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$EVWUDFW
+LJK�UXQRII�IURP�LPSHUYLRXV�VXUIDFHV�RI�WKH�XUEDQL]HG�HQYLURQPHQW�FDQ�KDYH�QHJDWLYH�LPSDFWV
RQ�UHFHLYLQJ�ZDWHU�ERGLHV��,Q�+DZDLµL��WKLV�SUREOHP�LV�H[DFHUEDWHG�E\�GUDVWLF�JUDGLHQWV�LQ
HOHYDWLRQ��ZKHUH�WKH�ODQGVFDSH�UDSLGO\�FKDQJHV�IURP�VWHHS�ULGJHV�WR�UHODWLYHO\�ORZ�O\LQJ�YDOOH\V�
7KHVH�VWHHS�VORSH�JUDGLHQWV�LQFUHDVH�UXQRII�GXULQJ�UDLQ�HYHQWV��0DXQDOXD�%D\��2µDKX��+DZDLµL��D
UHJLRQ�ORFDWHG�RQ�WKH�VRXWKHDVWHUQ�FRDVW��KDV�EHHQ�GHFODUHG�DQ�LPSDLUHG�ZDWHU�ERG\�E\�WKH
+DZDLµL�'HSDUWPHQW�RI�+HDOWK�GXH�WR�KLJK�OHYHOV�RI�QXWULHQWV�DQG�SROOXWDQWV��1LQH�KLJKO\
XUEDQL]HG�ZDWHUVKHGV�IHHG�LQWR�0DXQDOXD�%D\��5XQRII�IURP�WKHVH�ZDWHUVKHGV�EULQJV�KDUPIXO
VHGLPHQW�DQG�SROOXWDQWV�GLUHFWO\�LQWR�0DXQDOXD�%D\¶V�ZDWHUV��7KLV�SURMHFW�DLPV�WR�SURYLGH�LQVLJKW
LQWR�UHPHGLDWLQJ�0DXQDOXD�%D\¶V�ZDWHUV�E\�FRPELQLQJ�K\GURORJLF�PRGHOLQJ�DQG�DQDO\VHV�RQ�WKH
UXQRII�UHGXFWLRQ�SRWHQWLDO�RI�JUHHQ�LQIUDVWUXFWXUH�ZLWK�UHJLRQ�VSHFLILF�FOLPDWH�FKDQJH
SURMHFWLRQV��7KH�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\¶V�6WRUPZDWHU�0DQDJHPHQW�0RGHO����
�6:00��ZDV�XVHG�WR�FUHDWH�K\GURORJLF�PRGHOV�RI�WKH�QLQH�ZDWHUVKHGV�WKDW�IHHG�LQWR�0DXQDOXD
%D\��7KH�JRDO�LQ�GHYHORSLQJ�VXFK�PRGHOV�LV�WR�LGHQWLI\�VWRUPZDWHU�UXQRII�KRWVSRWV�LQ�WKH
0DXQDOXD�%D\�UHJLRQ�VR�WKDW�VWDNHKROGHUV�FDQ�GHWHUPLQH�ZKHUH�WR�SULRULWL]H�UHPHGLDWLRQ�HIIRUWV
RQ�ODQG��7KH�UXQRII�UHGXFWLRQ�SRWHQWLDO�RI�VWUDWHJLFDOO\�SODFHG�JUHHQ�LQIUDVWUXFWXUH�HOHPHQWV�ZDV
PRGHOHG�IRU�WKH�:DLOXSH�ZDWHUVKHG��6LPXODWLRQV�LQGLFDWH�WKDW�JUHHQ�LQIUDVWUXFWXUH�FRQVWUXFWHG�DW
D�ODUJH�HQRXJK�VFDOH�FDQ�KDYH�VLJQLILFDQW�UHGXFWLRQV�RQ�VWRUPZDWHU�UXQRII�IURP�D�JLYHQ�ORFDWLRQ
7KLV�DQDO\VLV�VHUYHV�DV�WKH�VWDUWLQJ�SRLQW�IRU�JUHHQ�LQIUDVWUXFWXUH�UHFRPPHQGDWLRQV�IRU�WKH
0DXQDOXD�%D\�UHJLRQ��$GGLWLRQDOO\��WKLV�SURMHFW�H[SORUHV�D�YDULHW\�RI�FOLPDWH�FKDQJH�VFHQDULRV
VSHFLILF�WR�WKH�0DXQDOXD�%D\�UHJLRQ�DQG�DQDO\]HV�KRZ�FOLPDWH�FKDQJH�PD\�LQIOXHQFH�UHJLRQDO
UXQRII�SDWWHUQV�LQ�WKH�IXWXUH��:H�FRQGXFWHG�DQ�DQDO\VLV�RI�D�FOLPDWH�FKDQJH�UHSUHVHQWDWLYH��VWRUP
HYHQW�XVLQJ�D�PXOWLSOLFDWLYH�FKDQJH�IDFWRU��0&)���DOORZLQJ�XV�WR�TXDQWLI\�VLPXODWHG�GLIIHUHQFHV
LQ�UXQRII�FRHIILFLHQWV�DQG�SHDN�IORZ��:H�LGHQWLILHG����VXEFDWFKPHQW�KRWVSRWV�ZLWK�WKH�KLJKHVW
UXQRII�FRHIILFLHQW�DQG�SHDN�UXQRII��FIV��YDOXHV�XQGHU�FOLPDWH�FKDQJH�FRQGLWLRQV��7KHVH�UHVXOWV�DLG
LQ�LQIRUPLQJ�PDQDJHPHQW�SUDFWLFHV�WKDW�SULRULWL]H�IXWXUH�JUHHQ�LQIUDVWUXFWXUH�SODFHPHQW�LQ�WRS
UDQNLQJ�SHDN�IORZ�DQG�UXQRII�FRHIILFLHQW�VXEFDWFKPHQWV�WKDW�ZLOO�XOWLPDWHO\�DLG�LQ�UHGXFLQJ
UXQRII�WKDW�IHHGV�LQWR�WKH�0DXQDOXD�%D\�
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3URMHFW�2EMHFWLYHV

�� &UHDWH�UHSURGXFLEOH�K\GURORJLF�PRGHOV�IRU�WKH�ZDWHUVKHGV�RI�0DXQDOXD�%D\��2µDKX�
+DZDLµL�IRU�IXWXUH�WHDPV�WR�LGHQWLI\�DUHDV�RI�KLJK�VWRUPZDWHU�UXQRII�RQFH�PRUH
SUHFLSLWDWLRQ�DQG�VWUHDP�JDXJH�GDWD�EHFRPHV�DYDLODEOH�

�� 3URYLGH�UHFRPPHQGDWLRQV�DQG�FRVW�HVWLPDWHV�IRU�RSWLPDO�JUHHQ�LQIUDVWUXFWXUH�SODFHPHQW
WR�UHGXFH�VWRUPZDWHU�UXQRII�IURP�WKH�:DLOXSH�ZDWHUVKHG�

�� 8VH�&RXSOHG�0RGHO�,QWHUFRPSDULVRQ�3URMHFW��&0,3���FOLPDWH�GDWD�WR�GHWHUPLQH�KRZ
VKLIWV�LQ�SUHFLSLWDWLRQ�GXH�WR�FOLPDWH�FKDQJH�LQIOXHQFH�VWRUPZDWHU�UXQRII�IURP�WKH
:DLOXSH�ZDWHUVKHG�

�� 'HYHORS�D�UHJLRQ�ZLGH�$UF*,6�PRGHO�WR�LGHQWLI\�VXLWDEOH�ORFDWLRQV�IRU�UDLQ�JDUGHQV
ZLWKLQ�DUHDV�RI�KLJK�VWRUPZDWHU�UXQRII�WR�UHGXFH�VHGLPHQW�HQWHULQJ�0DXQDOXD�%D\�
2¶DKX��+DZDL¶L�

%DFNJURXQG
/DQG�$FNQRZOHGJHPHQW
:H�DFNQRZOHGJH�WKDW�WKH�ODQG�LQ�ZKLFK�RXU�SURMHFW�WDNHV�SODFH�ZDV�KRPH�WR�DQG�LV�VWLOO�KRPH�WR
NƗQDND�PDROL �³1DWLYH�+DZDLLDQV´���ZKR�ZHUH�WKH�RULJLQDO VWHZDUGV�RI�WKH�ODQG��DQG�PDQ\�RI
ZKRP�ZHUH�GLVSODFHG�IURP�WKHLU�XQFHGHG�DQFHVWUDO�ODQGV�

7KH�0DXQDOXD�%D\�5HJLRQ
7KH�0DXQDOXD�%D\�UHJLRQ�LV�ORFDWHG�RQ�WKH�VRXWKHDVWHUQ�VKRUH�RI�2µDKX��+DZDLµL��7KH����PL�
UHJLRQ�HQFRPSDVVHV�0DXQDOXD�%D\�DQG�WKH�VXUURXQGLQJ ƗSDQD �³ZDWHUVKHGV´���1LQH�GLIIHUHQW
ƗSDQD��ZLWK�D�WRWDO�FRQWULEXWLQJ�DUHD�RI����NP���GUDLQ ZDWHU�IURP�WKH�UHJLRQ�LQWR�0DXQDOXD�%D\�
$YHUDJH�UDLQIDOO�ZLWKLQ�WKH�0DXQDOXD�%D\�UHJLRQ�YDULHV�GUDPDWLFDOO\�RYHU�VKRUW�GLVWDQFHV�GXH�WR
WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�PRXQWDLQRXV�WHUUDLQ��WUDGH�ZLQGV��DQG�KHDWLQJ�DQG�FRROLQJ�RI�WKH
ODQG��DPRQJVW�RWKHU�IDFWRUV��6WHYHQV�HW�DO����������+HDY\�UDLQ�DQG�KLJK�ZLQGV��DVVRFLDWHG�ZLWK
VWURQJ�VWRUPV�GXULQJ KR
RLOR �1RYHPEHU�WR�$SULO�� DUH�RIWHQ�WKH�FDXVH�RI�UHJLRQDO�IORRGLQJ�
+RZHYHU��WKHVH�VWRUPV�YDU\�DQQXDOO\��RFFXUULQJ�XS�WR�ILYH�WLPHV�SHU�\HDU�LQ�VRPH�\HDUV��WR�EHLQJ
DEVHQW�LQ�RWKHUV��0LOOHU�HW�DO���������

0DXQDOXD�%D\�OLHV�EHWZHHQ�WKH�JHRORJLF�IHDWXUHV�RI�.RNR�+HDG��.XDPRµRNlQH��DQG�%ODFN�3RLQW
�.ǌSLNLSLNLұǀ���7KH�%D\ FRQWDLQV�����PL� RI�RFHDQ ZDWHUV�DQG�QHDUO\���PLOHV�RI�VKRUHOLQH�
SURYLGLQJ�VXUURXQGLQJ�FRPPXQLWLHV�ZLWK�QXPHURXV�LPSRUWDQW�ELRORJLFDO�DQG�VRFLDO�UHVRXUFHV
�$WNLQVRQ���������:LWKLQ�WKH�%D\��EURDG�UHHI�IODWV�H[WHQG�������IHHW�IURP�WKH�VKRUHOLQH�EHIRUH
GURSSLQJ����IHHW�WR����IHHW�LQ�GHSWK��7KH�FRUDOV�WKDW�PDNH�XS�WKH�IULQJLQJ�UHHI�IODWV��DORQJ�ZLWK
WKH�%D\¶V�XQLTXH�PL[WXUH�RI�IUHVK�DQG�VDOWZDWHU��SURYLGH�KDELWDW�DQG�IRRG�IRU�D�GLYHUVLW\�RI
DTXDWLF�RUJDQLVPV��'HSW��RI�3ODQQLQJ�DQG�3HUPLWWLQJ��������0LOOHU���������$GGLWLRQDOO\��WKH
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%D\¶V�DWWUDFWLYH�EHDFKHV�JLYH�ULVH�WR�D�YDULHW\�RI�UHFUHDWLRQDO�RSSRUWXQLWLHV�LQFOXGLQJ�VXUILQJ�
VFXED�GLYLQJ��SDUDVDLOLQJ��ERDWLQJ��DQG�ILVKLQJ��0LOOHU��������

&XOWXUDO�6LJQLILFDQFH
3ULRU�WR�:HVWHUQ�VHWWOHPHQW��1DWLYH�+DZDLLDQV�FDUHIXOO\�PDQDJHG�WKH�UHVRXUFHV�RI�WKH�0DXQDOXD
%D\�UHJLRQ��7KH�$QFLHQW�+DZDLLDQ�ODQG�GLYLVLRQ�V\VWHP�GLYLGHG�WKH�,VODQGV�LQWR�GLVWULFWV�FDOOHG
PRNX� ZKLFK�ZHUH�WKHQ�VXEGLYLGHG�LQWR�VPDOOHU�DUHDV FDOOHG DKXSXD¶D��$KXSXDµD H[WHQGHG
YHUWLFDOO\�IURP�WKH�PRXQWDLQV�GRZQ�WR�WKH�ZDWHUV�RI�WKH�IULQJLQJ�UHHI��7KH�YHUWLFDO�DUUDQJHPHQW
DOORZHG�IRU�PD[LPL]DWLRQ�RI�ELRGLYHUVLW\�RYHU�VKRUW�GLVWDQFHV��0XHOOHU�'RPERLV��������
$KXSXDµD FRQWDLQHG�D�UDQJH�RI�UHVRXUFHV�IURP�WKH�XSODQGV� SODLQV��DQG�WKH�VHD��SURYLGLQJ
HYHU\WKLQJ�WKH�SHRSOH�QHHGHG�WR�VXUYLYH��%ODLVGHOO�HW�DO����������7KH�KHDOWK�RI�WKH
PRXQWDLQ�WR�VHD�HFRV\VWHPV��DQG�RI�WKH�SHRSOH�DQG�WKHLU�OLYHOLKRRGV��UHPDLQ�FRQQHFWHG�WRGD\�
DFWLYLWLHV�LQ�WKH�XSODQG�UHJLRQ�DIIHFW�OLIH�GRZQVWUHDP��%ODLVGHOO�HW�DO����������'HJUDGDWLRQ�RI�WKH
DKXSXDµD RI�WKH�0DXQDOXD�%D\�UHJLRQ�WKURXJK�LQFUHDVHG XUEDQL]DWLRQ�LV�GLUHFWO\�FDXVLQJ�GDPDJH
WR�WKH�%D\�

0DXQDOXD�%D\�ZDV�RQFH�DQ�H[WUHPHO\�SURGXFWLYH�HFRV\VWHP��VXSSRUWLQJ�D�ILVKHU\�WKDW�VXSSOLHG
ILVK� OLPX �³VHDZHHG´���DQG�LQYHUWHEUDWHV�WR�WKH�UHJLRQ �0ƗODPD�0DXQDOXD���������+RZHYHU�
GHYHORSPHQW�DQG�XUEDQL]DWLRQ�RI�WKH�0DXQDOXD�%D\�UHJLRQ�RYHU�WKH�ODVW����\HDUV�KDV�KDG
VLJQLILFDQW�QHJDWLYH�LPSDFWV�RQ�WKH�%D\� 3ULRU�WR WKH�����V��WKH�0DXQDOXD�%D\�UHJLRQ�FRQVLVWHG
PDLQO\�RI�VPDOO�UDQFKHV��GDLULHV��IDUPV��DQG�KRPHV��1RZ��DURXQG�����RI�WKH�UHJLRQ�LV�XUEDQL]HG�
����LV�QRQ�XUEDQ��PRVWO\�VWHHS�VORSHV�LQ�WKH�XSSHU�ZDWHUVKHGV���DQG�OHVV�WKDQ����LV�XVHG�IRU
DJULFXOWXUH��0LOOHU�HW�DO����������7KH�UHJLRQ�ERDVWV�D�SRSXODWLRQ�RI��������SHRSOH�DQG�IHDWXUHV�D
GR]HQ�QHLJKERUKRRGV����VKRSSLQJ�PDOOV��DQG�RWKHU�ODUJH��FRPPHUFLDO�VLWHV��7KH�%D\�LV�GLUHFWO\
OLQNHG�WR�HPSOR\PHQW�DQG�HFRQRPLF�EHQHILWV�RI�FRPPXQLW\�VWDNHKROGHUV��ZKR�UHO\�RQ�WKH�UHJLRQ
IRU�WKHLU�OLYHOLKRRGV��.LWWLQJHU�HW�DO���������

(FRORJLFDO�DQG�&RPPXQLW\�+HDOWK�3UREOHP
7KH�UDSLG�DQG�UHFHQW�GHYHORSPHQW�RI�WKH�UHJLRQ�KDV�OHG�WR�WKH�UHSODFHPHQW�RI�ODUJH��QDWXUDO�DUHDV
ZLWK�LPSHUYLRXV�VXUIDFHV�VXFK�DV�URDGV��SDUNLQJ�ORWV��DQG�URRIV��7KHVH�LPSHUYLRXV�VXUIDFHV
SUHYHQW�WKH�QDWXUDO�ODQGVFDSH�IURP�SHUIRUPLQJ�ZDWHU�UHWHQWLRQ�DQG�ILOWHULQJ�IXQFWLRQV��0LOOHU�HW
DO����������7KH�QDWXUDO�VWUHDPV�LQ�WKH�UHJLRQ�KDYH�DOVR�EHHQ�GHJUDGHG�WKURXJK�VWUDLJKWHQLQJ�DQG
FRQFUHWH�OLQLQJ��ZKLFK�LQFUHDVHV�WKH�UDWH�RI�UXQRII�IORZ�LQWR�WKH�%D\��,QIUDVWUXFWXUH�VXFK�DV
.DODQLDQƗROH�+LJKZD\�DQG�RWKHU�URDGV�DORQJ�WKH�%D\�KDYH�GHVWUR\HG�HVWXDULHV�DQG�VKRUHODQG
ZHWODQGV²IHDWXUHV�WKDW�KDYH�EHHQ�VKRZQ�WR�FRXQWHUDFW�LQFUHDVHG�UDWHV�DQG�YROXPH�RI�VXUIDFH
DQG�VWRUPZDWHU�UXQRII�IURP�LPSHUYLRXV�VXUIDFHV��(3$���������$GGLWLRQDOO\��D�VLJQLILFDQW�SRUWLRQ
RI�EDVH�IORZ�WKDW�QRUPDOO\�ZRXOG�SURYLGH�IUHVKZDWHU�WR�ORZHU�VWUHDPV��VKRUHOLQH�ZHWODQGV��DQG
LQVKRUH�KDELWDWV�RI�WKH�%D\��LV�QRZ�GLYHUWHG�LQWR�VWRUP�GUDLQV�YLD�FXOYHUWV��URDGV��DQG�GUDLQV�
SUHYHQWLQJ�JURXQGZDWHU�UHFKDUJH��0LOOHU�HW�DO����������8UEDQL]DWLRQ�LQ�WKH�UHJLRQ�KDV�XOWLPDWHO\
OHG�WR�D�GUDVWLF�LQFUHDVH�LQ�WKH�YROXPH�RI�SROOXWHG�UXQRII�DQG�ODQG�EDVHG�VHGLPHQW�IORZLQJ�LQWR
WKH�%D\ �7DNHVXH�	�6WRUOD]]L���������,Q�������WKH DYHUDJH�DQQXDO�VXVSHQGHG�VHGLPHQW
FRQFHQWUDWLRQ�PHDVXUHG�����PJ�/��MXVW�LQ�WKH�:DLOXSH�ZDWHUVKHG�DORQH��6WRUOD]]L��HW�DO���������
3UHYLRXV�VWXGLHV�KDYH�VXJJHVWHG�WKDW�FKURQLF�FRQFHQWUDWLRQV�DERYH����PJ�/�DUH�FRQVLGHUHG�KLJK�
UHVXOWLQJ�LQ�GDPDJLQJ�LPSDFWV�WR�FRUDO�UHHIV�DQG�UHHI�RUJDQLVPV��5RJHUV��������
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)LHOG�VWXGLHV�KDYH�VKRZQ�WKDW�PRGLILFDWLRQ�RI�WHUUHVWULDO�HFRV\VWHPV�UHVXOWLQJ�LQ�VHGLPHQWDWLRQ�
QXWULHQW�HQULFKPHQW��DQG�WXUELGLW\�LQWR�UHFHLYLQJ�ZDWHUV�FDQ�KDYH�GHWULPHQWDO�HIIHFWV�RQ�FRUDO�UHHI
HFRV\VWHPV�DW�ORFDO�VFDOHV��)DEULFLXV��������:RODQNVL�HW�DO����������&RUDO�UHHIV�SOD\�DQ�LQWHJUDO
UROH�LQ�WKH�0DXQDOXD�%D\�HFRV\VWHP��7KH\�SURYLGH�KDELWDW�IRU�ILVK�OLIH��VXSSRUW�WKH�ORFDO�IRRG
ZHE��DQG�DFW�DV�D�EXIIHU�DORQJ�WKH�FRDVWOLQH�DJDLQVW�QDWXUDO�KD]DUGV�VXFK�DV�KXUULFDQHV��7KH�FRUDO
UHHI�HFRV\VWHP�KDV�HFRORJLFDO��HFRQRPLF��DQG�FXOWXUDO�YDOXH�WR�WKH�FRPPXQLW\�

,Q�0DXQDOXD�%D\��XUEDQL]DWLRQ�KDV�OHG�WR�LQFUHDVHG�SROOXWHG�UXQRII��VHGLPHQW�H[SRVXUH��DQG
VXEVHTXHQW�FRUDO�GHFOLQH��+LVWRULFDOO\��FRUDO�UHHI�FRYHU�FRQVLVWHG�RI����PHWHU�WR����PHWHU�ZLGH
SDWFKHV�FRYHULQJ�XS�WR�����RI�WKH�UHHI��3ROORFN���������+RZHYHU��LQ�������WKHUH�ZDV�OHVV�WKDQ
���FRUDO�FRYHU�LQ�WKH�VDPH�DUHD�RYHU�PRVW�RI�WKH�UHHI�VORSH��:RODQVNL�HW�DO����������6HGLPHQW
FRPSRVLWLRQ�DQG�ZDWHU�IORZ�PDJQLWXGH�JUHDWO\�LQIOXHQFH�VHGLPHQW�\LHOG��FDXVLQJ�YDU\LQJ�OHYHOV
RI�VWUHVV�LQ�WKH�FRUDOV��:HEHU�HW�DO���������:DWHUV�HW�DO����������7KH�LQFUHDVH�LQ�SROOXWHG�UXQRII
OHDGV�WR�D�GHFOLQH�LQ�FRUDOV��ZKLFK�OHDGV�WR�DQ�LQFUHDVH�LQ�LQYDVLYH�DOJDH��ZKLFK�OHDGV�WR�D�GHFOLQH
LQ�ILVK��)LVK�FRPPXQLWLHV�RI�WKH�0DXQDOXD�UHHI�KDYH�VRPH�RI�WKH�ORZHVW�SRSXODWLRQV�LQ�WKH
+DZDLLDQ�,VODQGV��:LOOLDPV��HW�DO���������0LQWRQ�HW�DO���������

1XPHURXV�QXWULHQWV�KDYH�WKH�SRWHQWLDO�WR�DIIHFW�FRUDO�UHHIV��EXW�WKH�PRVW�SUHYDOHQW�DUH�H[FHVV
QLWURJHQ�DQG�SKRVSKRUXV��+DOORFN�DQG�6FKDOJHU���������,QSXWV�RI�VXFK�QXWULHQWV�IHHG�DOJDH�ZKLFK
FDQ�VXIIRFDWH�WKH�FRUDO�DQG�LQKLELW�UHFUXLWPHQW�RI�FRUDO�ODUYDH��:RODQVNL�HW�DO����������6HGLPHQW
H[SRVXUH�DOVR�GLPLQLVKHV�WKH�SKRWRV\QWKHWLF�HIILFLHQF\�RI�FRUDOV�DQG�LQFUHDVHV�UHVSLUDWLRQ�
FDXVLQJ�EOHDFKLQJ�DQG�QHFURVLV��:HEHU�HW�DO����������7KH�FRPSRVLWLRQ�RI�WKH�VHGLPHQW�DQG�WKH
ZDWHU�IORZ�PDJQLWXGH�DFURVV�WKH�ODQG�VXUIDFH�DUH�WKH�PDLQ�LQIOXHQFHV�RQ�VHGLPHQW�\LHOG�HQWHULQJ
WKH�%D\��VLQFH�ZDWHU�IORZ�YDULHV�RYHU�WLPH��WKH�FRUDOV�H[SHULHQFH�YDU\LQJ�OHYHOV�RI�VWUHVV��:HEHU
HW�DO���������:DWHUV�HW�DO����������7KLV�KDV�LQFUHDVHG�WKH�LQFLGHQFH�RI�ZDYHV�EUHDNLQJ�DORQJ�WKH
FRDVW��DQG�FRQVHTXHQWO\��KDV�LQFUHDVHG�FRDVWDO�HURVLRQ��:RODQVNL�HW�DO���������

7KH�+DZDLµL�'HSDUWPHQW�RI�+HDOWK��'2+��KDV�GHFODUHG 0DXQDOXD�%D\�DQ�LPSDLUHG�ZDWHU�ERG\
IRU�UHFUHDWLRQ��DTXDWLF�KDELWDW��DQG�ZLOGOLIH�KDELWDW��GXH�WR�KLJK�OHYHOV�RI�EDFWHULD��VXVSHQGHG
VROLGV��DQG�QXWULHQWV��86'$�15&6���������7KLV�LPSDLUPHQW�KDV�FRQVHTXHQWLDO�LPSOLFDWLRQV�IRU
WKH�KHDOWK��HFRQRPLF�ZHOO�EHLQJ��DQG�FXOWXUDO�LQWHJULW\�RI�WKH�UHJLRQ
V�UHVLGHQWV��0LOOHU�HW�DO��
������ 7KH�PRVW�FULWLFDO�WKUHDWV�WR�WKH�%D\�DUH�SROOXWHG UXQRII�DQG�VHGLPHQW�LQSXW��LQYDVLYH�DOLHQ
DOJDH��DQG�XQVXVWDLQDEOH�KDUYHVWLQJ�SUDFWLFHV��:H�KDYH�HVWDEOLVKHG�WKDW�WKH�0DXQDOXD�%D\�UHJLRQ
LV�DQ�LPSRUWDQW�DUHD�RI�IRFXV�GXH�WR�WKH�KLJK�UXQRII¶V�GHWULPHQWDO�LPSDFW�RQ�WKH�%D\��+RZHYHU�
WKHUH�LV�VWLOO�XQFHUWDLQW\�RQ�ZKHUH�WKH�UXQRII�UDWHV�DUH�KLJKHVW�DQG��WKHUHIRUH��ZKHUH�WKH�RSWLPDO
SODFHV�DUH�ZLWKLQ�WKH�ZDWHUVKHG�WR�LQWHUYHQH��2XU�SURMHFW�ZLOO�GHWHUPLQH�KLJK�UXQRII�ORFDWLRQV�
ZKLFK�ZLOO�LQIRUP�LQWHUYHQWLRQ�DFWLRQV�

*UHHQ�,QIUDVWUXFWXUH
*UHHQ�,QIUDVWUXFWXUH��*,��UHIHUV�WR�D�³UDQJH�RI�PHDVXUHV�WKDW�XVH�SODQW�RU�VRLO�V\VWHPV��SHUPHDEOH
SDYHPHQW�RU�RWKHU�SHUPHDEOH�VXUIDFHV�RU�VXEVWUDWHV��VWRUPZDWHU�KDUYHVW�DQG�UHXVH��RU
ODQGVFDSLQJ�WR�VWRUH��LQILOWUDWH��RU�HYDSRWUDQVSLUDWH�VWRUPZDWHU�DQG�UHGXFH�IORZV�WR�VHZHU�V\VWHPV
RU�VXUIDFH�ZDWHUV´��:DWHU�,QIUDVWUXFWXUH�,PSURYHPHQW�$FW���������([DPSOHV�RI�JUHHQ
LQIUDVWUXFWXUH�LQFOXGH�UDLQ�JDUGHQV��ELRVZDOHV��JUHHQ�URRIV��DQG�SHUPHDEOH�SDYHPHQW��%\�ILOWHULQJ
DQG�DEVRUELQJ�VWRUPZDWHU�ZKHUH�LW�IDOOV��RU�FORVH�WR�LW��JUHHQ�LQIUDVWUXFWXUH�SURYLGHV�FOHDQHU�ZDWHU

�



DQG�UXQRII��,W�FDQ�DOVR�SURYLGH�FOHDQHU�DLU��IORRG�SURWHFWLRQ��GLYHUVH�KDELWDW��DQG�YLVXDOO\
DSSHDOLQJ�JUHHQ�VSDFHV��(3$��������

*UHHQ�LQIUDVWUXFWXUH�LV�DQ�HIIHFWLYH�WRRO�IRU�UHGXFLQJ�DQG�ILOWHULQJ�VWRUPZDWHU�UXQRII�DQG
DVVRFLDWHG�SROOXWDQWV�IURP�XUEDQ�DUHDV��6SDUNPDQ�HW�DO����������7KH�VRLO�PHGLD�DQG�SODQW
FRPSRQHQWV�RI�JUHHQ�LQIUDVWUXFWXUH�HOHPHQWV��VXFK�DV�UDLQ�JDUGHQV��SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH
SROOXWDQW�UHPRYDO�SURFHVV��3ODQW�PHFKDQLVPV�DQG�FKHPLFDO�SURFHVVHV�DUH�SDUWLFXODUO\�HIIHFWLYH�DW
UHPRYLQJ�VWRUPZDWHU�FRQWDPLQDQWV��6KDUPD�DQG�0DODYL\D���������:DWHUVKHGV�HTXLSSHG�ZLWK
/,'�HOHPHQWV�KDYH�EHHQ�IRXQG�WR�UHPRYH�VLJQLILFDQWO\�KLJKHU�DPRXQWV�RI�QLWURJHQ��SKRVSKRUXV�
DQG�VHGLPHQW�RQ�DQ�DQQXDO�EDVLV�FRPSDUHG�WR�WUDGLWLRQDO�ZDWHUVKHGV��6SDUNPDQ�HW�DO���������

*UHHQ�LQIUDVWUXFWXUH�HOHPHQWV�FDQ�EH�LPSOHPHQWHG�LQ�WKH�FRPPXQLW\�DW�VHYHUDO�VFDOHV��LQFOXGLQJ
XUEDQ�DQG�UHVLGHQWLDO�VFDOHV��86(3$���,PSOHPHQWLQJ�JUHHQ�LQIUDVWUXFWXUH�LQ�RSWLPDO�ORFDWLRQV
DFURVV�WKH�0DXQDOXD�%D\�UHJLRQ�KDV�WKH�SRWHQWLDO�WR�VLJQLILFDQWO\�UHGXFH�SROOXWDQW�ORDGV�IORZLQJ
LQWR�WKH�%D\��:KHQ�SODFHG�LQ�ORFDWLRQV�RI�KLJK�VWRUPZDWHU�UXQRII�DQG�IORZ�YROXPH��JUHHQ
LQIUDVWUXFWXUH�ZLOO�VHUYH�DV�D�VWRUPZDWHU�PDQDJHPHQW�WRRO��UHGXFLQJ�WKH�LPSDFWV�RI�XUEDQL]DWLRQ
DQG�DVVRFLDWHG�UHGXFWLRQ�LQ�QDWXUDO�YHJHWDWLRQ��*UHHQ�LQIUDVWUXFWXUH�DFWLYLWLHV��VXFK�DV
LPSOHPHQWDWLRQ�RI�UDLQ�JDUGHQV�DQG�UDLQ�EDUUHOV��DUH�DOUHDG\�RQJRLQJ�LQ�WKH�UHJLRQ��2XU�FOLHQW
0ƗODPD�0DXQDOXD��LV�SDUW�RI�WKH��&35�&DPSDLJQ���ZKLFK LV�FXUUHQWO\�IRFXVHG�RQ�DGGUHVVLQJ
IORRGLQJ�LQ�WKH�0DXQDOXD�%D\�ZDWHUVKHGV�E\�RIIHULQJ�IUHH�UDLQZDWHU�DVVHVVPHQWV�DQG�SURPRWLQJ
UDLQ�EDUUHOV�WR�WKH�FRPPXQLW\�

2IWHQ�XVHG�LQWHUFKDQJHDEO\�ZLWK�JUHHQ�LQIUDVWUXFWXUH�LV�WKH�WHUP�ORZ�LPSDFW�GHYHORSPHQW��/,'��
/RZ�LPSDFW�GHYHORSPHQW�LV�D��PDQDJHPHQW�DSSURDFK�DQG�VHW�RI�SUDFWLFHV�WKDW�FDQ�UHGXFH�UXQRII
DQG�SROOXWDQW�ORDGLQJV�E\�PDQDJLQJ�UXQRII�DV�FORVH�WR�LWV�VRXUFH�V��DV�SRVVLEOH��LQFOXGLQJ�RYHUDOO
VLWH�GHVLJQ�DSSURDFKHV�DQG�LQGLYLGXDO�VPDOO�VFDOH�VWRUPZDWHU�PDQDJHPHQW�SUDFWLFHV�WKDW�SURPRWH
WKH�XVH�RI�QDWXUDO�V\VWHPV�IRU�LQILOWUDWLRQ��HYDSRWUDQVSLUDWLRQ�DQG�WKH�KDUYHVWLQJ�DQG�XVH�RI
UDLQZDWHU���86(3$���������*UHHQ�LQIUDVWUXFWXUH�LV�FRQVLGHUHG�WR�EH�DQ�XPEUHOOD�WHUP�XQGHU
ZKLFK�/,'�UHVLGHV�

&OLPDWH�&KDQJH�,PSDFWV
(DUWK�KDV�EHHQ�XQGHUJRLQJ�DQ�XQSUHFHGHQWHG�ZDUPLQJ�SURFHVV�VLQFH�WKH�,QGXVWULDO�5HYROXWLRQ�
7KH�6L[WK�$VVHVVPHQW�5HSRUW��$5���RI�WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&�
UHSRUWV�WKH�FKDQJH�LQ�JOREDO�PHDQ�VXUIDFH�WHPSHUDWXUH��*067��LV�DVVHVVHG�WR�EH�����
������������&�IURP�WKH�����������EDVHOLQH�WR�����������UHIHUHQFH�SHULRG� 3URMHFWHG�LQFUHDVHV�LQ
WHPSHUDWXUH�DUH�H[SHFWHG�WR�FDXVH�D�JHQHUDO�LQFUHDVH�LQ�SUHFLSLWDWLRQ�H[WUHPHV��OHDGLQJ�WR�PRUH
LQWHQVH�GURXJKW�SHULRGV�DQG�KHDY\�UDLQIDOO�HYHQWV�DVVRFLDWHG�ZLWK�LQFUHDVHG�VWRUP�LQWHQVLWLHV
�&KX�HW�DO���������

&OLPDWH�FKDQJH�LV�DOVR�H[SHFWHG�WR�KDYH�LPSDFWV�RQ�WKH�(O�1LxR�6RXWKHUQ�2VFLOODWLRQ��(162��
(162�LV�D�UHFXUULQJ�FOLPDWH�SDWWHUQ�LQYROYLQJ�FKDQJHV�LQ�WKH�WHPSHUDWXUH�RI�ZDWHUV�LQ�WKH�FHQWUDO
DQG�HDVWHUQ�WURSLFDO�3DFLILF�2FHDQ��UHODWHG�WR�FKDQJHV�LQ�WKH�HDVWHUO\�WUDGH�ZLQGV��$GGLWLRQDOO\�
(O�1LxR�WHQGV�WR�LQFUHDVH�WKH�QXPEHU�RI�WURSLFDO�F\FORQHV��7&��LQ�WKH�HDVWHUQ�DQG�FHQWUDO�1RUWK
3DFLILF�UHJLRQV��7KLV�PDNHV�IRU�LQFUHDVHG�ULVN�RI�7&�DFWLYLW\�LQ�+DZDLµL�GXULQJ�WKH�7&�VHDVRQ�RI
(O�1LxR�\HDUV��12$$���������7KHVH�H[SHFWHG�LQFUHDVHV�LQ�VWRUP�LQWHQVLW\��1RUWRQ�HW�DO��������	

�



0XUDNDPL�HW�DO���������DUH�H[SHFWHG�WR�LQIOXHQFH�IXWXUH�VWRUP�UXQRII��XOWLPDWHO\�DIIHFWLQJ�WKH
FRPPXQLWLHV��HFRV\VWHPV��DQG�HFRQRPLF�UHYHQXHV�DVVRFLDWHG�ZLWK�WKH�0DXQDOXD�%D\�UHJLRQ�

3URMHFW�6LJQLILFDQFH

0ƗODPD�0DXQDOXD�LV�D�FRPPXQLW\�EDVHG��QRQ�SURILW�RUJDQL]DWLRQ�GHGLFDWHG�WR�WKH�HQYLURQPHQWDO
VWHZDUGVKLS�RI�0DXQDOXD�%D\��+DZDLµL��7R�HQVXUH�WKH�KHDOWK�RI�WKH�%D\��0ƗODPD�0DXQDOXD
FRQGXFWV�UHVWRUDWLRQ�DQG�FRQVHUYDWLRQ�HIIRUWV��HQVXULQJ�D�IRXQGDWLRQ�RI�VFLHQWLILF�HYLGHQFH�DQG
FXOWXUDO�DQG�ORFDO�NQRZOHGJH��0ƗODPD�0DXQDOXD�DGGUHVVHV�WKUHH�FULWLFDO�WKUHDWV�WR�0DXQDOXD
%D\��ODQG�EDVHG�VRXUFHV�RI�SROOXWLRQ��RYHUILVKLQJ��DQG�LQYDVLYH�DOLHQ�DOJDH��7KH�REMHFWLYHV�RI�WKLV
SURMHFW�DLP�WR�DGGUHVV�WKH�ILUVW�WKUHDW²VRXUFHV�RI�SROOXWLRQ�IORZLQJ�IURP�ODQG�LQWR�WKH�%D\�

&RPPXQLW\�PHPEHUV��HVSHFLDOO\�ILVKHUV�DQG NXSXQD �³HOGHUV´�� ZKR�GHSHQG�XSRQ�D�KHDOWK\�%D\
IRU�WKHLU�OLYHOLKRRGV�DQG�FXOWXUDO�SUDFWLFHV��ZRXOG�VLJQLILFDQWO\�EHQHILW�IURP�DGGLWLRQDO�UHVHDUFK
IRFXVHG�RQ�ODQG�EDVHG�VRXUFHV�RI�SROOXWLRQ��+RZHYHU��FDSDFLW\�DQG�H[SHUWLVH�OLPLW�WKH�DELOLW\�RI
0ƗODPD�0DXQDOXD�WR�FRQGXFW�D�UHJLRQ�ZLGH�ZDWHUVKHG�DVVHVVPHQW�WR�SUHYHQW�KLJK�UXQRII
HQWHULQJ�0DXQDOXD�%D\��7KH�FRPELQHG�HIIRUWV�RI�RXU�JURXS�DQG�0ƗODPD�0DXQDOXD�ZLOO�DLG�LQ�WKH
PDQDJHPHQW�RI�WKH�ZDWHUVKHGV�IHHGLQJ�0DXQDOXD�%D\�

)LJXUH��� 7KH�0DXQDOXD�%D\�5HJLRQ��2ࡒ�DKX��+DZDLLDQ ,VODQGV��8�6�$��'DWD�SURYLGHG�E\�WKH�8�6�
*HRORJLFDO�6XUYH\�DQG�WKH�8QLYHUVLW\�RI�+DZDLࡒ�L�DW�0ƗQRD�6FKRRO�RI�2FHDQ��(DUWK��6FLHQFH��DQG
7HFKQRORJ\��62(67����&UHGLW��'RUQDQ�HW�DO���������

��



$�SUHYLRXV�JURXS�SURMHFW�RI�7KH�%UHQ�6FKRRO�RI�(QYLURQPHQWDO�6FLHQFH�	�0DQDJHPHQW
GHYHORSHG�SURWRFROV�WR�LGHQWLI\�UXQRII�KRWVSRWV��DUHDV�ZLWKLQ�D�ZDWHUVKHG�WKDW�SURGXFH�WKH
JUHDWHVW�UXQRII�TXDQWLW\��ZLWKLQ�WKH�:DLOXSH�ZDWHUVKHG��7KH�SURWRFROV�UHTXLUH�XWLOL]LQJ�D
K\GURORJLF�PRGHOLQJ�WRRO��WKH�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\¶V�6WRUPZDWHU�0DQDJHPHQW
0RGHO������6:00���0ƗODPD�0DXQDOXD�LV�LQWHUHVWHG�LQ�H[SDQGLQJ�WKLV�K\GURORJLF�DQDO\VLV�WR
WKH�HQWLUH�UHJLRQ��EXW�WKLV�SURMHFW�KDV�EHHQ�GHOD\HG�GXH�WR�D�ODFN�RI�SUHFLSLWDWLRQ�DQG�VWUHDP
JDXJH�GDWD�LQ�WKH�UHJLRQ��+RZHYHU��0ƗODPD�0DXQDOXD�KDV�EHJXQ�SODFLQJ�UDLQ�JDXJHV�WKURXJKRXW
0DXQDOXD�%D\��ZKLFK�PDNHV�FUHDWLQJ�D�6:00�PRGHO�IRU�HDFK�ZDWHUVKHG�PRUH�SRVVLEOH��7KH
QHZ�SUHFLSLWDWLRQ�GDWD�FROOHFWLRQ�EHJDQ�LQ�������DQG�FRXOG�EH�XVHIXO�IRU�FDOLEUDWLQJ�6:00
PRGHOV�LQ�WKH�IXWXUH��)RU�WKLV�UHDVRQ��ZH�FUHDWHG�6:00�PRGHOV�IRU�WKH�UHJLRQ�WKDW�ZLOO�EH
SUHSDUHG�IRU�IXWXUH�FDOLEUDWLRQ��7R�WHVW�DQG�PDLQWDLQ�UHSURGXFLELOLW\��ZH�XWLOL]HG�WKH�SUHYLRXV
JURXS¶V�SURWRFRO�WR�FUHDWH�6:00�LQSXW�ILOHV�IRU�WKH���RWKHU�ZDWHUVKHGV�LQ�WKH�UHJLRQ��7KHVH
ZDWHUVKHGV�DUH�.XOLµRXµRX��+DKDLRQH��.DPLOR�,NL��.DPLOR�1XL��1LX��3RUWORFN��:DLDODH�,NL��DQG
:DLDODH�1XL��)LJXUH�����)XUWKHUPRUH��ZH�EXLOG�RQ�WKH�SUHYLRXV�JURXS¶V�SURMHFW�E\�GHWHUPLQLQJ
WKH�LPSDFW�RI�JUHHQ�LQIUDVWUXFWXUH�DQG�FOLPDWH�FKDQJH�RQ�UXQRII�KRWVSRWV�LQ�WKH�:DLOXSH
ZDWHUVKHG�

0HWKRGV�DQG�5HVXOWV

6:00�0RGHO�6HWXS
:H�XVHG�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\¶V��(3$��6WRUP�:DWHU
0DQDJHPHQW�0RGHO������6:00�²DQ�RSHQ�VRXUFH�WRRO�WKDW�FDQ�EH
GRZQORDGHG�IURP�WKH�(3$�ZHEVLWH��6:00�VLPXODWHV�K\GURORJLF
SURFHVVHV��WDNLQJ�LQWR�DFFRXQW�LPSHUYLRXV�VXUIDFHV��WR�HVWLPDWH
VWRUPZDWHU�UXQRII�DQG�SROOXWDQW�ORDGLQJ��DQG�FDQ�UHSUHVHQW�ERWK�QDWXUDO
DQG�XUEDQL]HG�ZDWHUVKHGV��7KLV�PRGHO�LV�LGHDO�IRU�WKH�0DXQDOXD�%D\
UHJLRQ��ZKLFK�LV�XUEDQL]HG�LQ�WKH�ORZHU�ZDWHUVKHG�DQG�QDWXUDO�LQ�WKH
XSSHU�ZDWHUVKHG��6:00�UHTXLUHV�SUHFLSLWDWLRQ�GDWD��VXEFDWFKPHQW
GHOLQHDWLRQ��VXEFDWFKPHQW�FKDUDFWHULVWLF�GDWD��VWRUPZDWHU�QHWZRUN�GDWD�
DQG�VWUHDP�JDXJH�GDWD��:KHQ�VHWWLQJ�XS�6:00�WR�PRGHO�UXQRII
KRWVSRWV��ZH�IROORZHG�SURWRFROV�GHYHORSHG�E\�D�SUHYLRXV�%UHQ�*URXS
3URMHFW��'RUQDQ�HW�DO���������GXULQJ�WKHLU�UXQRII�KRWVSRW�DQDO\VLV�RI
:DLOXSH��:H�VWDUWHG�VHWWLQJ�XS�WKH�.XOLµRXµRX�6:00�PRGHO�ILUVW
EHFDXVH��DIWHU�:DLOXSH��LW�LV�WKH�ZDWHUVKHG�ZLWK�WKH�PRVW�SUHFLSLWDWLRQ
GDWD��:H�DOVR�FUHDWHG�6:00�PRGHOV�IRU�+DKDLRQH��.DPLOR�,NL��.DPLOR
1XL��1LX��3RUWORFN��:DLDODH�,NL��DQG�:DLDODH�1XL�ZDWHUVKHGV��:H�ZLOO�XVH
WKH�.XOLµRXµRX�ZDWHUVKHG�DV�DQ�H[DPSOH�KHUH�DV�ZH�OD\�RXW�RXU�PHWKRGV�

6WRUPZDWHU�1HWZRUN
7KH�VWRUPZDWHU�QHWZRUN�ZDV�FUHDWHG�E\�PHUJLQJ�WKH�VWRUPZDWHU
FRQGXLWV�$UF*,6�OD\HU�ZLWK�WKH�VWUHDPV��)RU�WKH�$UF*,6�PRGHO�XVHG
WR�FUHDWH�WKH�VWRUPZDWHU�QHWZRUN��VHH�$SSHQGL[�$�

��



6XEFDWFKPHQW�'HOLQHDWLRQ
6XEFDWFKPHQW�GHOLQHDWLRQ�LV�D�SURFHVV�LQ�ZKLFK�ZDWHUVKHGV�DUH�EURNHQ�GRZQ�LQWR�VPDOOHU�IORZ
DUHDV�EDVHG�RQ�WKH�GLJLWDO�HOHYDWLRQ�PRGHO��'(0���6XEFDWFKPHQW�GHOLQHDWLRQ�LV�KHOSIXO�LQ
GHWHUPLQLQJ�UXQRII�KRWVSRWV��RU�VXEFDWFKPHQWV�ZLWKLQ�WKH�ZDWHUVKHG�WKDW�FRQWULEXWH�KLJKHU�UXQRII
IORZ�DQG�YROXPH�WKDQ�VXUURXQGLQJ�VXEFDWFKPHQWV��7KLV�DOORZV�UXQRII�LQWHUYHQWLRQ�RQ�D�VPDOOHU
VFDOH��6XEFDWFKPHQW�GHOLQHDWLRQ�LV�SDUWLFXODUO\�LPSRUWDQW�LQ�XUEDQL]HG�ZDWHUVKHGV�EHFDXVH
ZDWHUIORZ�KDV�EHHQ�FKDQJHG�E\�VWRUPZDWHU�V\VWHPV�DQG�OHYHOLQJ��6XEFDWFKPHQWV�FDQ�EH
GHOLQHDWHG�LQ�VXFK�D�ZD\�WKDW�WKH�XUEDQ�VWRUPZDWHU�QHWZRUN�LV�DOVR�WDNHQ�LQWR�DFFRXQW�ZKHQ
GHWHUPLQLQJ�ZDWHU�IORZ�RYHU�WKH�VXUIDFH��7KLV�LV�GRQH�E\�ORZHULQJ�HOHYDWLRQV�ZKHUH�VWRUPZDWHU
GUDLQV�DUH�ORFDWHG�VR�WKDW�ZDWHU�IORZV�LQ�WKRVH�DUHDV�GXULQJ�VLPXODWLRQV��:H�SHUIRUPHG�WKH
VXEFDWFKPHQW�GHOLQHDWLRQ�LQ�$UF*,6�3UR��XWLOL]LQJ�WKH�.XOLµRXµRX�ZDWHUVKHG�RXWOLQH��VWUHDPV�
DQG�WKH�VWRUPZDWHU�QHWZRUN��)LJXUH�����)RU�PRUH�GHWDLOV�RQ�WKH�PHWKRGV��VHH�$SSHQGL[�%�

6XEFDWFKPHQW�&KDUDFWHULVWLFV
6:00�UHTXLUHV�VHYHUDO�FKDUDFWHULVWLFV�IRU�HDFK�ZDWHUVKHG�VXEFDWFKPHQW�WR�EH�LQSXW�LQ�RUGHU�WR
VLPXODWH�UXQRII��:H�FDOFXODWHG�SHUFHQW�LPSHUYLRXV�FRYHU��VRLO�FXUYH�QXPEHU��DQG�VORSH�IRU�HDFK
VXEFDWFKPHQW�LQ�WKH���ZDWHUVKHGV�XVLQJ�$UF*,6�3UR��7KHVH�FKDUDFWHULVWLFV�DIIHFW�WKH�YROXPH�RU
YHORFLW\�RI�UXQRII� )RU�PRUH�GHWDLOV�RQ�WKH�PHWKRGV� VHH�$SSHQGL[�&��)RU�DOO�6:00�LQSXWV�IRU
VXEFDWFKPHQW�FKDUDFWHULVWLFV��VHH�$SSHQGL[�'�

,PSHUYLRXV�6XUIDFH�&RYHU
3HUFHQW�LPSHUYLRXV�FRYHU�LV�FDOFXODWHG�XVLQJ�GDWD�OD\HUV�IRU
H[LVWLQJ�ELNH�ODQHV��EXLOGLQJV�DQG�URRIWRSV��DQG�URDGV��7KH�VSDWLDO
OD\HU�IRU�URDGV�ZDV�EXIIHUHG�E\���IHHW�WR�DFFRXQW�IRU�VLGHZDONV��$OO
VWUHHWV�ZHUH�DVVXPHG�WR�KDYH�VLGHZDONV��7KLV�OD\HU�ZDV�WKHQ
FRPELQHG�ZLWK�WKH�EXLOGLQJV�IRRWSULQWV�OD\HU�DQG�ELNH�IDFLOLWLHV
OD\HU��XVLQJ�WKH�$UF*,6�µ8QLRQ¶�WRRO��WR�WDNH�LQWR�DFFRXQW
LPSHUYLRXV�EXLOGLQJV��URRIWRSV��DQG�ELNH�SDWKV�LQWR�D�VLQJOH�OD\HU�

7KH�UHVXOWLQJ�OD\HU�ZDV�WKHQ�FRPSDUHG�WR�*RRJOH�(DUWK
LPDJHV�RI�WKH�ZDWHUVKHGV�WR�HQVXUH�WKDW�QR�PDMRU
LPSHUYLRXV�VXUIDFHV�ZHUH�PLVVHG��VXFK�DV�SDUNLQJ�ORWV�DQG
URDGV��7KH�IHZ�VXUIDFHV�WKDW�ZHUH�PLVVHG�ZHUH�WKHQ�GUDZQ
PDQXDOO\�LQWR�WKH�OD\HU��)LJXUH����

7KH�SHUFHQW�RI�LPSHUYLRXV�FRYHU�LQ�HDFK�VXEFDWFKPHQW
ZDV�WKHQ�FDOFXODWHG�XVLQJ�WKH�µ7DEXODWH�$UHD�,QWHUVHFWLRQ¶
WRRO�LQ�$UF*,6��7KHVH�UHVXOWV�FDQ�EH�IRXQG�LQ�$SSHQGL[�'�

6RLO�&XUYH�1XPEHUV
6:00�FDQ�WDNH�LQWR�DFFRXQW�WKH�LQILOWUDWLRQ�RI�VWRUPZDWHU�LQWR
VRLOV�XVLQJ�FXUYH�QXPEHUV��$�VRLO�FXUYH�QXPEHU�LV�D�PHWULF�WKDW
UHSUHVHQWV�WKH�DPRXQW�RI�UXQRII�WKDW�LQILOWUDWHV�WKH�VRLO��,W�LV�EDVHG
RQ�WKH�DUHD
V�K\GURORJLF�VRLO�JURXS��ODQG�XVH��WUHDWPHQW�DQG

��



K\GURORJLF�FRQGLWLRQV��&XUYH�QXPEHUV�UDQJH�IURP���WR������ZLWK���UHSUHVHQWLQJ
FRPSOHWHO\�VDWXUDWHG�ZHW�VXUIDFHV��VXFK�DV�ODNHV�RU�RFHDQV���DQG�����UHSUHVHQWLQJ
FRPSOHWHO\�LPSHUYLRXV�VXUIDFHV��86'$��6RLO�&RQVHUYDWLRQ�6HUYLFH��

:H�XWLOL]HG�WKH�SUHYLRXV�%UHQ�JURXS�SURMHFW¶V�VRLO�FXUYH�GDWD��ZKLFK
FRPELQHV�ERWK�VRLO�K\GURORJLF�JURXS�DQG�ODQG�XVH�GDWD��+\GURORJLF
6RLO�*URXSV�DUH�EURNHQ�LQWR�JURXSV�$��%��&��DQG�'��UHSUHVHQWLQJ
GLIIHUHQW�VRLO�W\SHV�DQG�LQILOWUDWLRQ�OHYHOV��$�VRLO�FXUYH�QXPEHU�LV
SURGXFHG�E\�MRLQWO\�DVVLJQLQJ�VFRUHV�WR�WKH�GLIIHUHQW�FRPELQDWLRQV
RI�K\GURORJLF�VRLO�JURXSV�DQG�ODQG�XVHV��)LJXUH�����$�WDEOH�OLVWLQJ
WKH�VRLO�FXUYH�QXPEHUV�E\�ODQG�FRYHU�DQG�K\GURORJLF�JURXSV�IRXQG
LQ�WKH�UHJLRQ�FDQ�EH�IRXQG�LQ�$SSHQGL[�(�

7KH�µ7DEXODWH�$UHD�,QWHUVHFWLRQ¶�WRRO�LQ�$UF*,6�ZDV�WKHQ�XVHG�WR
FDOFXODWH�WKH�SHUFHQW�DUHD�RI�HDFK�FXUYH�QXPEHU�ZLWKLQ�HDFK
VXEFDWFKPHQW��7KH�UHVXOWLQJ�DWWULEXWH�WDEOH�ZDV�H[SRUWHG�WR�5�WR
FUHDWH�D�QHZ�FROXPQ�ZLWK�DQ�DYHUDJH�FXUYH�QXPEHU�SHU
VXEFDWFKPHQW�XVLQJ�D�ZHLJKWHG�DYHUDJH�PHWKRG��7KLV�UHVXOWHG�LQ�D
ILQDO�VKDSHILOH�ZLWK�WKH�FXUYH�QXPEHUV�IRU�WKH�0DXQDOXD�%D\
UHJLRQ�

3HUFHQW�6ORSH
6:00�DOVR�UHTXLUHV�D�SHUFHQW�VORSH�IRU�HDFK�VXEFDWFKPHQW��7R
FDOFXODWH�WKLV��WKH����PHWHU�'(0�OD\HU�XVHG�LQ�WKH�6XEFDWFKPHQWV
'HOLQHDWLRQ�PHWKRG�ZDV�XVHG�WR�FDOFXODWH�WKH�DUHD�SHUFHQWDJH�RI
GLIIHUHQW�VORSHV�LQ�HDFK�VXEFDWFKPHQW�LQ�$UF*,6��7KH�UHVXOWLQJ
WDEOH�ZDV�WKHQ�H[SRUWHG�WR�5�WR�FDOFXODWH�WKH�ZHLJKWHG�PHDQ�VORSH
IRU�HDFK�VXEFDWFKPHQW�

6:00�3UHSDUDWLRQ
7R�SUHSDUH�RXU�6:00�LQSXW�ILOH��ZH�XWLOL]HG�WKH�FRGH�SURGXFHG�E\�WKH�SUHYLRXV�%UHQ�*URXS
3URMHFW��7KLV�FRGH�LV�DYDLODEOH�RQ *LW+XE DW KWWSV���JLWKXE�FRP�QDWDOLHGRUQDQ�.DKXZDL� :H
UHIRUPDWWHG�WKHLU�FRGH�VR�LW�FRXOG�DOO�EH�UXQ�DW�RQFH��ZKLFK�LV�HDVLHU�IRU�XVHUV�XQIDPLOLDU�ZLWK�5�
7KLV�FRGH�FDQ�EH�IRXQG�DW�RXU *LW+XE DFFRXQW KWWSV���JLWKXE�FRP�DORKD�DLQD�$ORKD�$LQD� 7KH
GDWD�QHHGHG�WR�UXQ�WKLV�FRGH�LQFOXGH�VWRUPZDWHU�V\VWHP��VXEFDWFKPHQW�GHOLQHDWLRQ��DQG
VXEFDWFKPHQW�FKDUDFWHULVWLFV�

.XOLµRXµRX�0RGHO�&DOLEUDWLRQ
6:00�UHTXLUHV�SUHFLSLWDWLRQ�GDWD�IURP�WKH�UHJLRQ�RI�LQWHUHVW�WR�VLPXODWH�UXQRII�IURP�VWRUP
HYHQWV��3UHFLSLWDWLRQ�GDWD�ZDV�SURYLGHG�E\�WKH�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ¶V��12$$��1DWLRQDO�&HQWHUV�IRU�(QYLURQPHQWDO�,QIRUPDWLRQ��1&(,��IRU�WKH
:DLOXSH�9DOOH\�6FKRRO��������+,�86�&223���������:96��DQG�3DLNR�'ULYH��������+,�86
&223���������3DLNR�'ULYH��VWDWLRQV�EHWZHHQ�WKH�\HDUV������DQG�������12$$�1&(,��������
:96�LV�ORFDWHG�LQ�WKH�:DLOXSH�ZDWHUVKHG��ZKLOH�3DLNR�'ULYH�LV�ORFDWHG�LQ�WKH�.XOLµRXµRX

��



ZDWHUVKHG��7KH�WZR�ZDWHUVKHGV�DUH�VHSDUDWHG�E\�WKH�1LX�ZDWHUVKHG�7KH�5�FRGH�FDQ�EH�IRXQG�LQ
WKH�$ORKD�$LQD�*LW+XE�SURMHFW�

'XH�WR�WKH�ODFN�RI�GDWD�DYDLODELOLW\�IRU�WKH�.XOLµRXµRX�ZDWHUVKHG�DW�D�WLPH�LQWHUYDO�QHFHVVDU\�IRU
6:00��ZH�FRQGXFWHG�D�WLPH�VHULHV�DQDO\VLV�FRPSDULQJ�:DLOXSH�DQG�.XOLµRXµRX�UDLQIDOO��7KLV
ZDV�GRQH�WR�GHWHUPLQH�ZKHWKHU�WKH�ZDWHUVKHGV�UHFHLYHG�VLPLODU�HQRXJK�UDLQIDOO�WR�XVH�UDLQIDOO
GDWD�IURP�:DLOXSH�DV�D�SUR[\�IRU�.XOLµRXµRX�UDLQIDOO�

)LJXUH��� 5LGJHOLQH�3UHFLSLWDWLRQ�GDWD�DFURVV�ZDWHUVKHGV IRU�-DQXDU\����������

%HFDXVH�SUHFLSLWDWLRQ�YDULHV�ZLWK�HOHYDWLRQ��ZH�FRPSDUHG�ERWK�XSSHU�ZDWHUVKHG�DQG�ORZHU
ZDWHUVKHG�SUHFLSLWDWLRQ�LQ�:DLOXSH�DQG�.XOLµRXµRX��)LUVW��ZH�FRPSDUHG�WKH�ULGJHOLQH
SUHFLSLWDWLRQ�JDXJHV��ZKLFK�KDG�XQLIRUP�UDLQIDOO�RYHU�D������VWRUP�HYHQW��)LJXUH����

1H[W��ZH�FRPSDUHG�WKH�ORZHU�ZDWHUVKHG�:96�SUHFLSLWDWLRQ�WR�3DLNR�'ULYH�SUHFLSLWDWLRQ��:H
IRXQG�D�UHODWLRQVKLS�EHWZHHQ�:96�DQG�3DLNR�'ULYH�GDLO\�WRWDO�SUHFLSLWDWLRQ�DFURVV�PXOWLSOH
VWRUP�HYHQWV��)LJXUH����$SSHQGL[�)���FRQILUPLQJ�WKDW�:96�SUHFLSLWDWLRQ�GDWD�IRU�WKH�:DLOXSH
ZDWHUVKHG�FRXOG�SRWHQWLDOO\�EH�XVHG�DV�D�SUR[\�IRU�3DLNR�'ULYH�SUHFLSLWDWLRQ�GDWD�LQ�WKH
.XOLµRXµRX�ZDWHUVKHG�IRU�RXU�.XOLµRXµRX�6:00�PRGHO�

��



)LJXUH���:DLOXSH�9DOOH\�6FKRRO�DQG�3DLNR�'ULYH�12$$ SUHFLSLWDWLRQ�GDWD�FRPSDULVRQ�IRU�WKH�-DQXDU\
�����������VWRUP�

+RZHYHU��DQ�DGGLWLRQDO�IDFWRU�ZKHQ�FKRRVLQJ�VWRUP�HYHQWV�WR�UXQ�LQ�6:00�LV�WKDW�WKH
SUHFLSLWDWLRQ�GDWD�QHHGV�WR�EH�SDLUHG�ZLWK�VWUHDP�JDXJH�GDWD�WR�IDFLOLWDWH�LQ�PRGHO�FDOLEUDWLRQ�
FRPSDULQJ�REVHUYHG�DQG�VLPXODWHG�VWUHDPIORZ��)RU�WKLV�SURMHFW��ZH�XWLOL]HG�VWUHDP�GLVFKDUJH
GDWD�IURP�WKH�86*6�VWDWLRQ�����������.XOLµRXµRX�9DOOH\�DW�.XOLµRXµRX��2µDKX��+,���7KH�GDWD
IRU�WKLV�VWUHDP�JDXJH�ZDV�GRZQORDGHG�IURP�WKH 86*6 1DWLRQDO�:DWHU�,QIRUPDWLRQ�6\VWHP��7KLV
GDWD�ZDV�DYDLODEOH�IURP������������WR�������������DQG�WKXV�OLPLWHG�RXU�DYDLODEOH�ZLQGRZ�RI
SUHFLSLWDWLRQ�GDWD�WR�SDLU�ZLWK�VWUHDP�JDXJH�GDWD�IRU�PRGHO�FDOLEUDWLRQ�

:H�IRXQG�WZR�VWRUPV�WKDW�RYHUODSSHG�ZLWK�WKH�VWUHDP�JDXJH�GDWD��KRZHYHU�WKH\�ZHUH�XQDEOH�WR
EH�XVHG�IRU�PRGHO�FDOLEUDWLRQ��7KH�ILUVW�VWRUP��1RYHPEHU�'HFHPEHU������ KDG�DQ�RYHUDOO�VLPLODU
SUHFLSLWDWLRQ�SDWWHUQ�EHWZHHQ�:DLOXSH�DQG�.XOLµRXµRX��EXW�KDG�WRR�IHZ�GDWD�SRLQWV�IRU�6:00�WR
JHQHUDWH�UXQRII��)LJXUH�����0RVW�VWRUPV�KDG�VLPLODU�UDLQIDOO�IRU�ERWK�ZDWHUVKHGV��KRZHYHU��WKH
VWRUP�RQ�2FWREHU����������KDG�SUHFLSLWDWLRQ�WKDW�GLIIHUHG�EHWZHHQ�WKH�ZDWHUVKHGV��DQG�WKHUHIRUH�
ZRXOG�QRW�DFFXUDWHO\�SURGXFH�VWUHDP�IORZ�IRU�WKH�.XOLµRXµRX�ZDWHUVKHG��)LJXUH�����'XH�WR�WKH
GDWD�OLPLWDWLRQV��ZH�ZHUH�XQDEOH�WR�FDOLEUDWH�WKH�6:00�PRGHO�ZH�SURGXFHG�IRU�WKH�.XOLµRXµRX
ZDWHUVKHG�

��



)LJXUH���:DLOXSH�9DOOH\�6FKRRO�DQG�3DLNR�'ULYH�12$$�SUHFLSLWDWLRQ�GDWD�FRPSDULVRQ�IRU
1RYHPEHU�'HFHPEHU�������VWRUP��OHIW���'HFHPEHU���������RQO\�KDG�VL[�GDWD�SRLQWV��2FWREHU���������
KDG�XQHYHQ�SUHFLSLWDWLRQ�EHWZHHQ�WKH�ZDWHUVKHGV��ULJKW��

6:00�5HVXOWV
%HFDXVH�ZH�ZHUH�XQDEOH�WR�FDOLEUDWH�RXU�PRGHO�GXH�WR�GDWD�OLPLWDWLRQV��ZH�LQVWHDG�IRFXVHG�RQ
FUHDWLQJ�6:00�LQSXW�ILOHV�IRU�WKH�UHPDLQLQJ�ZDWHUVKHGV�LQ�WKH�0DXQDOXD�%D\�UHJLRQ��7KHVH
LQSXW�ILOHV�SURYLGH�0ƗODPD�0DXQDOXD�ZLWK�K\GURORJLF�PRGHOV�IRU�WKH�HQWLUH�UHJLRQ��DQG�ZLOO�EH
UHDG\�IRU�FDOLEUDWLRQ�RQFH�WKH�QHFHVVDU\�SUHFLSLWDWLRQ�DQG�VWUHDP�JDXJH�GDWD�EHFRPHV�DYDLODEOH�

:H�FUHDWHG�6:00�LQSXW�ILOHV�IRU�WKH���UHPDLQLQJ�ZDWHUVKHGV�LQ�WKH�0DXQDOXD�%D\�UHJLRQ�
LQFOXGLQJ�.XOLµRXµRX�7R�FUHDWH�WKH�LQSXW�ILOHV��ZH�GHVLJQHG�PXOWLSOH�$UF*,6�PRGHOV�WKDW
VWUHDPOLQH�WKH�SURFHVV�IRU�GHOLQHDWLQJ�VXEFDWFKPHQWV��FUHDWLQJ�VXEFDWFKPHQW�FKDUDFWHULVWLFV
OD\HUV��DQG�FUHDWLQJ�WKH�VWRUPZDWHU�QHWZRUN�OD\HUV��7KHVH�PRGHOV�DOORZHG�XV�WR�PRUH�HIIHFWLYHO\
UHSURGXFH�WKH�SUHYLRXV�JURXS¶V�SURWRFROV��$Q�H[DPSOH�RI�RQH�RI�WKH�6:00�K\GURORJLF�PRGHOV
FUHDWHG�WKURXJK�WKLV�SURFHVV�LV�VKRZQ�LQ�)LJXUH���

)LJXUH��� 'LDJUDP�RI�WKH�(3$�6WRUP�:DWHU�0DQDJHPHQW 0RGHO�����6HWXS�IRU�WKH�.XOLµRXµRX�:DWHUVKHG�

��



$W�WKLV�WLPH��ZH�DUH�XQDEOH�WR�FDOLEUDWH�WKH�PRGHOV�GXH�WR�D�ODFN�RI�GDWD�DYDLODELOLW\��+RZHYHU�
WKHVH�PRGHOV�ZLOO�EH�XVHIXO�IRU�LGHQWLI\LQJ�VWRUPZDWHU�UXQRII�KRWVSRWV�LQ�WKH�IXWXUH�ZKHQ
FDOLEUDWLRQ�GDWD�EHFRPHV�DYDLODEOH��0DODPD�0DXQDOXD�KDV�SODFHG�WZR�UDLQ�JDXJHV�LQ�WKH
.XOLµRXµRX�ZDWHUVKHG��RQH�DW�WKH�ULGJH�OLQH�DQG�RQH�DW�PLG�ZDWHUVKHG��DSSUR[LPDWHO\�����PHWHUV
DERYH�VHD�OHYHO��7KLV�SUHFLSLWDWLRQ�GDWD�FROOHFWLRQ�EHJDQ�LQ�������7KHUH�LV�FXUUHQWO\�QR�VWUHDP
JDXJH�GDWD�SXEOLVKHG�E\�86*6�IRU�WKLV�WLPH�SHULRG��7KHUHIRUH��ZH�UHFRPPHQG�WKH�LQVWDOOPHQW�RI
DGGLWLRQDO�VWUHDP�JDXJHV�LQ�WKH�.XOLµRXµRX�ZDWHUVKHG��)XUWKHUPRUH��DVLGH�IURP�:DLOXSH�DQG
.XOLµRXµRX��WKH�RWKHU�ZDWHUVKHGV�LQ�WKH�UHJLRQ�ODFN�SUHFLSLWDWLRQ�DQG�VWHDP�JDXJH�GDWD��,Q�RUGHU
WR�H[SDQG�WKLV�6:00�DQDO\VLV�WR�WKH�HQWLUH�UHJLRQ��PRUH�SUHFLSLWDWLRQ�DQG�VWUHDP�JDXJHV�QHHG
WR�EH�SODFHG�WKURXJKRXW�WKH�UHJLRQ�LQ�HDFK�ZDWHUVKHG�

*UHHQ�,QIUDVWUXFWXUH�±�:DLOXSH�:DWHUVKHG
,Q�6:00��JUHHQ�LQIUDVWUXFWXUH�RSWLRQV�DUH�PRGHOHG�WKURXJK�HLJKW�GLIIHUHQW�W\SHV�RI��µORZ
LPSDFW�GHYHORSPHQW¶��/,'��FRQWUROV��/,'�FRQWUROV�DYDLODEOH�WR�PRGHO�LQ�6:00�LQFOXGH�
ELRUHWHQWLRQ�FHOOV��UDLQ�JDUGHQV��JUHHQ�URRIV��SHUPHDEOH�SDYHPHQW��LQILOWUDWLRQ�WUHQFKHV��UDLQ
EDUUHOV��URRIWRS�GLVFRQQHFWLRQV��DQG�YHJHWDWLYH�VZDOHV��(DFK�/,'�FRQWURO�LV�UHSUHVHQWHG�E\�D
FRPELQDWLRQ�RI�YHUWLFDO�OD\HUV�ZKRVH�SURSHUWLHV�DUH�GHILQHG�RQ�D�SHU�XQLW�DUHD�EDVLV��PHDQLQJ
WKDW�GLIIHUHQWO\�VL]HG�/,'V�RI�WKH�VDPH�GHVLJQ�FDQ�EH�SODFHG�LQ�YDULRXV�VXEFDWFKPHQWV�RI�D�VLQJOH
VWXG\�DUHD��'XULQJ�D�VLPXODWLRQ��6:00�SHUIRUPV�D�PRLVWXUH�EDODQFH�WKDW�NHHSV�WUDFN�RI�KRZ
ZDWHU�PRYHV�EHWZHHQ�DQG�LV�VWRUHG�ZLWKLQ�HDFK�/,'�OD\HU��DFFRXQWLQJ�IRU�LQILOWUDWLRQ�
HYDSRWUDQVSLUDWLRQ��DQG�DQ\�RYHUIORZ�WKDW�PD\�RFFXU�IURP�ODUJHU�VWRUP�HYHQWV�

6HOHFWLRQ�RI�/,'�&RQWURO�7\SH�DQG�/RFDWLRQ
)RU�WKLV�SURMHFW��JUHHQ�LQIUDVWUXFWXUH�UHFRPPHQGDWLRQV�DQG�DQDO\VLV�DUH�IRFXVHG�LQ�WKH�:DLOXSH
ZDWHUVKHG��:DLOXSH�ZDV�FKRVHQ�IRU�*,�DQDO\VLV�EHFDXVH�LW�LV�WKH�RQO\�ZDWHUVKHG�ZLWKLQ�WKH
0DXQDOXD�%D\�UHJLRQ�IRU�ZKLFK�D�6:00�����K\GURORJLFDO�PRGHO�KDV�EHHQ�ERWK�GHYHORSHG�DQG
FDOLEUDWHG��'RUQDQ�HW�DO����������&DOLEUDWLRQ�IRU�WKLV�PRGHO�ZDV�SUHYLRXVO\�FRPSOHWHG�XVLQJ�WKH
12$$�SUHFLSLWDWLRQ�JDXJH�IRU�WKH�:DLOXSH�ZDWHUVKHG��&223��������:DLOXSH�9DOOH\�6FKRRO
������+,�86��:96���ORFDWHG�DW����������1�������������:��12$$�1&(,��������SDLUHG�ZLWK
REVHUYHG�VWUHDP�GLVFKDUJH�GDWD�IURP�WKH�86*6�VWDWLRQ�����������:DLOXSH�*XOFK�DW�(��+LQG�'U�
%ULGJH��ORFDWHG�DW����������1�������������:�

7KH�SUHYLRXV�%UHQ�JURXS�SURMHFW�WKDW�FRPSOHWHG�DQG�FDOLEUDWHG�WKH�:DLOXSH�K\GURORJLF�PRGHO
XVHG�D�����LQFK�����KRXU�VWRUP�HYHQW�WKDW�RFFXUUHG�RQ�0DUFK����������WR�LGHQWLI\�WKH�WRS���
VXEFDWFKPHQWV�LQ�:DLOXSH�ZLWK�WKH�KLJKHVW�UXQRII�FRHIILFLHQW�YDOXHV��)LJXUH�����$�UXQRII
FRHIILFLHQW�LV�D�UDWLR�RI�WKH�WRWDO�YROXPH�RI�UXQRII�IORZLQJ�IURP�D�VXEFDWFKPHQW�UHODWLYH�WR�WKH
WRWDO�YROXPH�RI�UDLQIDOO�WKDW�WKH�VXEFDWFKPHQW�UHFHLYHV�DFURVV�LWV�DUHD��5DW]ODII����������)RU�WKH
SXUSRVHV�RI�WKLV�SURMHFW��WKH����VXEFDWFKPHQWV�ZLWK�WKH�KLJKHVW�UXQRII�FRHIILFLHQW�YDOXHV�LQ
:DLOXSH�DUH�FODVVLILHG�DV�UXQRII�KRWVSRWV��7KH�UXQRII�FRHIILFLHQW�KRWVSRWV�LQ�WKH�:DLOXSH
ZDWHUVKHG�ZHUH�XVHG�DV�DQ�LQLWLDO�VWDUWLQJ�SRLQW�IRU�JXLGLQJ�RSWLPDO�JUHHQ�LQIUDVWUXFWXUH
SODFHPHQW��7KH�SULPDU\�JRDO�RI�LPSOHPHQWLQJ�JUHHQ�LQIUDVWUXFWXUH�LQ�WKH�0DXQDOXD�%D\�UHJLRQ�LV
WR�UHGXFH�VWRUPZDWHU�UXQRII�DQG�SROOXWDQWV��VXFK�DV�VXVSHQGHG�VROLGV��GLUW���QXWULHQWV��QLWURJHQ

��



DQG�SKRVSKRURXV���DQG�KHDY\�PHWDOV��OHDG��FRSSHU��DQG�]LQF���RULJLQDWLQJ�IURP�WKH�KLJKO\
LPSHUYLRXV��XUEDQL]HG�HQYLURQPHQW�

)LJXUH���:DLOXSH�:DWHUVKHG�5XQRII�+RWVSRWV��/HIW� %OXH�SRO\JRQV�UHSUHVHQW�WKH�WRS����KRWVSRWV�LQ
:DLOXSH�ZDWHUVKHG�EDVHG�RQ�UXQRII�FRHIILFLHQW�YDOXHV��&UHGLW��'RUQDQ�HW�DO����������5LJKW��:DLOXSH
KRWVSRW�DUHDV�RYHUODLG�RQWR�PRVW�UHFHQW�*RRJOH�VDWHOOLWH�LPDJHU\�

:H�REVHUYHG�HDFK�RI�WKH�:DLOXSH�UXQRII�FRHIILFLHQW�KRWVSRWV�YLD�*RRJOH�(DUWK��ILQGLQJ�WKDW�DOO���
RI�WKH�VXEFDWFKPHQWV�FRQVLVW�RI�UHVLGHQWLDO�DUHDV�FRQWDLQLQJ�SUHGRPLQDQWO\�VLQJOH�IDPLO\�KRPHV
�)LJXUH�����7KH�IDFW�WKDW�HYHU\�KRWVSRW�FRQWDLQV�RQO\�UHVLGHQWLDO�DUHDV�VLJQLILFDQWO\�OLPLWHG�WKH
VL]H�DQG�/,'�FRQWURO�W\SH�WKDW�FRXOG�EH�LPSOHPHQWHG�IRU�WKLV�VWXG\��*LYHQ�WKH�VL]H�RI�HDFK
VXEFDWFKPHQW�DQG�WRWDO�YROXPH�RI�VWRUPZDWHU�IORZLQJ�IURP�HDFK�VXEFDWFKPHQW�KRWVSRW��WKH
DGGLWLRQ�RI�VPDOOHU�VL]HG�/,'�FRQWUROV�WKDW�DUH�QRUPDOO\�LPSOHPHQWHG�DW�WKH�UHVLGHQWLDO�VFDOH
�VXFK�DV�D�UDLQ�EDUUHO��UDLQ�JDUGHQ��RU�URRIWRS�GLVFRQQHFWLRQ��ZLOO�QRW�UHGXFH�UXQRII�HQRXJK�WR�EH
UHIOHFWHG�LQ�WKH�6:00�VLPXODWLRQ�

0DODPD�0DXQDOXD�KDV�SURGXFHG�D�YDULHW\�RI�RXWUHDFK�PDWHULDOV�WKDW�SURYLGH�UHFRPPHQGDWLRQV
IRU�UHVLGHQWLDO�VFDOH�/,'�PHDVXUHV�WKDW�KRPHRZQHUV�FDQ�LPSOHPHQW�WR�UHGXFH�VWRUPZDWHU�UXQRII
IURP�WKHLU�SURSHUWLHV��3ULPDULO\��WKHVH�UHFRPPHQGDWLRQV�IRFXV�RQ�UDLQ�JDUGHQV�DQG�UDLQ�EDUUHOV�

��



*LYHQ�WKH�VL]H�OLPLWDWLRQV�DQG�WKH�UHODWLYHO\�VPDOO�VWRUDJH�FDSDFLW\�RI�WKHVH�/,'�PHDVXUHV��ZH
FKRVH�WR�LQVWHDG�IRFXV�RXU�UHVLGHQWLDO�VFDOH�DQDO\VLV�RQ�JUHHQ�URRIV��$�JUHHQ�URRI�LV�D�OD\HU�RI
YHJHWDWLRQ�SODQWHG�RYHU�D�ZDWHUSURRI�OLQHU�WKDW�LV�LQVWDOOHG�RQ�WRS�RI�D�IODW�RU�VOLJKWO\�VORSHG�URRI
�1DWLRQDO�SDUN�6HUYLFH���������*UHHQ�URRILQJ�SURYLGHV�D�ODUJHU�VFDOH�/,'�RSWLRQ�ZLWK�JUHDWHU
SRWHQWLDO�IRU�UHGXFLQJ�WKH�WRWDO�YROXPH�RI�UXQRII�IORZLQJ�IURP�D�UHVLGHQWLDO�SURSHUW\��DQG
WKHUHIRUH��IURP�D�VXEFDWFKPHQW�RYHUDOO�

*UHHQ�5RRILQJ�6FHQDULRV�LQ�5XQRII�+RWVSRWV
)RU�HDFK�RI�WKH�UXQRII�KRWVSRWV�LQ�WKH�:DLOXSH�ZDWHUVKHG��ZH�PRGHOHG�WKUHH�GLIIHUHQW
JUHHQ�URRILQJ�VFHQDULRV���������RI�KRXVHV�LQ�HDFK�KRWVSRW�FRQWDLQ�D�JUHHQ�URRI���������RI
KRXVHV�LQ�HDFK�KRWVSRW�FRQWDLQ�D�JUHHQ�URRI��DQG��������RI�KRXVHV�LQ�HDFK�KRWVSRW�FRQWDLQ
D�JUHHQ�URRI�

:H�XVHG�$UF*,6�WR�FDOFXODWH�WKH�WRWDO�VXUIDFH�DUHD��VT��IW��RI�EXLOGLQJV�LQ�HDFK�RI�WKH
KRWVSRW�VXEFDWFKPHQWV��:H�WKHQ�PXOWLSOLHG�HDFK�KRWVSRW¶V�WRWDO�EXLOGLQJ�VXUIDFH�DUHD�E\
����������DQG�����WR�REWDLQ�WKH�DSSURSULDWH�WRWDO�JUHHQ�URRI�DUHD�WKDW�VKRXOG�EH�DSSOLHG�WR
HDFK�KRWVSRW�IRU�WKH�WKUHH�GLIIHUHQW�JUHHQ�URRILQJ�VFHQDULRV�

1RQ�UHVLGHQWLDO�/,'�6FHQDULRV
$V�SUHYLRXVO\�PHQWLRQHG��WKH�ODQG�DUHD�FRQWDLQHG�LQ�HDFK�RI�WKH�:DLOXSH�UXQRII
FRHIILFLHQW�KRWVSRWV�LV�VWULFWO\�UHVLGHQWLDO��+RZHYHU��EHFDXVH�0ƗODPD�0DXQDOXD�KDV
H[SHULHQFHG�SDVW�GLIILFXOW\�HQFRXUDJLQJ�LQGLYLGXDO�KRPHRZQHUV�WR�LPSOHPHQW�*,�IHDWXUHV
RQ�WKHLU�SURSHUWLHV��WKH\�VSHFLILFDOO\�H[SUHVVHG�LQWHUHVW�LQ�DOVR�H[SORULQJ�KRZ�*,�HOHPHQWV
SODFHG�LQ�QRQ�UHVLGHQWLDO�ORFDWLRQV�FDQ�UHGXFH�VWRUPZDWHU�UXQRII��7KHUHIRUH�ZH�H[SDQGHG
WKH�DQDO\VLV�RXWVLGH�RI�WKH�UXQRII�FRHIILFLHQW�KRWVSRWV��WR�TXDQWLI\�WKH�UXQRII�UHGXFWLRQ
SRWHQWLDO�RI�ODUJH�VFDOH�*,�IHDWXUHV�ORFDWHG�LQ�SXEOLF�RU�FRPPHUFLDO�SURSHUWLHV�

7R�ILQG�VXLWDEOH�ORFDWLRQV�IRU�QRQ�UHVLGHQWLDO�*,�SODFHPHQW��ZH�REVHUYHG�HDFK�RI�WKH
:DLOXSH�VXEFDWFKPHQWV�YLD�*RRJOH�(DUWK��$�QXPEHU�RI�WKRVH�WKDW�FRQWDLQHG�SXEOLF
DQG�RU�FRPPHUFLDO�SURSHUW\�ZHUH�LGHQWLILHG�DQG�FKRVHQ�IRU�/,'�PRGHOLQJ�LQ�6:00�
6XLWDEOH�SXEOLF�RU�FRPPHUFLDO�DUHDV�ZLWKLQ�HDFK�RI�WKH�VHOHFWHG�VXEFDWFKPHQWV��LGHQWLILHG
WKURXJK�VDWHOOLWH�LPDJHU\��ZHUH�XVHG�WR�JXLGH�ZKLFK�W\SH�RI�/,'�FRQWURO�FRXOG
UHDOLVWLFDOO\�EH�DGGHG�WR�D�SDUWLFXODU�ORFDWLRQ�LQ�D�VXEFDWFKPHQW��:H�FRQVLGHUHG
DSSURSULDWH�/,'�RSWLRQV�IRU�SXEOLF�VSDFHV��WDNLQJ�LQWR�FRQVLGHUDWLRQ�DUHD��DHVWKHWLFV��DQG
IHDVLELOLW\��:H�FRQVLGHUHG�JUHHQ�URRIV�DQG�SHUPHDEOH�SDYHPHQWV�ZKHUH�VXEFDWFKPHQWV
FRQWDLQHG�FRPPHUFLDO�EXLOGLQJV�DQG�RU�SXEOLF�SDUNLQJ�ORWV��&RQYHUVHO\��ZH�FRQVLGHUHG
ELRUHWHQWLRQ�FHOOV�RU�UDLQ�JDUGHQV�DV�DSSURSULDWH�FDSWXUH�VROXWLRQV�IRU�SXEOLF�SDUN�VSDFHV�

6SHFLILF�*,�EHVW�SUDFWLFHV�ZHUH�IROORZHG�ZKHQ�GHWHUPLQLQJ�WKH�SRWHQWLDO�SODFHPHQW�RI
FHUWDLQ�/,'�FRQWUROV��5DLQ�JDUGHQV�DQG�ELRUHWHQWLRQ�FHOOV�ZHUH�QRW�FRQVLGHUHG�IRU�DQ\
VXEFDWFKPHQW�KRWVSRW�ZLWK�DQ�DYHUDJH�VORSH�JUDGLHQW�JUHDWHU�WKDQ������7KHVH�VDPH
FRQWUROV�ZHUH�DOVR�QRW�DGGHG�WR�D�VXEFDWFKPHQW�LI��LQ�D�UHDO�ZRUOG�VFHQDULR��WKH\�FRXOG�QRW
EH�SODFHG�DW�OHDVW����IHHW�IURP�D�EXLOGLQJ�RU�DW�OHDVW�IRXU�IHHW�IURP�D�VLGHZDON��FRQFUHWH
VODE��RU�UHWDLQLQJ�ZDOO��+DZDL¶L�'2+���������7KH�µ0HDVXUH¶�WRRO�RQ�*RRJOH�(DUWK�ZDV

��



XVHG�WR�YHULI\�WKDW�VXFK�FULWHULD�FRXOG�EH�PHW�LQ�D�UHDO�ZRUOG�VHWWLQJ�ZLWKLQ�D�JLYHQ
VXEFDWFKPHQW�

0RGHOLQJ�/,'�6FHQDULRV�LQ�6:00
$IWHU�GHWHUPLQLQJ�WKH�DSSURSULDWH�W\SHV�DQG�ORFDWLRQV�RI�JUHHQ�LQIUDVWUXFWXUH�VFHQDULRV�IRU�WKH
:DLOXSH�ZDWHUVKHG��EDVHG�RQ�SUHYLRXVO\�GHWHUPLQHG�UXQRII�KRWVSRWV�DQG�VDWHOOLWH�LPDJHU\��ZH
WKHQ�GHWHUPLQHG�DSSURSULDWH�SDUDPHWHU�PHDVXUHV�DQG�VL]HV�IRU�/,'�FRQWUROV�EHIRUH�PDQXDOO\
DGGLQJ�WKHP�WR�WKH�:DLOXSH�6:00�K\GURORJLF�PRGHO�DQG�UXQQLQJ�VLPXODWLRQV�ZLWK�/,'V�LQ
SODFH�

3DUDPHWHUL]DWLRQ
,Q�6:00��/,'�FRQWUROV�DUH�PRGHOHG�WKURXJK�D�FRPELQDWLRQ�RI�YHUWLFDO�OD\HUV��6:00
/,'�OD\HUV�LQFOXGH�D�VXUIDFH�OD\HU��SDYHPHQW�OD\HU��VRLO�OD\HU��VWRUDJH�OD\HU��DQG�RU�GUDLQ
V\VWHP��7KHUH�LV�DOVR�D�GUDLQDJH�PDW�OD\HU�WKDW�LV�XQLTXH�WR�JUHHQ�URRI�/,'�FRQWUROV��$
GUDLQDJH�PDW�LV�D�PXOWL�OD\HU�IDEULF�PDW�WKDW�FRPELQHV�VRLO�VHSDUDWLRQ��GUDLQDJH�DQG
SURWHFWLRQ�IXQFWLRQV��WKH\�DUH�RIWHQ�XVHG�IRU�UHVLGHQWLDO�JUHHQ�URRIV��&RQVHUYDWLRQ
7HFKQRORJ\���������7KH�/,'�OD\HU�FRPELQDWLRQV�GLIIHU�GHSHQGLQJ�RQ�WKH�W\SH�RI�/,'��EXW
DUH�UHSUHVHQWDWLYH�RI�DQ�/,'�FRQWURO¶V�UHDO�ZRUOG�IXQFWLRQ�DQG�GHVLJQ��)RU�H[DPSOH��D�UDLQ
EDUUHO�LQ�6:00�RQO\�FRQWDLQV�D�VWRUDJH�OD\HU�DQG�D�GUDLQ�OD\HU��ZKHUHDV�D�ELRUHWHQWLRQ
FHOO�FRQWDLQV�D�VXUIDFH��VRLO��VWRUDJH��DQG�GUDLQ�OD\HU�

(DFK�YHUWLFDO�OD\HU�KDV�D�VHW�RI�SDUDPHWHUV�WKDW�XOWLPDWHO\�GHWHUPLQHV�WKH�/,'�FRQWURO¶V
FDSDFLW\�WR�LQILOWUDWH��VWRUH��DQG�ILOWHU�UXQRII��3DUDPHWHU�YDOXHV�ZHUH�GHWHUPLQHG�EDVHG�RQ
LQIRUPDWLRQ�IRXQG�LQ�WKH�6:00�PDQXDO��OLWHUDWXUH��DQG�UHVRXUFHV�SURYLGHG�E\�0ƗODPD
0DXQDOXD��%HFDXVH�+DZDLµL�FRQWDLQV�XQLTXH�VRLO�DQG�YHJHWDWLRQ�W\SHV�UHODWLYH�WR�RWKHU
SODFHV�LQ�WKH�8�6���DQG�WR�PDQ\�SODFHV�UHIHUHQFHG�LQ�WKH�OLWHUDWXUH��ZH�SULPDULO\�UHIHUUHG
WR�+DZDLµL�VSHFLILF�VRXUFHV�ZKHQ�GHWHUPLQLQJ�VHQVLWLYH�/,'�PRGHO�SDUDPHWHUV�VXFK�DV
6XUIDFH�5RXJKQHVV��&RQGXFWLYLW\��DQG�6HHSDJH�5DWH��7KLV�LV�EHFDXVH�JUHHQ�LQIUDVWUXFWXUH
IHDWXUHV�LQ�WKH�UHDO�ZRUOG�VKRXOG�LGHDOO\�FRQWDLQ�QDWLYH�YHJHWDWLRQ�DQG�VRLO�W\SHV��:DJQHU
HW�DO����������:H�ZDQWHG�WKH�PRGHOHG�/,'�FRQWUROV�LQ�WKLV�VWXG\�WR�UHSUHVHQW�+DZDLLDQ
VRLO�DQG�YHJHWDWLRQ�DV�FORVHO\�DV�SRVVLEOH�LQ�RUGHU�WR�PRUH�DFFXUDWHO\�PRGHO�WKH
UXQRII�UHGXFWLRQ�SRWHQWLDO�LQWURGXFHG�WKURXJK�*,��7KH�SDUDPHWHUV�XVHG�IRU�WKH�GLIIHUHQW
/,'�W\SHV�PRGHOHG�LQ�WKLV�VWXG\�DUH�VKRZQ�LQ�$SSHQGL[�*�

6L]LQJ
:KHQ�DGGLQJ�/,'�FRQWUROV�WR�D�VXEFDWFKPHQW�LQ�6:00��D�XVHU�PXVW�GHILQH�WKH�DUHD�RI
HDFK�/,'�XQLW��LQ�IW����)RU�WKH�JUHHQ�URRILQJ�DQDO\VHV LQ�KRWVSRW�VXEFDWFKPHQWV��JUHHQ
URRIV�ZHUH�FDSSHG�DW������IW���7KH�YDOXHV�IRU����� �����DQG�����RI�WKH�WRWDO�EXLOGLQJ
DUHD�SUHYLRXVO\�FDOFXODWHG�IRU�HDFK�VXEFDWFKPHQW�ZHUH�GLYLGHG�E\������WR�GHWHUPLQH�WKH
QXPEHU�RI�JUHHQ�URRIV�WKDW�VKRXOG�EH�DSSOLHG�WR�HDFK�KRWVSRW��WKH�QXPEHU�RI�KRXVHV�ZDV
URXQGHG�XS�ZKHQ�QHFHVVDU\�WR�NHHS�HDFK�JUHHQ�URRI�VXUIDFH�DUHD�DW�RU�EHORZ������IW���

)RU�QRQ�UHVLGHQWLDO�DUHDV��ZH�XVHG�WKH�µ0HDVXUH¶�WRRO�RQ�*RRJOH�(DUWK�WR�GHWHUPLQH�WKH
DSSUR[LPDWH�VL]H�RI�DQ\�/,'�FRQWURO�WKDW�FRUUHVSRQGV�WR�D�VSHFLILF�EXLOGLQJ�RU�IHDWXUH�

��



)RU�H[DPSOH��LI�D�JUHHQ�URRI�ZHUH�FRQVLGHUHG�IRU�SODFHPHQW�RQ�WRS�RI�D�PDOO�VWULS��WKHQ
ZH�XVHG�WKH�µ0HDVXUH¶�WRRO�WR�GHWHUPLQH�WKH�DSSUR[LPDWH�VL]H�RI�WKH�PDOO�VWULS¶V�URRI
DUHD��7KLV�YDOXH�ZDV�WKHQ�XVHG�IRU�WKH�/,'�XQLW�DUHD�LQ�6:00��6LPLODU�PHDVXUHPHQW
PHWKRGV�ZHUH�XVHG�IRU�RWKHU�/,'�FRQWUROV�UHODWLQJ�WR�VSHFLILF�DUHDV��VXFK�DV�SHUPHDEOH
SDYHPHQW�V\VWHPV��)RU�DQ\�/,'�FRQWURO�WKDW�GLG�QRW�FRUUHVSRQG�WR�D�VSHFLILF�EXLOGLQJ�RU
IHDWXUH��UDLQ�JDUGHQ��ELRUHWHQWLRQ�VZDOH��YHJHWDWLYH�VZDOH���ZH�EDVHG�VL]LQJ�RQ�DYDLODEOH
VSDFH�DQG�VWDQGDUG�/,'�PHDVXUHPHQWV�IRXQG�LQ�WKH�OLWHUDWXUH�

5XQQLQJ�WKH�6LPXODWLRQ
$IWHU�/,'�FRQWURO�VFHQDULRV�ZHUH�DGGHG�WR�D�KRWVSRW�VXEFDWFKPHQW��WKH�VXEFDWFKPHQW¶V
SHUFHQW�LPSHUYLRXVQHVV�DQG�SHUFHQW�SHUYLRXVQHVV�ZHUH�UHFDOFXODWHG�WR�DFFRXQW�IRU�DQ\
LPSHUYLRXV�DUHD�UHSODFHG�E\�D�JUHHQ�LQIUDVWUXFWXUH�HOHPHQW��1H[W��ZH�UDQ�WKH�PRGHO�XQGHU
WKH�0DUFK������VWRUP�HYHQW�WR�TXDQWLI\�WKH�UHGXFWLRQ�LQ�WRWDO�UXQRII�DQG�SHDN�IORZ�YDOXHV
DV�D�UHVXOW�RI�JUHHQ�LQIUDVWUXFWXUH�LPSOHPHQWDWLRQ��3HDN�IORZ�LV�D�PHDVXUH�RI�WKH
PD[LPXP�GLVFKDUJH�YDOXH�PHDVXUHG�GXULQJ�D�VWRUP�HYHQW�DQG�FDQ�KDYH�LPSOLFDWLRQV�IRU
WKH�YROXPH�RI�SROOXWDQWV�IORZLQJ�IURP�D�VXEFDWFKPHQW�

5HVXOWV��5XQRII�5HGXFWLRQ�IURP�*UHHQ�5RRILQJ
7KH�DGGLWLRQ�RI�JUHHQ�URRILQJ�WR�UXQRII�KRWVSRWV�VLJQLILFDQWO\�UHGXFHG�WKH�WRWDO�UXQRII�YROXPH�
SHDN�UXQRII�YDOXHV��DQG�UXQRII�FRHIILFLHQWV�IRU�HYHU\�KRWVSRW�VXEFDWFKPHQW�DFURVV�DOO�WKUHH�JUHHQ
URRI�VFHQDULRV��)LJXUH����GHSLFWV�D�WLPH�VHULHV�RI�VWRUPZDWHU�GLVFKDUJH��UXQRII��LQ
FXELF�IHHW�SHU�VHFRQG��FIV��IRU�WKH�ILYH�KRWVSRWV�ZLWK�WKH�KLJKHVW�LQLWLDO�UXQRII�FRHIILFLHQWV��$V
VKRZQ�LQ�WKH�ILJXUH��WKH�SULPDU\�UHGXFWLRQ�LQ�VWRUPZDWHU�UXQRII�IURP�WKH�DGGLWLRQ�RI�JUHHQ
URRILQJ�RFFXUV�GXULQJ�WKH�SHULRG�RI�SHDN�UXQRII��RFFXUULQJ�EHWZHHQ�KRXUV���DQG���

$FURVV�WKH�WKUHH�VFHQDULRV��UHGXFWLRQV�LQ�WRWDO�UXQRII�YROXPH��SHDN�UXQRII��DQG�WKH�UXQRII
FRHIILFLHQWV�LQFUHDVHG�DV�WKH�SHUFHQWDJH�RI�JUHHQ�URRIV�DSSOLHG�WR�HDFK�VXEFDWFKPHQW�LQFUHDVHG�
7KH�IROORZLQJ�VHFWLRQV�RXWOLQH�WKH�UHVXOWV�IRU�HDFK�JUHHQ�URRILQJ�VFHQDULR�LQ�PRUH�GHWDLO�

��



)LJXUH���� 7LPH�VHULHV�RI�REVHUYHG�VLPXODWHG�GLVFKDUJHV IURP�WKH�WRS�ILYH�UXQRII�FRHIILFLHQW�KRWVSRWV�IRU
WKH�0DUFK����������VWRUP�HYHQW��VWDUWLQJ�DW�KRXU����&RORUHG�OLQHV�UHSUHVHQW�VLPXODWHG�GLVFKDUJH�IRU�HDFK
KRWVSRW�XQGHU�GLIIHUHQW�JUHHQ�URRI�VFHQDULRV��%ODFN��6LPXODWHG�GLVFKDUJH�ZKHQ����RI�KRPHV�KDYH�JUHHQ
URRIV��2UDQJH��6LPXODWHG�GLVFKDUJH�ZKHQ�����RI�KRPHV�KDYH�JUHHQ�URRIV��*UHHQ��VLPXODWHG�GLVFKDUJH
ZKHQ�����RI�KRPHV�KDYH�JUHHQ�URRIV��%OXH��6LPXODWHG�GLVFKDUJH�ZKHQ�����RI�KRPHV�KDYH�JUHHQ�URRIV��

����*UHHQ�5RRILQJ�LQ�+RWVSRWV
$GGLQJ�JUHHQ�URRIV�WR�����RI�KRPHV�ORFDWHG�LQ�WKH�:DLOXSH�KRWVSRWV�UHGXFHG�SHDN�UXQRII
IURP�WKH�KRWVSRWV�E\�DQ�DYHUDJH�RI��������7KH�JUHDWHVW�SHDN�UXQRII�UHGXFWLRQ�VLPXODWHG
LQ�WKH�����VFHQDULR�ZDV�D�������UHGXFWLRQ�LQ�VXEFDWFKPHQW�����7KH�VPDOOHVW�SHDN�UXQRII
UHGXFWLRQ�IRU�WKLV�VFHQDULR�ZDV�D������UHGXFWLRQ�REVHUYHG�LQ�VXEFDWFKPHQW�����3ULRU�WR
WKH�DGGLWLRQ�RI�/,'V��WKH����UXQRII�KRWVSRWV�SURGXFHG�D�WRWDO�RI�����������JDOORQV�RI
UXQRII��:LWK�����RI�KRXVHV�LQ�WKH�KRWSRWV�FRQYHUWHG�WR�JUHHQ�URRILQJ��WRWDO�UXQRII
GHFUHDVHG�WR�����������JDOORQV��D������GHFUHDVH���7DEOH���FRQWDLQV�PRUH�GHWDLOHG�UHVXOWV
RI�UXQRII�SDUDPHWHUV�IRU�HDFK�KRWVSRW�VXEFDWFKPHQW�XQGHU�WKLV�VFHQDULR�

��



7DEOH��� 6XPPDU\�2XWSXW�7DEOH�RI�6LJQLILFDQW�5XQRII 3DUDPHWHUV�)RU�WKH�����*UHHQ�5RRILQJ�6FHQDULR
�����RI�KRXVHV�LQ�UXQRII�KRWVSRWV�UHWURILW�ZLWK�JUHHQ�URRILQJ��

����*UHHQ�5RRILQJ�LQ�+RWSRVWV
$GGLQJ�JUHHQ�URRIV�WR�����RI��KRPHV�ORFDWHG�LQ�WKH�:DLOXSH�KRWVSRWV�UHGXFHG�SHDN
UXQRII�IURP�WKH�KRWVSRWV�E\�DQ�DYHUDJH�RI��������7KH�JUHDWHVW�SHDN�UXQRII�UHGXFWLRQ
VLPXODWHG�LQ�WKH�����VFHQDULR�ZDV�D�������UHGXFWLRQ�DOVR�RFFXUULQJ�LQ�6XEFDWFKPHQW����
7KH�VPDOOHVW�SHDN�UXQRII�UHGXFWLRQ�IRU�WKLV�VFHQDULR�ZDV�D�������UHGXFWLRQ�REVHUYHG�LQ
6XEFDWFKPHQW�����:LWK�����RI�KRXVHV�LQ�WKH�KRWVSRWV�FRQYHUWHG�WR�JUHHQ�URRILQJ��WRWDO
UXQRII�GHFUHDVHG�IURP�WKH�LQLWLDO�YDOXH�RI�����������JDOORQV�WR�����������JDOORQV��D
������GHFUHDVH���7DEOH���FRQWDLQV�PRUH�GHWDLOHG�UHVXOWV�RI�UXQRII�SDUDPHWHUV�IRU�HDFK
KRWVSRW�VXEFDWFKPHQW�XQGHU�WKLV�VFHQDULR�

��



7DEOH��� 6XPPDU\�2XWSXW�7DEOH�RI�6LJQLILFDQW�5XQRII�3DUDPHWHUV�)RU�WKH�����*UHHQ�5RRILQJ�6FHQDULR
�����RI�KRXVHV�LQ�UXQRII�KRWVSRWV�UHWURILW�ZLWK�JUHHQ�URRILQJ��

����*UHHQ�5RRILQJ�LQ�+RWSRVWV
$GGLQJ�JUHHQ�URRIV�WR�����RI�KRPHV�ORFDWHG�LQ�WKH�:DLOXSH�KRWVSRWV�UHGXFHG�SHDN�UXQRII
IURP�WKH�KRWVSRWV�E\�DQ�DYHUDJH�RI��������7KH�JUHDWHVW�SHDN�UXQRII�UHGXFWLRQ�VLPXODWHG
LQ�WKH�����VFHQDULR�ZDV�D�������UHGXFWLRQ�ZKLFK�DJDLQ�RFFXUUHG�LQ�VXEFDWFKPHQW����
7KH�VPDOOHVW�SHDN�UXQRII�UHGXFWLRQ�IRU�WKLV�VFHQDULR�ZDV�D�������UHGXFWLRQ�REVHUYHG�LQ
VXEFDWFKPHQW�����:LWK�����RI�KRXVHV�LQ�WKH�KRWVSRWV�FRQYHUWHG�WR�JUHHQ�URRILQJ��WRWDO
UXQRII�GHFUHDVHG�WR�����������JDOORQV��D�������GHFUHDVH���7DEOH���FRQWDLQV�PRUH�GHWDLOHG
UHVXOWV�RI�UXQRII�SDUDPHWHUV�IRU�HDFK�KRWVSRW�VXEFDWFKPHQW�XQGHU�WKLV�VFHQDULR�

��



7DEOH��� 6XPPDU\�2XWSXW�7DEOH�RI�6LJQLILFDQW�5XQRII�3DUDPHWHUV�)RU�WKH�����*UHHQ�5RRILQJV�6FHQDULR
�����RI�KRXVHV�LQ�UXQRII�KRWVSRWV�UHWURILW�ZLWK�JUHHQ�URRILQJ��

/,'�5XQRII�5HGXFWLRQ�5HVXOWV��1RQ�5HVLGHQWLDO�$UHDV

6XEFDWFKPHQW�����/,'�&RQWUROV�LQ�D�&RPPHUFLDO�6KRSSLQJ�&HQWHU
6XEFDWFKPHQW����LV�RQH�RI�WKH�IHZ�VXEFDWFKPHQWV�LQ�WKH�:DLOXSH�ZDWHUVKHG�WKDW�FRQWDLQV
QRQ�UHVLGHQWLDO�DUHDV��:H�DGGHG�WZR�/,'�FRQWUROV�WR�SXEOLF�VSDFHV�LQ�WKLV�VXEFDWFKPHQW��D
JUHHQ�URRI�VFDOHG�WR�WKH�VL]H�RI�WKH�µƖLQD�+DLQD�6KRSSLQJ�&HQWHU�URRI�DQG�D�SHUPHDEOH
SDYHPHQW�V\VWHP�VFDOHG�WR�WKH�VL]H�RI�WKH�µƖLQD�+DLQD�6KRSSLQJ�&HQWHU�SDUNLQJ�ORW��7KH
JUHHQ�URRI�WRWDOHG��������IW� DQG�WKH�SHUPHDEOH�SDYHPHQW WRWDOHG��������IW� �)LJXUH�����

��



)LJXUH���� 7KHRUHWLFDO�SODFHPHQW�RI�D�JUHHQ�URRI�DQG SHUPHDEOH�SDYHPHQW�V\VWHP�LQ�VXEFDWFKPHQW����
7KH�JUHHQ�UHFWDQJOH�UHSUHVHQWV�D�JUHHQ�URRI�DORQJ�WKH µƖLQD�+DLQD�6KRSSLQJ�&HQWHU�DQG�WKH�EOXH
UHFWDQJOH�UHSUHVHQWV�D�SHUPHDEOH�SDYHPHQW�V\VWHP�LQ�WKH�µƖLQD�+DLQD�6KRSSLQJ�&HQWHU�SDUNLQJ
ORW�

:LWKRXW�WKH�DGGLWLRQ�RI�/,'�FRQWUROV��VXEFDWFKPHQW����SURGXFHG���������JDOORQV�RI
UXQRII�DQG�D�SHDN�UXQRII�YDOXH�RI������FXELF�IHHW�SHU�VHFRQG��FIV��GXULQJ�WKH�0DUFK�����
VWRUP�HYHQW��,QGLYLGXDOO\�DGGLQJ�WKH�JUHHQ�URRI�DQG�SHUPHDEOH�SDYHPHQW�/,'�FRQWUROV
UHGXFHG�WKH�WRWDO�UXQRII�YDOXHV�WR���������JDOORQV�DQG����������JDOORQV��UHVSHFWLYHO\�
6LPXODWHG�SHDN�IORZ�XQGHU�WKH�JUHHQ�URRI�DQG�SHUPHDEOH�SDYHPHQW�VFHQDULRV�ZDV�����
FIV�DQG������FIV��UHVSHFWLYHO\��DQ�a����UHGXFWLRQ�FUHDWHG�E\�HDFK�/,'�FRQWURO���8QGHU�D
FRPELQHG�/,'�VFHQDULR��ZKHUH�WKH�JUHHQ�URRI�DQG�SHUPHDEOH�SDYHPHQW�ZHUH�ERWK�DGGHG
WR�VXEFDWFKPHQW�����WRWDO�UXQRII�GHFUHDVHG�WR���������JDOORQV��D�����UHGXFWLRQ���8QGHU
WKLV�VDPH�VFHQDULR��SHDN�IORZ�GHFUHDVHG�WR������FIV��D�����UHGXFWLRQ���)LJXUH�����

��



)LJXUH���� 7LPH�6HULHV�RI�VLPXODWHG�GLVFKDUJHV�IURP VXEFDWFKPHQW����IRU�WKH�0DUFK���������
SUHFLSLWDWLRQ�HYHQW�XQGHU�GLIIHUHQW�/,'�6FHQDULRV��VWDUWLQJ�DW�KRXU���RI�WKH�VWRUP�HYHQW��2EVHUYHG�GDWD
SURYLGHG�E\�12$$�1&(,�SUHFLSLWDWLRQ�JDXJH�&223���������:$,/83(�9$//(<�6&+22/�������+,
86����%ODFN��6LPXODWHG�GLVFKDUJH��FIV��ZLWK�QR�/,'V�LQ�SODFH��*UHHQ��6LPXODWHG�GLVFKDUJH��FIV��IRU�JUHHQ
URRI�RQO\��2UDQJH��6LPXODWHG�GLVFKDUJH��FIV��IRU�JUHHQ�URRI�DQG�SHUPHDEOH�SDYHPHQW�FRPELQDWLRQ
VFHQDULR��

6XEFDWFKPHQW�����/,'�&RQWUROV�LQ�D
3XEOLF�3DUN
6XEFDWFKPHQW����LV�RQH�RI�WKH�ODUJHVW
VXEFDWFKPHQWV�LQ�WKH�:DLOXSH
ZDWHUVKHG��6XEFDWFKPHQW����DOVR�KDV
RQH�RI�WKH�KLJKHVW�SHDN�UXQRII�YDOXHV
VLPXODWHG�GXULQJ�WKH�0DUFK���������
VWRUP�HYHQW��LPSO\LQJ�WKDW�WKLV�SRUWLRQ
RI�WKH�ZDWHUVKHG�FRQWULEXWHV�D
VLJQLILFDQW�DPRXQW�RI�UXQRII�LQWR
:DLOXSH�6WUHDP�DQG�XOWLPDWHO\��LQWR
0DXQDOXD�%D\��6XEFDWFKPHQW����LV�DOVR
RQH�RI�WKH�IHZ�VXEFDWFKPHQWV�LQ�WKH
:DLOXSH�ZDWHUVKHG�WKDW�FRQWDLQV�D
SXEOLF�SDUN�DUHD±�1HKX�3DUN��7KH�SDUN
FRQVLVWV�RI�D�IHZ�WUHHV��DQG�D�ODUJH�
JUDVV\�DUHD��,W�LV�ORFDWHG�LQ�WKH
PLGGOH�RI�D�QHLJKERUKRRG�DQG
VXUURXQGHG�E\�KRXVHV�IURP�ZKLFK�D
ZHOO�SODFHG�UDLQ�JDUGHQ�KDV�SRWHQWLDO
WR�FDSWXUH�UXQRII��:H�PRGHOHG�WKH

��



UXQRII�UHGXFWLRQ�SRWHQWLDO�RI�DGGLQJ�D�����IW� UDLQ�JDUGHQ DUHD�WR�1HKX�3DUN��)LJXUH�����
8QGHU�WKH�0DUFK����VWRUP�HYHQW�VLPXODWLRQ��ZH�GLG�QRW�VHH�D�VLJQLILFDQW�UHGXFWLRQ�LQ
VLPXODWHG�UXQRII�IURP�VXEFDWFKPHQW����ZLWK�WKH�UDLQ�JDUGHQ�DUHD�LQ�SODFH��7DEOH������7KH
����IW� UDLQ�JDUGHQ�GHFUHDVHG�WKH�UXQRII�FRHIILFLHQW YDOXH�E\�RQO\������DQG�WKH�SHDN
UXQRII�YDOXH�E\�������7RWDO�UXQRII�GHFUHDVHG�E\�������JDOORQV�

��
7DEOH��� 6XPPDU\�2XWSXW�7DEOH�RI�6XEFDWFKPHQW����6LJQLILFDQW 5XQRII�3DUDPHWHUV�

LID Sce[agi] T]jaY Rk[]ff ¥ÂÁÇ gaY¦ Peak Rk[]ff ¥cfh¦ Rk[]ff C]efficie[j

No LIDh Â�ÄÇ ÅÁ�ÉÈ Á�ÆÆÄ

ÊÁÁ hq�fj Rain garden Â�ÄÆ ÅÁ�ÃÇ Á�ÆÆÁ

/,'�&RVW�(VWLPDWHV
7KH�FRVWV�RI�JUHHQ�LQIUDVWUXFWXUH�YDU\�ZLGHO\�DFURVV�JHRJUDSKLF�UHJLRQV�DQG�FDQ�EH�TXLWH
VXEVWDQWLDO�ZKHQ�LPSOHPHQWHG�DW�ODUJH�VFDOHV��+RZHYHU��LW�LV�OLNHO\�WKDW�WKH�SULFHV�DVVRFLDWHG�ZLWK
JUHHQ�LQIUDVWUXFWXUH�LQ�WKH�8�6��ZLOO�GHFOLQH�DV�PDUNHW�GHPDQG�LQFUHDVHV��86(3$���������,Q�WKH
IROORZLQJ�VHFWLRQV�ZH�ZLOO�RXWOLQH�WKH�SRWHQWLDO�PRQHWDU\�FRVWV�RI�WKH�YDULRXV�/,'�FRQWUROV
PRGHOHG�LQ�WKLV�VWXG\��LQFOXGLQJ�FDSLWDO�DQG�PDLQWHQDQFH�FRVWV��*LYHQ�WKH�VFRSH�RI�WKLV�SURMHFW��D
IXOO�FRVW�EHQHILW�DQDO\VLV�RI�JUHHQ�LQIUDVWUXFWXUH�LPSOHPHQWDWLRQ�ZDV�QRW�IHDVLEOH�DQG�WKHUHIRUH
VRFLDO�DQG�HQYLURQPHQWDO�FRVWV�DQG�RU�EHQHILWV�DUH�QRW�LQFOXGHG�LQ�RXU�FDOFXODWLRQV�

*UHHQ�5RRI�&RVWV
7KH�FRVW�RI�JUHHQ�URRILQJ�LV�YDULDEOH��UDQJLQJ�LQ�SULFH�IURP���������SHU�FXELF�IRRW�RI
VWRUDJH��D�FXELF�IRRW�RI�VWRUDJH�LV�DERXW�����JDOORQV�RI�ZDWHU���'LIIHUHQFH�LQ�SULFH�GHSHQGV
RQ�FRQVWUXFWLRQ�PDWHULDOV��6XFK�DV�ILOWHU�PHPEUDQHV��GUDLQDJH�OD\HUV��VXSSRUW�SDQHOV��DQG
WKHUPDO�LQVXODWLRQ��12$$���������7R�HQVXUH�SURSHU�XVH�DQG�HIILFLHQF\��DQQXDO
PDLQWHQDQFH�FRVWV�LQFOXGH�IUHTXHQW�ZDWHULQJ�DQG�WHQGLQJ�IRU�SODQW�VXUYLYDO��LQYDVLYH
VSHFLHV�FRQWURO��DQG�\HDUO\�LQVSHFWLRQV�IRU�VWUXFWXUDO�LQWHJULW\�DQG�OHDN�UHGXFWLRQ��7KLV
FRVW�FRXOG�UDQJH�IURP�������������SHU�IW� �*UHHQ�9DOXHV 1DWLRQDO�6WRUPZDWHU
&DOFXODWRU��

7KH�SRWHQWLDO�FRVW�RI�LQVWDOOLQJ�JUHHQ�URRILQJ�RQ�����RI�WKH�KRPHV�LQ�WKH�:DLOXSH
KRWVSRWV��HTXDOLQJ�DSSUR[LPDWHO\���������IW� RI�JUHHQ URRILQJ��UDQJHV�IURP
DSSUR[LPDWHO\�������������WR��������������7KH�DYHUDJH�SULFH�SHU�KRXVH�UDQJHV�IURP
�������WR���������IRU�WKH�JUHHQ�URRILQJV�LWVHOI��DQG�IURP��������WR��������IRU�\HDUO\
PDLQWHQDQFH�

7KH�WRWDO�FRVW�RI�LQVWDOOLQJ�JUHHQ�URRILQJ�RQ�����RI�WKH�KRPHV�LQ�WKH�:DLOXSH�KRWVSRWV
�HTXDOLQJ���������IW� RI�JUHHQ�URRILQJ��UDQJHV�IURP DSSUR[LPDWHO\�������������WR
�������������7KH�WRWDO�SULFH�RI�LQVWDOOLQJ�JUHHQ�URRILQJ�WR�����RI�KRPHV�LQ�WKH�KRWVSRW
DUHDV��HTXDOOLQJ���������IW� RI�JUHHQ�URRILQJ��UDQJHV IURP�DSSUR[LPDWHO\�������������WR
������������

��



7KH�SULFH�IRU��������IW�� RI�JUHHQ�URRILQJ�RQ�WRS�RI�WKH�$LQD�+DLQD�6KRSSLQJ�FHQWHU
UDQJHV�IURP����������WR�������������ZLWK�\HDUO\�PDLQWHQDQFH�FRVWV�EHWZHHQ���������DQG
��������

3HUPHDEOH�3DYHPHQW�&RVWV
3HUPHDEOH�SDYHPHQW�FRVWV�UDQJH�GHSHQGLQJ�RQ�WKH�PDWHULDO�FKRVHQ�IRU�LPSOHPHQWDWLRQ�
3HUPHDEOH�SDYHPHQW�V\VWHPV�DUH�RIWHQ�FRPSRVHG�RI�D�FRPELQDWLRQ�RI�DVSKDOW�DQG
FRQFUHWH��RU�RWKHU�SRURXV�PDWHULDOV��+RZHYHU��LQGLYLGXDO�PDWHULDOV�VXFK�DV�SRURXV�DVSKDOW�
SHUYLRXV�FRQFUHWH��DQG�SHUPHDEOH�LQWHUORFNLQJ�FRQFUHWH�FDQ�UDQJH�IURP������������������
DQG���������SHU�VTXDUH�IRRW��UHVSHFWLYHO\��$QQXDO�PDLQWHQDQFH�FRVWV�UDQJH�IURP
����������SHU�DFUH�ZKLFK�LQFOXGH�UHJXODU�LQVSHFWLRQV�IRU�FORJJLQJ��FUDFNV��DQG�SRWKROHV
LQ�RUGHU�WR�HQVXUH�WKH�PRVW�HIILFLHQW�ZDWHU�LQILOWUDWLRQ��*UHHQ�9DOXHV�1DWLRQDO�6WRUPZDWHU
&DOFXODWRU��86(3$��������

0RVW�PDLQWHQDQFH�FRVWV�DUH�DWWULEXWHG�WR�DUHDV�LQ�FROGHU�FOLPDWHV�WKDW�GHPDQG�VQRZ
SORZLQJ��VDOWLQJ��DQG�GH�LFLQJ�WKDW�DOWHU�WKH�VWDWH�RI�WKH�SHUPHDEOH�SDYHPHQWV��)RU
+DZDL¶L��PDLQWHQDQFH�FRVWV�ZRXOG�IDOO�LQ�WKH�ORZHU�FRVW�UDQJH�VLQFH�WKHUH�ZRXOG�EH�OLWWOH
WR�QR�FRPSOLFDWLRQV�GXH�WR�IUHH]H�WKDZ�VWUHVV�

$OWKRXJK�SHUPHDEOH�SDYHPHQW�RSWLRQV�FRVW�PRUH�WKDQ�WUDGLWLRQDO�SDYHPHQW�WR�FRQVWUXFW
LQLWLDOO\��ORZ�PDLQWHQDQFH�DQG�VWRUPZDWHU�PDQDJHPHQW�FRVWV�FDQ�FRQWULEXWH�WR�HFRQRPLF
VDYLQJV��ORQJ�WHUP��86(3$��������

5DLQ�*DUGHQ�&RVWV
5DLQ�JDUGHQ�LQVWDOODWLRQ�FRVWV��������SHU�FXELF�IRRW�RI�VWRUDJH��5DLQ�JDUGHQV�UHTXLUH
DQQXDO�PDLQWHQDQFH�FRVWV�RI�DERXW�������SHU�IW� IRU UHJXODU�ODQGVFDSLQJ�DQG�XSNHHS�WR
HQVXUH�WKDW�WKH�JUHHQ�LQIUDVWUXFWXUH�SUDFWLFH�LV�IXQFWLRQLQJ�SURSHUO\��12$$��������*UHHQ
9DOXHV�1DWLRQDO�6WRUPZDWHU�&DOFXODWRU���,QLWLDOO\��UDLQ�JDUGHQV�PD\�UHTXLUH�PRUH�ODERU
IRU�PDLQWHQDQFH��EXW�JHQHUDOO\�LW�ZLOO�GHFUHDVH�RYHU�WLPH�LI�WKH\�FRQWDLQ�DSSURSULDWH
YHJHWDWLRQ��7UDGLWLRQDO�XVH�RI�HQGHPLF��ORZ�PDLQWHQDQFH�+DZDLLDQ�SODQW�VSHFLHV�VXFK�DV
&DUH[ �&DUH[�ZDKXHQVLV�� ,KLLKLODXDNHD��0DUVLOHD�YLOORVD�� DQG0D
R��*RVV\SLXP
WRPHQWRVXP� ZRXOG�GHPDQG�OHVV�ZDWHU�FRQVXPSWLRQ�DQG UHJXODU�ODQGVFDSLQJ
PDLQWHQDQFH�

7KH�SULFH�RI�LQVWDOOLQJ�D�����IW�� UDLQ�JDUGHQ�LQ 1HKX�3DUN�UDQJHV�IURP���������WR���������
7KLV�HVWLPDWH�GRHV�QRW�LQFOXGH�FRQVWUXFWLRQ�FRVWV��7KH�LQVWDOODWLRQ�RI�UDLQ�JDUGHQV�LQ
SXEOLF�SDUNV�FRXOG�EH�WXUQHG�LQWR�D�FRPPXQLW\�SURMHFW��ZKHUH�PHPEHUV�RI�WKH�FRPPXQLW\
KDYH�WKH�RSSRUWXQLW\�WR�YROXQWHHU�DQG�ZRUN�WRJHWKHU�WR�EXLOG�UDLQ�JDUGHQV�LQ�WKHLU�ORFDO
SDUNV�

��



&OLPDWH�&KDQJH�±�:DLOXSH�:DWHUVKHG
:H�GHWHUPLQHG�WKH�LPSDFWV�RI�IXWXUH�FOLPDWH�FKDQJH�VFHQDULRV�RQ�WKH�UXQRII�FRHIILFLHQWV�DQG
SHDN�IORZ�YDOXHV�RI�WKH��VXEFDWFKPHQWV�LQ�:DLOXSH��7KH�UXQRII�FRHIILFLHQW�LV�D�UDWLR�RI�WKH�WRWDO
YROXPH�RI�UXQRII�UHODWLYH�WR�WKH�WRWDO�QXPEHU�RI�UDLQIDOO�WKDW�D�VXEFDWFKPHQW�UHFHLYHV�DFURVV�LWV
DUHD��5DW]ODII���������3HDN�IORZ�LV�D�PHDVXUH�RI�WKH�PD[LPXP�GLVFKDUJH�YDOXH�PHDVXUHG�GXULQJ
WKH�VWRUP�HYHQW��:H�XVHG�SURMHFWHG�SUHFLSLWDWLRQ�GDWD�WR�YLHZ�GLIIHUHQFHV�LQ�UXQRII�FRHIILFLHQWV
DQG�SHDN�IORZ�XQGHU�H[WUHPH�FOLPDWH�FKDQJH�VFDOHG�FRQGLWLRQV�

7R�XQGHUVWDQG�WKH�LPSDFW�RI�IXWXUH�FOLPDWH�FKDQJH�RQ�WKH�0DXQDOXD�%D\�UHJLRQ��ZH�KDYH�XWLOL]HG
FOLPDWH�GDWD�SURYLGHG�E\�WKH 3DQ*HR�*DOOHU\��XWLOL]LQJ -XS\WHU�1RWHERRNV�ZLWK�3\WKRQ����7KLV
GDWD�VHUYHU�FRQWDLQV�JOREDO�FOLPDWH�GDWD�IURP�WKH�&RXSOHG�0RGHO�,QWHUFRPSDULVRQ�3URMHFWV
�&0,3����&0,3��DUH�FRRUGLQDWHG�JHQHUDO�FLUFXODWLRQ�PRGHO��*&0��VLPXODWLRQV��FRQVWLWXWLQJ
FOLPDWH�SURMHFWLRQV�XVHG�LQ�WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&��6L[WK
$VVHVVPHQW�5HSRUW��$5����6SHFLILFDOO\��WKLV�&0,3��GDWDVHW�FRQWDLQV�KLVWRULF�DQG�SURMHFWHG
SUHFLSLWDWLRQ�IOX[HV�XS�WR������ZLWK�IRXU�6KDUHG�6RFLRHFRQRPLF�3DWKZD\V��663V��EDVHG�RQ
GLIIHUHQW�SRVVLEOH�FRQFHQWUDWLRQV�RI�JUHHQKRXVH�JDV��*+*��HPLVVLRQV�DQG�FOLPDWH�SROLFLHV�

)RU�WKLV�DQDO\VLV��ZH�FRQILQH�RXU�DVVHVVPHQW�RI�SUHFLSLWDWLRQ�LPSDFWV�RQ�WKH�LVODQG�RI�2µDKX�WR
FRQFHQWUDWLRQ�GULYHQ�VLPXODWLRQV��IRFXVLQJ�RQ�IRXU�663V�WKDW�LQFOXGH��663�������663������
663�������DQG�663�������ZKLFK�UHVXOW�LQ�HQG�RI�FHQWXU\�DSSUR[LPDWH�WRWDO�UDGLDWLYH�IRUFLQJ
OHYHOV�RI����������������DQG����ௗ:ௗPí���UHVSHFWLYHO\� 7KH�663V�GHVFULEH�DOWHUQDWLYH�HYROXWLRQV�RI
IXWXUH�VRFLHW\�LQ�WKH�DEVHQFH�RI�FOLPDWH�FKDQJH�RU�FOLPDWH�SROLF\��663��LV�D�SDWKZD\�RI
VXVWDLQDELOLW\��ZKLFK�DVVXPHV�FOLPDWH�SURWHFWLRQ�PHDVXUHV�DUH�EHLQJ�WDNHQ�DQG�JOREDO�FRPPRQV
DUH�EHLQJ�SUHVHUYHG��663��LV�D�PLGGOH�RI�WKH�URDG�SDWKZD\��ZKLFK�DVVXPHV�,QWHUPHGLDWH�*+*
HPLVVLRQV�DURXQG�FXUUHQW�OHYHOV�XQWLO������WKHQ�IDOOLQJ�EXW�QRW�UHDFKLQJ�QHW�]HUR�E\�������663�
LV�D�SDWKZD\�RI�UHJLRQDO�ULYDOU\��ZKLFK�DVVXPHV�LQFUHDVHG�IXWXUH�HFRQRPLF�DQG�VRFLDO
GHYHORSPHQW��IDVW�JURZLQJ�SRSXODWLRQ�DQG�LQFUHDVLQJ�LQHTXDOLWLHV��663��LV�D�SDWKZD\�RI
IRVVLO�IXHOHG�GHYHORSPHQW��ZKLFK�DVVXPHV�LQWHQVLILHG�H[SORLWDWLRQ�RI�IRVVLO�IXHO�UHVRXUFHV�ZLWK�D
KLJK�SHUFHQWDJH�RI�FRDO�DQG�DQ�HQHUJ\�LQWHQVLYH�OLIHVW\OH�ZRUOGZLGH��*HQHUDOO\��WKH�663V�KDYH�D
KLJKHU�DVVRFLDWHG�DFFXPXODWHG�FRQFHQWUDWLRQ�RI�DWPRVSKHULF�&2� �)LJXUH�����

��



)LJXUH���� )XWXUH�DQQXDO�HPLVVLRQV�RI�&2䈻�IURP�WKH ,3&&�$5���)XWXUH�DQQXDO�HPLVVLRQ�RI�&2�

�*W&2��\U��IURP�����������ZKHUH�FRORUHG�OLQHV�UHSUHVHQW 663V���,3&&��%R[�630���

7R�GHWHUPLQH�KRZ�FOLPDWH�FKDQJH�GULYHQ�VKLIWV�LQ�SUHFLSLWDWLRQ�LQIOXHQFH�GLIIHUHQFHV�LQ
VWRUPZDWHU�UXQRII�LQ�WKH�:DLOXSH�ZDWHUVKHG��ZH�H[WUDFWHG�GDLO\�WRWDO�SUHFLSLWDWLRQ�IRU�WKH�LVODQG
RI�2µDKX�IURP�KLVWRULFDO�SHULRGV�DQG�SURMHFWHG�SHULRGV������������DQG������������UHVSHFWLYHO\�
6HH�$SSHQGL[�+�IRU�WKH�FRGH�XVHG�WR�H[WUDFW�WKHVH�YDOXHV��3UHFLSLWDWLRQ�GDWD�ZDV�ILOWHUHG�IRU
0DUFK����IRU�HDFK�\HDU�WR�DOLJQ�ZLWK�WKH�:DLOXSH�VWRUP�HYHQWV�XVHG�DV�6:00�LQSXW��7KH�0DUFK
���GDLO\�WRWDO�SUHFLSLWDWLRQ�ZDV�WKHQ�DYHUDJHG�DFURVV�����������IRU�HDFK�663�DQG�VHSDUDWHO\�IRU
WKH�����������KLVWRULFDO�SUHFLSLWDWLRQ��:H�WKHQ�WRRN�WKH�UDWLR�RI�GDLO\�WRWDO�SUHFLSLWDWLRQ�DYHUDJHG
DFURVV�����������IRU�HDFK�663�GLYLGHG�E\�KLVWRULFDO�GDLO\�WRWDO�SUHFLSLWDWLRQ�DFURVV�����������WR
VHUYH�DV�WKH�PXOWLSOLFDWLYH�FKDQJH�IDFWRU��0&)���DV�GHSLFWHG�EHORZ�

0&) 663��0DUFK��� ࡦ  𝑃՚՗Ւ𝑒𝑐՜𝑒𝑑 𝑑𝑎ՑՔա ՜՗՜𝑎Ք ՘՚𝑒𝑐Ց՘ 𝑎՞𝑔 𝑓՚՗Օ 20202050ࡠ 
𝐻Ց՛՜՗՚Ց𝑐𝑎Ք 𝑑𝑎ՑՔա ՜՗՜𝑎Ք ՘՚𝑒𝑐Ց՘ 𝑎՞𝑔 𝑓՚՗Օ 19842014ࡠ 

7KLV�PHWKRGRORJ\�ZDV�GHSOR\HG�IRU�WKUHH�VHSDUDWH�&0,3��PRGHOV��)LJXUH������:H�PXOWLSOLHG
HDFK�WLPH�VWHS�LQ�WKH�6:00�PRGHO�LQSXW�E\�WKH�PD[LPXP��������DQG�PLQLPXP��������0&)
DFURVV�DOO�663V�DQG�&0,3��PRGHOV��7KLV�ZDV�DSSOLHG�WR�WKH�:DLOXSH�ZDWHUVKHG�IRU�WKH�0DUFK����
�����VWRUP�HYHQW�WR�VHUYH�DV�WKH�H[WUHPH�VFHQDULRV�DVVRFLDWHG�ZLWK�FOLPDWH�FKDQJH�LPSDFWV
�)LJXUH�����

��



)LJXUH����0XOWLSOLFDWLYH�&KDQJH�)DFWRUV�IRU�WKH�0DUFK ���6WRUP�(YHQW��0XOWLSOLFDWLYH�FKDQJH�IDFWRUV
�0&)��E\�6KDUHG�6RFLRHFRQRPLF�3DWKZD\V��663V��IRU�WKH�:DLOXSH�0DUFK����VWRUP�HYHQW��3RLQWV�LQGLFDWH
&0,3��PRGHOV��%ODFN��%&&�&60��05��*UHHQ��&150�(60�����2UDQJH��,36/�&0�$�/5��

0LQLPXP�DQG�0D[LPXP�0&)
6:00�RXWSXW�SURYLGHV�WRWDO�SUHFLSLWDWLRQ��LQFKHV���WRWDO�UXQRII��LQFKHV���WRWDO�LQILOWUDWLRQ
�LQFKHV���LPSHUYLRXV�UXQRII��LQFKHV���SHUYLRXV�UXQRII��LQFKHV���WRWDO�UXQRII��LQFKHV��JDOORQV���SHDN
UXQRII��FIV���DQG�UXQRII�FRHIILFLHQW�E\�VXEFDWFKPHQW�LQ�WKH�ZDWHUVKHG��2YHU�WKH�FRXUVH�RI�WKH
���KRXU�VWRUP�RQ�0DUFK�����������WKH�PD[LPXP�0&)�PRGHO�VLPXODWHG�GLVFKDUJH�RI����������
FIV�DQG�WKH�PLQLPXP�0&)�PRGHO�VLPXODWHG�GLVFKDUJH�RI��������FIV��ZKHUHDV�WKH�VWUHDP
GLVFKDUJH�JDXJH�REVHUYHG�D�WRWDO�RI����������FIV��7KHUH�ZDV�D������LQFUHDVH�LQ�SHDN�GLVFKDUJH
ZLWK�WKH�PD[�0&)�DSSOLHG�DQG�D�����GHFUHDVH�LQ�SHDN�GLVFKDUJH�ZLWK�WKH�PLQ�0&)�DSSOLHG�DW
KRXU������DV�FRPSDUHG�WR�WKH�REVHUYHG�SHDN�GLVFKDUJH�WKDW�RFFXUUHG�RQ�0DUFK�����������)LJXUH
����

��



)LJXUH���� 7LPH�6HULHV�RI�2EVHUYHG��0D[LPXP�DQG�0LQLPXP 0XOWLSOLFDWLYH�&KDQJH�)DFWRU��0&)�
6LPXODWHG�'LVFKDUJH�IRU�WKH�0DUFK����������3UHFLSLWDWLRQ�HYHQW��2EVHUYHG�GDWD�SURYLGHG�E\�12$$
1&(,�SUHFLSLWDWLRQ�JDXJH�&223���������:$,/83(�9$//(<�6&+22/�������+,�86����%ODFN�
2EVHUYHG��*UHHQ��0LQLPXP�0&)�VLPXODWHG��2UDQJH��0D[LPXP�0&)�6LPXODWHG��

��



5XQRII�&RHIILFLHQWV
)RU�WKH�0DUFK����������VWRUP��UXQRII�FRHIILFLHQWV�UDQJH�IURP���WR������ZLWK�WKH�PD[�0&)
DSSOLHG�DQG�IURP���WR������ZLWK�WKH�PLQ�0&)�DSSOLHG��6HH�$SSHQGL[�,�IRU�FRGH�XVHG�WR�YLHZ
GLIIHUHQFHV�LQ�UXQRII�FRHIILFLHQWV�IRU�HDFK�VXEFDWFKPHQW�7KH�VSDWLDO�GLVWULEXWLRQ�RI�UXQRII
FRHIILFLHQWV�IRU�ERWK�FDQ�EH�REVHUYHG�LQ�)LJXUH�����+RWVSRWV�KHUH�ZHUH�GHILQHG�DV�WKH�WRS���
KLJKHVW�UXQRII�FRHIILFLHQW�VXEFDWFKPHQWV�LQ�WKH�ORZHU��XUEDQL]HG�ZDWHUVKHG��7DEOH�����.QRZLQJ
FKDQJHV�LQ�UXQRII�FRHIILFLHQWV�UHODWHG�WR�FOLPDWH�FKDQJH�LPSDFWV�ZLOO�DLG�LQ�PDQDJHPHQW�SUDFWLFHV
WKDW�SULRULWL]H�IXWXUH�SODFHPHQW�RI�JUHHQ�LQIUDVWUXFWXUH�LQ�WRS�UDQNLQJ�UXQRII�FRHIILFLHQW
VXEFDWFKPHQWV�ZKLFK�ZLOO�XOWLPDWHO\�KHOS�UHGXFH�UXQRII�WKDW�IHHGV�LQWR�WKH�0DXQDOXD�%D\��:KHQ
FRPSDULQJ�UXQRII�FRHIILFLHQWV�IURP�D�SUHYLRXV�VWXG\�IRU�WKH�0DUFK����������VWRUP�HYHQW��'RUQDQ
HW�DO����������ZH�IRXQG�WKDW�VXEFDWFKPHQWV�����������������DQG����DUH�WKH�WRS���VXEFDWFKPHQWV�WKDW
H[SHULHQFHG�WKH�JUHDWHVW�GLIIHUHQFH�EHWZHHQ�PD[�0&)�VFDOHG�UXQRII�FRHIILFLHQWV�DQG�KLVWRULFDOO\
VLPXODWHG�0DUFK����������UXQRII�FRHIILFLHQWV��)XWXUH�FRQFHQWUDWLRQ�RQ�WKHVH�VSHFLILF
VXEFDWFKPHQWV�DV�WDUJHW�DUHDV�IRU�JUHHQ�LQIUDVWUXFWXUH�SODFHPHQW�ZLOO�XOWLPDWHO\�DLG�LQ�UHGXFLQJ
UXQRII�WKDW�ZLOO�IHHG�LQWR�WKH�0DXQDOXD�%D\�

)LJXUH����0RGHOHG�5XQRII�&RHIILFLHQW�5HVXOWV�IRU :DLOXSH�:DWHUVKHG��/HIW��0DUFK����������VWRUP�ZLWK
WKH�PLQ�0&)�DSSOLHG��5LJKW��0DUFK����������VWRUP�ZLWK�WKH�PD[�0&)�DSSOLHG��+LJKHU�UXQRII
FRHIILFLHQWV�LQGLFDWH�DUHDV�ZKHUH�PRUH�SUHFLSLWDWLRQ�EHFRPHV�VWRUPZDWHU�UXQRII�

��



7DEOH��� 6XPPDU\�2XWSXW�7DEOH�RI�7RS����5XQRII�&RHIILFLHQW 6XEFDWFKPHQW�ZLWK�0LQ�DQG�0D[�0&)
5HVXOWV�DQG�6LJQLILFDQW�3DUDPHWHUV�

��



3HDN�)ORZ
3HDN�IORZ�LV�D�PHDVXUH�RI�WKH�PD[LPXP�GLVFKDUJH�YDOXH�PHDVXUHG�GXULQJ�WKH�VWRUP�HYHQW��3HDN
IORZ�UDQJHV�IURP���WR��������FIV�IRU�WKH�0DUFK����������VWRUP�ZLWK�WKH�PD[�0&)�DSSOLHG�DQG��
WR�������FIV�IRU�WKH�0DUFK����������VWRUP�ZLWK�WKH�PLQ�0&)�DSSOLHG��$SSHQGL[�,���)LJXUH���
VKRZV�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�SHDN�IORZV�IRU�ERWK�0&)�YDOXHV�DSSOLHG�WR�WKH�0DUFK����
�����VWRUP�HYHQW��+RWVSRWV�KHUH�ZHUH�GHILQHG�DV�WKH�WRS����KLJKHVW�SHDN�IORZ��FIV�
VXEFDWFKPHQWV�LQ�WKH�ORZHU��XUEDQL]HG�ZDWHUVKHG��7DEOH�����7R�GHWHUPLQH�WKH�LQIOXHQFH�RI
VXEFDWFKPHQW�DUHD�RQ�SHDN�GLVFKDUJH��ZH�QRUPDOL]HG�SHDN�GLVFKDUJH�E\�GLYLGLQJ�HDFK
VXEFDWFKPHQWV�SHDN�GLVFKDUJH�YDOXH�E\�LWV�WRWDO�DUHD��7KH�VXEFDWFKPHQWV�ZLWK�WKH�KLJKHVW
QRUPDOL]HG�SHDN�IORZ�YDOXHV�ZHUH�GHILQHG�DV�KRWVSRWV��$SSHQGL[�-���9LHZLQJ�GLIIHUHQFHV�LQ�SHDN
IORZ�XQGHU�WKH�PLQ�DQG�PD[�0&)�DSSOLHG�ZLOO�KHOS�LQIRUP�PDQDJHPHQW�SUDFWLFHV�WKDW�SULRULWL]H
IXWXUH�SODFHPHQW�RI�JUHHQ�LQIUDVWUXFWXUH�LQ�WRS�UDQNLQJ�SHDN�GLVFKDUJH�VXEFDWFKPHQWV�ZKLFK�ZLOO
XOWLPDWHO\�KHOS�UHGXFH�UXQRII�WKDW�IHHGV�LQWR�WKH�0DXQDOXD�%D\��:KHQ�FRPSDULQJ�SHDN�IORZ�IURP
D�SUHYLRXV�VWXG\��'RUQDQ�HW�DO����������ZH�IRXQG�WKDW�VXEFDWFKPHQWV�����������������DQG����DUH
WKH�WRS���VXEFDWFKPHQWV�WKDW�H[SHULHQFHG�WKH�JUHDWHVW�GLIIHUHQFH�EHWZHHQ�PD[�0&)�VFDOHG�SHDN
GLVFKDUJH�DQG�KLVWRULFDOO\�VLPXODWHG��0DUFK����������SHDN�GLVFKDUJH��)XWXUH�LPSOHPHQWDWLRQ�RI
JUHHQ�LQIUDVWUXFWXUH�LQ�WKHVH�VXEFDWFKPHQWV�VSHFLILFDOO\�ZLOO�XOWLPDWHO\�DLG�LQ�UHGXFLQJ�UXQRII
WKDW�IHHGV�LQWR�WKH�0DXQDOXD�%D\�

)LJXUH����0RGHOHG�3HDN�)ORZ�5HVXOWV�IRU�:DLOXSH�:DWHUVKHG� /HIW��0DUFK����������VWRUP�XVHG�ZLWK�WKH
PLQ�0&)�DSSOLHG��5LJKW��0DUFK����������VWRUP�XVHG�ZLWK�WKH�PD[�0&)�DSSOLHG�

��



7DEOH��� 6XPPDU\�2XWSXW�7DEOH�RI�7RS����+LJKHVW�3HDN )ORZ�6XEFDWFKPHQW�ZLWK�0LQ�DQG�0D[�0&)
5HVXOWV�DQG�6LJQLILFDQW�3DUDPHWHUV

��



3UREDELOLW\�RI�([WUHPH�&OLPDWH�&KDQJH�(YHQWV
$QRWKHU LPSRUWDQW�IDFWRU�WR�FRQVLGHU�ZLWK�H[WUHPH FOLPDWH�FKDQJH�HYHQWV�LV�WKH�SUREDELOLW\�RI
WKRVH�HYHQWV�RFFXUULQJ�WRGD\��:H�FRQGXFWHG�D�GHQVLW\�GLVWULEXWLRQ�DQDO\VLV�RI�SUHVHQW�GD\
:DLOXSH�SUHFLSLWDWLRQ�IURP�����������WR�GHWHUPLQH�LI�WKH�0&)�VFDOHG�SUHFLSLWDWLRQ�DPRXQWV
DVVRFLDWHG�ZLWK�WKH�0DUFK����������VWRUP�DUH�XQOLNHO\�WR�RFFXU�E\�WKH�VWDQGDUGV�RI�WRGD\¶V
FOLPDWH��:H�VXPPHG�WKH�VXE�KRXUO\�:DLOXSH�SUHFLSLWDWLRQ�GDWD�WR�REWDLQ�D�GDWDIUDPH�ZLWK�GDLO\
WRWDO�SUHFLSLWDWLRQ�DFURVV�WKH�WLPH�VHULHV��ZKHUH�WKH�DYHUDJH�ZDV������LQFKHV��:H�WKHQ�DSSOLHG�WKH
GQRUP IXQFWLRQ�LQ�EDVH5�WR�WKH�GDWDIUDPH�RI�GDLO\ WRWDO�SUHFLSLWDWLRQ��LQ���$SSHQGL[�.����,Q
)LJXUH�����WKH�YHUWLFDO�RUDQJH�OLQH�UHSUHVHQWV�WKH�PD[�0&)��������PXOWLSOLHG�E\�WKH�DYHUDJH
SUHFLSLWDWLRQ�RI�WKH�0DUFK����������VWRUP�������LQFKHV��DQG�WKH�JUHHQ�OLQH�UHSUHVHQWV�WKH�PLQ
0&)��������DOVR�PXOWLSOLHG�E\�WKH�DYHUDJH�SUHFLSLWDWLRQ�RI�WKH�0DUFK����������VWRUP������
LQFKHV���7KH�LQWHUVHFWLRQV�RI�WKH�YHUWLFDO�OLQHV�ZLWK�WKH�GHQVLW\�GLVWULEXWLRQ�EODFN�OLQH�UHSUHVHQW
WKH�OLNHOLKRRG�RI�D�PD[�RU�PLQ�0&)�HTXLYDOHQW�VWRUP�RFFXUUHQFH��7KH�OLNHOLKRRG�RI�D�PLQ�0&)
VFDOHG�VWRUP�HYHQW�LV�����DQG�WKH�OLNHOLKRRG�RI�D�PD[�0&)�VFDOHG�VWRUP�HYHQW�LV������7KHVH
UHVXOWV�LQGLFDWH�WKDW�WKH�PD[�VFDOHG�0DUFK����������HYHQW�LV������LQFKHV�PRUH�WKDQ�WKH�GHQVLW\
GLVWULEXWLRQ�PHDQ��VXJJHVWLQJ�FOLPDWH�FKDQJH�LPSDFWV�DUH�XQOLNHO\�WR�DOWHU�WKH�W\SHV�RI�JUHHQ
LQIUDVWUXFWXUH�WKDW�ZRXOG�EH�QHFHVVDU\�LQ�WKH�IXWXUH�

)LJXUH���� 'HQVLW\�'LVWULEXWLRQ�RI�:DLOXSH�SUHFLSLWDWLRQ HYHQWV� %ODFN�OLQH�LQGLFDWHV�WKH�GHQVLW\
GLVWULEXWLRQ�RI�WKH�:DLOXSH�GDLO\�WRWDO�SUHFLSLWDWLRQ�WLPH�VHULHV�IURP������������2UDQJH�OLQH�GHSLFWV�WKH
PD[�0&)�PXOWLSOLHG�E\�WKH�0DUFK����������DYHUDJH�SUHFLSLWDWLRQ������LQFKHV���*UHHQ�OLQH�GHSLFWV�WKH�PLQ
0&)�PXOWLSOLHG�E\�WKH�0DUFK����������DYHUDJH�SUHFLSLWDWLRQ�

��



:DLOXSH�/,'�(IIHFWLYHQHVV�8QGHU�&OLPDWH�&KDQJH�6FHQDULRV
2QH�IDFWRU�WR�FRQVLGHU�SULRU�WR�WKH�LPSOHPHQWDWLRQ�RI�JUHHQ�LQIUDVWUXFWXUH�HOHPHQWV�LV�WKHLU
HIIHFWLYHQHVV�XQGHU�WKH�SRWHQWLDO�LPSDFWV�RI�FOLPDWH�FKDQJH�DQG�ODUJHU�VWRUP�HYHQWV��7KH�FRVWV
DVVRFLDWHG�ZLWK�ODUJH�VFDOH�JUHHQ�LQIUDVWUXFWXUH�SURMHFWV�FDQ�FRPH�ZLWK�VXEVWDQWLDO�FRVWV��DQG
WKHLU�ORQJ�WHUP�HIIHFWLYHQHVV�DQG�EHQHILWV�PXVW�MXVWLI\�WKH�QHFHVVDU\�H[SHQGLWXUHV��7R�H[SORUH�WKH
HIIHFWLYHQHVV�RI�/,'V�XQGHU�FOLPDWH�FKDQJH�VFHQDULRV��ZH�DSSOLHG�WKH�0&)V�WR�VXEFDWFKPHQW���
ZLWKLQ�WKH�:DLOXSH�ZDWHUVKHG�

0HWKRGV
7KH�VDPH�/,'�FRQWUROV�DV�PRGHOHG�LQ�VXEFDWFKPHQW����SUHYLRXVO\��D�JUHHQ�URRI�DQG
SHUPHDEOH�SDYHPHQW�SDUNLQJ�ORW�VFDOHG�WR�WKH�µƖLQD�+DLQD�6KRSSLQJ�&HQWHU��ZHUH
PRGHOHG�XQGHU�WZR�FOLPDWH�FKDQJH�VFHQDULRV±�RQH�WKDW�UHSUHVHQWV�D�DYHUDJH�ZHWWHU
FOLPDWH�DFURVV�WKH�0DXQDOXD�%D\�UHJLRQ�DQG�RQH�WKDW�UHSUHVHQWV�DQ�DYHUDJH�GULHU�FOLPDWH
DFURVV�WKH�UHJLRQ��)RU�WKH�ZHWWHU�FOLPDWH�VFHQDULR��ZH�PRGHOHG�VXEFDWFKPHQW����UXQRII
ZLWK�WKH�0D[�0&)�DSSOLHG�WR�WKH�0DUFK����������VWRUP�HYHQW��7R�UHSUHVHQW�D�GULHU
FOLPDWH�FKDQJH�VFHQDULR��ZH�DSSOLHG�WKH�0LQ�0&)�YDOXHV�WR�WKH�0DUFK����VWRUP�HYHQW�
%RWK�VFHQDULRV�ZHUH�PRGHOHG�LQ�6:00�DQG�UXQRII�SDUDPHWHUV�IRU�VXEFDWFKPHQW���
ZHUH�XVHG�WR�LOOXVWUDWH�KRZ�/,'�FRQWUROV�PLJKW�IXQFWLRQ�XQGHU�UHDOLVWLF�FOLPDWH�FKDQJH
VFHQDULRV�

5HVXOWV�±�0D[�0&)
:LWK�WKH�0D[�0&)�DSSOLHG��SHDN�IORZ�IURP�VXEFDWFKPHQW����LQFUHDVHG�WR������FIV
�FRPSDUHG�WR������FIV�ZKHQ�WKH�0D[�0&)�ZDV�QRW�DSSOLHG���7KLV�UHSUHVHQWV�D�������
LQFUHDVH�LQ�WKH�SHDN�IORZ�YDOXH��$GGLQJ�WKH��������IW� JUHHQ�URRI�DQG�WKH��������IW� RI
SHUPHDEOH�SDYHPHQW�DQG�VLPXODWLQJ�WKH�0D[�0&)�VFHQDULR�GHFUHDVHG�SHDN�IORZ�WR�����
FIV��)LJXUH�����

,Q�WKH�LQLWLDO�/,'�DQDO\VLV��IRU�VXEFDWFKPHQW�����ZLWK�QR�0&)�DSSOLHG���WKH�DGGLWLRQ�RI
WKH�JUHHQ�URRI�DQG�SHUPHDEOH�SDYHPHQW�UHGXFHG�WKH�VXEFDWFKPHQW¶V�SHDN�IORZ�E\�����
8QGHU�WKH�0D[�0&)�VFHQDULR��ZKLFK�UHSUHVHQWV�DYHUDJH�ZHWWHU�FRQGLWLRQV�DFURVV�WKH
UHJLRQ��WKH�DGGLWLRQ�RI�WKH�WZR�/,'�FRQWUROV�UHVXOWHG�LQ�D�������UHGXFWLRQ�LQ�SHDN�IORZ
DQG�D�������UHGXFWLRQ�LQ�WKH�RYHUDOO�YROXPH�RI�UXQRII�IURP�VXEFDWFKPHQW�����7KHVH
UHVXOWV�VKRZ�WKDW�WKH�/,'V�UHWDLQ�����RI�WKHLU�HIIHFWLYHQHVV�LQ�UHGXFLQJ�SHDN�IORZ�XQGHU
WKH�ODUJHU�VWRUP�HYHQW�

��



)LJXUH���� 7LPH�VHULHV�RI�VLPXODWHG�/,'�VFHQDULR GLVFKDUJHV�IURP�VXEFDWFKPHQW����IRU�WKH
0DUFK����������SUHFLSLWDWLRQ�HYHQW�ZLWK�WKH�0D[�0&)�DSSOLHG��VWDUWLQJ�DW�KRXU���RI�WKH�VWRUP�
�%ODFN��6LPXODWHG�GLVFKDUJH��FIV��ZLWK�QR�/,'V��*UHHQ��6LPXODWHG�GLVFKDUJH��FIV��ZLWK�WKH
DGGLWLRQ�RI�D�JUHHQ�URRI�DQG�SHUPHDEOH�SDYHPHQW��

5HVXOWV�±�0LQ�0&)
:KHQ�WKH�0LQ�0&)�ZDV�DSSOLHG�WR�WKH�0DUFK����������VWRUP�HYHQW��UHSUHVHQWLQJ
DYHUDJH�UHJLRQDO�GULHU�FRQGLWLRQV���SHDN�IORZ�IURP�VXEFDWFKPHQW����GHFUHDVHG�IURP�����
FIV�WR�����FIV��D�������GHFUHDVH���:LWK�WKH�DGGLWLRQ�RI�WKH�JUHHQ�URRI�DQG�SHUPHDEOH
SDYHPHQW�/,'�FRQWUROV��SHDN�UXQRII�GHFUHDVHG�IURP�����FIV�WR�����FIV��)LJXUH������7KLV�LV
D�����UHGXFWLRQ�LQ�SHDN�UXQRII�ZLWK�WKH�WZR�/,'V�LQ�SODFH�FRPSDUHG�ZLWK�QR�/,'V��:LWK
WKH�GHFUHDVH�LQ�SUHFLSLWDWLRQ��WKH�/,'V�EHFDPH�VOLJKWO\�PRUH�HIIHFWLYH�DW�UHGXFLQJ�WKH
SHDN�IORZ�IURP�VXEFDWFKPHQW���������XQGHU�WKH�0LQ�0&)�VFHQDULR�FRPSDUHG�WR����
XQGHU�QRUPDO�FRQGLWLRQV��

��



)LJXUH���� 7LPH�VHULHV�RI�VLPXODWHG�/,'�VFHQDULR�GLVFKDUJHV IURP�VXEFDWFKPHQW����IRU�WKH�0DUFK
���������SUHFLSLWDWLRQ�HYHQW�ZLWK�WKH�0LQ�0&)�DSSOLHG��VWDUWLQJ�DW�KRXU���RI�WKH�VWRUP���%ODFN�
6LPXODWHG�GLVFKDUJH��FIV��ZLWK�QR�/,'V��*UHHQ��6LPXODWHG�GLVFKDUJH��FIV��ZLWK�WKH�DGGLWLRQ�RI�D
JUHHQ�URRI�DQG�SHUPHDEOH�SDYHPHQW��

��



2SWLPDO�/RFDWLRQV�IRU�*UHHQ�,QIUDVWUXFWXUH�LQ�0DXQDOXD�%D\
5DLQ�JDUGHQV��LQ�SDUWLFXODU��DUH�DHVWKHWLFDOO\�SOHDVLQJ��LGHDO�IRU�LPSOHPHQWDWLRQ�DW�WKH�UHVLGHQWLDO
VFDOH��DQG�FDSDEOH�RI�UHPRYLQJ�PXFK�RI�WKH�VHGLPHQW�LQ�UXQRII��5DLQ�JDUGHQV�DUH�EXLOW
GHSUHVVLRQV�SODQWHG�ZLWK�YHJHWDWLRQ�WKDW�FROOHFWV�DQG�WUHDWV�VWRUPZDWHU�UXQRII�IURP�LPSHUYLRXV
VXUIDFHV�VXFK�DV�URRIWRSV��GULYHZD\V��SDUNLQJ�ORWV��DQG�URDGV��)LJXUH������7KH\�DUH�GHVLJQHG�WR
FDSWXUH�UXQRII�DQG�ILOWHU�WKH�ZDWHU�WKURXJK�WKH�SODQWV�DQG�VRLOV²UHGXFLQJ�WKH�DPRXQW�RI�VHGLPHQW
DQG�SROOXWLRQ�HQWHULQJ�VWRUP�GUDLQV��VWUHDPV��DQG�WKH�RFHDQ��6PDOO��PXOWLSOH�UDLQ�JDUGHQV�WKDW�DUH
LQFRUSRUDWHG�XSKLOO�DQG�GRZQKLOO�RI�D�JLYHQ�VLWH�RU�UXQRII�KRWVSRW�ZRXOG�EH�WKH�PRVW�HIIHFWLYH
�&DKLOO��HW�DO����������,GHDOO\��UDLQ�JDUGHQV�LPSOHPHQWHG�LQ�0DXQDOXD�%D\�ZRXOG�VHUYH�WR�UHGXFH
WKH�IORZ�RI�VHGLPHQW�DQG�SROOXWDQWV�LQWR�WKH�%D\��GHFUHDVLQJ�KDUP�LQIOLFWHG�RQ�WKH�FRUDO�UHHI
KDELWDW�

)LJXUH���� &RPPXQLW\�5DLQ�*DUGHQ��,PDJH�IURP�8QLYHUVLW\ RI�0LQQHVRWD�

&RPPXQLW\�UDLQ�JDUGHQ�SURJUDPV�DOUHDG\�H[LVW�LQ�+DZDL¶L�VXFK�DV�WKH�.RµRODXSRNR�5DLQ�*DUGHQ
&R�RS�DQG�&RVW�6KDUH�3URJUDP��ZKLFK�SURYLGHV�JUDQW�IXQGV�IRU�UHVLGHQWV�DQG�FRPPXQLWLHV�ZKR
DUH�LQWHUHVWHG�LQ�LQVWDOOLQJ�D�UDLQ�JDUGHQ�RQ�WKHLU�SURSHUW\��7KH�SURMHFW�JUDQW�IXQGV�FRPH�IURP�WKH
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�DQG�WKH�6WDWH�RI�+DZDLµL��&OHDQ�:DWHU�%UDQFK��3ROOXWHG
&RQWURO�5XQRII�

,Q�RUGHU�WR�LGHQWLI\�RSWLPDO�ORFDWLRQV�IRU�UDLQ�JDUGHQ�SODFHPHQW�WKURXJKRXW�WKH�HQWLUH�0DXQDOXD
%D\�UHJLRQ��GLIIHUHQW�PHWKRGV�DQG�GDWD�ZHUH�XWLOL]HG�IURP�WKH�SUHYLRXV�DQDO\VHV��,QVWHDG�RI�XVLQJ
6:00�DQG�SUHFLSLWDWLRQ�GDWD�IURP�86*6��$UF*,6�DQG�UDLQIDOO�GDWD�IURP�WKH�5DLQIDOO�$WODV�RI
+DZDLµL�ZHUH�XVHG��5DLQIDOO�GDWD�ZDV�QHHGHG�IRU�WKH�HQWLUH�UHJLRQ��ZKLFK�ZDV�QRW�DYDLODEOH
WKURXJK�86*6�

:H�FUHDWHG�D�0RGHO%XLOGHU�PRGHO�LQ�$UF*,6�WKDW�FRQVLVWV�RI�WKUHH�PRGHOV��6LWH�/RFDWRU��5XQRII
+RWVSRW��DQG�2SWLPDO�5DLQ�*DUGHQ�/RFDWLRQ��7KH�6LWH�/RFDWRU�PRGHO�GHWHUPLQHV�VXLWDEOH
ORFDWLRQV�IRU�UDLQ�JDUGHQ�SODFHPHQW�EDVHG�RQ�SUR[LPLW\�WR�LPSHUYLRXV�VXUIDFHV��EXLOGLQJV�
VWUHDPV��VLGHZDONV��ZHWODQGV��VWRUPZDWHU�GUDLQV��IORRG�]RQHV��DQG�SDUNV��DV�ZHOO�DV�WKH�ORFDWLRQ
V
VORSH�DQG�VRLO�FXUYH�QXPEHU��1H[W��WKH�5XQRII�PRGHO�XWLOL]HV�K\GURORJLF�WRROV�LQ�$UF*,6�DQG
UDLQIDOO�GDWD�IURP�WKH�5DLQIDOO�$WODV�RI�+DZDLµL�WR�GHWHUPLQH�DUHDV�RI�KLJK�UXQRII��7KHQ��WKH

��



2SWLPDO�5DLQ�*DUGHQ�/RFDWLRQ�PRGHO�WDNHV�LQWR�DFFRXQW�WKH�UHVXOWV�IURP�ERWK�DIRUHPHQWLRQHG
PRGHOV�WR�GHWHUPLQH�RSWLPDO�UDLQ�JDUGHQ�LQWHUYHQWLRQ�ORFDWLRQV�DFURVV�WKH�0DXQDOXD�%D\�UHJLRQ�
/DVWO\��ZH�FDOFXODWHG�WKH�\HDUO\�YROXPH�RI�VHGLPHQW�UHGXFWLRQ�WKDW�UHVXOWV�IURP�UDLQ�JDUGHQ
LPSOHPHQWDWLRQ�

6LWH�/RFDWRU�0RGHO
7KH�VXLWDEOH�ORFDWLRQV�IRU�UDLQ�JDUGHQV�DUH�PRVWO\�LQ�WKH�ORZHU�SDUWV�RI�WKH�ZDWHUVKHGV�GXH�WR�WKH
VORSH�UHVWULFWLRQ�RI�D����JUDGH�RU�OHVV��)LJXUH������7KLV�LV�DOVR�GXH�WR�WKH�IDFW�WKDW�WKH�XSSHU
ZDWHUVKHG�LV�PRVWO\�QDWXUDO�KDELWDW�DQG�RXU�PRGHO�IRFXVHV�RQ�ORFDWLQJ�UDLQ�JDUGHQV�QHDU
LPSHUYLRXV�VXUIDFHV�

)LJXUH���� 6LWH�/RFDWRU�0RGHO�5HVXOWV��$OO�RI�WKH VXLWDEOH�ORFDWLRQV�IRU�UDLQ�JDUGHQV�DUH�LQ�SLQN��7KH
GDUNHU�SLQN�LQGLFDWHV�WKH�XSSHU�TXDQWLOH�RI�WKH�GDWD��ZKHUH�UDLQ�JDUGHQV�DUH�PRVW�VXLWDEOH�GXH�WR�SUR[LPLW\
WR�VWUHDPV��VWRUPZDWHU�GUDLQV��IORRG�]RQHV��LPSHUYLRXV�VXUIDFHV��SDUNV��DQG�ZHWODQGV��'DWD�IURP�WKH�&LW\
DQG�&RXQW\�RI�+RQROXOX��WKH�+DZDLL�6WDWHZLGH�*,6�3URJUDP��DQG�7KH�8QLYHUVLW\�RI�+DZDLL��DPRQJ�RWKHU
VRXUFHV�OLVWHG�LQ�WKH�PHWDGDWD�LQ�$SSHQGL[�/�

��



5XQRII�+RWVSRW�0RGHO
7R�GHWHUPLQH�D�UDLQIDOO�KRWVSRW��WKH�$UF*,6�µ)ORZ�$FFXPXODWLRQ¶�WRRO�ZDV�XVHG��ZKLFK
FDOFXODWHV�DFFXPXODWHG�IORZ�DV�WKH�DFFXPXODWHG�ZHLJKW�RI�DOO�FHOOV�IORZLQJ�LQWR�HDFK�GRZQVORSH
FHOO�LQ�WKH�RXWSXW�UDVWHU��$�UDLQIDOO�KRWVSRW�VKRXOG�EH�DQ�DUHD�WKDW�UHFHLYHV�D�ODUJH�DPRXQW�RI�ZDWHU
IURP�VXUURXQGLQJ�FHOOV�DW�D�KLJKHU�HOHYDWLRQ��7KH�UXQRII�KRWVSRWV�PDS�EHORZ�LV�DW�D�OHVV�ILQH�VFDOH
UHVROXWLRQ�WKDQ�RXU�VLWH�VXLWDELOLW\�RXWSXW�PDS�GXH�WR�WKH�UHVROXWLRQ�RI�WKH�UDLQ�GDWD�DYDLODEOH�IURP
WKH�5DLQIDOO�$WODV�RI�+DZDLµL�

)LJXUH���� 5XQRII�+RWVSRW�0RGHO�5HVXOWV� 7KH�DUHDV RI�DQQXDO�DYHUDJH�IORZ�DFFXPXODWLRQ�RI�JUHDWHU�WKDQ
�������PP��WKH�XSSHU�TXDQWLOH��DUH�VKRZQ�LQ�GDUN�EOXH��5DLQIDOO�GDWD�IURP�WKH�5DLQIDOO�$WODV�RI�+DZDLµL�

5HVXOWV�LQ�)LJXUH����VKRZ�WKHUH�DUH�UXQRII�KRWVSRWV�LQ�ERWK�WKH�XUEDQL]HG�DQG�QDWXUDO
HQYLURQPHQW��7KH�UXQRII�KRWVSRWV�LQ�WKH�XUEDQL]HG�ORZHU�ZDWHUVKHG�DUH�H[SHFWHG�VLQFH
VWRUPZDWHU�PXVW�IORZ�WKURXJK�WKRVH�DUHDV�WR�UHDFK�WKH�RFHDQ��+RZHYHU��WKH�UXQRII�KRWVSRWV�LQ�WKH
QDWXUDO�XSSHU�ZDWHUVKHG�DUH�XQH[SHFWHG��7KH\�DSSHDU�WR�EH�SLQFK�SRLQWV�LQ�WKH�ODQGVFDSH��ZKHUH
ZDWHU�PXVW�IORZ�WKURXJK�D�WLJKW�VSDFH��$V�WKH�XSSHU�ZDWHUVKHG�WHQGV�WR�UHFHLYH�PRUH�UDLQ��WKHVH
DUHDV�KDYH�D�ODUJH�DPRXQW�RI�UDLQ�ZDWHU�IORZLQJ�WKURXJK�WKHP�LQ�WKH�WLJKW�YDOOH\V�EHIRUH�WKH
YDOOH\V�ZLGHQ��$IWHU�WKH�YDOOH\V�ZLGHQ��WKLV�ZDWHU�ZRXOG�WKHQ�IORZ�DFURVV�D�ZLGHU�VXUIDFH�DUHD�
UHVXOWLQJ�LQ�ORZHU�IORZ�DFFXPXODWLRQ�YDOXHV�

)RU�D�IXWXUH�DQDO\VLV�RQ�RSWLPDO�UDLQ�JDUGHQ�SODFHPHQW��WKH�IORZ�DFFXPXODWLRQ�YDOXHV�FRXOG�EH
ILUVW�FRQVWUDLQHG�E\�WKH�VORSH�EHIRUH�WDNLQJ�WKH�KLJKHVW�YDOXHV��7KLV�ZRXOG�HQDEOH�XV�WR�KDYH
PRUH�UXQRII�KRWVSRWV�ZLWKLQ�WKH�DUHD�RI�LQWHUHVW��5DLQ�JDUGHQ�SODFHPHQW�LQ�WKH�XSSHU�ZDWHUVKHG
ZRXOG�UXLQ�WKH�QDWXUDO�KDELWDW��DQG�ZRXOG�OLPLW�WKH�DPRXQW�RI�ZDWHU�WKDW�FRXOG�QDWXUDOO\�IORZ
RYHU�WKH�VXUIDFH�DQG�HYDSRUDWH�IURP�WKH�ODQGVFDSH�EHIRUH�UHDFKLQJ�WKH�XUEDQL]HG�DUHD�

��



2SWLPDO�5DLQ�*DUGHQ�/RFDWLRQ�0RGHO

)LJXUH���� 2SWLPDO�/RFDWLRQV�IRU�5DLQ�*DUGHQV� 7KH UXQRII�KRWVSRWV�DUH�LQ�GDUN�EOXH�DQG�WKH�UDLQ�JDUGHQV
DUH�LQ�JUHHQ��7KH�RSWLPDO�ORFDWLRQV�IRU�UDLQ�JDUGHQ�SODFHPHQW�DUH�DUHDV�ZKHUH�UXQRII�KRWVSRWV�DUH�JUHDWHVW
DQG�UDLQ�JDUGHQ�VXLWDELOLW\�LV�KLJKHVW�

7KH�UXQRII�KRWVSRWV�OD\HU�KDV�D�ODUJHU�FHOO�VL]H���������Pð��WKDQ�WKH�UDLQ�JDUGHQ�VXLWDEOH�ORFDWLRQV
OD\HU������Pð���)RU�WKLV�UHDVRQ��ZH�FOLSSHG�WKH�UXQRII�KRWVSRWV�E\�WKH�UDLQ�JDUGHQ�VXLWDEOH
ORFDWLRQV�OD\HU��UHVXOWLQJ�LQ�D�OD\HU�ZLWK�WKH�RSWLPDO�ORFDWLRQV�IRU�UDLQ�JDUGHQV�WKDW�KDG�FHOO�DUHDV
RI�����Pð��:H�FRQVHUYDWLYHO\�DVVXPHG�WKDW�RQH����Pð�UDLQ�JDUGHQ�FRXOG�ILW�ZLWKLQ�HDFK�RSWLPDO
ORFDWLRQ�FHOO��DOWKRXJK�WKHRUHWLFDOO\����FRXOG�ILW��7KLV�DOORZV�IRU�YDULDELOLW\�LQ�SODFHPHQW�RI�WKH
UDLQ�JDUGHQ��,I�WKH�RSWLPDO�ORFDWLRQ�RYHUODSV�ERWK�SXEOLF�DQG�SULYDWH�SURSHUW\��WKH�RQH�UDLQ�JDUGHQ
FRXOG�EH�LPSOHPHQWHG�LQ�HLWKHU�ORFDWLRQ�ZLWKLQ�WKH�RSWLPDO�FHOO�GHSHQGLQJ�RQ�ZKR�LV�EXLOGLQJ�LW�
+RZHYHU��VWDNHKROGHUV�FRXOG�GHFLGH�WR�SODFH�PRUH�UDLQ�JDUGHQV�ZLWKLQ�WKH�RSWLPDO�ORFDWLRQ�FHOO�

6HGLPHQW�&DOFXODWLRQ
,Q�RUGHU�WR�FDOFXODWH�WKH�DPRXQW�RI�VHGLPHQW�UHPRYHG�E\�UDLQ�JDUGHQV��ZH�ILUVW�QHHGHG�WR�LGHQWLI\
WKH�DPRXQW�RI�VHGLPHQW�WKDW�ZRXOG�IORZ�ZKHQ�LW�UDLQV��7KH�DPRXQW�RI�VHGLPHQW�WKDW�ZRXOG�IORZ
SHU�PP�RI�UDLQIDOO������NJ�PP��ZDV�FDOFXODWHG�XVLQJ�WKH�EHORZ�HTXDWLRQ��7KH�DYHUDJH�DQQXDO
VXVSHQGHG�VHGLPHQW�FRQFHQWUDWLRQ��WDNHQ�DW�D�VWUHDP�JDXJH�LQ�0DXQDOXD�%D\�LQ�������PHDVXUHG
����PJ�/ �86*6����������:DLOXSH�*XOFK�DW�(��+LQG�'U� %ULGJH��2µDKX��+,���6WRUOD]]L��HW�DO��
�������8VLQJ�WKH�86*6�5DLQIDOO�&DOFXODWRU��ZH�IRXQG�WKDW���PP�RI�UDLQIDOO�RQ�DQ�DUHD�RI�������
Pð�LV�HTXDO�WR��������/�RI�ZDWHU��:H�PXOWLSOLHG�WKHVH�WZR�QXPEHUV�WR�GHWHUPLQH�WKH�DPRXQW�RI
VHGLPHQW�SHU�PP�RI�UDLQIDOO�

��



1H[W��ZH�FUHDWHG�DQ�HTXDWLRQ�WR�FDOFXODWH�WKH�SHU�\HDU�VHGLPHQW�UHGXFWLRQ�WKDW�UHVXOWV�IURP�UDLQ
JDUGHQ�LPSOHPHQWDWLRQ�LQ�D�SDUWLFXODU�KRWVSRW��:H�GLYLGHG�WKH�DQQXDO�IORZ�DFFXPXODWLRQ�SHU�FHOO
�IRXQG�LQ�WKH�5XQRII�PRGHO��E\�WKH�UXQRII�KRWVSRW�FHOO�DUHD���������Pð��WR�JHW�WKH�IORZ
DFFXPXODWLRQ�SHU�Pð��:H�WKHQ�PXOWLSOLHG�WKLV�E\�WKH�UDLQ�JDUGHQ�DUHD�����Pð��WR�GHWHUPLQH�KRZ
PXFK�UDLQ�ZRXOG�IORZ�WKURXJK�HDFK�UDLQ�JDUGHQ��1H[W��ZH�PXOWLSOLHG�WKH�IORZ�WKURXJK�WKH�UDLQ
JDUGHQ�E\�WKH�QXPEHU�RI�UDLQ�JDUGHQV�ZLWKLQ�WKH�KRWVSRW��7KHQ��ZH�PXOWLSOLHG�E\�WKH�DPRXQW�RI
VHGLPHQW�WKDW�ZRXOG�IORZ�SHU�PP�RI�UDLQIDOO������NJ�PP��WR�JHW�WKH�DPRXQW�RI�VHGLPHQW�WKDW
IORZV�WKURXJK�WKH�KRWVSRW�SHU�\HDU��7KLV�QXPEHU�ZDV�WKHQ�PXOWLSOLHG�E\������WR�GHWHUPLQH�WKH
DPRXQW�RI�VHGLPHQW�WKDW�HDFK�UDLQ�JDUGHQ�ZRXOG�EH�DEOH�WR�UHPRYH�IURP�UXQRII�SHU�\HDU��DV�LW�LV
UHFRPPHQGHG�WKDW�UDLQ�JDUGHQV�DLP�WR�UHDFK�D�WDUJHW�RI�VHGLPHQW�UHGXFWLRQ�E\�����WR�EH
HIIHFWLYH��&DKLOO��HW�DO���������

,PSOHPHQWLQJ�DOO����UDLQ�JDUGHQV�FRXOG�UHGXFH�WKH�DPRXQW�RI�VHGLPHQW�E\�������NJ�SHU�\HDU��7R
SXW�WKLV�LQWR�FRQWH[W��WKH�DQQXDO�VXVSHQGHG�VHGLPHQW�GLVFKDUJH�IURP�WKH�VDPH�VWUHDP�JDXJH�LQ
������86*6����������:DLOXSH�*XOFK�DW�(��+LQG�'U��%ULGJH��2µDKX��+,��GLVFKDUJHG�����������
NJ�RI�VHGLPHQW�LQWR�WKH�%D\��$V�WKLV�VHGLPHQW�UHGXFWLRQ�LV�QRW�VLJQLILFDQW�FRPSDUHG�WR�KRZ�PXFK
VHGLPHQW�LV�DQQXDOO\�GLVFKDUJHG�IURP�RQH�VWUHDP�JDJH��UDWKHU�WKDQ�IRFXVLQJ�RQ�LPSOHPHQWLQJ
PDQ\�UDLQ�JDUGHQV��FDSWXUH�VROXWLRQV�ZKLFK�ZLOO�FDSWXUH�VHGLPHQW�KLJK�LQ�WKH�ZDWHUVKHG�DW�WKH
VRXUFH��PD\�EH�D�PRUH�HIIHFWLYH�RSWLRQ�

��



7DEOH��� 7KH�DPRXQW�RI�VHGLPHQW�UHGXFWLRQ�E\�LPSOHPHQWLQJ�UDLQ�JDUGHQV�LQ�UXQRII�KRWVSRWV�LQ�0DXQDOXD
%D\��JLYHQ�IORZ�DFFXPXODWLRQ��DVVXPLQJ�WKDW�VHGLPHQW�IORZ�LV�����NJ�PP�RI�UDLQIDOO�

+RWVSRW�� 5DLQ�*DUGHQV )ORZ�$FFXPXODWLRQ��PP�UDLQ� 6HGLPHQW�5HGXFWLRQ��NJ�\U�
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)LJXUH���� .DKDOD�0DOO�5XQRII�+RWVSRW��+HUH�LV�D�]RRPHG�LQ H[DPSOH�RI�RQH�KRWVSRW�LQ�WKH�UHJLRQ�
5XQRII�KRWVSRW��EOXH��VXUURXQGLQJ�.DKDOD�0DOO�LQ�0DXQDOXD�%D\��7KH�RSWLPDO�ORFDWLRQV�IRU�UDLQ�JDUGHQV
DUH�VKRZQ�LQ�JUHHQ�

��



.DKDOD�0DOO�&DVH�6WXG\

.DKDOD�0DOO�LV�WKH�RQO\�PDOO�LQ�WKH�0DXQDOXD�%D\�UHJLRQ�DQG�D�NQRZQ�UXQRII�KRWVSRW��,Q�0DUFK
������WKH�PDOO�ZDV�VKXW�GRZQ�GXH�WR�IORRGLQJ�DIWHU�D�SRZHUIXO�WKXQGHUVWRUP��+DZDLL�1HZV�1RZ�
�������7KLV�DUHD�KDG�WKH�KLJKHVW�IORZ�DFFXPXODWLRQ�LQ�WKH�UHJLRQ�EDVHG�RQ�WKH�'(0��ZKLFK�LV
FRPSRXQGHG�E\�WKH�SUHVHQFH�RI�D�PDOO��D�PDMRU�LPSHUYLRXV�VXUIDFH������������PP�RI�UDLQIDOO
IORZV�WKURXJK�WKLV�KRWVSRW�HDFK�\HDU�DQG�WKHUH�DUH���RSWLPDO�ORFDWLRQV�IRU�UDLQ�JDUGHQV��8VLQJ
WKHVH�QXPEHUV�DQG�WKH�HTXDWLRQV�DERYH��ZH�FDOFXODWHG�WKDW�LPSOHPHQWDWLRQ�RI�WKHVH���UDLQ
JDUGHQV�FDQ�UHGXFH�WKH�DPRXQW�RI�VHGLPHQW�IORZLQJ�LQWR�0DXQDOXD�%D\�E\�������NJ�SHU�\HDU�

&RVW�&DOFXODWLRQ
5DLQ�JDUGHQV�DUH�HVWLPDWHG�WR�FRVW��������SHU�����IWð��ZKLFK�HTXDWHV�WR������SHU�Pð��&XOOLVRQ��
(DFK����Pð�UDLQ�JDUGHQ�ZRXOG�FRVW���������DQG�WKH�WRWDO�FRVW�RI�DOO����UDLQ�JDUGHQV�LV����������
7KHVH�FRVWV�GR�QRW�WDNH�LQWR�DFFRXQW�XSNHHS�IRU�WKH�UDLQ�JDUGHQV�RYHU�WLPH��DV�H[FHVV�VHGLPHQW
ZLOO�QHHG�WR�EH�UHPRYHG�LQ�RUGHU�IRU�WKH�UDLQ�JDUGHQ�WR�FRQWLQXH�WR�HIIHFWLYHO\�IXQFWLRQ��$OVR��WKH
SODQWV�ZLOO�QHHG�WR�EH�ZDWHUHG�DQG�WHQGHG�WR�

5DLQ�*DUGHQ�5HFRPPHQGDWLRQV
:H�UHFRPPHQG�WKDW�WKH�ORFDO�JRYHUQPHQW�LPSOHPHQW�WKH���UDLQ�JDUGHQV�RXWVLGH�.DKDOD�0DOO�DV�D
SULRULW\��EHIRUH�WKHQ�IRFXVLQJ�RQ�EXLOGLQJ�UDLQ�JDUGHQV�LQ�WKH����RWKHU�RSWLPDO�ORFDWLRQV��%DVHG
RQ�IORZ�DFFXPXODWLRQ�DQG�HDVH�RI�LQVWDOODWLRQ��WKHVH���UDLQ�JDUGHQV�DUH�UHVSRQVLEOH�IRU�����RI�WKH
WRWDO�HVWLPDWHG�VHGLPHQW�UHGXFWLRQ��,Q�DGGLWLRQ�WR�WKH�&LW\�DQG�&RXQW\�RI�+RQROXOX�LQVWDOOLQJ�WKH
UDLQ�JDUGHQV��WKH�&LW\�VKRXOG�DOVR�HQFRXUDJH�SURSHUW\�RZQHUV�WR�LQVWDOO�UDLQ�JDUGHQV�RQ�WKHLU�ODQG�
$OWKRXJK�UDLQ�JDUGHQV�PD\�QRW�EH�WKH�PRVW�HIIHFWLYH�W\SH�RI�JUHHQ�LQIUDVWUXFWXUH�IRU�WKH�UHJLRQ�
JLYHQ�LWV�ORZ�FRVW�DQG�HIIRUW�WR�EXLOG��UDLQ�JDUGHQV�PD\�EH�DQ�HDV\�VWHS�WRZDUGV�LPSOHPHQWLQJ
PRUH�JUHHQ�LQIUDVWUXFWXUH��,I�LPSOHPHQWLQJ�RQO\���UDLQ�JDUGHQV�RXWVLGH�.DKDOD�0DOO�FDQ�UHGXFH
������NJ�SHU�\HDU��DOWKRXJK�LW�PD\�QRW�EH�VLJQLILFDQW�FRPSDUHG�WR�WKH�DQQXDO�DPRXQW�RI�VHGLPHQW
GLVFKDUJH�LQWR�WKH�%D\��WKLV�UHGXFWLRQ�LQ�VHGLPHQW�FDQ�VWLOO�FRQWULEXWH�WR�D�KHDOWKLHU�%D\�

'LVFXVVLRQ
2XU�REMHFWLYH�LV�WR�SURYLGH�UHFRPPHQGDWLRQV�RQ�JUHHQ�LQIUDVWUXFWXUH�VHOHFWLRQ�DQG�SODFHPHQW�IRU
UXQRII�FDSWXUH�EDVHG�RQ�WKH�UHVXOWV�RI�RXU�FRPSUHKHQVLYH�KRWVSRW�LGHQWLILFDWLRQ�ZLWKLQ�WKH
0DXQDOXD�UHJLRQ��'HWHUPLQLQJ�RSWLPDO�SODFHPHQW�RI�JUHHQ�LQIUDVWUXFWXUH�LV�D�FRPSOH[�WDVN�WKDW
PXVW�FRQVLGHU�K\GURORJLF�IDFWRUV��SODFHPHQW�IHDVLELOLW\��DQG�FOLPDWH�FKDQJH�HIIHFWV�WR�PD[LPL]H
ERWK�PDQDJHPHQW�EHQHILWV�DQG�VXFFHVVIXO�FDSWXUH��:LWK�WKH�DYDLODEOH�GDWD��ZH�H[SORUHG�GLIIHUHQW
/,'�VWUDWHJLHV�WR�VKRZ�KRZ�ZH�FRXOG�SURYLGH�WKH�PRVW�HIIHFWLYH�JUHHQ�LQIUDVWUXFWXUH�IRU�FRVW
HIIHFWLYHQHVV�DQG�DHVWKHWLF�FRQVLGHUDWLRQ�ZLWKLQ�WKH�:DLOXSH�ZDWHUVKHG��'LIIHUHQW�JUHHQ
LQIUDVWUXFWXUH�GHVLJQ�DQG�SODFHPHQW�UHVXOWV�PD\�EH�SUHIHUHQWLDO��GHSHQGLQJ�XSRQ�VWDNHKROGHU
HQJDJHPHQW�DQG�IHDVLELOLW\�

0DLQ�)LQGLQJV
7KH�H[SDQVLRQ�RI�K\GURORJLF�PRGHOV�LQ�WKH�UHJLRQ�KDV�EHHQ�KLQGHUHG�E\�WKH�ODFN�RI�DYDLODEOH
GDWD��,Q�RUGHU�WR�REWDLQ�UXQRII�KRWVSRW�ILQGLQJV�DQG�LQWHUYHQH�ZLWK�JUHHQ�LQIUDVWUXFWXUH��PRUH
SUHFLSLWDWLRQ�DQG�VWUHDP�JDXJHV�QHHG�WR�EH�SODFHG�LQ�WKH�0DXQDOXD�%D\�UHJLRQ��)XUWKHUPRUH�

��



LPSOHPHQWDWLRQ�RI�JUHHQ�LQIUDVWUXFWXUH�DW�RSWLPDO�ORFDWLRQV�VXFK�DV�.DKDOD�0DOO�WR�UHGXFH�UXQRII�
LQFOXGLQJ�VHGLPHQW�DQG�SROOXWDQWV��FDQ�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�WKH�KHDWK�RI�0DXQDOXD�%D\�

$FFRUGLQJ�WR�FOLPDWH�FKDQJH�SURMHFWLRQV�DQG�6:00�UHVXOWV��FOLPDWH�FKDQJH�FRXOG�HLWKHU
LQFUHDVH�RU�GHFUHDVH�VWRUP�LQWHQVLW\�DQG�UXQRII�LQ�WKH�0DXQDOXD�%D\�5HJLRQ��:H�IRXQG�WKDW
FOLPDWH�FKDQJH�SURMHFWLRQV�FDQ�DIIHFW�IXWXUH�VWRUPZDWHU�UXQRII�LQWR�WKH�%D\��EXW�XQGHU�HLWKHU
IXWXUH�VWRUP�LQWHQVLW\�VFHQDULR��JUHHQ�LQIUDVWUXFWXUH�HOHPHQWV�ZLOO�VWLOO�SURYLGH�VLJQLILFDQW
VWRUPZDWHU�UXQRII�UHGXFWLRQV�

6WXG\�/LPLWDWLRQV
2XU�VWXG\�ZDV�OLPLWHG�E\�WKH�DPRXQW�RI�SUHFLSLWDWLRQ�DQG�VWUHDP�JDXJH�GDWD�LQ�WKH�UHJLRQ��,Q
RUGHU�WR�FDOLEUDWH�WKH�6:00�PRGHOV��VWUHDP�JDXJHV�ZLOO�QHHG�WR�EH�SODFHG�ZLWKLQ�HDFK
ZDWHUVKHG�LQ�WKH�0DXQDOXD�%D\�UHJLRQ��7KHVH�VWUHDP�JDXJHV�FDQ�EH�SDLUHG�ZLWK�WKH�SUHFLSLWDWLRQ
JDXJHV�WKDW�0ƗODPD�0DXQDOXD�UHFHQWO\�LQVWDOOHG�IRU�PRGHO�FDOLEUDWLRQ��KRZHYHU��EDVHG�RQ�RXU
UHVXOWV��DW�OHDVW�RQH�SDLUHG�SUHFLSLWDWLRQ�JDXJH�DQG�VWUHDP�JDXJH�PHDVXUHPHQW�DW�DQ�KRXUO\
UHVROXWLRQ��ORFDWHG�DERYH�WKH�VWUHDP�JDJH�LQ�HDFK�ZDWHUVKHG��LV�FULWLFDO�IRU�D�FRPSOHWH
FKDUDFWHUL]DWLRQ�RI�0DXQDOXD�%D\�K\GURORJ\�

7KLV�VWXG\�ZDV�DOVR�OLPLWHG�LQ�LWV�DELOLW\�WR�PRGHO�FKDQJHV�WR�SROOXWDQW�ORDGV�DV�D�UHVXOW�RI�/,'
FRQWURO�SODFHPHQW�LQ�WKH�:DLOXSH�ZDWHUVKHG��,Q�WKH�DEVHQFH�RI�DYDLODEOH�SROOXWDQW�GDWD��RYHUDOO
UXQRII�DQG�SHDN�IORZ�ZHUH�XVHG�DV�D�SUR[\�IRU�SROOXWDQW�ORDGLQJ�IURP�D�VXEFDWFKPHQW��,Q�RXU
DQDO\VLV�GHWHUPLQLQJ�WKH�RSWLPDO�ORFDWLRQV�IRU�UDLQ�JDUGHQ�SODFHPHQW�LQ�.XOLµRXµRX��DQQXDO
DYHUDJH�UDLQIDOO�GDWD�ZDV�XVHG��LQVWHDG�RI�VWRUP�GDWD�

*UHHQ�,QIUDVWUXFWXUH
2XU�UHVXOWV�LPSO\�WKDW�JUHHQ�LQIUDVWUXFWXUH�FDQ�EH�DQ�HIIHFWLYH�PHFKDQLVP�IRU�UHGXFLQJ
VWRUPZDWHU�UXQRII�IORZLQJ�LQWR�0DXQDOXD�%D\�IURP�WKH�XUEDQL]HG�HQYLURQPHQW�
0RGHOLQJ�RI�JUHHQ�LQIUDVWUXFWXUH�HOHPHQWV�ZLWKLQ�WKH�:DLOXSH�ZDWHUVKHG�KRWVSRWV�UHYHDOHG
VLJQLILFDQW�UHGXFWLRQV�LQ�WRWDO�UXQRII�YROXPH�DQG�SHDN�IORZ�ZKHQ�LPSOHPHQWHG�DW�D�ODUJH�HQRXJK
VFDOH��,Q�RUGHU�WR�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�UXQRII�UHGXFWLRQ��DSSURSULDWH�IRUPV�RI�*,�PXVW�EH
FKRVHQ��6PDOO�VFDOH�*,�IHDWXUHV��VXFK�DV�UDLQ�JDUGHQV�DQG�UDLQ�EDUUHOV��DUH�RIWHQ�ODXGHG�IRU�WKHLU
VWRUPZDWHU�FDSWXUH�FDSDELOLWLHV��+RZHYHU��WKLV�SURMHFW�KDV�IRXQG�WKDW�VPDOOHU�VFDOH�*,�W\SHV�DUH
PXFK�OHVV�HIIHFWLYH�DW�UHGXFLQJ�UXQRII�LQ�FRPSDULVRQ�WR�ODUJHU�IRUPV�RI�*,�LQFRUSRUDWHG�DW�D�OHYHO
WKDW�LV�VFDOHG�WR�D�URRI��SDUNLQJ�ORW��RU�RWKHU�ODUJH�IHDWXUH��(IIRUWV�WR�LPSOHPHQW�DQG�HQFRXUDJH
JUHHQ�LQIUDVWUXFWXUH�FRQVWUXFWLRQ�DFURVV�WKH�0DXQDOXD�%D\�UHJLRQ�VKRXOG�ILUVW�IRFXV�RQ�ODUJHU�*,
IHDWXUHV��VXFK�DV�JUHHQ�URRILQJ�DQG�SHUPHDEOH�SDYHPHQW��7KLV�LV�QRW�WR�VD\�WKDW�UDLQ�JDUGHQV�DQG
RWKHU�VPDOO�VFDOH�JUHHQ�LQIUDVWUXFWXUH�RSWLRQV�VKRXOG�EH�LJQRUHG��EXW�UDWKHU�GHVLJQHG�
FRQVWUXFWHG��DQG�SODFHG�LQ�WKH�PRVW�VWUDWHJLF�PDQQHU�SRVVLEOH�LQ�RUGHU�WR�IXOO\�PD[LPL]H�WKHLU
HIIHFWLYHQHVV��7DUJHWLQJ�LGHQWLILHG�VWRUPZDWHU�UXQRII�KRWVSRWV�ZLWKLQ�D�ZDWHUVKHG�ZRXOG�EH�RQH
VWUDWHJLF�PHWKRG�ZKHQ�FRQVLGHULQJ�SODFHPHQW�RI�DQ\�*,�IHDWXUHV��HVSHFLDOO\�WKRVH�RI�D
VPDOOHU�VL]H�

)RU�WKH�:DLOXSH�ZDWHUVKHG�LQ�SDUWLFXODU��VWRUPZDWHU�UXQRII�KRWVSRWV�KDYH�EHHQ�IRXQG�WR�EH
ORFDWHG�SULPDULO\�LQ�UHVLGHQWLDO�DUHDV��7KH�FRVWV�DVVRFLDWHG�ZLWK�DGGLQJ�D�KLJKO\�HIIHFWLYH�*,

��



IHDWXUH�WR�D�UHVLGHQWLDO�SURSHUW\��H�J��D�JUHHQ�URRI�RU�SHUPHDEOH�GULYHZD\��DUH�OLNHO\�WR�GHWHU
PDQ\�UHVLGHQWV�IURP�ZDQWLQJ�WR�PDNH�DQ�LQYHVWPHQW�LQ�*,�RQ�WKHLU�SURSHUW\��*RYHUQPHQW
VXEVLGLHV�RU�UHEDWH�SURJUDPV�VKRXOG�EH�H[SORUHG�DV�RQH�RSWLRQ�IRU�UHGXFLQJ�WKH�ILQDQFLDO�EXUGHQ
DVVRFLDWHG�ZLWK�DGGLQJ�*,�IHDWXUHV�WR�UHVLGHQWV¶�SURSHUWLHV��7KH�DGGLWLRQDO�EHQHILWV�RXWVLGH�RI
VWRUPZDWHU�PDQDJHPHQW�VKRXOG�DOVR�EH�FRPPXQLFDWHG�WR�KRPHRZQHUV�ZKHQHYHU�SRVVLEOH��)RU
H[DPSOH��JUHHQ�URRIV�FDQ�UHGXFH�D�KRPHRZQHU¶V�HQHUJ\�FRVWV�UHODWHG�WR�KHDWLQJ�DQG�FRROLQJ�
UHGXFH�DLU�SROOXWLRQ�DQG�JUHHQKRXVH�JDV�HPLVVLRQV�WKDW�ZRXOG�RWKHUZLVH�EH�HPLWWHG�GXULQJ�HQHUJ\
SURGXFWLRQ��DQG�LPSURYH�KXPDQ�KHDOWK�E\�UHGXFLQJ�KHDW�VWUHVV��86(3$��������

*LYHQ�WKH�SURYHQ�DELOLW\�RI�JUHHQ�LQIUDVWUXFWXUH�WR�ILOWHU�SROOXWDQWV��LW�FDQ�DOVR�EH�LQIHUUHG�WKDW
JUHHQ�LQIUDVWUXFWXUH�HOHPHQWV�ZLOO�QRW�RQO\�EH�HIIHFWLYH�DW�UHGXFLQJ�WKH�DPRXQW�RI�UXQRII�IORZLQJ
IURP�WKH�XUEDQL]HG�HQYLURQPHQW��EXW�WKDW�LW�ZLOO�DOVR�EH�HIIHFWLYH�DW�LPSURYLQJ�UXQRII�TXDOLW\
EHIRUH�LW�UHDFKHV�WKH�%D\¶V�ZDWHUV��:KHQ�LPSOHPHQWHG�DFURVV�XUEDQL]HG�DUHDV�RI�WKH�0DXQDOXD
%D\�UHJLRQ��JUHHQ�LQIUDVWUXFWXUH�FDQ�VHUYH�DV�D�VWRUPZDWHU�PDQDJHPHQW�WRRO�WKDW�LQWHUFHSWV
FKHPLFDO�DQG�VHGLPHQW�SROOXWDQWV�EHIRUH�LW�UHDFKHV�WKH�0DXQDOXD�%D\��+RZHYHU��LW�LV�LPSRUWDQW�WR
QRWH�WKDW�DQ�RYHUZKHOPLQJ�PDMRULW\�RI�WKH�VHGLPHQW�SROOXWLRQ�WKDW�UHDFKHV�0DXQDOXD�%D\
RULJLQDWHV�LQ�WKH�XSSHU�ZDWHUVKHGV�DQG�DV�D�UHVXOW��WKHUH�DUH�OLPLWDWLRQV�RQ�WKH�SRWHQWLDO�RI�RXU
UHFRPPHQGHG�JUHHQ�LQIUDVWUXFWXUH�LPSURYLQJ�WKH�RYHUDOO�KHDOWK�RI�0DXQDOXD�%D\�

&OLPDWH�&KDQJH
5HVXOWV�VKRZ�WKDW�WKH�WRS�UDQNLQJ�UXQRII�FRHIILFLHQW�DQG�SHDN�IORZ�VXEFDWFKPHQW�KRWVSRWV�LQ
ORZHU�:DLOXSH�ZDWHUVKHG�DUH�VLPLODU�DFURVV�WKH�PLQLPXP�DQG�PD[LPXP�0&)�DSSOLHG��7KLV�LV
OLNHO\�GXH�WR�WKH�LQIOXHQFH�RI�ODUJH�DUHDV��VTIW��DQG�KLJK�SHUFHQW�LPSHUYLRXVQHVV�IURP�WKH
XUEDQL]HG�ORZHU�ZDWHUVKHG�VXEFDWFKPHQWV��7DEOHV���	�����+RZHYHU��WKH�UDQNLQJ�RI�SHDN�IORZ
KRWVSRWV�ZHUH�PRUH�YDULDEOH�ZKHQ�WKH�PLQLPXP�DQG�PD[LPXP�ZDV�0&)�DSSOLHG��7DEOH�����7KLV
FDQ�EH�DWWULEXWHG�WR�WKH�LQIOXHQFH�RI�VXEFDWFKPHQW�DUHD��VTIW���VORSH��DQG�SHUFHQW�LPSHUYLRXVQHVV�
$�SUHYLRXV�%UHQ�JURXS�SURMHFW�IRXQG�SHDN�IORZ�FDQ�EH�DWWULEXWHG�WR�KLJK�SHUFHSW�LPSHUYLRXV
FRYHU��a����RU�PRUH��IRU�SHDN�IORZ�KRWVSRWV�LQ�WKH�ORZHU�:DLOXSH�ZDWHUVKHG�UHJLRQ��'RUQDQ�HW
DO����������:H�LGHQWLILHG�VSHFLILF�VXEFDWFKPHQWV�WKDW�H[SHULHQFHG�WKH�JUHDWHVW�GLIIHUHQFH�EHWZHHQ
PD[�0&)�VFDOHG�YDOXHV�DQG�KLVWRULFDO�0DUFK����������YDOXHV�DVVRFLDWHG�ZLWK�UXQRII�FRHIILFLHQWV
DQG�SHDN�IORZ��VXEFDWFKHPHQW����DQG�����IRU�H[DPSOH���7KHUHIRUH��VWUDWHJLF�LPSOHPHQWDWLRQ�RI
JUHHQ�LQIUDVWUXFWXUH�LQ�WKH�ORZHU�:DLOXSH�ZDWHUVKHG�KRWVSRWV�ZLOO�XOWLPDWHO\�KHOS�UHGXFH�UXQRII
WKDW�IHHGV�LQWR�WKH�0DXQDOXD�%D\�DV�FOLPDWH�FKDQJH�FRQWLQXHV�WR�LPSDFW�WKH�ZDWHUVKHG�

7KH�JUHHQ�URRI�DQG�SHUPHDEOH�SDYHPHQW�FRQWUROV�LQ�VXEFDWFKPHQW�����VFDOHG�WR�WKH�µƖLQD�+DLQD
6KRSSLQJ�&HQWHU��UHVXOWHG�LQ�D�������DQG������GHFUHDVH�RI�GLVFKDUJH�ZLWK�WKH�0D[�DQG�0LQ
0&)�DSSOLHG��UHVSHFWLYHO\��FRPSDUHG�WR�D�����GHFUHDVH�XQGHU�WKH�QRUPDO�0DUFK����������VWRUP
FRQGLWLRQV��7KHVH�UHVXOWV�LQGLFDWH�WKDW�JUHHQ�LQIUDVWUXFWXUH�IHDWXUHV�KDYH�WKH�DELOLW\�WR�UHPDLQ
HIIHFWLYH�LQ�WKH�IDFH�RI�FOLPDWH�FKDQJH��UHWDLQLQJ�WKHLU�DELOLW\�WR�UHGXFH��DQG�ILOWHU��VWRUPZDWHU
UXQRII�GXULQJ�ODUJHU�VWRUP�HYHQWV�

2XU�UHVXOWV�DOVR�LQGLFDWH�WKDW�WKH�SUREDELOLW\�RI�H[WUHPH�FOLPDWH�FKDQJH�VFDOHG�HYHQWV�DUH�OLNHO\�WR
RFFXU�WRGD\��7KHUHIRUH��VWUDWHJLF�LPSOHPHQWDWLRQ�RI�JUHHQ�LQIUDVWUXFWXUH�LQ�WKH�ORZHU�:DLOXSH
ZDWHUVKHG�ZLOO�DLG�LQ�WKH�SUHSDUDWLRQ�RI�H[WUHPH�FOLPDWH�FKDQJH�HYHQWV�RFFXUULQJ�WRGD\�DV�ZHOO�DV
LQ�WKH�IXWXUH�

��



&RQFOXVLRQV
&XUUHQWO\��0DXQDOXD�%D\�LV�H[SHULHQFLQJ�DQ�RYHUZKHOPLQJ�DPRXQW�RI�VHGLPHQW�EXLOGXS�WKDW�LV
VPRWKHULQJ�FRUDOV��5HGXFLQJ�WKH�IORZ�RI�VHGLPHQW�LQWR�0DXQDOXD�%D\�ZLOO�KHOS�FRQVHUYH
ELRGLYHUVLW\�E\�SURWHFWLQJ�VSHFLHV�WKDW�UHO\�RQ�WKH�FRUDO�UHHI�IRU�KDELWDW��,PSOHPHQWLQJ�JUHHQ
LQIUDVWUXFWXUH�WDUJHWHG�WR�UHGXFH�WKH�IORZ�RI�VHGLPHQW�FDQ�KHOS�SURPRWH�D�KHDOWKLHU�HQYLURQPHQW
IRU�PDULQH�OLIH��WKH�FRUDO�UHHI�FRPPXQLW\��DQG�WKH�FRPPXQLW\�PHPEHUV��)XUWKHUPRUH��PDQ\
FRPPXQLW\�PHPEHUV�GHSHQG�RQ�WKH�%D\�IRU�WKHLU�OLYHOLKRRGV�DQG�FXOWXUDO�SUDFWLFHV��DQG
SURWHFWLQJ�WKH�FRUDO�UHHI�ZLOO�KHOS�WR�LPSURYH�ILVKLQJ�DQG�ZDWHU�TXDOLW\��$�PDLQ�SDUW�RI�+DZDLL¶V
HFRQRP\�LV�UHOLDQW�RQ�WRXULVP��ZKLFK�GHSHQGV�RQ�PDLQWDLQLQJ�WKH�ORFDO�HQYLURQPHQW��&RUDO�UHHIV
DUH�YDOXDEOH�VQRUNHOLQJ�VLWHV�IRU�WRXULVWV��7KH�LPSOHPHQWDWLRQ�RI�JUHHQ�LQIUDVWUXFWXUH�WKURXJKRXW
WKH�0DXQDOXD�%D\�UHJLRQ�ZLOO�EULQJ�HFRQRPLF�DQG�FXOWXUDO�EHQHILWV�

6WXG\�5HOHYDQFH
7KLV�SURMHFW�FRQWULEXWHV�WR�WKH�XQGHUVWDQGLQJ�RI�WKH�K\GURORJLF�G\QDPLFV�LQ�WKH�0DXQDOXD�%D\
UHJLRQ�WKDW�DUH�FRQQHFWHG�WR�WKH�KHDOWK�RI�0DXQDOXD�%D\��2XU�HYDOXDWLRQ�RI�WKH�%D\�KDV
VXFFHVVIXOO\�FUHDWHG�K\GURORJLFDO�PRGHOV�IRU�DOO�RI�WKH�ZDWHUVKHGV��ZKLFK�SURYLGHV�FRPSOHWH
FRYHUDJH�ZKHQ�FRPELQHG�ZLWK�WKH�SUH�H[LVWLQJ�:DLOXSH�PRGHO��2QFH�WKH�DSSURSULDWH
SUHFLSLWDWLRQ�DQG�VWUHDP�JDXJH�GDWD�LV�DYDLODEOH��WKHVH�PRGHOV�FDQ�EH�FDOLEUDWHG�DQG�XVHG�WR
LGHQWLI\�HIIHFWLYH�PDQDJHPHQW�DUHDV�IRU�ERWK�WRWDO�UXQRII�DQG�SHDN�IORZ��VHGLPHQW�KRWVSRWV��LQ
WKH�ZKROH�%D\��,GHQWLILFDWLRQ�RI�WKHVH�KRWVSRWV�DVVLVWV�0ƗODPD�0DXQDOXD�LQ�SULRULWL]LQJ�DUHDV�WKDW
DUH�RSWLPDO�IRU�JUHHQ�LQIUDVWUXFWXUH��UHGXFLQJ�VWRUPZDWHU�SROOXWLRQ�LQWR�WKH�%D\�

)XUWKHUPRUH��ZH�KDYH�LGHQWLILHG�ZLWKLQ�WKH�:DLOXSH�ZDWHUVKHG�KRWVSRW�DUHDV�WKDW�DUH�VXLWDEOH�IRU
JUHHQ�URRIV�DQG�SHUPHDEOH�SDYHPHQW��DQG�KRZ�FOLPDWH�FKDQJH�LV�SURMHFWHG�WR�LPSDFW�WKHVH�DUHDV�
:LWKLQ�WKH�.XOLµRXµRX�ZDWHUVKHG��ZH�KDYH�LGHQWLILHG�RSWLPDO�ORFDWLRQV�IRU�UDLQ�JDUGHQV�ZKLFK
FDQ�VLJQLILFDQWO\�UHGXFH�VHGLPHQW�IORZLQJ�LQWR�WKH�%D\�

5HFRPPHQGDWLRQV�IRU�)XWXUH�:RUN
2XU�6:00�PRGHOV�DUH�WKH�EDVLF�6:00�PRGHOV�ZLWK�WKH�VWRUPZDWHU�QHWZRUN��VORSH�
LPSHUYLRXV�VXUIDFHV��DQG�VRLO�FXUYH�QXPEHUV��7KHVH�PRGHOV�FRXOG�EH�LPSURYHG�WR�PRUH
DFFXUDWHO\�UHIOHFW�UHDOLW\�E\�LQFOXGLQJ�RWKHU�GDWD�VXFK�DV�WHPSHUDWXUH�DQG�HYDSRUDWLRQ�GDWD��ZKLFK
60:0�LV�DEOH�WR�WDNH�LQWR�DFFRXQW��,Q�RUGHU�WR�PDNH�WKH�6:00�PRGHOV�PRUH�FRPSUHKHQVLYH�
ZH�UHFRPPHQG�WKDW�WHPSHUDWXUH�DQG�HYDSRUDWLRQ�GDWD�EH�LQFOXGHG��,QFOXGLQJ�WHPSHUDWXUH�GDWD
FRXOG�SURGXFH�D�PRUH�DFFXUDWH�PRGHO�WKDW�FRQVLGHUV�KRZ�PXFK�ZDWHU�GLG�QRW�HQWHU�WKH�VWUHDP
GXH�WR�HYDSRUDWLRQ�WKURXJKRXW�WKH�WLPH�VHULHV�

$GGLWLRQDOO\��ZH�UHFRPPHQG�WKH�SODFHPHQW�RI�FDSWXUH�VROXWLRQV�LQ�WKH�XSSHU�ZDWHUVKHG��VXFK�DV
VHGLPHQW�WUDSV�RU�EDVLQV��WR�DGGUHVV�WKH�VLJQLILFDQW�VHGLPHQWDWLRQ�FRQWULEXWLRQV�RULJLQDWLQJ�LQ�WKH
XSSHU�ZDWHUVKHG��6HGLPHQW�WUDSV�DQG�EDVLQV�DUH�RIWHQ�XVHG�DW�WKH�LQIORZ�RI�JUHHQ�LQIUDVWUXFWXUH
IHDWXUHV�WR�DVVLVW�ZLWK�WKH�UHPRYDO�RI�DFFXPXODWHG�VHGLPHQW�DQG�HQVXUH�WKH�JUHHQ�LQIUDVWUXFWXUH
GRHV�QRW�JHW�FORJJHG��EXW�DUH�RIWHQ�XVHG�RQ�WKHLU�RZQ��86(3$���������*UHHQ�LQIUDVWUXFWXUH
SODFHPHQW�LV�QRW�IHDVLEOH�LQ�WKH�XSSHU�ZDWHUVKHG�GXH�WR�WKH�VWHHS�VORSHV�DQG�LQDFFHVVLEOH�WHUUDLQ�

��



$�FRXSOHG�DSSURDFK�RI�XSSHU�ZDWHUVKHG�LQWHUYHQWLRQ�DQG�JUHHQ�LQIUDVWUXFWXUH�SODFHPHQW�LQ�WKH
ORZHU�ZDWHUVKHG�FRXOG�LQFUHDVH�WKH�HIIHFWLYH�FDSDELOLW\�RI�VWRUPZDWHU�DQG�VHGLPHQW�FDSWXUH�

/,'V�FRXOG�EH�SODFHG�ZLWKLQ�6:00�WR�GHWHUPLQH�RSWLPDO�SODFHPHQW�LQ�DGGLWLRQDO�ZDWHUVKHGV�
2QFH�FDOLEUDWHG��/,'�SODFHPHQW�DQG�SDUDPHWHU�PDQLSXODWLRQ�FRXOG�UHYHDO�WKH�KLJKHVW�FDSWXUH
LPSDFW�RQ�UXQRII�UHGXFWLRQ��$�UHJLRQ�ZLGH�DSSURDFK�WR�JUHHQ�LQIUDVWUXFWXUH�SODFHPHQW�ZRXOG
QHHG�PRUH�VSHFLILF�FRQVLGHUDWLRQV�RI�FRVW�DQG�DHVWKHWLF�XVH�

2XU�ILQGLQJV�ZLOO�IXUWKHU�DLG�0ƗODPD�0DXQDOXD�LQ�WKHLU�VFLHQWLILF�DQDO\VLV�DQG�FRPPXQLW\�HIIRUWV
WKURXJK�WKH�0DXQDOXD�%D\�UHJLRQ��7KH�FXPXODWLYH�UHJLRQ�ZLGH�6:00�LQSXW�ILOHV�ZLOO�LGHQWLI\
KRWVSRWV�WKDW�0ƗODPD�0DXQDOXD�FDQ�SULRULWL]H�DV�WKH\�ZRUN�WR�GHWHUPLQH�JUHHQ�LQIUDVWUXFWXUH
SODFHPHQW�LQ�WKH�IXWXUH��2XU�ILQGLQJV�FDQ�SURYLGH�WKH�EDVLV�IRU�0ƗODPD�0DXQDOXD�WR�SXUVXH
H[WHUQDO�JUDQW�IXQGLQJ�RU�SURMHFWV�QHFHVVDU\�IRU�FROODERUDWLYH�ZRUN�ZLWK�FRPPXQLW\�SDUWQHUV�DQG
VWDNHKROGHUV�WR�DGGUHVV�FRQWLQXHG�UXRII�LVVXHV�ZLWK�FOLPDWH�FKDQJH�LPSOLFDWLRQV�

��



5HIHUHQFHV

$OVREURRNV��$�'��5DLQ�JDUGHQ�IDFW�VKHHW��3ULQFH�*HRUJH¶V�&RXQW\�'HSDUWPHQW�RI�WKH
(QYLURQPHQW�
KWWSV���FEWUXVW�RUJ�ZS�FRQWHQW�XSORDGV�)DFW�6KHHW�DQG�*XLGHOLQHVB5DLQ�*DUGHQB�������
SGI

$UFRV�$JXLODU��5���)DYRUHWWR��)���.XPDJDL��-�$���-LPHQH]�(VTXLYHO��9���0DUWLQH]�&UX]��$�/��
$EXUWR�2URSH]D��2��'LYLQJ�WRXULVP�LQ�0H[LFR�±�(FRQRPLF�DQG�FRQVHUYDWLRQ�LPSRUWDQFH�
��������0DULQH�3ROLF\������
KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6�������;��������"YLD��'LKXE�VHF
����

$UOLQJWRQ�(FKR��5DLQ�JDUGHQV����������(QYLURQPHQWDO�/LWHUDF\�DQG�2XWGRRU�(GXFDWLRQ�
KWWSV���ZZZ�DUOLQJWRQHFKR�RUJ�UHVWRUDWLRQ�SURMHFWV�UDLQ�JDUGHQV�KWPO

$WNLQVRQ��$QQH����������$�1DWXUDO�DQG�&XOWXUDO�+LVWRU\�RI�0DXQDOXD�%D\�DQG�,WV�:DWHUVKHG�
>8QSXEOLVKHG�PDVWHU¶V�WKHVLV��6DQ�)UDQFLVFR�6WDWH�8QLYHUVLW\@�
KWWS���ZZZ�LPXDPDXQDOXD�RUJ�ZS�FRQWHQW�XSORDGV�$�1DWXUDO�&XOWXUDO�+LVWRU\�RI�0DXQD
OXD�%D\�SGI

%HVVHOO�%URZQH��3���$��3��1HJUL��5��)LVKHU��3�/��&ORGH��$��'XFNZRUWK��5��-RQHV����������,PSDFWV
RI�WXUELGLW\�RQ�FRUDOV��7KH�UHODWLYH�LPSRUWDQFH�RI�OLJKW�OLPLWDWLRQ�DQG�VXVSHQGHG
VHGLPHQWV� 0DULQH�3ROOXWLRQ�%XOOHWLQ� �������������
KWWSV���GRL�RUJ���������M�PDUSROEXO������������

%ODLVGHOO��5�.���/DNH��-�.��	�&KDQJ��+�.����������&RYHU�(VVD\��.D�$KXSXDµD��(FR+HDOWK����
���±���� KWWSV���GRL�RUJ���������V����������������

&DKLOO��0���*RGZLQ��'���	�7LOW��-�+����������5DLQ�JDUGHQV��ORZ�LPSDFW�GHYHORSPHQW�IDFW�VKHHW�
2UHJRQ�6WDWH�8QLYHUVLW\�
KWWSV���H[WHQVLRQ�RUHJRQVWDWH�HGX�VLWHV�GHIDXOW�ILOHV�GRFXPHQWV�������UDLQ�JDUGHQV�IDFW�VK
HHW�SGI

&KX��3���&KHQ��<��5���	�6FKURHGHU��7��$����������&KDQJHV�LQ�3UHFLSLWDWLRQ�([WUHPHV�LQ�WKH
+DZDLLDQ�,VODQGV�LQ�D�:DUPLQJ�&OLPDWH��-RXUQDO�RI�&OLPDWH��������������������
5HWULHYHG�0DU�����������IURP
KWWSV���MRXUQDOV�DPHWVRF�RUJ�YLHZ�MRXUQDOV�FOLP�����������MFOL������

&XOOLVRQ��7RGG��+DZDLL�UHVLGHQWLDO�UDLQ�JDUGHQ�PDQXDO��+XL�R�.RµRODXSRNR�
KWWSV���ZZZ�KXLKDZDLL�RUJ�XSORDGV������������������UDLQJDUGHQPDQXDO�ZHE�UHV�VPDOOHU�
SGI

��



'HSDUWPHQW�RI�3ODQQLQJ�DQG�3HUPLWWLQJ����������3XEOLF�5HYLHZ�'UDIW�±�(DVW�+RQROXOX
6XVWDLQDEOH�&RPPXQLWLHV�3ODQ�
KWWS���ZZZ�KRQROXOXGSS�RUJ�3RUWDOV���SGIV�SODQQLQJ�(DVW+RQROXOX��������(+6&3���
35'���)HE���:HE�SGI

'RUQDQ�1���'XUDQG��(���-DJDGHHVK��7���DQG�-RKQVRQ��(����������)URP�0DXND�WR�0DNDL��5HGXFLQJ
6WRUPZDWHU�5XQRII�3ROOXWLRQ�LQ�0DXQDOXD�%D\��2µDKX��+DZDLL��8&�6DQWD�%DUEDUD�%UHQ
6FKRRO�RI�(QYLURQPHQWDO�6FLHQFH�	�0DQDJHPHQW�
KWWSV���EUHQ�XFVE�HGX�SURMHFWV�FUHDWLQJ�UHJLRQ�ZLGH�JUHHQ�LQIUDVWUXFWXUH�VWUDWHJLF�SODQ�P
DXQDOXD�ED\

)DEULFLXV��.��(����������(IIHFWV�RI�WHUUHVWULDO�UXQRII�RQ�WKH�HFRORJ\�RI�FRUDOV�DQG�FRUDO�UHHIV�
UHYLHZ�DQG�V\QWKHVLV��0DULQH�3ROOXWLRQ�%XOOHWLQ�����������������
KWWSV���GRL�RUJ���������M�PDUSROEXO������������

��)OHWFKHU��&����������+DZDL¶L¶V�&KDQJLQJ�&OLPDWH��6FKRRO�RI�2FHDQ�DQG�(DUWK�6FLHQFH�DQG
7HFKQRORJ\��8QLYHUVLW\�RI�+DZDL
L�DW�0DQRD�
KWWSV���ZZZ�VRHVW�KDZDLL�HGX�FRDVWV�SXEOLFDWLRQV�&OLPDWH%ULHIBORZ�SGI

*LDPEHOOXFD��7��:���'LD]��+��)���	�/XNH��0��6��$����������6HFXODU�WHPSHUDWXUH�FKDQJHV
LQ�+DZDLµL� *HRSK\VLFDO�5HVHDUFK�/HWWHUV� �������
KWWSV���GRL�RUJ�������������*/������

+DOORFN��3��	�6FKODJHU��:����������1XWULHQW�H[FHVV�DQG�WKH�GHPLVH�RI�FRUDO�UHHIV�DQG�FDUERQDWH
SODWIRUPV��3$/$,26������������ KWWSV���GRL�RUJ����������������

+DZDL૽L�&OHDQ�:DWHU�%UDQFK��3ROOXWHG�5XQRII�&RQWURO����������$QQXDO�5HSRUW�)LVFDO�<HDU������
+DZDL૽L�6WDWH�'HSDUWPHQW�RI�+HDOWK�
KWWSV���KHDOWK�KDZDLL�JRY�FZE�ILOHV���������35&B(QG2I<HDU5HSRUW�����SGI

,3&&��������6XPPDU\�IRU�3ROLF\PDNHUV��,Q��&OLPDWH�&KDQJH�������7KH�3K\VLFDO�6FLHQFH�%DVLV�
&RQWULEXWLRQ�RI�:RUNLQJ�*URXS�,�WR�WKH�6L[WK�$VVHVVPHQW�5HSRUW�RI�WKH
,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH�>0DVVRQ'HOPRWWH��9���3��=KDL��$��3LUDQL�
6�/��&RQQRUV��&��3pDQ��6��%HUJHU��1��&DXG��<��&KHQ��/��*ROGIDUE��0�,��*RPLV��0��+XDQJ�
.��/HLW]HOO��(��/RQQR\��-�%�5��0DWWKHZV��7�.��0D\FRFN��7��:DWHUILHOG��2��<HOHNoL��5��<X�
DQG�%��=KRX��HGV��@��&DPEULGJH�8QLYHUVLW\�3UHVV��,Q�3UHVV�

.DWVLIDUDNLV��.�/���9DIHLDGLV��0���	�7KHRGRVVLRX��1����������6XVWDLQDEOH�GUDLQDJH�DQG�XUEDQ
ODQGVFDSH�XSJUDGLQJ�XVLQJ�UDLQ�JDUGHQV��VLWH�VHOHFWLRQ�LQ�7KHVVDORQLNL��*UHHFH�
$JULFXOWXUH�DQG�$JULFXOWXUDO�6FLHQFH�3URFHGLD�������������
KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6����������������

.LWWLQJHU��-��1���%DPELFR��7��0���0LQWRQ��'���0LOOHU��$���0HMLD��0���.DOHL��1���:RQJ��%���	
*OD]LHU��(��:����������5HVWRULQJ�HFRV\VWHPV��UHVWRULQJ�FRPPXQLW\��6RFLRHFRQRPLF�DQG

��



FXOWXUDO�GLPHQVLRQV�RI�D�FRPPXQLW\�EDVHG�FRUDO�UHHI�UHVWRUDWLRQ�SURMHFW��5HJLRQDO
(QYLURQPHQWDO�&KDQJH������������±���� KWWSV���GRL�RUJ���������V���������������[

/XR��4�/���+LOORFN��'���	�+ROPHV��0����������6XVWDLQDEOH�ODQGVFDSHV��GHVLJQLQJ�D�UDLQ�JDUGHQ
IRU�UHVLGHQWLDO�SURSHUW\��2NODKRPD�6WDWH�8QLYHUVLW\�
KWWSV���H[WHQVLRQ�RNVWDWH�HGX�IDFW�VKHHWV�VXVWDLQDEOH�ODQGVFDSHV�GHVLJQLQJ�D�UDLQ�JDUGHQ�I
RU�UHVLGHQWLDO�SURSHUW\�KWPO

0ƗODPD�0DXQDOXD����������0DXQDOXD�%D\�FRQVHUYDWLRQ�DFWLRQ�SODQ�
KWWSV���ZZZ�FRQVHUYDWLRQJDWHZD\�RUJ�'RFXPHQWV�0DXQDOXD�%D\�&$3�SGI

0DODYL\D��3���6KDUPD��5���	�6KDUPD��3�.����������5DLQ�JDUGHQV�DV�VWRUPZDWHU�PDQDJHPHQW�WRRO�
6XVWDLQDEOH�*UHHQ�7HFKQRORJLHV�IRU�(QYLURQPHQWDO�0DQDJHPHQW����������
KWWSV���OLQN�VSULQJHU�FRP�FKDSWHU��������������������������B�

0LOOHU��$���:LOFR[��&���'DYLV��*���2UDP��5���&KDVWRQ��.���&R��(���6DO]��5����������0DXQDOXD�%D\
5HJLRQDO�:DWHUVKHG�6WUDWHJ\��$�&RPPXQLW\�$SSURDFK��0ƗODPD�0DXQDOXD�
KWWS���ZZZ�PDODPDPDXQDOXD�RUJ�ZS�FRQWHQW�XSORDGV�0DXQDOXD�5HJLRQDO�:DWHUVKHG�6WU
DWHJ\������SGI

0XHOOHU�'RPERLV��'����������7KH�+DZDLLDQ�$KXSXDµD�/DQG�8VH�6\VWHP��,WV�%LRORJLFDO
5HVRXUFH�=RQHV�DQG�WKH�&KDOOHQJH�IRU�6LOYLFXOWXUDO�5HVWRUDWLRQ���%LVKRS�0XVHXP
%XOOHWLQ�LQ�&XOWXUDO�DQG�(QYLURQPHQWDO�6WXGLHV�������±���
KWWS���KEV�ELVKRSPXVHXP�RUJ�SXEV�RQOLQH�VWUP����0XHOOHU�'RPERLVU�SGI

1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��12$$�����������(O�1LxR�DQG�LWV�,PSDFWV�RQ
7KH�+DZDLLDQ�,VODQGV�
KWWSV���ZZZ�SDFLILFULVD�RUJ�ZS�FRQWHQW�XSORDGV���������3DFLILF�5HJLRQ�(/�1,12�)DFW�
6KHHWB+DZDLLB�����),1$/�SGI

0XUDNDPL��+���:DQJ��%���/L��7���	�.LWRK��$����������3URMHFWHG�LQFUHDVH�LQ�WURSLFDO�F\FORQHV�QHDU
+DZDLL��1DWXUH�&OLPDWH�&KDQJH�����������±���� KWWSV���GRL�RUJ���������QFOLPDWH����

1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��1DWLRQDO�&HQWHUV�IRU�(QYLURQPHQWDO
,QIRUPDWLRQ��������'DWD�7RROV��)LQG�D�6WDWLRQ�±�3UHFLSLWDWLRQ����0LQXWH�
KWWSV���ZZZ�QFGF�QRDD�JRY�FGR�ZHE�GDWDWRROV�ILQGVWDWLRQ�

1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��2IILFH�IRU�&RDVWDO�0DQDJHPHQW���������
*UHHQ�,QIUDVWUXFWXUH�2SWLRQV�WR�5HGXFH�)ORRGLQJ
KWWSV���FRDVW�QRDD�JRY�GDWD�GLJLWDOFRDVW�SGI�JL�UHGXFH�IORRGLQJ�SGI�

1DWLRQDO�3DUN�6HUYLFH��:KDW�LV�D�*UHHQ�5RRI"��������
��KWWSV���ZZZ�QSV�JRY�WSV�VXVWDLQDELOLW\�QHZ�WHFKQRORJ\�JUHHQ�URRIV�GHILQH�KWP�

��



1RUWRQ��&��:���&KX��3��6���	�6FKURHGHU��7��$����������3URMHFWLQJ�FKDQJHV�LQ�IXWXUH�KHDY\�UDLQIDOO
HYHQWV�IRU�2µDKX��+DZDLL��$�VWDWLVWLFDO�GRZQVFDOLQJ�DSSURDFK��-RXUQDO�RI�*HRSK\VLFDO
5HVHDUFK��$WPRVSKHUHV������'���� KWWSV���GRL�RUJ�������������-'������

2¶1HLOO��%��&���7HEDOGL��&���YDQ�9XXUHQ��'��3���(\ULQJ��9���)ULHGOLQJVWHLQ��3���+XUWW��*���HW�DO�
��������7KH�6FHQDULR�0RGHO�,QWHUFRPSDULVRQ�3URMHFW��6FHQDULR0,3��IRU�&0,3��
*HRVFLHQWLILF�0RGHO�'HYHORSPHQW������������±�����
KWWSV���GRL�RUJ���������JPG������������

5DW]ODII��-��5����������0HDQ�$QQXDO�3UHFLSLWDWLRQ��5XQRII��DQG�5XQRII�5DWLR�IRU�.DQVDV�
�����������7UDQVDFWLRQV�RI�WKH�.DQVDV�$FDGHP\�RI�6FLHQFH���������������������±����
KWWSV���GRL�RUJ����������������

5RJHUV��&DUROLQH�6��³5HVSRQVHV�RI�&RUDO�5HHIV�DQG�5HHI�2UJDQLVPV�WR�6HGLPHQWDWLRQ�´�0DULQH
(FRORJ\�3URJUHVV�6HULHV��YRO������������SS�����±�����'2,�RUJ��&URVVUHI��
KWWSV���GRL�RUJ���������PHSV�������

6KDUPD��5��	�0DODYL\D��3����������0DQDJHPHQW�RI�VWRUPZDWHU�SROOXWLRQ�XVLQJ�JUHHQ
LQIUDVWUXFWXUH��7KH�UROH�RI�UDLQ�JDUGHQV� :,5(V�:DWHU� �����
KWWSV���GRL�RUJ���������ZDW�������

6SDUNPDQ��6�$���+RJDQ��'�0���+RSNLQV��.�*���DQG�/RSHUILGR��-�9����������0RGHOLQJ
ZDWHUVKHG�VFDOH�LPSDFWV�RI�VWRUPZDWHU�PDQDJHPHQW�ZLWK�WUDGLWLRQDO�YHUVXV�ORZ�LPSDFW
GHYHORSPHQW�GHVLJQ� -RXUQDO�RI�WKH�$PHULFDQ�:DWHU 5HVRXUFHV�$VVRFLDWLRQ��������
KWWS���G[�GRL�RUJ�������������������������

6WDWH�RI�+DZDL૽L�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��6LGHZDONV�DQG�ZDONZD\V�
KWWSV���KLGRW�KDZDLL�JRY�KLJKZD\V�ILOHV���������3HGHVW�7ER[�7RROER[B��6LGHZDONV�DQG�
:DONZD\V�SGI

6WHYHQV��/���5��)UDQNVRQ��.��.XQNHO��3�6��6KLQ��DQG�:��6ZHHW����������+DZDLL�6WDWH�&OLPDWH
6XPPDU\��12$$�7HFKQLFDO�5HSRUW�1(6',6�����+,����SS�
KWWSV���VWDWHVXPPDULHV�QFLFV�RUJ�FKDSWHU�KL�

6WRUOD]]L��&�'���3UHVWR��0�.���/RJDQ��-�%���DQG�)LHOG��0�(���������&RDVWDO�FLUFXODWLRQ�DQG
VHGLPHQW�G\QDPLFV�LQ�0DXQDOXD�%D\��2DKX��+DZDLL��PHDVXUHPHQWV�RI�ZDYHV��FXUUHQWV�
WHPSHUDWXUH��VDOLQLW\��DQG�WXUELGLW\��1RYHPEHU������)HEUXDU\�������8�6��*HRORJLFDO
6XUYH\�2SHQ�)LOH�5HSRUW����������� KWWS���SXEV�XVJV�JRY�RI�����������

681<�&ROOHJH�RI�(QYLURQPHQWDO�6FLHQFH�DQG�)RUHVWU\��5XQRII�FDOFXODWRU�SDJH����FXUYH�QXPEHU�
6WRUPZDWHU�0DQDJHPHQW�
KWWSV���ZZZ�HVI�HGX�HUH�HQGUHQ\�*,&DOFXODWRU�&XUYH1XPEHU,QVWUXFW�KWPO"�

��



7DNHVXH��5���	�6WRUOD]]L��&����������6RXUFHV�DQG�GLVSHUVDO�RI�ODQG�EDVHG�UXQRII�IURP�VPDOO
+DZDLLDQ�GUDLQDJHV�WR�D�FRUDO�UHHI��,QVLJKWV�IURP�JHRFKHPLFDO�VLJQDWXUHV��(VWXDULQH�
&RDVWDO�DQG�6KHOI�6FLHQFH������������� KWWSV���GRL�RUJ���������M�HFVV������������

86�&RQJUHVV����������3XEOLF�/DZ���������:DWHU�LQIUDVWUXFWXUH�LPSURYHPHQW�DFW�
KWWSV���ZZZ�FRQJUHVV�JRY�����SODZV�SXEO����3/$:����SXEO����SGI

86'$�1DWXUDO�5HVRXUFH�&RQVHUYDWLRQ�6HUYLFH����������:DWHU�7HFKQLFDO�1RWH���1R������)LQDO
�����/LVW�RI�,PSDLUHG�:DWHUV�LQ�+DZDLL��86'$�
KWWSV���ZZZ�QUFV�XVGD�JRY�,QWHUQHW�)6(B'2&80(176�QUFV���S�B�������SGI�

86'$�1DWXUDO�5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH��5DLQ�JDUGHQ�IDFW�VKHHW�
KWWSV���ZZZ�QUFV�XVGD�JRY�ZSV�SRUWDO�QUFV�GHWDLO�QXOO�"FLG QUFV���S�B������

86(3$��13'(6��6WRUPZDWHU�%HVW�0DQDJHPHQW�3UDFWLFH��3HUPHDEOH�3DYHPHQWV��������
KWWSV���ZZZ�HSD�JRY�V\VWHP�ILOHV�GRFXPHQWV���������EPS�SHUPHDEOH�SDYHPHQWV�SGI

86(3$��13'(6��6WRUPZDWHU�%HVW�0DQDJHPHQW�3UDFWLFH��%LRUHWHQWLRQ��5DLQ�*DUGHQV���������
KWWSV���ZZZ�HSD�JRY�V\VWHP�ILOHV�GRFXPHQWV���������EPS�ELRUHWHQWLRQ�UDLQ�JDUGHQV�SGI

86(3$��5HGXFLQJ�8UEDQ�+HDW�,VODQGV��&RPSHQGLXP�RI�6WUDWHJLHV��*UHHQ�5RRIV���������
KWWSV���ZZZ�HSD�JRY�VLWHV�GHIDXOW�ILOHV���������GRFXPHQWV�UHGXFLQJBXUEDQBKHDWBLVODQGV
BFKB��SGI�

86(3$������*UHHQ�,QIUDVWUXFWXUH�7HFKQLFDO�$VVLVWDQFH�3URJUDP����������$GGUHVVLQJ�JUHHQ
LQIUDVWUXFWXUH�GHVLJQ�FKDOOHQJHV�LQ�WKH�3LWWVEXUJK�UHJLRQ��86(3$�
KWWSV���ZZZ�HSD�JRY�VLWHV�GHIDXOW�ILOHV���������GRFXPHQWV�SLWWVEXUJK�XQLWHG�VWHHS�VORSHV
�����SGI

86(3$��*UHHQ�,QIUDVWUXFWXUH�'HVLJQ�DQG�,PSOHPHQWDWLRQ����������*UHHQ�,QIUDVWUXFWXUH�
KWWSV�����MDQXDU\����VQDSVKRW�HSD�JRY�JUHHQ�LQIUDVWUXFWXUH�JUHHQ�LQIUDVWUXFWXUH�GHVLJQ�D
QG�LPSOHPHQWDWLRQB�KWPO

86(3$��7HUPLQRORJ\�RI�/RZ�,PSDFW�'HYHORSPHQW����������/,'�%DUULHU�%XVWHUV�)DFW�6KHHW
6HULHV� KWWSV���ZZZ�HSD�JRY�VLWHV�GHIDXOW�ILOHV���������GRFXPHQWV�EEIV�WHUPV�SGI

86(3$��:KDW�LV�JUHHQ�LQIUDVWUXFWXUH"��������
KWWSV���ZZZ�HSD�JRY�JUHHQ�LQIUDVWUXFWXUH�ZKDW�JUHHQ�LQIUDVWUXFWXUH

:DWHUV��.��$���	�&XUUDQ��-��&����������/LQNLQJ�EHG�PRUSKRORJ\�FKDQJHV�RI�WZR�VHGLPHQW
PL[WXUHV�WR�VHGLPHQW�WUDQVSRUW�SUHGLFWLRQV�LQ�XQVWHDG\�IORZV��:DWHU�5HVRXUFHV�5HVHDUFK�
�����������±����� KWWSV���GRL�RUJ�������������:5������

:DWHUVKHG�0DXND�:DWFK����������:DWHUVKHG�PDQDJHPHQW��0ƗODPD�0DXQDOXD������-DQ�������

��



:HEHU��0���/RWW��&���	�)DEULFLXV��.��(����������6HGLPHQWDWLRQ�VWUHVV�LQ�D�VFOHUDFWLQLDQ�FRUDO
H[SRVHG�WR�WHUUHVWULDO�DQG�PDULQH�VHGLPHQWV�ZLWK�FRQWUDVWLQJ�SK\VLFDO��RUJDQLF�DQG
JHRFKHPLFDO�SURSHUWLHV��-RXUQDO�RI�([SHULPHQWDO�0DULQH�%LRORJ\�DQG�(FRORJ\���������
��±��� KWWSV���GRL�RUJ���������M�MHPEH������������

:HEEHU��-�/���)OHWFKHU��7�'���&XQQLQJKDP��/���)X��*���%XWOHU��'���	�%XUQV��0�-����������,V�JUHHQ
LQIUDVWUXFWXUH�D�YLDEOH�VWUDWHJ\�IRU�PDQDJLQJ�XUEDQ�VXUIDFH�ZDWHU�IORRGLQJ"�8UEDQ�:DWHU
-RXUQDO����������������� KWWSV���GRL�RUJ����������������;�������������

:LOOLDPV��,�'���HW�DO��0HLMLD��0���&DOGZHOO��=�5���3ROORFN��.�6���	�&RQNOLQ��(�-�����������1DWXUH
&RQVHUYDQF\�RI�+DZDLL�0DXQDOXD�0DULQH�6XUYH\�5HSRUW��7KH�1DWXUH�&RQVHUYDQF\�RI
+DZDLL� KWWS���ZZZ�PDODPDPDXQDOXD�RUJ�ZS�FRQWHQW�XSORDGV�71&��������SGI

:RODQVNL��(���0DUWLQH]��-��$��	�5LFKPRQG��5��+����������4XDQWLI\LQJ�WKH�LPSDFW�RI�ZDWHUVKHG
XUEDQL]DWLRQ�RQ�D�FRUDO�UHHI��0DXQDOXD�%D\��+DZDLL��(VWXDULQH��&RDVWDO�DQG�6KHOI
6FLHQFH����������������� KWWSV���GRL�RUJ���������M�HFVV�����������

��
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$SSHQGL[�&��6XEFDWFKPHQW�&KDUDFWHULVWLFV�0HWKRGV�DQG�0RGHOV«««««««««««������

$SSHQGL[�'��6XEFDWFKPHQW�&KDUDFWHULVWLFV�6:00�,QSXWV««««««««««««««���
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$SSHQGL[�+��&RGH�IRU�&0,3��+LVWRULFDO�DQG�3URMHFWHG�3UHFLSLWDWLRQ««««««««««���

$SSHQGL[�,��&RGH�IRU�5XQRII�&RHIILFLHQW�DQG�3HDN�)ORZ�9DOXHV�ZLWK�0D[�DQG�0LQ�0&)««��

$SSHQGL[�-��:DLOXSH�1RUPDOL]HG�3HDN�'LVFKDUJH«««««««««««««««««�����

$SSHQGL[�.��&RGH�IRU�3UREDELOLW\�RI�([WUHPH�&OLPDWH�&KDQJH�(YHQWV«««««««««����

$SSHQGL[�/� 0HWKRGV��0RGHOV��DQG�0HWDGDWD�IRU�2SWLPDO *,�3ODFHPHQW�LQ�0DXQDOXD�%D\«����

��



$SSHQGL[�$

6WRUPZDWHU�1HWZRUN�0RGHO

)LJXUH�$�� 6WRUPZDWHU�1HWZRUN�$UF*,6�0RGHO�

��



$SSHQGL[�%
6XEFDWFKPHQW�'HOLQHDWLRQ�0HWKRGV�DQG�0RGHOV
:H�FUHDWHG�DQ�$UF*,6�PRGHO�WKDW�GLG�WKH�IROORZLQJ��:H�UHSURMHFWHG�DOO�GDWD�LQWR�:*6�����'DWD
0DQDJHPHQW�7RROER[���3URMHFW�DQG�3URMHFW�5DVWHU���)URP�WKH�ZDWHUVKHG�RXWOLQHV�RI�WKH
0DXQDOXD�%D\�UHJLRQ��ZH�VHOHFWHG�RQO\�.XOLµRXµRX��6HOHFW�/D\HU�E\�$WWULEXWH���7KHQ��ZH�FOLSSHG
WKH�VWRUPZDWHU�QHWZRUN�DQG�VWUHDP�GDWD�WR�WKH�.XOLµRXµRX�ZDWHUVKHG��&OLS�DQG�&OLS�5DVWHU���:H
QH[W�FRQQHFWHG�GLVFRQQHFW�OLQHV�LQ�WKH�VWRUPZDWHU�QHWZRUN�E\�H[WHQGLQJ�WKH�OLQHV�WR�ZLWKLQ���
PHWHUV��([WHQG�/LQH���$IWHU��ZH�PHUJHG�WKH�FRQGXLWV�ZLWK�WKH�VWUHDPV��UHSDLUHG�WKH�JHRPHWU\�
DQG�H[WHQGHG�OLQHV�DJDLQ�WR�HQVXUH�WKH\�ZHUH�FRQQHFWHG��0HUJH��5HSDLU�*HRPHWU\��DQG�([WHQG
/LQH���:H�DOVR�ILOOHG�WKH�VLQNV�LQ�WKH�'(0��)LOO���:H�FRQYHUWHG�WKH�VWUHDP�DQG�FRQGXLW�OD\HU�WR
UDVWHU�WR�UHFRQGLWLRQ�WKH�'(0��3RO\OLQH�WR�5DVWHU���7KH�'(0�ZDV�UHFRQGLWLRQHG�E\�WKH
VWRUPZDWHU�QHWZRUN�±�FRQVLVWLQJ�RI�SLSHV��RXWIDOOV��DQG�VWUHDPV��'(0�UHFRQGLWLRQLQJ���)LQDOO\�
ZH�UDQ�WKH�VWDQGDUG�GHOLQHDWLRQ�WRROV��JHQHUDWH�D�IORZ�GLUHFWLRQ�UDVWHU��$UF+\GUR��)ORZ
'LUHFWLRQ���FUHDWH�EDVLQV�IURP�WKH�IORZ�GLUHFWLRQ�UDVWHU��6SDWLDO�$QDO\VW���%DVLQV���DQG�FUHDWH�WKH
ZDWHUVKHG�ERXQGDULHV�IURP�WKH�EDVLQV�UDVWHU��5DVWHU�7R�3RO\JRQ���7KHQ��WKH�VXEFDWFKPHQW
ERXQGDULHV�ZHUH�FRQYHUWHG�WR�SRLQWV�ZLWK�;<�FRRUGLQDWHV�DQG�H[SRUWHG�DV�D��FVY�VXLWDEOH�IRU�WKH
6:00�LQSXW�ILOH�

��



)LJXUH�%��� 6XEFDWFKPHQW�'HOLQHDWLRQ�$UF*,6�0RGHO 3DUW���

��



)LJXUH�%��� 6XEFDWFKPHQW�'HOLQHDWLRQ�$UF*,6�0RGHO 3DUW���

��



$SSHQGL[�&

6XEFDWFKPHQW�&KDUDFWHULVWLFV�0HWKRGV�DQG�0RGHOV
:H�FUHDWHG�DQ�$UF*,6�PRGHO�WKDW�FDOFXODWHG�SHUFHQW�LPSHUYLRXV�FRYHU�DQG�VORSH�IRU�HDFK
VXEFDWFKPHQW�LQ�WKH�.XOLµRXµRX�ZDWHUVKHG��3HUFHQW�LPSHUYLRXV�FRYHU�LV�FDOFXODWHG�XVLQJ�GDWD
OD\HUV�IRU�H[LVWLQJ�ELNH�ODQHV��EXLOGLQJV�DQG�URRIWRSV��DQG�URDGV��7KH�VSDWLDO�OD\HU�IRU�URDGV�ZDV
EXIIHUHG�E\���IHHW�WR�DFFRXQW�IRU�VLGHZDONV��%XIIHU���$OO�VWUHHWV�ZHUH�DVVXPHG�WR�KDYH�VLGHZDONV�
7KLV�OD\HU�ZDV�WKHQ�XQLRQHG�ZLWK�WKH�EXLOGLQJV�IRRWSULQWV�OD\HU�DQG�ELNH�IDFLOLWLHV�OD\HU�WR�WDNH
LQWR�DFFRXQW�LPSHUYLRXV�EXLOGLQJV��URRIWRSV��DQG�ELNH�SDWKV��8QLRQ��

7KH�UHVXOWLQJ�OD\HU�ZDV�WKHQ�FRPSDUHG�WR�*RRJOH�(DUWK�LPDJHV�RI�.XOLµRXµRX�ZDWHUVKHG�WR
HQVXUH�WKDW�QR�PDMRU�LPSHUYLRXV�VXUIDFHV�ZHUH�PLVVHG��VXFK�DV�SDUNLQJ�ORWV�DQG�URDGV��7KH�IHZ
VXUIDFHV�WKDW�ZHUH�PLVVHG�ZHUH�WKHQ�GUDZQ�PDQXDOO\�LQWR�WKH�OD\HU��7KH�SHUFHQW�RI�LPSHUYLRXV
FRYHU�LQ�HDFK�VXEFDWFKPHQW�ZDV�WKHQ�FDOFXODWHG�XVLQJ�WKH��7DEXODWH�$UHD�,QWHUVHFWLRQ��WRRO�LQ
$UF*,6�

)RU�VORSH��WKH�'(0�OD\HU�IRU�0DXQDOXD�%D\�ZDV�SURMHFWHG�LQWR�:*6�����'DWD�0DQDJHPHQW
7RROER[���3URMHFW�DQG�3URMHFW�5DVWHU���1H[W��WKH�VORSH�IRU�WKH�ZKROH�UHJLRQ�ZDV�FDOFXODWHG�DQG
WKHQ�HDFK�FHOO�YDOXH�RI�WKH�UDVWHU�ZDV�FRQYHUWHG�WR�DQ�LQWHJHU�E\�WUXQFDWLRQ��6ORSH��,QW���7KH�VORSH
UDVWHU�ZDV�WKHQ�FRQYHUWHG�WR�D�SRO\JRQ��5DVWHU�WR�3RO\JRQ���7KH�SHUFHQW�RI�VORSH�LQ�HDFK
VXEFDWFKPHQW�ZDV�WKHQ�FDOFXODWHG�XVLQJ�WKH��7DEXODWH�$UHD�,QWHUVHFWLRQ��WRRO�

��



)LJXUH�&�� 6XEFDWFKPHQW�&KDUDFWHULVWLFV�$UF*,6�0RGHO�

��



)LJXUH�&�� &XUYH�1XPEHU�$UF*,6�0RGHO�

��



$SSHQGL[�'

6XEFDWFKPHQW�&KDUDFWHULVWLFV�6:00�,QSXWV

��



��



$SSHQGL[�(

0DXQDOXD�%D\�5HJLRQ�6RLO�&XUYH�1XPEHUV�E\�/DQG�&RYHU�DQG�+\GURORJLF�*URXS

7DEOH�(�� 6RLO�&XUYH�1XPEHUV�E\�/DQG�&RYHU�DQG�+\GURORJLF *URXSV�IRXQG�LQ�WKH�0DXQDOXD�%D\
5HJLRQ��2
DKX��'DWD�IURP�'RUQDQ�HW�DO��������

��



$SSHQGL[�)

.XOLµRXµRX�3UHFLSLWDWLRQ�'DWD�$QDO\VHV

)LJXUH�)��:DLOXSH�9DOOH\�6FKRRO�DQG�3DLNR�'ULYH�12$$ SUHFLSLWDWLRQ�GDWD�FRPSDULVRQ�IRU�1RYHPEHU
������������VWRUP�

)LJXUH�)��:DLOXSH�9DOOH\�6FKRRO�DQG�3DLNR�'ULYH�12$$ SUHFLSLWDWLRQ�GDWD�FRPSDULVRQ�IRU�-DQXDU\
������������VWRUP�

��



$SSHQGL[�*

3DUDPHWHUV�IRU�5HOHYDQW�/,'�&RQWUROV
7KH�IROORZLQJ�VHFWLRQ�OLVWV�WKH�SDUDPHWHUV�XVHG�IRU�WKH�UHOHYDQW�/,'�FRQWUROV�PRGHOHG�LQ�WKLV
SURMHFW��*UHHQ�URRIV��SHUPHDEOH�SDYHPHQW��DQG�UDLQ�JDUGHQV��(DFK�/,'�FRQWURO�LV�DVVRFLDWHG�ZLWK
D�GLIIHUHQW�FRPELQDWLRQ�RI�OD\HUV�


OD\HU�LV�RSWLRQDO�DQG�ZDV�QRW�LQFOXGHG�LQ�/,'�GHVLJQ

*5((1�522)�

685)$&(�/$<(5
Ɣ %HUP�+HLJKW� ��
Ɣ 9HJHWDWLRQ�9ROXPH�)UDFWLRQ� ����
Ɣ 6XUIDFH�5RXJKQHVV� �����
Ɣ 6XUIDFH�6ORSH� ��

62,/�/$<(5
Ɣ 7KLFNQHVV� ��
Ɣ 3RURVLW\� �����
Ɣ )LHOG�&DSDFLW\� ����
Ɣ :LOWLQJ�3RLQW� �����
Ɣ &RQGXFWLYLW\� ����
Ɣ &RQGXFWLYLW\�6ORSH� ��
Ɣ 6XFWLRQ�+HDG� ��

'5$,1$*(�0$7
Ɣ 7KLFNQHVV� ��
Ɣ 9RLG�)UDFWLRQ� �����
Ɣ 5RXJKQHVV� �����

3(50($%/(�3$9(0(17�

685)$&(�/$<(5
Ɣ %HUP�+HLJKW� ����
Ɣ 9HJHWDWLRQ�9ROXPH�)UDFWLRQ� ��
Ɣ 6XUIDFH�5RXJKQHVV� �����
Ɣ 6XUIDFH�6ORSH��SHUFHQW�� ����

3$9(0(17�/$<(5
Ɣ 7KLFNQHVV� ��
Ɣ 9RLG�5DWLR� �����
Ɣ ,PSHUYLRXV�6XUIDFH�)UDFWLRQ� ��
Ɣ 3HUPHDELOLW\� ����
Ɣ &ORJJLQJ�)DFWRU� ��
Ɣ 5HJHQHUDWLRQ�,QWHUYDO� ��
Ɣ 5HJHQHUDWLRQ�)UDFWLRQ� ��

��




62,/�/$<(5
Ɣ 7KLFNQHVV� ��
Ɣ 3RURVLW\� �Q�D
Ɣ )LHOG�FDSDFLW\� �Q�D
Ɣ :LOWLQJ�3RLQW� �Q�D
Ɣ &RQGXFWLYLW\� �Q�D
Ɣ &RQGXFWLYLW\�6ORSH� �Q�D
Ɣ 6XFWLRQ�+HDG� �Q�D

6725$*(�/$<(5
Ɣ 7KLFNQHVV� ���
Ɣ 9RLG�5DWLR� �����
Ɣ 6HHSDJH�5DWH� ��
Ɣ &ORJJLQJ�)DFWRU� ��


'5$,1�/$<(5
Ɣ )ORZ�&RHIILFLHQW� ��
Ɣ )ORZ�([SRQHQW� �Q�D
Ɣ 2IIVHW� �Q�D

5$,1�*$5'(1�

685)$&(�/$<(5
Ɣ %HUP�+HLJKW� ��
Ɣ 9HJHWDWLRQ�9ROXPH�)UDFWLRQ� ����
Ɣ 6XUIDFH�5RXJKQHVV� ����
Ɣ 6XUIDFH�6ORSH��SHUFHQW�� �����

62,/�/$<(5
Ɣ 7KLFNQHVV� ���
Ɣ 3RURVLW\� ����
Ɣ )LHOG�FDSDFLW\� ����
Ɣ :LOWLQJ�3RLQW� ����
Ɣ &RQGXFWLYLW\� ����
Ɣ &RQGXFWLYLW\�6ORSH� ���
Ɣ 6XFWLRQ�+HDG� ����


6725$*(�/$<(5
Ɣ 7KLFNQHVV� ��
Ɣ 9RLG�5DWLR� �Q�D
Ɣ 6HHSDJH�5DWH� �Q�D
Ɣ &ORJJLQJ�)DFWRU� �Q�D

��



$SSHQGL[�+

&RGH�IRU�&0,3��+LVWRULFDO�DQG�3URMHFWHG�3UHFLSLWDWLRQ

7KLV�SDJH�ZDV�OHIW�EODQN�LQWHQWLRQDOO\�

��



*L_JnP�?mnS`QD2+iBQM

62#`m�`v kj- kykk

R *HBK�i2 *?�M;2 1tTHQ`�iBQM, J�mM�Hm� "�v- P�?m- >�r�BǶB
RXR 6�HH kykR
RXRXR 1HK2`� �x�/TQm`

RXRXk kykR@Rk@y3

�HH b+`BTib �M/ /�i� +�M #2 �++2bb2/ 7`QK �HQ?� �BM� _2TQ

*Q/2 /2`Bp2/ 7`QK *JASe S�M:2Q :�HH2`v

LQi2, h?Bb �M�HvbBb TmHHb /�i� 7`QK *L_J@1aJk@R QMHv- vQm rBHH }M/ irQ Qi?2` MQi2#QQF }H2b
U"**nP�?mnS`QD2+iBQMXBTvM# � ASaGnP�?mnS`QD2+iBQMXBTvM#V i?�i rBHH TmHH 7`QK Qi?2` +HBK�i2
KQ/2H bQm`+2b U"**@*aJk@J_ � ASaG@*Je�@G_VX

(k), OO BKTQ`i HB#`�`B2b,
7`QK K�iTHQiHB# BKTQ`i TvTHQi �b THi
BKTQ`i MmKTv �b MT
BKTQ`i T�M/�b �b T/
BKTQ`i t�``�v �b t`
BKTQ`i x�``
BKTQ`i 7bbT2+
BKTQ`i ;+b7b
BKTQ`i bj7b
BKTQ`i F2/`Q
BKTQ`i M+niBK2n�tBb
BKTQ`i THQiHvX2tT`2bb �b Tt
BKTQ`i K2iTv
7`QK K2iTvXmMBib BKTQ`i mMBib

WK�iTHQiHB# BMHBM2
W+QM7B; AMHBM2"�+F2M/X7B;m`2n7Q`K�i 4 ^`2iBM�^
THiX`+S�`�Kb(^7B;m`2X7B;bBx2^) 4 Rk- e

(9), OO *JASe Sm#HB+ .�i�
/7 4 T/X`2�/n+bpU^?iiTb,ffbiQ`�;2X;QQ;H2�TBbX+QKf+KBTef
↪→+KBTe@x�``@+QMbQHB/�i2/@biQ`2bX+bp^V

/7X?2�/URyV

R



(9), �+iBpBivnB/ BMbiBimiBQMnB/ bQm`+2nB/ 2tT2`BK2MinB/ K2K#2`nB/ $
y >B;?_2bJAS *J** *J**@*Jk@>_9 ?B;?`2baah@T`2b2Mi `RBRTR7R
R >B;?_2bJAS *J** *J**@*Jk@>_9 ?B;?`2baah@T`2b2Mi `RBRTR7R
k >B;?_2bJAS *J** *J**@*Jk@>_9 ?B;?`2baah@T`2b2Mi `RBRTR7R
j >B;?_2bJAS *J** *J**@*Jk@>_9 ?B;?`2baah@T`2b2Mi `RBRTR7R
9 >B;?_2bJAS *J** *J**@*Jk@>_9 ?B;?`2baah@T`2b2Mi `RBRTR7R
8 >B;?_2bJAS *J** *J**@*Jk@>_9 ?B;?`2baah@T`2b2Mi `RBRTR7R
e >B;?_2bJAS *J** *J**@*Jk@>_9 ?B;?`2baah@T`2b2Mi `RBRTR7R
d >B;?_2bJAS *J** *J**@*Jk@>_9 ?B;?`2baah@T`2b2Mi `RBRTR7R
3 >B;?_2bJAS *J** *J**@*Jk@>_9 ?B;?`2baah@T`2b2Mi `RBRTR7R
N >B;?_2bJAS *J** *J**@*Jk@>_9 ?B;?`2baah@T`2b2Mi `RBRTR7R

i�#H2nB/ p�`B�#H2nB/ ;`B/nH�#2H $
y �KQM Tb ;M
R �KQM `b/b ;M
k �KQM `Hmb ;M
j �KQM `H/b ;M
9 �KQM TbH ;M
8 �KQM T`r ;M
e �KQM ?m`b ;M
d �KQM ?mbb ;M
3 �KQM ?mb ;M
N �KQM ?7bb ;M

xbiQ`2 /+TTnBMBinv2�` p2`bBQM
y ;b,ff+KBTef*JASef>B;?_2bJASf*J**f*J**@*Jk@>_9fē L�L kyRdydye
R ;b,ff+KBTef*JASef>B;?_2bJASf*J**f*J**@*Jk@>_9fē L�L kyRdydye
k ;b,ff+KBTef*JASef>B;?_2bJASf*J**f*J**@*Jk@>_9fē L�L kyRdydye
j ;b,ff+KBTef*JASef>B;?_2bJASf*J**f*J**@*Jk@>_9fē L�L kyRdydye
9 ;b,ff+KBTef*JASef>B;?_2bJASf*J**f*J**@*Jk@>_9fē L�L kyRdydye
8 ;b,ff+KBTef*JASef>B;?_2bJASf*J**f*J**@*Jk@>_9fē L�L kyRdydye
e ;b,ff+KBTef*JASef>B;?_2bJASf*J**f*J**@*Jk@>_9fē L�L kyRdydye
d ;b,ff+KBTef*JASef>B;?_2bJASf*J**f*J**@*Jk@>_9fē L�L kyRdydye
3 ;b,ff+KBTef*JASef>B;?_2bJASf*J**f*J**@*Jk@>_9fē L�L kyRdydye
N ;b,ff+KBTef*JASef>B;?_2bJASf*J**f*J**@*Jk@>_9fē L�L kyRdydye

(8), OO Zm2`v 7Q` T`QD2+iBQM *JASe /�i�
/7nj?`nT` 4 /7(U/7Xi�#H2nB/ 44 ^j?`^V � U/7Xp�`B�#H2nB/ 44 ^T`^V)
H2MU/7nj?`nT`V

`mMn+QmMib 4 /7nj?`nT`X;`QmT#vU(^bQm`+2nB/^- ^2tT2`BK2MinB/^)V(^xbiQ`2^)X+QmMiUV
`mMn+QmMib

(8), bQm`+2nB/ 2tT2`BK2MinB/
"**@*aJk@J_ ?BbiQ`B+�H R

bbTRke R
bbTk98 R

k



bbTjdy R
bbT838 R

*L_J@*Je@R ?B;?`2baah@T`2b2Mi R
?BbiQ`B+�H j
bbTRke R
bbTk98 R
bbTjdy R
bbT838 R

*L_J@*Je@R@>_ ?B;?`2baah@T`2b2Mi R
*L_J@1aJk@R ?BbiQ`B+�H R

bbTRke R
bbTk98 R
bbTjdy R
bbT838 R

:6.G@*J9 RT+i*Pk k
�#`mTi@9t*Pk k
�KBT k
?BbiQ`B+�H k
TB*QMi`QH k

:6.G@*J9*RNk ?B;?`2baah@7mim`2 R
?B;?`2baah@T`2b2Mi R

:6.G@1aJ9 RT+i*Pk R
�#`mTi@9t*Pk R
2bK@?Bbi R
?BbiQ`B+�H R
bbTRRN R
bbTRke R
bbTjdy R

:Aaa@1k@R@: ?BbiQ`B+�H k
>�/:1Jj@:*jR@>J ?B;?`2baah@T`2b2Mi R
>�/:1Jj@:*jR@GJ ?B;?`2baah@T`2b2Mi R
>�/:1Jj@:*jR@JJ ?B;?`2baah@T`2b2Mi R
ASaG@*Je�@�hJ@>_ ?B;?`2baah@T`2b2Mi R
ASaG@*Je�@G_ ?B;?`2baah@T`2b2Mi R

?BbiQ`B+�H R8
TB*QMi`QH R
bbTRke j
bbTk98 k
bbTjdy Ry
bbT838 R

J_A@1aJk@y ?BbiQ`B+�H R
L�K2, xbiQ`2- /ivT2, BMie9

6B;X R, 6mim`2 �M/ ?BbiQ`B+�H *Pk 2KBbbBQMb b+2M�`BQb 72�im`2/ BM *JASe aQm`+2,
?iiTb,ffrrrX+�`#QM#`B27XQ`;f+KBTe@i?2@M2ti@;2M2`�iBQM@Q7@+HBK�i2@KQ/2Hb@2tTH�BM2/

j



RXRXj SmHHBM; *L_J@1aJk@R- bbTk@9X8 S`QD2+iBQM

(e), OO [m2`iv 7Q` j?`- T`2+BTBi�BQM 7Q` bbT k@9X8 T`QD2+iBQM 7`QK *L_J@1aJk@R
/7nj?`nbbTk98n*L_JnT` 4 /7(U/7Xi�#H2nB/ 44 ^j?`^V � U/7Xp�`B�#H2nB/ 44 ^T`^V �ɚ
↪→U/7X2tT2`BK2MinB/44 ^bbTk98^V � U/7XbQm`+2nB/44 ^*L_J@1aJk@R^V )

H2MU/7nj?`nbbTk98n*L_JnT`V
/7nj?`nbbTk98n*L_JnT`

(e), �+iBpBivnB/ BMbiBimiBQMnB/ bQm`+2nB/ 2tT2`BK2MinB/ K2K#2`nB/ $
e33j8 a+2M�`BQJAS *L_J@*1_6�*a *L_J@1aJk@R bbTk98 `RBRTR7k

i�#H2nB/ p�`B�#H2nB/ ;`B/nH�#2H $
e33j8 j?` T` ;`

xbiQ`2 /+TTnBMBinv2�` $
e33j8 ;b,ff+KBTef*JASefa+2M�`BQJASf*L_J@*1_6�*af*L_Jē L�L

p2`bBQM
e33j8 kyRNyjk3

(d), OO TmHH /�i�
O ;2i i?2 T�i? iQ � bT2+B7B+ x�`` biQ`2 Ui?2 7B`bi QM2 7`QK i?2 /�i�7`�K2 �#Qp2V
xbiQ`2 4 /7nj?`nbbTk98n*L_JnT`XxbiQ`2Xp�Hm2b(@R)
T`BMiUxbiQ`2V

O +`2�i2 � Kmi�#H2@K�TTBM;@bivH2 BMi2`7�+2 iQ i?2 biQ`2
K�TT2` 4 7bbT2+X;2inK�TT2`UxbiQ`2V

O QT2M Bi mbBM; t�``�v �M/ x�``
/bnT`QD 4 t`XQT2Mnx�``UK�TT2`- +QMbQHB/�i2/4h`m2V
/bnT`QD

;b,ff+KBTef*JASefa+2M�`BQJASf*L_J@*1_6�*af*L_J@
1aJk@RfbbTk98f`RBRTR7kfj?`fT`f;`fpkyRNyjk3f

(d), It�``�vX.�i�b2i=
.BK2MbBQMb, UH�i, Rk3- HQM, k8e- iBK2, k8Rk33- �tBbnM#QmM/b, kV
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 @33XNj @3dX89 @3eXR9 @39Xd9 ē 3eXR9 3dX89 33XNj
 HQM UHQMV 7HQ�ie9 yXy RX9ye kX3Rk 9XkRN ē j89X9 j88X3 j8dXk j83Xe
 iBK2 UiBK2V /�i2iBK2e9(Mb) kyR8@yR@yRhyR,jy,yy ē kRyy@Rk@jRhkk,ē
iBK2n#QmM/b UiBK2- �tBbnM#QmM/bV /�i2iBK2e9(Mb)

/�bFX�``�vI+?mMFbBx24Uek3kk- RV- K2i�4MTXM/�``�v=
.BK2MbBQMb rBi?Qmi +QQ`/BM�i2b, �tBbnM#QmM/b
.�i� p�`B�#H2b,

T` UiBK2- H�i- HQMV 7HQ�ijk /�bFX�``�vI+?mMFbBx24Ueyy- Rk3- k8eV-
K2i�4MTXM/�``�v=
�ii`B#mi2b, URkf88V

9



*JASen*onp2`bBQM, +p4eXkXjXy@d@;kyRNe9k
*QMp2MiBQMb, *6@RXd *JAS@eXk
1sSA., *L_J@1aJk@RnbbTk98n`RBRTR7k
�+iBpBivnB/, a+2M�`BQJAS
�`T2;2nKBMQ`np2`bBQM, eXjXk
#`�M+?nK2i?Q/, bi�M/�`/
ē ē
p�`B�#H2nB/, T`
p�`B�MinH�#2H, `RBRTR7k
tBQbn+QKKBi, R99k@b?m77H2
bi�imb, kyRN@Ry@k8c+`2�i2/c#v M?Mk!+QHmK#B�X2/m
M2i+/7ni`�+FBM;nB/b, ?/H,kRXR9RyyfkR8/R3d�@d7�8@9R+/@�8N#@d72Re9jye�eRē
p2`bBQMnB/, pkyRNyjk3

(3), OO SHQi � K�T 7`QK � bT2+B7B+ /�i2, ;HQ#�H +Qp2`�;2
/bnT`QDXT`Xb2HUiBK24^kRyy@Rk@jRhRe,jy,yyXyyyyyyyyy^VXb[m22x2UVXTHQiUV

(3), IK�iTHQiHB#X+QHH2+iBQMbXZm�/J2b? �i ytd77k99#y297y=

(N), O O *`2�i2 HQ;B+�H K�bFb 7Q` H�i �M/ HQM p�`B�#H2b 7Q` Q�?m
O #Qm/BM; #Qt, @R83X8eN3-kyXNy8d-@R8dX9ye-kkXyykk
K�bFnHQM 4 U/bnT`QDXT`XHQM =4 kyRX9jV � U/bnT`QDXT`XHQM I4 kykX8NV
K�bFnH�i 4 U/bnT`QDXT`XH�i =4 kyXNRV � U/bnT`QDXT`XH�i I4 kkXyyV

(d), O �TTHv H�ifHQM K�bFb iQ i?2 7B2H/- i?2M +�H+mH�i2 �p2`�;2b Qp2` i?2 H�i �M/ɚ
↪→HQM /BK2MbBQMb

Q�?mnT`nT`QD4/bnT`QDXT`Xr?2`2UK�bFnHQM � K�bFnH�i- /`QT 4 h`m2V

8



OO `2KQp2 iBK2b �bbQ+B�i2/ rBi? H2�T v2�`b U`2KQp2 72# kN 7`QK �HH `2+Q`/2/ɚ
↪→v2�`bV

Q�?mnT`nT`QD 4 Q�?mnT`nT`QDXb2HUiBK24�UUQ�?mnT`nT`QDXiBK2X/iXKQMi? 44 kV �ɚ
↪→UQ�?mnT`nT`QDXiBK2X/iX/�v 44 kNVVV

Q�?mnT`nT`QD

OO ;`QmT #v /�v Q7 v2�` �M/ �p; #v /�v
Q�?mnT`nT`QD(^/�vQ7v2�`^) 4 t`X.�i��``�vUQ�?mnT`nT`QDXBM/2t2b(^iBK2^)X
↪→bi`7iBK2U^Wu@WK@W/^V- +QQ`/b4Q�?mnT`nT`QDXiBK2X+QQ`/bV

Q�?mnT`nT`QDn�p; 4 Q�?mnT`nT`QDX;`QmT#vU^/�vQ7v2�`^VXK2�MU^iBK2^-ɚ
↪→F22Tn�ii`b4h`m2V O`2i�BM �ii`B#mi2b 7Q` K2iTv +QMp2`bBQM BM Mti bi2T

Q�?mnT`nT`QDn�p;

(d), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNy- H�i, R- HQM, RV=
/�bFX�``�vIbi�+F- b?�T24UjRjNy- R- RV- /ivT247HQ�ijk- +?mMFbBx24UR- R- RV-
+?mMFivT24MmKTvXM/�``�v=
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 kRXdR
 HQM UHQMV 7HQ�ie9 kykX8
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

�ii`B#mi2b,
+2HHnK2�bm`2b, �`2�, �`2�+2HH�
+2HHnK2i?Q/b, �`2�, iBK2, K2�M
/2b+`BTiBQM, �i bm`7�+2c BM+Hm/2b #Qi? HB[mB/ �M/ bQHB/ T?�b2bX ē
?BbiQ`v, MQM2
BMi2`p�HnQT2`�iBQM, Nyy b
BMi2`p�Hnr`Bi2, j ?
HQM;nM�K2, S`2+BTBi�iBQM
QMHBM2nQT2`�iBQM, �p2`�;2
bi�M/�`/nM�K2, T`2+BTBi�iBQMn7Hmt
mMBib, F; K@k b@R

(3), OO /�BHv bmK Q7 T`2+BT bbTj@dXy S`QD2+iBQM
Q�?mnT`nT`QDnbmKnk98 4 Q�?mnT`nT`QDX;`QmT#vU^/�vQ7v2�`^VXbmKU^iBK2^-ɚ
↪→F22Tn�ii`b4h`m2V O`2i�BM �ii`B#mi2b 7Q` K2iTv +QMp2`bBQM BM Mti bi2T

Q�?mnT`nT`QDnbmKnk98

(3), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNy- H�i, R- HQM, RV=
/�bFX�``�vIbi�+F- b?�T24UjRjNy- R- RV- /ivT247HQ�ijk- +?mMFbBx24UR- R- RV-
+?mMFivT24MmKTvXM/�``�v=
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 kRXdR
 HQM UHQMV 7HQ�ie9 kykX8
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

�ii`B#mi2b,
+2HHnK2�bm`2b, �`2�, �`2�+2HH�

e



+2HHnK2i?Q/b, �`2�, iBK2, K2�M
/2b+`BTiBQM, �i bm`7�+2c BM+Hm/2b #Qi? HB[mB/ �M/ bQHB/ T?�b2bX ē
?BbiQ`v, MQM2
BMi2`p�HnQT2`�iBQM, Nyy b
BMi2`p�Hnr`Bi2, j ?
HQM;nM�K2, S`2+BTBi�iBQM
QMHBM2nQT2`�iBQM, �p2`�;2
bi�M/�`/nM�K2, T`2+BTBi�iBQMn7Hmt
mMBib, F; K@k b@R

(N), O J�F2 K2iTv `2+Q;MBx2 i?2 mMBib
Q�?mnT`nT`QDnbmKnk98 4 Q�?mnT`nT`QDnbmKnk98XK2iTvX[m�MiB7vUV

O +QMp2`i F;fKkfb2+ iQ BMf/�v
/2MbBivnr�i2` 4 mMBibU^F; f K�j^V  Ryyy
Q�?mnT`nT`QDn+QMp2`i2/nBMinbbTk98nbmK 4 UQ�?mnT`nT`QDnbmKnk98 f /2MbBivnr�i2`V
Q�?mnT`nT`QDn+QMp2`i2/nBMinbbTk98nbmK 4 Q�?mnT`nT`QDn+QMp2`i2/nBMinbbTk98nbmKX
↪→K2iTvX+QMp2`inmMBibU^BM+?2b f /�v^V

Q�?mnT`nT`QDn+QMp2`i2/nBMinbbTk98nbmK 4 Q�?mnT`nT`QDn+QMp2`i2/nBMinbbTk98nbmKX
↪→K2�MU]HQM]VXK2�MU]H�i]V

Q�?mnT`nT`QDn+QMp2`i2/nBMinbbTk98nbmK

(N), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNyV=
IZm�MiBivU/�bFX�``�vIK2�Mn�;;@�;;`2;�i2- b?�T24UjRjNy-V- /ivT247HQ�ijk-
+?mMFbBx24UR-V- +?mMFivT24MmKTvXM/�``�v=- ^BM+? f /�v^V=
*QQ`/BM�i2b,

 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

6B;X k, "Qm/BM; #Qt +QQ`/BM�i2b mb2/ 7Q` T`QD2+iBQM �M�HvbBb aQm`+2,
?iiTb,ff#QmM/BM;#QtXFHQF�Mi2+?X+QKf

(9N), O *�bi Qm` t�``�v iQ /�i�7`�K2 @@ /�BHv �p2`�;2b
Q�?mnT`nT`QDn/7 4 Q�?mnT`nT`QDn+QMp2`i2/nBMiXiQn/�i�7`�K2UVX`2b2inBM/2tUV
Q�?mnT`nT`QDn/7X?2�/UkyV

(9N), /�vQ7v2�` T`
y kyR8@yR@yR yXyyyjNy
R kyR8@yR@yk yXyyRjye
k kyR8@yR@yj yXykkRjk
j kyR8@yR@y9 yXRNe399
9 kyR8@yR@y8 yX99RdNy
8 kyR8@yR@ye yXydeyke
e kyR8@yR@yd yXy8N9j3
d kyR8@yR@y3 yXyeydR9
3 kyR8@yR@yN yXykeNd9
N kyR8@yR@Ry yXyy89Ry
Ry kyR8@yR@RR yXyyRy8j

d



RR kyR8@yR@Rk yXyyNkR8
Rk kyR8@yR@Rj yXe999eN
Rj kyR8@yR@R9 yXy88jeN
R9 kyR8@yR@R8 yXyRNjj9
R8 kyR8@yR@Re yX99kNdR
Re kyR8@yR@Rd yXyyRyk9
Rd kyR8@yR@R3 yXy89kRd
R3 kyR8@yR@RN yX93RNj8
RN kyR8@yR@ky yXyyyRee

(Ry), O *�bi Qm` t�``�v iQ /�i�7`�K2 7Q` /�BHv bmKb
Q�?mnT`nT`QDn+QMp2`i2/nBMinbbTk98nbmKn/7 4ɚ
↪→Q�?mnT`nT`QDn+QMp2`i2/nBMinbbTk98nbmKXiQn/�i�7`�K2UVX`2b2inBM/2tUV

Q�?mnT`nT`QDn+QMp2`i2/nBMinbbTk98nbmKn/7X?2�/UkyV

(Ry), /�vQ7v2�` T`
y kyR8@yR@yR yXyyjRRd
R kyR8@yR@yk yXyRy98y
k kyR8@yR@yj yXRddy88
j kyR8@yR@y9 RX8d9d8R
9 kyR8@yR@y8 jX8j9jkj
8 kyR8@yR@ye yXey3kRk
e kyR8@yR@yd yX9d88y3
d kyR8@yR@y3 yX938dyN
3 kyR8@yR@yN yXkR8dNy
N kyR8@yR@Ry yXy9jk3j
Ry kyR8@yR@RR yXyy39kj
RR kyR8@yR@Rk yXydjdR3
Rk kyR8@yR@Rj 8XR88d9N
Rj kyR8@yR@R9 yX99kN89
R9 kyR8@yR@R8 yXR89edj
R8 kyR8@yR@Re jX89jde8
Re kyR8@yR@Rd yXyy3RN8
Rd kyR8@yR@R3 yX9jjdj3
R3 kyR8@yR@RN jX38893R
RN kyR8@yR@ky yXyyRjk8

(ee), OO iQ 2tTQ`i /7-/�BHv �p;
OO Q�?mnT`nT`QDn/7XiQn+bpU^Q�?mnbbTk98nkyR8nkRyyn�p;X+bp^- BM/2t 4 6�Hb2V

(RR), OO iQ 2tTQ`i /7- /�BHv bmK
Q�?mnT`nT`QDn+QMp2`i2/nBMinbbTk98nbmKn/7XiQn+bpU^Q�?mnbbTk98nkyR8nkRyyniQi�HX
↪→+bp^- BM/2t 4 6�Hb2V

3



RXRX9 1tTHQ`BM; *L_J@1aJk@R- bbTj@dXy S`QD2+iBQM

(RN), OO [m2`iv 7Q` j?`- T`2+BTBi�BQM 7Q` bbT j@dXy T`QD2+iBQM 7`QK *L_J@1aJk@R
/7nj?`nbbTjdyn*L_JnT` 4 /7(U/7Xi�#H2nB/ 44 ^j?`^V � U/7Xp�`B�#H2nB/ 44 ^T`^V �ɚ
↪→U/7X2tT2`BK2MinB/44 ^bbTjdy^V � U/7XbQm`+2nB/44 ^*L_J@1aJk@R^V )

H2MU/7nj?`nbbTjdyn*L_JnT`V
/7nj?`nbbTjdyn*L_JnT`

(RN), �+iBpBivnB/ BMbiBimiBQMnB/ bQm`+2nB/ 2tT2`BK2MinB/ K2K#2`nB/ $
eNkRN a+2M�`BQJAS *L_J@*1_6�*a *L_J@1aJk@R bbTjdy `RBRTR7k

i�#H2nB/ p�`B�#H2nB/ ;`B/nH�#2H $
eNkRN j?` T` ;`

xbiQ`2 /+TTnBMBinv2�` $
eNkRN ;b,ff+KBTef*JASefa+2M�`BQJASf*L_J@*1_6�*af*L_Jē L�L

p2`bBQM
eNkRN kyRNyjk3

(ky), OO TmHH /�i�
O ;2i i?2 T�i? iQ � bT2+B7B+ x�`` biQ`2 Ui?2 7B`bi QM2 7`QK i?2 /�i�7`�K2 �#Qp2V
xbiQ`2k 4 /7nj?`nbbTjdyn*L_JnT`XxbiQ`2Xp�Hm2b(@R)
T`BMiUxbiQ`2kV

O +`2�i2 � Kmi�#H2@K�TTBM;@bivH2 BMi2`7�+2 iQ i?2 biQ`2
K�TT2`k 4 7bbT2+X;2inK�TT2`UxbiQ`2kV

O QT2M Bi mbBM; t�``�v �M/ x�``
/bnT`QDnbbTjdy 4 t`XQT2Mnx�``UK�TT2`k- +QMbQHB/�i2/4h`m2V
/bnT`QDnbbTjdy

;b,ff+KBTef*JASefa+2M�`BQJASf*L_J@*1_6�*af*L_J@
1aJk@RfbbTjdyf`RBRTR7kfj?`fT`f;`fpkyRNyjk3f

(ky), It�``�vX.�i�b2i=
.BK2MbBQMb, UH�i, Rk3- HQM, k8e- iBK2, k8Rk33- �tBbnM#QmM/b, kV
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 @33XNj @3dX89 @3eXR9 @39Xd9 ē 3eXR9 3dX89 33XNj
 HQM UHQMV 7HQ�ie9 yXy RX9ye kX3Rk 9XkRN ē j89X9 j88X3 j8dXk j83Xe
 iBK2 UiBK2V /�i2iBK2e9(Mb) kyR8@yR@yRhyR,jy,yy ē kRyy@Rk@jRhkk,ē
iBK2n#QmM/b UiBK2- �tBbnM#QmM/bV /�i2iBK2e9(Mb)

/�bFX�``�vI+?mMFbBx24Uek3kk- RV- K2i�4MTXM/�``�v=
.BK2MbBQMb rBi?Qmi +QQ`/BM�i2b, �tBbnM#QmM/b
.�i� p�`B�#H2b,

T` UiBK2- H�i- HQMV 7HQ�ijk /�bFX�``�vI+?mMFbBx24U99N- Rk3- k8eV-
K2i�4MTXM/�``�v=
�ii`B#mi2b, URkf88V

N



*JASen*onp2`bBQM, +p4eXkXjXy@d@;kyRNe9k
*QMp2MiBQMb, *6@RXd *JAS@eXk
1sSA., *L_J@1aJk@RnbbTjdyn`RBRTR7k
�+iBpBivnB/, a+2M�`BQJAS �2`*?2KJAS
�`T2;2nKBMQ`np2`bBQM, eXjXk
#`�M+?nK2i?Q/, bi�M/�`/
ē ē
p�`B�#H2nB/, T`
p�`B�MinH�#2H, `RBRTR7k
tBQbn+QKKBi, R99k@b?m77H2
bi�imb, kyRN@RR@yjc+`2�i2/c#v M?Mk!+QHmK#B�X2/m
M2i+/7ni`�+FBM;nB/b, ?/H,kRXR9Ryyfk�kNR7d2@#N+N@9+e3@#jj#@+#7+R8j�83d7ē
p2`bBQMnB/, pkyRNyjk3

(kR), O �TTHv H�ifHQM K�bFb iQ i?2 7B2H/- i?2M +�H+mH�i2 �p2`�;2b Qp2` i?2 H�i �M/ɚ
↪→HQM /BK2MbBQMb

Q�?mnT`nT`QDnbbTjdy4/bnT`QDnbbTjdyXT`Xr?2`2UK�bFnHQM � K�bFnH�i- /`QT 4 h`m2V

OO `2KQp2 iBK2b �bbQ+B�i2/ rBi? H2�T v2�`b U`2KQp2 72# kN 7`QK �HH `2+Q`/2/ɚ
↪→v2�`bV

Q�?mnT`nT`QDnbbTjdy 4 Q�?mnT`nT`QDnbbTjdyXb2HUiBK24�UUQ�?mnT`nT`QDnbbTjdyXiBK2X
↪→/iXKQMi? 44 kV � UQ�?mnT`nT`QDnbbTjdyXiBK2X/iX/�v 44 kNVVV

Q�?mnT`nT`QDnbbTjdy

OO ;`QmT #v /�v Q7 v2�` �M/ �p; #v /�v
Q�?mnT`nT`QDnbbTjdy(^/�vQ7v2�`^) 4 t`X.�i��``�vUQ�?mnT`nT`QDnbbTjdyX
↪→BM/2t2b(^iBK2^)Xbi`7iBK2U^Wu@WK@W/^V- +QQ`/b4Q�?mnT`nT`QDnbbTjdyXiBK2X+QQ`/bV

Q�?mnT`nT`QDnbbTjdyn�p; 4 Q�?mnT`nT`QDnbbTjdyX;`QmT#vU^/�vQ7v2�`^VXK2�MU^iBK2^-ɚ
↪→F22Tn�ii`b4h`m2V O`2i�BM �ii`B#mi2b 7Q` K2iTv +QMp2`bBQM BM Mti bi2T

Q�?mnT`nT`QDnbbTjdyn�p;

(kR), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNy- H�i, R- HQM, RV=
/�bFX�``�vIbi�+F- b?�T24UjRjNy- R- RV- /ivT247HQ�ijk- +?mMFbBx24UR- R- RV-
+?mMFivT24MmKTvXM/�``�v=
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 kRXdR
 HQM UHQMV 7HQ�ie9 kykX8
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

�ii`B#mi2b,
+2HHnK2�bm`2b, �`2�, �`2�+2HH�
+2HHnK2i?Q/b, �`2�, iBK2, K2�M
/2b+`BTiBQM, �i bm`7�+2c BM+Hm/2b #Qi? HB[mB/ �M/ bQHB/ T?�b2bX ē
?BbiQ`v, MQM2
BMi2`p�HnQT2`�iBQM, Nyy b
BMi2`p�Hnr`Bi2, j ?
HQM;nM�K2, S`2+BTBi�iBQM
QMHBM2nQT2`�iBQM, �p2`�;2

Ry



bi�M/�`/nM�K2, T`2+BTBi�iBQMn7Hmt
mMBib, F; K@k b@R

(kk), OO /�BHv bmK Q7 T`2+BT bbTj@dXy T`QD2+iBQM
Q�?mnT`nT`QDnbmKnjdy 4 Q�?mnT`nT`QDnbbTjdyX;`QmT#vU^/�vQ7v2�`^VXbmKU^iBK2^-ɚ
↪→F22Tn�ii`b4h`m2V O`2i�BM �ii`B#mi2b 7Q` K2iTv +QMp2`bBQM BM Mti bi2T

Q�?mnT`nT`QDnbmKnjdy

(kk), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNy- H�i, R- HQM, RV=
/�bFX�``�vIbi�+F- b?�T24UjRjNy- R- RV- /ivT247HQ�ijk- +?mMFbBx24UR- R- RV-
+?mMFivT24MmKTvXM/�``�v=
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 kRXdR
 HQM UHQMV 7HQ�ie9 kykX8
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

�ii`B#mi2b,
+2HHnK2�bm`2b, �`2�, �`2�+2HH�
+2HHnK2i?Q/b, �`2�, iBK2, K2�M
/2b+`BTiBQM, �i bm`7�+2c BM+Hm/2b #Qi? HB[mB/ �M/ bQHB/ T?�b2bX ē
?BbiQ`v, MQM2
BMi2`p�HnQT2`�iBQM, Nyy b
BMi2`p�Hnr`Bi2, j ?
HQM;nM�K2, S`2+BTBi�iBQM
QMHBM2nQT2`�iBQM, �p2`�;2
bi�M/�`/nM�K2, T`2+BTBi�iBQMn7Hmt
mMBib, F; K@k b@R

(kj), O J�F2 K2iTv `2+Q;MBx2 i?2 mMBib
Q�?mnT`nT`QDnbbTjdynbmK 4 Q�?mnT`nT`QDnbmKnjdyXK2iTvX[m�MiB7vUV

O +QMp2`i F;fKkfb2+ iQ BMf/�v
/2MbBivnr�i2` 4 mMBibU^F; f K�j^V  Ryyy
Q�?mnT`nT`QDnbbTjdyn+QMp2`i2/nBMinbmK 4 UQ�?mnT`nT`QDnbbTjdynbmK fɚ
↪→/2MbBivnr�i2`V

Q�?mnT`nT`QDnbbTjdyn+QMp2`i2/nBMinbmK 4 Q�?mnT`nT`QDnbbTjdyn+QMp2`i2/nBMinbmKX
↪→K2iTvX+QMp2`inmMBibU^BM+?2b f /�v^V

Q�?mnT`nT`QDnbbTjdyn+QMp2`i2/nBMinbmK 4 Q�?mnT`nT`QDnbbTjdyn+QMp2`i2/nBMinbmKX
↪→K2�MU]HQM]VXK2�MU]H�i]V

Q�?mnT`nT`QDnbbTjdyn+QMp2`i2/nBMinbmK

(kj), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNyV=
IZm�MiBivU/�bFX�``�vIK2�Mn�;;@�;;`2;�i2- b?�T24UjRjNy-V- /ivT247HQ�ijk-
+?mMFbBx24UR-V- +?mMFivT24MmKTvXM/�``�v=- ^BM+? f /�v^V=
*QQ`/BM�i2b,

 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

RR



(Re), O *�bi Qm` t�``�v iQ /�i�7`�K2 @@ /�BHv �p;
Q�?mnT`nT`QDnbbTjdyn/7 4 Q�?mnT`nT`QDnbbTjdyn+QMp2`i2/nBMiXiQn/�i�7`�K2UVX
↪→`2b2inBM/2tUV

Q�?mnT`nT`QDnbbTjdyn/7X?2�/UkyV

(Re), /�vQ7v2�` T`
y kyR8@yR@yR jXdyRe8N2@y9
R kyR8@yR@yk kXk3kj982@yj
k kyR8@yR@yj RXyk889e2@yk
j kyR8@yR@y9 jX9Nk8Rk2@yR
9 kyR8@yR@y8 NX8N98dy2@yR
8 kyR8@yR@ye kXydkR3R2@yR
e kyR8@yR@yd RX8d9NkN2@yR
d kyR8@yR@y3 8Xyj9k8y2@yk
3 kyR8@yR@yN 9XyRyekR2@yk
N kyR8@yR@Ry kXj9ydNy2@yk
Ry kyR8@yR@RR jXjjdkjj2@yj
RR kyR8@yR@Rk 8Xy3d8ye2@yj
Rk kyR8@yR@Rj 9XdRd9Ny2@yk
Rj kyR8@yR@R9 RXkyN9NR2Yyy
R9 kyR8@yR@R8 NX3edNRj2@yj
R8 kyR8@yR@Re RXkdj9R92@yR
Re kyR8@yR@Rd RX39NjRj2Yyy
Rd kyR8@yR@R3 9XddkNNk2@yj
R3 kyR8@yR@RN 8Xj39je82@kk
RN kyR8@yR@ky RXj9RdRN2@y8

(k9), O *�bi Qm` t�``�v iQ /�i�7`�K2 @@ /�BHv bmK
Q�?mnT`nT`QDnbbTjdyn/7nbmK 4 Q�?mnT`nT`QDnbbTjdyn+QMp2`i2/nBMinbmKX
↪→iQn/�i�7`�K2UVX`2b2inBM/2tUV

Q�?mnT`nT`QDnbbTjdyn/7nbmKX?2�/UkyV

(k9), /�vQ7v2�` T`
y kyR8@yR@yR kXNeRjkd2@yj
R kyR8@yR@yk RX3k83de2@yk
k kyR8@yR@yj 3Xky9je82@yk
j kyR8@yR@y9 kXdN9yyN2Yyy
9 kyR8@yR@y8 dXed8e8e2Yyy
8 kyR8@yR@ye RXe8dd982Yyy
e kyR8@yR@yd RXk8NN9j2Yyy
d kyR8@yR@y3 9Xykd9yy2@yR
3 kyR8@yR@yN jXky39Nd2@yR
N kyR8@yR@Ry RX3dkejk2@yR
Ry kyR8@yR@RR kXeeNd3e2@yk
RR kyR8@yR@Rk 9Xydyyy82@yk
Rk kyR8@yR@Rj jXddjNNk2@yR
Rj kyR8@yR@R9 NXed8Nk92Yyy

Rk



R9 kyR8@yR@R8 dX3N9jjy2@yk
R8 kyR8@yR@Re RXyR3djR2Yyy
Re kyR8@yR@Rd RX9dN98R2YyR
Rd kyR8@yR@R3 jX3R3jN92@yk
R3 kyR8@yR@RN 9Xjyd9Nk2@kR
RN kyR8@yR@ky RXydjjd82@y9

(kj), OO iQ 2tTQ`i /7
O Q�?mnT`nT`QDnbbTjdyn/7XiQn+bpU^Q�?mnbbTjdynkyR8nkRyyX+bp^- BM/2t 4 6�Hb2V

(k8), OO iQ 2tTQ`i /7- /�BHv iQi�H bbTjdy
Q�?mnT`nT`QDnbbTjdyn/7nbmKXiQn+bpU^Q�?mnbbTjdynkyR8nkRyyniQi�HX+bp^- BM/2t 4ɚ
↪→6�Hb2V

RXRX8 1tTHQ`BM; *L_J@1aJk@R- bbT8@3X8 S`QD2+iBQM

(ke), OO [m2`iv 7Q` j?`- T`2+BTBi�BQM 7Q` bbT 8@3X8 T`QD2+iBQM 7`QK *L_J@1aJk@R
/7nj?`nbbT838n*L_JnT` 4 /7(U/7Xi�#H2nB/ 44 ^j?`^V � U/7Xp�`B�#H2nB/ 44 ^T`^V �ɚ
↪→U/7X2tT2`BK2MinB/44 ^bbT838^V � U/7XbQm`+2nB/44 ^*L_J@1aJk@R^V )

H2MU/7nj?`nbbT838n*L_JnT`V
/7nj?`nbbT838n*L_JnT`

(ke), �+iBpBivnB/ BMbiBimiBQMnB/ bQm`+2nB/ 2tT2`BK2MinB/ K2K#2`nB/ $
eNkyy a+2M�`BQJAS *L_J@*1_6�*a *L_J@1aJk@R bbT838 `RBRTR7k

i�#H2nB/ p�`B�#H2nB/ ;`B/nH�#2H $
eNkyy j?` T` ;`

xbiQ`2 /+TTnBMBinv2�` $
eNkyy ;b,ff+KBTef*JASefa+2M�`BQJASf*L_J@*1_6�*af*L_Jē L�L

p2`bBQM
eNkyy kyRNyjk3

(kd), OO TmHH /�i�
O ;2i i?2 T�i? iQ � bT2+B7B+ x�`` biQ`2 Ui?2 7B`bi QM2 7`QK i?2 /�i�7`�K2 �#Qp2V
xbiQ`2j 4 /7nj?`nbbT838n*L_JnT`XxbiQ`2Xp�Hm2b(@R)
T`BMiUxbiQ`2jV

O +`2�i2 � Kmi�#H2@K�TTBM;@bivH2 BMi2`7�+2 iQ i?2 biQ`2
K�TT2`j 4 7bbT2+X;2inK�TT2`UxbiQ`2jV

O QT2M Bi mbBM; t�``�v �M/ x�``
/bnT`QDnbbT838 4 t`XQT2Mnx�``UK�TT2`j- +QMbQHB/�i2/4h`m2V
/bnT`QDnbbT838

;b,ff+KBTef*JASefa+2M�`BQJASf*L_J@*1_6�*af*L_J@

Rj



1aJk@RfbbT838f`RBRTR7kfj?`fT`f;`fpkyRNyjk3f

(kd), It�``�vX.�i�b2i=
.BK2MbBQMb, UH�i, Rk3- HQM, k8e- iBK2, k8Rk33- �tBbnM#QmM/b, kV
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 @33XNj @3dX89 @3eXR9 @39Xd9 ē 3eXR9 3dX89 33XNj
 HQM UHQMV 7HQ�ie9 yXy RX9ye kX3Rk 9XkRN ē j89X9 j88X3 j8dXk j83Xe
 iBK2 UiBK2V /�i2iBK2e9(Mb) kyR8@yR@yRhyR,jy,yy ē kRyy@Rk@jRhkk,ē
iBK2n#QmM/b UiBK2- �tBbnM#QmM/bV /�i2iBK2e9(Mb)

/�bFX�``�vI+?mMFbBx24Uek3kk- RV- K2i�4MTXM/�``�v=
.BK2MbBQMb rBi?Qmi +QQ`/BM�i2b, �tBbnM#QmM/b
.�i� p�`B�#H2b,

T` UiBK2- H�i- HQMV 7HQ�ijk /�bFX�``�vI+?mMFbBx24Ueyy- Rk3- k8eV-
K2i�4MTXM/�``�v=
�ii`B#mi2b, URkf88V

*JASen*onp2`bBQM, +p4eXkXjXy@d@;kyRNe9k
*QMp2MiBQMb, *6@RXd *JAS@eXk
1sSA., *L_J@1aJk@RnbbT838n`RBRTR7k
�+iBpBivnB/, a+2M�`BQJAS
�`T2;2nKBMQ`np2`bBQM, eXjXk
#`�M+?nK2i?Q/, bi�M/�`/
ē ē
p�`B�#H2nB/, T`
p�`B�MinH�#2H, `RBRTR7k
tBQbn+QKKBi, R99k@b?m77H2
bi�imb, kyRN@y3@kec+`2�i2/c#v M?Mk!+QHmK#B�X2/m
M2i+/7ni`�+FBM;nB/b, ?/H,kRXR9Ryyfe7#jee7N@e2/R@9d72@NR3+@y37�8+�3#��jē
p2`bBQMnB/, pkyRNyjk3

(k3), O �TTHv H�ifHQM K�bFb iQ i?2 7B2H/- i?2M +�H+mH�i2 �p2`�;2b Qp2` i?2 H�i �M/ɚ
↪→HQM /BK2MbBQMb

Q�?mnT`nT`QDnbbT8384/bnT`QDnbbT838XT`Xr?2`2UK�bFnHQM � K�bFnH�i- /`QT 4 h`m2V

OO `2KQp2 iBK2b �bbQ+B�i2/ rBi? H2�T v2�`b U`2KQp2 72# kN 7`QK �HH `2+Q`/2/ɚ
↪→v2�`b V

Q�?mnT`nT`QDnbbT838 4 Q�?mnT`nT`QDnbbT838Xb2HUiBK24�UUQ�?mnT`nT`QDnbbT838XiBK2X
↪→/iXKQMi? 44 kV � UQ�?mnT`nT`QDnbbT838XiBK2X/iX/�v 44 kNVVV

Q�?mnT`nT`QDnbbT838

OO ;`QmT #v /�v Q7 v2�` �M/ �p; #v /�v
Q�?mnT`nT`QDnbbT838(^/�vQ7v2�`^) 4 t`X.�i��``�vUQ�?mnT`nT`QDnbbT838X
↪→BM/2t2b(^iBK2^)Xbi`7iBK2U^Wu@WK@W/^V- +QQ`/b4Q�?mnT`nT`QDnbbT838XiBK2X+QQ`/bV

Q�?mnT`nT`QDnbbT838n�p; 4 Q�?mnT`nT`QDnbbT838X;`QmT#vU^/�vQ7v2�`^VXK2�MU^iBK2^-ɚ
↪→F22Tn�ii`b4h`m2V O`2i�BM �ii`B#mi2b 7Q` K2iTv +QMp2`bBQM BM Mti bi2T

Q�?mnT`nT`QDnbbT838n�p;

R9



(k3), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNy- H�i, R- HQM, RV=
/�bFX�``�vIbi�+F- b?�T24UjRjNy- R- RV- /ivT247HQ�ijk- +?mMFbBx24UR- R- RV-
+?mMFivT24MmKTvXM/�``�v=
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 kRXdR
 HQM UHQMV 7HQ�ie9 kykX8
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

�ii`B#mi2b,
+2HHnK2�bm`2b, �`2�, �`2�+2HH�
+2HHnK2i?Q/b, �`2�, iBK2, K2�M
/2b+`BTiBQM, �i bm`7�+2c BM+Hm/2b #Qi? HB[mB/ �M/ bQHB/ T?�b2bX ē
?BbiQ`v, MQM2
BMi2`p�HnQT2`�iBQM, Nyy b
BMi2`p�Hnr`Bi2, j ?
HQM;nM�K2, S`2+BTBi�iBQM
QMHBM2nQT2`�iBQM, �p2`�;2
bi�M/�`/nM�K2, T`2+BTBi�iBQMn7Hmt
mMBib, F; K@k b@R

(kN), OO /�BHv bmK Q7 T`2+BT bbT8@3X8 S`QD2+iBQM
Q�?mnT`nT`QDnbmKn838 4 Q�?mnT`nT`QDnbbT838X;`QmT#vU^/�vQ7v2�`^VXbmKU^iBK2^-ɚ
↪→F22Tn�ii`b4h`m2V O`2i�BM �ii`B#mi2b 7Q` K2iTv +QMp2`bBQM BM Mti bi2T

Q�?mnT`nT`QDnbmKn838

(kN), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNy- H�i, R- HQM, RV=
/�bFX�``�vIbi�+F- b?�T24UjRjNy- R- RV- /ivT247HQ�ijk- +?mMFbBx24UR- R- RV-
+?mMFivT24MmKTvXM/�``�v=
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 kRXdR
 HQM UHQMV 7HQ�ie9 kykX8
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

�ii`B#mi2b,
+2HHnK2�bm`2b, �`2�, �`2�+2HH�
+2HHnK2i?Q/b, �`2�, iBK2, K2�M
/2b+`BTiBQM, �i bm`7�+2c BM+Hm/2b #Qi? HB[mB/ �M/ bQHB/ T?�b2bX ē
?BbiQ`v, MQM2
BMi2`p�HnQT2`�iBQM, Nyy b
BMi2`p�Hnr`Bi2, j ?
HQM;nM�K2, S`2+BTBi�iBQM
QMHBM2nQT2`�iBQM, �p2`�;2
bi�M/�`/nM�K2, T`2+BTBi�iBQMn7Hmt
mMBib, F; K@k b@R

(jy), O J�F2 K2iTv `2+Q;MBx2 i?2 mMBib
Q�?mnT`nT`QDnbbT838nbmK 4 Q�?mnT`nT`QDnbmKn838XK2iTvX[m�MiB7vUV

O +QMp2`i F;fKkfb2+ iQ BMf/�v

R8



/2MbBivnr�i2` 4 mMBibU^F; f K�j^V  Ryyy
Q�?mnT`nT`QDnbbT838n+QMp2`i2/nBMinbmK 4 UQ�?mnT`nT`QDnbbT838nbmK fɚ
↪→/2MbBivnr�i2`V

Q�?mnT`nT`QDnbbT838n+QMp2`i2/nBMinbmK 4 Q�?mnT`nT`QDnbbT838n+QMp2`i2/nBMinbmKX
↪→K2iTvX+QMp2`inmMBibU^BM+?2b f /�v^V

Q�?mnT`nT`QDnbbT838n+QMp2`i2/nBMinbmK 4 Q�?mnT`nT`QDnbbT838n+QMp2`i2/nBMinbmKX
↪→K2�MU]HQM]VXK2�MU]H�i]V

Q�?mnT`nT`QDnbbT838n+QMp2`i2/nBMinbmK

(jy), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNyV=
IZm�MiBivU/�bFX�``�vIK2�Mn�;;@�;;`2;�i2- b?�T24UjRjNy-V- /ivT247HQ�ijk-
+?mMFbBx24UR-V- +?mMFivT24MmKTvXM/�``�v=- ^BM+? f /�v^V=
*QQ`/BM�i2b,

 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

(kN), O *�bi Qm` t�``�v iQ /�i�7`�K2
Q�?mnT`nT`QDnbbT838n/7 4 Q�?mnT`nT`QDnbbT838n+QMp2`i2/nBMiXiQn/�i�7`�K2UVX
↪→`2b2inBM/2tUV

Q�?mnT`nT`QDnbbT838n/7X?2�/UkyV

(kN), /�vQ7v2�` T`
y kyR8@yR@yR yXyyyjRR
R kyR8@yR@yk yXyyRyeR
k kyR8@yR@yj yXyRNk9y
j kyR8@yR@y9 yXk3N39j
9 kyR8@yR@y8 yXdee3e8
8 kyR8@yR@ye yXRdj38e
e kyR8@yR@yd yXy33e3N
d kyR8@yR@y3 yXy99Ndy
3 kyR8@yR@yN yXykjRN3
N kyR8@yR@Ry yXyRek9y
Ry kyR8@yR@RR yXyy8ydd
RR kyR8@yR@Rk yXkyde93
Rk kyR8@yR@Rj yXkdd93k
Rj kyR8@yR@R9 yXyydyd9
R9 kyR8@yR@R8 yXyRRdNe
R8 kyR8@yR@Re yX93jk9d
Re kyR8@yR@Rd yXyyyyRy
Rd kyR8@yR@R3 yXyyNj9k
R3 kyR8@yR@RN yXyeNyRk
RN kyR8@yR@ky yXyy8y9y

(jR), O *�bi Qm` t�``�v iQ /�i�7`�K2
Q�?mnT`nT`QDnbbT838n/7nbmK 4 Q�?mnT`nT`QDnbbT838n+QMp2`i2/nBMinbmKX
↪→iQn/�i�7`�K2UVX`2b2inBM/2tUV

Q�?mnT`nT`QDnbbT838n/7nbmKX?2�/UkyV

Re



(jR), /�vQ7v2�` T`
y kyR8@yR@yR yXyyk9Ny
R kyR8@yR@yk yXyy393e
k kyR8@yR@yj yXR8jNRd
j kyR8@yR@y9 kXjR3d9j
9 kyR8@yR@y8 eXRj9Nkj
8 kyR8@yR@ye RXjNy38y
e kyR8@yR@yd yXdyN8RR
d kyR8@yR@y3 yXj8NdeR
3 kyR8@yR@yN yXR3883k
N kyR8@yR@Ry yXRkNNkR
Ry kyR8@yR@RR yXy9yeR8
RR kyR8@yR@Rk RXeeRR39
Rk kyR8@yR@Rj kXkRN38d
Rj kyR8@yR@R9 yXy8e83N
R9 kyR8@yR@R8 yXyN9jeN
R8 kyR8@yR@Re jX3e8Nd3
Re kyR8@yR@Rd yXyyyy3R
Rd kyR8@yR@R3 yXyd9djk
R3 kyR8@yR@RN yX88kyN8
RN kyR8@yR@ky yXy9yjkj

(jy), OO iQ 2tTQ`i /7
O Q�?mnT`nT`QDnbbT838n/7XiQn+bpU^Q�?mnbbT838nkyR8nkRyyX+bp^- BM/2t 4 6�Hb2V

(jk), OO iQ 2tTQ`i /7- /�BHv iQi�H bbT838
Q�?mnT`nT`QDnbbT838n/7nbmKXiQn+bpU^Q�?mnbbT838nkyR8nkRyyniQi�HX+bp^- BM/2t 4ɚ
↪→6�Hb2V

RXRXe 1tTHQ`BM; *L_J@1aJk@R- bbTR@kXe S`QD2+iBQM

(jj), OO [m2`iv 7Q` j?`- T`2+BTBi�BQM 7Q` bbT R@kXe 7`QK *L_J@1aJk@R
/7nj?`nbbTRken*L_JnT` 4 /7(U/7Xi�#H2nB/ 44 ^j?`^V � U/7Xp�`B�#H2nB/ 44 ^T`^V �ɚ
↪→U/7X2tT2`BK2MinB/44 ^bbTRke^V � U/7XbQm`+2nB/44 ^*L_J@1aJk@R^V )

H2MU/7nj?`nbbTRken*L_JnT`V
/7nj?`nbbTRken*L_JnT`

(jj), �+iBpBivnB/ BMbiBimiBQMnB/ bQm`+2nB/ 2tT2`BK2MinB/ K2K#2`nB/ $
eNy98 a+2M�`BQJAS *L_J@*1_6�*a *L_J@1aJk@R bbTRke `RBRTR7k

i�#H2nB/ p�`B�#H2nB/ ;`B/nH�#2H $
eNy98 j?` T` ;`

xbiQ`2 /+TTnBMBinv2�` $
eNy98 ;b,ff+KBTef*JASefa+2M�`BQJASf*L_J@*1_6�*af*L_Jē L�L

p2`bBQM

Rd



eNy98 kyRNyjk3

(j9), OO TmHH /�i�
O ;2i i?2 T�i? iQ � bT2+B7B+ x�`` biQ`2 Ui?2 7B`bi QM2 7`QK i?2 /�i�7`�K2 �#Qp2V
xbiQ`29 4 /7nj?`nbbTRken*L_JnT`XxbiQ`2Xp�Hm2b(@R)
T`BMiUxbiQ`29V

O +`2�i2 � Kmi�#H2@K�TTBM;@bivH2 BMi2`7�+2 iQ i?2 biQ`2
K�TT2`9 4 7bbT2+X;2inK�TT2`UxbiQ`29V

O QT2M Bi mbBM; t�``�v �M/ x�``
/bnT`QDnbbTRke 4 t`XQT2Mnx�``UK�TT2`9- +QMbQHB/�i2/4h`m2V
/bnT`QDnbbTRke

;b,ff+KBTef*JASefa+2M�`BQJASf*L_J@*1_6�*af*L_J@
1aJk@RfbbTRkef`RBRTR7kfj?`fT`f;`fpkyRNyjk3f

(j9), It�``�vX.�i�b2i=
.BK2MbBQMb, UH�i, Rk3- HQM, k8e- iBK2, k8Rk33- �tBbnM#QmM/b, kV
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 @33XNj @3dX89 @3eXR9 @39Xd9 ē 3eXR9 3dX89 33XNj
 HQM UHQMV 7HQ�ie9 yXy RX9ye kX3Rk 9XkRN ē j89X9 j88X3 j8dXk j83Xe
 iBK2 UiBK2V /�i2iBK2e9(Mb) kyR8@yR@yRhyR,jy,yy ē kRyy@Rk@jRhkk,ē
iBK2n#QmM/b UiBK2- �tBbnM#QmM/bV /�i2iBK2e9(Mb)

/�bFX�``�vI+?mMFbBx24Uek3kk- RV- K2i�4MTXM/�``�v=
.BK2MbBQMb rBi?Qmi +QQ`/BM�i2b, �tBbnM#QmM/b
.�i� p�`B�#H2b,

T` UiBK2- H�i- HQMV 7HQ�ijk /�bFX�``�vI+?mMFbBx24U99N- Rk3- k8eV-
K2i�4MTXM/�``�v=
�ii`B#mi2b, URkf88V

*JASen*onp2`bBQM, +p4eXkXjXy@d@;kyRNe9k
*QMp2MiBQMb, *6@RXd *JAS@eXk
1sSA., *L_J@1aJk@RnbbTRken`RBRTR7k
�+iBpBivnB/, a+2M�`BQJAS
�`T2;2nKBMQ`np2`bBQM, eXjXk
#`�M+?nK2i?Q/, bi�M/�`/
ē ē
p�`B�#H2nB/, T`
p�`B�MinH�#2H, `RBRTR7k
tBQbn+QKKBi, R99k@b?m77H2
bi�imb, kyRN@RR@yjc+`2�i2/c#v M?Mk!+QHmK#B�X2/m
M2i+/7ni`�+FBM;nB/b, ?/H,kRXR9Ryyfek888yR/@�RNe@9d#8@#2y7@d/eR�e3d2e2Rē
p2`bBQMnB/, pkyRNyjk3

(j8), O �TTHv H�ifHQM K�bFb iQ i?2 7B2H/- i?2M +�H+mH�i2 �p2`�;2b Qp2` i?2 H�i �M/ɚ
↪→HQM /BK2MbBQMb

Q�?mnT`nT`QDnbbTRke4/bnT`QDnbbTRkeXT`Xr?2`2UK�bFnHQM � K�bFnH�i- /`QT 4 h`m2V

R3



OO `2KQp2 iBK2b �bbQ+B�i2/ rBi? H2�T v2�`b U`2KQp2 72# kN 7`QK `2+Q`/bV
Q�?mnT`nT`QDnbbTRke 4 Q�?mnT`nT`QDnbbTRkeXb2HUiBK24�UUQ�?mnT`nT`QDnbbTRkeXiBK2X
↪→/iXKQMi? 44 kV � UQ�?mnT`nT`QDnbbTRkeXiBK2X/iX/�v 44 kNVVV

Q�?mnT`nT`QDnbbTRke

OO ;`QmT #v /�v Q7 v2�` �M/ �p; #v /�v
Q�?mnT`nT`QDnbbTRke(^/�vQ7v2�`^) 4 t`X.�i��``�vUQ�?mnT`nT`QDnbbTRkeX
↪→BM/2t2b(^iBK2^)Xbi`7iBK2U^Wu@WK@W/^V- +QQ`/b4Q�?mnT`nT`QDnbbTRkeXiBK2X+QQ`/bV

Q�?mnT`nT`QDnbbTRken�p; 4 Q�?mnT`nT`QDnbbTRkeX;`QmT#vU^/�vQ7v2�`^VXK2�MU^iBK2^-ɚ
↪→F22Tn�ii`b4h`m2V O`2i�BM �ii`B#mi2b 7Q` K2iTv +QMp2`bBQM BM Mti bi2T

Q�?mnT`nT`QDnbbTRken�p;

(j8), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNy- H�i, R- HQM, RV=
/�bFX�``�vIbi�+F- b?�T24UjRjNy- R- RV- /ivT247HQ�ijk- +?mMFbBx24UR- R- RV-
+?mMFivT24MmKTvXM/�``�v=
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 kRXdR
 HQM UHQMV 7HQ�ie9 kykX8
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

�ii`B#mi2b,
+2HHnK2�bm`2b, �`2�, �`2�+2HH�
+2HHnK2i?Q/b, �`2�, iBK2, K2�M
/2b+`BTiBQM, �i bm`7�+2c BM+Hm/2b #Qi? HB[mB/ �M/ bQHB/ T?�b2bX ē
?BbiQ`v, MQM2
BMi2`p�HnQT2`�iBQM, Nyy b
BMi2`p�Hnr`Bi2, j ?
HQM;nM�K2, S`2+BTBi�iBQM
QMHBM2nQT2`�iBQM, �p2`�;2
bi�M/�`/nM�K2, T`2+BTBi�iBQMn7Hmt
mMBib, F; K@k b@R

(je), OO /�BHv bmK Q7 T`2+BT bbTRke
Q�?mnT`nT`QDnbmKnRke 4 Q�?mnT`nT`QDnbbTRkeX;`QmT#vU^/�vQ7v2�`^VXbmKU^iBK2^-ɚ
↪→F22Tn�ii`b4h`m2V O`2i�BM �ii`B#mi2b 7Q` K2iTv +QMp2`bBQM BM Mti bi2T

Q�?mnT`nT`QDnbmKnRke

(je), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNy- H�i, R- HQM, RV=
/�bFX�``�vIbi�+F- b?�T24UjRjNy- R- RV- /ivT247HQ�ijk- +?mMFbBx24UR- R- RV-
+?mMFivT24MmKTvXM/�``�v=
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 kRXdR
 HQM UHQMV 7HQ�ie9 kykX8
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

�ii`B#mi2b,
+2HHnK2�bm`2b, �`2�, �`2�+2HH�
+2HHnK2i?Q/b, �`2�, iBK2, K2�M

RN



/2b+`BTiBQM, �i bm`7�+2c BM+Hm/2b #Qi? HB[mB/ �M/ bQHB/ T?�b2bX ē
?BbiQ`v, MQM2
BMi2`p�HnQT2`�iBQM, Nyy b
BMi2`p�Hnr`Bi2, j ?
HQM;nM�K2, S`2+BTBi�iBQM
QMHBM2nQT2`�iBQM, �p2`�;2
bi�M/�`/nM�K2, T`2+BTBi�iBQMn7Hmt
mMBib, F; K@k b@R

(jd), O J�F2 K2iTv `2+Q;MBx2 i?2 mMBib
Q�?mnT`nT`QDnbbTRkenbmK 4 Q�?mnT`nT`QDnbmKnRkeXK2iTvX[m�MiB7vUV

O +QMp2`i F;fKkfb2+ iQ BMf/�v
/2MbBivnr�i2` 4 mMBibU^F; f K�j^V  Ryyy
Q�?mnT`nT`QDnbbTRken+QMp2`i2/nBMinbmK 4 UQ�?mnT`nT`QDnbbTRkenbmK fɚ
↪→/2MbBivnr�i2`V

Q�?mnT`nT`QDnbbTRken+QMp2`i2/nBMinbmK 4 Q�?mnT`nT`QDnbbTRken+QMp2`i2/nBMinbmKX
↪→K2iTvX+QMp2`inmMBibU^BM+?2b f /�v^V

Q�?mnT`nT`QDnbbTRken+QMp2`i2/nBMinbmK 4 Q�?mnT`nT`QDnbbTRken+QMp2`i2/nBMinbmKX
↪→K2�MU]HQM]VXK2�MU]H�i]V

Q�?mnT`nT`QDnbbTRken+QMp2`i2/nBMinbmK

(jd), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, jRjNyV=
IZm�MiBivU/�bFX�``�vIK2�Mn�;;@�;;`2;�i2- b?�T24UjRjNy-V- /ivT247HQ�ijk-
+?mMFbBx24UR-V- +?mMFivT24MmKTvXM/�``�v=- ^BM+? f /�v^V=
*QQ`/BM�i2b,

 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^kyR8@yR@yR^ ^kyR8@yR@yk^ ē ^kRyy@Rk@jR^

(R9), O *�bi Qm` t�``�v iQ /�i�7`�K2 @@ /�BHv �p2`�;2
Q�?mnT`nT`QDnbbTRken/7 4 Q�?mnT`nT`QDnbbTRken+QMp2`i2/nBMiXiQn/�i�7`�K2UVX
↪→`2b2inBM/2tUV

Q�?mnT`nT`QDnbbTRken/7X?2�/UkyV

(R9), /�vQ7v2�` T`
y kyR8@yR@yR yXyyR8y9
R kyR8@yR@yk yXyyR8dk
k kyR8@yR@yj yXyR8kke
j kyR8@yR@y9 yXkNeNRN
9 kyR8@yR@y8 yXdekjy8
8 kyR8@yR@ye yXRj8Rd3
e kyR8@yR@yd yXR8yN38
d kyR8@yR@y3 yXyk3j3k
3 kyR8@yR@yN yXyReR3R
N kyR8@yR@Ry yXyRRR9R
Ry kyR8@yR@RR yXyyRdRN
RR kyR8@yR@Rk yXR8e9jN
Rk kyR8@yR@Rj yX8jjk8e

ky



Rj kyR8@yR@R9 yXykN398
R9 kyR8@yR@R8 yXyykdeR
R8 kyR8@yR@Re RXd9dkk3
Re kyR8@yR@Rd yXyyyjNR
Rd kyR8@yR@R3 yXyNkj9e
R3 kyR8@yR@RN yXyyRdje
RN kyR8@yR@ky yXyyyed3

(j3), O *�bi Qm` t�``�v iQ /�i�7`�K2 @@ /�BHv bmK
Q�?mnT`nT`QDnbbTRken/7nbmK 4 Q�?mnT`nT`QDnbbTRken+QMp2`i2/nBMinbmKX
↪→iQn/�i�7`�K2UVX`2b2inBM/2tUV

Q�?mnT`nT`QDnbbTRken/7nbmKX?2�/UkyV

(j3), /�vQ7v2�` T`
y kyR8@yR@yR yXyRkyjk
R kyR8@yR@yk yXyRk8dN
k kyR8@yR@yj yXRkR3yN
j kyR8@yR@y9 kXjd8j8R
9 kyR8@yR@y8 eXyN399R
8 kyR8@yR@ye RXy3R9kj
e kyR8@yR@yd RXkyd3d3
d kyR8@yR@y3 yXkkdy8d
3 kyR8@yR@yN yXRkN993
N kyR8@yR@Ry yXy3NRjy
Ry kyR8@yR@RR yXyRjd9N
RR kyR8@yR@Rk RXk8R8Re
Rk kyR8@yR@Rj 9Xkeey8R
Rj kyR8@yR@R9 yXkj3d8d
R9 kyR8@yR@R8 yXykky3e
R8 kyR8@yR@Re RjXNdd3k9
Re kyR8@yR@Rd yXyyjRjR
Rd kyR8@yR@R3 yXdj3de8
R3 kyR8@yR@RN yXyRj3Ny
RN kyR8@yR@ky yXyy89ke

(R8), OO iQ 2tTQ`i /7
OQ�?mnT`nT`QDnbbTRken/7XiQn+bpU^Q�?mnbbTRkenkyR8nkRyyX+bp^- BM/2t 4 6�Hb2V

(jN), OO iQ 2tTQ`i /7- /�BHv iQi�H bbTR@kXe S`QD2+iBQM
Q�?mnT`nT`QDnbbTRken/7nbmKXiQn+bpU^Q�?mnbbTRkenkyR8nkRyyniQi�HX+bp^- BM/2t 4ɚ
↪→6�Hb2V

kR



RXRXd 1tTHQ`BM; *L_J@1aJk@R- ?BbiQ`B+�H

(9k), OO [m2`iv 7Q` j?`- T`2+BTBi�BQM 7Q` ?BbiQ`B+�H 7`QK *L_J@1aJk@R
/7nj?`n?BbiQ`B+�Hn*L_JnT` 4 /7(U/7Xi�#H2nB/ 44 ^j?`^V � U/7Xp�`B�#H2nB/ 44ɚ
↪→^T`^V � U/7X2tT2`BK2MinB/44 ^?BbiQ`B+�H^V � U/7XbQm`+2nB/44 ^*L_J@1aJk@R^V )

H2MU/7nj?`n?BbiQ`B+�Hn*L_JnT`V
/7nj?`n?BbiQ`B+�Hn*L_JnT`

(9k), �+iBpBivnB/ BMbiBimiBQMnB/ bQm`+2nB/ 2tT2`BK2MinB/ K2K#2`nB/ $
99yej *JAS *L_J@*1_6�*a *L_J@1aJk@R ?BbiQ`B+�H `RBRTR7k

i�#H2nB/ p�`B�#H2nB/ ;`B/nH�#2H $
99yej j?` T` ;`

xbiQ`2 /+TTnBMBinv2�` $
99yej ;b,ff+KBTef*JASef*JASf*L_J@*1_6�*af*L_J@1aJk@Rē L�L

p2`bBQM
99yej kyR3Rkye

(9j), OO TmHH /�i�
O ;2i i?2 T�i? iQ � bT2+B7B+ x�`` biQ`2 Ui?2 7B`bi QM2 7`QK i?2 /�i�7`�K2 �#Qp2V
xbiQ`28 4 /7nj?`n?BbiQ`B+�Hn*L_JnT`XxbiQ`2Xp�Hm2b(@R)
T`BMiUxbiQ`28V

O +`2�i2 � Kmi�#H2@K�TTBM;@bivH2 BMi2`7�+2 iQ i?2 biQ`2
K�TT2`8 4 7bbT2+X;2inK�TT2`UxbiQ`28V

O QT2M Bi mbBM; t�``�v �M/ x�``
/bnT`QDn?BbiQ`B+�H 4 t`XQT2Mnx�``UK�TT2`8- +QMbQHB/�i2/4h`m2V
/bnT`QDn?BbiQ`B+�H

;b,ff+KBTef*JASef*JASf*L_J@*1_6�*af*L_J@
1aJk@Rf?BbiQ`B+�Hf`RBRTR7kfj?`fT`f;`fpkyR3Rkyef

(9j), It�``�vX.�i�b2i=
.BK2MbBQMb, UH�i, Rk3- HQM, k8e- iBK2, 93kRky- �tBbnM#QmM/b, kV
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 @33XNj @3dX89 @3eXR9 @39Xd9 ē 3eXR9 3dX89 33XNj
 HQM UHQMV 7HQ�ie9 yXy RX9ye kX3Rk 9XkRN ē j89X9 j88X3 j8dXk j83Xe
 iBK2 UiBK2V /�i2iBK2e9(Mb) R38y@yR@yRhyR,jy,yy ē kyR9@Rk@jRhkk,ē
iBK2n#QmM/b UiBK2- �tBbnM#QmM/bV /�i2iBK2e9(Mb)

/�bFX�``�vI+?mMFbBx24Ueyke8- RV- K2i�4MTXM/�``�v=
.BK2MbBQMb rBi?Qmi +QQ`/BM�i2b, �tBbnM#QmM/b
.�i� p�`B�#H2b,

T` UiBK2- H�i- HQMV 7HQ�ijk /�bFX�``�vI+?mMFbBx24Ueyy- Rk3- k8eV-
K2i�4MTXM/�``�v=
�ii`B#mi2b, URkf88V

kk



*JASen*onp2`bBQM, +p4eXkXjXy@d@;kyRNe9k
*QMp2MiBQMb, *6@RXd *JAS@eXk
1sSA., *L_J@1aJk@Rn?BbiQ`B+�Hn`RBRTR7knpk
�+iBpBivnB/, *JAS
�`T2;2nKBMQ`np2`bBQM, eXjXk
#`�M+?nK2i?Q/, bi�M/�`/
ē ē
p�`B�#H2nB/, T`
p�`B�MinH�#2H, `RBRTR7k
tBQbn+QKKBi, R99k@b?m77H2
bi�imb, kyRN@Ry@k8c+`2�i2/c#v M?Mk!+QHmK#B�X2/m
M2i+/7ni`�+FBM;nB/b, ?/H,kRXR9Ryyf7R28+Ry7@+3N8@9e#R@�ddR@y82jj+dN9d#eē
p2`bBQMnB/, pkyR3Rkye

(99), O �TTHv H�ifHQM K�bFb iQ i?2 7B2H/- i?2M +�H+mH�i2 �p2`�;2b Qp2` i?2 H�i �M/ɚ
↪→HQM /BK2MbBQMb

Q�?mnT`nT`QDn?BbiQ`B+�H4/bnT`QDn?BbiQ`B+�HXT`Xr?2`2UK�bFnHQM � K�bFnH�i- /`QT 4ɚ
↪→h`m2V

OO `2KQp2 iBK2b �bbQ+B�i2/ rBi? H2�T v2�`b U`2KQp2 72# kN 7`QK `2+Q`/bV
Q�?mnT`nT`QDn?BbiQ`B+�H 4 Q�?mnT`nT`QDn?BbiQ`B+�HX
↪→b2HUiBK24�UUQ�?mnT`nT`QDn?BbiQ`B+�HXiBK2X/iXKQMi? 44 kV �ɚ
↪→UQ�?mnT`nT`QDn?BbiQ`B+�HXiBK2X/iX/�v 44 kNVVV

Q�?mnT`nT`QDn?BbiQ`B+�H

OO ;`QmT #v /�v Q7 v2�` �M/ �p; #v /�v
Q�?mnT`nT`QDn?BbiQ`B+�H(^/�vQ7v2�`^) 4 t`X.�i��``�vUQ�?mnT`nT`QDn?BbiQ`B+�HX
↪→BM/2t2b(^iBK2^)Xbi`7iBK2U^Wu@WK@W/^V- +QQ`/b4Q�?mnT`nT`QDn?BbiQ`B+�HXiBK2X
↪→+QQ`/bV

Q�?mnT`nT`QDn?BbiQ`B+�Hn�p; 4 Q�?mnT`nT`QDn?BbiQ`B+�HX;`QmT#vU^/�vQ7v2�`^VX
↪→K2�MU^iBK2^- F22Tn�ii`b4h`m2V O`2i�BM �ii`B#mi2b 7Q` K2iTv +QMp2`bBQM BM Mtiɚ
↪→bi2T

Q�?mnT`nT`QDn?BbiQ`B+�Hn�p;

(99), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, eykk8- H�i, R- HQM, RV=
/�bFX�``�vIbi�+F- b?�T24Ueykk8- R- RV- /ivT247HQ�ijk- +?mMFbBx24UR- R- RV-
+?mMFivT24MmKTvXM/�``�v=
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 kRXdR
 HQM UHQMV 7HQ�ie9 kykX8
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^R38y@yR@yR^ ^R38y@yR@yk^ ē ^kyR9@Rk@jR^

�ii`B#mi2b,
+2HHnK2�bm`2b, �`2�, �`2�+2HH�
+2HHnK2i?Q/b, �`2�, iBK2, K2�M
/2b+`BTiBQM, �i bm`7�+2c BM+Hm/2b #Qi? HB[mB/ �M/ bQHB/ T?�b2bX ē
?BbiQ`v, MQM2
BMi2`p�HnQT2`�iBQM, Nyy b

kj



BMi2`p�Hnr`Bi2, j ?
HQM;nM�K2, S`2+BTBi�iBQM
QMHBM2nQT2`�iBQM, �p2`�;2
bi�M/�`/nM�K2, T`2+BTBi�iBQMn7Hmt
mMBib, F; K@k b@R

(98), OO /�BHv bmK Q7 T`2+BT ?BbiQ`B+�H
Q�?mnT`nT`QDnbmKn?BbiQ`B+�H 4 Q�?mnT`nT`QDn?BbiQ`B+�HX;`QmT#vU^/�vQ7v2�`^VX
↪→bmKU^iBK2^- F22Tn�ii`b4h`m2V O`2i�BM �ii`B#mi2b 7Q` K2iTv +QMp2`bBQM BM Mtiɚ
↪→bi2T

Q�?mnT`nT`QDnbmKn?BbiQ`B+�H

(98), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, eykk8- H�i, R- HQM, RV=
/�bFX�``�vIbi�+F- b?�T24Ueykk8- R- RV- /ivT247HQ�ijk- +?mMFbBx24UR- R- RV-
+?mMFivT24MmKTvXM/�``�v=
*QQ`/BM�i2b,

 H�i UH�iV 7HQ�ie9 kRXdR
 HQM UHQMV 7HQ�ie9 kykX8
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^R38y@yR@yR^ ^R38y@yR@yk^ ē ^kyR9@Rk@jR^

�ii`B#mi2b,
+2HHnK2�bm`2b, �`2�, �`2�+2HH�
+2HHnK2i?Q/b, �`2�, iBK2, K2�M
/2b+`BTiBQM, �i bm`7�+2c BM+Hm/2b #Qi? HB[mB/ �M/ bQHB/ T?�b2bX ē
?BbiQ`v, MQM2
BMi2`p�HnQT2`�iBQM, Nyy b
BMi2`p�Hnr`Bi2, j ?
HQM;nM�K2, S`2+BTBi�iBQM
QMHBM2nQT2`�iBQM, �p2`�;2
bi�M/�`/nM�K2, T`2+BTBi�iBQMn7Hmt
mMBib, F; K@k b@R

(9d), O J�F2 K2iTv `2+Q;MBx2 i?2 mMBib
Q�?mnT`nT`QDn?BbiQ`B+�HnbmK 4 Q�?mnT`nT`QDnbmKn?BbiQ`B+�HXK2iTvX[m�MiB7vUV

O +QMp2`i F;fKkfb2+ iQ BMf/�v
/2MbBivnr�i2` 4 mMBibU^F; f K�j^V  Ryyy
Q�?mnT`nT`QDn?BbiQ`B+�Hn+QMp2`i2/nBMinbmK 4 UQ�?mnT`nT`QDn?BbiQ`B+�HnbmK fɚ
↪→/2MbBivnr�i2`V

Q�?mnT`nT`QDn?BbiQ`B+�Hn+QMp2`i2/nBMinbmK 4ɚ
↪→Q�?mnT`nT`QDn?BbiQ`B+�Hn+QMp2`i2/nBMinbmKXK2iTvX+QMp2`inmMBibU^BM+?2b f /�v^V

Q�?mnT`nT`QDn?BbiQ`B+�Hn+QMp2`i2/nBMinbmK 4ɚ
↪→Q�?mnT`nT`QDn?BbiQ`B+�Hn+QMp2`i2/nBMinbmKXK2�MU]HQM]VXK2�MU]H�i]V

Q�?mnT`nT`QDn?BbiQ`B+�Hn+QMp2`i2/nBMinbmK

(9d), It�``�vX.�i��``�v ^T`^ U/�vQ7v2�`, eykk8V=
IZm�MiBivU/�bFX�``�vIK2�Mn�;;@�;;`2;�i2- b?�T24Ueykk8-V- /ivT247HQ�ijk-
+?mMFbBx24UR-V- +?mMFivT24MmKTvXM/�``�v=- ^BM+? f /�v^V=

k9



*QQ`/BM�i2b,
 /�vQ7v2�` U/�vQ7v2�`V Q#D2+i ^R38y@yR@yR^ ^R38y@yR@yk^ ē ^kyR9@Rk@jR^

(kk), O *�bi Qm` t�``�v iQ /�i�7`�K2 @@ /�BHv �p;
Q�?mnT`nT`QDn?BbiQ`B+�Hn/7 4 Q�?mnT`nT`QDn?BbiQ`B+�Hn+QMp2`i2/nBMiX
↪→iQn/�i�7`�K2UVX`2b2inBM/2tUV

Q�?mnT`nT`QDn?BbiQ`B+�Hn/7X?2�/UkyV

(kk), /�vQ7v2�` T`
y R38y@yR@yR dX9jRRd92@y9
R R38y@yR@yk 8XN8yee92@yk
k R38y@yR@yj jXRkNR3y2@yR
j R38y@yR@y9 9XkN9N332@y9
9 R38y@yR@y8 RXj39kR82@yj
8 R38y@yR@ye 9XNd8NR32@yj
e R38y@yR@yd NX9ye8yy2@y8
d R38y@yR@y3 NXj3yR9y2@kj
3 R38y@yR@yN kXykkjye2@y8
N R38y@yR@Ry kXRNN3j32@kk
Ry R38y@yR@RR 8X3yRNe92@y9
RR R38y@yR@Rk RXyeRkye2@yR
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Graphs of Climate Change SWMM Results
This is code to analyze the climate change scaled results from SWMM and create figures

Elmera Azadpour

1/24/2022

NOTE: Figures will be be hidden from knitted markdown.

Analysis of simulated vs observed runo�
#Graph observed vs simulated runoff for Max Multiplicative Change Factor (MCF)

observed<- read.csv(here("climate_change_data","SWMM_results", "Mar14_observed.csv"))

simulated_max_march14 <- read.csv(here("climate_change_data","SWMM_results", "MCF_max_Mar14_simulated.csv"))

simulated_min_march14 <- read.csv(here("climate_change_data","SWMM_results", "MCF_min_Mar14_simulated.csv"))

# merge MCF max with observed

discharge_MCF_max<- merge(observed, simulated_max_march14, by = "time_step")

#merge MCF min with observed

discharge_MCF_min<- merge(observed, simulated_min_march14, by = "time_step")

summary(discharge_MCF_max)

graph_max<- ggplot(discharge_MCF_max, aes(x=discharge_obs_cfs, simulated_flow_cfs))+

geom_point()

graph_max

graph_min<- ggplot(discharge_MCF_min, aes(x=discharge_obs_cfs, simulated_flow_cfs))+

geom_point()

graph_min

calibrate_graph_max<- discharge_MCF_max %>%

ggplot()+

geom_line(aes(x=time_step, y=discharge_obs_cfs), color="#000000", size = 2.5)+

geom_line(aes(x=time_step, y=simulated_flow_cfs), color= "#009E73", size = 2.5)+

theme_classic()+

labs(x="Time (hours)", y="Discharge (cfs)")+

scale_y_continuous(limits= c(0,850), breaks= seq(0,850, by= 100),expand= c(0,0))+

scale_x_continuous(limits= c(0,12), breaks= seq(0,12, by= 2),expand= c(0,0))+

annotate("text", label= "Observed", x=10.5, y=85, size=8)+

annotate("text", label= "Simulated", x=10.5, y=300, size=8) +

theme(text = element_text(size=22))
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calibrate_graph_max

calibrate_graph_min<- discharge_MCF_min %>%

ggplot()+

geom_line(aes(x=time_step, y=discharge_obs_cfs), color="#000000", size =2.5) +

geom_line(aes(x=time_step, y=simulated_flow_cfs), color= "#009E73", size =2.5)+

theme_classic()+

labs(x="Time (hours)", y="Discharge (cfs)")+

scale_y_continuous(limits= c(0,400), breaks= seq(0,350, by= 50),expand= c(0,0))+

scale_x_continuous(limits= c(0,12), breaks= seq(0,12, by= 2),expand= c(0,0))+

annotate("text", label= "Simulated", x=10.5, y=45, size=8)+

annotate("text", label= "Observed", x=10.5, y=185, size=8) +

theme(text = element_text(size=22))

calibrate_graph_min

# save graphs

# ggsave(�discharge_mar14_max_MCF.png�, calibrate_graph_max, width = 16, height = 9, units = "in")

# ggsave(�discharge_mar14_min_MCF.png�, calibrate_graph_min, width = 16, height = 9, units = "in")

## combine all three lines onto one graph for easabilty
calibrate_graph <- ggplot()+

geom_line(data = discharge_MCF_min, aes(x=time_step, y=discharge_obs_cfs), color="#000000", size =2.5) +

geom_line(data= discharge_MCF_min, aes(x=time_step, y=simulated_flow_cfs), color= "#009E73", size =2.5)+

geom_line(data= discharge_MCF_max, aes(x=time_step, y=simulated_flow_cfs), color= "#D55E00", size = 2.5) +

theme_classic()+

labs(x="Time (hours)", y="Discharge (cfs)")+

scale_y_continuous(limits= c(0,850), breaks= seq(0,850, by= 100),expand= c(0,0))+

scale_x_continuous(limits= c(0,12), breaks= seq(0,12, by= 2),expand= c(0,0))+

annotate("text", label= "Observed", x=10.5, y=200, size=8)+

annotate("text", label= "Max MCF Simulated", x=10.5, y=655, size=8) +

annotate("text", label= "Min MCF Simulated", x=10.5, y=55, size=8) +

theme(text = element_text(size=22))

calibrate_graph

# ggsave(�discharge_mar14_MCF.png�, calibrate_graph, width = 16, height = 9, units = "in")

Analysis of MCF max storm results

subcatch_max_mcf<- read_csv("subcatchments_all.csv") %>%

mutate(subcatchment= OBJECTID_1) %>%

select(subcatchment, Curve_Number, Slope, percent_imp, Area_sqft)

swm_results_max_mcf<-read_csv("Wailupe_MCF_Max_Mar14.csv")

#Characterize results by urbanization level

results_max_mcf<- merge(subcatch_max_mcf, swm_results_max_mcf, by = "subcatchment") %>%

mutate(runoff_normalized=

total_runoff_in/Area_sqft) %>%
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mutate(Urbanization_level=

case_when(

percent_imp <15 |percent_imp == 15 ~ "Natural (less than 15 % Impervious)",

percent_imp >15 & percent_imp <45 ~ "Urbanized (Between 15 and 45 % Impervious)",

percent_imp >44.9999 ~ "Very urbanized (More than 45 % Impervious)"

)

)

write.csv(results_max_mcf, file = "results_max_mcf.csv") ##Export as .csv for use with graph maps

## normalize peak discharge (cfs) for max MCF by dividing by subcatchment area
results_max_mcf_normalized <- results_max_mcf %>%

mutate(peak_runoff_cfs_norm = peak_runoff_cfs/Area_sqft)

results_maxmcf_peakflow_table <- results_max_mcf %>%

select(subcatchment, peak_runoff_cfs, Curve_Number, Slope, percent_imp, Area_sqft) %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

arrange(desc(peak_runoff_cfs)) %>%

top_n(20,peak_runoff_cfs) %>%

kable(col.names=c("Subcatchment","Peak Runoff (cfs), Max MCF",

"Curve Number", "Slope",

"Percent Impervious", "Area (sqft)")) %>%

kable_styling(bootstrap_options = "striped")

results_maxmcf_peakflow_table

results_maxmcf_peakflow_table_normalized <- results_max_mcf_normalized %>%

select(subcatchment, peak_runoff_cfs, Curve_Number, Slope, percent_imp, Area_sqft,peak_runoff_cfs_norm ) %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

arrange(desc(peak_runoff_cfs_norm)) %>%

top_n(20,peak_runoff_cfs_norm) %>%

kable(col.names=c("Subcatchment","Peak Runoff (cfs), Max MCF",

"Curve Number", "Slope",

"Percent Impervious", "Area (sqft)", "Normalized Peak Runoff (cfs/sqft)")) %>%

kable_styling(bootstrap_options = "striped")

results_maxmcf_peakflow_table_normalized

results_maxmcf_runoffcoef_table <- results_max_mcf %>%

select(subcatchment, runoff_coeff, Curve_Number, Slope, percent_imp, Area_sqft) %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

arrange(desc(runoff_coeff)) %>%

top_n(20,runoff_coeff) %>%

kable(col.names=c("Subcatchment","Runoff Coefficient, Max MCF",

"Curve Number", "Slope",

"Percent Impervious", "Area (sqft)")) %>%

kable_styling(bootstrap_options = "striped")

results_maxmcf_runoffcoef_table

#Perform a linear regression for the SWMM max MCF storm results

results_max_mcf_regression<- lm(total_runoff_in ~Curve_Number + Slope + percent_imp +

Area_sqft, data = results_max_mcf)
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#Graph the relationship bw simulated runoff and impervious cover by urbanization level

runoff_imp_graph_max_mcf<- results_max_mcf %>%

ggplot(aes(x=percent_imp, y=total_runoff_in))+

geom_point(aes(color=Urbanization_level))+

labs(x= "Percent Impervious of Subcatchment", y= "Total Simulated Runoff (inches)")+

scale_y_continuous(limits= c(0,8), breaks= seq(0,8, by= 1),expand= c(0,0.08))+

scale_x_continuous(limits= c(0,80), breaks= seq(0,80, by= 10),expand= c(0,0))+

scale_color_manual(name= "Urbanization Level", values= c("darkgreen", "darkseagreen",

"darkgoldenrod1"))+

theme_classic()

runoff_imp_graph_max_mcf

#Save runoff vs. impervious graph

# ggsave("runoff_imp_max_mcf.pdf", width = 8, height =4)

# ggsave("runoff_imp_max_mcf.png", width = 8, height =4)

#Create a table for the regression results for max mcf storm

regress_table_max_mcf<- stargazer(results_max_mcf_regression, type ="html", digits= 2,

dep.var.labels = "Total Runoff (Inches)",

covariate.labels = c("Curve Number", "Slope", "Percent Impervious",

"Area (sqft)", "Y-Intercept"),

omit.stat = c("rsq"))

regress_table_max_mcf

Analysis of MCF min storm results

subcatch_min_mcf<- read_csv("subcatchments_all.csv") %>%

mutate(subcatchment= OBJECTID_1) %>%

select(subcatchment, Curve_Number, Slope, percent_imp, Area_sqft)

swm_results_min_mcf<-read_csv("Wailupe_MCF_Min_Mar14.csv")

#Characterize results by urbanization level

results_min_mcf<- merge(subcatch_min_mcf, swm_results_min_mcf, by = "subcatchment") %>%

mutate(runoff_normalized=

total_runoff_in/Area_sqft) %>%

mutate(Urbanization_level=

case_when(

percent_imp <15 |percent_imp == 15 ~ "Natural (less than 15 % Impervious)",

percent_imp >15 & percent_imp <45 ~ "Urbanized (Between 15 and 45 % Impervious)",

percent_imp >44.9999 ~ "Very urbanized (More than 45 % Impervious)"

)

)

write.csv(results_min_mcf, file = "results_min_mcf.csv") ##Export as .csv for use with graph maps

## normalize peak discharge (cfs) for min MCF by dividing by subcatchment area
results_min_mcf_normalized <- results_min_mcf %>%

mutate(peak_runoff_cfs_norm = peak_runoff_cfs/Area_sqft)

results_minmcf_peakflow_table <- results_min_mcf %>%
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select(subcatchment, peak_runoff_cfs, Curve_Number, Slope, percent_imp, Area_sqft) %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

arrange(desc(peak_runoff_cfs)) %>%

top_n(20,peak_runoff_cfs) %>%

kable(col.names=c("Subcatchment","Peak Runoff (cfs), Min MCF",

"Curve Number", "Slope",

"Percent Impervious", "Area (sqft)")) %>%

kable_styling(bootstrap_options = "striped")

results_minmcf_peakflow_table

results_minmcf_peakflow_normalized_table <- results_min_mcf_normalized %>%

select(subcatchment, peak_runoff_cfs, Curve_Number, Slope, percent_imp, Area_sqft,peak_runoff_cfs_norm ) %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

arrange(desc(peak_runoff_cfs_norm)) %>%

top_n(20,peak_runoff_cfs_norm) %>%

kable(col.names=c("Subcatchment","Peak Runoff (cfs), Min MCF",

"Curve Number", "Slope",

"Percent Impervious", "Area (sqft)", "Normalized Peak Runoff (cfs/sqft)")) %>%

kable_styling(bootstrap_options = "striped")

results_minmcf_peakflow_normalized_table

results_minmcf_runoffcoef_table <- results_min_mcf %>%

select(subcatchment, runoff_coeff, Curve_Number, Slope, percent_imp, Area_sqft) %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

arrange(desc(runoff_coeff)) %>%

top_n(20,runoff_coeff) %>%

kable(col.names=c("Subcatchment","Runoff Coefficient, Min MCF",

"Curve Number", "Slope",

"Percent Impervious", "Area (sqft)")) %>%

kable_styling(bootstrap_options = "striped")

results_minmcf_runoffcoef_table

#Perform a linear regression for the SWMM max MCF storm results

results_min_mcf_regression<- lm(total_runoff_in ~Curve_Number + Slope + percent_imp +

Area_sqft, data = results_min_mcf)

#Graph the relationship bw simulated runoff and impervious cover by urbanization level

runoff_imp_graph_min_mcf<- results_min_mcf %>%

ggplot(aes(x=percent_imp, y=total_runoff_in))+

geom_point(aes(color=Urbanization_level))+

labs(x= "Percent Impervious of Subcatchment", y= "Total Simulated Runoff (inches)")+

scale_y_continuous(limits= c(0,7), breaks= seq(0,7, by= 1),expand= c(0,0.08))+

scale_x_continuous(limits= c(0,80), breaks= seq(0,80, by= 10),expand= c(0,0))+

scale_color_manual(name= "Urbanization Level", values= c("darkgreen", "darkseagreen",

"darkgoldenrod1"))+

theme_classic()

runoff_imp_graph_min_mcf
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#Save runoff vs. impervious graph

# ggsave("runoff_imp_min_mcf.pdf", width = 8, height =4)

# ggsave("runoff_imp_min_mcf.png", width = 8, height =4)

#Create a table for the regression results

regress_table_min_mcf<- stargazer(results_min_mcf_regression, type ="html", digits= 2,

dep.var.labels = "Total Runoff (Inches)",

covariate.labels = c("Curve Number", "Slope", "Percent Impervious",

"Area (sqft)", "Y-Intercept"),

omit.stat = c("rsq"))

regress_table_min_mcf

Maps of SWMM Results
Maps for MCF max storm hotspots

results_max_mcf<- read_csv("results_max_mcf.csv") ##read in file from code above

#Combine subcatchments outline with wet storm results

subcatch_max <- read_sf(dsn = here("climate_change_data", "SWMM_results","shapefiles"), layer = "subcatch_outline") %>%

st_transform(st_crs(4326)) %>%

clean_names() %>%

select(subcatchment = objectid_1) %>%

merge(results_max_mcf) %>%

filter(subcatchment != "5")

# Total volume hotspots

hotspots_max_mcf_total <- tm_basemap("OpenStreetMap.Mapnik") +

tm_shape(subcatch_max, unit = "Miles") +

tm_polygons("runoff_coeff", alpha = 0.8, palette = "Blues", style = "cont", n=8,

legend.hist = TRUE, title = "Runoff Coefficient") +

tm_layout(title = "March 2009 Max MCF storm", inner.margins=c(.05, .05, 0.1, .53),

legend.position = c(.6,.32), legend.title.size = 1.4, legend.text.size = 1) +

tm_text("subcatchment", size = 0.3) +

tm_scale_bar(position = c(.6,.59), breaks = c(0, 0.2, 0.4, 0.6, 0.8,1)) +

tm_compass(position = c(.58,.52))

# tmap_save(hotspots_max_mcf_total, here("climate_change_data", "output_maps","hotspots_mcf_max.png")) ## not exporting

# Peak flow hotspots

hotspots_max_mcf_peak <- tm_basemap("OpenStreetMap.Mapnik") +

tm_shape(subcatch_max, unit = "Miles") +

tm_polygons("peak_runoff_cfs", alpha = 0.75, palette = "Greens", style = "cont", n=8,

legend.hist = TRUE, title = "Peak Discharge (cfs)") +

tm_layout(title = "March 2009 Max MCF storm", inner.margins=c(.05, .05, 0.1, .53),

legend.position = c(.6,.27), legend.title.size = 1.4, legend.text.size = 1) +

tm_text("subcatchment", size = 0.3) +

tm_scale_bar(position = c(.6,.54), breaks = c(0, 0.2, 0.4, 0.6, 0.8,1)) +

tm_compass(position = c(.58,.47))

#tmap_save(hotspots_max_mcf_peak, here("climate_change_data", "output_maps","hotspots_max_mcf_peak.png"))

subcatch_max_peak <- subcatch_max %>%
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filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

ggplot() +

geom_sf(aes(fill = peak_runoff_cfs)) +

theme_bw() +

scale_fill_gradient(low = "#D1F2EB", high = "#148F77", name = "Peak Discharge (cfs)",

breaks = c(0, 25, 50, 75, 100 )) +

labs(title = "Max MCF") +

geom_sf_text(aes(label = subcatchment), colour = "black", fontface = "bold", size = 1.8) +

# geom_sf_label(aes(label = subcatchment), size = 1.5) +

theme(axis.title.x = element_blank(),

axis.title.y = element_blank()) +

theme(axis.text.x = element_text(angle = 90))+

theme(axis.text.x = element_blank(),

axis.text.y = element_blank(),

axis.ticks = element_blank(),

rect = element_blank(),

panel.border=element_blank()) +

theme_void() # for faculty presentation, remove lines and axis elements

subcatch_max_peak

# ggsave(�subcatch_max_peak_removedsubs_themevoid.png�, subcatch_max_peak, width = 5, height = 7, units = "in")

subcatch_max_total <- subcatch_max %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

ggplot() +

geom_sf(aes(fill = runoff_coeff)) +

theme_bw() +

scale_fill_gradient(low = "#D6EAF8", high = "#2874A6", name = "Runoff Coefficient",

breaks = c(0, 0.2, 0.4, 0.6, 0.8, 1.0),

limits = c(0,1.0)) +

labs(title = "Max MCF") +

geom_sf_text(aes(label = subcatchment), colour = "black", fontface = "bold", size = 1.8) +

# geom_sf_label(aes(label = subcatchment), size = 1.5) +

theme(axis.title.x = element_blank(),

axis.title.y = element_blank()) +

theme(axis.text.x = element_text(angle = 90)) +

theme(axis.text.x = element_blank(),

axis.text.y = element_blank(),

axis.ticks = element_blank(),

rect = element_blank(),

panel.border=element_blank()) +

theme_void()

subcatch_max_total

# ggsave(�subcatch_max_total.png�, subcatch_max_total, width = 5, height = 7, units = "in")

Maps for MCF min storm hotspots

results_min_mcf<- read_csv("results_min_mcf.csv") ##read in file from code above

#Combine subcatchments outline with wet storm results

7



subcatch_min <- read_sf(dsn = here("climate_change_data", "SWMM_results","shapefiles"), layer = "subcatch_outline") %>%

st_transform(st_crs(4326)) %>%

clean_names() %>%

select(subcatchment = objectid_1) %>%

merge(results_min_mcf) %>%

filter(subcatchment != "5")

# Total volume hotspots

hotspots_min_mcf_total <- tm_basemap("OpenStreetMap.Mapnik") +

tm_shape(subcatch_min, unit = "Miles") +

tm_polygons("runoff_coeff", alpha = 0.8, palette = "Blues", style = "cont", n=8,

legend.hist = TRUE, title = "Runoff Coefficient") +

tm_layout(title = "March 2009 Min MCF storm", inner.margins=c(.05, .05, 0.1, .53),

legend.position = c(.6,.32), legend.title.size = 1.4, legend.text.size = 1) +

tm_text("subcatchment", size = 0.3) +

tm_scale_bar(position = c(.6,.59), breaks = c(0, 0.2, 0.4, 0.6, 0.8,1)) +

tm_compass(position = c(.58,.52))

##tmap_save(hotspots_wet_total, here("5.Results_Maps", "output_maps","hotspots_wet_total.png"))

# Peak flow hotspots

hotspots_min_mcf_peak <- tm_basemap("OpenStreetMap.Mapnik") +

tm_shape(subcatch_min, unit = "Miles") +

tm_polygons("peak_runoff_cfs", alpha = 0.75, palette = "Greens", style = "cont", n=8,

legend.hist = TRUE, title = "Peak Discharge (cfs)") +

tm_layout(title = "March 2009 Min MCF storm", inner.margins=c(.05, .05, 0.1, .53),

legend.position = c(.6,.27), legend.title.size = 1.4, legend.text.size = 1) +

tm_text("subcatchment", size = 0.3) +

tm_scale_bar(position = c(.6,.54), breaks = c(0, 0.2, 0.4, 0.6, 0.8,1)) +

tm_compass(position = c(.58,.47))

##tmap_save(hotspots_wet_peak, here("5.Results_Maps", "output_maps","hotspots_wet_peak.png"))

subcatch_min_peak <- subcatch_min %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

ggplot() +

geom_sf(aes(fill = peak_runoff_cfs)) +

theme_classic()+

scale_fill_gradient(low = "#D1F2EB", high = "#148F77", name = "Peak Discharge (cfs)",

breaks = c(0, 3, 6, 9, 12, 15)) +

labs(title = "Min MCF") +

geom_sf_text(aes(label = subcatchment), colour = "black", fontface = "bold", size = 1.8) +

# geom_sf_label(aes(label = subcatchment), size = 1.5) +

theme(axis.title.x = element_blank(),

axis.title.y = element_blank()) +

theme(axis.text.x = element_text(angle = 90)) +

theme(axis.text.x = element_blank(),

axis.text.y = element_blank(),

axis.ticks = element_blank(),

rect = element_blank(),

panel.border=element_blank()) +

theme_void() # for facily presentation, remove lines and axis elements

subcatch_min_peak
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# ggsave(�subcatch_min_peak_removedsub_themevoid.png�, subcatch_min_peak, width = 5, height = 7, units = "in")

subcatch_min_total <- subcatch_min %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

ggplot() +

geom_sf(aes(fill = runoff_coeff)) +

theme_bw() +

scale_fill_gradient(low = "#D6EAF8", high = "#2874A6", name = "Runoff Coefficient",

breaks = c(0, 0.2, 0.4, 0.6, 0.8, 1.0),

limits = c(0,1.0)) +

labs(title = "Min MCF") +

geom_sf_text(aes(label = subcatchment), colour = "black", fontface = "bold", size = 1.8) +

# geom_sf_label(aes(label = subcatchment), size = 1.5) +

theme(axis.title.x = element_blank(),

axis.title.y = element_blank()) +

theme(axis.text.x = element_text(angle = 90)) +

theme(axis.text.x = element_blank(),

axis.text.y = element_blank(),

axis.ticks = element_blank(),

rect = element_blank(),

panel.border=element_blank()) +

theme_void()

subcatch_min_total

# ggsave(�subcatch_min_total.png�, subcatch_min_total, width = 5, height = 7, units = "in")

Normalized Peak Discharge Maps

subcatch_max_normalized <- read_sf(dsn = here("climate_change_data", "SWMM_results","shapefiles"), layer = "subcatch_outline") %>%

st_transform(st_crs(4326)) %>%

clean_names() %>%

select(subcatchment = objectid_1) %>%

merge(results_max_mcf_normalized) %>%

filter(subcatchment != "5")

## normalized Max MCF Peak Discharge
subcatch_max_peak_normalized <- subcatch_max_normalized %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

ggplot() +

geom_sf(aes(fill = peak_runoff_cfs_norm)) +

theme_bw() +

scale_fill_gradient(low = "#D1F2EB", high = "#148F77", name = "Normalized Peak Discharge (cfs/sqft)") +

labs(title = "Max MCF") +

geom_sf_text(aes(label = subcatchment), colour = "black", fontface = "bold", size = 1.8) +

# geom_sf_label(aes(label = subcatchment), size = 1.5) +

theme(axis.title.x = element_blank(),

axis.title.y = element_blank()) +

theme(axis.text.x = element_text(angle = 90))+

theme(axis.text.x = element_blank(),

axis.text.y = element_blank(),

axis.ticks = element_blank(),

rect = element_blank(),
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panel.border=element_blank()) +

theme_void() # for faculty presentation, remove lines and axis elements

subcatch_max_peak_normalized

# ggsave(�subcatch_max_peak_removedsubs_themevoid_norm.png�, subcatch_max_peak_normalized, width = 5, height = 7, units = "in")

subcatch_min_normalized <- read_sf(dsn = here("climate_change_data", "SWMM_results","shapefiles"), layer = "subcatch_outline") %>%

st_transform(st_crs(4326)) %>%

clean_names() %>%

select(subcatchment = objectid_1) %>%

merge(results_min_mcf_normalized) %>%

filter(subcatchment != "5")

## normalized Min MCF Peak Discharge
subcatch_min_peak_normalized <- subcatch_min_normalized %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

ggplot() +

geom_sf(aes(fill = peak_runoff_cfs_norm)) +

theme_classic()+

scale_fill_gradient(low = "#D1F2EB", high = "#148F77", name = "Normalized Peak Discharge (cfs/sqft)") +

labs(title = "Min MCF") +

geom_sf_text(aes(label = subcatchment), colour = "black", fontface = "bold", size = 1.8) +

# geom_sf_label(aes(label = subcatchment), size = 1.5) +

theme(axis.title.x = element_blank(),

axis.title.y = element_blank()) +

theme(axis.text.x = element_text(angle = 90)) +

theme(axis.text.x = element_blank(),

axis.text.y = element_blank(),

axis.ticks = element_blank(),

rect = element_blank(),

panel.border=element_blank()) +

theme_void() # for facily presentation, remove lines and axis elements

subcatch_min_peak_normalized

# ggsave(�subcatch_min_peak_removedsub_themevoid_norm.png�, subcatch_min_peak_normalized, width = 5, height = 7, units = "in")

binned runo� coe�cient maps for min and max MCF
# View a single RColorBrewer palette by specifying its name

display.brewer.pal(n = 7, name = �Blues�)

# Hexadecimal color specification

brewer.pal(n = 7, name = "Blues")

mycols <- brewer.pal(n = 11, name = "Blues")

mybreaks_max<- c(0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9)

subcatch_min_total <- subcatch_min %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

mutate(runoff_coeff_cut = cut_number(runoff_coeff, n = 10)) %>%

ggplot() +
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geom_sf(aes(fill = runoff_coeff_cut)) +

theme_bw() +

scale_fill_gradientn(colours = mycols,

breaks= mybreaks_max,

super = metR::ScaleDiscretised,

name = "Runoff Coefficient") +

theme(legend.position = "bottom") +

labs(title = "Min MCF") +

geom_sf_text(aes(label = subcatchment), colour = "black", fontface = "bold", size = 3.1) +

# geom_sf_label(aes(label = subcatchment), size = 1.5) +

theme(axis.title.x = element_blank(),

axis.title.y = element_blank()) +

theme(axis.text.x = element_text(angle = 90)) +

theme(axis.text.x = element_blank(),

axis.text.y = element_blank(),

axis.ticks = element_blank(),

rect = element_blank(),

panel.border=element_blank()) +

theme_void()

subcatch_min_total

# ggsave(�subcatch_min_total_binned.png�, subcatch_min_total, width = 5, height = 7, units = "in")

mycols <- brewer.pal(n = 11, name = "Blues")

mybreaks_max<- c(0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9)

subcatch_max_total <- subcatch_max %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

mutate(runoff_coeff_cut = cut_number(runoff_coeff, n = 10)) %>%

ggplot() +

geom_sf(aes(fill = runoff_coeff_cut)) +

theme_bw() +

scale_fill_gradientn(colours = mycols,

breaks= mybreaks_max,

super = metR::ScaleDiscretised,

name = "Runoff Coefficient") +

labs(title = "Max MCF") +

geom_sf_text(aes(label = subcatchment), colour = "black", fontface = "bold", size = 3.1) +

# geom_sf_label(aes(label = subcatchment), size = 1.5) +

theme(axis.title.x = element_blank(),

axis.title.y = element_blank()) +

theme(axis.text.x = element_text(angle = 90)) +

theme(axis.text.x = element_blank(),

axis.text.y = element_blank(),

axis.ticks = element_blank(),

rect = element_blank(),

panel.border=element_blank()) +

theme_void()

subcatch_max_total

# ggsave(�subcatch_max_total_binned.png�, subcatch_max_total, width = 5, height = 7, units = "in")
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binned peak flow maps for min and max MCF

mycols2 <- brewer.pal(n = 11, name = "Greens")

mybreaks2_min<- c(0.0, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, 14.0, 16.0)

subcatch_min_peak <- subcatch_min %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

mutate(peak_runoff_cfs_cut = cut_number(peak_runoff_cfs, n = 11)) %>%

ggplot() +

geom_sf(aes(fill = peak_runoff_cfs_cut)) +

theme_classic()+

scale_fill_gradientn(colours = mycols2,

breaks= mybreaks2_min,

super = metR::ScaleDiscretised,

name = "Peak Discharge (cfs)") +

labs(title = "Min MCF") +

geom_sf_text(aes(label = subcatchment), colour = "black", fontface = "bold", size = 3.1) +

# geom_sf_label(aes(label = subcatchment), size = 1.5) +

theme(axis.title.x = element_blank(),

axis.title.y = element_blank()) +

theme(axis.text.x = element_text(angle = 90)) +

theme(axis.text.x = element_blank(),

axis.text.y = element_blank(),

axis.ticks = element_blank(),

rect = element_blank(),

panel.border=element_blank()) +

theme_void() # for facily presentation, remove lines and axis elements

subcatch_min_peak

# ggsave(�subcatch_min_peak_removedsub_themevoid_binned.png�, subcatch_min_peak, width = 5, height = 7, units = "in")

mycols3 <- brewer.pal(n = 11, name = "Greens")

mybreaks3_max<- c(0.0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100)

subcatch_max_peak <- subcatch_max %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

mutate(peak_runoff_cfs_cut = cut_number(peak_runoff_cfs, n = 11)) %>%

ggplot() +

geom_sf(aes(fill = peak_runoff_cfs_cut)) +

theme_classic()+

scale_fill_gradientn(colours = mycols3,

breaks= mybreaks3_max,

super = metR::ScaleDiscretised,

name = "Peak Discharge (cfs)") +

labs(title = "Max MCF") +

geom_sf_text(aes(label = subcatchment), colour = "black", fontface = "bold", size = 3.1) +

# geom_sf_label(aes(label = subcatchment), size = 1.5) +

theme(axis.title.x = element_blank(),

axis.title.y = element_blank()) +

theme(axis.text.x = element_text(angle = 90))+

theme(axis.text.x = element_blank(),

axis.text.y = element_blank(),

axis.ticks = element_blank(),
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rect = element_blank(),

panel.border=element_blank()) +

theme_void() # for faculty presentation, remove lines and axis elements

subcatch_max_peak

# ggsave(�subcatch_max_peak_removedsubs_themevoid_binned.png�, subcatch_max_peak, width = 5, height = 7, units = "in")

combine max and min runo� coe�cient results into single table showing the
catchment #, min, and max runo� coe�cient, slope, percent impervious, and
area (sqft)

results_min_mcf_rc <- results_min_mcf %>%

select(subcatchment, Slope, percent_imp, Area_sqft, runoff_coeff) %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

arrange(desc(runoff_coeff)) %>%

top_n(20,runoff_coeff)

results_max_mcf_rc <- results_max_mcf %>%

select(subcatchment, Slope, percent_imp, Area_sqft, runoff_coeff) %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

arrange(desc(runoff_coeff)) %>%

top_n(20,runoff_coeff)

results_runoffcoef_table <- results_min_mcf_rc %>%

full_join(results_max_mcf_rc, by=c("subcatchment", "Slope", "percent_imp", "Area_sqft")) %>%

kable(col.names=c("Subcatchment","Slope", "Percent Impervious", "Area (sqft)", "Runoff Coefficient, Min MCF",

"Runoff Coefficient, Max MCF")) %>%

kable_styling(bootstrap_options = "striped")

results_runoffcoef_table

combine max and min peak runo� (cfs) results into single table showing the
catchment #, min, and max peak runo� (cfs)

results_min_mcf_peak <- results_min_mcf %>%

select(subcatchment, Slope, percent_imp, Area_sqft, peak_runoff_cfs) %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

arrange(desc(peak_runoff_cfs)) %>%

top_n(20,peak_runoff_cfs)

results_max_mcf_peak <- results_max_mcf %>%

select(subcatchment, Slope, percent_imp, Area_sqft, peak_runoff_cfs) %>%

filter(!subcatchment %in% c(1, 2,94,3,38, 24)) %>%

arrange(desc(peak_runoff_cfs)) %>%

top_n(20,peak_runoff_cfs)

results_peakflow_table <- results_min_mcf_peak %>%

full_join(results_max_mcf_peak, by=c("subcatchment", "Slope", "percent_imp", "Area_sqft")) %>%

kable(col.names=c("Subcatchment","Slope", "Percent Impervious", "Area (sqft)","Peak Runoff (cfs), Min MCF",

"Peak Runoff (cfs), Max MCF")) %>%

kable_styling(bootstrap_options = "striped")
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results_peakflow_table

comparing historical vs Max MCF runo� coe�ecients from Dornan et al., 2020
## runoff coefficients differences
dornan_results_top20_rc <- read_csv("~/Desktop/Aloha-Aina-Master/climate_change_data/SWMM_results/dornan_results_top20_rc.csv") %>%

select(subcatchment, runoff_coeff) # read in dorana et al RC results

results_max_mcf_rc_summary <- results_max_mcf_rc %>% select(subcatchment, runoff_coeff) # select just our subcatchment and runoff coefficients to be able to subtract

combined_rc_results <- dornan_results_top20_rc %>% right_join(results_max_mcf_rc_summary, by = c("subcatchment")) # combine dornan results with our max MCF reslts

combined_rc_results = combined_rc_results %>% mutate(subtract = runoff_coeff.y-runoff_coeff.x) # add column with difference between max MCF rc results - dornan historical rc results with March 14, 09 storm

## peak flow differences
dornan_results_top20_peakflow <- read_csv("~/Desktop/Aloha-Aina-Master/climate_change_data/SWMM_results/dornan_results_top20_peakflow.csv") %>%

select(subcatchment, peak_runoff_cfs) # read in Team Kahuawais peak flow results

results_max_mcf_peak_summary <- results_max_mcf_peak %>% select(subcatchment, peak_runoff_cfs) # select just our subcatchment and peak runoff cfs to be able to subtract

combined_peak_results <- dornan_results_top20_peakflow %>% right_join(results_max_mcf_peak_summary, by = c("subcatchment"))

combined_peak_results = combined_peak_results %>% mutate(subtract = peak_runoff_cfs.y-peak_runoff_cfs.x)
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Probabilty Distribution Function: Climate Change Analysis
This is code to create probability distribution figure

Elmera Azadpour

1/30/2022

NOTE: Figures will be be hidden from knitted markdown.

## read in wailupe precip data from NOAA
wailupe_77_rain <- read.csv(here("climate_change_data", "probabilty_distribution", "NOAA_WailupeHawaiiKai_77.csv"))

##Use lubridate to clean up the dates and times
wailupe_77_rain$DATE <- ymd(wailupe_77_rain$DATE)

## for wailupe 1977-2014
wailupe_tidy_77 <- wailupe_77_rain %>%

rename(station = STATION, station_name = STATION_NAME, elevation = ELEVATION,
lat = LATITUDE, lon = LONGITUDE, date = DATE, time = TIME, qgag = QGAG,
qgag_flag = Measurement.Flag, qgag_qual = Quality.Flag, qgag_units = Units,
qpcp = QPCP, qpcp_flag = Measurement.Flag.1, qpcp_qual = Quality.Flag.1,
qpcp_units = Units.1) %>% #renames columns

filter(station_name == "WAILUPE VALLEY SCHOOL 723.6 HI US") %>% #filter to Wailupe gauge only
filter(qpcp != "-9999",

qpcp != "999",
qpcp != "999.99",
qpcp_flag != "g",
qpcp_flag != "{",
qpcp_flag != "}",
qpcp_flag != "[",
qpcp_flag != "]",
qgag != "-9999.00",
qgag != "-9999",
qgag_flag != "g",
qgag_flag != "V",
qgag_flag != "P",
qgag_flag != "{",
qgag_flag != "}",
qgag_flag != "[",
qgag_flag != "]") ## removes all flagged data

## daily total precip
wailupe_daily_77 <- wailupe_tidy_77 %>%

group_by(date) %>%
summarize(

daily_pcp = sum(qpcp),
daily_vol = sum(qgag)) ## gives total summed precip data per day. HT is given in inches.
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wailupe_daily_77$date <- ymd(wailupe_daily_77$date)
wailupe_tidy_77$date <- ymd(wailupe_tidy_77$date)

PDF with the scaled march 14, 2009 storm (PDF code sourced from: https://
rstudio-pubs-static.s3.amazonaws.com/100906_8e3a32dd11c14b839468db756cee7400.
html)

z=wailupe_daily_77$daily_pcp

dStandardNormal <- data.frame(daily_pcp=z,
Density=dnorm(z, mean=0.3498252, sd=0.5167536),
Distribution=pnorm(z, mean=0.3498252, sd=0.5167536),

Quantile = qnorm(z, mean=0.3498252, sd=0.5167536))
## add color pallete
cbp2 <- c("#000000", "#009E73",

"#D55E00")

## take average of March 14, 2009
wailupe_tidy_77_march14 <- wailupe_tidy_77 %>%

filter(date >= as.Date("2009-03-14") & date <= as.Date("2009-03-14"))

mean(wailupe_tidy_77_march14$qpcp) # mean of March 14, 2009 storm = 0.2

## plot density distribution plot
pdf_plot_density <- ggplot(data=dStandardNormal, aes(x=daily_pcp, y= Density)) +

geom_line(size=1.5) +
theme_classic() +
labs(x= "Daily Precipitation (in)") +
geom_vline(xintercept = 0.44, linetype="solid", ## 2.20 (Max MCF) * 0.2 = 0.44

color = "#D55E00", size=1.5) +
geom_vline(xintercept = 0.08, linetype="solid", ## 0.40 (Min MCF) * 0.2 = 0.08

color = "#009E73", size=1.5) +
# annotate("text", x = 4.75, y = 0.75, label = "Max MCF * avg pcp", color = "#D55E00", size =5) +
# annotate("text", x = 4.75, y = 0.70, label = "Min MCF * avg pcp", color = "#009E73",size =5) +

theme(text = element_text(size=22)) +
scale_x_continuous(breaks=seq(0,5,0.5)) +
scale_y_continuous(breaks=seq(0,0.8,0.1))

pdf_plot_density

# ggsave(�pdf_MCF_mar14.png�, pdf_plot_density_corrected2, width = 16, height = 9, units = "in")
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VORSH�SRO\JRQ�OD\HU��7KLV�ZDV�GRQH�EHFDXVH�DFFRUGLQJ�WR�WKH�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\
�(3$���PRVW�JUHHQ�LQIUDVWUXFWXUH�W\SHV�PXVW�EH�LPSOHPHQWHG�RQ�VORSH�JUDGHV�RI����RU�ORZHU
�86(3$��������

&UHDWH�5RDGV
,Q�WKH�$UF0DS�SURMHFW��ZH�ORDGHG�WKH�URDGV�GDWD�OD\HU��6LQFH�WKH�URDGV�GDWD�ZH�GRZQORDGHG�ZDV
OLQH�GDWD��ZH�EXIIHUHG��$QDO\VLV�7RROER[���%XIIHU��WKH�URDGV�E\�����IW�WR�PDNH�WKHP�SRO\JRQV�WKH
VL]H�RI�DFWXDO�URDGV��:H�FKRVH�WR�EXIIHU�E\�����IW�EHFDXVH�WKH�DYHUDJH�URDG�VL]H�LQ�2µDKX�LV�DERXW
��IW��PHDVXUHG�XVLQJ�*RRJOH�(DUWK�DQG�$UF0DS���:H�VHW�WKH�GLVVROYH�W\SH�WR�³$OO´�WR�PHUJH�WKH
EXIIHUHG�SRO\JRQV�

&UHDWH�6LGHZDONV
:H�EXIIHUHG��$QDO\VLV�7RROER[���%XIIHU��WKH�³URDGV´�SRO\JRQ�E\��IW��:H�FKRVH��IW�EHFDXVH�LW�LV
WKH�UHFRPPHQGHG�VLGHZDON�VL]H�IRU�2µDKX��6WDWH�RI�+DZDLµL�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ���:H
VHW�WKH�GLVVROYH�W\SH�WR�DOO�WR�PHUJH�WKH�EXIIHUHG�SRO\JRQV�

&UHDWH�)ORRG�=RQHV
7R�RQO\�LQFOXGH�DUHDV�RI�LQWHQVH�IORRGLQJ��ZH�ORDGHG�WKH�IORRG�]RQHV�GDWD�OD\HU�DQG�XVHG�WKH
�6HOHFW�/D\HU�E\�$WWULEXWH��WRRO�WKUHH�WLPHV�ZLWK���6HOHFWLRQ�W\SH� �1(:B6(/(&7,21��IRU
HDFK�RQH��:H�VHOHFWHG�=21(B68%7<� �
5,9(5,1(�)/22':$<�6+2:1�,1�&2$67$/
=21(
���=21(B68%7<� �
)/22':$<
��DQG�=21(B68%7<� �
����3&7�$118$/
&+$1&(�)/22'�+$=$5'
��'DWD�0DQDJHPHQW�7RROER[���6HOHFW�/D\HU�E\�$WWULEXWH���7KH
³6HOHFW�/D\HU�E\�$WWULEXWH´�WRRO�GRHV�QRW�FUHDWH�D�QHZ�OD\HU��LW�VLPSO\�KLJKOLJKWV�WKH�VHOHFWLRQ
ZLWKLQ�WKH�FXUUHQW�OD\HU��7KHUHIRUH��ZH�QHHGHG�WR�FRS\�WKH�VHOHFWHG�IHDWXUHV�WR�OD\HUV�WKUHH
VHSDUDWH�WLPHV��'DWD�0DQDJHPHQW�7RROER[���&RS\�)HDWXUHV���7KHVH�WKUHH�OD\HUV�ZHUH�WKHQ
PHUJHG�VR�WKDW�RQO\�RQH�IORRG�]RQH�OD\HU�UHPDLQHG�WKDW�LQFOXGHG�DOO�WKUHH�VHOHFWLRQV�RI�KLJK�IORRG
ULVN�DUHDV��'DWD�0DQDJHPHQW�7RROER[���0HUJH��

&UHDWH�5DVWHUV���:HWODQGV��6WRUPZDWHU�'UDLQV��6WUHDPV��DQG�)ORRG�=RQHV
7KH�VLWH�VXLWDELOLW\�UDVWHU�DQDO\VLV�UHTXLUHV�FUHDWLQJ�EXIIHUV�RI�LQFUHDVLQJ�GLVWDQFH�DW�GHFUHDVLQJ
YDOXHV��:H�IROORZHG�WKH�H[DPSOH�RI�D�VLWH�VXLWDELOLW\�DQDO\VLV�SHUIRUPHG�E\�WKH�$EXUWR�/DE�DW�WKH
6FULSSV�,QVWLWXWLRQ�RI�2FHDQRJUDSK\��$UFRV�$JXLODU�HW�DO����������,Q�WKHLU�VXLWDELOLW\�DQDO\VLV�
$UFRV�$JXLODU�HW�DO��DVVLJQHG�GHFUHDVLQJ�YDOXHV�WR�EXIIHUV�RI�LQFUHDVLQJ�GLVWDQFH�IURP�GHVLUHG
ORFDWLRQV�WR�FUHDWH�D�UDVWHU�OD\HU�ZKHUH�HDFK�SLHFH�RI�ODQG�KDG�D�VXLWDELOLW\�YDOXH�DVVRFLDWHG�ZLWK
LW�

��



0XOWLSOH�5LQJ�%XIIHU�/D\HU
:H�XWLOL]HG�WKH�PXOWLSOH�ULQJ�EXIIHU�WRRO�WR�FUHDWH����PHWHU�����PHWHU�����PHWHU��DQG�����
PHWHU�EXIIHUV�DURXQG�WKH�VLGHZDONV��ZHWODQGV��VWRUPZDWHU�GUDLQV��VWUHDPV��DQG�IORRG
]RQHV��$QDO\VLV�7RROER[���0XOWLSOH�5LQJ�%XIIHU���)RU�WKH�ZHWODQGV��ZH�FOLFNHG�³2XWVLGH
2QO\´�WR�LQFOXGH�RQO\�WKH�EXIIHUHG�DUHD��VLQFH�UDLQ�JDUGHQV�VKRXOG�QRW�EH�SODFHG�RQ
SUH�H[LVWLQJ�ZHWODQGV�WR�OHDYH�ZHWODQGV�LQWDFW��&XOOLVRQ��0DODYL\D�HW�DO����������)RU
VWRUPZDWHU�GUDLQV��VWUHDPV��DQG�IORRG�]RQHV��ZH GLG QRW FOLFN�³2XWVLGH�2QO\´�VR�WKDW�WKH
LQQHU�SRO\JRQV�ZRXOG�EH�LQFOXGHG�DV�VXLWDEOH�ORFDWLRQV�IRU�UDLQ�JDUGHQV��.DWVLIDUDNLV�HW
DO���������:HEEHU�HW�DO���������

6ORSH�/HVV�WKDQ���
:H�LQWHUVHFWHG�WKH�EXIIHUHG�OD\HUV�ZLWK�WKH�VORSH�OD\HU�WR�RQO\�LQFOXGH�DUHDV�ZLWK�D�VORSH
DW�RU�EHORZ�D����JUDGH��$QDO\VLV�7RROER[���,QWHUVHFW��

5HFODVVLI\�5DVWHU
$IWHU��ZH�FRQYHUWHG�WKH�SRO\JRQV�WR�UDVWHUV��&RQYHUVLRQ�7RROER[���3RO\JRQ�WR�5DVWHU��DQG
UHFODVVLILHG�WKH�UDVWHUV��$QDO\VLV�7RROER[���5HFODVVLI\���VR�WKDW�DUHDV�ZLWKLQ����PHWHUV�RI
WKH�GHVLUHG�ORFDWLRQV�KDYH�D�YDOXH�RI����DUHDV�EHWZHHQ����PHWHUV�DQG����PHWHUV�KDYH�D
YDOXH�RI����DQG�DUHDV�EHWZHHQ����PHWHUV�DQG����PHWHUV�KDYH�D�YDOXH�RI����$UHDV�WKDW�ZHUH
JUHDWHU�WKDQ����PHWHUV�DZD\�IURP�WKH�GHVLUHG�ORFDWLRQ�ZHUH�JLYHQ�D�YDOXH�RI���

&UHDWH�3DUNV�5DVWHU
:H�ORDGHG�WKH�SDUNV�GDWD�DQG�XWLOL]HG�WKH�PXOWLSOH�ULQJ�EXIIHU�WRRO�WR�FUHDWH���PHWHU�DQG�����
PHWHU�EXIIHUV�DURXQG�WKH�SDUNV��$QDO\VLV�7RROER[���0XOWLSOH�5LQJ�%XIIHU���:H�LQFOXGHG�WKH�SDUNV
E\�QRW�FOLFNLQJ�³2XWVLGH�2QO\´�RQ�WKH�³0XOWLSOH�5LQJ�%XIIHU�7RRO´�EHFDXVH�UDLQ�JDUGHQV�FDQ�EH
LPSOHPHQWHG�LQVLGH�RI�SDUNV��.DWVLIDUDNLV�HW�DO����������:H�LQWHUVHFWHG�WKH�EXIIHUHG�OD\HU�ZLWK
WKH�VORSH�OD\HU�WR�RQO\�LQFOXGH�DUHDV�ZLWK�D�VORSH�DW�RU�EHORZ�D����JUDGH��$QDO\VLV�7RROER[��
,QWHUVHFW���$IWHU��ZH�FRQYHUWHG�WKH�SRO\JRQ�WR�UDVWHU��&RQYHUVLRQ�7RROER[���3RO\JRQ�WR�5DVWHU�
DQG�UHFODVVLILHG�WKH�UDVWHU��$QDO\VLV�7RROER[���5HFODVVLI\���VR�WKDW�DUHDV�ZLWKLQ���PHWHUV�RI�WKH
SDUN�ZHUH�JLYHQ�D�YDOXH�RI���DQG�DUHDV�EHWZHHQ���PHWHUV�DQG������PHWHUV�ZHUH�JLYHQ�YDOXH� ���

&UHDWH�6LGHZDONV�5DVWHU
:H�XWLOL]HG�WKH�PXOWLSOH�ULQJ�EXIIHU�WRRO�WR�FUHDWH����P�����PHWHU�����PHWHU�����PHWHU��DQG�����
PHWHU�EXIIHUV�DURXQG�WKH�VLGHZDONV��$QDO\VLV�7RROER[���0XOWLSOH�5LQJ�%XIIHU���:H�LQWHUVHFWHG
WKH�EXIIHUHG�OD\HU�ZLWK�WKH�VORSH�OD\HU�WR�RQO\�LQFOXGH�DUHDV�ZLWK�D�VORSH�DW�RU�EHORZ�D����JUDGH
�$QDO\VLV�7RROER[���,QWHUVHFW���$IWHU��ZH�FRQYHUWHG�WKH�SRO\JRQV�WR�UDVWHUV��&RQYHUVLRQ�7RROER[
��3RO\JRQ�WR�5DVWHU��DQG�UHFODVVLILHG�WKH�UDVWHUV��$QDO\VLV�7RROER[���5HFODVVLI\���VR�WKDW�DUHDV
ZLWKLQ�����PHWHUV�RI�WKH�GHVLUHG�ORFDWLRQ�KDYH�D�YDOXH�RI����EHWZHHQ�����PHWHUV�DQG����PHWHUV
KDYH�D�YDOXH�RI����DUHDV�EHWZHHQ����PHWHUV�DQG����PHWHUV�KDYH�D�YDOXH�RI����DUHDV�EHWZHHQ���
PHWHUV�DQG����PHWHUV�KDYH�D�YDOXH�RI����DQG�DUHDV�JUHDWHU�WKDQ����PHWHUV�DZD\�KDYH�D�YDOXH�RI���
:H�JDYH�WKH�DUHDV�ZLWKLQ����P�RI�VLGHZDONV�D�YDOXH�RI���EHFDXVH�UDLQ�JDUGHQV�FRXOG�KDUP�WKH
VLGHZDON�LI�SODFHG�WRR�FORVH��&XOOLVRQ��

��



&UHDWH�6RLO�&XUYH�1XPEHU�5DVWHU
:H�XWLOL]HG�WKH�VRLO�FXUYH�QXPEHUV�SURGXFHG�E\�WKH�SUHYLRXV�%UHQ�JURXS�SURMHFW��7KH\�FUHDWHG
WKH�VRLO�FXUYH�QXPEHUV�E\�LQWHUVHFWLQJ�WKH�6RLO�+\GURORJLF�*URXS�DQG�/DQG�8VH�GDWD��7KH\�WKHQ
DVVLJQHG�WKH�FXUYH�QXPEHUV�EDVHG�RQ�ERWK�WKH�W\SHV�RI�VRLO�DQG�WKH�W\SHV�RI�ODQG�XVH�LQ�D
VXEFDWFKPHQW��:H�DGGHG�WKH�FXUYH�QXPEHU�GDWD�WR�$UF0DS�DQG�FRQYHUWHG�LW�IURP�SRO\JRQ�WR
UDVWHU��&RQYHUVLRQ�7RROER[���3RO\JRQ�WR�5DVWHU���1H[W��ZH�UHFODVVLILHG�WKH�VRLO�FXUYH�QXPEHUV�VR
WKDW�D���FXUYH�QXPEHU�KDG�D�YDOXH�RI���ZKHUHDV�D����FXUYH�QXPEHU�KDV�D�YDOXH�RI�����+LJKHU
FXUYH�QXPEHUV�LQGLFDWH�PRUH�LPSHUYLRXV�VXUIDFHV�DQG�UDLQ�JDUGHQV�VKRXOG�EH�SODFHG�QHDU
LPSHUYLRXV�VXUIDFHV��681<��86'$��

5DVWHU�&DOFXODWLRQ���$GGLQJ�WKH�/D\HUV�7RJHWKHU
:H�XVHG�WKH�UDVWHU�FDOFXODWRU�WR�VXP�XS�WKH�UDVWHU�OD\HUV�ZH�FUHDWHG��VXFK�DV�VLGHZDONV��SDUNV�
ZHWODQGV��VWUHDPV��VWRUPZDWHU�VWUXFWXUHV��IORRG�]RQHV��DQG�VRLO�FXUYH�QXPEHUV��6SDWLDO�$QDO\VW��
5DVWHU�&DOFXODWRU���7KLV�UHVXOWHG�LQ�D�UDVWHU�OD\HU�RYHUOD\�ZLWK�KLJKHU�YDOXH�FHOOV�GLVSOD\LQJ�DUHDV
WKDW�DUH�EHWWHU�IRU�UDLQ�JDUGHQ�LPSOHPHQWDWLRQ��)RU�H[DPSOH��LI�D�FHOO�KDG�D���IRU�EHLQJ�QHDU�D�SDUN
DQG�D���YDOXH�IRU�HYHU\�RWKHU�OD\HU��WKH�UHVXOWDQW�OD\HU�ZRXOG�KDYH�D�YDOXH�RI���IRU�WKDW�FHOO�

&UHDWH�%XLOGLQJV�/D\HU
:H�EXIIHUHG�WKH�EXLOGLQJV�OD\HU�E\����IHHW��$QDO\VLV�7RROER[���%XIIHU���DV�UDLQ�JDUGHQV�VKRXOG
QRW�EH�SODFHG�ZLWKLQ����IHHW�RI�EXLOGLQJV�WR�SURWHFW�WKH�IRXQGDWLRQ��/XR�HW�DO����������:H�WKHQ
HUDVHG�WKH�EXLOGLQJV�OD\HU�IURP�RXU�ILQDO�UDVWHU�FDOFXODWRU�OD\HU��$QDO\VLV�7RROER[���(UDVH���7R
XVH�WKH�HUDVH�WRRO��ERWK�OD\HUV�QHHGHG�WR�EH�SRO\JRQV�VR�ZH�FRQYHUWHG�RXU�UDVWHU�FDOFXODWRU�OD\HU
WR�SRO\JRQ�EHIRUH�XVLQJ�WKH�³(UDVH�7RRO´��&RQYHUVLRQ�7RROER[���5DVWHU�WR�3RO\JRQ��

)LQDO�2XWSXW
$IWHU�HUDVLQJ�WKH�EXLOGLQJV�IURP�RXU�VXLWDEOH�DUHDV��ZH�FRQYHUWHG�WKH�RXWSXW�OD\HU�EDFN�WR�D�UDVWHU
IRU�XVH�LQ�RXU�QH[W�PRGHO��&RQYHUVLRQ�7RROER[���3RO\JRQ�WR�5DVWHU���:H�DOVR�H[WUDFWHG�WKH�XSSHU
TXDQWLOH�RI�WKH�GDWD�WR�RQO\�LQFOXGH�WKH�EHVW�ORFDWLRQV�IRU�UDLQ�JDUGHQV��WKLV�LQFOXGHG�FHOOV�ZLWK
YDOXHV�IURP��������6SDWLDO�$QDO\VW�7RROER[���([WUDFW�E\�$WWULEXWHV��

7DEOH�/��� 'DWD�OD\HUV��SDUDPHWHUV��DQG�UHDVRQLQJ XVHG�LQ�WKH�6LWH�/RFDWRU�0RGHO�WR�GHWHUPLQH�WKH
VXLWDEOH�ORFDWLRQV�IRU�UDLQ�JDUGHQV��7KH�FLWDWLRQ�LV�IRU�WKH�UHDVRQLQJ�EHKLQG�HDFK�SDUDPHWHU��7KH�GDWD�OD\HU
FLWDWLRQV�FDQ�EH�IRXQG�LQ�WKH�0HWDGDWD�LQ�WKH�$SSHQGL[�

/D\HU 3DUDPHWHUV 5HDVRQLQJ�&LWDWLRQ�IRU�3DUDPHWHUV

6ORSH �����JUDGH 86�(3$�����

5RDGV ��IW�ZLGWK 0HDVXUHG�RQ�*RRJOH�(DUWK�DQG�$UF0DS

6LGHZDONV �IW�ZLGWK 6WDWH�RI�+DZDLµL�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ

6LGHZDON
%XIIHU

�IW����P��YDOXH� ��
��P��YDOXH� ��
��P��YDOXH� ��

5DLQ�JDUGHQV�VKRXOG�EH�ORFDWHG�QHDU
LPSHUYLRXV�VXUIDFHV�OLNH�VLGHZDONV��$UOLQJWRQ
(FKR��������86'$���5DLQ�JDUGHQV�VKRXOG�QRW

��



��P��YDOXH� ��
����P��YDOXH� ��

EH�SODFHG�ZLWKLQ��IW����P�RI�VLGHZDONV�WR
SUHYHQW�GDPDJH�WR�WKHP��&XOOLVRQ��

:HWODQG�%XIIHU :LWKLQ���P��YDOXH� ��
��P�����P��YDOXH� ��

��P�������P��YDOXH� ��

3ROOXWHG�UXQRII�KDUPV�ZHWODQGV��0DODYL\D�HW
DO���������

3DUN�%XIIHU :LWKLQ��P�EXIIHU��YDOXH� ��
�P�������P�EXIIHU��YDOXH� ��

5DLQ�JDUGHQV�FDQ�EH�LPSOHPHQWHG�ZLWKLQ
SDUNV�DQG�JUHHQ�VSDFHV��.DWVLIDUDNLV�HW�DO��
������

6WUHDP�%XIIHU ��P��YDOXH� ��
��P��YDOXH� ��
��P��YDOXH� ��

����P��YDOXH� ��

5DLQ�JDUGHQV�FDQ�EH�LPSOHPHQWHG�ZLWKLQ
VWUHDP�]RQHV��.DWVLIDUDNLV�HW�DO���������DQG
FDQ�GHFUHDVH�WKH�PDJQLWXGH�RI�SROOXWLRQ
HQWHULQJ�ZDWHUZD\V��&XOOLVRQ��

%XLOGLQJ�%XIIHU 1RW�ZLWKLQ���IW��HOLPLQDWHG 5DLQ�JDUGHQV�VKRXOG�QRW�EH�SODFHG�ZLWKLQ���IW
RI�EXLOGLQJV��WR�SURWHFW�WKH�IRXQGDWLRQ��/XR�HW
DO����������:H�EXIIHUHG�E\���IW�DQG�WKHQ
HUDVHG�WKH�EXLOGLQJV�IURP�RXU�UDVWHU�OD\HU�

6WRUPZDWHU
'UDLQ�%XIIHU

��P��YDOXH� ��
��P��YDOXH� ��
��P��YDOXH� ��

����P��YDOXH� ��

5DLQ�JDUGHQV�FDQ�GHFUHDVH�WKH�DPRXQW�RI
ZDWHU�HQWHULQJ�VWRUP�GUDLQV��$OVREURRRNV��

)ORRG�=RQH
%XIIHU

:LWKLQ���P��YDOXH� ��
��P��YDOXH� ��
��P��YDOXH� ��

����P��YDOXH� ��

,PSOHPHQWLQJ�JUHHQ�LQIUDVWUXFWXUH�LQ�PXOWLSOH
DUHDV�ZLWKLQ�D�ZDWHUVKHG�FDQ�GHFUHDVH�IORRG
ULVN��LW�LV�D�GHVLUDEOH�PHWKRG�IRU�LQFUHDVLQJ
UHVLOLHQFH�LQ�XUEDQ�DUHDV��:HEEHU�HW�DO���������

6RLO�&XUYH
1XPEHU
5HFODVVLI\

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

��������� ���

$�KLJKHU�VRLO�FXUYH�QXPEHU�LQGLFDWHV�WKDW�WKH
VRLO�LV�OHVV�SHUPHDEOH�DQG�PRUH�UXQRII�RFFXUV
WKHUH��5DLQ�JDUGHQV�FDQ�KHOS�WR�ORZHU�VRLO
FXUYH�QXPEHUV��681<��

��



5XQRII�+RWVSRW�0RGHO

)LJXUH�/��� 7KLV�LV�WKH�5XQRII�+RWVSRW�PRGHO��:H�ILOOHG WKH�'(0�DQG�IRXQG�WKH�IORZ�GLUHFWLRQ�RI�ZDWHU
RYHU�WKH�VXUIDFH�RI�WKH�'(0��7KHQ��ZH�IRXQG�WKH�IORZ�DFFXPXODWLRQ��ZHLJKWHG�E\�WKH�DYHUDJH�DQQXDO
UDLQIDOO�IRU�WKH�VWDWH�RI�2¶DKX��7KH�RXWSXW�RI�WKLV�WRRO�LV�RXU�UXQRII�KRWVSRWV�PDS��)RU�PRUH�GHWDLO�RQ�RXU
5XQRII�PRGHO��VHH�RXU�PHWKRGV�LQ�WKH�DSSHQGL[�DQG�WKH�DWWDFKHG�$UF0DS�3URMHFW�

)LOO�6LQNV
:H�ORDGHG�WKH�'(0�OD\HU�IRU�DOO�RI�2µDKX��:H�ILOOHG�WKH�VLQNV�LQ�WKH�'(0��VR�WKDW�ZDWHU�IORZ
GRHV�QRW�XQQDWXUDOO\�VWRS�LQ�RQH�FHOO�ZKHUH�LW�ZRXOG�LQ�UHDOLW\�IORZ�WR�WKH�QH[W��6SDWLDO�$QDO\VLV
7RROER[�!�+\GURORJ\���)LOO��

)ORZ�'LUHFWLRQ
:H�FUHDWHG�D�IORZ�GLUHFWLRQ�UDVWHU��VKRZLQJ�WKH�GLUHFWLRQ�WKDW�ZDWHU�ZRXOG�IORZ�WKURXJK�WKH
ZDWHUVKHGV�EDVHG�RQ�HOHYDWLRQ��6SDWLDO�$QDO\VLV�7RROER[�!�+\GURORJ\���)ORZ�'LUHFWLRQ��

'RZQORDG�5DLQIDOO�'DWD
:H�GRZQORDGHG�D�*,6�SUHFLSLWDWLRQ�GDWD�OD\HU�LQ�PP��UDLQIDOO�JULGV�LQ�(65,�*ULG�)RUPDW��IURP
WKH +DZDLL�5DLQIDOO�$WODV �'RZQORDGV�!�*,6�/D\HUV !�(65,�*ULG�)RUPDW�!
2DKX5)*ULGVBPP�]LS���7KH�UDVWHU�ILOHV�DUH�DYDLODEOH�DW�����P�UHVROXWLRQ����������[��������
FHOO�VL]H���)LOHV�RI�WKLV�W\SH�PXVW�EH�VDYHG�WR�WKH�ORFDO�&�'ULYH��&���IRU�$UF*,6�WR�DFFHVV�WKHP�

)ORZ�$FFXPXODWLRQ
)URP�WKH�IORZ�GLUHFWLRQ�RXWSXW��ZH�FUHDWHG�D�IORZ�DFFXPXODWLRQ�UDVWHU��GHWHUPLQLQJ�KRZ�PXFK
ZDWHU�ZRXOG�IORZ�LQWR�HDFK�FHOO��6SDWLDO�$QDO\VLV�7RROER[�!�+\GURORJ\���)ORZ�$FFXPXODWLRQ��
)RU�WKH�³)ORZ�$FFXPXODWLRQ�7RRO�´�ZH�XVHG�WKH�SUHFLSLWDWLRQ�UDVWHU�OD\HU�IURP�WKH�+DZDLL
5DLQIDOO�$WODV�DV�WKH�LQSXW�ZHLJKW�UDVWHU�

��



)LQDO�2XWSXW
:H�FOLSSHG�WKH�RXWSXW�WR�WKH�0DXQDOXD�%D\�UHJLRQ��([WUDFW�7RROER[���&OLS���:H�GHFLGHG�WR�GR
WKLV�DW�WKH�HQG�RI�WKH�UXQRII�PRGHO�LQVWHDG�RI�FOLSSLQJ�WKH�'(0�LQ�WKH�EHJLQQLQJ��LQ�FDVH�WKH
0DXQDOXD�%D\�UHJLRQ�KDG�ZDWHU�UXQQLQJ�LQ�RU�RXW�RI�LW��1H[W��ZH�H[WUDFWHG�WKH�XSSHU�TXDQWLOH�RI
WKH�GDWD�WR�RQO\�LQFOXGH�WKH�DUHDV�RI�KLJKHVW�IORZ�DFFXPXODWLRQ��ZKLFK�ZDV�RYHU�������PP
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