH�KRXU���

)RU� H[DPSOH�� DSSUR[LPDWHO\� ���� $%,V� DUH� UHTXLUHG� WR� GHIHDW� ���� PLVVLOHV� ZLWK� D

SUREDELOLW\� RI� ���� �L�H��� ���� $%,V� SHU� PLVVLOH��� DVVXPLQJ� DQ� $%,� 663.� RI� ����� D� PLVVLOH

GHWHFWLRQ� DQG� WUDFNLQJ� SUREDELOLW\� RI� ������ DQG� WKDW� WKH� VXEVHTXHQW� OD\HU� KDV� WKH� VDPH

OHDNDJH�UDWH�IRU�ZDUKHDGV�DV�WKH�ERRVW�SKDVH�OD\HU�KDV�IRU�PLVVLOHV��VHH�)LJ������7KHUHIRUH����

$%,V�PXVW�EH�RQ�VWDWLRQ�ZLWKLQ�HDFK�IRRWSULQW�DVVXPLQJ�QR�PRUH� WKDQ����PLVVLOHV�FDQ�EH

ODXQFKHG�ZLWKLQ�RQH�KRXU��7R�ILQG�WKH�QXPEHU�RI�$%,�ODXQFK�SODWIRUPV�RQH�VLPSO\�GLYLGHV

BBBBBBBBBBB
�� 7KHVH DUH RSWLPLVWLF DVVXPSWLRQV IRU WKH RIIHQVH EHFDXVH FRQFHQWUDWLQJ PRELOH ODXQFKHUV LQ WKLV PDQQHU

PD\ PDNH WKHP YXOQHUDEOH WR DLU DWWDFN� QRW WR PHQWLRQ WKDW LI WKHVH FRQFHQWUDWLRQV DUH GHWHFWHG LQ WLPH� $%,

DLUFUDIW FDQ EH FRQFHQWUDWHG DJDLQVW WKHP�



��

E\�WKH�FDUU\LQJ�FDSDFLW\�RI�HDFK�SODWIRUP��7\SLFDOO\��IRXU�WR�HLJKW�$%,V�FDQ�EH�FDUULHG�DERDUG

HDFK�ILJKWHU�DLUFUDIW�DQG�SHUKDSV�DV�PDQ\�DV�IRXU�$%,V�RQ�D�ODUJH�8$9�VXFK�DV�WKH�*OREDO

+DZN��7KHUHIRUH��EHWZHHQ��−���)���V��GHSHQGLQJ�RQ�WKH�ORDGLQJ��RU����*OREDO�+DZN�8$9V

ZRXOG� KDYH� WR� EH� RQ� VWDWLRQ� ZLWKLQ� HDFK� $%,� IRRWSULQW� IRU� WKH� GXUDWLRQ� RI� WKH� EDOOLVWLF

PLVVLOH�WKUHDW��,W�WDNHV�DERXW�IRXU�WR�ILYH�)���V�LQ�WKH�LQYHQWRU\�RU�DERXW�WKUHH�*OREDO�+DZN

8$9V�WR�PDLQWDLQ�RQH�DLUERUQH����KRXUV�D�GD\����+HQFH��WKH�WRWDO�IRUFH�VWUXFWXUH�UHTXLUHG

WR� GHIHQG� DJDLQVW� 1RUWK� .RUHDQ� 6FXG� %�� 6FXG� &�� 1R� 'RQJ�� DQG� 7DHSR� 'RQJ� DWWDFNV

FRQWDLQLQJ�XS�WR�����PLVVLOHV�ZRXOG�EH�DSSUR[LPDWHO\����−����)���V�RU�����*OREDO�+DZN

8$9V��DVVXPLQJ�ILYH�RUELWV��&RQVHTXHQWO\�� LI�)���V�DUH�XVHG�DV�$%,� ODXQFK�SODWIRUPV�� WKH

QXPEHU� GHYRWHG� WR� WKH� ERRVW�SKDVH� 70'�PLVVLRQ�ZRXOG� KDYH� WR� EH� EHWZHHQ� ��� WR� ���

SHUFHQW�RI�WKDW�GHYRWHG�WR�WKH�WKHDWHU�DLU�GHIHQVH�PLVVLRQ����7KLV�FDOFXODWLRQ��RI�FRXUVH�� LV

RQO\� UHSUHVHQWDWLYH� RI� W\SLFDO� $%,� IRUFH� VWUXFWXUHV�� (VWLPDWHV� ZLOO� YDU\� GHSHQGLQJ� RQ� WKH

H[DFW�GHWDLOV�RI�WKH�$%,�V\VWHP�� LWV�WHFKQLFDO�SHUIRUPDQFH��DQG�WKH�PD[LPXP�VDOYR� ODXQFK

WKUHDW�

%RRVW�SKDVH� 70'� LV� WKH� RQO\� DFWLYH� GHIHQVH� FDSDEOH� RI� KDQGOLQJ� IUDFWLRQDWHG� &%:

WKUHDWV�� DV�ZHOO� DV�RWKHU� VRSKLVWLFDWHG�SHQHWUDWLRQ� DLGV� WKDW�PD\�GHIHDW�XSSHU�RU� ORZHU�WLHU

70'�V\VWHPV��7R�FDOFXODWH� WKH�HIIHFWLYHQHVV�RI�DQ�$%,�GHIHQVH�DJDLQVW� IUDFWLRQDWHG�&%:

SD\ORDGV�RQH�PXVW�QRWH�WKDW�VXEVHTXHQW�70'�OD\HUV�OLNHO\�ZLOO�EH�LQHIIHFWLYH��7KH�QXPEHU

RI�$%,V� UHTXLUHG� WR� HQVXUH� D� ���� SUREDELOLW\� WKDW� QR�PLVVLOH� OHDNV� WKURXJK� D� VLQJOH� ERRVW�

SKDVH� OD\HU� LV� VKRZQ� LQ� )LJXUH� ��� IRU� GLIIHUHQW� YDOXHV� RI� WKH� $%,� 663.� DQG� D� PLVVLOH

GHWHFWLRQ�DQG�WUDFNLQJ�SUREDELOLW\�RI�������)RU�H[DPSOH��LI����$%,V�HDFK�ZLWK�DQ�663.�RI����

DUH� RQ� VWDWLRQ� LQ� HDFK� IRRWSULQW� WR� PHHW� WKH� IRUPHU� GHIHQVH� FULWHULRQ�� WKLV� IRUFH� FRXOG

JXDUDQWHH� �ZLWK�D�SUREDELOLW\�RI������ WKDW�QR�&%:�VXEPXQLWLRQV�SHQHWUDWH� WKH�GHIHQVH� IRU

DWWDFNV�FRQWDLQLQJ�XS�WR����PLVVLOHV�ODXQFKHG�DJDLQVW�D�VLQJOH�$%,�RUELW��)RU� ODUJHU�DWWDFNV�

VRPH�PLVVLOHV�ZLOO�SHQHWUDWH�WKH�ERRVW�SKDVH�OD\HU��SUHVHQWLQJ�VXEVHTXHQW�70'�OD\HUV�ZLWK�D

ODUJH�QXPEHU�RI�&%:�VXEPXQLWLRQV��7KHUHIRUH��ZKLOH�WKH�$%,�PD\�EH�DQ�HIIHFWLYH�GHIHQVH

DJDLQVW�UHVSRQVLYH�WKUHDWV��LW�FDQQRW�SURYLGH�D�QHDU�SHUIHFW�GHIHQVH�E\�LWVHOI�

7KH�PRVW�VHULRXV�RSHUDWLRQDO�OLPLWDWLRQ�DVVRFLDWHG�ZLWK�$%,�V\VWHPV�LV�WKDW�$%,� ODXQFK

SODWIRUPV�DQG��IRU�ODUJH�VWDWHV��DLUERUQH�VHQVRU�SODWIRUPV�FDQQRW�SURYLGH�DGHTXDWH�FRYHUDJH

IURP�RUELWV�RXWVLGH�KRVWLOH� DLU� VSDFH��7KLV�SUHVHQWV�D�SUREOHP�GXULQJ� WKH� FULVLV�SKDVH�RI� D

FRQIOLFW� ZKHQ� WKHDWHU� EDOOLVWLF� PLVVLOH� WKUHDWV� PD\� KDYH� WKHLU� JUHDWHVW� SROLWLFDO� OHYHUDJH

EHFDXVH�8�6��OHDGHUV�PD\�QRW�DOORZ�$%,�SODWIRUPV�WR�SHQHWUDWH�WKH�RSSRQHQW·V�DLUVSDFH�XQWLO

WKH�ZDU�KDV� VWDUWHG��9LRODWLQJ�D�QDWLRQ·V� DLUVSDFH�ZLWK�DUPHG�DLUFUDIW� LV� DQ� DFW�RI�ZDU� DQG�

BBBBBBBBBBB
�� )LJKWHUV FDQ PDLQWDLQ FRPEDW DLU SDWUROV IRU DERXW HLJKW KRXUV� 7KHUHIRUH� WKUHH ILJKWHUV DUH UHTXLUHG WR

SURYLGH ���KRXU FRYHUDJH� $Q DGGLWLRQDO RQH RU WZR DLUFUDIW DUH UHTXLUHG DV VSDUHV LQ FDVH VHULRXV PDLQWHQDQFH

SUREOHPV JURXQG RQH RI WKHVH SODQHV� 7KH *OREDO +DZN 8$9 LV VXSSRVHG WR KDYH DQ RQ�VWDWLRQ WLPH EHWZHHQ

� WR �� KRXUV� GHSHQGLQJ RQ WKH SD\ORDG� $ QRPLQDO RQ�VWDWLRQ WLPH RI �� KRXUV LPSOLHV WKDW � 8$9V ZRXOG EH

UHTXLUHG WR PDLQWDLQ RQH RQ RUELW IRU �� KRXUV�
�� &XUUHQWO\� WKH 8�6� $LU )RUFH KDV ��� )���V RI DOO W\SHV LQ WKH DFWLYH LQYHQWRU\� DERXW ��� RI ZKLFK DUH XVHG

IRU WKHDWHU DLU GHIHQVH �L�H�� )���&�'V�� 6HH 86$) $OPDQDF ����� $LU )RUFH 0DJD]LQH� 0D\ ����� SS� ��²���



��

0

50

100

150

200

250

0 5 10 15 20 25 30 35

Attack Size

A
B

I I
nt

er
ce

pt
or

s

SSPK

Probability of no leakers = 0.5
P(track) = 0.98

0.1

0.2

0.3

0.4
0.5

0.6
0.7

0.8
0.9

)LJ������$%,V�5HTXLUHG�WR�'HIHDW�)UDFWLRQDWHG�&%:�3D\ORDGV

KHQFH�� ZRXOG� EH� D� SROLWLFDOO\� SURYRFDWLYH� VWHS³QRW� WR� PHQWLRQ� WKH� ULVN� WR� WKH� SLORW�

+RZHYHU��$%,�DLUFUDIW�VKRXOG�EH�DEOH�WR�SHQHWUDWH�HQHP\�DLUVSDFH�ZLWKLQ�WKH�ILUVW�PLQXWHV�RI

WKH�ZDU����1RWH� WKDW� WKH� ILUVW� ,UDTL�6FXG�PLVVLOHV� ODXQFKHG� LQ� WKH������*XOI�:DU�FDPH���

KRXUV�DIWHU�WKH�DLU�ZDU�EHJDQ��WKRXJK�WKLV�PD\�QRW�EH�W\SLFDO�RI�IXWXUH�FRQIOLFWV����2Q�WKH

RWKHU�KDQG��LI�WKH�RSSRQHQW�ZLWKKROGV�KLV�ZHDSRQV�RI�PDVV�GHVWUXFWLRQ�WR�GHWHU�WKUHDWV�WR

WKH�VXUYLYDO�RI�KLV�VWDWH�RU�UHJLPH��DV�LV�EHOLHYHG�ZDV�WKH�FDVH�ZLWK�6DGGDP�+XVVHLQ�GXULQJ

WKH������*XOI�:DU��WKHQ�1%&�DUPHG�EDOOLVWLF�PLVVLOH�WKUHDWV�DJDLQVW�FLWLHV�ZRXOG�FRPH�ODWH

LQ�WKH�ZDU�

7KH�LQYHVWPHQW�FRVW�IRU�$%,�V\VWHPV�LV�ODUJHO\�GHWHUPLQHG�E\�WKH�FRVW�RI�WKH�$%,�ODXQFK

SODWIRUPV��DVVXPLQJ�QHZ�SODWIRUPV�DUH�DFTXLUHG��DQG�VHQVRU�SODWIRUPV��H�J���DLUERUQH�UDGDUV��

BBBBBBBBBBB
�� ,Q 2SHUDWLRQ 'HVHUW 6WRUP� ,UDT·V LQWHJUDWHG DLU GHIHQVH V\VWHP ZDV SDUDO\]HG ZLWKLQ WKH ILUVW IHZ KRXUV RI

WKH ZDU� +RZHYHU� LW WRRN ZHHNV WR VXSSUHVV PRVW RI WKH UDGDU�JXLGHG 6$0V WKDW SRVHG WKH ODUJHVW WKUHDW WR

DLUFUDIW IO\LQJ DERYH ������ IW� (YHQ VR� RQO\ QLQH IL[HG�ZLQJ DLUFUDIW ZHUH ORVW GXULQJ WKH ILUVW ZHHN RI WKH ZDU�

)RXUWHHQ ZHUH ORVW GXULQJ WKH HQWLUH ZDU� DQG RQO\ IRXU RI WKHVH ZHUH GXH WR UDGDU�JXLGHG 6$0V� 6HH WKH *XOI

:DU $LU 3RZHU 6XUYH\� 6WDWLVWLFDO &RPSHQGLXP DQG &KURQRORJ\� 9RO� 9� 3DUW ,, �:DVKLQJWRQ� '&� 8�6� *RYHUQPHQW

3ULQWLQJ 2IILFH� ������ SS� ���²����
�� 7KH 'HSDUWPHQW RI 'HIHQVH� *XOI :DU $LU 3RZHU 6XUYH\� 6WDWLVWLFDO &RPSHQGLXP DQG &KURQRORJ\� 9RO� 9� 3DUW ,,

�:DVKLQJWRQ� '&� 8�6� *RYHUQPHQW 3ULQWLQJ 2IILFH� ������ S� ����



��

7KH�$%,�PLVVLOHV�DUH� UHODWLYHO\� LQH[SHQVLYH� �RQ� WKH�RUGHU�RI� ���PLOOLRQ� HDFK�����$VVXPLQJ

HDFK�DLUERUQH�UDGDU�FRVWV�DURXQG������PLOOLRQ��WKH�LQYHVWPHQW�FRVW�IRU�DQ�$%,�V\VWHP�ZLWK

������ $%,VHQRXJK� WR� FRSH� ZLWK� WKUHDWV� RI� XS� WR� ���� PLVVLOHV� DUPHG� ZLWK� XQLWDU\

ZDUKHDGV��DVVXPLQJ�$%,�663.V�DERYH�����DQG�PLVVLOH�GHWHFWLRQ�DQG� WUDFNLQJ�SUREDELOLWLHV

DERYH� ����DQG� HLJKW� DLUERUQH� UDGDU� SODWIRUPV� ZRXOG� EH� DURXQG� ��� ELOOLRQ�� DVVXPLQJ

H[LVWLQJ� )���� SODWIRUPV� DUH� XVHG�� ,I� QHZ� )���� DLUFUDIW� DUH� SURFXUHG�� WKH� DGGLWLRQDO

SURFXUHPHQW�FRVW�ZRXOG�EH�DURXQG���−���ELOOLRQ�IRU�D�IOHHW�RI����−����DLUFUDIW��EULQJLQJ�WKH
WRWDO�$%,�SURFXUHPHQW�FRVW� WR�DURXQG����−���ELOOLRQ����5HFDOO� WKDW� WKH� WRWDO� GHYHORSPHQW

DQG�SURFXUHPHQW�FRVW�IRU�7+$$'�LV�SURMHFWHG�WR�EH�DURXQG�����ELOOLRQ��3URFXUHPHQW�FRVW

HVWLPDWHV� IRU� 8$9�EDVHG� $%,� V\VWHPV� DUH� OHVV� UHOLDEOH� GXH� WR� WKH� LPPDWXULW\� RI� WKHVH

V\VWHPV��1HYHUWKHOHVV�� DVVXPLQJ� D�PRGLILHG�*OREDO�+DZN�8$9�FDQ� FDUU\� IRXU�$%,V�ZLWK

FRYHUDJH� FRPSDUDEOH� WR� WKDW� VKRZQ� LQ� )LJ�� �� DQG� WKDW� LW� FDQ� UHPDLQ� RQ� VWDWLRQ� IRU

DSSUR[LPDWHO\����KRXUV��RQH�DUULYHV�DW�DQ�HVWLPDWH�RI������ELOOLRQ�IRU�����8$9V�DQG������

$%,V� WR� ILOO� ILYH� RUELWV���� ,I� DLUERUQH� UDGDU� SODWIRUPV� DUH� DOVR� UHTXLUHG� EHFDXVH� VHQVRUV

DERDUG� WKH� 8$9� FDQQRW� SURYLGH� VXIILFLHQW� EDOOLVWLF� PLVVLOH� GHWHFWLRQ� DQG� WUDFNLQJ�� DQ

DGGLWLRQDO� ����� ELOOLRQ� ZRXOG� EH� UHTXLUHG� WR� SURFXUH� HLJKW� DLUERUQH� UDGDUV�� LQFUHDVLQJ� WKH

WRWDO�V\VWHP�FRVW�WR�DURXQG������ELOOLRQ��7KHVH�SUHOLPLQDU\�FRVW�HVWLPDWHV�VXJJHVW�WKDW�8$9

ODXQFK�SODWIRUPV�PD\�EH�WKH�PRVW�FRVW�HIIHFWLYH�$%,�RSWLRQ�

$LUERUQH�/DVHU

7KH�FXUUHQW�$%/�FRQFHSW�LV�EDVHG�RQ�D���0:�FKHPLFDO�R[\JHQ�LRGLQH�ODVHU�FDUULHG�DERDUG�D

%RHLQJ��������)�IUHLJKW�DLUFUDIW��7KH�PD[LPXP�$%/�OHWKDO�UDQJH��L�H���WKH�UDQJH�LI�WKH�$%/

GZHOOV�RQ� WKH�PLVVLOH� IURP�WKH� WLPH� LW�EHFRPHV�YLVLEOH�XQWLO� WKH�ERRVW�SKDVH� LV� ILQLVKHG�� LV

UHSRUWHG�WR�EH�RQ�WKH�RUGHU�RI����−����NP����(QRXJK�FKHPLFDOV�IRU�WKH�ODVHU�ZLOO�EH�FDUULHG

DERDUG�HDFK�SODQH�IRU���−���QRPLQDO�VKRWV��ZKHUH�WKH�DFWXDO�VKRW�FDSDFLW\�YDULHV�GHSHQGLQJ

RQ�WKH�HQJDJHPHQW�UDQJH�DQG�WKH�KDUGQHVV�RI�WKH�PLVVLOH�ERRVWHU��7KH�FXUUHQW�$%/�SURJUDP

HQYLVLRQV�GHSOR\LQJ�VHYHQ�$%/�DLUFUDIW�E\�WKH�\HDU�������WKH�ILUVW�$%/�ZRXOG�EH�DYDLODEOH

DURXQG��������7KLV�IRUFH�VKRXOG�EH�DEOH�WR�VXSSRUW�WZR�$%/�RUELWV����KRXUV�D�GD\�

/DVHUV� GHVWUR\� ERRVWHUV� E\� GHSRVLWLQJ� VXIILFLHQW� HQHUJ\� WR� ZHDNHQ� WKH� ERRVWHU� FDVLQJ�

WKHUHE\�HLWKHU�FDXVLQJ�WKH�ERRVWHU�WR�YHQW�UDSLGO\�LI�D�KROH�LV�SXQFKHG�LQ�WKH�ERRVWHU·V�VLGH�RU

BBBBBBBBBBB
�� 7KLV HVWLPDWH DVVXPHV HDFK $%, LV WZLFH WKH FRVW RI DQ $$05$0� WKH PRVW DGYDQFHG ORQJ�UDQJH DLU�WR�DLU

PLVVLOH LQ WKH 8�6� LQYHQWRU\� ZKLFK FRVW DERXW �� PLOOLRQ DSLHFH�
�� )��� SURFXUHPHQW FRVWV DUH HVWLPDWHG WR EH ��� PLOOLRQ SHU DLUFUDIW IRU WKH 0F'RQQHOO 'RXJODV )���(� 6HH

-DQH·V $OO 7KH :RUOG·V $LUFUDIW� ����²��� -DQH·V 'DWD *URXS /LPLWHG� 6XUUH\� 8.� ����� S� ����
�� 7KLV LV EDVHG RQ DQ HVWLPDWH RI ��� PLOOLRQ IRU HDFK *OREDO +DZN 8$9� �� PLOOLRQ IRU HDFK $%,� DQG ����

PLOOLRQ LQ IL[HG FRVWV IRU JURXQG VWDWLRQV DQG RWKHU VTXDGURQ HTXLSPHQW� 6HH 3DPHOD +HVV� ´%0'2 6HHV

3RWHQWLDO LQ 8VLQJ 8$9V IRU %RRVW�3KDVH ,QWHUFHSW 0LVVLRQ�µ ,QVLGH 0LVVLOH 'HIHQVH� 9RO� �� 1R� ��� 6HSWHPEHU

��� ����� S� ��
�� 6HH 0DUN +HZLVK� ´6FXGNLOOHUV� 7RXJK FKRLFHV IRU ERRVW�SKDVH LQWHUFHSW�µ -DQH·V ,QWHUQDWLRQDO 'HIHQFH 5HYLHZ�

-DQXDU\ ����� SS� ��²���
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)LJ�������$%/�&RYHUDJH�RI�1RUWK�.RUHD

FDXVLQJ� WKH� ERRVWHU� WR� FROODSVH� FDWDVWURSKLFDOO\� XQGHU� WKH� D[LDO� ORDG� IURP� WKH� PLVVLOH·V

DFFHOHUDWLRQ��7KH�GZHOO� WLPH�UHTXLUHG�IRU�HIIHFWLYH�GHVWUXFWLRQ� LV�D� IXQFWLRQ�RI� WKH�ERRVWHU

FDVLQJ�PDWHULDO��WKH�UDQJH�WR�WKH�WDUJHW��WKH�ODVHU�SRZHU��DQG�WKH�VL]H�RI�WKH�RSWLFV��6LQFH�WKH

$%/� GZHOOV� RQ� HDFK� PLVVLOH� ERRVWHU� XQWLO� GHVWUXFWLRQ� RFFXUV�� LWV� HIIHFWLYHQHVV� FDQQRW� EH

PRGHOHG�E\�D�VLPSOH�663.�LQGHSHQGHQW�RI� UDQJH�� ,Q� WKHRU\�� WKH�663.�VKRXOG�EH�FORVH� WR

XQLW\�LI�WKH�WDUJHW�LV�ZLWKLQ�WKH�$%/�OHWKDO�UDQJH�DQG�FORVH�WR�]HUR�LI�LW�LV�EH\RQG�WKLV�UDQJH�

7KHUHIRUH�� DQVZHULQJ� WKH� TXHVWLRQ� ´+RZ� PDQ\� $%/� SODWIRUPV� DUH� HQRXJK"µ� HVVHQWLDOO\

UHGXFHV�WR�DQVZHULQJ�WKH�TXHVWLRQ�RI�WKH�OHWKDO�UDQJH�RI�WKH�$%/�

2QH� DQDO\VLV� FRQFOXGHV� WKDW� WKH� PD[LPXP� OHWKDO� UDQJH� IRU� WKH� $%/� VKRXOG� EH

DSSUR[LPDWHO\� ���� NP� DJDLQVW� 6FXG� %� DQG�1R�'RQJ�PLVVLOHV� DQG� DSSUR[LPDWHO\� ���� NP

DJDLQVW� WKH� 6FXG�&� �RU�$O�+XVVD\Q��PLVVLOH���� )LJXUH� ��� LOOXVWUDWHV� WKH� FRYHUDJH� RI�1RUWK

.RUHD�WKDW�VKRXOG�EH�SRVVLEOH�DVVXPLQJ�WKHVH�OHWKDO�UDQJHV��$V�RQH�FDQ�VHH��D�VLQJOH�RUELW���

NP� RXWVLGH�1RUWK�.RUHDQ� DLUVSDFH� �WR� DYRLG� DLU� GHIHQVHV�� FRYHUV� DOPRVW� WKH� HQWLUH� VWDWH�

WKRXJK�WZR�RU�PRUH�ZRXOG�EH�UHTXLUHG�IRU�,UDT�DQG�VHYHUDO�PRUH�ZRXOG�EH�UHTXLUHG�WR�FRYHU

BBBBBBBBBBB
�� 7KHVH DUH WKH UDQJH HVWLPDWHV IRU SXQFKLQJ D VLPSOH KROH LQ WKH ERRVWHU·V VLGH� WKHUHE\ FDXVLQJ ERRVWHU

YHQWLQJ� (VWLPDWHV IRU WKH PD[LPXP UDQJH IRU D PRUH FDWDVWURSKLF ERRVWHU IDLOXUH DUH VKRUWHU� QDPHO\� ��� NP�

��� NP� DQG ��� NP IRU WKH 6FXG %� 6FXG & �RU $O +XVVD\Q�� DQG 1R 'RQJ PLVVLOHV� UHVSHFWLYHO\� 6HH *HRIIUH\

)RUGHQ� ´7KH $LUERUQH /DVHU�µ ,((( 6SHFWUXP� 6HSWHPEHU ����� SS� ��²��� DQG *HRIIUH\ )RUGHQ� 7KH $LUERUQH

/DVHU� 6KRRWLQJ 'RZQ :KDW·V *RLQJ 8S� &,6$& :RUNLQJ 3DSHU� &HQWHU IRU ,QWHUQDWLRQDO 6HFXULW\ DQG $UPV

&RQWURO� 6WDQIRUG 8QLYHUVLW\� 6HSWHPEHU �����



��

,UDQ��2QH� VKRXOG� QRWH� WKDW� IRU� ODUJH� VWDWHV� �H�J��� ,UDQ�� WKH�$%/� FDQQRW� FRYHU� DOO� SRVVLEOH

ODXQFK�ORFDWLRQV�IURP�RUELWV�RXWVLGH�WKH�RSSRQHQW·V�DLUVSDFH��LPSO\LQJ�WKDW�WKH�$%/�ZRXOG

KDYH�WR�SHQHWUDWH�HQHP\�DLUVSDFH�DIWHU� LWV�DLU�GHIHQVHV�KDYH�EHHQ�VXSSUHVVHG³D�YHU\�ULVN\

WDFWLF�ZLWK�VXFK�D�ODUJH��KLJK�YDOXH�SODWIRUP��)LQDOO\��LI�WKH�$%/�PXVW�FRQWHQG�ZLWK�VHYHUDO

PLVVLOHV�VLPXOWDQHRXVO\��WKH�PD[LPXP�OHWKDO�UDQJH�LV�UHGXFHG�EHFDXVH�WKH�$%/�PXVW�VSOLW�LWV

WLPH�EHWZHHQ�WZR�RU�PRUH� WDUJHWV��+HQFH�� VHYHQ�$%/�DLUFUDIW� VXSSRUWLQJ� WZR�$%/�RUELWV

SURYLGHV�DQ�DGHTXDWH� LQLWLDO�ERRVW�SKDVH� WKHDWHU�PLVVLOH�GHIHQVH��+RZHYHU�� WKLV� DVVHVVPHQW

FRXOG�FKDQJH�GUDPDWLFDOO\�LI�WKH�OHWKDO�UDQJHV�IRU�WKH�$%/�FLWHG�KHUH�GURS�E\�PRUH�WKDQ���

SHUFHQW��IRU�H[DPSOH��GXH�WR�HQHP\�FRXQWHUPHDVXUHV�VXFK�DV�FRDWLQJ�WKH�ERRVWHU�WR�KDUGHQ

LW�DJDLQVW� ODVHU�UDGLDWLRQ��DW�VRPH�H[SHQVH� LQ�PLVVLOH�UDQJH��RU�URWDWLQJ�WKH�ERRVWHU� LQ� IOLJKW

�ZKLFK�UHTXLUHV�D�VRSKLVWLFDWHG�PLVVLOH�JXLGDQFH�V\VWHP��

7KH�WRWDO�DFTXLVLWLRQ�FRVW�IRU�WKH�$%/�SURJUDP�KDV�EHHQ�HVWLPDWHG�DW����ELOOLRQ�DQG�WKH

WRWDO�OLIH�F\FOH�FRVW�RYHU����\HDUV�DW�����ELOOLRQ����+HQFH��WKH�$%/��LI�LW�ZRUNV��UHSUHVHQWV�WKH

OHDVW� H[SHQVLYH�ERRVW�SKDVH�70'�RSWLRQ�� DVVXPLQJ�QHZ�ILJKWHU� DLUFUDIW�PXVW�EH�SURFXUHG

IRU�WKH�ILJKWHU�EDVHG�$%,�V\VWHP�DQG�WKDW�DLUERUQH�UDGDUV�PXVW�EH�GHSOR\HG�WR�FRPSOHPHQW

WKH�VHQVRUV�SODQQHG�IRU�WKH�*OREDO�+DZN�8$9�$%,�ODXQFK�SODWIRUP�

&RQFOXGLQJ�2EVHUYDWLRQV

7KLV�DQDO\VLV�� LQ� VRPH� UHVSHFWV�� VXSSRUWV� WKH�&OLQWRQ� DGPLQLVWUDWLRQ·V� DSSURDFK� WR�EDOOLVWLF

PLVVLOH� GHIHQVH³WR� FRQGXFW� UHVHDUFK� DQG�GHYHORSPHQW� RQ� D� WKLQ� QDWLRQDO�PLVVLOH� GHIHQVH

ZLWK� WKH� RSWLRQ� RI� GHSOR\LQJ� D� V\VWHP� ZLWK� XS� WR� ���� LQWHUFHSWRUV� LI�� RU� ZKHQ�� FUHGLEOH

LQWHUFRQWLQHQWDO�EDOOLVWLF�PLVVLOH�WKUHDWV�DSSHDU�RQ�WKH�KRUL]RQ��DQG�WR�GHSOR\�EHWZHHQ������

WR�������XSSHU� DQG� ORZHU�WLHU�70'� LQWHUFHSWRUV� LQ� D� OD\HUHG� WKHDWHU�PLVVLOH� GHIHQVH³EXW

RQO\�LI�D�KLJK�OHYHO�RI�WHFKQLFDO�SHUIRUPDQFH�FDQ�EH�DFKLHYHG�E\�WKH�GHIHQVH�

7KHUH� LV� QR� LPPHGLDWH� QHHG� WR� GHSOR\� D� WKLQ� QDWLRQDO� PLVVLOH� GHIHQVH� EHFDXVH� WKH

OLNHOLKRRG� RI� DFFLGHQWDO�� XQDXWKRUL]HG�� RU� LQDGYHUWHQW� 5XVVLDQ� RU� &KLQHVH� EDOOLVWLF� PLVVLOH

DWWDFNV�LV�DVVHVVHG�WR�EH�ORZ�DQG��DOWKRXJK�GHYHORSLQJ�VWDWHV�PD\�EH�DEOH�WR�GHSOR\�,&%0V

ZLWKLQ� �²��� \HDUV�� WKH� 8QLWHG� 6WDWHV� KDV� RWKHU� RSWLRQV� IRU� GHDOLQJ� ZLWK� WKHVH� SRWHQWLDO

WKUHDWV��QDPHO\��GHWHUULQJ� WKHLU�XVH�E\� WKUHDWHQLQJ�GHYDVWDWLQJ�UHWDOLDWLRQ��DQG�FRQYHQWLRQDO

FRXQWHUIRUFH� RSWLRQV� IRU� DWWDFNLQJ� IL[HG� ,&%0�RU� VSDFH�ODXQFK� VLWHV� LI� LW� LV� EHOLHYHG� WKDW

GHWHUUHQFH�PLJKW� IDLO��1DWLRQDO�PLVVLOH� GHIHQVH�PLJKW� SURYLGH� XVHIXO� LQVXUDQFH� DJDLQVW� WKH

SRVVLELOLW\�RI�DQ�DFFLGHQWDO�RU�XQDXWKRUL]HG�DWWDFN��RU�DJDLQVW� WKH� IDLOXUH�RI�GHWHUUHQFH�DQG

FRQYHQWLRQDO�FRXQWHUIRUFH��EXW�RQH�PXVW�DVVHVV�WKH�RSSRUWXQLW\�FRVWV�RI�VSHQGLQJ�PRQH\�RQ

VXFK� LQVXUDQFH� DV�RSSRVHG� WR�RWKHU�SUHVVLQJ�PLOLWDU\� QHHGV�� )LQDOO\�� LW� LV� SUXGHQW� WR� DOORZ

PRUH�WLPH�IRU�8�6��PLVVLOH�GHIHQVH�WHFKQRORJ\�WR�PDWXUH��HVSHFLDOO\�LQ�OLJKW�RI�WKH�SRRU�WHVW

BBBBBBBBBBB
�� 6HH 0LFKDHO 5XDQH� ´8�6� ORRNV WR ODVHUV WR GHVWUR\ PLVVLOHV�µ 3KLODGHOSKLD ,QTXLUHU� $SULO �� ����� S� �� DQG

*HRUJH 6HIIHUV� ´6RPH 86$) 2IILFLDOV 3UHGLFW /LPLWV RQ $LUERUQH ODVHU 5ROH�µ 'HIHQVH 1HZV� 1RYHPEHU ��²���

����� S� ��
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SHUIRUPDQFH� IRU� KLW�WR�NLOO� LQWHUFHSWRUV� WR� GDWH�� EHIRUH� GHSOR\LQJ� D� WKLQ� QDWLRQDO� PLVVLOH

GHIHQVH�

:KHQ� WKH� QHHG� IRU� D� WKLQ� QDWLRQDO� PLVVLOH� GHIHQVH� EHFRPHV� DSSDUHQW�� ���� 10'

LQWHUFHSWRUV� GHSOR\HG� DW� RQH� RU� WZR� VLWHV� DURXQG� WKH� FRQWLQHQWDO� 8QLWHG� 6WDWHV� VKRXOG

SURYLGH�DGHTXDWH�SURWHFWLRQ�DJDLQVW�WKUHDWV�FRQWDLQLQJ�XS�WR����DSSDUHQW�ZDUKHDGV�SURYLGHG

10'� LQWHUFHSWRUV� FDQ� DFKLHYH� 663.V� DERYH� ����� DQG� ZDUKHDG� GHWHFWLRQ� DQG� WUDFNLQJ

SUREDELOLWLHV� DERYH� ������ ,I� WKH� WKUHDW� FRQWDLQV� PRUH� WKDQ� ��� DSSDUHQW� ZDUKHDGV�� 10'

V\VWHPV�ZLOO�HLWKHU�UHTXLUH�LQ�H[FHVV�RI�����LQWHUFHSWRUV��10'�LQWHUFHSWRU�663.V�DERYH�����

DQG� GHWHFWLRQ� DQG� WUDFNLQJ� SUREDELOLWLHV� DERYH� ������� RU� HIIHFWLYH� GHFR\� GLVFULPLQDWLRQ�

5HFDOO� WKDW� RQH� FDQQRW� GHWHUPLQH� WKH� H[SHFWHG� VL]H� RI� DFFLGHQWDO� RU� XQDXWKRUL]HG� DWWDFNV

ZLWK�PXFK�SUHFLVLRQ�LQ�DQ\�FDVH��)LQDOO\��WKH�$%0�7UHDW\�ZLOO�HLWKHU�KDYH�WR�EH�PRGLILHG�RU

DEURJDWHG� WR� DOORZ� VXFK�GHIHQVHV��:KHWKHU� WKLV�ZLOO� KDSSHQ� LQ� WKH�QHDU� IXWXUH� LV� DQ�RSHQ

TXHVWLRQ�

7KHDWHU�UDQJH�EDOOLVWLF�PLVVLOHV�SRVH�WKH�JUHDWHVW�QHDU�WHUP�PLVVLOH�WKUHDW��+HQFH��WKHDWHU

PLVVLOH� GHIHQVH� VKRXOG� EH�� DQG� KDV� EHHQ�� WKH� KLJKHVW� SULRULW\� DPRQJ�8�6�� EDOOLVWLF�PLVVLOH

GHIHQVH� SURJUDPV�� 7KH�PRVW� FKDOOHQJLQJ� 70'�PLVVLRQ� LV� WR� SURWHFW� DOOLHG� FLWLHV� WR� KHOS

SUHYHQW� DOOLHG� OHDGHUV� IURP� EHLQJ� FRHUFHG� E\� UHJLRQDO� RSSRQHQWV� LQ� SRVVHVVLRQ� RI� 1%&�

DUPHG�EDOOLVWLF�PLVVLOHV��,Q�WKLV�UHJDUG��OD\HUHG�WKHDWHU�PLVVLOH�GHIHQVHV�DUH�DWWUDFWLYH�EHFDXVH

WKH\�RIIHU�WKH�SURVSHFW�RI�ORZ�OHDNDJH��,Q�SDUWLFXODU��WKH�FXUUHQW�7+$$'�SURJUDP��ZLWK�DQ

H[SHFWHG�GHSOR\PHQW�RI�DSSUR[LPDWHO\������� LQWHUFHSWRUV��ZLOO�KDYH� WR�DFKLHYH�D� WHFKQLFDO

SHUIRUPDQFH�ZLWK�GHWHFWLRQ�DQG�WUDFNLQJ�SUREDELOLWLHV�LQ�WKH�UDQJH�����²�����DQG�LQWHUFHSWRU

663.V� LQ� WKH� UDQJH� ���²����� WR� GHDO� ZLWK� WKUHDWV� EHWZHHQ� ���²���� DSSDUHQW� ZDUKHDGV�

6LPLODUO\��WKH�FXUUHQW�17:�SURJUDP��ZLWK�����LQWHUFHSWRUV��ZLOO�UHTXLUH�WKH�VDPH�GHWHFWLRQ

DQG�WUDFNLQJ�SUREDELOLW\��EXW�ZLWK�LQWHUFHSWRU�663.V�LQ�WKH�UDQJH�RI�����������WR�GHDO�ZLWK

WKH�VDPH�VL]H�RI�WKUHDW��)LQDOO\��WR�PDNH�WKH�OD\HUHG�GHIHQVH�ZRUN��KLJK�SULRULW\�WDUJHWV��H�J��

FLWLHV��PXVW�EH�SURWHFWHG�E\�D�ORZHU�WLHU�GHIHQVH��H�J���3$&����ZLWK�HVVHQWLDOO\�WKH�VDPH�OHYHO

RI� WHFKQLFDO� SHUIRUPDQFH�� :KHWKHU� VXFK� KLJK� GHWHFWLRQ� DQG� WUDFNLQJ� SUREDELOLWLHV� DQG

LQWHUFHSWRU�663.V�FDQ�EH�DFKLHYHG� LQ� WKH�SUHVHQFH�RI�HQHP\�FRXQWHUPHDVXUHV� LV� IDU� IURP

REYLRXV��+HQFH��WKLV�VKRXOG�EH�WKH�IRFXV�RI�LQWHQVH�HQJLQHHULQJ�DQG�ILHOG�WHVWLQJ�LQ�WKH�\HDUV

DKHDG�

)LQDOO\�� WKH� PDLQ� OLPLWDWLRQ� RI� XSSHU� DQG� ORZHU�WLHU� WKHDWHU� PLVVLOH� GHIHQVHV� LV� WKHLU

SRWHQWLDO� YXOQHUDELOLW\� WR� FRXQWHUPHDVXUHV� WKDW� SUREDEO\� FDQ� EH� GHSOR\HG� E\� PRGHVWO\

VRSKLVWLFDWHG� DGYHUVDULHV�� +RZHYHU�� WKHUH� DUH� UHODWLYHO\� IHZ� HIIHFWLYH� FRXQWHUPHDVXUHV� WR

DLUERUQH�ERRVW�SKDVH�70'�V\VWHPV��7KLV� LV� HVSHFLDOO\� WUXH� IRU� WKH�$%,��ZKHUHDV� WKH�$%/

PD\� EH� YXOQHUDEOH� WR� ERRVWHU� KDUGHQLQJ� DQG� ERRVWHU� URWDWLRQ�� :KLOH� WKH� $%/� KDV� EHHQ

FKRVHQ�DV�WKH�PDLQ�8�6��DLUERUQH�ERRVW�SKDVH�70'�RSWLRQ��UHVHDUFK�RQ�$%,�V\VWHPV�VKRXOG

UHFHLYH�LQFUHDVHG�IXQGLQJ�WR�KHGJH�DJDLQVW�WKH�SRVVLELOLW\�WKDW�WHFKQLFDO�SUREOHPV�ZLOO�GHOD\

$%/�GHSOR\PHQW��,Q�VKRUW��JLYHQ�WKHLU�DWWUDFWLYHQHVV��UHVHDUFK�DQG�GHYHORSPHQW�RQ�HIIHFWLYH

DLUERUQH�ERRVW�SKDVH�70'�V\VWHPV�VKRXOG�UHFHLYH�KLJKHU�SULRULW\��HVSHFLDOO\�LQ�OLJKW�RI�WKH

IDFW�WKDW�WKHVH�V\VWHPV�SRVH�YHU\�OLWWOH�WKUHDW�WR�WKH�VWUDWHJLF�QXFOHDU�IRUFHV�RI�DQ\�RI�WKH�ILYH

PDMRU�QXFOHDU�SRZHUV�


