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LQ SDUWLDO IXOILOOPHQW RI WKH UHTXLUHPHQWV IRU WKH GHJUHH RI

0DVWHU RI 6FLHQFH

LQ &LYLO (QJLQHHULQJ

DW WKH 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\�

7KHVLV FRPPLWWHH
&KDLUPDQ 3URI� GU� LU� 0� .RN 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\
6XSHUYLVRU LU� 3� 5DYHQVWLMQ :LWWHYHHQ�%RV

GU� LU� 7� 6FKZHFNHQGLHN 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\
LU� +�-� 9HUKDJHQ 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\
LQJ� +�-� 5HJHOLQJ 5LMNVZDWHUVWDDW



3UHIDFH

7KLV WKHVLV LV WKH ILQDO VWHS WR IXOILOO P\ JUDGXDWLRQ DV D 0DVWHU RI 6FLHQFH DW 'HOIW 8QLYHUVLW\ RI 7HFKQRO�
RJ\� 'XULQJ P\ PDVWHUV LQ +\GUDXOLF (QJLQHHULQJ , VSHFLDOL]HG LQ WKH WUDFN RI )ORRG 5LVN� ZKLFK UHDOO\
JRW PH LQWHUHVWHG LQ WKH VXEMHFW RI WKLV WKHVLV� 7R GR UHVHDUFK RQ RQH RI WKH PRVW LFRQLF 'XWFK K\GUDXOLF
VWUXFWXUHV DQG WR LQYHVWLJDWH WKH QHZ IORRG VDIHW\ VWDQGDUG WKDW ZLOO EH LQWURGXFHG LQ WKH QHDU IXWXUH
LV UHDOO\ DPD]LQJ�

7KLV UHVHDUFK LV GRQH LQ FRRSHUDWLRQ ZLWK :LWWHYHHQ�%RV� :�% LV DQ HQJLQHHULQJ DQG FRQVXOWLQJ ILUP
DFWLYH LQ WKH ILHOG RI ZDWHU� LQIUDVWUXFWXUH� HQYLURQPHQW DQG FRQVWUXFWLRQ� :�% LV FXUUHQWO\ ZRUNLQJ RQ
WKH UHGHVLJQ RI WKH $IVOXLWGLMN DQG WKH\ DUH WKHUHIRUH LQWHUHVWHG LQ WKH HIIHFWV RI WKH LPSOHPHQWDWLRQ
RI WKH QHZ VDIHW\ VWDQGDUG� :LWKRXW WKH KHOS IURP WKH HPSOR\HHV DW :�% , ZRXOG QRW KDYH EHHQ
DEOH WR FRPSOHWH WKLV WKHVLV� 6SHFLDO WKDQNV JR WR P\ GDLO\ VXSHUYLVRU� LU� 3� 5DYHQVWLMQ 5DYHQVWLMQ� IRU
VXSSRUWLQJ PH WKURXJKRXW P\ UHVHDUFK DQG KHOSLQJ PH WR ILQG WKH ULJKW SHRSOH IRU WKH TXHVWLRQV ,
KDG GXULQJ P\ WKHVLV� )XUWKHUPRUH , ZRXOG OLNH WR WKDQN LU� 3�(�0� 6FKRRQHQ IURP :�% IRU KHOSLQJ PH
VWDUWLQJ XS P\ 06F WKHVLV DQG IRU GHWHUPLQLQJ P\ UHVHDUFK VXEMHFW DQG JRDOV� 7KH RWKHU HPSOR\HHV
IURP :�% , ZRXOG OLNH WR WKDQN IRU WKHLU KHOS RQ P\ WKHVLV DUH PZ :�6� GH 5DDGW 06F� LU� $�/� GH
-RQJVWH� LU� 6� WH 6ODD� 3�7�*� YDQ 7RO 06F� LQJ� ( 6FKXOWH )LVFKHGLFN 06F� LU� *�5� 6SDDUJDUHQ� PZ LU�
0�/� 'URVW DQG )�0� 0HLQV 06F�

, ZRXOG OLNH WR WKDQN WKH UHVW RI P\ WKHVLV FRPPLWWHH� 3URI� GU� LU� 0� .RN� GU� LU� 7� 6FKZHFNHQGLHN�
LU� +�-� 9HUKDJHQ DQG LQJ� +�-� 5HJHOLQJ� DV ZHOO IRU WKH UHYLHZLQJ DQG WKH FRPPHQWV RQ DOO WKH ZRUN
WKURXJKRXW WKH SURFHVV� 7KH SURJUHVV PHHWLQJV ZHUH YHU\ SOHDVDQW DQG WKH GLVFXVVLRQV DQG FRPPHQWV
UHDOO\ KHOSHG PH WR REWDLQ WKH UHVXOW , KDYH DFKLHYHG DW WKLV PRPHQW�

$W WKH EHJLQQLQJ RI P\ WKHVLV , KDG VRPH LQWHUHVWLQJ FRQYHUVDWLRQV DERXW P\ UHVHDUFK DQG , ZRXOG OLNH
WR WKDQN 5�%� -RQJHMDQ DQG :� .DQQLQJ IRU WKHLU WLPH DQG KHOS ZLWK WKH VWDUWLQJ SKDVH RI P\ WKHVLV�
$OVR , ZRXOG OLNH WR WKDQN 1� .UDPHU IRU KHU KHOS DERXW XQGHUVWDQGLQJ WKH SUHYLRXV VWXGLHV RQ WKH IORRG
VDIHW\ RI WKH /DNH ,-VVHO UHJLRQ� )LQDOO\ , ZRXOG OLNH WR WKDQN WKH 91.��SURMHFW WHDP IRU JLYLQJ PH D
OLFHQVH WR 3&�5LQJ ZKLFK UHDOO\ KHOSHG PH WR REWDLQ WKH UHVXOWV DW WKH HQG RI P\ WKHVLV�
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� ,QWURGXFWLRQ �
��� 3UREOHP DQDO\VLV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 3UREOHP IRUPXODWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 5HVHDUFK JRDOV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 5HVHDUFK TXHVWLRQ DQG VXE�TXHVWLRQV � � � � � � � � � � � � � � � � � � �

��� 5HVHDUFK PHWKRGRORJ\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 'HVLJQ DQG VDIHW\ DVVHVVPHQW RI IORRG GHIHQFHV �
��� 1HZ VDIHW\ VWDQGDUG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� :DWHU DQG IORRG PDQDJHPHQW LQ WKH 1HWKHUODQGV� � � � � � � � � � � � �
����� )ORRG PDQDJHPHQW SURJUDPV � � � � � � � � � � � � � � � � � � � � � � � �

��� 'HVLJQ DQG VDIHW\ DVVHVVPHQW LQVWUXPHQWV IRU IORRG GHIHQFHV � � � � � � � � ��
����� &XUUHQW PHWKRG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� )XWXUH PHWKRG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� )DLOXUH PHFKDQLVPV RI IORRG GHIHQFHV � � � � � � � � � � � � � � � � � � � � � � ��
����� 6RLO VWUXFWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� :DWHU UHWDLQLQJ K\GUDXOLF VWUXFWXUHV � � � � � � � � � � � � � � � � � � � ��
����� )DLOXUH PHFKDQLVPV $IVOXLWGLMN � � � � � � � � � � � � � � � � � � � � � � ��

��� 5LVN�EDVHG DSSURDFK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5LVN� SUREDELOLW\ DQG FRQVHTXHQFHV � � � � � � � � � � � � � � � � � � � � ��
����� 5LVN GLPHQVLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� �6HPL��SUREDELOLVWLF PRGHOV ��
��� 6HPL�SUREDELOLVWLF PHWKRG �2,������ � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3UREDELOLVWLF PHWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� *HQHUDO SUREDELOLVWLF PHWKRGV � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3&�5LQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� +\GUDXOLF ORDGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 0HWKRG IRU WKH DVVHVVPHQW RI WKH $IVOXLWGLMN � � � � � � � � � � � � � � � � � � ��

� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN ��
��� *HQHUDO LQWURGXFWLRQ WR WKH $IVOXLWGLMN � � � � � � � � � � � � � � � � � � � � � � ��

����� +LVWRU\ RI WKH $IVOXLWGLMN � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &XUUHQW VWDWH DQG IXWXUH RI WKH $IVOXLWGLMN � � � � � � � � � � � � � � � � ��
����� 1HZ VWDQGDUG IRU WKH $IVOXLWGLMN � � � � � � � � � � � � � � � � � � � � � � ��

��� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN� � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &RQILJXUDWLRQ RI WKH $IVOXLWGLMN � � � � � � � � � � � � � � � � � � � � � � ��
����� 6WDQGDUG FURVV VHFWLRQ GLNH � � � � � � � � � � � � � � � � � � � � � � � � ��
����� +\GUDXOLF VWUXFWXUHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3UREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN � � � � � � � � � � � � � � � � � � � � � � ��
����� )DXOW WUHH DQDO\VLV $IVOXLWGLMN � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3UREDELOLW\ RI IDLOXUH RI D VLQJOH FURVV VHFWLRQ � � � � � � � � � � � � � � ��
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����� 7RWDO SUREDELOLW\ RI IDLOXUH LQFOXGLQJ FRUUHODWLRQ DQG OHQJWK HIIHFW � � ��

� 1HZ GHVLJQ RI WKH $IVOXLWGLMN ��
��� DOWHUQDWLYHV IRU WKH $IVOXLWGLMN �62'� � � � � � � � � � � � � � � � � � � � � � � � ��

����� *HQHUDO GHVFULSWLRQ 62' � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 'HVFULSWLRQ RI WKH DOWHUQDWLYHV IRU WKH $IVOXLWGLMN � � � � � � � � � � � � ��
����� (YDOXDWLRQ DOWHUQDWLYHV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� )XUWKHU RSWLPL]DWLRQ UHIHUHQFH DOWHUQDWLYH � � � � � � � � � � � � � � � � ��

��� 3UREDELOLW\ RI IDLOXUH RI UHIHUHQFH DOWHUQDWLYH� � � � � � � � � � � � � � � � � � � ��
��� 2SWLPL]DWLRQ IRU WKH GHVLJQ RI WKH $IVOXLWGLMN � � � � � � � � � � � � � � � � � � ��

����� &RVW HVWLPDWLRQ DOWHUQDWLYH � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 2SWLPL]DWLRQ DOWHUQDWLYH� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 2SWLPDO GHVLJQ UHFRPPHQGDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � ��

� &RQFOXVLRQV� UHFRPPHQGDWLRQV DQG GLVFXVVLRQ ��
��� &RQFOXVLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5HVHDUFK VXE TXHVWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� )LQDO FRQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5HFRPPHQGDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5HFRPPHQGDWLRQV IRU IXUWKHU UHVHDUFK � � � � � � � � � � � � � � � � � � ��
����� 5HFRPPHQGDWLRQV IRU WKH GHVLJQ RI WKH $IVOXLWGLMN � � � � � � � � � � � ��

%LEOLRJUDSK\ ��

$ +\GUDXOLF ERXQGDU\ FRQGLWLRQV ��

% 3UREDELOLVWLF DSSURDFK IDLOXUH PHFKDQLVPV ��

& +\GUDXOLF VWUXFWXUHV ���

' 'HVLJQ LQVWUXPHQWV IRU IORRG GHIHQFHV ���� �2,����� ���

( 0DWODE VFULSWV ���

) &URVV VHFWLRQV RI WKH $IVOXLWGLMN ���

* ,QSXW IRU WKH LQVWDELOLW\ RI WKH VWRQH UHYHWPHQWV IURP 6WHHQWRHWV ���



6XPPDU\

$W WKLV PRPHQW WKH FRQFHSW RI WKH VDIHW\ VWDQGDUGV IRU IORRG GHIHQFHV LQ WKH 1HWKHUODQGV LV FKDQJLQJ
LQWR D ULVN�LQIRUPHG DSSURDFK� 7KLV QHZ VDIHW\ VWDQGDUG� ZKLFK ZLOO EH LQWURGXFHG LQ ����� LV H[SUHVVHG
LQ WHUPV RI D SUREDELOLW\ RI IORRGLQJ LQVWHDG RI SUREDELOLWLHV RI H[FHHGDQFH RI GHVLJQ ORDGV� ,Q WKH
QHZ VDIHW\ VWDQGDUG WKH HIIHFWV RI D IORRG DUH WDNHQ LQWR DFFRXQW� ZKLFK OHDGV WR D ULVN�LQIRUPHG
DSSURDFK�

7KH LPSOHPHQWDWLRQ RI WKH QHZ VDIHW\ VWDQGDUG LQWURGXFHV FKDOOHQJHV EHFDXVH D IXOO\ ULVN�LQIRUPHG
DSSURDFK LV QHZ DQG H[WUD XQFHUWDLQWLHV DQG PRUH SROLWLFDO GLVFXVVLRQV DUH LQWURGXFHG E\ WKLV DSSURDFK�
,Q WKLV WKHVLV WKH IRFXV LV RQ WKH FKDOOHQJHV GXULQJ WKH WUDQVLWLRQ SHULRG EHWZHHQ VZLWFKLQJ IURP WKH
FXUUHQW WR WKH QHZ VWDQGDUGV� 7KLV WUDQVLWLRQ SHULRG ZLOO HVSHFLDOO\ LQWURGXFH FKDOOHQJHV IRU RQJRLQJ
SURMHFWV UHJDUGLQJ VWUHQJWKHQLQJ RI IORRG GHIHQFHV� 7KH UHGHVLJQ LQ WKHVH SURMHFWV LV GRQH DFFRUGLQJ
WR WKH FXUUHQW VWDQGDUG EXW WR SUHYHQW QHJDWLYH DVVHVVPHQWV LQ WKH IXWXUH LW LV XVHIXO WR WDNH WKH IXWXUH
VWDQGDUG LQWR DFFRXQW� 7KLV LV IRU H[DPSOH WKH FDVH IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN�

7KH $IVOXLWGLMN LV D VHSDUDWLRQ GDP EHWZHHQ WKH SURYLQFHV RI 1RUWK +ROODQG DQG )ULHVODQG DQG VHSDUDWHV
WKH :DGGHQ 6HD DQG /DNH ,-VVHO� $Q DVVHVVPHQW LQ ���� VKRZHG WKDW WKH $IVOXLWGLMN GRHV QRW PHHW
WKH FXUUHQW VWDQGDUG DQG WKHUHIRUH D UHQRYDWLRQ RI WKH $IVOXLWGLMN LV QHHGHG� ,Q WKH GHVLJQ DOWHUQDWLYHV
WKH QHZ VDIHW\ VWDQGDUGV DUH QRW WDNHQ LQWR DFFRXQW DQG WKH TXHVWLRQ ULVHV KRZ VDIH WKH QHZ GHVLJQ
KDV WR EH DFFRUGLQJ WR WKH QHZ VWDQGDUG� 7KH QHZ VWDQGDUG IRU WKH $IVOXLWGLMN� ZKLFK LV H[SUHVVHG DV D
SUREDELOLW\ RI IDLOXUH� PXVW EH NQRZQ WR GHWHUPLQH WKH RSWLPDO UHGHVLJQ� $W WKLV PRPHQW LW LV XQFHUWDLQ
ZKDW WKLV VWDQGDUG LV JRLQJ WR EH� $Q HFRQRPLF RSWLPL]DWLRQ RI WKH /DNH ,-VVHO UHJLRQ �=ZDQHYHOG DQG
9HUZHLM� ����� SURSRVHV D VWDQGDUG IRU WKH $IVOXLWGLMN ZLWK D SUREDELOLW\ RI IDLOXUH RI ��� ��� SHU \HDU�
$OWKRXJK GLVFXVVLRQ UHPDLQV DERXW WKH SURSRVHG SUREDELOLW\ RI IORRGLQJ LW LV XVHG LQ WKLV WKHVLV�

7KH JRDO RI WKLV WKHVLV LV WR GHYHORS D SUREDELOLVWLF GHVLJQ IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN WKDW WDNHV
WKH QHZ ULVN�LQIRUPHG VWDQGDUG LQWR DFFRXQW� ,Q D SUREDELOLVWLF GHVLJQ ERWK WKH GLVWULEXWLRQV RI WKH
ORDG DQG WKH VWUHQJWK RI D IORRG GHIHQVH DUH WDNHQ LQWR DFFRXQW UHVXOWLQJ LQ D �SUH�GHILQHG� SUREDELOLW\
RI IDLOXUH� 7KLV GLIIHUV IURP FXUUHQW GHVLJQ VWDQGDUGV ZKLFK PDNH XVH RI FKDUDFWHULVWLF YDOXHV IRU WKH
VWUHQJWK DQG WKH ORDG DQG VDIHW\ IDFWRUV WR JXDUDQWHH D VDIH GHVLJQ� 7R FRSH ZLWK IXWXUH XQFHUWDLQWLHV
LW LV UHFRPPHQGHG WR PDNH XVH RI DQ DGDSWDEOH GHVLJQ IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN� 7KLV PDLQ
REMHFWLYH LV WUDQVODWHG LQWR WKH IROORZLQJ UHVHDUFK TXHVWLRQ�

ঈ:KDW LV D SUREDELOLVWLF� FRVW�HIIHFWLYH DQG DGDSWDEOH GHVLJQ RI WKH $IVOXLWGLMN"উ

%HIRUH WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN LV LQYHVWLJDWHG WKH FXUUHQW SUREDELOLW\ RI IDLOXUH RI WKH H[LVWLQJ
$IVOXLWGLMN LV HVWLPDWHG� $ IDXOW WUHH LV XVHG WR DFFRXQW IRU WKH GLIIHUHQW IDLOXUH PHFKDQLVPV RI WKH
$IVOXLWGLMN� )DLOXUH RI WKH $IVOXLWGLMN RFFXUV ZKHQ WKH GLNH ERG\ IDLOV RU ZKHQ D K\GUDXOLF VWUXFWXUH
IDLOV� 7KH K\GUDXOLF VWUXFWXUHV DUH RXWVLGH WKH VFRSH RI WKLV WKHVLV EHFDXVH WKH PDLQ IRFXV LV RQ WKH
RSWLPL]DWLRQ RI WKH GLNH ERG\� 7KHUHIRUH LQ WKH DVVHVVPHQW RI WKH FXUUHQW SUREDELOLW\ RI IDLOXUH WKH
VOXLFH FRPSOH[HV DUH QRW WDNHQ LQWR DFFRXQW�

)RU WKH $IVOXLWGLMN WKH IROORZLQJ IDLOXUH PHFKDQLVPV DUH WDNHQ LQWR DFFRXQW�

 :DYH UXQ�XS DQG RYHUWRSSLQJ� ,I ZDYHV RYHUWRS WKH FUHVW RI WKH GLNH WKH LQQHU VORSH FDQ HURGH
UHVXOWLQJ LQ D EUHDFK�

 ,QVWDELOLW\ RI WKH UHYHWPHQW RQ WKH RXWHU VORSH� ,I WKH UHYHWPHQW LV ZDVKHG DZD\ WKH GLNH ERG\
FDQ HURGH ZKLFK PD\ UHVXOW LQ D EUHDFK�

 0DFUR LQVWDELOLW\ RI WKH RXWHU RU LQQHU VORSH� ,I WKH ZDWHU SUHVVXUHV LQVLGH WKH GLNH ERG\ DUH WRR
KLJK VOLGLQJ RI WKH VORSH FDQ RFFXU ZKLFK UHVXOWV LQ D SRVVLEOH EUHDFK�

 3LSLQJ� 6HHSDJH ZDWHU HURGHV SDUWLFOHV IURP XQGHUQHDWK WKH GLNH LI WKH K\GUDXOLF KHDG LV ODUJH
HQRXJK� 7KH HURVLRQ IRUPV D SLSH ZKLFK JURZV IURP WKH LQQHU WR WKH RXWHU VLGH DQG WKLV FDQ OHDG
WR D VHWWOHPHQW DQG IDLOXUH RI WKH GLNH�

Y



YL �� 6XPPDU\

:LWK D PRGHO WKDW LV GHYHORSHG LQ WKLV WKHVLV WKHVH IDLOXUH PHFKDQLVPV DUH DVVHVVHG RQ WKH SUREDELOLW\
RI IDLOXUH IRU D VLQJOH FURVV VHFWLRQ� 7KLV FURVV VHFWLRQ LV ORFDWHG LQ WKH PLGGOH RI WKH $IVOXLWGLMN ZKHUH
WKH K\GUDXOLF ORDGV DUH WKH PRVW VHYHUH� )ROORZLQJ IURP WKHVH DVVHVVPHQWV LW LV FRQFOXGHG WKDW WKH
IDLOXUH PHFKDQLVPV RI SLSLQJ DQG PDFUR LQVWDELOLW\ KDYH D QHJOLJLEOH LQIOXHQFH RQ WKH WRWDO SUREDELOLW\
RI IDLOXUH�

7KH IDLOXUH PHFKDQLVPV RI RYHUWRSSLQJ DQG LQVWDELOLW\ RI WKH UHYHWPHQW KDYH WKH PRVW LQIOXHQFH RQ WKH
WRWDO SUREDELOLW\ RI IDLOXUH� ZKLFK LV W\SLFDO IRU VHD GLNHV� 7R DVVHVV WKH WRWDO SUREDELOLW\ RI IDLOXUH DOO WKH
GLNH VHFWLRQV RI WKH $IVOXLWGLMN DUH DVVHVVHG IRU WKHVH PHFKDQLVPV ZLWK 3&�5LQJ� 3&�5LQJ LV D VRIWZDUH
PRGXOH WKDW LV GHYHORSHG WR DVVHVV WKH SUREDELOLWLHV RI IORRGLQJ DQG WKH FRQVHTXHQFHV RI IORRGLQJ IRU
DOO WKH GLNH ULQJV LQ WKH 1HWKHUODQGV� ,Q 3&�5LQJ WKH FRUUHODWLRQ EHWZHHQ IDLOXUH PHFKDQLVPV DQG WKH
GLNH VHFWLRQV LV WDNHQ LQWR DFFRXQW DV ZHOO� :LWK WKLV WKH UHVXOWV VKRZQ LQ 7DEOH � IRU WKH SUREDELOLW\ RI
IDLOXUH IRU WKH $IVOXLWGLMN DUH REWDLQHG�

IDLOXUH PHFKDQLVP 3UREDELOLW\
RI IDLOXUH

5HWXUQ
SHULRG

RYHUWRSSLQJ ����(��� ���
LQVWDELOLW\ VWRQHV ����(��� ���
WRWDO ����(��� ���

7DEOH �� 7RWDO SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN IRU WKH FXUUHQW GHVLJQ�

7KH UHVXOWV IRU WKH WRWDO SUREDELOLW\ RI IDLOXUH IRU WKH $IVOXLWGLMN DUH FORVH WR WKH DVVXPHG SUREDELOLW\
RI IDLOXUH RI WKH $IVOXLWGLMN LQ WKH HFRQRPLF RSWLPL]DWLRQ VWXG\ IRU WKH /DNH ,-VVHO UHJLRQ PHQWLRQHG
HDUOLHU� ,Q WKLV VWXG\ LW LV DVVXPHG WKDW WKH $IVOXLWGLMN LQ ���� KDV D VWUHQJWK RI ����� SHU \HDU� ZKLFK LV
FORVH WR WKH ����� IRXQG LQ WKLV 06F UHVHDUFK� 7KH FXUUHQW VDIHW\ VWDQGDUG IRU WKH $IVOXLWGLMN LV VDIHW\
DJDLQVW K\GUDXOLF ORDGV ZLWK DQ H[FHHGDQFH IUHTXHQF\ RI ���� ��� SHU \HDU� $FFRUGLQJ WR WKLV VWDQGDUG
WKH FXUUHQW VDIHW\ RI WKH $IVOXLWGLMN LV LQVXIILFLHQW DQG LPSURYHPHQW LQ WKH GHVLJQ LV QHHGHG�

,Q WKH FXUUHQW VDIHW\ VWDQGDUG WKLV H[FHHGDQFH IUHTXHQF\ LV FKRVHQ WR FRPSO\ ZLWK WKH DGMDFHQW IORRG
GHIHQFHV� UHJDUGOHVV RI WKH SRVVLEOH FRQVHTXHQFHV RI IDLOXUH RI WKH $IVOXLWGLMN� 7KH FRQVHTXHQFHV RI D
EUHDFK VRPHZKHUH LQ WKH $IVOXLWGLMN DUH QRW DV VHYHUH DV IDLOXUH RI D UHJXODU GLNH ZLWK YDOXDEOH DVVHWV
DQG LQKDELWDQWV LQ WKH KLQWHUODQG� ,Q WKH QHZ VDIHW\ VWDQGDUGV WKHVH FRQVHTXHQFHV ZLOO EH WDNHQ LQWR
DFFRXQW ZKLFK FRXOG UHVXOW LQ ORZHU SUREDELOLWLHV RI IDLOXUH� +RZHYHU LW FDQ EH VWDWHG WKDW WKH FXUUHQW
FRQILJXUDWLRQ RI WKH $IVOXLWGLMN ZLWK D SUREDELOLW\ RI IDLOXUH RI DURXQG ����� SHU \HDU LV LQVXIILFLHQW�
7KHUHIRUH LPSURYHPHQW RI WKH $IVOXLWGLMN LV QHHGHG DQG WKH QHZ GHVLJQV E\ :LWWHYHHQ � %RV DUH
HYDOXDWHG DQG D UHIHUHQFH DOWHUQDWLYH LV RSWLPL]HG�

,Q WKH DVVHVVPHQW DQG WKH RSWLPL]DWLRQ RI WKH UHQRYDWLRQ GHVLJQ RQO\ WKH IDLOXUH PHFKDQLVP RI ZDYH
UXQ�XS DQG RYHUWRSSLQJ LV FRQVLGHUHG� :LWK WKH GHVLJQ LQVWUXPHQW RI 2,����� DQG HDUOLHU UHVXOWV WKH
VWDQGDUG IRU D VLQJOH GLNH VHFWLRQ IRU D VLQJOH IDLOXUH PHFKDQLVP LV GHWHUPLQHG� :LWK D VWDQGDUG RI
��� ��� SHU \HDU WKH VWDQGDUG IRU D VLQJOH GLNH VHFWLRQ IRU WKH IDLOXUH PHFKDQLVP RI ZDYH RYHUWRSSLQJ
LV D SUREDELOLW\ RI IDLOXUH RI DURXQG ���� ��� SHU \HDU�

7KH UHIHUHQFH DOWHUQDWLYH %��� VKRZQ LQ LQ )LJXUH �� WKDW LV GHYHORSHG E\ :�% LV ERWK FDOFXODWHG LQ WKH
PRGHO GHYHORSHG LQ WKLV 06F UHVHDUFK DQG LQ 3&�5LQJ� 7KLV UHIHUHQFH DOWHUQDWLYH %�� LV QRW WKH ILQDO
GHVLJQ EXW LW LV GHYHORSHG WR VKRZ WKH IHDVLELOLW\ DQG DIIRUGDELOLW\ RI WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN�
7KH UHVXOWV DUH JLYHQ LQ 7DEOH ��

0RGHO 3I >��\HDU@ 5 >\HDUV@
0DWODE ����(��� �� ���
3&�5LQJ ����(��� �� ���

7DEOH �� 3UREDELOLW\ RI IDLOXUH RI WKH UHIHUHQFH DOWHUQDWLYH %�� IRU ZDYH UXQ�XS DQG RYHUWRSSLQJ IRU GLNH VHFWLRQ LQ WKH PLGGOH RI
WKH $IVOXLWGLMN�

�2,���� �2QWZHUS ,QVWUXPHQWDULRQ ���� LQ 'XWFK� LV D GHVLJQ LQVWUXPHQW IRU IORRG GHIHQFHV HVSHFLDOO\ GHYHORSHG IRU WKH WUDQ�
VLWLRQ SHULRG IURP WKH ROG VWDQGDUG LQWR WKH QHZ VWDQGDUG�



YLL

)LJXUH �� $ FURVV VHFWLRQ VFKHPDWL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH %�� GHYHORSHG E\ :�%�

,W LV FRQFOXGHG WKDW WKH SUREDELOLW\ RI IDLOXUH RI WKLV UHIHUHQFH DOWHUQDWLYH %�� LV KLJKHU WKDQ WKH VWDQGDUG�
:LWK WKH DVVXPHG VDIHW\ VWDQGDUG WKLV GHVLJQ LV QRW VXIILFLHQW HQRXJK DQG WKH GHVLJQ PXVW EH LPSURYHG�
,Q WKH RSWLPL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH WKH SUREDELOLW\ RI IDLOXUH RI ���� ��� LV VHW DV WKH XSSHU
OLPLW�

7KH DLP RI WKH RSWLPL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH LV WR PLQLPL]H WKH LQYHVWPHQW FRVWV IRU D GHVLJQ
WKDW PHHWV WKH VDIHW\ VWDQGDUG RI ���� ��� SHU \HDU IRU WKH IDLOXUH PHFKDQLVP RI RYHUWRSSLQJ� ,Q WKH
RSWLPL]DWLRQ ILYH YDULDEOHV WKDW KDYH WKH PRVW LQIOXHQFH RQ WKH SUREDELOLW\ RI IDLOXUH DUH YDULHG UHVXOWLQJ
LQ VHW RI DOWHUQDWLYHV� 7KH YDULDEOHV ZLWK WKH ODUJHVW LQIOXHQFH FRHIILFLHQWV DUH�

 GLNH KHLJKW �߶፫፨፰፧�
 EHUP KHLJKW �߶ፁ�
 EHUP ZLGWK �േ�
 XSSHU VORSH �൲ൠ൬�፮፩��
 ORZHU VORSH �൲ൠ൬�፥፨፰��

)RU DOO WKH DOWHUQDWLYHV WKH LQYHVWPHQW FRVWV DUH HVWLPDWHG� 7KHVH FRVWV DUH HVWLPDWHG ZLWK FRVW QXPEHUV
JLYHQ E\ :�% IRU WKH IROORZLQJ DFWLYLWLHV�

 UHPRYH EDVDOW DQG UH�XVH LQ ZRUN �� ভ�WRQ�
 WUDQVSRUW DQG DSSO\ GLNH FOD\ ��� ভ�P��
 WUDQVSRUW DQG DSSO\ JUDQXODU ILOWHU ��� ভ�WRQ�
 WUDQVSRUW DQG LQVWDOODWLRQ FRQFUHWH FROXPQV ���� ভ�P��
 WUDQVSRUW DQG LQVWDOODWLRQ UXEEOH ������ ভ�WRQ�

7KH SRVVLEOH DOWHUQDWLYHV ZLWK WKH ORZHVW FRVWV DUH IRXQG WR EH FKHDSHU WKDQ WKH UHIHUHQFH DOWHUQDWLYH
%��� ZKLOH KDYLQJ D ODUJHU VDIHW\ DJDLQVW IORRGLQJ� 7KH UHVXOWV RI WKH UHIHUHQFH DOWHUQDWLYH %�� DQG WKH
UHFRPPHQG RSWLPL]HG DOWHUQDWLYH DUH VKRZQ LQ 7DEOH �� $ VFKHPDWL]DWLRQ RI WKH RSWLPL]HG DOWHUQDWLYH
LV VKRZQ LQ )LJXUH �� ,W LV FRQFOXGHG WKDW RSWLPL]DWLRQ RI WKH GHVLJQ UHVXOWV LQ ORZHU LQYHVWPHQW FRVWV
ZKLOH LPSURYLQJ WKH VDIHW\ DJDLQVW IDLOXUH GXH WR RYHUWRSSLQJ�

DOWHUQDWLYH ߶፫፨፰፧ >P@ ߶ፁ >P@ േ >P@ ൲ൠ൬�፮፩�ዅኻ
>�@

൲ൠ൬�፥፨፰�ዅኻ
>�@

ൗ >\HDUV@ LQYHVWPHQW
FRVWV >ভ�P@

%�� ���� ��� �� � ��� �� ��� �� ���
2SWLPL]HG � � ��� ��� ��� �� ��� �� ���

7DEOH �� &RVW HVWLPDWLRQ IRU WKH DOWHUQDWLYH ZLWK PLQLPDO FRVWV DQG WKH UHIHUHQFH DOWHUQDWLYH�

7R LQFUHDVH WKH VDIHW\ LQ WKH IXWXUH WKH EHUP FDQ EH ZLGHQHG RU WKH DQJOH RI WKH ORZHU VORSH FDQ
EH GHFUHDVHG� 7KH LQYHVWPHQWV FRVWV IRU WKHVH WZR PHDVXUHV KDYH WKH VDPH HIILFLHQF\ XS WR H[WUD
LQYHVWPHQW FRVWV RI ভ � ��� SHU PHWHU� ZKLFK LPSURYHV WKH VDIHW\ XS WR D SUREDELOLW\ RI IDLOXUH RI
����� ��� SHU \HDU�



YLLL �� 6XPPDU\

)LJXUH �� 6FKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ RI WKH UHFRPPHQGHG DGDSWDEOH DOWHUQDWLYH�

7R FRSH ZLWK XQFHUWDLQWLHV LW LV UHFRPPHQGHG WR PDNH DQ HDVLO\ DGDSWDEOH GHVLJQ IRU WKH UHQRYDWLRQ RI
WKH $IVOXLWGLMN� $ FRQFOXVLRQ IURP WKH UHVXOWV LV WKDW WKH UHIHUHQFH DOWHUQDWLYH %�� WKDW LV GHYHORSHG E\
:�% LV DQ HDVLO\ DGDSWDEOH GHVLJQ EHFDXVH LQ WKH GHVLJQ D EHUP LV FRQVWUXFWHG RII UXEEOH� ZKLFK FDQ
HDVLO\ EH DGGHG WR ZLGHQ WKH EHUP DQG�RU GHFUHDVH WKH ORZHU VORSH� 7KHUHIRUH WKH PDLQ FKDUDFWHULV�
WLFV RI WKH GHVLJQ RI WKH UHIHUHQFH DOWHUQDWLYH DUH JRRG WDNLQJ WKH QHZ VDIHW\ VWDQGDUG LQWR DFFRXQW�
2SWLPL]DWLRQ RI WKH GLPHQVLRQV RI WKH UHIHUHQFH DOWHUQDWLYH UHGXFH FRQVWUXFWLRQ FRVWV RI WKH UHQRYDWLRQ
RI WKH $IVOXLWGLMN� DV VKRZQ LQ WKH RSWLPL]HG DOWHUQDWLYH�

7R DQVZHU WKH PDLQ UHVHDUFK TXHVWLRQ WKH RSWLPL]HG DOWHUQDWLYH VKRZQ LQ )LJXUH � LV D FRVW�HIIHFWLYH
DQG DGDSWDEOH GHVLJQ IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN� ,Q WKH QH[W \HDUV WKH IORRG VDIHW\ VWDQGDUG
IRU WKH $IVOXLWGLMN LV FKRVHQ DQG WKLV GHVLJQ FDQ HDVLO\ EH DGDSWHG WR PHHW WKH IXWXUH XQFHUWDLQ VWDQGDUG�
7KH SUREDELOLVWLF GHVLJQ PHWKRG XVHG LQ WKLV WKHVLV LV SDUWO\ GHULYHG IURP WKH WHPSRUDU\ IORRG GHIHQVH
GHVLJQ LQVWUXPHQW 2,���� DQG LW LV VKRZQ WKDW IXUWKHU LQYHVWLJDWLRQ LV QHHGHG EHIRUH D ILQDO GHVLJQ FDQ
EH UHFRPPHQGHG�



/LVW RI $FURQ\PV

$EEUHYLDWLRQ 'XWFK (QJOLVK
&3% &HQWUDDO 3ODQEXUHDX &3% 1HWKHUODQGV %XUHDX IRU (FRQRPLF

3ROLF\ $QDO\VLV
'3 'HOWDSURJUDPPD 'HOWD 3URJUDP
+5 K\GUDXOLVFKH UDQGYRRUZDDUGHQ K\GUDXOLF ERXQGDU\ FRQGLWLRQV
,32 ,QWHUSURYLQFLDDO RYHUOHJ $VVRFLDWLRQ RI WKH 3URYLQFHV RI WKH

1HWKHUODQGV
.5: .DGHUULFKWOLMQ :DWHU :DWHU )UDPHZRUN 'LUHFWLYH
0+: 0DDWJHYHQG KRRJZDWHU QLYHDX GHVLJQ ZDWHU OHYHO
0,57 0HHUMDUHQSURJUDPPD ,QIUDVWUXFWXXU�

5XLPWH HQ 7UDQVSRUW
0.%$ 0DDWVFKDSSHOLMNH NRVWHQ�EDWHQ DQDO\VH VRFLDO FRVW�EHQHILW DQDO\VLV
0/6 0HHUODDJV YHLOLJKHLG 0XOWL�OD\HUHG 6DIHW\
06/ 0HDQ 6HD /HYHO
1$3 1RUPDDO $PVWHUGDPV 3HLO
Q+:%3 QLHXZ +RRJZDWHUEHVFKHUPLQJVSUR�

JUDPPD
)ORRG 3URWHFWLRQ 3URJUDP

1:3 1DWLRQDDO :DWHUSODQ 1DWLRQDO :DWHU 3ODQ
2,���� 2QWZHUSLQVWUXPHQWDULXP ���� 'HVLJQ LQVWUXPHQWV IRU IORRG GHIHQFHV
525 5LFKWOLMQ 2YHUVWURPLQJVULVLFRঅV (XURSHDQ )ORRGV 'LUHFWLYH
5:6 5LMNVZDWHUVWDDW �
6%: 6WHUNWH HQ %HODVWLQJ :DWHUNHULQJHQ 6WUHQJKW DQG /RDGV )ORRG GHIHQFHV
62' 6\VWHHPRQWZHUS 'LMN 6\VWHP GHVLJQ GLNH
67$ 6WUXFWXXUYLVLH 7RHNRPVW $IVOXLWGLMN 1DWLRQDO 6WUXFWXUH 9LVLRQ $IVOXLWGLMN
7. 7ZHHGH .DPHU +RXVH RI &RPPRQV
8Y: 8QLH 9DQ :DWHUVFKDSSHQ $VVRFLDWLRQ RI 5HJLRQDO :DWHU $XWKRUL�

WLHV
91* 9HUHQLJLQJ YDQ 1HGHUODQGVH *HPHHQ�

WHQ
$VVRFLDWLRQ RI 1HWKHUODQGV 0XQLFLSDOL�
WLHV

91.� 9HLOLJKHLGKHLG 1HGHUODQG LQ .DDUW )ORRG 5LVN LQ WKH 1HWKHUODQGV
979 YRRUVFKULIW WRHWVWHQ RS YHLOLJKHLG
:7,���� :HWWHOLMN 7RHWVLQVWUXPHQWDULXP ���� /HJDO DVVHVVPHQW LQVWUXPHQWV ����
:9�� :DWHUYHLOLJKHLG ��H HHXZ ��VW�FHQWXU\ )ORRG 3URWHFWLRQ
:�% :LWWHYHHQ � %RV :LWWHYHHQ � %RV

L[



/LVW RI )LJXUHV

� $ FURVV VHFWLRQ VFKHPDWL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH %�� GHYHORSHG E\ :�%� � � YLL
� 6FKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ RI WKH UHFRPPHQGHG DGDSWDEOH DOWHUQDWLYH� � � � � YLLL

��� 2YHUYLHZ RI WKH ZDWHU PDQDJHPHQW LQ WKH 1HWKHUODQGV� � � � � � � � � � � � � � � � � � �
��� 6WDQGDUG FURVV VHFWLRQ RI D GLNH ZLWKRXW VSHFLDO VWUXFWXUHV� � � � � � � � � � � � � � � � ��
��� )DLOXUH PHFKDQLVPV RI GLNHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� ([DPSOH RI D )1 FXUYH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� &RVWV DV D IXQFWLRQ RI WKH DFFHSWHG SUREDELOLW\ RI IDLOXUH E\ 3URI� YDQ 'DQW]LJ� � � � � � ��

��� 7KH VSDWLDO FRUUHODWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� (TXLYDOHQW OLPLW VWDWH IXQFWLRQ ൟ፞ RI WKH FRPELQHG SUREDELOLW\ RI ൟ። DQG ൟ፣� � � � � � � � ��
��� &RPELQDWLRQ RI SUREDELOLW\ RI IDLOXUH IRU D V\VWHP ZLWK IRXU HOHPHQWV� � � � � � � � � � � ��
��� )LWWHG FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� )ORZ FKDUW PRGHO WR DVVHVV WKH SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN� � � � � � � � � � � ��

��� $Q RYHUYLHZ RI WKH $IVOXLWGLMN ZLWK WKH GLNH ERG\ DQG VSHFLDO VWUXFWXUHV� � � � � � � � � ��
��� $ W\SLFDO FURVV VHFWLRQ RI WKH $IVOXLWGLMN� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� )DXOW WUHH IRU IDLOXUH RI WKH $IVOXLWGLMN� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVWULEXWLRQ RI WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH ZLWKRXW UHVLGXDO VWUHQJWK ��%�� � � � � ��
��� 'LVWULEXWLRQ RI WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH ZLWKRXW UHVLGXDO VWUHQJWK ��%�� � � � � ��
��� 7RS YLHZ RI WKH VOXLFH FRPSOH[ DW 'HQ 2HYHU� � � � � � � � � � � � � � � � � � � � � � � � ��
��� 7RS YLHZ RI WKH VOXLFH FRPSOH[ DW .RUQZHUGHU]DQG� � � � � � � � � � � � � � � � � � � � � ��
��� 7RS YLHZ RI WKH $IVOXLWGLMN ZLWK WKH VHOHFWHG GLNH VHFWLRQV LQ 3&�5LQJ� � � � � � � � � � � ��
��� 3UREDELOLW\ RI IDLOXUH GXH WR ZDYH UXQ�XS DQG RYHUWRSSLQJ� � � � � � � � � � � � � � � � � ��
���� 3UREDELOLW\ RI IDLOXUH GXH WR LQVWDELOLW\ RI WKH RXWHU VORSH SURWHFWLRQ� � � � � � � � � � � � ��
���� /HQJWK RI WKH GLNH VHFWLRQV RI WKH $IVOXLWGLMN� � � � � � � � � � � � � � � � � � � � � � � � ��
���� 'LIIHUHQFH EHWZHHQ WKH UHVXOWV LQFOXGLQJ WKH OHQJWK HIIHFW LQ 3&�5LQJ� � � � � � � � � � � ��
���� 'LIIHUHQFH EHWZHHQ WKH UHVXOWV ZLWKRXW WKH OHQJWK HIIHFW LQ 3&�5LQJ� � � � � � � � � � � � ��

��� 'HVLJQ URWDULHV IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN� � � � � � � � � � � � � � � � � � � � � ��
��� $ VFKHPDWLF RYHUYLHZ RI DOWHUQDWLYH $�� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $ VFKHPDWLF RYHUYLHZ RI DOWHUQDWLYH %�� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $ VFKHPDWLF RYHUYLHZ RI DOWHUQDWLYH %�� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $ VFKHPDWLF RYHUYLHZ RI DOWHUQDWLYH &�� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $ VFKHPDWLF RYHUYLHZ RI DOWHUQDWLYH '�� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $ FURVV VHFWLRQ VFKHPDWL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH %�� � � � � � � � � � � � � � � ��
��� $ FURVV VHFWLRQ VFKHPDWL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH %��� � � � � � � � � � � � � � ��
��� 6FKHPDWL]DWLRQ RII WKH FURVV VHFWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH %��� � � � � � � � � � � ��
���� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH KHLJKW RI WKH FURZQ RI WKH GLNH� � � ��
���� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH KHLJKW RI WKH EHUP� � � � � � � � � � ��
���� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH ZLGWK RI WKH EHUP� � � � � � � � � � ��
���� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH DQJOH RI WKH XSSHU DQG ORZHU VORSH� ��
���� 6FKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ RI D SRVVLEOH DOWHUQDWLYH� � � � � � � � � � � � � � � � ��
���� 6FKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ RI D SRVVLEOH DOWHUQDWLYH� � � � � � � � � � � � � � � � ��
���� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH KHLJKW RI WKH EHUP� � � � � � � � � � ��
���� 6FKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ RI WKH UHFRPPHQGHG DGDSWDEOH DOWHUQDWLYH� � � � � ��
���� 5HWXUQ SHULRGV RI IDLOXUH IRU WKH KHLJKW RI WKH EHUP IRU WKH UHFRPPHQGHG DOWHUQDWLYH� � ��
���� 5HWXUQ SHULRGV RI IDLOXUH IRU WKH ZLGWK RI WKH EHUP IRU WKH UHFRPPHQGHG DOWHUQDWLYH� � ��
���� 5HWXUQ SHULRGV RI IDLOXUH IRU WKH ORZHU VORSH IRU WKH UHFRPPHQGHG DOWHUQDWLYH� � � � � � ��
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���� ,QYHVWPHQW FRVWV IRU LQFUHDVLQJ EHUP ZLGWK DQG PDNLQJ WKH ORZHU VORSH PRUH JHQWOH� � ��
���� (IIHFW RI WKH LQYHVWPHQW FRVWV RQ WKH UHWXUQ SHULRG RI IDLOXUH� � � � � � � � � � � � � � � ��
���� =RRPHG HIIHFW RI WKH LQYHVWPHQW FRVWV RQ WKH UHWXUQ SHULRG RI IDLOXUH� � � � � � � � � � � ��

��� 6FKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ RI WKH UHFRPPHQGHG DGDSWDEOH DOWHUQDWLYH� � � � � ��

$�� 6WRUP EXLOG XS ZLWK DQ XSVFDOLQJ WULDQJOH IRU D VWRUP DW +DUOLQJHQ� )HEUXDU\ ����� � � � ��
$�� )LWWHG FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ DFFRUGLQJ WR WKH H[FHHGDQFH IUHTXHQF\ YDOXHV� � ��
$�� )LWWHG FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ DFFRUGLQJ WR WKH H[FHHGDQFH IUHTXHQF\ YDOXHV� � ��
$�� )LWWHG FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ DFFRUGLQJ WR WKH H[FHHGDQFH IUHTXHQF\ YDOXHV� � ��
$�� )LWWHG FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ DFFRUGLQJ WR WKH H[FHHGDQFH IUHTXHQF\ YDOXHV� � ��
$�� 'LVWULEXWLRQ RI WKH VLJQLILFDQW ZDYH KHLJKW IURP WKH UHODWLRQVKLS ZLWK WKH ZDWHU OHYHO� � ��
$�� 'LVWULEXWLRQ RI WKH ZDYH SHULRG IURP WKH UHODWLRQVKLS ZLWK WKH VLJQLILFDQW ZDYH KHLJKW� � ��

%�� 3UREDELOLW\ GHQVLW\ IXQFWLRQV IRU WKH QRUPDO DQG ORJQRUPDO GLVWULEXWLRQ IXQFWLRQV� � � � � ��
%�� 3UREDELOLW\ GHQVLW\ IXQFWLRQV IRU WKH QRUPDO DQG ORJQRUPDO GLVWULEXWLRQ� � � � � � � � � � ��
%�� 6OLS SODQH ZLWK WKH YHUWLFDO VOLFHV DFFRUGLQJ WR WKH %LVKRS PHWKRG� � � � � � � � � � � � � ���
%�� 6OLS SODQH IRU WKH LQQHU VORSH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
%�� 6OLS SODQH IRU WKH RXWHU VORSH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
%�� 1RUPDWLYH FURVV VHFWLRQ RI WKH $IVOXLWGLMN LQFOXGLQJ VXEVRLO VWUXFWXUH� � � � � � � � � � � ���

&�� &URVV VHFWLRQ RI DQ RXWOHW VOXLFH LQ FORVHG DQG RSHQ FRQGLWLRQ� � � � � � � � � � � � � � � ���
&�� 7RS YLHZ VFKHPDWL]DWLRQ RI D QDYLJDWLRQ ORFN� � � � � � � � � � � � � � � � � � � � � � � � ���
&�� $HULDO YLHZ RI QDYLJDWLRQ ORFN DW 'HQ 2HYHU� � � � � � � � � � � � � � � � � � � � � � � � � ���
&�� $HULDO YLHZ RI QDYLJDWLRQ ORFN DW .RUQZHUGHU]DQG� � � � � � � � � � � � � � � � � � � � � � ���

'�� 7KH SUREDELOLW\ GHQVLW\ IXQFWLRQV RI WKH ORDG �൘� DQG VWUHQJWK �ൗ�� � � � � � � � � � � � � ���
'�� 5HODWLRQ EHWZHHQ WKH VDIHW\ VWDQGDUG DQG WKH UHTXLUHPHQWV� � � � � � � � � � � � � � � � ���

)�� &URVV VHFWLRQ RI GLNH VHFWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� &URVV VHFWLRQ RI GLNH VHFWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� &URVV VHFWLRQ RI GLNH VHFWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� &URVV VHFWLRQ RI GLNH VHFWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� &URVV VHFWLRQ RI GLNH VHFWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� &URVV VHFWLRQ RI GLNH VHFWLRQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� &URVV VHFWLRQ RI GLNH VHFWLRQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
)�� &URVV VHFWLRQ RI GLNH VHFWLRQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

*�� ,QSXW IRU WKH LQVWDELOLW\ RI WKH VWRQH UHYHWPHQW SDUWV IRU GLNH VHFWLRQ �$� � � � � � � � � ���
*�� ,QSXW IRU WKH LQVWDELOLW\ RI WKH VWRQH UHYHWPHQW SDUWV IRU GLNH VHFWLRQ �%� � � � � � � � � ���
*�� ,QSXW IRU WKH LQVWDELOLW\ RI WKH VWRQH UHYHWPHQW SDUWV IRU GLNH VHFWLRQ �� � � � � � � � � � ���
*�� ,QSXW IRU WKH LQVWDELOLW\ RI WKH VWRQH UHYHWPHQW SDUWV IRU GLNH VHFWLRQ ��$� � � � � � � � ���
*�� ,QSXW IRU WKH LQVWDELOLW\ RI WKH VWRQH UHYHWPHQW SDUWV IRU GLNH VHFWLRQ ��%� � � � � � � � ���
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� 7RWDO SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN IRU WKH FXUUHQW GHVLJQ� � � � � � � � � � � � � YL
� 3UREDELOLW\ RI IDLOXUH RI WKH UHIHUHQFH DOWHUQDWLYH %�� IRU ZDYH UXQ�XS DQG RYHUWRSSLQJ� YL
� &RVW HVWLPDWLRQ IRU WKH DOWHUQDWLYH ZLWK PLQLPDO FRVWV DQG WKH UHIHUHQFH DOWHUQDWLYH� � � YLL

��� 3UREDELOLWLHV RI GHFHDVH IRU GLIIHUHQW FDXVHV �VRXUFH� /HFWXUH QRWHV &7������ � � � � � � �

��� 3UREDELOLW\ RI IDLOXUH EXGJHW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'LNH VHFWLRQV RI WKH $IVOXLWGLMN� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3UREDELOLWLHV RI IDLOXUH IRU GLIIHUHQW FULWLFDO RYHUWRSSLQJ GLVFKDUJHV IRU GLNH VHFWLRQ �%� � ��
��� 3UREDELOLWLHV RI IDLOXUH IRU WKH WKUHH GLIIHUHQW DSSURDFKHV� � � � � � � � � � � � � � � � � � ��
��� 3UREDELOLW\ RI IDLOXUH RI WKH SODFHG VWRQH EORFNV RQ D ILOWHU LQFOXGLQJ UHVLGXDO VWUHQJWK� � ��
��� 3UREDELOLW\ RI IDLOXUH IRU WKH LQQHU VORSH IRU D QRUPDWLYH FURVV VHFWLRQ� � � � � � � � � � � ��
��� 3UREDELOLW\ RI IDLOXUH IRU WKH RXWHU VORSH IRU D QRUPDWLYH FURVV VHFWLRQ� � � � � � � � � � � ��
��� 6HOHFWLRQ FULWHULD IRU WKH FDOFXODWLRQ RI GLNH VHFWLRQV� � � � � � � � � � � � � � � � � � � � ��
��� 6SUHDG LQ VSDFH DQG WLPH WR GHWHUPLQH IDLOXUH GXH WR RYHUWRSSLQJ� � � � � � � � � � � � ��
��� 6SUHDG LQ VSDFH DQG WLPH WR GHWHUPLQH IDLOXUH GXH WR LQVWDELOLW\ RI WKH VORSH� � � � � � � ��
���� 5HOLDELOLW\ LQGH[HV� SUREDELOLWLHV RI IDLOXUH DQG UHWXUQ SHULRGV IRU DOO WKH GLNH VHFWLRQV� � ��
���� 7RWDO SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN IRU WKH FXUUHQW GHVLJQ� � � � � � � � � � � � � ��
���� 'LIIHUHQFH EHWZHHQ WKH PRGHOV IRU � GLNH VHFWLRQV LQFOXGLQJ WKH OHQJWK HIIHFW� � � � � � ��
���� ,QIOXHQFH RI WKH OHQJWK HIIHFW RQ WKH SUREDELOLW\ RI IDLOXUH GXH WR RYHUWRSSLQJ� � � � � � ��
���� 'LIIHUHQFH EHWZHHQ WKH PRGHOV IRU � GLNH VHFWLRQV H[FOXGLQJ WKH OHQJWK HIIHFW� � � � � � ��
���� 'LIIHUHQFH EHWZHHQ WKH PRGHOV IRU � GLNH VHFWLRQV LQFOXGLQJ WKH OHQJWK HIIHFW� � � � � � ��

��� 3UREDELOLW\ RI IDLOXUH RI WKH UHIHUHQFH DOWHUQDWLYH IRU ZDYH UXQ�XS DQG RYHUWRSSLQJ� � � � ��
��� 3DUDPHWHUV XVHG WR GHWHUPLQH IDLOXUH GXH WR RYHUWRSSLQJ IRU WKH UHIHUHQFH DOWHUQDWLYH� ��
��� 6WHSV IRU WKH YDULDEOHV XVHG LQ WKH RSWLPL]DWLRQ IRU RYHUWRSSLQJ� � � � � � � � � � � � � � ��
��� &RVW QXPEHUV IRU WKH FRVW HVWLPDWLRQ RI WKH DOWHUQDWLYHV� � � � � � � � � � � � � � � � � � ��
��� 7UDQVIRUPHG FRVW QXPEHUV IRU WKH FRVW HVWLPDWLRQ RI WKH DOWHUQDWLYHV� � � � � � � � � � � ��
��� &RVW HVWLPDWLRQ IRU WKH WHQ DOWHUQDWLYHV ZLWK PLQLPDO FRVWV� � � � � � � � � � � � � � � � ��
��� &RVW HVWLPDWLRQ IRU WKH WHQ DOWHUQDWLYHV ZLWK KLJK UHWXUQ SHULRGV� � � � � � � � � � � � � ��
��� 6WHSV IRU WKH YDULDEOHV XVHG LQ WKH GHWDLOHG RSWLPL]DWLRQ IRU RYHUWRSSLQJ� � � � � � � � � ��
��� &RVW HVWLPDWLRQ IRU ILYH UHDOLVWLF DOWHUQDWLYHV ZLWK WKH ORZHVW FRVWV� � � � � � � � � � � � ��
���� &RVW HVWLPDWLRQ IRU WKH UHFRPPHQGHG DOWHUQDWLYH DQG WKH UHIHUHQFH DOWHUQDWLYH� � � � � ��

��� 3UREDELOLW\ RI IDLOXUH RI WKH UHIHUHQFH DOWHUQDWLYH IRU ZDYH UXQ�XS DQG RYHUWRSSLQJ� � � � ��
��� &RVW HVWLPDWLRQ IRU WKH DOWHUQDWLYH ZLWK PLQLPDO FRVWV DQG WKH UHIHUHQFH DOWHUQDWLYH %��� ��

$�� 5HWXUQ SHULRGV IRU WKH ZDWHU OHYHO� ZDYH KHLJKW DQG ZDYH SHULRG� � � � � � � � � � � � � ��
$�� 5HWXUQ SHULRGV IRU WKH KLJK ZDWHU OHYHO� VLJQLILFDQW ZDYH KHLJKW DQG PHDQ HQHUJ\ ZDYH

SHULRG ZLWK WKH FRUUHVSRQGLQJ ILWWHG GLVWULEXWLRQV DQG WKH VTXDUHG HUURU� � � � � � � � � ��

%�� $YDLODEOH GLVWULEXWLRQ IXQFWLRQ LQ WKH SUREDELOLVWLF WRROV LQ 2SHQ(DUWK� � � � � � � � � � � ��
%�� 3DUDPHWHUV XVHG WR GHWHUPLQH IDLOXUH GXH WR RYHUWRSSLQJ� � � � � � � � � � � � � � � � � ��
%�� 3DUDPHWHUV XVHG WR GHWHUPLQH FULWLFDO RYHUWRSSLQJ GLVFKDUJH� � � � � � � � � � � � � � � ��
%�� 3DUDPHWHUV XVHG WR GHWHUPLQH IDLOXUH RI WKH VWRQH SODFHG EORFNV RQ D ILOWHU� � � � � � � � ��
%�� 3DUDPHWHUV XVHG WR GHWHUPLQH IDLOXUH GXH WR HURVLRQ RI GLNH ERG\� � � � � � � � � � � � � ��
%�� 9DOXHV IRU YDULDEOHV LQ WKH SLSLQJ FDOFXODWLRQ� � � � � � � � � � � � � � � � � � � � � � � � ���

'�� 3UREDELOLW\ RI IDLOXUH EXGJHW� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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$W WKLV PRPHQW WKH FRQFHSW RI WKH VDIHW\ VWDQGDUGV IRU IORRG GHIHQFHV LQ WKH 1HWKHUODQGV LV FKDQJLQJ
LQWR D ULVN�EDVHG DSSURDFK� 7KLV QHZ VDIHW\ VWDQGDUG LV EDVHG RQ D SUREDELOLW\ RI IORRGLQJ LQVWHDG RI D
SUREDELOLW\ RI H[FHHGDQFH RI ZDWHU OHYHOV� 7KLV ZD\ WKH HIIHFWV RI D IORRG DUH WDNHQ LQWR DFFRXQW� ZKLFK
UHVXOWV LQ D PRUH DFFXUDWH ULVN�LQIRUPHG DSSURDFK�

7KH LPSOHPHQWDWLRQ RI WKH QHZ VDIHW\ VWDQGDUG LQWURGXFHV FKDOOHQJHV EHFDXVH D IXOO\ ULVN�EDVHG DS�
SURDFK LV QHZ DQG XQFHUWDLQWLHV DQG SROLWLFDO GLVFXVVLRQV DUH LQWURGXFHG E\ WKLV DSSURDFK� ,Q WKLV 06F
WKHVLV WKHVH FKDOOHQJHV DUH DQDO\]HG� )RFXV ZLOO EH RQ WKH FKDOOHQJHV GXULQJ WKH WUDQVLWLRQ SHULRG EH�
WZHHQ VZLWFKLQJ IURP WKH FXUUHQW WR WKH QHZ VWDQGDUGV� 7KLV WUDQVLWLRQ SHULRG ZLOO HVSHFLDOO\ LQWURGXFH
FKDOOHQJHV IRU FXUUHQW SURMHFWV UHJDUGLQJ UHLQIRUFHPHQW RI IORRG GHIHQFHV� 7KH UHQRYDWLRQ LQ WKHVH
SURMHFWV LV EDVHG RQ WKH FXUUHQW VWDQGDUG EXW WKH QHZ VWDQGDUG KDV WR EH LQYHVWLJDWHG� 7KLV LV IRU
H[DPSOH WKH FDVH IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN�

,Q WKLV 06F WKHVLV WKH FRQVHTXHQFH RI WKH QHZ VDIHW\ VWDQGDUGV RQ WKH GHVLJQ RI WKH $IVOXLWGLMN ZLOO
EH UHVHDUFKHG� )LUVW WKH SUREOHPV UHJDUGLQJ WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN LQ WKH WUDQVLWLRQ SHULRG
DUH DQDO\]HG� 2QFH WKHVH SUREOHPV DUH IRUPXODWHG� WKH PDLQ REMHFWLYH LV VHW DQG D UHVHDUFK TXHVWLRQ
LQFOXGLQJ VXE UHVHDUFK TXHVWLRQV IRU WKLV 06F WKHVLV DUH JLYHQ� 7KH PHWKRG RI DSSURDFK GHVFULEHV KRZ
WKLV SUREOHP FDQ EH WDFNOHG DQG WKURXJK ZKLFK VWHSV WKH UHVHDUFK TXHVWLRQ FDQ EH DQVZHUHG�

���� 3UREOHP DQDO\VLV
$W WKLV PRPHQW WKH VDIHW\ VWDQGDUGV LQ WKH 1HWKHUODQGV DUH EDVHG RQ D SUREDELOLW\ RI H[FHHGDQFH RI
ZDWHU OHYHOV� 7KHVH VWDQGDUGV ZHUH LQWURGXFHG LQ WKH ILUVW 'HOWD 3ODQ DIWHU WKH PDMRU IORRG LQ �����
2YHU WKH SDVW GHFDGHV WKH 1HWKHUODQGV KDYH GHYHORSHG LQWR D FRXQWU\ ZLWK PRUH LQKDELWDQWV DQG PRUH
HFRQRPLF YDOXH� $OVR GXH WR FOLPDWH FKDQJH WKH ULYHU GLVFKDUJHV LQFUHDVH DQG WKH VHD OHYHO ULVHV�
7RJHWKHU ZLWK WKH VXEVLGHQFH RI WKH ODQG WKH SUREOHPV DUH LQFUHDVLQJ LQ WKH IXWXUH�

$W WKH HQG RI ���� D QHZ 'HOWD 3ODQ �'3����� ZDV SURSRVHG LQ ZKLFK WKH VDIHW\ VWDQGDUG ZLOO KDYH
WKH IRUP RI D SUREDELOLW\ RI IORRGLQJ� 1RZDGD\V WKH NQRZOHGJH DERXW WKH GLIIHUHQW IDLOXUH PHFKDQLVPV
LV VXIILFLHQW HQRXJK WR XVH WKLV LQ PRGHOV WR GHWHUPLQH WKH SUREDELOLWLHV RI IORRGLQJ IRU HDFK IDLOXUH
PHFKDQLVP� 7KHUHIRUH WKH SUREDELOLW\ RI IORRGLQJ FDQ EH XVHG LQVWHDG RI SUREDELOLW\ RI H[FHHGDQFH RI
ZDWHU OHYHOV� ,Q WKLV DSSURDFK WKH SUREDELOLW\ RI IORRGLQJ DQG WKH LPSDFW RI D IORRG DUH ERWK WDNHQ LQWR
DFFRXQW� ZKLFK OHDGV WR D ULVN�LQIRUPHG DSSURDFK�

,Q '3���� LW LV SURSRVHG WKDW HYHU\ LQKDELWDQW RI WKH 1HWKHUODQGV KDV WR KDYH D JXDUDQWHHG EDVLF
VDIHW\� 7KLV EDVLF VDIHW\ PHDQV WKDW WKH SUREDELOLW\ RI ORVV RI OLIH LV ���� ������ ���� SHU \HDU IRU HYHU\
LQGLYLGXDO� 7KLV JXDUDQWHHG EDVLF VDIHW\ LV UHODWLYHO\ KLJK FRPSDUHG WR RWKHU FDXVHV RI ORVV RI OLIH� DV
VKRZQ LQ 7DEOH ���� )RU FHUWDLQ DUHDV ZLWK D ODUJH SRSXODWLRQ RU D KLJK HFRQRPLF YDOXH D KLJKHU VDIHW\
OHYHO PD\ EH SURILWDEOH� :LWK WKH LPSOHPHQWDWLRQ RI WKLV QHZ VDIHW\ VWDQGDUG WKH H[SHFWHG QXPEHU
RI ORVV RI OLIH DQG WKH HFRQRPLF GDPDJH ZLOO UHGXFH LQ WKH ORQJ WHUP DQG WKH ZKROH SRSXODWLRQ RI WKH
1HWKHUODQGV ZLOO KDYH WKH VDPH EDVLF OHYHO RI VDIHW\�

�
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&DXVH 3UREDELOLW\ RI ORVV RI OLIH SHU \HDU
0RXQWDLQHHULQJ DFFLGHQW ��ዅኼ
,OOQHVV ��ዅኽ
&DU DFFLGHQW ��ዅኾ
3ODQH DFFLGHQW ��ዅ
)DFWRU\ DFFLGHQW ��ዅዀ

7DEOH ���� 3UREDELOLWLHV RI GHFHDVH IRU GLIIHUHQW FDXVHV �VRXUFH� /HFWXUH QRWHV &7������

%HIRUH WKLV QHZ VDIHW\ VWDQGDUG LV LPSOHPHQWHG WKHUH DUH D QXPEHU RI RQJRLQJ SURMHFWV WKDW DUH EDVHG
RQ WKH FXUUHQW VDIHW\ VWDQGDUG� 2QH RI WKRVH SURMHFWV LV WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN� 7KH $IVOXLWGLMN
LV D FORVXUH GDP EHWZHHQ WKH SURYLQFHV RI 1RRUG�+ROODQG DQG )ULHVODQG� 7R JXDUDQWHH VDIHW\ LQ WKH
KLQWHUODQG LW ZDV GHVLJQHG WR SURWHFW /DNH ,-VVHO �ZKLFK ZDV QDPHG =XLGHU]HH EHIRUH FORVXUH RI WKH
$IVOXLWGLMN� IURP VWRUPV RQ WKH :DGGHQ 6HD� ,Q ���� WKH FRQVWUXFWLRQ RI WKH $IVOXLWGLMN VWDUWHG DQG LW
ZDV ILQLVKHG LQ ����� $ \HDU ODWHU D URDG DQG WKH ILQLVKLQJ GHWDLOV ZHUH GRQH DQG WKH $IVOXLWGLMN ZDV
RSHQHG IRU SXEOLF�

6LQFH WKH VDIHW\ DVVHVVPHQW LQ ���� LW LV FOHDU WKDW WKH VDIHW\ RI WKH $IVOXLWGLMN LV QRW XS WR GDWH DQG WKDW
LW KDV WR EH UHQRYDWHG WR JXDUDQWHH WKH VDIHW\ DJDLQVW IORRGV� 7R JXDUDQWHH WKH VDIHW\ DJDLQVW IORRGLQJ
LW ZDV GHFLGHG WKDW WKH $IVOXLWGLMN KDV WR PHHW WKH VDPH VDIHW\ VWDQGDUG DV WKH DGMDFHQW GLNH ULQJ LQ
1RUWK�+ROODQG� 7KLV VWDQGDUG LV VHW DW D SUREDELOLW\ RI H[FHHGDQFH RI D ZDWHU OHYHO RI ���� ��� SHU \HDU�
7KH UHQRYDWLRQ RI WKH $IVOXLWGLMN WKDW LV PHQWLRQHG LQ WKH 0,57 �� LV EDVHG RQ WKLV VWDQGDUG EXW WKH
TXHVWLRQ LV KRZ WKH QHZ VDIHW\ VWDQGDUG ZLOO LQIOXHQFH WKH GHVLJQ RI WKH $IVOXLWGLMN� $W WKLV PRPHQW
WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN LV LQYHVWLJDWHG E\ :LWWHYHHQ � %RV DQG D FRQFHSW IRU WKH UHQRYDWLRQ
RI WKH $IVOXLWGLMN LV SURSRVHG� 7KLV UHQRYDWLRQ LV EDVHG RQ D H[FHHGDQFH SUREDELOLW\ RI WKH ZDWHU OHYHO
DQG QRW RQ WKH SUREDELOLW\ RI IORRGLQJ ZKLFK LV WKH IXWXUH VWDQGDUG� 7KHUHIRUH WKH LQIOXHQFH RI WKH QHZ
VWDQGDUG RQ WKH UHQRYDWLRQ GHVLJQ LV LQYHVWLJDWHG�

���� 3UREOHP IRUPXODWLRQ
������ ,QWURGXFWLRQ
%HIRUH WKH QHZ VDIHW\ VWDQGDUG LV LPSOHPHQWHG WKHUH LV D WUDQVLWLRQ SHULRG IRU WKH GHVLJQ RI IORRG
GHIHQFHV� 'XULQJ WKLV WUDQVLWLRQ SHULRG WKH GHVLJQ RI IORRG GHIHQFHV LV QRW EDVHG RQ WKH QHZ VDIHW\
VWDQGDUG EXW LW WDNHV WKLV QHZ VWDQGDUG LQWR DFFRXQW� 7KLV LV GRQH E\ DQWLFLSDWLQJ RQ WKH PRVW SUREDEOH
IXWXUH VWDQGDUG DQG PDNLQJ D GHVLJQ ZLWK D �VHPL��SUREDELOLVWLF PHWKRG� 2QH RI WKH NH\ TXHVWLRQV
IRU WKH QHZ VDIHW\ VWDQGDUG LV KRZ IORRG GHIHQFHV FDQ EH GHVLJQHG DQG HYDOXDWHG RQ D SUREDELOLW\ RI
IORRGLQJ� 0RVW GHVLJQHUV GR QRW KDYH IXOO NQRZOHGJH RI SUREDELOLVWLF PHWKRGV DQG WKHUHIRUH VLPSOHU
UXOHV DUH GHULYHG IURP WKH VDIHW\ WDUJHW �L�H� WKH SUREDELOLW\ RI IORRGLQJ� WR GHWHUPLQH WKH SURSHUWLHV
�GLPHQVLRQV� RI WKH IORRG GHIHQFHV� 7KHVH VHPL�SUREDELOLVWLF PHWKRGV ZHUH GHYHORSHG DQG SXEOLVKHG
DW WKH HQG RI ���� LQ WKH 2,������

7KH JRDO LQ WKLV 06F UHVHDUFK LV WR GHYHORS D GHVLJQ IRU WKH $IVOXLWGLMN ZLWK D SUREDELOLVWLF DSSURDFK
WDNLQJ WKH QHZ ULVN DSSURDFK LQWR DFFRXQW� %HIRUH D GHVLJQ LV GHYHORSHG WKH FRQVHTXHQFH RI WKH QHZ
VDIHW\ VWDQGDUG RQ WKH GHVLJQ RI WKH $IVOXLWGLMN LV LQYHVWLJDWHG E\ GHWHUPLQLQJ WKH SUREDELOLW\ RI IDLOXUH
RI WKH $IVOXLWGLMN� WDNLQJ UHVLGXDO VWUHQJWK LQWR DFFRXQW� )LUVW RI DOO WKH SUREDELOLVWLF PHWKRGV WKDW DUH
XVHG PXVW EH HYDOXDWHG DQG LQIRUPDWLRQ DERXW WKH QHZ VDIHW\ VWDQGDUGV PXVW EH JDWKHUHG� :LWK WKH
SUREDELOLVWLF NQRZOHGJH WKH SUREDELOLW\ RI IDLOXUH LV GHWHUPLQHG� :LWK WKH SUREDELOLVWLF PHWKRGV DQG ZLWK
LQIRUPDWLRQ DERXW WKH VDIHW\ VWDQGDUG WKH UHQRYDWLRQ GHVLJQ RI WKH $IVOXLWGLMN FDQ EH RSWLPL]HG� 7KH
QHZ SUREDELOLVWLF VDIHW\ VWDQGDUG LV OHVV FRQVHUYDWLYH WKDQ WKH FXUUHQW PHWKRGV DQG SUREDEO\ UHVXOWV LQ
ORZHU FRVWV IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN�

&XUUHQWO\ D ORW RI LQYHVWLJDWLRQ RQ WKH QHZ VDIHW\ VWDQGDUG LV GRQH DQG ZLWK D VRFLDO FRVW�EHQHILW DQDO\VLV
�0.%$� DQ HFRQRPLF RSWLPL]DWLRQ FDQ EH PDGH WR GHWHUPLQH WKH SUREDELOLW\ RI IORRGLQJ IRU DOO WKH IORRG

�0,57 �'XWFK DFURQ\P� 0HHUMDUHQSODQ ,QIUDVWUXFWXXU� 5XLPWH HQ 7UDQVSRUW� LV D SURJUDP ZLWK SODQV IRU LQIUDVWUXFWXUH DQG
HQYLURQPHQW LQ WKH 1HWKHUODQGV IRU WKH FRPLQJ \HDUV�
�'HVLJQ LQVWUXPHQWV IRU IORRG GHIHQFHV �2QWZHUSLQVWUXPHQWDULXP ���� �2,����� LQ 'XWFK�



���� 3UREOHP IRUPXODWLRQ �

GHIHQFHV LQ WKH 1HWKHUODQGV� 7KRURXJK LQYHVWLJDWLRQ RQ WKHVH SUREDELOLWLHV ZDV GRQH E\ 'HOWDUHV �.LQG�
������ )RU WKH /DNH ,-VVHO UHJLRQ WKH SURSRVHG SUREDELOLWLHV RI IORRGLQJ GHSHQG RQ D ORW RI GLIIHUHQW
IDFWRUV� 2QH RI WKH PDLQ SUREOHPV LQ WKH /DNH ,-VVHO UHJLRQ LV WKDW LW LV DVVXPHG WKDW WKH $IVOXLWGLMN ZLOO
QRW IDLO� 7KLV PHDQV WKDW WKH SURSRVHG SUREDELOLWLHV RI IORRGLQJ PD\ FKDQJH LI IDLOXUH RI WKH $IVOXLWGLMN
LV WDNHQ LQWR DFFRXQW�

������ 5HVHDUFK JRDOV
7KH SURSRVHG SUREDELOLWLHV RQ WKH /DNH ,-VVHO UHJLRQ� LQFOXGLQJ WKH $IVOXLWGLMN� DUH IXUWKHU LQYHVWLJDWHG
E\ WKH &3% 1HWKHUODQGV %XUHDX IRU (FRQRPLF 3ROLF\ $QDO\VLV �&3%�� ,Q WKLV DQDO\VLV �=ZDQHYHOG DQG
9HUZHLM� ����� WKH /DNH ,-VVHO UHJLRQ LV DQDO\]HG DQG DQ LPSURYHG SURSRVDO RI WKH SUREDELOLW\ RI IORRGLQJ
IRU WKH $IVOXLWGLMN LV GRQH� )URP WKLV DQDO\VLV D SUREDELOLW\ RI IDLOXUH RI ��� ��� SHU \HDU LV IRXQG� 6WLOO D
ORW RI TXHVWLRQV UHPDLQ XQDQVZHUHG DQG DIWHU DQ DVVHVVPHQW �YDQ ,HUODQG HW DO�� ����� LW LV FOHDU WKDW
IXUWKHU UHVHDUFK QHHGV WR EH GRQH EHIRUH D SURSRVHG SUREDELOLW\ RI IDLOXUH IRU WKH $IVOXLWGLMN FDQ EH
FKRVHQ�

$W WKLV PRPHQW QHZ SODQV DUH PDGH IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN� ,Q WKH GHVLJQ DOWHUQDWLYHV WKH
QHZ VDIHW\ VWDQGDUGV DUH QRW WDNHQ LQWR DFFRXQW DQG WKH TXHVWLRQ ULVHV KRZ VWURQJ WKH QHZ GHVLJQ KDV
WR EH DFFRUGLQJ WR WKH QHZ VWDQGDUG� 7KH QHZ VWDQGDUG SUREDEO\ UHVXOWV LQ D OHVV FRQVHUYDWLYH GHVLJQ�
ZKLFK FRVWV OHVV DQG LW PD\ HYHQ EH WKH FDVH WKDW WKH $IVOXLWGLMN GRHV QRW QHHG LPSURYHPHQW DW DOO� 7R
GHWHUPLQH WKH RSWLPDO GHVLJQ WKH DVVLJQHG SUREDELOLW\ RI IDLOXUH IRU WKH $IVOXLWGLMN PXVW EH NQRZQ� $V
PHQWLRQHG HDUOLHU WKH SURSRVHG SUREDELOLW\ RI IORRGLQJ GHSHQGV RQ D ORW RI IDFWRUV DQG LW PLJKW FKDQJH
D ORW GHSHQGLQJ RQ WKH FKRLFHV WKDW DUH PDGH�

$QRWKHU FKDOOHQJH LV KRZ WKH QHZ VDIHW\ VWDQGDUG LV WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ RI WKH $IVOXLWGLMN�
)RU WKH GHVLJQ EDVHG RQ D SUREDELOLW\ RI IORRGLQJ VLPSOLILHG DSSURDFKHV DUH GHYHORSHG� ,Q WKLV VHPL�
SUREDELOLVW DSSURDFK VDIHW\ IDFWRUV DUH GHWHUPLQHG IRU GLIIHUHQW IDLOXUH PHFKDQLVPV WKDW WDNH WKHVH
LQWR DFFRXQW� +RZHYHU WKHVH VHPL�SUREDELOLVWLF PHWKRGV DUH QRW GHYHORSHG IRU WKH $IVOXLWGLMN� ,Q WKLV
06F WKHVLV LW LV DLPHG WR XVH IXOO\ SUREDELOLVWLF PHWKRGV DV PXFK DV SRVVLEOH� ,Q FDVH RI LQVXIILFLHQW
NQRZOHGJH RU GDWD D VHPL�SUREDELOLVWLF PHWKRG ZLOO EH XVHG�

7KH VWDUW RI WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN LV SODQQHG WR VWDUW LQ ����� %\ WKHQ WKH QHZ VDIHW\ VWDQGDUG
IRU WKH $IVOXLWGLMN LV NQRZQ VR LQ WKH UHQRYDWLRQ GHVLJQ WKLV QHZ VWDQGDUG FDQ EH WDNHQ LQWR DFFRXQW�
,Q WKLV WKHVLV WKH JRDO LV WR DQWLFLSDWH RQ WKH QHZ IORRG VWDQGDUG DQG SURSRVH D UHQRYDWLRQ GHVLJQ WKDW
FDQ EH DGDSWHG WR WKH XQFHUWDLQ IXWXUH VWDQGDUG� $OVR WKH SUREDELOLVWLF PHWKRG DQG WKH GHWHUPLQDWLRQ
RI VHPL�SUREDELOLVW IDFWRUV LQ WKH GHVLJQ SURFHVV LV D JRDO LQ WKLV WKHVLV�



� �� ,QWURGXFWLRQ

������ 5HVHDUFK TXHVWLRQ DQG VXE�TXHVWLRQV
7KH PDLQ REMHFWLYH RI WKLV 06F UHVHDUFK LV WR RSWLPL]H WKH UHQRYDWLRQ GHVLJQ RI WKH $IVOXLWGLMN DFFRUGLQJ
WR WKH QHZ VDIHW\ VWDQGDUG� )URP WKH SUREOHP IRUPXODWLRQ DQG WKH PDLQ REMHFWLYH D UHVHDUFK TXHVWLRQ
FDQ EH GHILQHG� 7KH UHVHDUFK TXHVWLRQ IRU WKLV 06F WKHVLV LV IRUPXODWHG DV IROORZV�

ঈ:KDW LV D SUREDELOLVWLF� FRVW�HIIHFWLYH DQG DGDSWDEOH GHVLJQ IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN"উ

7R UHDFK WKH PDLQ REMHFWLYH WKH UHVHDUFK TXHVWLRQ LV GLYLGHG LQWR VXE�TXHVWLRQV�

�� :KLFK IDLOXUH PHFKDQLVPV DUH RI LPSRUWDQFH IRU WKH GLNH ERG\ RI WKH $IVOXLWGLMN"
�� :KDW LV WKH SUREDELOLW\ RI IDLOXUH RI WKH H[LVWLQJ GLNH ERG\ RI WKH $IVOXLWGLMN"
�� :KDW IORRG VDIHW\ VWDQGDUG �SUREDELOLW\ RI IDLOXUH� IRU WKH $IVOXLWGLMN LV PRVW OLNHO\ WR EH LQWURGXFHG
ZLWK WKH QHZ VWDQGDUG"

�� :KDW LV WKH SUREDELOLW\ RI IDLOXUH RI WKH UHIHUHQFH DOWHUQDWLYH WKDW LV GHYHORSHG DW WKLV PRPHQW"
�� +RZ FDQ WKH GHVLJQ RI WKH UHIHUHQFH DOWHUQDWLYH EH RSWLPL]HG"
�� +RZ FDQ WKH XQFHUWDLQW\ RI WKH QHZ VWDQGDUG EH WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ RI WKH $IVOXLWGLMN"

���� 5HVHDUFK PHWKRGRORJ\
7KLV VHFWLRQ GHVFULEHV WKH UHVHDUFK PHWKRG RI WKLV 06F WKHVLV� ,Q WKLV 06F WKHVLV TXDOLWDWLYH UHVHDUFK
PHWKRGV DUH XVHG� $W WKH EHJLQQLQJ D OLWHUDWXUH VWXG\ DQG LQWHUYLHZV ZLOO SURYLGH WKH QHFHVVDU\ LQIRU�
PDWLRQ RQ WKH FXUUHQW VDIHW\ VWDQGDUG DQG WKH GLIIHUHQW LGHDV RI WKH QHZ VDIHW\ VWDQGDUG� $OVR WKLV
PHWKRG ZLOO EH XVHG WR JDWKHU LQIRUPDWLRQ DERXW SUREDELOLVWLF DQG VHPL�SUREDELOLVWLF PHWKRGV IRU WKH
GHVLJQ DQG VDIHW\ DVVHVVPHQWV RI IORRG GHIHQFHV�

$IWHU WKH JHQHUDO LQIRUPDWLRQ LV JDWKHUHG IRFXV LV SODFHG RQ WKH $IVOXLWGLMN� 7KH ILUVW VWHS LQ WKLV IRFXV
LV WR JHW DFTXDLQWHG ZLWK WKH GHYHORSPHQW RI WKH $IVOXLWGLMN DQG WKH FXUUHQW SODQV IRU WKH $IVOXLWGLMN
�0,57 ��� $OVR WKH IXQFWLRQLQJ RI WKH $IVOXLWGLMN DQG WKH LQWHUDFWLRQ ZLWK WKH IORRG GHIHQFHV DORQJ WKH
/DNH ,-VVHO UHJLRQ DUH GHVFULEHG� 7KLV JHQHUDO LQIRUPDWLRQ LV NHSW LQ PLQG GXULQJ IXUWKHU UHVHDUFK WR
SUHYHQW WR ORVH WKH ELJJHU SLFWXUH RXW RI VLJKW ZKLOH JRLQJ GHHSHU LQWR UHVHDUFK�

$IWHU JDWKHULQJ WKLV JHQHUDO LQIRUPDWLRQ RQ WKH $IVOXLWGLMN DQG SUREDELOLVWLF PHWKRGV WKH QH[W VWHS LV WR
FDOFXODWH WKH FXUUHQW SUREDELOLW\ RI IORRGLQJ RI WKH $IVOXLWGLMN� %HFDXVH WKH QHZ VDIHW\ VWDQGDUG ZLOO EH
EDVHG RQ WKH SUREDELOLW\ RI IORRGLQJ LW LV XVHIXO WR NQRZ WKH FXUUHQW VWUHQJWK RI WKH $IVOXLWGLMN� 7KLV LV
XVHIXO EHFDXVH WKH FXUUHQW FRQILJXUDWLRQ RI WKH $IVOXLWGLMN PD\ EH VWURQJ HQRXJK� ,Q WKLV FDOFXODWLRQ D
SUREDELOLVWLF PHWKRG LV XVHG ZLWK WKH XVH RI IDLOXUH PHFKDQLVPV EXGJHWV� WKDW DUH GHYHORSHG LQ 2,�����
$ VLPSOH FDOFXODWLRQ RQ WKH UHVLGXDO VWUHQJWK RI WKH ERXOGHU FOD\ FRUH LV GRQH WR DGGUHVV WKH LQIOXHQFH
RI WKLV UHVLGXDO VWUHQJWK RQ WKH SUREDELOLW\ RI IORRGLQJ� ,QYHVWLJDWLRQ RQ WKH UHVLGXDO VWUHQJWK LV DQ
RQJRLQJ SURFHVV EXW LQ WKH GHVLJQ DQG DVVHVVPHQW UXOHV UHVLGXDO VWUHQJWK LV VWLOO QRW LQFRUSRUDWHG� 7KH
LQIOXHQFH RI WKH UHVLGXDO VWUHQJWK LV VKRZQ WR HPSKDVL]H WKDW LW KDV LQGHHG D VLJQLILFDQW LQIOXHQFH RQ
WKH SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN�

2QFH WKH SUREDELOLW\ RI IDLOXUH LV NQRZQ WKH LPSDFW RI WKLV SUREDELOLW\ RI IORRGLQJ RQ WKH GHVLJQ ZLOO
EH LQYHVWLJDWHG� +RZHYHU� LW LV XQFOHDU ZKDW WKH QHZ VWDQGDUG IRU WKH $IVOXLWGLMN ZLOO EH� ,Q D UHFHQW
DQDO\VLV RI WKH /DNH ,-VVHO UHJLRQ �=ZDQHYHOG DQG 9HUZHLM� ����� D SURSRVDO LV GRQH IRU WKH SUREDELOLW\ RI
IORRGLQJ� 7KLV GHULYHG SUREDELOLW\ RI IDLOXUH RI ��� ��� SHU \HDU GHSHQGV RQ XQFHUWDLQWLHV DQG WKLV PXVW
EH IXUWKHU LQYHVWLJDWHG� ,Q WKLV 06F UHVHDUFK WKH SURSRVHG VWDQGDUG ZLOO QRW EH LQYHVWLJDWHG� %HFDXVH
RI WKH XQFHUWDLQ IDFWRUV DQG WKH FRPSOH[ V\VWHP RI LQWHUDFWLRQ RI WKH IORRG GHIHQFHV DORQJ /DNH ,-VVHO
DQG WKH $IVOXLWGLMN WKH GHWHUPLQDWLRQ RI WKH VWDQGDUG LV RXWVLGH WKH VFRSH RI WKLV 06F UHVHDUFK�

7KH IXWXUH VWDQGDUG RI WKH $IVOXLWGLMN LV XQNQRZQ DW WKLV PRPHQW� +RZHYHU WKH SUREDELOLWLHV RI IORRG�
LQJ IRU WKH UHIHUHQFH DOWHUQDWLYH GHYHORSHG E\ :�% FDQ EH LQYHVWLJDWHG� :LWK D VHPL�SUREDELOLVWLF
DSSURDFK� ZKLFK GHILQHV VDIHW\ IDFWRUV EDVHG RQ D SUREDELOLVWLF DSSURDFK� WKH SUREDELOLW\ RI IDLOXUH ZLOO
EH GHWHUPLQHG� 7KLV VHPL�SUREDELOLVWLF DSSURDFK LV GHYHORSHG IRU WKH 2,���� DQG WKLV DSSURDFK LV
HYDOXDWHG WR VHH LI LW LV DSSOLFDEOH IRU WKH $IVOXLWGLMN�

,I QHFHVVDU\ WKLV VHPL�SUREDELOLVWLF DSSURDFK LV LPSURYHG� 7KH JRDO RI WKLV LPSURYHPHQW LV WR GHULYH
IDLOXUH PHFKDQLVP EXGJHWV IRU WKH $IVOXLWGLMN GHSHQGLQJ RQ WKH WRWDO SUREDELOLW\ RI IORRGLQJ� :LWK WKLV
UHODWLRQ EHWZHHQ WKHVH EXGJHWV DQG SUREDELOLW\ RI IORRGLQJ LW LV D ORW HDVLHU WR PDNH D GHVLJQ LI WKH



���� 5HVHDUFK PHWKRGRORJ\ �

VWDQGDUG �H�J� D FHUWDLQ SUREDELOLW\ RI IORRGLQJ� LV FKRVHQ� $OVR DQ HFRQRPLF RSWLPDO GHVLJQ FDQ EH
GHWHUPLQHG IRU GLIIHUHQW SUREDELOLWLHV RI IORRGLQJ�

7KH ILQDO VWHS RI WKLV 06F UHVHDUFK LV WR FRPSDUH DOO WKH UHVXOWV ZLWK HDFK RWKHU DQG ZLWK WKH UHQRYDWLRQ
GHVLJQ RI WKH $IVOXLWGLMN� DFFRUGLQJ WR WKH ODWHVW V\VWHP GHVLJQ RI WKH GLNH �'XWFK DFURQ\P� 62'� E\
:�%� 'LIIHUHQW DOWHUQDWLYHV DUH GHYHORSHG E\ :�% DQG LW LV WKH TXHVWLRQ LI LW LV SURILWDEOH NHHSLQJ WKH
QHZ VDIHW\ VWDQGDUGV LQ PLQG� $IWHU WKH FRPSDULVRQ RI WKHVH UHVXOWV FRQFOXVLRQV DUH GUDZQ RQ WKH
FXUUHQW SODQV RI WKH $IVOXLWGLMN DQG UHFRPPHQGDWLRQV DUH JLYHQ IRU WKH IXWXUH GHVLJQ�



�
'HVLJQ DQG VDIHW\ DVVHVVPHQW RI

IORRG GHIHQFHV

���� 1HZ VDIHW\ VWDQGDUG
7KH VDIHW\ VWDQGDUG IRU IORRG GHIHQFHV LQ WKH 1HWKHUODQGV ZLOO EH EDVHG RQ D ULVN DSSURDFK� ,Q '3����
�0LQLVWHULH YDQ ,0 DQG 0LQLVWHULH YDQ (=� ����� WKH FRQFHSWV RI WKH QHZ VWDQGDUG DUH GHVFULEHG� 7KLV
QHZ VWDQGDUG LV DLPLQJ IRU WKUHH JRDOV DQG WKHVH JRDOV DUH UHDFKHG WKURXJK WKH FRQFHSW RI 0XOWL�
/D\HUHG�6DIHW\ �0/6��

7KH GHVLUHG OHYHO RI VDIHW\ ZLOO EH GHILQHG E\ WKH SUREDELOLW\ RI IORRGLQJ DQG WKH HIIHFWV RI D IORRG�
7RGD\ WKH WHFKQLFDO NQRZOHGJH LV DYDLODEOH WR XQGHUVWDQG WKHVH SUREDELOLVWLF FDOFXODWLRQV� ,QVLJKWV LQ
ZKDW LQIOXHQFHV WKH VWUHQJWK RI IORRG GHIHQFHV DQG ZKDW WKH LPSDFWV DUH RI D IORRG IRU WKH KLQWHUODQG
DUH WKH EDVH IRU D ULVN DSSURDFK IRU WKH VDIHW\ VWDQGDUG IRU IORRG GHIHQFHV� 7KH QHZ VDIHW\ VWDQGDUG
LV EDVHG RQ WKUHH JRDOV�

 %DVLF VDIHW\ IRU HYHU\RQH� 6WDUWLQJ SRLQW LV WKDW IRU HYHU\ 'XWFK FLYLOLDQ WKDW LV SURWHFWHG E\ DQ\
NLQG RI IORRG GHIHQFHV WKH SUREDELOLW\ RI ORVV RI OLIH GXH WR D IORRG LV OHVV WKDQ ���� ������ ����
SHU \HDU� 7KLV EDVLF VDIHW\ LV QRW WDNHQ LQWR DFFRXQW LQ WKH FXUUHQW VDIHW\ VWDQGDUG�

 5HGXFH VRFLDO GLVUXSWLRQ GXH WR D IORRG WR D PLQLPXP� 6RFLDO GLVUXSWLRQ DSSHDUV ZKHQ D ODUJH
QXPEHU RI OLYHV LV ORVW LQ WKH DUHD ZKLFK LV IORRGHG DQG�RU LI ODUJH HFRQRPLF GDPDJH LV WKH UHVXOW
RI D IORRG�

 3UHYHQW WKH IDOORXW RI YLWDO LQIUDVWUXFWXUH DQG YXOQHUDEOH IDFLOLWLHV OLNH XWLOLWLHV DQG KRVSLWDOV DV PXFK
DV SRVVLEOH� 7KHVH IDFLOLWLHV DQG LQIUDVWUXFWXUH DUH GXULQJ DQG DIWHU D IORRG RI JUHDW LPSRUWDQFH
IRU WKH IXQFWLRQLQJ RI WKH DUHD RI LPSDFW� WKH VXUURXQGLQJ UHJLRQ RU HYHQ WKH ZKROH FRXQWU\�

$OO WKHVH JRDOV DUH UHOHYDQW DQG GHWHUPLQH WRJHWKHU WKH GHVLUHG OHYHO RI VDIHW\ RI WKH IORRG GHIHQFHV�
$IWHU DQDO\VLV RI VDIHW\ SURJUDPV IRU VSHFLILF DUHDV WKHVH JRDOV FDQ EH LQWURGXFHG LQ DQ DGYLFH IRU QHZ
VDIHW\ VWDQGDUGV� 7KHVH JRDOV FDQ EH UHDFKHG E\ WKUHH NLQGV RI PHDVXUHV�

 /HYHO �� 1HZ VDIHW\ VWDQGDUGV IRU WKH IORRG GHIHQFHV DQG SUHYHQWLYH PHDVXUHV WR UHGXFH WKH
SUREDELOLW\ RI IORRGLQJ�

 /HYHO �� ,QFOXGH WKH HIIHFWV RI D IORRG LQ WKH VSDWLDO SODQQLQJ DQG WU\ WR UHGXFH WKRVH HIIHFWV LI
SRVVLEOH� ,Q VRPH VSHFLILF DUHDV DGMXVWPHQWV WR WKH VSDWLDO SODQQLQJ FDQ FRQWULEXWH WR WKH GHVLUHG
OHYHO RI VDIHW\�

 /HYHO �� (IIHFWLYH HYDFXDWLRQ DQG GLVDVWHU PDQDJHPHQW DIWHU D IORRG WR UHGXFH WKH HIIHFWV RI D
IORRG WR D PLQLPXP�

7KH GHVLUHG OHYHO RI VDIHW\ FDQ EH UHDFKHG E\ D FHUWDLQ FRPELQDWLRQ RI WKH WKUHH OHYHOV� 7KLV LV WKH
FRQFHSW RI 0/6� ,PSURYHPHQW RI WKH IORRG GHIHQFHV DFFRUGLQJO\ WR OHYHO � ZLOO EH WKH VWDUWLQJ SRLQW LQ
WKH QHZ VDIHW\ VWDQGDUG� +RZHYHU� LI WKH LPSURYHPHQW RI WKH IORRG GHIHQFHV LV WRR H[SHQVLYH RU RWKHU
UHDVRQV GR QRW DOORZ IRU LPSURYHPHQWV� D VROXWLRQ ZLWK D FRPELQDWLRQ RI OHYHO � DQG � PD\ EH WKH EHVW

�



���� 1HZ VDIHW\ VWDQGDUG �

RSWLRQ� 7KH TXHVWLRQ LV ZKDW WKH HFRQRPLF RSWLPXP LV DQG LI D FRPELQDWLRQ ZLWK LQWHJUDWLRQ RI OHYHO �
DQG � LV VXIILFLHQW WR JXDUDQWHH WKH GHVLUHG OHYHO RI VDIHW\�

2QH RI WKH PDLQ SUREOHPV IRU WKLV QHZ VDIHW\ VWDQGDUG LV KRZ WKHVH GLIIHUHQW JRDOV DUH WDNHQ LQWR
DFFRXQW LQ WKH GHVLJQ RI IORRG GHIHQFHV� )RU HYHU\ GLNH WUDMHFWRU\ DQG RWKHU VWUXFWXUHV OLNH VWRUP VXUJH
EDUULHUV WKH FXUUHQW SUREDELOLW\ RI IORRGLQJ FDQ EH HVWLPDWHG� 2Q WKH RWKHU KDQG WKH VSDWLDO SODQQLQJ
DQG HYDFXDWLRQ IUDFWLRQ LQ WKH KLQWHUODQG DOVR KDYH DQ LQIOXHQFH RQ WKH GHVLJQ RI WKH IORRG GHIHQFHV WR
UHDFK WKH GHVLUHG OHYHO RI VDIHW\�

7KH VSDWLDO SODQQLQJ LQIOXHQFHV WKH HIIHFWV RI D IORRG E\ FKDQJLQJ WKH ZD\ RI D IORRG� %XW DOVR LQ
GLVDVWHU PDQDJHPHQW DIWHU D IORRG LW LV RI LPSRUWDQFH ZKDW SDUW RI WKH YLWDO IDFLOLWLHV� QHWZRUNV DQG
LQIUDVWUXFWXUH LV VWLOO IXQFWLRQLQJ� 7KLV LV LQIOXHQFHG E\ WKH VSDWLDO SODQQLQJ DQG GHSHQGV RQ ZKHUH WKH
IORRG VWDUWV�

7KH ILUVW JRDO LQ WKH QHZ VDIHW\ VWDQGDUGV LV WKDW WKH SUREDELOLW\ RI ORVV RI OLIH LV ���� SHU \HDU IRU HYHU\
LQKDELWDQW WKDW LV SURWHFWHG E\ IORRG GHIHQFHV� 7KLV SUREDELOLW\ RI ORVV RI OLIH LV WKH EDVLF VDIHW\� 7KH
SDUW RI WKH SRSXODWLRQ WKDW FDQ EH HYDFXDWHG LQ DQ DUHD WKDW LV IORRGHG KDV LQIOXHQFH RQ WKLV EDVLF
VDIHW\� 7KH SUREOHP LV WKDW WKH HYDFXDWLRQ IUDFWLRQ LV HVWLPDWHG EXW LW GHSHQGV RQ VR PXFK IDFWRUV WKDW
WKLV HYDFXDWLRQ IUDFWLRQ LV YHU\ XQFHUWDLQ� 7KH DPRXQW RI WLPH EHWZHHQ WKH VWDUW RI WKH HYDFXDWLRQ DQG
D IORRG� DW ZKDW WLPH WKH HYDFXDWLRQ VWDUWV �PLG�GD\ LV GLIIHUHQW WKDQ GXULQJ WKH QLJKW�� WKH SRSXODWLRQ�
WKH ZHDWKHU FRQGLWLRQV� WKH LQIUDVWUXFWXUH� WKH HYDFXDWLRQ SODQV� HWF� 7KLV HYDFXDWLRQ IUDFWLRQ FDQ EH
HVWLPDWHG DQG FDQ EH FKHFNHG ZLWK HDUOLHU IORRGV EXW WKH XQFHUWDLQW\ LQ HVWLPDWLQJ LW IRU WKH IXWXUH
UHPDLQV�

$QRWKHU JRDO LQ WKH QHZ VDIHW\ VWDQGDUGV LV WKDW VRFLDO GLVUXSWLRQ GXH WR D IORRG PXVW EH UHGXFHG WR D
PLQLPXP� 7KLV VRFLDO GLVUXSWLRQ DSSHDUV ZKHQ D ODUJH QXPEHU RI OLYHV LV ORVW GXH WR D IORRG RU ZKHQ
WKH HFRQRPLF GDPDJH LV YHU\ ODUJH� ,W LV KDUG WR LPSOHPHQW VXFK DQ XQ�TXDQWLILHG JRDO LQWR D VDIHW\
VWDQGDUG DQG LW EHFRPHV D SROLWLFDO TXHVWLRQ�

7KH HFRQRPLF GDPDJH FDQ EH HVWLPDWHG DQG ZLWK WKLV LW LV SRVVLEOH WR ILQG DQ RSWLPXP EHWZHHQ
LQYHVWPHQW FRVWV IRU WKH VWUHQJWKHQLQJ RI IORRG GHIHQFHV DQG WKH FRVWV RI WKH WRWDO HFRQRPLF GDPDJH
LI D IORRG RFFXUV� +RZHYHU� WKLV PD\ OHDG WR KXJH LQYHVWPHQW FRVWV DQG WKHQ WKH TXHVWLRQ ULVHV LI WKH
JRYHUQPHQW LV ZLOOLQJ DQG LV DEOH WR LQYHVW LQ WKH VWUHQJWKHQLQJ RI IORRG GHIHQFHV LQ FHUWDLQ DUHDV� 7KLV
FDQ EH FDOFXODWHG ZLWK D VRFLDO FRVW�EHQHILW DQDO\VLV �'XWFK DFURQ\P� 0.%$ �0DDWVFKDSSHOLMNH .RVWHQ
%DWHQ $QDO\VH���

7KH WRWDO QXPEHU RI OLYHV WKDW LV ORVW PXVW DOVR EH WDNHQ LQWR DFFRXQW� 7KH HYDFXDWLRQ IUDFWLRQ DQG
SRSXODWLRQ KDYH DQ LQIOXHQFH RQ WKH ILUVW JRDO RI WKH VWDQGDUG� D EDVLF VDIHW\ OHYHO RI ���� SHU \HDU�
:LWK WKLV EDVLF VDIHW\ WKH WRWDO QXPEHU RI ORVV RI OLIH LQ D FHUWDLQ DUHD LV WDNHQ LQWR DFFRXQW EXW WKLV
PD\ VWLOO OHDG WR DQ XQGHVLUDEOH VLWXDWLRQ� ,I IRU LQVWDQFH DQ DUHD ZLWK D ODUJH SRSXODWLRQ DQG D YHU\
ORZ HYDFXDWLRQ IUDFWLRQ LV SURWHFWHG E\ D V\VWHP RI IORRG GHIHQFHV WKDW KDV D SUREDELOLW\ RI IORRGLQJ RI
���� SHU \HDU WKH EDVLF VDIHW\ LV JXDUDQWHHG� +RZHYHU� LI WKLV DUHD LV IORRGHG D ODUJH QXPEHU RI OLYHV
ZLOO EH ORVW DQG WKLV PD\ EH XQGHVLUDEOH� 6R WKH TXHVWLRQ LV KRZ WKH SRSXODWLRQ RI DQ DUHD KDV LPSDFW
RQ WKH SUREDELOLW\ RI IORRGLQJ RI WKH IORRG GHIHQFHV�

7KH LPSDFW RQ WKH HQYLURQPHQW GXH WR D IORRG LV QRW PHQWLRQHG LQ WKH PDLQ JRDOV IRU WKH QHZ VWDQGDUG
EXW WKLV PXVW DOVR EH WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ RI IORRG GHIHQFHV� ,Q D 0.%$ WKH LQYHVWPHQWV
FRVWV IRU IORRG GHIHQFHV DUH FRPSDUHG WR WKH EHQHILWV� $Q HFRQRPLF RSWLPL]DWLRQ UHVXOWV LQ WKH RSWLPDO
OHYHO RI VDIHW\� ,Q WKLV PHWKRG WKH FRVWV DQG EHQHILWV DUH H[SUHVVHG LQ PRQHWDU\ YDOXHV� -XVW OLNH WKH
ORVV RI OLIH LW LV KDUG WR H[SUHVV HFRORJLFDO GDPDJH LQWR D PRQHWDU\ YDOXH� 7R WDNH WKHVH LQWDQJLEOH
GDPDJH YDOXHV LQWR DFFRXQW LQ D 0.%$ LV KDUG� ,W LV D SROLWLFDO GLVFXVVLRQ RQ KRZ PXFK WKH QDWXUH�
ODQGVFDSH DQG HFRORJLFDO YDOXHV DUH ZRUWK�

������ :DWHU DQG IORRG PDQDJHPHQW LQ WKH 1HWKHUODQGV
7KH ODUJHVW ZDWHU DGPLQLVWUDWLRQ LQ WKH 1HWKHUODQGV LV 5LMNVZDWHUVWDDW �5:6� ZKLFK PDQDJHV WKH JHQ�
HUDO ZDWHU V\VWHP LQ WKH 1HWKHUODQGV�� )RU DOO WKH UHJLRQDO ZDWHU V\VWHPV VPDOOHU ZDWHU ERDUGV DUH
DVVLJQHG WR PDQDJH WKHVH ZDWHUV� %HVLGHV WKHVH ZDWHU ERDUGV DOVR WKH *RYHUQPHQW DQG PXQLFLSDOLWLHV
SOD\ D UROH LQ WKH ZDWHU PDQDJHPHQW LQ WKH 1HWKHUODQGV� $V FURVV�ERUGHU PHDVXUHV FRPPLWPHQWV DUH
�VRXUFH� KWWS���ZZZ�ULMNVRYHUKHLG�QO�RQGHUZHUSHQ�ZDWHU�HQ�YHLOLJHLG�RYHUKHLG�HQ�ZDWHUEHKHHU
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PDGH LQ WKH (XURSHDQ 8QLRQ� ,Q WKH :DWHU $FW LV GHVFULEHG ZKDW WKH UHVSRQVLELOLWLHV RII WKHVH GLIIHUHQW
RUJDQL]DWLRQV DUH�

7KH *RYHUQPHQW RI WKH 1HWKHUODQGV LV UHVSRQVLEOH IRU WKH QDWLRQDO SROLF\ DQG VWUDWHJLF JRDOV IRU WKH
ZDWHU PDQDJHPHQW LQ WKH 1HWKHUODQGV� %HVLGHV WKLV WKH *RYHUQPHQW LV UHVSRQVLEOH IRU WKH QDWLRQDO
PHDVXUHV DQG WKH VDIHW\ VWDQGDUGV IRU SULPDU\ IORRG GHIHQFHV�

$ 3URYLQFH� WUDQVIRUPV WKH QDWLRQDO JRDOV WR UHJLRQDO SROLF\� $OVR D 3URYLQFH LV UHVSRQVLEOH IRU WKH
VHFRQGDU\ IORRG GHIHQFHV� $ SURYLQFH DOVR LVVXHV SHUPLWV IRU WKH H[WUDFWLRQ RI JURXQG ZDWHU �LI LW LV D
ODUJH DPRXQW��

7KH PXQLFLSDOLWLHV GR KDYH VRPH VSHFLILF WDVNV LQ WKH ZDWHU PDQDJHPHQW� 7KH\ DUH UHVSRQVLEOH IRU WKH
JURXQG ZDWHU OHYHO LQ XUEDQ DUHDV� WKH GUDLQDJH RI ZDVWHZDWHU DQG H[FHVV UDLQZDWHU�

7KH ZDWHU DGPLQLVWUDWLRQV �5LMNVZDWHUVWDDW DQG ZDWHU ERDUGV� DUH UHVSRQVLEOH IRU WKH RYHUDOO ZDWHU
PDQDJHPHQW�

 7KH SUHYHQWLRQ RI IORRGV�
 7DNLQJ FDUH RI VXIILFLHQW JURXQG DQG �IUHVK� VXUIDFH ZDWHU�
 7DNLQJ FDUH RI WKH ZDWHU TXDOLW\�

5LMNVZDWHUVWDDW LV UHVSRQVLEOH IRU WKH PDQDJHPHQW RI WKH PDLQ ZDWHU V\VWHP LQ WKH 1HWKHUODQGV� 7KH
PDLQ ZDWHU V\VWHP FRQVLVWV RI WKH ODUJH ZDWHU V\VWHPV OLNH WKH VHD DQG ULYHUV� $OVR 5:6 LV UHVSRQVLEOH
IRU WKH ZDUQLQJ V\VWHP RI VWRUP VXUJHV RQ WKH 1RUWK 6HD� 5:6 LV SDUW RI WKH 0LQLVWU\ RI ,QIUDVWUXFWXUH
DQG WKH (QYLURQPHQW�

7KH ZDWHU ERDUGV DUH UHVSRQVLEOH IRU WKH UHJLRQDO ZDWHU V\VWHPV� 7KHVH DUH WKH VPDOOHU ZDWHU V\VWHPV�
7KHUH DUH LQ WRWDO �� ZDWHU ERDUGV LQ WKH 1HWKHUODQGV WKDW FRRSHUDWH LQ D WKH $VVRFLDWLRQ RI 5HJLRQDO
:DWHU $XWKRULWLHV �'XWFK DFURQ\P� 8Y: �8QLH YDQ :DWHUVFKDSSHQ���

,Q ���� WKH (XURSHDQ )ORRGV 'LUHFWLYH �'XWFK DFURQ\P� 525 �5LFKWOLMQ 2YHUVWURPLQJVULVLFRঅV�� ZDV
LQWURGXFHG� 7KH PDLQ JRDO RI WKLV JXLGHOLQH LV WR UHGXFH WKH QHJDWLYH FRQVHTXHQFHV RI D IORRG� 7KH
JXLGHOLQH PDQGDWHV WKH (XURSHDQ PHPEHUV WR JDWKHU LQIRUPDWLRQ� FRPPXQLFDWH �LQWHU�QDWLRQDOO\ DQG
PDNH SODQV IRU WKH QDWLRQDO DQG FURVV�ERUGHU IORRG PDQDJHPHQW� 7KH REOLJDWLRQV LQ WKH 525 DUH WDNHQ
LQWR DFFRXQW LQ WKH :DWHU $FW�

6LQFH ���� WKH UHVSRQVLEOH RUJDQL]DWLRQV ZRUN WRJHWKHU RQ WKH LPSOHPHQWDWLRQ RI 525� 0DSV DUH
GHYHORSHG ZKLFK VKRZ IORRG ULVNV� 7KHVH PDSV DUH XVHIXO IRU WKH SXEOLF DQG �ORFDO� PDQDJHPHQW WR
JDLQ LQVLJKW RQ WKH VRXUFH DQG WKH VL]H RI WKH ULVNV� 7KH PDSV DOVR DUH D EDVH IRU WKH JRDOV DQG
PHDVXUHV LQ WKH IORRG ULVN PDQDJHPHQW�

������ )ORRG PDQDJHPHQW SURJUDPV
7KH JRDO LV WR OHJDOO\ LPSOHPHQW WKH QHZ VDIHW\ VWDQGDUG IRU IORRG GHIHQFHV LQ WKH 1HWKHUODQGV LQ �����
$W WKLV PRPHQW D ORW RI SURJUDPV DUH GHDOLQJ ZLWK WKH IORRG PDQDJHPHQW V\VWHP LQ WKH 1HWKHUODQGV DQG
WKHVH SURJUDPV JLYH LQVLJKW RQ WKH IXWXUH RI IORRG PDQDJHPHQW� 0DQ\ GLIIHUHQW SDUWLHV DUH LQYROYHG LQ
WKHVH SURJUDPV DQG WR SUHYHQW XQ�FODULW\ DQ RYHUYLHZ RI WKH GLIIHUHQW SURJUDPV LV JLYHQ LQ WKLV VHFWLRQ�
,Q )LJXUH ��� DQ RYHUYLHZ RI WKH RUJDQL]DWLRQ RI IORRG PDQDJHPHQW LQ WKH 1HWKHUODQGV LQFOXGLQJ WKH
GLIIHUHQW SURJUDPV LV JLYHQ�

'HOWD 3URJUDP �'3� ���� � VXESURJUDP ZDWHU VDIHW\

7KH '3 LV D QDWLRQDO SURJUDP WKDW LV OHG E\ D JRYHUQPHQWDO FRPPLVVLRQHU �WKH 'HOWD FRPPLVVLRQHU��
:LWKLQ WKLV SURJUDP WKH *RYHUQPHQW� 3URYLQFHV� 0XQLFLSDOLWLHV DQG :DWHU %RDUGV FRRSHUDWH ZLWK VRFLDO
RUJDQL]DWLRQV� FRPSDQLHV DQG UHVHDUFK LQVWLWXWHV� 7KH PDLQ JRDO LV WR SURWHFW WKH 1HWKHUODQGV DJDLQVW
IORRGV DQG SURYLGH VXIILFLHQW IUHVK ZDWHU WDNLQJ IXWXUH VFHQDULRV LQWR DFFRXQW�

$IWHU WKH PDMRU IORRG LQ ���� WKH VDIHW\ VWDQGDUGV IRU WKH IORRG GHIHQFHV ZHUH GHILQHG� 2YHU WKH
SDVW GHFDGHV WKH SRSXODWLRQ RI WKH 1HWKHUODQGV DQG WKH HFRQRPLF YDOXH KDYH JURZQ VLJQLILFDQWO\� $OVR

�7KH 1HWKHUODQGV LV GLYLGHG LQ WZHOYH 3URYLQFHV� &RRSHUDWLRQ EHWZHHQ WKH 3URYLQFHV LV LQ WKH IRUP RI WKH $VVRFLDWLRQ RI WKH
3URYLQFHV RI WKH 1HWKHUODQGV �'XWFK DFURQ\P� ,32 �,QWHUSURYLQFLDDO 2YHUOHJ���
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)LJXUH ���� 2YHUYLHZ RI WKH ZDWHU PDQDJHPHQW LQ WKH 1HWKHUODQGV� LQFOXGLQJ ZDWHU DGPLQLVWUDWLRQV DQG WKH IORRG PDQDJHPHQW
SURJUDPV DQG OHJDO DFWV�

WKH VHD OHYHO LV ULVLQJ DQG WKH JURXQG�OHYHO LV VXEVLGLQJ� 7KLV WDNHQ LQWR DFFRXQW WRJHWKHU ZLWK PRUH
H[WUHPH ZHDWKHU FRQGLWLRQV LQ WKH IXWXUH ZDV WKH LQGXFHPHQW WR GHYHORS D QHZ '3� ,Q ���� WKH LQLWLDO
SKDVH RI WKH SURJUDP VWDUWHG DQG WKH JRDO ZDV WR KDYH D IXOO DQG LPSOHPHQWDEOH SURJUDP UHDG\ EHIRUH
�����

7KH '3 FRQVLVWV RI WKUHH QDWLRQDO VXE�SURJUDPV DQG VL[ UHJLRQDO VXE�SURJUDPV� 7KH WKUHH QDWLRQDO
VXE�SURJUDPV DUH�

 6DIHW\
 )UHVK ZDWHU
 6SDWLDO SODQQLQJ

7KH VXE�SURJUDP VDIHW\ GHDOV ZLWK WKH TXHVWLRQ KRZ WR SURWHFW WKH 1HWKHUODQGV DJDLQVW IORRGV RQ D
VRFLDO DFFHSWDEOH ULVN OHYHO� 7KH VXE�SURJUDP VSDWLDO SODQQLQJ LV LQLWLDWHG WR VHH ZKDW WKH LQIOXHQFHV
DUH RI VSDWLDO SODQQLQJ RQ WKH HIIHFWV RI D IORRGLQJ� KHDY\ UDLQIDOO DQG GURXJKW� 7KH VXE�SURJUDP IUHVK
ZDWHU WDNHV D FORVHU ORRN DW WKH FXUUHQW SROLF\ RI IUHVK ZDWHU PDQDJHPHQW WR ILQG �IXWXUH� SUREOHPV
DQG SURYLGH VROXWLRQV� %HFDXVH WKLV 06F UHVHDUFK LV IRFXVVHG RQ IORRG PDQDJHPHQW WKH IUHVK ZDWHU
SURJUDP RI WKH '3 ZLOO QRW IXUWKHU EH PHQWLRQHG� GHWDLOV RI WKH IUHVK ZDWHU SURJUDP DQG WKH UHJLRQDO
VXE�SURJUDPV FDQ EH IRXQG LQ '3 ���� �0LQLVWHULH YDQ ,0 DQG 0LQLVWHULH YDQ (=� ������

,Q ���� D QHZ 'HOWD $FW ZDV LQWURGXFHG LQ ZKLFK WKH SXUSRVH RI WKH '3 LV OHJDOO\ IL[HG� %HVLGHV WKH '3
WKH 'HOWD $FW DOVR GHVFULEHV WKH UROH RI WKH 'HOWD FRPPLVVLRQHU DQG WKH ILQDQFLDOV RI WKH '3 LQ D 'HOWD

�/HJDO GHVLJQ DQG VDIHW\ DVVHVVPHQW LQVWUXPHQWV IRU IORRG GHIHQFHV� VHH 6HFWLRQ ��� IRU IXUWKHU H[SODQDWLRQ�
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IXQG� $OVR WKLV :DWHU $FW GHVFULEHV WKDW WKH 'HOWD FRPPLVVLRQHU LV REOLJHG WR SUHVHQW WKH '3 HYHU\
\HDU RQ 3ULQVMHVGDJ�� WRJHWKHU ZLWK WKH EXGJHWV IRU WKH DVVRFLDWHG PLQLVWU\�

,Q WKH '3���� D SURSRVDO IRU ILYH GHOWD GHFLVLRQV LV GRQH� 'HOWD GHFLVLRQV DUH WKH PDLQ FKRLFHV WKDW KDYH
WR EH PDGH IRU WKH ZDWHU VDIHW\ DQG IUHVK ZDWHU VXSSO\ LQ WKH 1HWKHUODQGV� 2QH RI WKRVH GHOWD GHFLVLRQV
LV DERXW WKH IORRG VDIHW\� 7KH FXUUHQW WKRXJKWV DERXW WKH ZDWHU VDIHW\ UHVXOW LQ D QHZ DSSURDFK IRU
WKH VDIHW\ VWDQGDUG IRU IORRG GHIHQFHV� 7KH PDLQ LGHD LV WR WUDQVIRUP WKH EDVLF DSSURDFK RI WKH VDIHW\
VWDQGDUG IURP D SUREDELOLW\ RI H[FHHGDQFH RI ZDWHU OHYHOV WR D SUREDELOLW\ RI IORRGLQJ� $OVR WKH IORRG
ULVN� LQFOXGLQJ WKH HIIHFWV RI D IORRGLQJ� ZLOO EH WDNHQ LQWR DFFRXQW� 7KH FXUUHQWO\ SURSRVHG VDIHW\
VWDQGDUG ZLOO EH EDVHG RQ WKUHH HDUOLHU PHQWLRQHG JRDOV�

 %DVLF VDIHW\ IRU HYHU\RQH�
 5HGXFH VRFLDO GLVUXSWLRQ GXH WR D IORRG WR D PLQLPXP�
 3UHYHQW WKH IDOORXW RI YLWDO LQIUDVWUXFWXUH DQG YXOQHUDEOH IDFLOLWLHV OLNH XWLOLWLHV DQG KRVSLWDOV DV
PXFK DV SRVVLEOH�

$OO WKHVH JRDOV DUH DOO UHOHYDQW DQG GHWHUPLQH WRJHWKHU WKH GHVLUHG OHYHO RI VDIHW\ RI WKH IORRG GHIHQFHV�
$IWHU DQDO\VLV RI VDIHW\ SURJUDPV IRU VSHFLILF DUHDV WKHVH JRDOV FDQ EH LQWURGXFHG LQ DQ DGYLFH IRU QHZ
VDIHW\ VWDQGDUGV� 7KHVH JRDOV FDQ EH UHDFKHG E\ WKH HDUOLHU PHQWLRQHG 0/6 FRQFHSW� ,Q WKLV 0/6
FRQFHSW WKHVH JRDOV DUH UHDFKHG E\ LPSURYHPHQWV RQ WKUHH OHYHOV WKDW LQFOXGH LPSURYHPHQW RI IORRG
GHIHQFHV� ZDWHU VDIHW\ LQ VSDWLDO SODQQLQJ DQG LQYHVWPHQW LQ GLVDVWHU PDQDJHPHQW�

:LWK WKLV QHZ DSSURDFK WKH H[SHFWHG QXPEHU RI PRUWDOLW\ DQG HFRQRPLFDO GDPDJH ZLOO UHGXFH LQ WKH
IXWXUH� 7KH SURSRVDO IRU WKLV DSSURDFK LV PDGH LQ '3���� DQG ZLOO EH LPSOHPHQWHG LQ WKH IROORZ XS
RI WKH 1DWLRQDO :DWHU 3ODQ �1:3� �ILUVW GHVLJQ LQ 'HFHPEHU ������ ,Q WKH ILQDO YHUVLRQ RI WKH 1:3 LQ
���� WKH GHOWD GHFLVLRQV DUH SLQQHG GRZQ LQ WKH SROLF\ RI WKH ZDWHU VDIHW\ LQ WKH 1HWKHUODQGV� 7KLV
SURFHGXUH RI LPSOHPHQWDWLRQ RI WKH SROLF\ LQ WKH ODZ VWDUWV LQ ���� DQG WKH JRDO LV WKDW WKH QHZ VDIHW\
VWDQGDUG IRU IORRG GHIHQFHV LV OHJDOO\ ERXQGHG LQ ����� 7KLV DOVR PHDQV WKDW LQ ���� WKH PHWKRGV IRU
GHVLJQ DQG VDIHW\ DVVHVVPHQW RI IORRG GHIHQFHV PXVW EH UHDG\�

7KLV ULVN�EDVHG DSSURDFK ZLOO EH SXW LQWR SUDFWLFH EHIRUH LW LV OHJDOO\ ERXQGHG LQ ����� 7KLV LV GRQH LQ
RUGHU RI WKH +RXVH RI &RPPRQV �'XWFK DFURQ\P� 7. �7ZHHGH .DPHU�� DQG ZLOO EH SXW LQWR SUDFWLFH LQ
WKH ODUJH IORRG GHIHQVH UHFRQVWUXFWLRQ SURJUDP �'XWFK DFURQ\P� Q+:%3 �QLHXZH +RRJZDWHUEHVFKHU�
PLQJVSURJUDPPD��� 7KLV LPSOHPHQWDWLRQ LV GRQH LQ WKUHH SKDVHV DQG DIWHU ���� GLNH WUDMHFWRULHV WKDW
GR QRW FRPSO\ ZLWK WKH QHZ VDIHW\ VWDQGDUG DUH DXWRPDWLFDOO\ SDUW RI WKH Q+:%3� ,Q WKH Q+:%3 D
SULRULWL]DWLRQ LV PDGH WR VHH RQ ZKHUH LPSURYHPHQWV RI GLNH WUDMHFWRULHV DUH PRVW QHFHVVDU\� 7KH JRDO
LV WKDW LQ ���� DOO WKH IORRG GHIHQFHV LQ WKH 1HWKHUODQGV FRPSO\ ZLWK WKH QHZ VDIHW\ VWDQGDUG�

)ORRG GHIHQVH UHFRQVWUXFWLRQ SURJUDP �Q+:%3�

7KH ZDWHU ERDUGV DQG WKH ,QIUDVWUXFWXUH DQG WKH (QYLURQPHQW H[HFXWH WKH PHDVXUHV WR PDNH VXUH
WKH IORRG GHIHQFHV DUH LQ FRPSOLDQFH ZLWK WKH QHZ VDIHW\ VWDQGDUG� 7KHVH PHDVXUHV DUH SDUW RI WKH
QHZ IORRG GHIHQVH UHFRQVWUXFWLRQ SURJUDP �Q+:%3�� 7KH Q+:%3 ZLOO EH DFWXDOL]H HYHU\ \HDU DQG ZLOO
EH FRPSRVHG IRU D SHULRG RI VL[ \HDUV� VWDUWLQJ LQ ����� 7KH FRRSHUDWLRQ RI WKH ZDWHU ERDUGV DQG WKH
JRYHUQPHQW LV EDVHG RQ DJUHHPHQWV WKDW DUH IL[HG LQ WKH $GPLQLVWUDWLYH $JUHHPHQW :DWHU RI 0D\ �����
7KH PRVW LPSRUWDQW DJUHHPHQWV LV WKDW WKH ZDWHU ERDUGV DQG WKH JRYHUQPHQW DUH ERWK UHVSRQVLEOH IRU
WKH IORRG GHIHQFHV DQG WKDW ERWK SDUWLHV FRQWULEXWH ��� WR WKH LQYHVWPHQW FRVWV�

7KH GHVLJQ RI WKH Q+:%3 LV QHZ LQ FRPSDULVRQ ZLWK SUHYLRXV SURJUDPV� 7KH Q+:%3 IRFXVVHV RQ D
FORVHU FRRSHUDWLRQ EHWZHHQ WKH ZDWHU ERDUGV DQG WKH 0LQLVWU\ RI ,QIUDVWUXFWXUH DQG WKH (QYLURQPHQW�
DQ RQJRLQJ SURJUDP �DFWXDOL]HG HYHU\ \HDU� DQG QHZ VWDUWLQJ SRLQWV� 0RUH WLPH LV LQYHVWHG LQ WKH
SUHSDUDWLRQ RI WKH SURJUDP DQG SURMHFWV� WKH QHZ VDIHW\ VWDQGDUG IRU IORRG GHIHQFHV LV LPSOHPHQWHG
DQG LQQRYDWLRQ DQG NQRZOHGJH VKDULQJ LV VWLPXODWHG�

6LQFH ���� VDIHW\ DVVHVVPHQWV RI WKH IORRG GHIHQFHV DUH GRQH LQ WKH 1HWKHUODQGV� 6LQFH ���� HYHU\
ILYH \HDUV DQ DVVHVVPHQW ZDV GRQH WR JDLQ DFWXDO LQVLJKWV RQ WKH VWDWXV WKH IORRG GHIHQFHV� 7KHVH
DVVHVVPHQWV DUH WKH EDVLV IRU GHFLVLRQ�PDNLQJ RQ IORRG PDQDJHPHQW� ,Q ���� D WKLUG DVVHVVPHQW ZDV
GRQH WR VHH LI WKH IORRG GHIHQFHV ZHUH LQ FRPSOLDQFH ZLWK WKH VDIHW\ VWDQGDUGV� 7KH UHVXOWV RI WKLV
WKLUG DVVHVVPHQW DUH WKH VWDUWLQJ SRLQW RI WKH Q+:%3�
�3ULQVMHVGDJ LV WKH RSHQLQJ�GD\ RI WKH 'XWFK SDUOLDPHQW�



���� 'HVLJQ DQG VDIHW\ DVVHVVPHQW LQVWUXPHQWV IRU IORRG GHIHQFHV ��

$IWHU WKHVH UHVXOWV WKH ZDWHU ERDUGV KDG WKH FKDQFH WR LQGLFDWH ZKLFK SDUW RI WKH IORRG GHIHQFHV QHHGHG
LPSURYHPHQW� 7KH GLIIHUHQW WUDMHFWRULHV DUH FRPELQHG LQ VHYHUDO SURMHFWV� 7KH ZDWHU ERDUGV KDG WR
LQGLFDWH ZKLFK GLNH WUDMHFWRULHV DQG�RU VWUXFWXUHV DUH SDUW RI WKH GLIIHUHQW SURMHFWV DQG ZKLFK IDLOXUH
PHFKDQLVPV KDYH WR EH WDFNOHG� :LWK D SULRULWL]DWLRQ D FKRLFH LV PDGH IRU WKH RUGHU RI H[HFXWLRQ RI
WKH GLIIHUHQW SURMHFWV� 7KLV SULRULWL]DWLRQ LV EDVHG RQ WKH SUREDELOLW\ RI IORRGLQJ DQG WKH HIIHFWV RI D
IORRG� 7R GHWHUPLQH WKH HFRQRPLFDO GDPDJH RI D IORRGLQJ WKH IORRG FDOFXODWLRQV RI WKH SURMHFW )ORRG
5LVN LQ WKH 1HWKHUODQGV �'XWFK DFURQ\P� 91.� �9HLOLJKHLG 1HGHUODQG LQ .DDUW�� DQG WKH UHVHDUFK ��VW�
FHQWXU\ )ORRG 3URWHFWLRQ DUH XVHG� :LWK WKLV D OLVW RI WKH SURMHFWV LV SURGXFHG� UDQNHG RQ RUGHU RI
XUJHQF\�

:LWK WKH DYDLODEOH EXGJHW IRU WKH FRPLQJ ILYH \HDUV ����������� WKH UDQNLQJ LV UH�DUUDQJHG� 7KH
PRVW XUJHQW SURMHFWV DUH SODQQHG WR EH H[HFXWHG RQH E\ RQH� 7KH H[HFXWLRQ RI WKHVH SURMHFWV LV
GRQH LQ D GHVLUHG WLPHIUDPH� GHWHUPLQHG E\ WKH :DWHU %RDUGV� RI WZR \HDUV IRU WKUHH SKDVHV WKDW
DUH GLVWLQJXLVKHG LQ WKH H[HFXWLRQ RI D SURMHFW� 7KHVH SKDVHV DUH DQDO\]LQJ� SODQ GHYHORSPHQW DQG
UHDOL]DWLRQ� 7KH ILUVW SURMHFWV RQ WKH OLVW DUH UDQNHG LQ VXFK D ZD\ WKDW DV PDQ\ SURMHFWV DV SRVVLEOH
FDQ VWDUW LQ WKH ILUVW VL[ \HDUV� 7KH UHVXOW RI WKHVH GHVFULEHG VWHSV LV LQ HVVHQFH WKH Q+:%3�

)ORRG 5LVN LQ WKH 1HWKHUODQGV �'XWFK DFURQ\P� 91.��

7R JDLQ LQVLJKW RQ WKH IORRG ULVNV LQ WKH 1HWKHUODQGV WKH SURMHFW )ORRG 5LVN LQ WKH 1HWKHUODQGV �91.��
VWDUWHG LQ ����� 91.� LV DQ LQLWLDWLYH RI WKH 0LQLVWU\ RI ,QIUDVWUXFWXUH DQG WKH (QYLURQPHQW� WKH 8Y$
DQG WKH ,32� 7KH H[HFXWLRQ RI WKLV SURMHFW LV GRQH E\ 5LMNVZDWHUVWDDW LQ FRRSHUDWLRQ ZLWK UHVHDUFK
LQVWLWXWLRQV DQG HQJLQHHULQJ FRPSDQLHV�

7KH IORRG GHIHQFHV LQ WKH 1HWKHUODQGV DUH VHSDUDWHG LQ �� GLNH ULQJV� $ GLNH ULQJ LV D FRQVHFXWLYH
VWUHWFK RI D GLNH ZKLFK SURWHFWV D ERXQGHG DUHD� $ GLNH ULQJ FRQVLVWV RI GLIIHUHQW GLNH VHFWLRQV DQG
K\GUDXOLF VWUXFWXUHV EXW WKHVH VHFWLRQV DQG VWUXFWXUHV KDYH WR SURWHFW WKH VDPH KLQWHUODQG� WKHUHIRUH
WKH\ DUH FRPELQHG LQ WKH VDPH GLNH ULQJ�

,Q WKH ILUVW SKDVH D V\VWHP DVVHVVPHQW LV GRQH EDVHG RQ WKH ULVN DQDO\VLV RI WKUHH GLNH ULQJV� $IWHU
WKLV D VWDUW LV PDGH RQ FDOFXODWLRQV RI UHVXOWV IRU DOO WKH GLNH ULQJV� 7KH ILUVW SXEOLVKHG UHSRUW LQ ����
LQFOXGHG WKH UHVXOWV IRU �� GLNH ULQJV DQG LQ ���� WKH DQDO\VLV RQ WKH IORRG ULVN IRU DOO WKH GLNH ULQJV ZLOO
EH GRQH�

7KH IORRG ULVN LV GHWHUPLQHG E\ WKH SUREDELOLW\ RI IORRGLQJ DQG WKH FRQVHTXHQFHV RI D IORRGLQJ� ,Q WKLV
ULVN�EDVHG DSSURDFK WKH IDLOXUH PHFKDQLVPV DQG WKHLU FRUUHVSRQGLQJ SUREDELOLW\ RI IDLOXUH DUH WDNHQ LQWR
DFFRXQW WR FDOFXODWH WKHLU LQIOXHQFH RQ WKH WRWDO SUREDELOLW\ RI IORRGLQJ DQG IORRG ULVN� %\ GLVWLQJXLVKLQJ
WKH SRVVLEOH IDLOXUH PHFKDQLVPV LQVLJKW LV JDLQHG RQ SRVVLEOH VWUHQJWK LPSURYHPHQWV DQG WKH UHGXFWLRQ
RI WKH IORRG ULVN RI WKRVH LPSURYHPHQWV�

7KH UHVXOWV RI 91. DUH D VROLG EDVH IRU WKH SULRULWL]DWLRQ RI SURMHFWV LQ WKH Q+:%3� $OVR WKH UHVXOWV RI
9.1� FDQ EH XVHG WR GHILQH PHDVXUHV ZKLFK DUH RSWLPL]HG LQ WHUPV RI VDIHW\� JLYHQ WKH LQYHVWPHQW
FRVWV LQ 0/6�

���� 'HVLJQ DQG VDIHW\ DVVHVVPHQW LQVWUXPHQWV IRU IORRG GHIHQFHV
7KH FXUUHQW VDIHW\ DVVHVVPHQW PHWKRG LQ WKH 1HWKHUODQGV LV FOHDUO\ GHVFULEHG DQG LV D OHJDO VWDQGDUG�
:LWK WKH QHZ VDIHW\ VWDQGDUG WKH VDIHW\ DVVHVVPHQW PHWKRG DOVR KDV WR FKDQJH� ,Q WKLV VHFWLRQ WKH
FXUUHQW PHWKRG LV GHVFULEHG IROORZHG E\ WKH SRVVLEOH IXWXUH VDIHW\ DVVHVVPHQW PHWKRGV�

������ &XUUHQW PHWKRG

7KH VDIHW\ DVVHVVPHQW RI IORRG GHIHQFHV LQ WKH 1HWKHUODQGV LV XQLTXH EHFDXVH LW LV SUHVFULEHG E\ ODZ��
7KH WKLQJV WKDW DUH SUHVFULEHG DUH WKH VDIHW\ DVVHVVPHQW LWVHOI� WKH VDIHW\ OHYHO� WKH K\GUDXOLF ERXQGDU\
FRQGLWLRQV DQG WKH DVVHVVPHQW PHWKRG�

7KH VDIHW\ DVVHVVPHQW RI IORRG GHIHQFHV LQ WKH 1HWKHUODQGV LV GHVFULEHG E\ WKH IROORZLQJ VWHSV�

�:DWHU $FW� $UWLFOHV ����� ���� ��� DQG ���



�� �� 'HVLJQ DQG VDIHW\ DVVHVVPHQW RI IORRG GHIHQFHV

 7KH IORRG GHIHQVH PDQDJHU DVVHVVHV WKH VDIHW\ DQG UHSRUWV IRU WKH SURYLQFLDO �UHJLRQDO� DXWKRULW\
SHU GLNH ULQJ DUHD RU SHU FRQQHFWLQJ IORRG GHIHQVH�

 7KH SURYLQFLDO DXWKRULW\ UHSRUWV WR WKH PLQLVWHU SHU SURYLQFH�
 7KH PLQLVWHU UHSRUWV WR WKH QDWLRQDO SDUOLDPHQW�

7R DVVHVV WKH VDIHW\ RI D IORRG GHIHQVH LQIRUPDWLRQ DQG PHWKRGV DUH QHHGHG�

 $ OHJHO VWDQGDUG
ঀ &ULWHULD SHU W\SH RI IORRG GHIHQVH
ঀ &ULWHULD SHU IDLOXUH PRGH

 'DWD RI WKH IORRG GHIHQVH
ঀ 'LPHQVLRQV� JHRPHWU\ DQG FRPSRVLWLRQ� SURSHUWLHV� HWF�

 �+\GUDXOLF� ERXQGDU\ FRQGLWLRQV
ঀ :DWHU OHYHO� ZDYHV
ঀ 2WKHU ORDGV

 6DIHW\ DVVHVVPHQW PHWKRG
ঀ 3HU W\SH RI IORRG GHIHQVH
ঀ 3HU IDLOXUH PRGH

������ )XWXUH PHWKRG
$FFRUGLQJ WR WKH :DWHU $FW WKH IORRG GHIHQFHV PXVW EH DVVHVVHG HYHU\ VL[ \HDUV� 7KLV DVVHVVPHQW ZLOO
SUREDEO\ HYROYH LQWR D FRQWLQXRXV SURFHVV�� )RU WKLV VDIHW\ DVVHVVPHQW OHJDO LQVWUXPHQWV DUH GHYHORSHG
WKDW DUH XVHG E\ WKH ZDWHU DGPLQLVWUDWLRQV� 7KLV LQVWUXPHQW LV GHYHORSHG E\ 5:6 DQG 'HOWDUHV LQ RUGHU
RI WKH 0LQLVWU\ RI ,QIUDVWUXFWXUH DQG WKH (QYLURQPHQW� 7KLV GHYHORSPHQW LV EDVHG RQ NQRZOHGJH�
LQVLJKWV IURP UHVHDUFK DQG H[SHULHQFH IURP SUHYLRXV DVVHVVPHQWV�

)RU WKH DVVHVVPHQW RI WKH VDIHW\ RI IORRG GHIHQFHV DOO WKH ZDWHU DGPLQLVWUDWLRQ PXVW XVH WKH OHJDO
DVVHVVPHQW LQVWUXPHQWV �'XWFK DFURQ\P� :7, �:HWWHOLMN 7RHWVLQVWUXPHQWDULXP�� 7KH :7, FRQVLVWV
RI�

 +\GUDXOLF ERXQGDU\ FRQGLWLRQV �'XWFK DFURQ\P� +5 �+\GUDXOLVFKH 5DQGYRRUZDDUGHQ��� 7KH ZD�
WHU OHYHOV� ZDYH KHLJKWV� FXUUHQWV� HWF� WKDW DGPLQLVWUDWLRQV PXVW XVH LQ WKH DVVHVVPHQWV�

 ,QVWUXFWLRQV RQ VDIHW\ DVVHVVPHQWV �'XWFK DFURQ\P� 979 �9RRUVFKULIW WRHWVHQ RS YHLOLJKHLG���
7KH PHWKRGV DQG FDOFXODWLRQ PHWKRGV WKDW DGPLQLVWUDWLRQV PXVW XVH LQ WKH DVVHVVPHQWV�

 6XSSRUWLYH �FDOFXODWLRQ� VRIWZDUH IRU WKH VDIHW\ DVVHVVPHQWV�

%HFDXVH WKH QHZ VDIHW\ VWDQGDUGV DUH EDVHG RQ WKH SUREDELOLW\ RI IORRGLQJ LQVWHDG RI SUREDELOLW\ RI
H[FHHGDQFH RI ZDWHU OHYHOV WKH :7, PXVW FKDQJH DV ZHOO� 7KH SODQQLQJ LV WR LQWURGXFH WKH QHZ VDIHW\
VWDQGDUGV LQ ����� 7KHUHIRUH WKH :7,���� PXVW EH GHYHORSHG� ,QVLJKWV IURP WKH 91.� DQG D UHVHDUFK
SURJUDP RQ WKH 6WUHQJWK DQG /RDGV )ORRG 'HIHQFHV �'XWFK DFURQ\P� 6%: �6WHUNWH HQ %HODVWLQJHQ
:DWHUNHULQJHQ�� PXVW KHOS WKH GHYHORSPHQW RI :7,�����

,Q WKH )ORRG 3URWHFWLRQ 3URJUDP �Q+:%3� WKH :7,���� PXVW EH WDNHQ LQWR DFFRXQW WR JXDUDQWHH WKDW
GHVLJQ DUH IXWXUH SURRI� )RU WKLV WUDQVLWLRQ SHULRG IURP WKH FXUUHQW VDIHW\ VWDQGDUG WR :7,���� D GHVLJQ
LQVWUXPHQW �'XWFK DFURQ\P� 2,���� �2QWZHUSLQVWUXPHQWDULXP�� LV GHYHORSHG� EDVHG RQ UHVXOWV IURP
91.�� 7KH 2,���� LV GHYHORSHG LQ VXFK D ZD\ WKDW LW IROORZV WKH FXUUHQW GHVLJQ LQVWUXPHQWV DV PXFK
DV SRVVLEOH�

���� )DLOXUH PHFKDQLVPV RI IORRG GHIHQFHV
7R FDOFXODWH WKH SUREDELOLW\ RI IORRGLQJ DOO SRVVLELOLWLHV RI IDLOXUH PXVW EH WDNHQ LQWR DFFRXQW� ,Q WKLV
SDUDJUDSK D JHQHUDO LQWURGXFWLRQ RI WKH IDLOXUH PHFKDQLVPV RI IORRG GHIHQFHV LV JLYHQ� $IWHU WKLV EULHI
LQWURGXFWLRQ WKH PRVW LPSRUWDQW PHFKDQLVPV IRU WKH $IVOXLWGLMN DUH GHVFULEHG LQ PRUH GHWDLO�

)ORRG GHIHQFHV DUH FDWHJRUL]HG LQ IRXU FDWHJRULHV�

�'LVFXVVLRQ DERXW WKH IUHTXHQF\ RI DVVHVVPHQWV LV VWLOO JRLQJ RQ DW WKLV PRPHQW�



���� )DLOXUH PHFKDQLVPV RI IORRG GHIHQFHV ��

�� 'XQHV�
�� 6RLO VWUXFWXUHV �GDPV� GLNHV��
�� 6SHFLDO ZDWHU UHWDLQLQJ VWUXFWXUHV �FRIIHUGDP� UHWDLQLQJ ZDOO� VKHHW SLOLQJ��
�� :DWHU UHWDLQLQJ K\GUDXOLF VWUXFWXUHV �ORFNV� EDUULHUV� SXPSLQJ VWDWLRQV��

7KH $IVOXLWGLMN LV D ODUJH GDP ZLWK QDYLJDWLRQ ORFNV DQG RXWOHW VOXLFHV WR OHW WKH VXUSOXV RI ZDWHU RXW
RI WKH /DNH ,-VVHO� 7KH QDPH $IVOXLWGLMN VXJJHVWV LW LV GLNH EXW WKHUH LV QR GLUHFW KLQWHUODQG SURWHFWHG
E\ WKH $IVOXLWGLMN� 7KH PDLQ SXUSRVH RI WKH $IVOXLWGLMN LV WR UHWDLQ WKH VWRUP VXUJH IURP WKH :DGGHQ
6HD WR SUHYHQW KLJK ZDWHU OHYHOV DQG ZDYH ORDGV RQ WKH ,-VVHO /DNH� )ORRG GHIHQFHV OLNH WKH $IVOXLWGLMN
WKDW GR QRW SURWHFW GLUHFW KLQWHUODQG EXW UHWDLQ RXWVLGH ZDWHU DUH FDOOHG E�W\SH IORRG GHIHQFHV� %HFDXVH
WKLV 06F UHVHDUFK LV IRFXVVHG RQ WKH $IVOXLWGLMN DQG QRW RQ IORRG GHIHQFHV LQ JHQHUDO RQO\ FDWHJRULHV �
DQG � ZLOO EH GHVFULEHG LQ WKLV 3DUDJUDSK� )RU PRUH LQIRUPDWLRQ RQ GXQHV DQG VSHFLDO ZDWHU UHWDLQLQJ
VWUXFWXUHV VHH �:HLMHUV DQG 7RQQHLMFN� ������

������ 6RLO VWUXFWXUHV
,Q FRQWUDU\ WR GXQHV VRLO VWUXFWXUHV OLNH GLNHV DQG GDPV DUH PDQPDGH� 7KHVH VRLO VWUXFWXUHV DUH W\SLFDOO\
EXLOG RI D FRPELQDWLRQ RI VDQG DQG FOD\ ZLWK D FHUWDLQ W\SH RI FRYHU� %HFDXVH XQOLNH GXQHV WKH VORSHV
DUH GHVLJQHG WR SUHYHQW HURVLRQ� GLIIHUHQW K\GUDXOLF FRQGLWLRQV GHPDQG GLIIHUHQW W\SHV RI FRYHUV� )RU
ULYHU GLNHV WKLV LV PRVWO\ JUDVV� IRU ODNH DQG VHD GLNHV DQG�RU GDPV PRVWO\ D UHYHWPHQW RI VWRQH RU
DVSKDOW LV XVHG� $ W\SLFDO FURVV VHFWLRQ RI D GLNH LV WUDSH]LXP�VKDSHG ZLWK DQ RSWLRQDO EHUP RQ ERWK
VLGHV RI WKH PDLQ VWUXFWXUH� 7KH PDLQ UHDVRQ ZK\ WKHVH VRLO VWUXFWXUHV DUH XVHG D ORW LV EHFDXVH WKH
VRLO PDWHULDO LV FKHDS DQG ZLGHO\ DYDLODEOH DQG FRQVWUXFWLRQ LV UDWKHU HDV\�

7KH PDLQ IXQFWLRQ RI VRLO VWUXFWXUHV LV WKH UHWHQWLRQ RI ZDWHU� 7KH VWUXFWXUDO GHVLJQ GHILQHV WKH ZDWHU�
UHWDLQLQJ FDSDFLW\ �VWUHQJWK� RI WKH GLNH� 6WDELOLW\ RI WKH VRLO ERG\ DQG WKH FUHVW KHLJKW DUH WKH WZR
IDFWRUV WKDW GHWHUPLQH WKLV VWUHQJWK� 7KLV VWDELOLW\ GHSHQGV RQ WKH JHRPHWU\ RI WKH GLNH ERG\ DQG WKH
PDWHULDOV WKDW DUH XVHG� $ JHQHUDO RYHUYLHZ RI D GLNH LV JLYHQ LQ )LJXUH ����

)LJXUH ���� 6WDQGDUG FURVV VHFWLRQ RI D GLNH ZLWKRXW VSHFLDO VWUXFWXUHV�

7KH PDLQ ORDG RQ GLNHV LV FDXVHG E\ ZDWHU� $V WKH ZDWHU OHYHO LQFUHDVHV WKH K\GUDXOLF KHDG� RYHU WKH
GLNH LQFUHDVHV ZKLFK FDQ FDXVH LQVWDELOLW\� $OVR ZLWK ULVLQJ ZDWHU OHYHOV ZDYHV FDQ RYHUWRS WKH FUHVW
DQG LI WKH ZDWHU ULVHV HYHQ IXUWKHU WKH ZDWHU FDQ IORZ RYHU WKH FUHVW� :DYHV DWWDFN WKH RXWHU VORSH RI
D GLNH DQG WKH FDQ RYHUWRS WKH FUHVW� ZKLFK FDQ FDXVH HURVLRQ RQ WKH LQQHU VORSH� 7KH GLIIHUHQW IDLOXUH
PHFKDQLVPV DUH VKRZQ LQ )LJXUH ��� DQG DQ H[SODQDWLRQ LV JLYHQ IRU WKH GLIIHUHQW W\SHV RI WKH IDLOXUH
PHFKDQLVPV�

�$� 2YHUIORZ� 7KH ZDWHU OHYHO RQ WKH RXWHU VLGH UHDFKHV D KLJKHU OHYHO WKHQ WKH FURZQ RI WKH GLNH�
7KH ZDWHU FDQ IORZ RYHU WKH GLNH LQWR WKH KLQWHUODQG� $OVR WKH IORZ RI ZDWHU ZLOO HURGH WKH LQQHU
VORSH RI WKH GLNH ZKLFK UHVXOWV LQ LQVWDELOLW\ DQG ILQDOO\ LQWR EUHDFKLQJ RI WKH GLNH�

�%� :DYH RYHUWRSSLQJ� 7KH ZDWHU OHYHO LV ORZHU WKDQ WKH FURZQ RI WKH GLNH EXW WKH ZDYHV FDQ FDXVH
ZDWHU WR IORZ RYHU WKH GLNH� 7KLV SKHQRPHQRQ LV FDOOHG RYHUWRSSLQJ� ,I WKLV RYHUWRSSLQJ EHFRPHV
WR ODUJH WKLV UHVXOWV LQ WKH VDPH DV IDLOXUH GXH WR RYHUIORZ �HURVLRQ LQQHU VORSH� LQVWDELOLW\� EUHDFK��

�7KH K\GUDXOLF KHDG LV GHILQHG DV WKH GLIIHUHQFH LQ ZDWHU OHYHOV EHWZHHQ WKH LQQHU DQG RXWHU VLGH RI WKH GLNH�



�� �� 'HVLJQ DQG VDIHW\ DVVHVVPHQW RI IORRG GHIHQFHV

)LJXUH ���� )DLOXUH PHFKDQLVPV RI GLNHV�

�&� 6OLGLQJ LQQHU VORSH� 'XULQJ D SHULRG RI KLJK ZDWHU WKH LQQHU VORSH FDQ VOLGH DQG WKLV OHDGV WR
LQVWDELOLW\� 7KH ZDWHU UHWDLQLQJ IXQFWLRQ RI WKH GLNH PD\ EH LQWDFW EXW LI RYHUWRSSLQJ RU RYHUIORZ
VWDUWV D EUHDFK LV LQHYLWDEOH�

�'� 6KHDULQJ� 7KLV PHFKDQLVP LV QRW RIWHQ REVHUYHG� ,I WKH IULFWLRQ LQ D OD\HU RI WKH GLNH LV QRW
VXIILFLHQW LW FDQ VOLGH KRUL]RQWDOO\� 7KLV IDLOXUH RFFXUUHG LQ ���� LQ :LOQLV �WKH 1HWKHUODQGV�� ZKHUH
WKH GLNH ZDV FRQVWUXFWHG RI SHDW�

�(� 6OLGLQJ RXWHU VORSH� ,I WKH ZDWHU OHYHO RQ WKH RXWHU VLGH RI WKH GLNH GURSV UDSLGO\ WKH ZDWHU LQVLGH
WKH GLNH LV QRW DEOH WR IROORZ� 7KH SUHVVXUH LQVLGH WKH GLNH EHFRPHV WR KLJK ZKLFK UHVXOWV LQ D
VOLGLQJ RI WKH RXWHU VORSH� %HFDXVH WKLV RQO\ RFFXUV ZKHQ ZDWHU OHYHOV DUH GURSSLQJ WKLV IDLOXUH
PHFKDQLVP GRHV QRW LPPHGLDWHO\ UHVXOW LQ IORRGLQJ� +RZHYHU LI WKH ZDWHU OHYHOV ULVH DJDLQ EHIRUH
WKH GLNH LV UHSDLUHG WKLV PD\ EH D WKUHDW�

�)� 0LFUR�LQVWDELOLW\� 6HHSDJH RI ZDWHU WKDW UHDFKHV WKH LQQHU VORSH RI D GLNH FDQ WUDQVSRUW VPDOO
SDUWLFOHV� WKLV LV ZK\ LW LV FDOOHG PLFUR�LQVWDELOLW\� 7KH VHHSDJH WUDQVSRUWV WKH SDUWLFOHV RXW RI WKH
LQQHU VORSH DQG LQ WKLV ZD\ WKH GLNH HURGHV IURP WKH LQVLGH� 7KH GDPDJH LV XVXDOO\ PLQRU EXW LI
WKH SUHVVXUH EXLOGV XS LQVLGH WKH GLNH WKLV PD\ OHDG WR DQ XQVWDEOH VLWXDWLRQ�

�*� 3LSLQJ� 3LSLQJ LV D VLPLODU SURFHVV DV PLFUR�LQVWDELOLW\ EXW LW RFFXUV XQGHUQHDWK D FRKHVLYH OD\HU LQ
WKH VXEVRLO� 7KH VHHSDJH ZDWHU HURGHV SDUWLFOHV IURP XQGHUQHDWK WKH GLNH LI WKH K\GUDXOLF KHDG
LV ODUJH HQRXJK� 7KH HURVLRQ IRUPV D SLSH ZKLFK JURZV IURP WKH LQQHU WR WKH RXWHU VLGH DQG WKLV
FDQ OHDG WR D VHWWOHPHQW DQG IDLOXUH RI WKH GLNH� 7KLV PHFKDQLVP FDQ RQO\ RFFXU XQGHUQHDWK D
FRKHVLYH OD\HU �FOD\� RQ WRS RI DQ HURGLEOH DQG SHUPHDEOH VRLO �VDQG��

�+� (URVLRQ RXWHU VORSH� :DYH DWWDFN FDQ FDXVH HURVLRQ RI WKH RXWHU VORSH� 7KLV HURVLRQ FDQ UHVXOW LQ
FROODSVH RI D GLNH� 7R SURWHFW WKH GLNH DJDLQVW ZDYH DWWDFN LW LV SURWHFWHG ZLWK D VWRQH RU DVSKDOW
UHYHWPHQW� ,I WKH ZDYH DWWDFN LV QRW WRR ELJ D JUDVV FRYHU RQ D FOD\ OD\HU LV RIWHQ XVHG�

�,� (URVLRQ ILUVW EDQN� 7KLV IDLOXUH PHFKDQLVP FDQ RFFXU LI WKHUH LV D VWHHS XQGHUZDWHU VORSH LQ IURQW
RI WKH GLNH� ,I WKH VDQG LQ WKH VXEVRLO LV ORRVH SDFNHG LW FDQ WUDQVIRUP LQWR D GHQVHU VWDWH ZKLFK
UHVXOWV LQ KLJK ZDWHU SUHVVXUHV� 7KH VDQG EHFRPHV D OLTXLG DQG VWDUWV WR IORZ� 7KLV VKLIWHG VRLO
FDQ VWDUW WKH LQVWDELOLW\ RI WKH RXWHU VORSH RI D GLNH�

�-� 6HWWOHPHQW� 6HWWOHPHQW LV D ORQJ DQG WLPH FRQVXPLQJ SURFHVV� ,Q FRPSDULVRQ ZLWK D FROODSVH
WKH GHIRUPDWLRQ GXH WR VHWWOHPHQW LV YHU\ VORZ DQG WDNHV \HDUV�GHFDGHV� +RZHYHU LQ D OLIHWLPH
D GLNH FDQ VHWWOH D ORW DQG WKHUHIRUH WKLV VHWWOHPHQW PXVW EH WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ�

�.� 'ULIWLQJ LFH� 'ULIWLQJ LFH FDXVHG DURXQG KDOI RI WKH WRWDO QXPEHU RI EUHDFKHV RI ULYHU GLNHV LQ WKH
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1HWKHUODQGV� %HFDXVH WKH KHDW RI WKH VXUIDFH ZDWHU RI WKH ULYHUV LQFUHDVHG WKLV KDV QRW EHHQ D
WKUHDW IRU RYHU D FHQWXU\� 7KLV GRHV QRW PHDQ WKDW LFH ZLOO QHYHU EH D WKUHDW DJDLQ� EXW LW LV QRW
WDNHQ LQWR DFFRXQW LQ WKH FXUUHQW VDIHW\ VWDQGDUGV�

�/� &ROOLVLRQ� 7KH FROOLVLRQ RI D YHVVHO LQWR D GLNH FDQ FDXVH VHYHUH GDPDJH DQG WKLV FDQ UHVXOW LQ
IORRGLQJ� +RZHYHU GXULQJ KLJK ZDWHU RQ WKH ULYHUV VKLSSLQJ LV IRUELGGHQ DQG GXULQJ D VWRUP VXUJH
RQ VHD LW LV DOVR QRW OLNHO\ WKDW VKLSV ZLOO VDLO� 7KHUHIRUH WKLV IDLOXUH PHFKDQLVP LV QRW WDNHQ LQWR
DFFRXQW LQ WKH VDIHW\ VWDQGDUG�

������ :DWHU UHWDLQLQJ K\GUDXOLF VWUXFWXUHV
:DWHU UHWDLQLQJ K\GUDXOLF VWUXFWXUHV FDQ EH SDUW RI D IORRG GHIHQVH� 7KH PRVW FRPPRQ K\GUDXOLF VWUXF�
WXUHV WKDW KDYH D ZDWHU�UHWDLQLQJ IXQFWLRQ DUH ORFNV� RXWOHW VOXLFHV� VWRUP VXUJH DQG WLGDO IORRG EDUULHUV�
ZHLUV DQG SXPSLQJ VWDWLRQV� )RU WKHVH K\GUDXOLF VWUXFWXUHV WKH IDLOXUH PHFKDQLVPV DUH GLIIHUHQW WKDQ
IRU VRLO VWUXFWXUHV� 7KH PDLQ IDLOXUH PHFKDQLVPV RI WKHVH K\GUDXOLF VWUXFWXUHV DUH�

�� &RQVWUXFWLYH IDLOXUH
�� 6WUHQJWK DQG VWDELOLW\ RI WKH IRXQGDWLRQ DQG VXEVRLO�
�� 6WUHQJWK DQG VWDELOLW\ RI WUDQVLWLRQDO VWUXFWXUHV� 3LSLQJ HURVLRQ�
�� )DLOXUH WR FORVH JDWHV �LQ WLPH�� VOXLFHV� ORFNV� EDUULHUV�
�� 7KH VWDWH RI PDLQWHQDQFH�
�� 2YHUWRSSLQJ DQG RYHUIORZ�

������ )DLOXUH PHFKDQLVPV $IVOXLWGLMN
7KH $IVOXLWGLMN FDQ EH GLYLGHG LQ GLIIHUHQW VHFWLRQV� 7KHVH VHFWLRQV PDLQO\ FRQVLVW RI GLNH ERGLHV�
QDYLJDWLRQ ORFNV DQG RXWOHW VOXLFHV� 7KHUHIRUH WKH IDLOXUH PHFKDQLVPV RI WKH $IVOXLWGLMN FDQ EH VHSDUDWHG
LQ WZR FDWHJRULHV�

 )DLOXUH RI D GLNH ERG\�
 )DLOXUH RI D K\GUDXOLF VWUXFWXUH�

7KH PRVW LPSRUWDQW IDLOXUH PHFKDQLVPV LQ WKH IDLOXUH RI D GLNH ERG\ DUH�

 :DYH RYHUWRSSLQJ�RYHUIORZ�
 (URVLRQ RXWHU VORSH�
 0DFUR LQVWDELOLW\�

:KHQ D EUHDFK GHYHORSV LQ WKH GLNH ERG\ RI WKH $IVOXLWGLMN LW KDV VRPH UHVLGXDO VWUHQJWK� HVSHFLDOO\
EHFDXVH WKH GLNH ERG\ LV EXLOG RQ DQG QH[W WR D ERXOGHU FOD\ FRUH� 7KLV UHVLGXDO VWUHQJWK LV QRW WDNHQ
LQWR DFFRXQW LQ WKH DVVHVVPHQW RI WKH SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN EXW WKH LQIOXHQFH RI WKLV
UHVLGXDO VWUHQJWK LV HYDOXDWHG VHSDUDWHO\ IURP WKLV DVVHVVPHQW�

%HVLGHV D IDLOXUH RI WKH GLNH ERG\ WKH K\GUDXOLF VWUXFWXUHV FDQ IDLO� 7KH PRVW LPSRUWDQW IDLOXUH PHFKD�
QLVPV RI WKH K\GUDXOLF VWUXFWXUHV LQ WKH $IVOXLWGLMN DUH�

 &RQVWUXFWLYH IDLOXUH�
 )DLOXUH WR FORVH JDWHV �LQ WLPH��
 *HRWHFKQLFDO LQVWDELOLW\�

���� 5LVN�EDVHG DSSURDFK
$IWHU WKH PDMRU IORRG LQ ���� WKH 'XWFK *RYHUQPHQW DOUHDG\ PDGH D ILUVW IORRG ULVN LQYHQWRU\� 7KLV ZDV
GRQH E\ WKH ILUVW 'HOWD &RPPLWWHH ZKR GHILQHG SUREDELOLWLHV RI H[FHHGDQFH RI ZDWHU OHYHOV IRU GLIIHUHQW
GLNH ULQJV� EDVHG RQ WKLV ULVN LQYHQWRU\� )RU LQVWDQFH WKH GHVLJQ ZDWHU OHYHO IRU &HQWUDO +ROODQG� ZKLFK
KDV WKH PRVW HFRQRPLF YDOXH� ZDV GHWHUPLQHG DW D SUREDELOLW\ RI H[FHHGDQFH RI ���� ��� SHU \HDU�
1RZDGD\V RXU NQRZOHGJH RQ ULVN PDQDJHPHQW DQG SUREDELOLVWLF GHVLJQ LV GHYHORSHG HYHQ IXUWKHU DQG
LW FDQ EH XVHG LQ D QHZ VDIHW\ VWDQGDUG ZLWK D IXOO ULVN�EDVHG DSSURDFK� LQFOXGLQJ D SUREDELOLW\ RI



�� �� 'HVLJQ DQG VDIHW\ DVVHVVPHQW RI IORRG GHIHQFHV

IORRGLQJ� ,Q WKLV FKDSWHU WKH FRQFHSW RI WKH ULVN�EDVHG DSSURDFK LV H[SODLQHG DQG KRZ LW LV XVHG LQ WKH
FXUUHQW VDIHW\ VWDQGDUG DQG KRZ LW ZLOO EH XVHG LQ WKH IXWXUH VWDQGDUG�

������ 5LVN� SUREDELOLW\ DQG FRQVHTXHQFHV
7KHUH DUH D ORW RI GLIIHUHQW GHILQLWLRQV RI ULVN� ,Q HQJLQHHULQJ ULVN LV GHILQHG DV�

൰൧൱൩  ൕ፟ ࣄ ൢ൭൬൱൯൳൬ൢ �����

,Q ZKLFK ൕ፟ LV GHILQHG DV WKH SUREDELOLW\ RI IDLOXUH� 7KLV GHILQLWLRQ RI ULVN LV XVHG WR EH DEOH WR TXDQWLI\
ULVN VR LW FDQ EH XVHG LQ GHVLJQ DQG GHFLVLRQ�PDNLQJ� 7KH SUREDELOLW\ RI DQ XQGHVLUHG HYHQW RU IDLOXUH
�LQ WKLV FDVH IORRGLQJ� LV JHQHUDOO\ H[SUHVVHG DV D IUHTXHQF\ ���\HDU�� 7KLV XQGHVLUHG HYHQW FDQ OHDG
WR XQZDQWHG FRQVHTXHQFHV OLNH GDPDJH WR REMHFWV RU ORVV RI OLIH� 7KH FRQVHTXHQFHV FDQ EH GHILQHG DV
D YDOXH� 7KH GLIIHUHQW YDOXHV WKDW DUH XVHG LQ IORRG ULVN PDQDJHPHQW LQ WKH 1HWKHUODQGV DUH H[SODLQHG
LQ VXESDUDJUDSK ������

,Q WKH IORRG ULVN PDQDJHPHQW WZR W\SHV RI SUREDELOLWLHV DUH GLVWLQJXLVKHG� 7KH ILUVW SUREDELOLW\ WKDW
LV XVHG LV WKH SUREDELOLW\ RI H[FHHGDQFH RI D FHUWDLQ ZDWHU OHYHO� ,Q WKH FXUUHQW VDIHW\ VWDQGDUG WKLV
SUREDELOLW\ LV XVHG DV D VWDUWLQJ SRLQW IRU WKH GHVLJQ RI IORRG GHIHQFHV� :LWK VDIHW\ IDFWRUV IRU GLIIHUHQW
IDLOXUH PHFKDQLVPV D GHVLJQ LV PDGH EDVHG RQ WKLV GHVLJQ ZDWHU OHYHO� 7KH VHFRQG SUREDELOLW\ WKDW LV
XVHG LV WKH SUREDELOLW\ RI IORRGLQJ�IDLOXUH RI IORRG GHIHQFHV� ,Q WKH QHZ VDIHW\ VWDQGDUG WKLV SUREDELOLW\
RI IORRGLQJ ZLOO EH XVHG� :LWK WKH XVH RI WKH SUREDELOLW\ RI IORRGLQJ WKH GHVLJQ LV QRW EDVHG RQ RQH
QRUPDWLYH ZDWHU OHYHO� WKDW LV DVVXPHG WR FDXVH IDLOXUH� EXW RQ WKH FRQWLQXHV ZDWHU ORDG�

,Q WKH FXUUHQW VDIHW\ VWDQGDUG WKH DVVXPSWLRQ LV WKDW WKH GHVLJQ ZDWHU OHYHO FDXVHV IDLOXUH� 7KH W\SLFDO
IDLOXUH PHFKDQLVPV WKDW GHSHQG RQ WKLV SUREDELOLW\ RI H[FHHGDQFH RI ZDWHU OHYHO DUH RYHUWRSSLQJ DQG
RYHUIORZ� FDXVLQJ HURVLRQ RI WKH LQQHU VORSH DQG ILQDOO\ IDLOXUH RI WKH IORRG GHIHQVH� +LVWRU\ KDV VKRZQ
WKDW RWKHU IDLOXUH PHFKDQLVPV SOD\ D ELJ UROH LQ WKH SUREDELOLW\ RI IORRGLQJ DV ZHOO� OLNH SLSLQJ DQG PLFUR�
DQG PDFUR�VWDELOLW\ RI WKH VORSHV �JHRWHFKQLFDO IDLOXUH PHFKDQLVPV�� ,Q WKH QHZ VDIHW\ VWDQGDUG WKH
SUREDELOLW\ RI IORRGLQJ LV EDVHG RQ DOO RFFXUULQJ ZDWHU OHYHOV� 7KH OHVV H[WUHPH ZDWHU OHYHOV ZLOO QRW
OHDG WR RYHUWRSSLQJ RU RYHUIORZ EXW PD\ FDXVH IDLOXUH GXH WR WKHVH JHRWHFKQLFDO IDLOXUH PHFKDQLVPV�
%HFDXVH WKHVH OHVV H[WUHPH ZDWHU OHYHOV RFFXU PRUH RIWHQ WKH SUREDELOLW\ RI WKH JHRWHFKQLFDO IDLOXUH
PHFKDQLVPV EHFRPHV PRUH VLJQLILFDQW LQ WKH GHVLJQ DQG VDIHW\ DVVHVVPHQW RI IORRG GHIHQFHV�

������ 5LVN GLPHQVLRQV
,Q IORRG ULVN DQDO\VLV ZH GHILQH WKUHH GLIIHUHQW W\SHV RI ULVN WKDW DUH DOO WDNHQ LQWR DFFRXQW LQ WKH VDIHW\
VWDQGDUG� 7KH GLPHQVLRQV RI WKRVH ULVNV DUH H[SUHVVHG LQ D FHUWDLQ W\SH RI YDOXH� 7KLV FDQ EH WKH
WRWDO QXPEHU RI FDVXDOWLHV RU D PRQHWDU\ YDOXH� 7KH WKUHH GLPHQVLRQV WKDW DUH XVHG LQ IORRG ULVN
PDQDJHPHQW LQ WKH 1HWKHUODQGV DUH�

 ,QGLYLGXDO ULVN
 *URXS�VRFLHWDO ULVN
 (FRQRPLF ULVN

,QGLYLGXDO ULVN

$ FRPPRQO\ XVHG LQGLFDWRU IRU WKH LQGLYLGXDO ULVN LV WKH ORFDWLRQ ERXQGHG ULVN �'XWFK DFURQ\P� 35
�3ODDWVJHERQGHQ 5LVLFR��� 7KLV LQGLFDWRU LV GHILQHG DV WKH SUREDELOLW\ RI ORVV RI OLIH GXH WR D IORRGLQJ
IRU D SHUVRQ WKDW ZRXOG EH ORFDWHG DW RQH SODFH IRU D ZKROH \HDU� ,Q WKLV LQGLFDWRU HYDFXDWLRQ DQG VHOI�
UHOLDQFH LV QRW WDNHQ LQWR DFFRXQW� %HFDXVH LQ PDQ\ FDVHV D IORRGLQJ FDQ EH SUHGLFWHG DQG SUHYHQWLYH
HYDFXDWLRQ FDQ UHGXFH WKH ULVN RI ORVV RI OLIH WKLV LQGLFDWRU LV QRW XVHG LQ WKH 1HWKHUODQGV� ,QVWHDG RI
WKLV LQGLFDWRU WKH ORFDO LQGLYLGXDO ULVN �/,5� LV XVHG� ,Q WKH /,5 D FRUUHFWLRQ IRU WKH HIIHFW RI SUHYHQWLYH
HYDFXDWLRQ LV WDNHQ LQWR DFFRXQW ZLWK UHVSHFW WR WKH 35�

*URXS ULVN

$V LQ WKH VDIHW\ VWDQGDUG RQH RI WKH PDLQ JRDOV LV WR SUHYHQW VRFLDO GLVUXSWLRQ WKH JURXS ULVN LV WDNHQ
LQWR DFFRXQW� $ IORRGLQJ WKDW FDXVHV D ORW RI IDWDOLWLHV KDV PRUH LPSDFW WKDQ D ORW RI VPDOO LQFLGHQWV DQG



���� 5LVN�EDVHG DSSURDFK ��

WKH VRFLDO GLVUXSWLRQ LV WKHUHIRUH ODUJHU� 7R SUHYHQW WKLV VRFLDO GLVUXSWLRQ WKH JURXS ULVN LV FRQVLGHUHG�
7KLV JURXS ULVN PHDQV WKH ULVN WKDW D VLJQLILFDQW DPRXQW RI SHRSOH ORRVH WKHLU OLYHV GXH WR D IORRGLQJ�
$ FRPPRQO\ XVHG LQGLFDWRU IRU WKH JURXS ULVN LV D )1 FXUYH� VKRZQ LQ )LJXUH ���� $ )1 FXUYH VKRZV
WKH SUREDELOLW\ RI 1 RU PRUH IDWDOLWLHV� 7KLV )1 FXUYH FDQ EH PDGH IRU VSHFLILF GLNH ULQJV RU LW FDQ EH
XVHG RQ D ELJJHU VFDOH� IRU LQVWDQFH WKH ZKROH SRSXODWLRQ RI WKH 1HWKHUODQGV� ,Q WKLV )1 FXUYH D FHUWDLQ
ERXQGDU\ FDQ EH GHILQHG WKDW PD\ QRW EH H[FHHGHG� 7R UHDFK WKLV JRDO PHDVXUHV FDQ EH WDNHQ WKDW
HLWKHU UHGXFH WKH SUREDELOLW\ RI IORRGLQJ RU WKH FRQVHTXHQFH RI IORRGLQJ�

)LJXUH ���� ([DPSOH RI D )1 FXUYH�

(FRQRPLF ULVN

7KH SUHYLRXV ULVN GLPHQVLRQV DUH FRPELQHG WKH FDVXDOW\ ULVN� %HVLGHV WKLV FDVXDOW\ ULVN DQ HFRQRPLF
RSWLPL]DWLRQ FDQ EH PDGH ZLWK D VRFLDO FRVW�EHQHILW DQDO\VLV �0.%$�� $ 0.%$ IRFXVVHV RQ WKH FRVWV DQG
EHQHILWV RI IORRG SURWHFWLRQ PHDVXUHV� LQ ZKLFK WKH HFRQRPLF HIILFLHQF\ RI LQYHVWPHQWV LQ IORRG GHIHQFHV
LV WKH SRLQW RI LQWHUHVW� ,Q D 0.%$ WKH LQYHVWPHQWV RQ LPSURYHPHQW RI IORRG GHIHQFHV �FRVWV� DUH
FRPSDUHG WR WKH UHGXFHG FRQVHTXHQFHV RI D IORRGLQJ �EHQHILWV�� ,Q D 0.%$ WKH UHGXFHG FRQVHTXHQFH
RI IORRGLQJ GXH WR LPSURYHPHQW RQ GLVDVWHU PDQDJHPHQW �HYDFXDWLRQ SODQV� HDUO\ ZDUQLQJ V\VWHPV� LV
QRW WDNHQ LQWR DFFRXQW�

7KH HFRQRPLF ULVN LQ WKLV 0.%$ LV XVHG WR GHWHUPLQH WKH EHQHILWV� )RU D FHUWDLQ DUHD WKH HFRQRPLF
GDPDJH FDQ EH GHWHUPLQHG LI D IORRGLQJ RFFXUV� ,I WKLV FRQVHTXHQFH� D PRQHWDU\ YDOXH� LV PXOWLSOLHG E\
WKH SUREDELOLW\ RI IORRGLQJ WKH HFRQRPLF ULVN LV GHILQHG� 6R DQ LPSURYHPHQW RQ D IORRG GHIHQFHV UHGXFHV
WKH SUREDELOLW\ RI IORRGLQJ ZKLFK UHGXFHV WKH WRWDO HFRQRPLF ULVN� %HFDXVH DQ HFRQRPLF ULVN LV H[SUHVVHG
LQ D PRQHWDU\ YDOXH WKH LQWDQJLEOH YDOXHV DUH WUDQVIRUPHG WR PRQHWDU\ YDOXHV� 7KH LQWDQJLEOH YDOXHV
WKDW DUH WDNHQ LQWR DFFRXQW DUH WKH FDVXDOWLHV �DQG UHODWHG GDPDJH� DQG GDPDJH WR ODQGVFDSH� FXOWXUH
DQG QDWXUH� +RZHYHU WKLV LV D FRPSOH[ SUREOHP DQG LQ D UHFHQW VWXG\ .LQG ������ RQ WKH HFRQRPLF
RSWLPL]HG VDIHW\ OHYHOV IRU WKH 1HWKHUODQGV DQ H[WUD DGGHG �� � RQ WKH WDQJLEOH GDPDJH LV XVHG WR
WDNH WKH LQWDQJLEOH YDOXHV LQWR DFFRXQW�

,Q WKH )LUVW 'HOWD &RPPLWWHH DOUHDG\ D PRGHO ZDV XVHG WR GHILQH WKH HFRQRPLF RSWLPXP IRU WKH GHVLJQ
RI IORRG GHIHQFHV� 7KLV PRGHO ZDV LQWURGXFHG E\ 3URI� YDQ 'DQW]LJ DQG LW LV VKRZQ LQ )LJXUH ���� ,Q
WKLV ILJXUH WKH LQYHVWPHQW FRVWV �,� DQG WKH FRQVHTXHQFHV RI D IORRGLQJ �&�� H[SUHVVHG LQ PRQHWDU\
YDOXH� DUH DGGHG WR JHW WKH WRWDO FRVWV� $W WKH PLQLPXP RI WKLV WRWDO FRVWV WKH HFRQRPLF RSWLPXP LV
IRXQG� )URP WKLV HFRQRPLF RSWLPXP WKH DFFHSWHG IDLOXUH SUREDELOLW\ DQG WKH FRVW IRU LQYHVWPHQWV FDQ
EH GHWHUPLQHG�

+RZHYHU LQ WKLV 06F UHVHDUFK WKH HFRQRPLF RSWLPXP LV QRW LQYHVWLJDWHG EXW DQ DGDSWDEOH GHVLJQ IRU
WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN LV RSWLPL]HG LQ WHUPV RI FRVWV� ,Q WKLV RSWLPL]DWLRQ GLIIHUHQW YDOXHV
IRU VRPH GLNH FKDUDFWHULVWLFV DUH YDULHG DQG D DOWHUQDWLYH ZLWK PLQLPXP FRVWV DQG DERYH D FHUWDLQ
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)LJXUH ���� &RVWV DV D IXQFWLRQ RI WKH DFFHSWHG SUREDELOLW\ RI IDLOXUH E\ 3URI� YDQ 'DQW]LJ�

VDIHW\ VWDQGDUG LV UHFRPPHQG� 7R ILQG WKH HFRQRPLF RSWLPXP LV RXWVLGH WKH VFRSH RI WKLV 06F WKHVLV
EHFDXVH RI LQVXIILFLHQW WLPH DQG NQRZOHGJH� $ UHFHQW VWXG\ �=ZDQHYHOG DQG 9HUZHLM� ����� RQ WKH
HFRQRPLF RSWLPXP UHVXOWV LQ D VDIHW\ OHYHO IRU WKH $IVOXLWGLMN ZLWK D SUREDELOLW\ RI IDLOXUH RI ��� ��� SHU
\HDU�



�
�6HPL��SUREDELOLVWLF PRGHOV

,Q WKLV FKDSWHU D EULHI LQWURGXFWLRQ RQ SUREDELOLVWLF DQG VHPL�SUREDELOLVWLF PHWKRGV LV JLYHQ� ,Q PRUH
GHWDLO WKH VHPL�SUREDELOLVWLF PHWKRG ZKLFK LV XVHG DV D GHVLJQ LQVWUXPHQW IRU WKH FRPLQJ \HDUV LV
GHVFULEHG LQ $SSHQGL[ '� 7KLV GHVLJQ LQVWUXPHQW LV GHYHORSHG DW WKH PRPHQW DQG ZLOO EH XVHG DV D
OHJDO IORRG GHVLJQ LQVWUXPHQW LQ WKH 1HWKHUODQGV IRU WKH FRPLQJ \HDUV� %HVLGHV WKLV WKH IXOO\ SUREDELOLVWLF
PRGHO 3&�5LQJ� ZKLFK LV XVHG LQ WKH 91.�SURMHFW� LV GHVFULEHG� 3&�5LQJ LV D VRIWZDUH PRGXOH WKDW FDQ
DVVHVV WKH SUREDELOLW\ RI IORRGLQJ RI D GLNH ULQJ ZLWK D IXOO\ SUREDELOLVWLF PHWKRG� 3&�5LQJ LV DOVR XVHG
LQ WKLV 06F UHVHDUFK WR DVVHVV WKH FXUUHQW SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN DQG WR RSWLPL]H WKH
GHVLJQ RI WKH UHIHUHQFH DOWHUQDWLYH� )LQDOO\ WKH GHULYDWLRQ RI WKH K\GUDXOLF ORDGV LV GHVFULEHG� 7KHVH
K\GUDXOLF ORDGV DUH GHILQHG DV VWRFKDVWLF YDOXHV DQG DUH XVHG DV DQ LQSXW LQ WKH PRGHO WKDW LV GHYHORSHG
GXULQJ WKLV 06F UHVHDUFK�

���� 6HPL�SUREDELOLVWLF PHWKRG �2,�����
,Q ���� WKH VDIHW\ DVVHVVPHQWV DQG GHVLJQ SURFHGXUHV IRU IORRG GHIHQFHV ZLOO EH GHVFULEHG OHJDOO\ E\
WKH :7,����� ,Q WKH )ORRG 3URWHFWLRQ 3URJUDP �Q+:%3� WKH :7,���� PXVW EH WDNHQ LQWR DFFRXQW WR
JXDUDQWHH WKDW GHVLJQV DUH IXWXUH SURRI� )RU WKLV WUDQVLWLRQ SHULRG IURP WKH FXUUHQW VDIHW\ VWDQGDUG WR
:7,���� WKH 2,���� LV GHYHORSHG� EDVHG RQ UHVXOWV IURP 91.�� 7KH 2,���� LV GHYHORSHG LQ VXFK D
ZD\ WKDW LW IROORZV WKH FXUUHQW GHVLJQ LQVWUXPHQWV DV PXFK DV SRVVLEOH�

)URP D JLYHQ VWDQGDUG �SUREDELOLW\ RI IORRGLQJ� IRU HDFK GLNH WUDMHFWRU\ D SUREDELOLW\ RI IDLOXUH IRU HDFK
FURVV VHFWLRQ DQG HDFK IDLOXUH PHFKDQLVP LV GHWHUPLQHG� :LWK WKLV SUREDELOLW\ RI IDLOXUH WKH K\GUDXOLF
ORDGV DQG WKH VDIHW\ IDFWRUV DUH GHULYHG ZKLFK DUH ERWK SDUW RI WKH 2,����� :LWK WKHVH K\GUDXOLF
ORDGV DQG WKH VDIHW\ IDFWRUV D IORRG GHIHQVH FDQ EH GHVLJQHG ZLWK WKH FXUUHQW JXLGHV DQG WHFKQLFDO
UHSRUWV�

2QH RI WKH FRUH LGHDV LQ WKH 2,���� LV WKDW WKH GHVLJQ LQVWUXPHQW LV SUDFWLFDO� XVHIXO DQG DSSOLFDEOH IRU
DOO WKH IORRG GHIHQFHV� ,W DLPV WR SUHYHQW IORRG GHIHQFHV EHLQJ GLVDSSURYHG GXULQJ WKH ILUVW VDIHW\ DV�
VHVVPHQW ZLWK WKH QHZ VDIHW\ VWDQGDUG� ,Q SUDFWLFH WKLV PHDQV WKDW GHVLJQV PDGH DFFRUGLQJ WR 2,����
DUH FRQVHUYDWLYH� EXW WKH FKDQFHV RI GLVDSSURYDO GXULQJ WKH ILUVW VDIHW\ DVVHVVPHQW DUH VPDOO�

,Q WKH GHVLJQ PHWKRG 2,���� WKH SUREDELOLW\ RI IDLOXUH VWDQGDUG LV D JLYHQ� :LWK WKH UHVXOWV RI 91.�
SUREDELOLW\ EXGJHWV DUH DVVLJQHG WR HYHU\ IDLOXUH PHFKDQLVP DQG WKHVH EXGJHWV DUH XVHG LQ :7,�����
7KLV SUREDELOLW\ EXGJHW LV DOVR XVHG LQ 2,���� WR GHULYH WKH IDLOXUH UHTXLUHPHQWV IRU HYHU\ PHFKDQLVP
RQ FURVV�VHFWLRQ OHYHO� 7KH UHVXOW DUH VKRZQ LQ 7DEOH '���

,Q WKLV 06F UHVHDUFK LW LV QHFHVVDU\ WR GHYHORS D VHPL�SUREDELOLVWLF DSSURDFK IRU WKH GHVLJQ DQG VDIHW\
DVVHVVPHQW RI WKH $IVOXLWGLMN� )XOO\ SUREDELOLVWLF PHWKRGV DUH SUHIHUDEOH EXW WR WDNH WKH FRUUHODWLRQ
DQG OHQJWK�HIIHFW LQWR DFFRXQW D VHPL�SUREDELOLVWLF PHWKRG ZLWK IDLOXUH PHFKDQLVP EXGJHWV LV QHHGHG�
7KHUHIRUH WKH SUREDELOLW\ IDLOXUH EXGJHWV WKDW DUH FKRVHQ LQ 2,���� FDQ EH FRPSDUHG ZLWK WKH EXGJHWV
DQG WKH FRUUHVSRQGLQJ SDUWLDO VDIHW\ IDFWRUV WKDW DUH GHULYHG LQ WKLV 06F UHVHDUFK�

��



�� �� �6HPL��SUREDELOLVWLF PRGHOV

7DEOH ���� 3UREDELOLW\ RI IDLOXUH EXGJHW �PD[LPXP DOORZDEOH SUREDELOLWLHV RI IDLOXUH DV SHUFHQWDJHV RI WKH VDIHW\ VWDQGDUG��

7\SH RI IORRG GHIHQFH )DLOXUH PHFKDQLVP 7\SH RI WUDMHFWRU\
6DQG\ FRDVW 5HPDLQGHU �GLNHV�

'LNH 2YHUIORZ DQG RYHUWRSSLQJ �� ���
3LSLQJ �� ���
0DFUR�VWDELOLW\ LQQHU VORSH �� ��
'DPDJH DQG HURVLRQ �� ���

+\GUDXOLF VWUXFWXUH 1RQ�FORVXUH �� ��
3LSLQJ �� ��
&RQVWUXFWLYH IDLOXUH �� ��

'XQH 'XQH HURVLRQ ��� �� � ��� D

5HPDLQGHU ��� ��� � ���
7RWDO ���� ����

D)RU WUDMHFWRULHV WKDW SDUWO\ FRQVLVW RI GXQHV� WKH GXQH HURVLRQ FRQWULEXWHV D UHODWLYHO\ VPDOO SHUFHQWDJH RI IDLOXUH� 3URSRVHG LV
WR VKLIW ��� IURP WKH UHPDLQGHU WR GXQHV� 7KLV SUHYHQWV WKDW LQ WKHVH VLWXDWLRQV D FRPSOHWHO\ QHZ SUREDELOLW\ EXGJHW KDV WR
EH XVHG�

���� 3UREDELOLVWLF PHWKRGV
������ *HQHUDO SUREDELOLVWLF PHWKRGV
7KH VWDWH MXVW EHIRUH IDLOXUH RFFXUV LV FDOOHG WKH OLPLW VWDWH� 7KH SUREDELOLW\ RI IDLOXUH FDQ EH H[SUHVVHG
DV WKH H[FHHGDQFH SUREDELOLW\ RI WKLV OLPLW VWDWH� 7R GHVFULEH WKH SUREDELOLW\ RI IDLOXUH LQ D SUREDELOLVWLF
ZD\ D OLPLW VWDWH IXQFWLRQV LV XVHG ZKLFK LV IRUPXODWHG DV IROORZV�

ൟ  ൗ ࢿ ൘ �����

LQ ZKLFK ൗ LV WKH VWUHQJWK �5 RI UHVLVWDQFH� DQG ൘ LV WKH ORDG �6 RI VROLFLWDWLRQ�� 7KH OLPLW VWDWH LV
GHVFULEHG E\ ൟ  � VR IDLOXUH RFFXUV LI ൟ LV QHJDWLYH� 7KH SUREDELOLW\ RI IDLOXUH ൕ፟ LV GHVFULEHG E\ WKH
IROORZLQJ IRUPXOD�

ൕ፟  ൕ�ൟ ऑ ��  ൕ�൘ ऒ ൗ� �����

7KH UHOLDELOLW\ LV ZKHQ = LV SRVLWLYH� VR WKH UHOLDELOLW\ IXQFWLRQ LV WKH LQYHUVH RI ൕ፟ DQG LV JLYHQ E\�

ൕ�ൟ ऒ ��  � ࢿ ൕ፟ �����

7KHUH DUH GLIIHUHQW FDOFXODWLRQ PHWKRGV WR GHWHUPLQH WKH WRWDO SUREDELOLW\ RI IDLOXUH� 7KHVH FDOFXODWLRQV
DUH VHSDUDWHG LQ WKUHH GLIIHUHQW FDWHJRULHV�

 OHYHO ,,,� ൕ፟ LV FDOFXODWHG E\ FRQVLGHULQJ WKH SUREDELOLW\ GHQVLW\ IXQFWLRQV RI DOO VWUHQJWK DQG ORDG
YDULDEOHV�

 OHYHO ,,� ,Q WKLV OHYHO D QXPEHU RI PHWKRGV IRU GHWHUPLQLQJ WKH SUREDELOLW\ RI IDLOXUH FDQ EH
XVHG� 7KH JHQHUDO SURFHGXUH LV OLQHDUL]DWLRQ RI WKH UHOLDELOLW\ IXQFWLRQ LQ D FDUHIXOO\ VHOHFWHG
SRLQW� 7KHVH PHWKRGV DSSUR[LPDWH WKH SUREDELOLW\ GLVWULEXWLRQ RI HDFK YDULDEOH E\ D VWDQGDUG
QRUPDO GLVWULEXWLRQ�

 OHYHO ,� $W WKLV OHYHO ൕ፟ LV QRW FDOFXODWHG� 7KH FDOFXODWLRQ RI WKLV OHYHO LV D GHVLJQ PHWKRG DFFRUGLQJ
WR VWDQGDUGV ZKLFK XVHV UHSUHVHQWDWLYH YDOXHV IRU WKH VWUHQJWK DQG WKH ORDG� $ VDIHW\ PDUJLQ LV
FUHDWHG E\ WKH XVH RI SDUWLDO VDIHW\ IDFWRUV�

:LWKRXW JHWWLQJ LQWR WKH GHWDLOV RI WKH GLIIHUHQW PHWKRGV IRU DOO WKH OHYHOV VRPH H[DPSOHV DUH JLYHQ�

 OHYHO ,,,
ঀ $QDO\WLFDOO\
ঀ 1XPHULFDO LQWHJUDWLRQ
ঀ 0RQWH &DUOR VLPXODWLRQ

 OHYHO ,,
ঀ )250



���� 3UREDELOLVWLF PHWKRGV ��

ঀ 6250
ঀ $)'$

 OHYHO ,
ঀ 6DIHW\ IDFWRUV DQG FKDUDFWHULVWLF YDOXHV

,Q WKLV 06F UHVHDUFK WKH DLP LV WR XVH IXOO\ SUREDELOLVWLF PHWKRGV� ZKLFK LV OHYHO ,,,� ,Q WKLV 06F UHVHDUFK
WKH FUXGH 0RQWH &DUOR VLPXODWLRQ LV XVHG LQ WKH GHYHORSPHQW RI D 0DWODE PRGHO ZKLFK DVVHVVHV WKH
SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN� ,Q WKLV PHWKRG WKH SRVVLELOLW\ RI GUDZLQJ UDQGRP QXPEHUV IRUP D
XQLIRUP SUREDEO\ GHQVLW\ IXQFWLRQ EHWZHHQ ]HUR DQG RQH LV XVHG� 7KH QRQ�H[FHHGDQFH SUREDELOLW\ RI DQ
DUELWUDU\ UDQGRP YDULDEOH LV XQLIRUPO\ GLVWULEXWHG EHWZHHQ ]HUR DQG RQH� UHJDUGOHVV RI WKH GLVWULEXWLRQ
RI WKH YDULDEOH�

ോፗ�൝�  ൝፮ �����

LQ ZKLFK ൝ፔ LV WKH XQLIRUPO\ GLVWULEXWHG YDULDEOH EHWZHHQ ]HUR DQG RQH DQG ോፗ�൝� LV WKH QRQ�H[FHHGDQFH
SUREDELOLW\ ൕ�൝ � ൝�� 6R IRU WKH YDULDEOH ;�

൝  ോዅኻፗ �൝፮� �����

,Q ZKLFK ോዅኻፗ �൝፮� LV WKH LQYHUVH RI WKH SUREDELOLW\ GLVWULEXWLRQ IXQFWLRQ RI ;� $ UDQGRP QXPEHU ൝ FDQ EH
JHQHUDWHG IURP DQ DUELWUDU\ GLVWULEXWLRQ ോፗ�൝� E\ GUDZLQJ D QXPEHU ൝፮ IURP WKH XQLIRUP GLVWULEXWLRQ
EHWZHHQ ]HUR DQG RQH�

:LWK WKLV PHWKRG IRU HYHU\ YDULDEOH D UDQGRP YDOXH FDQ EH GUDZQ IURP WKHLU FRUUHVSRQGLQJ GLVWULEXWLRQ
IXQFWLRQV� OHDGLQJ WR D YHFWRU ZKLFK LV XVHG DV LQSXW LQ WKH OLPLW VWDWH IXQFWLRQ� 7KH UHVXOWLQJ YDOXH RI
WKH YHFWRU LV FDOFXODWHG DQG LI WKLV OLPLW VWDWH IXQFWLRQ LV VPDOOHU WKDQ ]HUR IDLOXUH RFFXUV� %\ UHSHDWLQJ
WKLV SURFHGXUH D ODUJH QXPEHU RI WLPHV WKH SUREDELOLW\ RI IDLOXUH FDQ EH HVWLPDWHG DV IROORZV�

ൕ፟ ࣵ ൬፟
൬ �����

LQ ZKLFK�
൬፟ LV WKH QXPEHU RI VLPXODWLRQ IRU ZKLFK WKH OLPLW VWDWH IXQFWLRQ LV VPDOOHU WKDQ ]HUR
൬ LV WKH WRWDO QXPEHU RI VLPXODWLRQV

7R REWDLQ D UHVXOW ZLWK D UHOLDELOLW\ RI ��� WKH WRWDO QXPEHU RI VLPXODWLRQV LV�

൬ ! ���� �ൕ፟ ࢿ �� �����

������ 3&�5LQJ
,Q WKH 91.�PHWKRG D VRIWZDUH PRGXOH LV XVHG WR DVVHV WKH SUREDELOLWLHV RI IORRGLQJ RI WKH IORRG GHIHQFHV
LQ WKH 1HWKHUODQGV� 7KLV VRIWZDUH PRGXOH LV 3&�5LQJ ZKLFK FDOFXODWHV WKH SUREDELOLW\ RI IORRGLQJ RI GLNH
ULQJV ZLWK D SUREDELOLVWLF PHWKRG� 3&�5LQJ LV XVHG LQ WKLV 06F UHVHDUFK WR GHWHUPLQH WKH WRWDO SUREDELOLW\
RI IDLOXUH RI WKH $IVOXLWGLMN DQG SDUWO\ WR RSWLPL]H D QHZ GHVLJQ IRU WKH $IVOXLWGLMN�

3&�5LQJ LV RZQHG E\ WKH 0LQLVWU\ RI ,QIUDVWUXFWXUH DQG WKH (QYLURQPHQW DQG LW LV GHYHORSHG E\ 'HOWDUHV�
$ FRPSOHWH GHVFULSWLRQ RI WKH VRIWZDUH LV JLYHQ LQ D XVHU PDQXDO� D WKHRUHWLFDO PDQXDO� D SURJUDPPLQJ
PDQXDO DQG D V\VWHP GRFXPHQWDWLRQ� )RU WKH XVH LQ WKLV 06F UHVHDUFK RQO\ WKH XVHU DQG WKHRUHWLFDO
PDQXDO DUH RI LQWHUHVW� 7KH XVHU PDQXDO �YDQ GHU :RXGHQ DQG *UDVKRII� ����� GHVFULEHV WKH FDOFXODWLRQ
SRVVLELOLWLHV� WKH PHWKRG RI VFKHPDWL]DWLRQ RI D GLNH ULQJ� WKH FRQWURO RI WKH SURJUDP DQG WKH FRPSRVLWLRQ
RI WKH LQSXW DQG RXWSXW ILOHV� 7KH WKHRUHWLFDO PDQXDO FRQVLVWV RI WKUHH SDUWV�

 $� 0HFKDQLVP GHVFULSWLRQ �6WHHQEHUJHQ HW DO�� ������ )RU DOO WKH PHFKDQLVPV WKDW DUH SUR�
JUDPPHG LQ 3&�5LQJ D GHVFULSWLRQ DQG WKH FRUUHVSRQGLQJ IRUPXODV DUH JLYHQ�

 %� 6WDWLVWLFDO PRGHOV �6WHHQEHUJHQ DQG 9URXZHQYHOGHU� ����E�� 'HVFULSWLRQ RI WKH PRGHOLQJ RI
VWRFKDVWLF YDOXHV XVHG LQ 3&�5LQJ LQ JHQHUDO� %HVLGHV WKLV DOVR UHFRPPHQGHG YDOXHV IRU GLNH
SDUDPHWHUV DUH JLYHQ DQG WKH GHULYDWLRQ RI WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV DQG PRGHOV DUH
GHVFULEHG�

 &� &DOFXODWLRQ PHWKRGV �6WHHQEHUJHQ DQG 9URXZHQYHOGHU� ����D�� 'HVFULSWLRQ RI FDOFXODWLRQ
PHWKRGV XVHG LQ 3&�5LQJ�
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)LJXUH ���� 7KH VSDWLDO FRUUHODWLRQ VWDUWLQJ DW D YDOXH RI � DQG GHFUHDVLQJ WR WKH FRQVWDQW FRUUH�
ODWLRQ IRU DQ LQFUHDVLQJ GLVWDQFH�

,Q 3&�5LQJ WKH IORRG GHIHQVH FDQ FRQVLVW RI GLNHV� GXQHV DQG�RU K\GUDXOLF VWUXFWXUHV� 7KH IDLOXUH
PHFKDQLVPV GHVFULEHG LQ SDUDJUDSK ��� FDQ EH FDOFXODWHG ZLWK 3&�5LQJ� 7KH PDLQ PHWKRG ZKLFK LV
XVHG LQ 3&�5LQJ IROORZV WKHVH VWHSV�

 7KH IORRG GHIHQVH LV DURXQG WKH GLNH ULQJ DUHD LV GLYLGHG LQWR VHFWLRQV� ,Q 3&�5LQJ D VHFWLRQ LV D
K\GUDXOLF VWUXFWXUH� D GLNH VWUHWFK RU D GXQH VWUHWFK� )RU D VHFWLRQ D VFKHPDWL]DWLRQ RI D FURVV
VHFWLRQ LV GHILQHG IRU WKH UHOHYDQW IDLOXUH PHFKDQLVPV�

 7KH FRQWULEXWLRQ WR WKH SUREDELOLW\ RI IORRGLQJ RI WKH VHFWLRQV LV GHWHUPLQHG ZLWK D SUREDELOLVWLF
IDLOXUH SUREDELOLW\ DQDO\VLV IRU WKH UHSUHVHQWDWLYH FURVV VHFWLRQ� 7KH SUREDELOLW\ RI IDLOXUH RI D
FURVV VHFWLRQ LV WUDQVODWHG LQWR D SUREDELOLW\ RI IDLOXUH IRU WKH VHFWLRQ WDNLQJ FRUUHODWLRQ DQG WKH
OHQJWK�HIIHFW LQWR DFFRXQW�

 ,Q WKH HQG WKH WRWDO SUREDELOLW\ RI IORRGLQJ IRU D GLNH ULQJ LV FDOFXODWHG ZLWK WKH IDLOXUH PHFKDQLVP
EXGJHWV IRU HDFK VHFWLRQ DQG FRPELQLQJ DOO WKH VHFWLRQV WDNLQJ FRUUHODWLRQ DQG WKH OHQJWK�HIIHFW
LQWR DFFRXQW�

,Q 3&�5LQJ WKH FRUUHODWLRQ LQVLGH D VHFWLRQ FRQVLVWV RI VSDWLDO DQG WLPH FRUUHODWLRQ� 7KH VSDWLDO FRUUHODWLRQ
LV GHILQHG ZLWK D FRQVWDQW FRUUHODWLRQ ဃ፱ D FRUUHODWLRQ GLVWDQFH ൣ፱ DQG D FRUUHODWLRQ GLVWDQFH IRU WKH
VSDWLDO VSUHDG ́፱� 7KLV VSDWLDO FRUUHODWLRQ LV JLYHQ E\ WKH IROORZLQJ IRUPXOD�

ဃ�́൶�  ဃ፱ � �� ࢿ ဃ፱�൶൮ ᗟࢿ
́൶ኼ
ൣኼ፱
ᗠ �����

7KH IXQFWLRQ VWDUWV DW D FRUUHODWLRQ RI � DQG FRQYHUJHV WR WKH FRQVWDQW FRUUHODWLRQ ZLWK DQ LQFUHDVLQJ
GLVWDQFH �VHH )LJXUH �����

)RU WKH WLPH FRUUHODWLRQ WKH SURFHVVHV LQ WKH WLPH GRPDLQ DUH GLVFUHWH LQ WLPH LQWHUYDOV ́፭ DFFRUGLQJ WR
D %RUJHU�&DVWDQKHWD�PRGHO� ,QVLGH WKHVH WLPH LQWHUYDOV ́፭ WKHUH LV FRPSOHWH FRUUHODWLRQ �ဃ  �� DQG
LQ EHWZHHQ WKH WLPH LQWHUYDOV WKHUH LV D FRQVWDQW FRUUHODWLRQ ဃ፭�
7KH VWRFKDVWLF SDUDPHWHUV LQ 3&�5LQJ FRQVLVW RI WKH IROORZLQJ YDOXHV�

 GLVWULEXWLRQ W\SH
 PHDQ YDOXH ��
 VWDQGDUG GHYLDWLRQ �စ� RU YDULDWLRQ FRHIILFLHQW �൛�
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 FRUUHODWLRQ IXQFWLRQ IRU VSDWLDO VSUHDG �ൣ፱ DQG ဃ፱�
 FRUUHODWLRQ IXQFWLRQ IRU WLPH VSUHDG �́፭ DQG ဃ፭�

:LWK WKHVH VWRFKDVWLF SDUDPHWHUV WKH SUREDELOLW\ RI IDLOXUH IRU HDFK PHFKDQLVP DQG HDFK VHFWLRQ LV
FDOFXODWHG� WDNLQJ WKH OHQJWK RI WKH VHFWLRQ LQWR DFFRXQW� 7R FDOFXODWH WKH WRWDO IDLOXUH SUREDELOLW\ RI
D GLNH ULQJ WKH SUREDELOLW\ RI IDLOXUH IRU DOO WKH PHFKDQLVPV DQG IRU HDFK FURVV VHFWLRQ LV FRPELQHG�
)DLOXUH RFFXUV LI RQH VHFWLRQ IDLOV GXH WR RQH RI WKH IDLOXUH PHFKDQLVPV� 7R FDOFXODWH WKH WRWDO SUREDELOLW\
D PHWKRG IRU WKH FRPELQDWLRQ RI D UDQGRP VHULDO V\VWHP LV XVHG�

,I D UDQGRP VHULDO V\VWHP ZLWK ൬ HOHPHQWV LV FRQVLGHUHG WKH WRWDO SUREDELOLW\ RI IDLOXUH RI WKH V\VWHP LV
JLYHQ E\�

ൕ፟  ൕ�ൟኻ � � ࣗ ൟኼ � � ࣗ ���ൟ፧ � �� �����

)RU LQVWDQFH WKLV IRUPXODWLRQ FDQ EH XVHG WR FDOFXODWH ൬ GLNH VHFWLRQV IRU WKH IDLOXUH PHFKDQLVP RYHU�
WRSSLQJ� ,Q WKLV IRUPXOD ൟ። LV WKH OLPLW VWDWH IXQFWLRQ RI VHFWLRQ ൧ DQG WKH HYHQW ൟ። � � FRUUHVSRQGV ZLWK
WKH IDLOXUH RI VHFWLRQ ൧� 7R GR WKLV FDOFXODWLRQ D SUREDELOLVWLF DQDO\VLV IRU HDFK VHFWLRQ ൧ LV GRQH UHVXOWLQJ
LQ D UHOLDELOLW\ LQGH[  DQG LQIOXHQFH FRHIILFLHQWV ።�፤ IRU HYHU\ EDVLF YDULDEOH ൩ LQ VHFWLRQ ൧�
7KH QH[W VWHS LV WR FRPELQH WKLV WR D WRWDO SUREDELOLW\ RI IDLOXUH� 7KH XSSHU OLPLW IRU WKLV WRWDO SUREDELOLW\
RI IDLOXUH LV JLYHQ E\ WKH VXP RI WKH SUREDELOLWLHV RI DOO WKH VHFWLRQV ൬� 7KH ORZHU OLPLW LV JLYHQ E\ WKH
VHFWLRQ ൧ ZLWK WKH PD[LPXP SUREDELOLW\ RI IDLOXUH� 7KH FRPELQHG SUREDELOLW\ RI IDLOXUH LV LQ EHWZHHQ
WKHVH ERXQGV�

ൕ፟ �
፧
ᔤ
።ኻ
ൕ^ൟ። � �` ������

ൕ፟ ! ൫ൠ൶ ൕ^ൟ። � �` ������

%HFDXVH WKH GLIIHUHQFH EHWZHHQ WKHVH OLPLWV LV XVXDOO\ WRR ODUJH DQ DSSUR[LPDWLRQ PHWKRG LV XVHG
WR GHWHUPLQH WKH WRWDO SUREDELOLW\ RI IDLOXUH� 7KH SDUDPHWHUV RI LPSRUWDQFH LQ WKH FDOFXODWLRQ RI WKH
WRWDO SUREDELOLW\ RI IDLOXUH DUH WKH FRUUHODWLRQ FRHIILFLHQWV RI WKH OLQW VWDWH IXQFWLRQV ൟ።� $ FRUUHODWLRQ
FRHIILFLHQW LV GHILQHG IRU WZR VWRFKDVWLF YDOXHV DQG LW H[SUHVVHV WKH FRPELQHG VSUHDG RI WKH YDULDEOHV�
,I WKH FRUUHODWLRQ FRHIILFLHQW EHWZHHQ WKH YDULDEOHV ൟ። HTXDOV ]HUR WKHUH LV WRWDO LQ�GHSHQGDQF\ DQG
WKH XSSHU OLPLW HTXDOV WKH WRWDO SUREDELOLW\ RI IDLOXUH� )RU DQ LQFUHDVLQJ FRUUHODWLRQ FRHIILFLHQW WKH WRWDO
SUREDELOLW\ RI IDLOXUH ZLOO UHGXFH XQWLO WKH ORZHU OLPLW LV UHDFKHG �ZLWK D IXOO\ FRUUHODWHG V\VWHP ZKHUH
WKH FRUUHODWLRQ FRHIILFLHQW HTXDOV RQH��

7KH FRUUHODWLRQ FRHIILFLHQW RI WZR IXQFWLRQV ൟ። DQG ൟ፣ LV FDOFXODWHG ZLWK WKH LQIOXHQFH FRHIILFLHQWV ።�፤
DQG WKH FRUUHODWLRQ RI WKH VWRFKDVWLF YDULDEOH ൶፤ LQ HOHPHQW ൧ ZLWK WKH FRUUHVSRQGLQJ VWRFKDVWLF YDULDEOH
൶፤ LQ HOHPHQW ൨�

ဃ�ൟ።ൟ፣�  ᔤ።�፤፣�፤ဃ።�፣�፤ ������

:LWK WKH NQRZQ UHOLDELOLW\ LQGH[HV ። DQG ፣ DQG ZLWK WKH FRUUHODWLRQ FRHIILFLHQW WKH FRPELQHG SUREDELOLW\
RI IDLOXUH ൕ�ൟ። � �ࣗൟ፣ � �� LV FDOFXODWHG� $Q HTXLYDOHQW UHOLDELOLW\ LQGH[ DQG HTXLYDOHQW LQIOXHQFH IDFWRUV
DUH GHWHUPLQHG �IRU D IXOO GHVFULSWLRQ VHH �6WHHQEHUJHQ DQG 9URXZHQYHOGHU� ����D�� 7KH SUREDELOLW\
ൕ�ൟ። � � ࣗ ൟ፣ � �� LV UHSODFHG E\ DQ HTXLYDOHQW SUREDELOLW\ RI ൕ�ൟ፞ � �� ZLWK FRUUHVSRQGLQJ ፞ DQG
፞፤� ,Q )LJXUH ��� D JOREDO RYHUYLHZ RI WKLV PHWKRG LV VKRZQ�
7KH WRWDO QXPEHU RI VHFWLRQV LV QRZ UHGXFHG WR �൬ ࢿ ��� %\ UHSHDWLQJ WKLV SURFHGXUH �൬ ࢿ �� DOO WKH
VHFWLRQV DUH FRPELQHG UHVXOWLQJ LQWR WKH WRWDO SUREDELOLW\ RI IDLOXUH� $V PHQWLRQHG HDUOLHU WKLV PHWKRG LV
EDVHG RQ HTXLYDOHQW LQIOXHQFH IDFWRUV� %HFDXVH WKHVH DUH QRW FDOFXODWHG H[DFWO\ WKLV PHWKRG LV DOZD\V
DQ DSSUR[LPDWLRQ� 7KH DFFXUDF\ RI WKLV PHWKRG LV LQIOXHQFHG E\ WKH RUGHU LQ ZKLFK WKH GLIIHUHQW VHFWLRQV
DUH FRPELQHG�

7KH PRVW DFFXUDWH VROXWLRQ LV IRXQG LI IRU HYHU\ VWHS DOO WKH FRUUHODWLRQ FRHIILFLHQWV DUH FDOFXODWHG DQG
WKDW WKH WZR VHFWLRQV ZLWK WKH KLJKHVW FRUUHODWLRQ FRHIILFLHQWV DUH FRPELQHG� 7DNH IRU LQVWDQFH D V\VWHP
ZKLFK FRQVLVWV RI IRXU HOHPHQWV �)LJXUH ���� ZLWK OLPLW VWDWH IXQFWLRQV ൟኻ� ൟኼ� ൟኽ DQG ൟኾ� ,I ൟኻ DQG ൟኼ
KDYH WKH VWURQJHVW FRUUHODWLRQ WKHVH DUH ILUVW FRPELQHG WR ൟኼ፞� 7KHQ WKH FRUUHODWLRQV EHWZHHQ ൟኼ፞� ൟኽ
DQG ൟኾ DUH FDOFXODWHG� ,I ൟኽ DQG ൟኾ KDYH WKH VWURQJHVW FRUUHODWLRQ WKHVH DUH FRPELQHG WR ൟኾ፞� )LQDOO\
WKH HTXLYDOHQW HOHPHQWV DUH FRPELQHG WR JHW WR WKH WRWDO SUREDELOLW\ RI IDLOXUH�
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)LJXUH ���� (TXLYDOHQW OLPLW VWDWH IXQFWLRQ ፙᑖ RI WKH FRPELQHG SUREDELOLW\ RI ፙᑚ DQG ፙᑛ�

)LJXUH ���� &RPELQDWLRQ RI SUREDELOLW\ RI IDLOXUH IRU D V\VWHP ZLWK IRXU HOHPHQWV�

)RU D GLNH ULQJ ZH KDYH ൬ VHFWLRQV DQG HDFK VHFWLRQV KDV ൧ IDLOXUH PHFKDQLVPV� 7R FRPELQH WKLV WR D
WRWDO SUREDELOLW\ RI IDLOXUH WKHUH DUH WZR SRVVLELOLWLHV�

 &RPELQH DOO WKH PHFKDQLVPV ൧ SHU VHFWLRQ� $IWHU WKLV FRPELQH DOO WKH VHFWLRQV ൬ WR D WRWDO SURED�
ELOLW\ RI IDLOXUH�

 &RPELQH DOO WKH VHFWLRQV ൬ SHU IDLOXUH PHFKDQLVPV� $IWHU WKLV FRPELQH DOO WKH IDLOXUH PHFKDQLVPV
൧ WR D WRWDO SUREDELOLW\ RI IDLOXUH�

$IWHU WKH ILUVW VWHS LQ WKH VHFRQG PHWKRG WKHUH DUH OLPLW VWDWH IXQFWLRQV IRU HDFK PHFKDQLVP ZLWK GLIIHU�
HQW EDVLF YDULDEOHV DQG LQIOXHQFH FRHIILFLHQWV� 7KH FRUUHODWLRQ EHWZHHQ WKHVH GLIIHUHQW EDVLF YDULDEOHV
LV QRW GHILQHG DQG WKHUHIRUH WKLV PHWKRG LV QRW VXLWDEOH� ,Q WKH ILUVW PHWKRG DIWHU WKH ILUVW VWHS WKH
EDVLF YDULDEOHV RI WKH GLIIHUHQW OLPLW VWDWH IXQFWLRQV DUH IXOO\ FRUUHODWHG VR WKH SUREOHP ZLWK WKH VHFRQG
PHWKRG GRHV QRW RFFXU� 7KHUHIRUH WKH ILUVW PHWKRG LV XVHG LQ 3&�5LQJ�



���� +\GUDXOLF ORDGV ��

���� +\GUDXOLF ORDGV
,Q 3&�5LQJ WKH K\GUDXOLF ORDGV DUH GHULYHG IURP D GDWDEDVH �ZLWK PHDVXUHPHQWV RIIVKRUH� DQG XVHG
LQ WKH FDOFXODWLRQV� +RZHYHU WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV KDYH WR EH GHULYHG IRU WKH PRGHO GH�
YHORSHG LQ WKLV 06F UHVHDUFK� EHFDXVH WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV FDQ QRW EH H[WUDFWHG IURP
3&�5LQJ GLUHFWO\� )RU WKH SUHYLRXV DVVHVVPHQW RI WKH $IVOXLWGLMN LQ ���� WKH K\GUDXOLF ERXQGDU\ FRQ�
GLWLRQV ZHUH GHULYHG ZLWK +\GUD�.� +\GUD�. LV DOVR XVHG LQ WKLV 0VF UHVHDUFK WR GHULYH WKH K\GUDXOLF
ERXQGDU\ FRQGLWLRQV� $ IXOO GHVFULSWLRQ RI WKH GHULYDWLRQ RI WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV LV JLYHQ
LQ $SSHQGL[ $�

+\GUD�. LV D VRIWZDUH PRGXOH ZKLFK FDQ EH XVHG WR DVVHVV WKH SULPDU\ IORRG GHIHQFHV DORQJ WKH 'XWFK
FRDVW� )RU WKH IDLOXUH PHFKDQLVPV ZDYH UXQ�XS� ZDYH RYHUWRSSLQJ DQG LQVWDELOLW\ RI WKH UHYHWPHQWV
WKH FXUUHQW IORRG GHIHQFHV FDQ EH DVVHVVHG� +\GUD�. FDQ DOVR EH XVHG WR JHQHUDWH ZDWHU OHYHOV DQG
ZDYH FRQGLWLRQV IRU WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV� $OVR +\GUD�. LV XVHG WR GHULYH WKH K\GUDXOLF
ERXQGDU\ FRQGLWLRQV �+5����� IRU WKH OHJDO DVVHVVPHQW RI WKH IORRG GHIHQFHV LQ WKH :HVWHUQ 6FKHOGW
DQG WKH :DGGHQ 6HD�
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Data points obtained from Hydra−K
Fitted distribution (conditional Weibull)

)LJXUH ���� )LWWHG FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ DFFRUGLQJ WR WKH H[FHHGDQFH IUHTXHQF\ YDOXHV
JLYHQ E\ +\GUD�.�

7R GHWHUPLQH WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV IRU WKH GLIIHUHQW GLNH VHFWLRQV RI WKH $IVOXLWGLMN +\GUD�
. LV XVHG� :LWK +\GUD�. IRU GLIIHUHQW GHVLJQ H[FHHGDQFH IUHTXHQFLHV WKH FRUUHVSRQGLQJ YDULDEOHV DUH
FDOFXODWHG� 7KLV LV GRQH DW WKH GLIIHUHQW ORFDWLRQV WKDW UHSUHVHQW WKH GLNH VHFWLRQV RI WKH $IVOXLWGLMN�
7URXJK WKHVH SRLQWV D GLVWULEXWLRQ LV ILWWHG ZKLFK LV XVHG DV DQ LQSXW LQ WKH PRGHO XVHG LQ WKLV 06F
UHVHDUFK� )RU WKH ZDWHU OHYHO D FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ LV XVHG ZKLFK UHVXOWV LQ WKH EHVW ILW ZLWK
WKH GDWD SRLQWV IURP +\GUD�.� ,Q )LJXUH ��� WKH GDWD SRLQWV REWDLQHG IURP +\GUD�. DQG WKH FRQGLWLRQDO
:HLEXOO ILW DUH VKRZQ�

%HFDXVH WKH H[WUHPH ZDWHU OHYHOV KDYH D KLJK FRUUHODWLRQ ZLWK WKH VLJQLILFDQW ZDYH KHLJKW D UHODWLRQVKLS
EHWZHHQ WKH ZDWHU OHYHO DQG WKH VLJQLILFDQW ZDYH KHLJKW LV XVHG LQ WKH PRGHO�

്፬  ൈኻ൪൭൦�൘൜� � ൈኼ ������

,Q WKHVH H[WUHPH FRQGLWLRQV WKH PHDQ HQHUJ\ ZDYH SHULRG FDQ EH GHULYHG IURP WKH VLJQLILFDQW ZDYH
KHLJKW� )RU WKLV UHODWLRQVKLS WKH IROORZLQJ IRUPXOD LV XVHG�



�� �� �6HPL��SUREDELOLVWLF PRGHOV
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���� 0HWKRG IRU WKH DVVHVVPHQW RI WKH $IVOXLWGLMN
7KH IDLOXUH RI WKH $IVOXLWGLMN FDQ EH FDXVHG E\ PDQ\ GLIIHUHQW WKLQJV� 'LIIHUHQW GLNH VHFWLRQV DQG
K\GUDXOLF VWUXFWXUHV DQG PXOWLSOH IDLOXUH PHFKDQLVPV PXVW EH WDNHQ LQWR DFFRXQW� %HVLGHV WKLV WKH
FRUUHODWLRQ DQG WKH OHQJWK HIIHFW PXVW EH WDNHQ LQWR DFFRXQW� $ JHQHUDO SURFHGXUH WR REWDLQ WKH
SUREDELOLW\ RI IDLOXUH IRU WKH $IVOXLWGLMN LV VKRZQ LQ )LJXUH ����

7KLV IORZFKDUW �)LJXUH ���� LV VSOLW XS LQ WZR GLIIHUHQW SDUWV� 7R JHW DFTXDLQWHG ZLWK WKH GLIIHUHQW IDLOXUH
PHFKDQLVPV D PRGHO LV GHYHORSHG WR JHW LQVLJKWV LQ WKH GLIIHUHQW IDLOXUH PHFKDQLVPV �VHH $SSHQGL[ %��
:LWK WKH LQIRUPDWLRQ IURP WKLV PRGHO WKH IDLOXUH PHFKDQLVPV WKDW DUH PRVW UHOHYDQW DUH VHOHFWHG DQG
WKHVH DUH HYDOXDWHG LQ 3&�5LQJ� ZKLFK LV GHVFULEHG LQ WKH QH[W SDUDJUDSK� ,Q 3&�5LQJ WKH OHQJWK HIIHFW
DQG FRUUHODWLRQ RI WKH GLIIHUHQW IDLOXUH PHFKDQLVPV DQG FURVV VHFWLRQ LV WDNHQ LQWR DFFRXQW� UHVXOWLQJ
LQWR D WRWDO SUREDELOLW\ RI IDLOXUH�



���� 0HWKRG IRU WKH DVVHVVPHQW RI WKH $IVOXLWGLMN ��

��,QSXW� $FWLRQ� 2XWSXW�

/LWHUDWXUH RQ
IORRG GHIHQFHV

�

'HWHUPLQDWLRQ RI
IDLOXUH PHFKDQLVPV

�

)DXOW WUHH $IVOXLWGLMN
�LQFOXGLQJ =�

IXQFWLRQ LI SRVVLEOH�

�

/LWHUDWXUH RQ SURE�
DELOLVWLF PRGHOV LQ

K\GUDXOLF HQJLQHHULQJ

�

'HWHUPLQH ZKLFK PRGHOV
DQG PHWKRGV FDQ EH
XVHG WR DVVHVV ൕ፟

�

0RGHOV IRU IDLOXUH PHFK�
DQLVPV WR GHWHUPLQH ൕ፟

�

/LWHUDWXUH DQG GDWD
RI WKH $IVOXLWGLMN

�

'HWHUPLQDWLRQ RI VRLO
SDUDPHWHUV DQG JHRP�
HWU\ RI WKH $IVOXLWGLMN

�

6RLO SDUDPHWHUV DQG
JHRPHWU\ �VWUHQJWK �ൗ�

�

6WDWLVWLFDO GDWD
DQG PRGHOV

�

'HWHUPLQDWLRQ RI
VWRFKDVWLF YDUL�
DEOHV RI ORDGV

�

'LVWULEXWLRQV RI K\�
GUDXOLF ERXQGDU\

FRQGLWLRQV �ORDG �൘��

�

%RXQGDU\ FRQGLWLRQV
DQG VWUHQJWK YDULDEOHV

�

'HWHUPLQDWLRQ RI
ൕ፟ IRU RYHUWRSSLQJ
�0DWODE �=�IXQFWLRQ��

�

ൕ፟ IRU RYHUWRSSLQJ
IRU W\SLFDO VHFWLRQ

�

'HWHUPLQDWLRQ RI
ൕ፟ IRU UHYHWPHQW

�0DWODE �=�IXQFWLRQ��

�

ൕ፟ IRU HURVLRQ IRU
W\SLFDO VHFWLRQ

�

'HWHUPLQDWLRQ RI ൕ፟
IRU SLSLQJ �0DWODE
�VHPL�SUREDELOLVWLF��

�

ൕ፟ IRU SLSLQJ IRU
W\SLFDO VHFWLRQ

�

'HWHUPLQDWLRQ RI
ൕ፟ IRU PDFUR LQVWD�
ELOLW\ �0�3URVWDE�

�

ൕ፟ IRU PDFUR LQVWDELOLW\
IRU W\SLFDO VHFWLRQ

�

'HWHUPLQDWLRQ
RI FRUUHODWLRQ

�

ൕ፟ �።�፣ IRU DOO UHOHYDQW
PHFKDQLVP L DQG
VHFWLRQV M �3&�5LQJ�

�

&RUUHODWLRQ FRHIILFLHQWV

�

'HWHUPLQDWLRQ
RI OHQJWK HIIHFW

�

)RUPXODWLRQ WR
WDNH OHQJWK HI�
IHFW LQWR DFFRXQW

�

'HWHUPLQDWLRQ RI ൕ፟ RI
WKH $IVOXLWGLMN �3&�5LQJ�

�

7RWDO ൕ፟ RI WKH
$IVOXLWGLMN

)LJXUH ���� )ORZ FKDUW PRGHO WR DVVHVV WKH SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN�



�
&XUUHQW GHVLJQ RI WKH $IVOXLWGLMN

���� *HQHUDO LQWURGXFWLRQ WR WKH $IVOXLWGLMN
������ +LVWRU\ RI WKH $IVOXLWGLMN
,Q ���� K\GUDXOLF HQJLQHHU &RUQHOLV /HO\ SUHVHQWHG WKH ILUVW IHDVLEOH SODQV IRU WKH FORVXUH RI WKH
=XLGHU]HH DQG UHFODPDWLRQ RI ODQG �)OHYRODQG�� $V 0LQLVWHU RI :DWHUVWDDW /HO\ VXFFHHGHG LQ ����
WR LPSOHPHQW KLV SODQV LQWR WKH JRYHUQPHQWDO SURJUDP� ,Q ���� KLV SODQV ZHUH DSSURYHG E\ WKH 3DU�
OLDPHQW� +H VXFFHHGHG SDUWO\ GXH WR WKH IRRG FULVLV GXULQJ :RUOG :DU , ZKLFK VKRZHG WKH LPSRUWDQFH
RI ODQG UHFODPDWLRQ IRU DJULFXOWXUDO DFWLYLWLHV� +RZHYHU WKH ELJJHVW LQIOXHQFH ZDV WKH IORRG LQ ���� WKDW
HIIHFWHG WKH ZKROH DUHD DURXQG WKH =XLGHU]HH�

,Q ���� WKH ILUVW EHJLQQLQJ RI WKH $IVOXLWGLMN ZDV FRQVWUXFWHG� 7KH GHVLJQ ZDV DW WKDW WLPH VWLOO EDVHG
RQ WKH SODQV /HO\ PDGH ����� LQ ZKLFK KH SURSRVHG WR LQFOXGH ORFNV DQG RXWOHW VOXLFHV LQ WKH $IVOXLWGLMN�
7KH ILQDO GHFLVLRQ WR EXLOG WZR VOXLFH FRPSOH[HV� DW 'HQ 2HYHU HQ .RUQZHUGH]DQG� ZDV EDVHG RQ D
PLOLWDU\ SRLQW RI YLHZ� 2QO\ RQH FRPSOH[ ZRXOG LQFUHDVH WKH YXOQHUDELOLW\ GXULQJ DQ DWWDFN�

$QRWKHU FKDQJH LQ KLV SODQV ZDV WKH FRQQHFWLRQ DW WKH FRDVW RI )ULHVODQG� $ FRPPLVVLRQ� ZLWK /RUHQW]
DV FKDLUPDQ� FDOFXODWHG WKDW WKH WLGDO UDQJH ZRXOG LQFUHDVH VLJQLILFDQWO\ LI WKH FRQQHFWLRQ ZDV ORFDWHG
DW 3LDDUQ �&RPPLVVLH /RUHQW]� ������ 7KLV LQFUHDVLQJ WLGDO UDQJH ZRXOG DOVR FDXVH ODUJHU IORZ YHORFLWLHV
WKDW ZRXOG FRPSOLFDWH WKH FRQVWUXFWLRQ� 7KHUHIRUH WKH ORFDWLRQ RI WKH FRQQHFWLRQ ZDV VKLIWHG 1RUWK WR
.RUQZHUGHU]DQG�

$OVR WKH EHQG LQ WKH $IVOXLWGLMN ZDV QRW LQ WKH RULJLQDO SODQV� $W WKH ORFDWLRQ RI WKH EHQG DW .RUQ�
ZHUGHU]DQG D GHHS JXOO\ ZDV SUHVHQW� 'XH WR WKLV EHQG WKH $IVOXLWGLMN LV SHUSHQGLFXODU WR WKLV JXOO\�
7KH H[SHFWDWLRQ ZDV WKDW WKLV ZRXOG HQKDQFH WKH VOXLFLQJ RI ZDWHU RXW RI WKH ,-VVHO /DNH� $OVR OHVV
PDWHULDO ZDV UHTXLUHG WR FRQVWUXFW WKH $IVOXLWGLMN WKURXJK WKH JXOO\�

7KH $IVOXLWGLMN ZDV FRQVWUXFWHG IURP IRXU GLIIHUHQW ORFDWLRQV� DW ERWK WKH VKRUHOLQHV DQG WZR FRQVWUXF�
WLRQ LVODQGV %UHH]DQG DQG .RUQZHUGHU]DQG� 7KH ILQDO FORVXUH RI WKH =XLGHU]HH ZDV LQ ���� DQG DW
WKLV ORFDWLRQ D PRQXPHQW GHVLJQHG E\ 'XGRN DQG D VWDWXH RI D VWRQHZRUNHU DUH SODFHG� ,Q ���� WKH
$IVOXLWGLMN ZDV RIILFLDOO\ RSHQHG IRU WUDIILF�

������ &XUUHQW VWDWH DQG IXWXUH RI WKH $IVOXLWGLMN
6LQFH WKH RSHQLQJ RI WKH $IVOXLWGLMN LW KDV EHHQ PRGLILHG DW FHUWDLQ ORFDWLRQV� 6RPH FKDQJHV KDYH
EHHQ PDGH WR UHYHWPHQWV HQ WKH KHLJKW RI WKH GLNH ZDV LQFUHDVHG DW VRPH ORFDWLRQV� $OVR WKH VHFWLRQ
EHWZHHQ WKH VKRUHOLQH RI )ULHVODQG DQG .RUQZHUGHU]DQG KDV EHHQ ZLGHQHG� 7KH ELJJHVW FKDQJH LV WKH
URDG WKDW LV FRQYHUWHG �LQ WKH ����অV� IURP D WZR�ODQH URDG WR D IRXU�ODQH KLJKZD\ DQG WKDW WKH RULJLQDO
SODQ WR DGG D UDLOZD\ KDV EHHQ DEDQGRQHG� $W WKLV PRPHQW WKH $IVOXLWGLMN VWLOO LV DQ LFRQ RI WKH 'XWFK
K\GUDXOLF HQJLQHHULQJ DQG LW LV VHHQ DV D XQLTXH ODQGVFDSH DSSHDUDQFH WKDW LV IDPRXV IRU WKH VSDWLDO
TXDOLW\�

��



���� *HQHUDO LQWURGXFWLRQ WR WKH $IVOXLWGLMN ��

7KH PDLQ IXQFWLRQ RI WKH $IVOXLWGLMN LV UHWDLQLQJ ZDWHU� 7KH $IVOXLWGLMN LV D SULPDU\ IORRG GHIHQVH WKDW
SURWHFWV DJDLQVW KLJK ZDWHU IURP WKH :DGGHQ 6HD WR SURYLGH VDIHW\ LQ WKH ,-VVHO UHJLRQ� %HVLGHV WKLV
PDLQ IXQFWLRQ WKH $IVOXLWGLMN KDV VHYHUDO RWKHU IXQFWLRQV�

 :DWHU PDQDJHPHQW� 7KH $IVOXLWGLMN VHSDUDWHV WKH IUHVK ZDWHU LQ /DNH ,-VVHO IURP WKH VDOW ZDWHU
RI WKH :DGGHQ 6HD� 7KH ODUJH IUHVK ZDWHU EDVLQ RI /DNH ,-VVHO LV LPSRUWDQW IRU WKH ZDWHU PDQ�
DJHPHQW� GULQNLQJ ZDWHU VXSSO\� DJULFXOWXUH� LQGXVWU\ DQG WKH UHIUHVKPHQW RI WKH ERUGHULQJ ODNHV�
$OVR WKH RXWOHW VOXLFHV SOD\ D UROH LQ WKH ZDWHU PDQDJHPHQW EHFDXVH WKH UHJXODWH WKH ZDWHU OHYHO
LQ WKH ,-VVHO /DNH�

 0RELOLW\� 7KH KLJKZD\ $� LV D FRQQHFWLRQ IRU URDG WUDIILF� 7KH SDUW RI WKH $� RQ WKH $IVOXLWGLMN
FRQQHFWV WKH 3URYLQFHV RI 1RUWK�+ROODQG DQG )ULHVODQG� (YHU\ GD\ DURXQG ������ YHKLFOHV PDNH
XV RI WKH KLJKZD\ RQ WKH $IVOXLWGLMN� $OVR D VHSDUDWH F\FOLQJ WUDLO LV ORFDWHG RQ WKH $IVOXLWGLMN�
1DYLJDWLRQ ORFNV DUH ORFDWHG DW 'HQ 2HYHU DQG .RUQZHUGHU]DQG WR SURYLGH WKH FURVVLQJ IRU ERWK
UHFUHDWLRQDO DQG SURIHVVLRQDO YHVVHOV�

 +RXVLQJ� �� KRXVHV DUH ORFDWHG RQ WKH LVODQG RI .RUQZHUGHU]DQG DQG RQH LQ %UHH]DQGGLMN�
 5HFUHDWLRQ� 7KH $IVOXLWGLMN DWWUDFWV ORFDO DQG IRUHLJQ WRXULVWV DQG RQH RI WKH UHDVRQV IRU WKDW LV
WKDW LW LV SDUW RI D ODUJH KLNLQJ DQG F\FOLQJ WUDLO� %HVLGHV WKLV WKHUH LV VPDOO FDPSVLWH ORFDWHG DW
%UHH]DQGGLMN DQG DW .RUQZHUGHU]DQG D PXVHXP DWWUDFWV WRXULVWV� 7KH 0RQXPHQW� LQFOXGLQJ D
EULGJH IRU SHGHVWULDQV RYHU WKH $�� LV D SRSXODU VWRSSLQJ DUHD�

 'HIHQFHV� 7KHUH LV D VKRRWLQJ UDQJH ORFDWHG RQ %UHH]DQGGLMN� $OVR PLOLWDU\ IO\LQJ URXWHV FURVV
WKH $IVOXLWGLMN� %HWZHHQ %UHH]DQGGLMN DQG 'HQ 2HYHU D UDGDU GLVWRUWLRQ DUHD RYHU WKH ,-VVHO /DNH
LV LVVXHG� ,Q WKLV DUHD LW LV QRW DOORZHG WR EXLOG FRQVWUXFWLRQV WKDW GLVWRUW UDGDU VLJQDOV EHFDXVH RI
WKHLU VL]H�

 6PDOO EXVLQHVV� %HVLGHV WKH FDPSLQJ WKHUH DUH VRPH ILVKLQJ DQG VXUILQJ IDFLOLWLHV ORFDWHG RQ WKH
$IVOXLWGLMN� 2WKHU VPDOO EXVLQHVVHV RQ WKH $IVOXLWGLMN DUH WKH UHVWDXUDQW QHDU WKH 0RQXPHQW DQG
D JDV VWDWLRQ LQ %UHH]DQGGLMN�

������ 1HZ VWDQGDUG IRU WKH $IVOXLWGLMN

)ORRG VDIHW\ /DNH ,-VVHO UHJLRQ

8QFHUWDLQW\ LQ WKH FXUUHQW SURSRVHG SUREDELOLW\ RI IORRGLQJ

7KH SURSRVHG SUREDELOLW\ RI EUHDFKLQJ RI ��� ��� SHU \HDU GHSHQGV RQ D ORW RI IDFWRUV� ,Q WKH UHVHDUFK E\
WKH &3% �=ZDQHYHOG DQG 9HUZHLM� ����� WKLV SUREDELOLW\ RI IORRGLQJ LV SURSRVHG EXW LW LV DOVR PHQWLRQHG
WKDW D ORW RI IDFWRUV LQIOXHQFH WKLV SURSRVHG GHVLJQ VWDQGDUG� $ IHZ RWKHU SUREOHPV WKDW DOVR FDPH XS
DUH GHVFULEHG LQ DQ DVVHVVPHQW �YDQ ,HUODQG HW DO�� ������ )URP ERWK WKHVH UHSRUWV LW LV FOHDU WKDW WKH
IXWXUH VWDQGDUG UHPDLQV XQFHUWDLQ DQG LQYHVWLJDWLRQ LV VWLOO QHHGHG WR GHFUHDVH WKH XQFHUWDLQW\ LQ WKH
QHZ VWDQGDUG IRU WKH $IVOXLWGLMN� ,Q WKLV VXESDUDJUDSK D IHZ RI WKRVH IDFWRUV DUH PHQWLRQHG WR JLYH DQ
LGHD DERXW WKH XQFHUWDLQW\ LQ WKLV SURSRVHG SUREDELOLW\ RI IORRGLQJ�

2QH RI WKH PDLQ LQIOXHQFLQJ IDFWRUV RQ WKH SURSRVHG SUREDELOLW\ RI IORRGLQJ LV WKH FKRLFH RI WKH GHVLJQ
ZDWHU OHYHO RI WKH /DNH ,-VVHO� ,Q WKH DQDO\VLV LW LV DVVXPHG WKDW WKH ZDWHU OHYHO LV NHSW DW WKH FXUUHQW
GHVLJQ OHYHO LQ WKH IXWXUH E\ SXPSLQJ ZDWHU RXW LQWR WKH :DGGHQ 6HD� 1RUPDOO\ WKH VXUSOXV RI ZDWHU
LQ /DNH ,-VVHO LV VOXLFHG RXW E\ WKH JUDGLHQW LQ ZDWHU OHYHOV EXW GXH WR WKH ULVLQJ VHD OHYHO WKLV EHFRPHV
D SUREOHP LQ WKH IXWXUH� 7KH GHVLJQ LV EDVHG RQ SXPSV ZLWK D FDSDFLW\ RI � ��� P��V WR JXDUDQWHH WKH
GHVLJQ ZDWHU OHYHO LQ WKH /DNH ,-VVHO� 7KLV FDSDFLW\ FRXOG DOVR EH ORZHUHG DQG WKLV FDQ LQIOXHQFH WKH
SUREDELOLW\ RI IORRGLQJ RI WKH $IVOXLWGLMN�

,Q WKH FXUUHQW GHVLJQ DFFRUGLQJ WR WKH 67$ D SXPS LV EHLQJ LQVWDOOHG ZLWK D PXFK ORZHU FDSDFLW\
WKDQ WKLV SURSRVHG � ��� P��V� ,I UHVHDUFK VKRZV WKDW WKLV OHDGV WR D VLJQLILFDQW GLIIHUHQFH LQ VDIHW\
FRPSDUHG WR WKH � ��� P��V WKH TXHVWLRQ ULVHV KRZ WKLV SUREOHP PXVW EH GHDOW ZLWK� 7KHUH DUH WKUHH
RSWLRQV�

 5HLQIRUFH GLNHV HDUOLHU�
 5HLQIRUFH GLNHV DFFRUGLQJ WR WKH SXPSLQJ VFHQDULR ZLWK � ��� P��V DQG DFFHSW D WHPSRUDU\ ORZHU
VDIHW\ OHYHO�

 ,QFUHDVH WKH SXPSLQJ FDSDFLW\ RQ VKRUW QRWLFH VR D FRPSDUDEOH VDIHW\ LV JXDUDQWHHG�



�� �� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN

,I WKH GHVLJQ ZDWHU OHYHO LV ULVLQJ ZLWK WKH VHD OHYHO WKH ZDWHU FDQ EH VOXLFHG RXW /DNH ,-VVHO E\ WKH
JUDGLHQW LQ ZDWHU OHYHOV� 7KLV UHVXOWV LQ KLJKHU ZDWHU OHYHOV LQ /DNH ,-VVHO DQG VR WKH SUREDELOLW\ RI
IORRGLQJ IRU IORRG GHIHQFHV DORQJ WKH /DNH ,-VVHO LQFUHDVHV� $V D UHVXOW WKHVH GLNHV ZLOO EH VWURQJHU LQ
FRPSDULVRQ WR WKH QHHGHG VWUHQJWK ZLWK WKH FXUUHQW GHVLJQ ZDWHU OHYHO� 6R LQ WKLV FDVH IDLOXUH RI WKH
$IVOXLWGLMN ZLOO KDYH D VPDOOHU LPSDFW RQ WKH IORRG GHIHQFHV DORQJ /DNH ,-VVHO EHFDXVH WKH\ DUH VWURQJHU�
,I ULVLQJ ZLWK WKH VHD OHYHO LV FKRVHQ DV D IXWXUH GHVLJQ ZDWHU OHYHO WKH SUREDELOLW\ RI IORRGLQJ RI WKH
$IVOXLWGLMN FDQ EH KLJKHU �L�H� OHVV VWUHQJWK VR D ZHDNHU DQG FKHDSHU GHVLJQ��

7KH IDLOXUH RI WKH IXQFWLRQLQJ RI VWUXFWXUHV LV QRW WDNHQ LQWR DFFRXQW� 7KH SUREDELOLW\ RI IDLOXUH RI SXPSV
DQG VOXLFHV PD\ KDYH DQ LQIOXHQFH RQ WKH FKRLFH IRU PDQDJLQJ WKH ZDWHU OHYHO LQ WKH /DNH ,-VVHO� 7KLV
FKRLFH KDV D ODUJH LQIOXHQFH RQ WKH GHVLJQ VWDQGDUG IRU WKH $IVOXLWGLMN� 0RUH DWWHQWLRQ KDV WR EH SDLG
RQ WKH ULVNV RI SXPSLQJ DQG VOXLFLQJ DQG RQ PHDVXUHPHQWV WR UHGXFH WKHVH ULVNV�

7KH PHWKRG WKDW LV XVHG WR GHWHUPLQH SUREDELOLWLHV RI IDLOXUH IRU HYHU\ GLNH ULQJ KDV WR EH LQYHVWLJDWHG�
7KH &3% DQDO\VLV LV EDVHG RQ SUREDELOLW\ RI IORRGLQJ RI RQH RU PRUH UHSUHVHQWDWLYH ORFDWLRQV IRU HYHU\
GLNH ULQJ� LQ ZKLFK WKH SUREDELOLWLHV RI IORRGLQJ IRU WKHVH ORFDWLRQV DUH FRPSOHWHO\ GHSHQGHQW RU LQGH�
SHQGHQW RI HDFK RWKHU� 7KH TXHVWLRQ LV KRZ UHDOLVWLF WKLV LV� 5HVHDUFK KDV WR EH GRQH WR VHH LI WKH
UHVXOWV GHSHQGV RQ WKH QXPEHU RI DVVHVVPHQW ORFDWLRQV DQG LI WKH OHQJWK RI GLNH ULQJV DQG WUDMHFWRULHV
KDYH WR EH WDNHQ LQWR DFFRXQW�

$QRWKHU TXHVWLRQ LV KRZ XVHIXO LW LV WR ZRUN ZLWK WKH VWDQGDUGV DFFRUGLQJ WR WKH PHWKRG GHVFULEHG LQ
WKH &3% DQDO\VLV� 7KH SURSRVHG VWDQGDUGV VWURQJO\ GHSHQG RQ PXOWLSOH DVSHFWV�

 7KH FKRLFH IRU WKH \HDU ���� DV DVVHVVPHQW \HDU�
 7KH TXHVWLRQ WR ZKDW H[WHQW WKHVH VWDQGDUGV PHHW WKH VWDQGDUGV DFFRUGLQJ WR WKH ODZ�
 7KH PXWXDO GHSHQGHQFLHV WKDW VD\ WKDW WKH XVHG SUREDELOLW\ RI IORRGLQJ� XQGHU WKH DVVXPSWLRQ
WKDW WKH $IVOXLWGLMN ZLOO QRW IDLO� LV MXVW D SDUW RI WKH WRWDO SUREDELOLW\ RI IORRGLQJ�

 7KH GLIIHUHQFH EHWZHHQ WKLV XVHG SUREDELOLW\ RI IORRGLQJ� XQGHU WKH DVVXPSWLRQ WKDW WKH $IVOXLWGLMN
ZLOO QRW IDLO� DQG WKH WRWDO SUREDELOLW\ RI IORRGLQJ LV KDUG WR H[SODLQ�

:LWK WKLV NHSW LQ PLQG LW LV DGYLVHG WR GR H[WUD UHVHDUFK RQ WKH SURSRVHG VDIHW\ VWDQGDUG� )RFXV PXVW
EH RQ WKH IUHTXHQF\ DQG PHWKRG RI DVVHVVPHQW� WKH DELOLW\ RI OHJDO LPSOHPHQWDWLRQ RI WKH VWDQGDUG�
WKH FRPPXQLFDELOLW\ RI WKH VWDQGDUG� WKH FKRLFH EHWZHHQ WKH WRWDO SUREDELOLW\ RI IDLOXUH DQG SUREDELOLW\
XQGHU DVVXPSWLRQ WKDW WKH $IVOXLWGLMN ZLOO QRW IDLO DQG LI RQH WDUJHW \HDU LV HQRXJK�

$OVR H[WUD DWWHQWLRQ KDV WR EH SDLG WR WKH SRVVLEOH GDQJHU IRU WKH FLW\ RI $PVWHUGDP GXH WR D IORRG� ,I
WKH 0DUNHUPHHU GLNHV IDLO WKLV FRXOG OHDG WR LQFUHDVHG GDQJHU IRU WKH FLW\ RI $PVWHUGDP DQG WKLV KDV
WR EH LQYHVWLJDWHG�

$QRWKHU PHWKRG WKDW FRXOG UHGXFH WKH LPSDFW RI D IORRG LV GLVDVWHU PDQDJHPHQW� ,Q WKLV FDVH LW PLJKW
EH XVHIXO WR KDYH VSDUH PDWHULDO UHDG\ WR WHPSRUDULO\ UHSDLU D EUHDFK LQ WKH $IVOXLWGLMN� 7KLV PD\ UHVXOW
LQ DGGHG VDIHW\ DQG PXVW WKHUHIRUH EH LQYHVWLJDWHG�

,Q WKH &3% DQDO\VLV LW LV DVVXPHG WKDW WKH $IVOXLWGLMN FXUUHQWO\ KDV D VDIHW\ OHYHO RI ����� SHU \HDU� ,I LW
WXUQV RXW WKDW �FHUWDLQ SDUWV RI� WKH $IVOXLWGLMN DUH VWURQJHU LW PLJKW EH SURILWDEOH WR QRW LPSOHPHQW WKH
GHVLJQ WKDW LV PDGH DFFRUGLQJ WR WKH 67$�

���� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN
������ &RQILJXUDWLRQ RI WKH $IVOXLWGLMN
,Q )LJXUH ��� DQ RYHUYLHZ RI WKH $IVOXLWGLMN LV VKRZQ� 7KH PDLQ SDUW RI WKH $IVOXLWGLMN FRQVLVWV RI D
VWDQGDUG GLNH ERG\� ,Q WKH :HVW WKH $IVOXLWGLMN VWDUWV DW 'HQ 2HYHU� $W 'HQ 2HYHU WKH 6WHYLQVOXLFHV
DUH ORFDWHG� ZKLFK FRQVLVWV RI RXWOHW VOXLFHV DQG QDYLJDWLRQ ORFNV� )URP :HVW WR (DVW ZH FURVV WKH
0RQXPHQW� WKH ZRUNLQJ LVODQG %UHH]DQGGLMN �GHVLJQHG DV D FRQVWUXFWLRQ LVODQG IRU WKH $IVOXLWGLMN� DQG
DW WKH HQG .RUQZHUGHU]DQG ZLWK WKH /RUHQW]VOXLFHV �ERWK RXWOHW VOXLFHV DQG QDYLJDWLRQ ORFNV��

7KH $IVOXLWGLMN FDQ EH VHSDUDWHG LQWR GLNH VHFWLRQV� $FFRUGLQJ WR �:LWWHYHHQ � %RV� ����� WKH $IVOXLWGLMN
LV GLYLGHG LQWR �� VHFWLRQV� %HFDXVH VRPH RI WKRVH VHFWLRQV H[SHULHQFH D VXEVWDQWLDO GLIIHUHQW K\GUDXOLF
ORDGV WKHVH DUH VSOLW XS LQWR WZR VHFWLRQV �$ DQG %�� $Q RYHUYLHZ RI WKH GLNH VHFWLRQV LV JLYHQ LQ
7DEOH ����



���� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN ��

)LJXUH ���� $Q RYHUYLHZ RI WKH $IVOXLWGLMN ZLWK WKH GLNH ERG\ DQG VSHFLDO VWUXFWXUHV �0LQLVWHULH YDQ ,0� ������

������ 6WDQGDUG FURVV VHFWLRQ GLNH
7KH FRUH RI WKH GLNH ERG\ FRQVLVWV RI ERXOGHU FOD\� WKDW ZDV GUHGJHG FORVH WR WKH FRQVWUXFWLRQ VLWH
RI WKH $IVOXLWGLMN� 2Q WRS DQG RQ WKH VLGH RI WKLV ERXOGHU FOD\ FRUH VDQG LV SODFHG� 7KH GLNH ERG\ LV
FRYHUHG ZLWK UXPEOH� D VWRQH UHYHWPHQW DQG D FOD\ FRYHU ZLWK JUDVV� 7KLV FRYHU SURYLGHV SURWHFWLRQ
DJDLQVW HURVLRQ DQG SURYLGHV VWDELOLW\� $ VWDQGDUG FURVV VHFWLRQ LV VKRZQ LQ )LJXUH ����

)LJXUH ���� $ W\SLFDO FURVV VHFWLRQ RI WKH $IVOXLWGLMN�



�� �� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN

GLNH
VHFWLRQ

IURP
>NP@

WR
>NP@

OHQJWK
>NP@

GHVFULSWLRQ

� ��� ���� ���� RXWHU SRUW 'HQ 2HYHU �:HVW�
� ���� ���� ���� RXWHU SRUW 'HQ 2HYHU �(DVW�
� ���� ��� ���� EHWZHHQ EULGJH DQG RXWOHV VOXLFHV 'HQ 2HYHU
� ��� ���� ���� RXWOHW VOXLFHV 'HQ 2HYHU
� ���� ��� ���� FRQQHFWLRQ GLNH DQG RXWOHW VOXLFHV 'HQ 2YHU
�$ ��� ��� ��� $IVOXLWGLMN
�% ��� ��� ��� $IVOXLWGLMN
� ��� ��� ��� 0RQXPHQW
�$ ��� �� ��� $IVOXLWGLMN
�% �� ����� ���� $IVOXLWGLMN
� ����� ����� ���� :RUNLQJ SRUW %UHH]DQGGLMN
��$ ����� ���� ���� $IVOXLWGLMN
��% ���� ����� ���� $IVOXLWGLMN
��$ ����� ���� ���� $IVOXLWGLMN
��% ���� ���� � $IVOXLWGLMN
�� ���� ����� ���� .RUQZHUGHU]DQG �:HVW�
�� ����� ����� ���� .RUQZHUGHU]DQG
�� ����� ���� ���� RXWOHW VOXLFHV .RUQZHUGHU]DQG �(DVW�
�� ���� ���� ��� RXWHU SRUW .RUQZHUGHU]DQG �:HVW�
�� ���� ���� ��� RXWHU SRUW .RUQZHUGHU]DQG �(DVW�
�� ���� ����� ���� VHFWLRQ )ULHVODQG .RUQZHUGHU]DQG

7DEOH ���� 'LNH VHFWLRQV RI WKH $IVOXLWGLMN LQFOXGLQJ ORFDWLRQV IRU WKH GHWHUPLQDWLRQ RI WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV�

7KH VKDSH RI WKH GLNH ERG\ LV DOPRVW WKH VDPH DORQJ WKH $IVOXLWGLMN� ,Q JHQHUDO WKH WRS RI WKH $IVOXLWGLMN
KDV D KHLJKW RI �����P 1$3�� 7KH FURVV�VHFWLRQ RI WKH $IVOXLWGLMN FDQ EH VHSDUDWHG LQ �� GLIIHUHQW
]RQHV�

�� 3URWHFWLRQ ]RQH :DGGHQ 6HD� 7KH H[DFW GLPHQVLRQV RI DOO WKH IORRG GHIHQFHV LV GHVFULEHG E\
D ZDWHU DGPLQLVWUDWLRQ� 7KH PRVW UHFHQW GHILQLWLRQ RI WKH $IVOXLWGLMN LV IURP 1RYHPEHU �����
,Q WKLV GHILQLWLRQ D SURWHFWLRQ ]RQH RI ��� P LV FKRVHQ WKDW LV WKH QHFHVVDU\ OHQJWK WR SURYLGH
JHRWHFKQLFDO VWDELOLW\ RI WKH $IVOXLWGLMN� 7KLV LV LQFOXGLQJ SRVVLEOH IXWXUH UHLQIRUFHPHQWV RI WKH
GLNH ERG\�

�� &RUH ]RQH� 7KH ZKROH GLNH ERG\ LWVHOI LV ORFDWHG LQ WKH FRUH ]RQH�
�� 2XWHU WRH� 7KH RXWHU WRH LV WKH WUDQVLWLRQ IURP WKH VHD EHG WR WKH HGJH RI WKH GLNH ERG\� 7KLV LV
DOVR WKH ERUGHU RI WKH FRUH ]RQH�

�� 5XEEOH�PRXQG EHUP� 7KLV EHUP LV KRUL]RQWDO SODWH DURXQG �P 1$3 ZLWK D UXEEOH�PRXQG FRYHU�
7KLV EHUP LV WKH WUDQVLWLRQ IURP WKH XQGHUZDWHU VORSH WR WKH KLJKHU VWRQH UHYHWPHQW RI WKH RXWHU
VORSH� 7KH UXEEOH�PRXQG EHUP SURWHFWV WKH WRH DJDLQVW IRUFHV IURP WKH ZDYHV DQG FXUUHQWV�

�� 2XWHU VORSH� 7KH RXWHU VORSH LV GHILQHG DV WKH DUHD EHWZHHQ WKH UXEEOH�PRXQG EHUP DQG WKH
FURZQ RI WKH GLNH� 7KH RXWHU VORSH RI WKH $IVOXLWGLMN LV PDLQO\ FRYHUHG ZLWK D SODFHG EDVDOW
UHYHWPHQW�

�� &URZQ� 7KH FURZQ LV WKH WRS RI WKH GLNH ERG\ DQG LV RQ DYHUDJH � PHWHUV ZLGH� ,W LV FRYHUHG ZLW
FOD\ DQG JUDVV�

�� ,QQHU VORSH XSSHU GLNH� 7KH LQQHU VORSH RI WKH XSSHU GLNH LV DOVR FRYHUHG ZLWK FOD\ DQG JUDVV�
�� &\FOLQJ SDWK� $W WKH ERWWRP RI WKH LQQHU VORSH RI WKH XSSHU GLNH D F\FOLQJ SDWK RI DVSKDOW LV
ORFDWHG�

�� $�� 7KH $� FRQVLVWV RI WZR DVSKDOW URDGV ZLWK HDFK WZR WUDIILF DQG RQH HPHUJHQF\ ODQH� $ VPDOO
LQQHU ZD\VLGH LV FRQVWUXFWHG RI FOD\ ZLWK JUDVV�

��� ,QQHU VORSH� 7KH LQQHU VORSH RQ WKH ,-VVHO /DNH VLGH LV VWHHS� 7KH WRS SDUW LV FRYHUHG ZLWK FOD\

�6WDQGDUG ZDWHU OHYHO WKDW LV XVHG LQ WKH 1HWKHUODQGV �1RUPDDO $PVWHUGDPV 3HLO LQ 'XWFK�� DSSUR[LPDWHO\ HTXDO WR 0HDQ 6HD
/HYHO �06/�



���� 3UREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN ��

DQG JUDVV DQG WKH ERWWRP SDUW PDLQO\ FRQVLVWV RI SODFHG EDVDOW VWRQHV�
��� 5XEEOH�PRXQG EHUP� $OVR RQ WKH ,-VVHO ODNH VLGH D KRUL]RQWDO SODWH LV FRQVWUXFWHG WR SURWHFW WKH

LQQHU WRH DJDLQVW ZDYHV DQG FXUUHQWV�
��� ,QQHU WRH� 7KH LQQHU WRH LV WKH WUDQVLWLRQ IURP WKH EHG RI WKH ,-VVHO /DNH WR WKH HGJH RI WKH GLNH

ERG\� 7KH LQQHU WRH PDUNV WKH RWKHU ERUGHU RI WKH FRUH ]RQH�
��� 3URWHFWLRQ ]RQH ,-VVHO /DNH� $OVR RQ WKLV VLGH RI WKH $IVOXLWGLMN D SURWHFWLRQ ]RQH RI ��� PHWHUV LV

GHILQHG�

������ +\GUDXOLF VWUXFWXUHV
7KH DVVHVVPHQW DQG WKH GHVLJQ RI WKH K\GUDXOLF VWUXFWXUHV DUH RXWVLGH WKH VFRSH RI WKLV 06F UHVHDUFK�
%HFDXVH WKH PDLQ IRFXV LV WR RSWLPL]H WKH GHVLJQ IRU WKH GLNH ERG\ WKH K\GUDXOLF VWUXFWXUHV DUH QRW
WDNHQ LQWR DFFRXQW� $OVR LQ WKH DVVHVVPHQW RI WKH FXUUHQW FRQILJXUDWLRQ RI WKH $IVOXLWGLMN LW LV DVVXPHG
WKDW WKH $IVOXLWGLMN ZLOO IDLO GXH WR IDLOXUH RI WKH GLNH ERG\ DQG QRW GXH WR IDLOXUH DW RQH RI WKH VOXLFH
FRPSOH[HV� %HFDXVH WKH VOXLFH FRPSOH[HV GR KDYH DQ LQIOXHQFH RQ WKH WRWDO SUREDELOLW\ RI IDLOXUH RI WKH
$IVOXLWGLMN D EULHI LQWURGXFWLRQ WR WKH VOXLFH FRPSOH[HV� WKHLU FXUUHQW VWDWH DQG WKH IXWXUH GHYHORSPHQWV
DUH GHVFULEHG LQ $SSHQGL[ &�

���� 3UREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN
������ )DXOW WUHH DQDO\VLV $IVOXLWGLMN
%HIRUH WKH SUREDELOLW\ RI IDLOXUH FDQ EH FDOFXODWHG LW PXVW EH FOHDU KRZ IDLOXUH RI WKH $IVOXLWGLMN FDQ EH
FDXVHG� 7R JHW LQVLJKW LQ WKH SRVVLEOH FDXVHV RI IDLOXUH RI WKH $IVOXLWGLMN D IDXOW WUHH LV PDGH� ,Q WKLV IDXOW
WUHH �)LJXUH ���� WKH GLIIHUHQW IDLOXUH PHFKDQLVPV IRU WKH GLNH VHFWLRQV DQG WKH K\GUDXOLF VWUXFWXUHV DUH
JLYHQ� 7KH WXUTXRLVH ER[HV DUH SDUW RI WKH 06F WKHVLV DQG WKH IDLOXUH PHFKDQLVPV WKDW DUH LQYHVWLJDWHG
LQ WKLV 06F WKHVLV DUH VKRZQ LQ WKH RUDQJH ER[HV�
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���� 3UREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN ��

������ 3UREDELOLW\ RI IDLOXUH RI D VLQJOH FURVV VHFWLRQ
7R DVVHVV WKH SUREDELOLW\ RI IORRGLQJ RI WKH $IVOXLWGLMN WKH SURFHVV GHVFULEHG LQ SDUDJUDSK ��� LV IROORZHG�
)LUVW RI DOO WKH SUREDELOLW\ RI IDLOXUH IRU WKH GLNH VHFWLRQ LV DVVHVVHG DQG WKH SUREDELOLW\ RI IORRGLQJ RI
WKH K\GUDXOLF VWUXFWXUHV LV IRU VR IDU QRW LQFOXGHG LQ WKLV DVVHVVPHQW� )LUVW DOO WKH IDLOXUH PHFKDQLVPV
DUH WHVWHG IRU RQH GLNH VHFWLRQ RI WKH $IVOXLWGLMN� 7KH K\GUDXOLF ERXQGDU\ FRQGLWLRQV IRU WKH $IVOXLWGLMN
DUH GHULYHG IURP +\GUD�.� 7KH PHWKRG WR GHULYH WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV DQG WKH UHVXOWV DUH
VKRZQ LQ $SSHQGL[ $�

)LUVW RI DOO WKH SUREDELOLW\ RI IDLOXUH LV FDOFXODWHG IRU GLIIHUHQW IDLOXUH PHFKDQLVPV IRU RQH GLNH VHFWLRQ�
7KH ILUVW IDLOXUH PHFKDQLVPV WKDW LV LQYHVWLJDWHG LV ZDYH UXQ�XS DQG ZDYH RYHUWRSSLQJ�

:DYH UXQ�XS DQG RYHUWRSSLQJ
$ IXOO GHVFULSWLRQ RI WKLV IDLOXUH PHFKDQLVP DQG KRZ WKLV LV FDOFXODWHG LV JLYHQ LQ $SSHQGL[ %� 7KH
SUREDELOLW\ RI IDLOXUH GHSHQGV RQ WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH� ZKLFK LV WKH HURVLRQ UHVLVWDQFH RI
WKH LQQHU VORSH �VWUHQJWK� RI WKH $IVOXLWGLMN� %HFDXVH WKLV FULWLFDO RYHUWRSSLQJ GLVFKDUJH LV QRW HDVLO\
FDOFXODWHG WKH SUREDELOLW\ RI IDLOXUH LV FDOFXODWHG IRU GLIIHUHQW RYHUWRSSLQJ GLVFKDUJHV� 7KH UHVXOWV DUH
VKRZQ LQ 7DEOH ����

&ULWLFDO
GLVFKDUJH
>O�V�P@

5HWXUQ SHULRG
IDLOXUH >\HDUV@

3UREDELOLW\
RI IDLOXUH
>��\HDU@

��� �� ����(���
� �� ����(���
� ��� ����(���
�� ��� ����(���
�� ��� ����(���
�� ��� ����(���
��� � ��� ����(���
��� � ��� ����(���

7DEOH ���� 3UREDELOLWLHV RI IDLOXUH IRU GLIIHUHQW FULWLFDO RYHUWRSSLQJ GLVFKDUJHV IRU GLNH VHFWLRQ �%�

7KH SUREDELOLW\ RI IDLOXUH GXH WR RYHUWRSSLQJ LV VWURQJO\ GHSHQGHQW RQ WKH FULWLFDO RYHUWRSSLQJ GLV�
FKDUJHV� ,Q WKH 91. PDQXDO �6WHHQEHUJHQ HW DO�� ����� D PHWKRG WR GHWHUPLQH WKLV FULWLFDO RYHUWRSSLQJ
GLVFKDUJH LV JLYHQ� ZKLFK LV GHVFULEHG LQ PRUH GHWDLO LQ $SSHQGL[ %� 7KLV FULWLFDO RYHUWRSSLQJ GLVFKDUJH
LV GHSHQGHQW RQ WKH SHUFHQWDJH RI RYHUWRSSLQJ ZDYHV GXULQJ D VWRUP� ,Q WKLV 06F UHVHDUFK WKLV QXP�
EHU LV VHW DW ��� � ZKLFK LV FRQVHUYDWLYH DQG IXUWKHU UHVHDUFK ZRXOG EH UHTXLUHG WR LQYHVWLJDWH WKLV
SHUFHQWDJH� 7KLV UHVXOWV LQ D FULWLFDO RYHUWRSSLQJ GLVFKDUJH ZLWK D ORJQRUPDO GLVWULEXWLRQ ZLWK D PHDQ
YDOXH  RI ���� O�V�P DQG D VWDQGDUG GHYLDWLRQ စ RI ����� WKH GLVWULEXWLRQ LV VKRZQ LQ )LJXUH ����
7KLV GLVWULEXWLRQ IRU WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH LV XVHG WR GHWHUPLQH WKH WRWDO SUREDELOLW\ RI
IDLOXUH� ,Q D SUHYLRXV 06F WKHVLV �/DQGD� ����� H[WHQGHG UHVHDUFK LV GRQH RQ WKH FULWLFDO RYHUWRSSLQJ
GLVFKDUJH� ,Q WKLV WKHVLV LW LV FRQFOXGHG DIWHU WHVWV WKDW WKH $IVOXLWGLMN LV DEOH WR ZLWKVWDQG D FULWLFDO
RYHUWRSSLQJ GLVFKDUJH RI �� O�V�P� :LWK WKLV FULWLFDO GLVFKDUJH WKH SUREDELOLW\ RI IDLOXUH LV ODUJHU WKDQ
FDOFXODWHG ZLWK WKH 91. PHWKRG�

$QRWKHU FULWLFDO RYHUWRSSLQJ GLVFKDUJH WKDW FDQ EH DVVXPHG LV WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH WKDW LV
XVHG IRU WKH GHVLJQ RI WKH DOWHUQDWLYHV E\ :LWWHYHHQ � %RV� $FFRUGLQJ WR WKH VWDUWLQJ SRLQW GRFXPHQW
�:LWWHYHHQ � %RV� ����� WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH LV �� O�V�P� 7KLV UHVXOWV LQ D HYHQ ODUJHU
SUREDELOLW\ RI IDLOXUH�

7KH 91. PHWKRG DVVXPHV UHVLGXDO VWUHQJWK RI WKH FOD\ FRYHU DQG WKH JUDVV� ,I ZH GR QRW WDNH WKLV
LQWR DFFRXQW ZH JHW D VPDOOHU FULWLFDO GLVFKDUJH UHVXOWLQJ LQ D KLJKHU SUREDELOLW\ RI IDLOXUH� 7KH GLIIHUHQW
UHVXOWV IRU WKHVH WKUHH FULWLFDO RYHUWRSSLQJ GLVFKDUJHV DUH VKRZQ LQ 7DEOH ���� 7KH GLVWULEXWLRQ IRU WKH
FULWLFDO RYHUWRSSLQJ GLVFKDUJH LV JLYHQ LQ )LJXUH ����

%HFDXVH WKHUH DUH VWLOO PDQ\ XQFHUWDLQWLHV DERXW WKH FULWLFDO ZDYH RYHUWRSSLQJ DQG WKH HURVLRQ SURFHVV
LWVHOI IXUWKHU UHVHDUFK LV QHHGHG ZKLFK FDQ OHDG WR QHZ VWDQGDUGV IRU WKH FULWLFDO RYHUWRSSLQJ� $Q
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)LJXUH ���� 'LVWULEXWLRQ RI WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH ZLWKRXW UHVLGXDO VWUHQJWK IRU GLNH VHFWLRQ �%�

H[DPSOH RI WKLV UHFHQW UHVHDUFK LV �+DL 7UXQJ� ������ D UHFHQW 3KG WKHVLV LQ ZKLFK WKH RYHUWRSSLQJ RQ
JUDVV FRYHUHG GLNHV LV LQYHVWLJDWHG� ,Q WKH IXWXUH DQG HVSHFLDOO\ ZLWK WKH QHZ VDIHW\ VWDQGDUGV LQ ����
LQ PLQG UHVHDUFK OLNH WKLV LV XVHIXO� +RZHYHU LQ WKLV WKHVLV WKH IROORZHG PHWKRG ZLOO EH WKH 91. PHWKRG�
VR IRU WKH IDLOXUH PHFKDQLVP RI RYHUWRSSLQJ WKLV PHDQV WKDW WKH SUREDELOLW\ RI IDLOXUH IRU GLNH VHFWLRQ
�% LV ��� ��� SHU \HDU�



���� 3UREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN ��

0HWKRG &ULWLFDO
GLVFKDUJH
>O�V�P@

5HWXUQ SHULRG
IDLOXUH >\HDUV@

3UREDELOLW\
RI IDLOXUH
>��\HDU@

:LWWHYHHQ � %RV �� ��� ����(���
$IVOXLWGLMN WHVWV �� ��� ����(���
91. �ZLWKRXW UHVLGXDO VWUHQJWK�  ���� စ ��� ��� ����(���
91. �ZLWK UHVLGXDO VWUHQJWK�  ���� စ ���� � ��� ����(���

7DEOH ���� 3UREDELOLWLHV RI IDLOXUH IRU WKH WKUHH GLIIHUHQW DSSURDFKHV IRU WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJHV IRU GLNH VHFWLRQ �%�

)DLOXUH VWRQH EORFN UHYHWPHQW
7KH IDLOXUH RI WKH RXWHU VORSH UHYHWPHQW GHSHQGV RQ WKH ZDYH DWWDFN� WKH OD\RXW RI WKH SURWHFWLRQ RI
WKH VORSH DQG WKH OD\RXW RI WKH GLNH FRUH� %HFDXVH WKHUH DUH D ORW RI GLIIHUHQW W\SHV RI SURWHFWLRQV D ORW
RI GLIIHUHQW DSSURDFKHV GHWHUPLQH WKH SUREDELOLW\ RI IDLOXUH� 7KH GLIIHUHQW SURWHFWLRQ W\SHV �ZLWK WKHLU
RZQ FRUUHVSRQGLQJ IDLOXUH PHFKDQLVPV� DUH GLYLGHG LQWR PDLQ FDWHJRULHV�

 JUDVV FRYHU
 VWRQH EORFNV
 VWRQH FROXPQV
 UXEEOH
 DVSKDOW FRYHU
 FRQFUHWH SODWHV

$ GLNH FRYHU FDQ FRQVLVW RI PXOWLSOH FRYHUV� VR HDFK GLIIHUHQW FRYHU VHJPHQW KDV WR EH DVVHVVHG� 7KH
FXUUHQW DVVHVVPHQW PHWKRG WKDW LV XVHG LQ WKH 1HWKHUODQGV LV D VSUHDGVKHHW� ZKLFK LV FDOOHG 6WHHQWRHWV�
6WHHQWRHWV LV GHYHORSHG E\ 'HOWDUHV DQG LW LV XVHG WR DVVHVV LI WKH GLNH FRYHU LV VWURQJ HQRXJK� WRR
ZHDN RU LI PRUH GHWDLOHG LQYHVWLJDWLRQ LV QHHGHG� )RU D IXOO GHVFULSWLRQ RI 6WHHQWRHWV VHH �.OHLQ %UHWHOHU�
������

$ SUREDELOLVWLF FDOFXODWLRQ IRU WKH IDLOXUH RI WKH VORSH FRYHU LV QRW SRVVLEOH LQ 6WHHQWRHWV� 7R FDOFXODWH
WKH SUREDELOLW\ RI IDLOXUH LQ D SUREDELOLVWLF ZD\ WKHUH DUH WKUHH RSWLRQV�

�� 8VH WKH IRUPXODV WKDW DUH HPEHGGHG LQ WKH VSUHDGVKHHW DV DQ LQSXW LQ D 0DWODE VFULSW�
�� 0DNH D OLQN EHWZHHQ 0DWODE DQG 6WHHQWRHWV�
�� 8VH D VLPSOLILHG DVVHVVPHQW PHWKRG LQ D 0DWODE VFULSW�

7KH PDLQ UHDVRQ WR FKRRVH WKH ILUVW RSWLRQ LV WKDW DOO WKH XQGHUO\LQJ FDOFXODWLRQV LQ 6WHHQWRHWV FRXOG
EH WUDQVIRUPHG LQWR D 0DWODE VFULSW� 7KH VSUHDGVKHHW LV EDVHG RQ 9%$� DQG D FRQYHUVLRQ IURP 9%$
WR 0DWODE LV QHHGHG� $IWHU UHVHDUFK RQ WKH LQWHUQHW LW LV FOHDU WKDW WKLV FRQYHUVLRQ LV SRVVLEOH EXW VWLOO
UHTXLUHV D ORW RI PDQXDO ODERXU DQG DGDSWLRQV� %HFDXVH WKH PDLQ DGYDQWDJH ZRXOG EH WKDW WKLV FRXOG
EH GRQH DXWRPDWLFDOO\ WKLV LV QRW WKH EHVW RSWLRQ�

7KH VHFRQG RSWLRQV UHTXLUHV D OLQN EHWZHHQ 0DWODE DQG 6WHHQWRHWV� ,I ZH FRXOG SURGXFH YDULDEOHV LQ
0DWODE DQG XVH WKLV DV DQ LQSXW LQ 6WHHQWRHWV D 0RQWH &DUOR VLPXODWLRQ FDQ EH GRQH ZKLFK UHVXOWV LQ D
SUREDELOLW\ RI IDLOXUH� $ 0DWODE VFULSW FDQ EH JHQHUDWHG WKDW IROORZV WKHVH VWHSV�

 FUHDWH D VHW RI YDULDEOHV
 ORDG WKLV VHW RI YDULDEOHV DV DQ LQSXW LQ 6WHHQWRHWV
 UXQ 6WHHQWRHWV
 UHWULHYH WKH UHVXOWV IURP 6WHHQWRHWV DQG VWRUH WKHP
 FUHDWH D QHZ UDQGRP VHW RI YDULDEOHV DFFRUGLQJ WR WKHLU GLVWULEXWLRQ DQG GR WKLV SURFHVV DOO RYHU
DJDLQ

,I WKLV LV GRQH D ORW RI WLPHV WKH WRWDO QXPEHUV RI D QHJDWLYH DVVHVVPHQW FDQ EH GLYLGHG E\ WKH WRWDO
QXPEHU RI UXQV� UHVXOWLQJ LQ D SUREDELOLW\ RI IDLOXUH� 7KH GRZQVLGH LV WKDW WKLV PHWKRG UHTXLUHV D ORW RI
FDOFXODWLRQ WLPH DQG D ORW RI PDQXDO HIIRUW WR SURGXFH WKH ULJKW VFULSW LQ 0DWODE�

�9LVXDO %DVLFV IRU $SSOLFDWLRQV LV D SURJUDPPLQJ ODQJXDJH WKDW LV XVHG WR DXWRPDWH DQG H[WHQG DSSOLFDWLRQ SURJUDPV �PRVWO\
XVHG LQ 0LFURVRIW 2IILFH��



�� �� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN

7KH WKLUG RSWLRQ LV WKH VLPSOHVW RSWLRQ� 7KH SUREDELOLVWLF WRROV WKDW DUH XVHG IRU WKH IDLOXUH PHFKDQLVP
RI RYHUWRSSLQJ FDQ EH XVHG LQ 0DWODE DQG ZLWK VLPSOLILHG IRUPXODV WKH SUREDELOLW\ RI IDLOXUH FDQ EH
FDOFXODWHG� ,Q WKH 91. PHWKRG �6WHHQEHUJHQ HW DO�� ����� JHQHUDO IRUPXODV DUH GHVFULEHG IRU IRXU
W\SHV RI SURWHFWLRQV�

 JUDVV FRYHU
 SODFHG VWRQH EORFNV RQ FOD\
 SODFHG VWRQH EORFNV RQ D ILOWHU
 DVSKDOW FRYHU

$V WKHVH IRUPXODV DUH VLPSOLILFDWLRQV DQG QRW DOO WKH GLIIHUHQW W\SHV RI SURWHFWLRQ FDQ EH FDOFXODWHG WKH
DVVHVVPHQW RI WKH FXUUHQW IORRG GHIHQFHV LQ WKH 1HWKHUODQGV LV GRQH ZLWK 6WHHQWRHWV� %HFDXVH WKH
OD\RXW RI WKH GLNH VHFWLRQ ZKLW WKH KLJKHVW K\GUDXOLF ORDGV FRQVLVWV RI VWRQH EORFNV RQ D ILOWHU DQG JUDVV
WKH 91. PHWKRG FDQ EH XVHG WR PDNH D SUREDELOLVWLF FDOFXODWLRQ�

7DNLQJ WKH DGYDQWDJHV DQG GLVDGYDQWDJHV RI WKH WKUHH PHWKRGV LQWR DFFRXQW WKH WKLUG PHWKRG LV FKRVHQ
IRU WKH SUREDELOLVWLF FDOFXODWLRQ� 7KLV PHWKRG FDQ EH XVHG IRU WKH DVVHVVPHQW RI WKH FXUUHQW FRQILJ�
XUDWLRQ RI WKH $IVOXLWGLMN� ,I RQH RI WKH DOWHUQDWLYHV FRQVLVWV RI W\SH RI FRYHU WKDW LV QRW GHVFULEHG
LQ WKLV PHWKRG D GLIIHUHQW DSSURDFK QHHGV WR EH IRXQG� 7KH FRPSOHWH PHWKRG FDQ EH IRXQG LQ $S�
SHQGL[ %�

$V PHQWLRQHG DERYH ZH ORRN DW WKH GLNH VHFWLRQ WKDW LV H[SRVHG WR WKH ODUJHVW K\GUDXOLF ORDGV� 7KLV
LV GLNH VHFWLRQ �%� 7KH QRUPDWLYH FURVV VHFWLRQ FRQVLVWV RI SODFHG VWRQH EORFNV RQ D ILOWHU� 7KLV IDLOXUH
PHFKDQLVPV FDQ UHVXOWV LQ D EUHDFK� 7KLV LV RQO\ WKH FDVH LI WKH FRYHU IDLOV DQG WKH GLNH ERG\ ZLOO
HURGH DZD\ GXULQJ WKH VWRUP GXUDWLRQ� 7KLV UHVLGXDO VWUHQJWK RI WKH GLNH LV DOVR WDNHQ LQWR DFFRXQW�
7KH UHVLGXDO VWUHQJWK LV JLYHQ DV D FRQGLWLRQDO SUREDELOLW\ RI IDLOXUH ZKLFK PHDQV WKDW WKH SUREDELOLW\
RI FRPSOHWH HURVLRQ RI WKH GLNH ERG\ LV JLYHQ WKH IDFW WKDW WKH UHYHWPHQW ZLOO IDLO� 7KHUHIRUH WKH
SUREDELOLWLHV RI IDLOXUH FDQ EH PXOWLSOLHG WR FRPH WR D WRWDO IDLOXUH SUREDELOLW\ ZLWK WKH UHVLGXDO VWUHQJWK
WDNHQ LQWR DFFRXQW� 7KH UHVXOWV IRU GLNH VHFWLRQ �% DUH JLYHQ LQ 7DEOH ����

)DLOXUH PHFKDQLVP 5HWXUQ SHULRG
IDLOXUH >\HDUV@

3UREDELOLW\
RI IDLOXUH
>��\HDU@

VWRQH EORFNV DQG ILOWHU � ��� ����(���
FRQGLWLRQDO IDLOXUH GLNH FRUH ���� ����(���
WRWDO IDLOXUH �� ��� ����(���

7DEOH ���� 3UREDELOLW\ RI IDLOXUH RI WKH SODFHG VWRQH EORFNV RQ D ILOWHU LQFOXGLQJ UHVLGXDO VWUHQJWK�

0DFUR LQVWDELOLW\

'XULQJ D SHULRG RI KLJK ZDWHU WKH LQQHU VORSH FDQ VOLGH DQG WKLV OHDGV WR LQVWDELOLW\� 7KH ZDWHU UHWDLQLQJ
IXQFWLRQ RI WKH GLNH PD\ EH LQWDFW EXW LI RYHUWRSSLQJ RU RYHUIORZ VWDUWV D EUHDFK LV LQHYLWDEOH� ,I WKH
ZDWHU OHYHO RQ WKH RXWHU VLGH RI WKH GLNH GURSV UDSLGO\ WKH ZDWHU LQVLGH WKH GLNH LV QRW DEOH WR IROORZ�
7KH SUHVVXUH LQVLGH WKH GLNH EHFRPHV WR KLJK ZKLFK UHVXOWV LQ D VOLGLQJ RI WKH RXWHU VORSH� %HFDXVH
WKLV RQO\ RFFXUV ZKHQ ZDWHU OHYHOV DUH GURSSLQJ WKLV IDLOXUH PHFKDQLVP GRHV QRW LPPHGLDWHO\ UHVXOW LQ
IORRGLQJ� +RZHYHU LI WKH ZDWHU OHYHOV ULVH DJDLQ EHIRUH WKH GLNH LV UHSDLUHG WKLV PD\ EH D WKUHDW� %RWK
WKHVH IDLOXUH PHFKDQLVPV DUH LQYHVWLJDWHG IRU WKH $IVOXLWGLMN�

7R LQYHVWLJDWH WKH IDLOXUH PHFKDQLVP RI PDFUR LQVWDELOLW\ WKH %LVKRS PHWKRG LV XVHG� 7KH VOLS FLUFOH
PHWKRG RI %LVKRS LV EDVHG RQ D PRPHQW HTXLOLEULXP RI WKH ZKROH VOLS FLUFOH DQG YHUWLFDO IRUFH HTXLOLEULXP
RI WKH LQGLYLGXDO VOLFHV� 7KH %LVKRS PHWKRG FRQVLGHUV WKH GULYLQJ PRPHQWV RI WKH VOLFHV E\ VRLO ZHLJKW�
ZDWHU SUHVVXUHV DQG ORDGV DURXQG WKH FHQWHU RI D VOLS FLUFOH� 6WDELOLW\ UHTXLUHV WKDW WKH VXP RI WKHVH
GULYLQJ PRPHQW LV HTXDO WR �RU OHVV WKDQ� D FHUWDLQ UHVLVWLQJ PRPHQW� $ PRUH GHWDLOHG GHVFULSWLRQ RI
WKLV PHWKRG FDQ EH IRXQG LQ $SSHQGL[ %�

$ SUREDELOLVWLF FDOFXODWLRQ LV GRQH ZLWK 0�3URVWDE� ZKLFK LV D VRIWZDUH PRGXOH WKDW LV DOVR XVHG LQ
WKH 91. PHWKRG �7URPSLOOH HW DO�� ������ 0�3URVWDE LV D %LVKRS SUREDELOLVWLF UDQGRP ILHOG PRGXOH
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RI 0VWDE� D JHRWHFKQLFDO DQDO\VLV VRIWZDUH PRGXOH GHYHORSHG E\ 'HOWDUHV� 7KH LQSXW YDULDEOHV LQ 0�
3URVWDE �WKH DYHUDJH YDOXHV DQG VWDQGDUG GHYLDWLRQV� KDYH WR EH DGDSWHG EHIRUH D FDOFXODWLRQ LV GRQH�
$ PRUH GHWDLOHG GHVFULSWLRQ RI 0VWDE� DQG WKH DGDSWLRQ RI WKH LQSXW YDULDEOHV FDQ EH IRXQG LQ �%DNNHU�
������

$QRWKHU RSWLRQ IRU D SUREDELOLVWLF FDOFXODWLRQ LV DFFRUGLQJ WR WKH VDPH PHWKRG ZKLFK LV XVHG IRU WKH
SUHYLRXV IDLOXUH PHFKDQLVPV� )RU HYHU\ ZDWHU OHYHO WKH QRUPDWLYH VOLS FLUFOH FDQ KDYH D GLIIHUHQW FHQWHU
DQG D GLIIHUHQW UDGLXV� 7R ILQG WKLV QRUPDWLYH VOLS FLUFOH DQ LWHUDWLYH SURFHVV LV XVHG ZKLFK WDNHV WLPH� ,I
D 0RQWH &DUOR VLPXODWLRQ LV XVHG WR GHWHUPLQH WKH WRWDO SUREDELOLW\ RI IDLOXUH WKHQ IRU HYHU\ FDOFXODWLRQ
VWHS WKLV LWHUDWLYH SURFHVV LV GRQH� ZKLFK UHVXOWV LQ ODUJH FDOFXODWLRQ WLPHV� $OVR WR VHW XS WKLV VFULSW LQ
0DWODE UHTXLUHV HIIRUW DQG WLPH� %HFDXVH WKH FDOFXODWLRQ RI WKH PDFUR LQVWDELOLW\ LV DOUHDG\ GHYHORSHG LQ
0VWDE LW GRHV QRW PDNH VHQVH WR FUHDWH D QHZ PHWKRG� HVSHFLDOO\ EHFDXVH WKHUH DUH QR EHQHILWV�

0�3URVWDE FDQ FDOFXODWH WKH SUREDELOLW\ RI IDLOXUH IRU GLIIHUHQW ZDWHU OHYHOV� 7KH UHVXOWV IRU WKH LQVWDELOLW\
RI WKH LQQHU DQG RXWHU VORSH IRU GLIIHUHQW ZDWHU OHYHOV DUH VKRZQ LQ 7DEOH ��� DQG ���� $ UHOLDELOLW\ LQGH[
FDQ EH GHULYHG IURP WKH SUREDELOLW\ RI IDLOXUH IRU HDFK ZDWHU OHYHO DQG ZLWK WKLV D UHODWLRQVKLS EHWZHHQ
WKH UHOLDELOLW\ LQGH[ DQG WKH ZDWHU OHYHO FDQ EH IRXQG� :LWK WKH SUREDELOLW\ GHQVLW\ IXQFWLRQ RI WKH ZDWHU
OHYHO DQG WKH UHOLDELOLW\ LQGH[ IXQFWLRQ WKH WRWDO SUREDELOLW\ RI IDLOXUH FDQ EH IRXQG�

,Q WKLV 06F WKHVLV WKH WRWDO SUREDELOLW\ RI IDLOXUH LV QRW GHULYHG EHFDXVH WKHVH SUREDELOLWLHV RI IDLOXUH
IRXQG IRU WKH GLIIHUHQW ZDWHU OHYHOV DUH YHU\ ORZ FRPSDUHG WR WKH IDLOXUH PHFKDQLVP RI ZDYH UXQ�XS
DQG RYHUWRSSLQJ� 7KHUHIRUH WKLV IDLOXUH PHFKDQLVP LV QHJOLJLEOH� ,Q WKH FDOFXODWLRQV LW LV DVVXPHG WKDW
WKH ZDWHU OHYHOV KDYH SHQHWUDWHG WKH ZKROH GLNH FRPSOHWHO\� $OVR IRU WKH LQVWDELOLW\ RI WKH RXWHU VHFWLRQ
LW LV DVVXPHG WKDW WKH ZDWHU OHYHO ZLOO GURS UDSLGO\ WR 1$3� ZKLFK LV QRW WKH FDVH LQ UHDO OLIH� 7KHUHIRUH
WKH FDOFXODWHG SUREDELOLWLHV RI IDLOXUH DUH HYHQ ORZHU LQ UHDOLW\� HVSHFLDOO\ IRU WKH LQVWDELOLW\ RI WKH RXWHU
VORSH�

ZDWHU OHYHO >P@ 3I 67%, 3 ZDWHU OHYHO 3I WRWDO 5HWXUQ SHULRG
���� ����(��� ����(��� ����(��� ����(���
� ����(��� ����(��� ����(��� ����(���
� ����(��� ���� ����(��� ����(���
� ����(��� � ����(��� ����(���
� ����(��� � ����(��� ����(���

7DEOH ���� 3UREDELOLW\ RI IDLOXUH IRU WKH LQQHU VORSH IRU D QRUPDWLYH FURVV VHFWLRQ�

ZDWHU OHYHO >P@ 3I 67%8 3 ZDWHU OHYHO 3I WRWDO 5HWXUQ SHULRG
���� ����(��� ����(��� ����(��� ����(���
� ����(��� ����(��� ����(��� ����(���
� ����(��� ���� ����(��� ����(���
� ����(��� � ����(��� ����(���
� ����(��� � ����(��� ����(���

7DEOH ���� 3UREDELOLW\ RI IDLOXUH IRU WKH RXWHU VORSH IRU D QRUPDWLYH FURVV VHFWLRQ�

3LSLQJ DQG KHDYH

3LSLQJ LV D PLFUR�LQVWDELOLW\ SURFHVV DV VPDOO SDUWLFOHV DUH HURGHG IURP XQGHUQHDWK D FRKHVLYH OD\HU LQ
WKH VXEVRLO� 7KH VHHSDJH ZDWHU HURGHV SDUWLFOHV IURP XQGHUQHDWK WKH GLNH LI WKH K\GUDXOLF KHDG LV ODUJH
HQRXJK� 7KH HURVLRQ IRUPV D SLSH ZKLFK JURZV IURP WKH LQQHU WR WKH RXWHU VLGH DQG WKLV FDQ OHDG WR D
VHWWOHPHQW DQG IDLOXUH RI WKH GLNH� 7KLV PHFKDQLVP FDQ RQO\ RFFXU XQGHUQHDWK D FRKHVLYH OD\HU �FOD\�
RQ WRS RI DQ HURGLEOH DQG SHUPHDEOH VRLO �VDQG��

7KH DVVXPSWLRQ LV WKDW WKH SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN GXH WR IDLOXUH LV VR VPDOO LW FDQ EH
QHJOHFWHG� 7KH DVVHVVPHQW PHWKRG IRU SLSLQJ KDV FKDQJHG DQG ROGHU UXOHV WKDW KDYH EHHQ XVHG LQ WKH

�0VWDE LV DQ ROGHU YHUVLRQ RI '�*HR 6WDELOLW\
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SDVW DUH QR ORQJHU YDOLG� 7KHUHIRUH LW LV GHVLUDEOH WR DVVHVV WKH $IVOXLWGLMN RQ SLSLQJ DQG KHDYH �ZLWKRXW
GHWDLOHG FDOFXODWLRQV� ZLWK WKH QHZ DVVHVVPHQW VWDQGDUG�

7R DVVHVV D VRLO VWUXFWXUH RU K\GUDXOLF VWUXFWXUH RQ SLSLQJ VHYHUDO IRUPXODV DUH XVHG� $OO WKHVH GLIIHUHQW
IRUPXODV DUH EDVHG RQ WKUHH PDLQ YDULDEOHV�

 7KH KHDG �GLIIHUHQFH LQ ZDWHU OHYHO� RYHU WKH VWUXFWXUH�
 7KH OHQJWK RI WKH DTXLIHU IURP WKH KLJK ZDWHU HQWUDQFH SRLQW WR RXWIORZ SRLQW �PRVWO\ ZHUH WKH
FOD\ FRYHU LV WKH VPDOOHVW��

 7KH IORZ UHVLVWDQFH RI WKH DTXLIHU�

$ GHVFULSWLRQ RI WKHVH GLIIHUHQW IRUPXODV DQG WKH FXUUHQW SLSLQJ DVVHVVPHQW PHWKRG LV GHVFULEHG LQ
PRUH GHWDLO LQ $SSHQGL[ %� $ GHWHUPLQLVWLF FDOFXODWLRQ ZLWK FKDUDFWHULVWLF YDOXHV LV GRQH IRU SLSLQJ WR
VKRZ WKH VDIHW\ IDFWRU�

൘ോ  ്́��፧ ॲ �
്́ ࢿ ���ൣ ࣵ �

LQ ZKLFK�
്́ >P@ FULWLFDO K\GUDXOLF KHDG RYHU VWUXFWXUH
്́ >P@ RFFXUULQJ K\GUDXOLF KHDG RYHU VWUXFWXUH
ൣ >P@ WKLFNQHVV RI FRYHU OD\HU
፧ >�@ VDIHW\ IDFWRU
 >�@ VFKHPDWL]DWLRQ IDFWRU

:LWK WKLV VDIHW\ IDFWRU LW LV VKRZQ WKDW SLSLQJ LV QRW DQ LVVXH IRU WKH $IVOXLWGLMN EHFDXVH LW ZLOO IDLO GXH
WR RWKHU IDLOXUH PHFKDQLVPV EHIRUH SLSLQJ ZLOO RFFXU� 7KHUHIRUH WKH DVVXPSWLRQ WKDW SLSLQJ LV QRW D
UHOHYDQW IDLOXUH PHFKDQLVPV IRU WKH $IVOXLWGLMN LV YDOLG�

������ 7RWDO SUREDELOLW\ RI IDLOXUH LQFOXGLQJ FRUUHODWLRQ DQG OHQJWK HIIHFW
,Q �3URMHFWEXUHDX 91.�� ����� D VFUHHQLQJ PHWKRG LV SURSRVHG WKDW GHILQHV ZKLFK GLNH VHFWLRQV KDYH WR
EH DQDO\]HG DQG IRU ZKLFK IDLOXUH PHFKDQLVPV� 7KLV VHOHFWLRQ LV PDGH RQ DVVHVVPHQW UHVXOWV� LQVLJKWV RI
WKH IORRG GHIHQVH PDQDJHU DQG LQVLJKWV IURP 91.� $ SURSRVDO LV JLYHQ LQ 7DEOH ��� ZKLFK LV D PLQLPXP
UHTXLUHPHQW� PRUH FDOFXODWLRQV FDQ DOZD\V EH GRQH LI QHFHVVDU\�

)DLOXUH PHFKDQLVP 6HFWLRQV &RPPHQWV
:DYH UXQ�XS DQG RYHUWRSSLQJ $OO %\ FDOFXODWLRQ RI DOO VHFWLRQV ZH KDYH D

SUREDELOLW\ RI IDLOXUH IRU DOO WKH GLNH VHF�
WLRQV

3LSLQJ DQG KHDYH 6HOHFWLRQ� DURXQG ��� $OO WKH VHFWLRQV LQ ZKLFK SLSLQJ�KHDYH LV D
UHOHYDQW IDLOXUH PHFKDQLVP PXVW EH FDO�
FXODWHG EDVHG RQ LQGLFDWRU DQG VSDFLDO
VSUHDG

6ORSH SURWHFWLRQ DQG HURVLRQ 6HOHFWLRQ� DURXQG ��� $OO UHOHYDQW VHFWLRQV EDVHG RQ DVVHVV�
PHQWV DQG LQVLJKWV IURP PDQDJHU DQG
91.

0DFUR VWDELOLW\ 6HOHFWLRQ� DURXQG ��� 6HOHFWLRQ EDVHG RQ 6) DVVHVVPHQWV� LQ�
VLJKWV PDQDJHU DQG VSDFLDO VSUHDG�

7DEOH ���� 6HOHFWLRQ FULWHULD IRU WKH FDOFXODWLRQ RI GLNH VHFWLRQV�

:LWK WKH UHVXOWV IURP WKLV FKDSWHU LW LV FRQFOXGHG WKDW WKH IDLOXUH PHFKDQLVPV SLSLQJ DQG PDFUR VWDELOLW\
GR QRW KDYH D PDMRU LQIOXHQFH RQ WKH WRWDO SUREDELOLW\ RI IDLOXUH� 7R FDOFXODWH WKH WRWDO SUREDELOLW\ RI
IDLOXUH RI WKH GLNH ERG\ RI WKH $IVOXLWGLMN WKHVH IDLOXUH PHFKDQLVPV DUH QRW SDUW RI WKH FDOFXODWLRQ LQ
3&�5LQJ�

7KH FRUUHODWLRQ DQG OHQJWK HIIHFW LV FDOFXODWHG ZLWK 3&�5LQJ DFFRUGLQJ WR WKH PHWKRG GHVFULEHG LQ
SDUDJUDSK ������ )RU WKH PHFKDQLVP ZDYH UXQ�XS DQG RYHUWRSSLQJ DOO WKH QRQ�SURWHFWHG GLNH VHFWLRQV
DUH FDOFXODWHG LQ 3&�5LQJ� 7KH UHDVRQ ZK\ WKH SURWHFWHG GLNH VHFWLRQV DUH QRW WDNHQ LQWR DFFRXQW
LV EHFDXVH WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV LQ WKRVH ORFDWLRQV VWURQJO\ GHSHQG RQ WKH SURWHFWLRQ RI



���� 3UREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN ��

)LJXUH ���� 7RS YLHZ RI WKH VOXLFH FRPSOH[ DW 'HQ 2HYHU ZLWK WKH EUHDNZDWHUV 1RUWK RI WKH $IVOXLWGLMN �VRXUFH� *RRJOH 0DSV��

)LJXUH ���� 7RS YLHZ RI WKH VOXLFH FRPSOH[ DW .RUQZHUGHU]DQG ZLWK WKH EUHDNZDWHUV 1RUWK RI WKH $IVOXLWGLMN �VRXUFH� *RRJOH
0DSV��

WKH EUHDNZDWHUV LQ IURQW RI WKH $IVOXLWGLMN� 7KH EUHDNZDWHUV DW 'HQ 2HYHU DQG .RUQZHUGHU]DQG DUH
UHVSHFWLYHO\ VKRZQ LQ )LJXUH ��� DQG ����

6\PERO 'HVFULSWLRQ 8QLW 6SDWLDO VSUHDG 7LPH VSUHDG
G[ ဃ[ ́W ဃW

്፫፨፰፧ GLNH FURZQ KHLJKW P ��� P � � �
്፭፨፞ GLNH WRH KHLJKW P ��� P � � �
൲ൠ൬�፮፩� XSSHU VORSH � ��� P � � �
൲ൠ൬�፥፨፰� ORZHU VORSH � ��� P � � �
േ EHUP ZLGWK P ��� P � � �
് EHUP KHLJKW P ��� P � � �
P፪ኺ PRGHO IDFWRU RYHUWRSSLQJ � VHFWLRQ ��� � �
P് PRGHO IDFWRU ്፬ � ��� P ��� � �
P൙ PRGHO IDFWRU ൙፬ � ��� P ��� � �
́߶፥፨ HUURU LQ ORFDO ZDWHU OHYHO P ���� P ��� � �
൲፬ VWRUP GXUDWLRQ KRXU � � �� K �

7DEOH ���� 6SUHDG LQ VSDFH DQG WLPH RI VWRFKDVWLFV XVHG WR GHWHUPLQH IDLOXUH GXH WR RYHUWRSSLQJ�

7KH LQIOXHQFH RI WKHVH EUHDNZDWHUV LV QRW FDOFXODWHG LQ 3&�5LQJ DQG WKHUHIRUH WKH K\GUDXOLF ERXQGDU\
FRQGLWLRQV DW WKHVH ORFDWLRQV DUH PRUH VHYHUH WKDQ LQ UHDOLW\� ,I WKHVH VHFWLRQV ZHUH WDNHQ LQWR DFFRXQW
WKLV ZRXOG OHDG WR D SUREDELOLW\ RI IORRGLQJ WKDW LV KLJKHU WKDQ LQ UHDOLW\� 7KHVH GLNH VHFWLRQV PD\ VWLOO



�� �� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN

)LJXUH ���� 7RS YLHZ RI WKH $IVOXLWGLMN ZLWK WKH VHOHFWHG GLNH VHFWLRQV IRU WKH FDOFXODWLRQ LQ 3&�5LQJ LQ RUDQJH�

IDLO LQ UHDOLW\ VR LW LV UHFRPPHQGHG WR LQYHVWLJDWH WKH K\GUDXOLF ORDGV DQG WKH VWUHQJWKV RI WKHVH GLNH
VHFWLRQV DV ZHOO� $OVR WKH VOXLFH FRPSOH[HV DUH QRW WDNHQ LQWR DFFRXQW� $Q RYHUYLHZ RI WKH GLNH VHFWLRQV
IRU ZKLFK WKH PHFKDQLVP RI ZDYH UXQ�XS DQG RYHUWRSSLQJ DUH FDOFXODWHG LV VKRZQ LQ )LJXUH ����

$V VKRZQ LQ 7DEOH ��� LW LV UHFRPPHQGHG WR FDOFXODWH DURXQG ��� RI WKH GLNH VHFWLRQV IRU WKH PHFKDQLVP
VORSH SURWHFWLRQ DQG HURVLRQ� 7KH GLNH VHFWLRQV ZLWK WKH PRVW VHYHUH K\GUDXOLF ERXQGDU\ FRQGLWLRQV
DUH VHOHFWHG WR HQVXUH WKDW WKH ZHDNHVW VHFWLRQV DUH FDOFXODWHG LQ 3&�5LQJ� 7KHVH GLNH VHFWLRQV DUH
IURP GLNH VHFWLRQ �$ XQWLO ��%�

7R FDOFXODWH WKH WRWDO SUREDELOLW\ RI IDLOXUH RI WKH GLNH ERG\ WKH FRUUHODWLRQ DQG OHQJWK HIIHFW LV FRPELQHG
ZLWK 3&�5LQJ� 7KH FRHIILFLHQWV WKDW DUH XVHG IRU WKH GLIIHUHQW YDULDEOHV DUH VKRZQ LQ 7DEOH ��� IRU WKH
IDLOXUH PHFKDQLVP RYHUWRSSLQJ DQG LQ 7DEOH ��� IRU WKH LQVWDELOLW\ RI WKH SURWHFWLRQ�

6\PERO 'HVFULSWLRQ 8QLW 6SDWLDO VSUHDG 7LPH VSUHDG
G[ ဃ[ ́W ဃW

፤ FOD\ FRYHU ZLGWK P ��� P � � �
൩ GLNH FRUH ZLGWK DW FURZQ KHLJKW P ���� P � � �
൲ൠ൬�፨፮፭� RXWHU VORSH � ��� P � � �
൲ൠ൬�።፧� LQQHU VORSH � ��� P � � �
ൢ፫൩ IDFWRU HURVLRQ UHVLVWDQFH FOD\ FRYHU PV � � �� K �
፫ DQJOH LQ UHGXFWLRQ IDFWRU U ࣅ � � � �
 VWRQH WKLFNQHVV P ���� P � � �
́ UHODWLYH GHQVLW\ VWRQHV � ���� P � � �
ൢ፤ IDFWRU VWUHQJW RI VWRQHV RQ FOD\ � VHFWLRQ � � �
ൣ፟ JUDQXODU ILOWHU WKLFNQHVV P ��� P ��� � �
፟ኻ JUDLQ VL]H ��� IUDFWLOH RI ILOWHU OD\HU P ��� P ��� � �
൱ ZLGWK RI WKH VSOLWV EHWZHHQ VWRQHV P ��� P ��� � �

7DEOH ���� 6SUHDG LQ VSDFH DQG WLPH RI VWRFKDVWLFV XVHG WR GHWHUPLQH IDLOXUH GXH WR LQVWDELOLW\ RI WKH VORSH�



���� 3UREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN ��

:LWK WKHVH FRUUHODWLRQ FRHIILFLHQWV DQG WKH OHQJWKV RI WKH GLNH VHFWLRQV WDNHQ LQWR DFFRXQW WKH UHVXOWV IRU
WKH SUREDELOLWLHV RI IDLOXUH DUH VKRZQ LQ )LJXUH ��� IRU RYHUWRSSLQJ DQG LQ )LJXUH ���� IRU LQVWDELOLW\ RI WKH
UHYHWPHQW� 7KH H[DFW QXPEHUV DQG WKH FRPELQHG SUREDELOLW\ RI IDLOXUH DUH JLYHQ LQ 7DEOH �����

)LJXUH ���� 3UREDELOLW\ RI IDLOXUH IRU WKH GLNH VHFWLRQV GXH WR WKH IDLOXUH PHFKDQLVP RI ZDYH UXQ�XS DQG RYHUWRSSLQJ�

)LJXUH ����� 3UREDELOLW\ RI IDLOXUH IRU WKH GLNH VHFWLRQV GXH WR WKH IDLOXUH PHFKDQLVP RI LQVWDELOLW\ RI WKH RXWHU VORSH SURWHFWLRQ�

:LWK WKH QXPEHUV IRU WKH IDLOXUH PHFKDQLVPV RI ZDYH UXQ�XS DQG RYHUWRSSLQJ DQG LQVWDELOLW\ RI WKH
RXWHU VORSH UHYHWPHQW WKH WRWDO SUREDELOLW\ RI IDLOXUH LV FDOFXODWHG LQ 3&�5LQJ� 7KH UHVXOWV DUH VKRZQ LQ
7DEOH ���� 7KH WRWDO SUREDELOLW\ RI IDLOXUH IRU WKH $IVOXLWGLMN LV KLJK FRPSDUHG WR WKH FXUUHQW VWDQGDUG�
7KH FXUUHQW VWDQGDUG IRU WKH $IVOXLWGLMN VWDWHV WKDW WKH $IVOXLWGLMN PXVW EH DEOH WR ZLWKVWDQG D VWRUP
ZLWK DQ H[FHHGDQFH IUHTXHQF\ RI ���� ��� SHU \HDU� ZKLFK LV D IDFWRU �� KLJKHU WKDQ WKH FDOFXODWHG
SUREDELOLW\ RI IDLOXUH� 7KH UHOLDELOLW\ RI WKH FDOFXODWLRQV LV TXHVWLRQDEOH EHFDXVH WKH OHQJWK HIIHFW KDV
D ODUJH LQIOXHQFH RQ WKH WRWDO SUREDELOLW\ RI IDLOXUH� ZKLFK LV GLVFXVVHG IXUWKHU LQ WKLV SDUDJUDSK� :KDW
WKH QHZ VDIHW\ VWDQGDUG LV IRU WKH $IVOXLWGLMN LV QRW GHFLGHG VR IDU� KRZHYHU LW LV FRQFOXGHG WKDW WKH
$IVOXLWGLMN QHHGV LPSURYHPHQW WR SUHYHQW WKH RFFXUUHQFH RI D EUHDFK LQ WKH QHDU IXWXUH�

7KH FXPXODWLRQ RI IDLOXUH PHFKDQLVPV LV QRW WDNHQ LQWR DFFRXQW LQ WKH GHWHUPLQDWLRQ RI WKH SUREDELOLW\
RI IDLOXUH� 7KH FXPXODWLRQ RI IDLOXUH PHFKDQLVPV LPSOLHV WKDW LI RQH PHFKDQLVP VWDUWV WR IDLO LW PD\
LQWURGXFH D KLJKHU FKDQFH RI IDLOXUH RI WKH RWKHU PHFKDQLVPV DV ZHOO� )RU H[DPSOH LI VWRQH EORFNV DUH
HURGHG IURP WKH RXWHU UHYHWPHQW WKH PDFUR LQVWDELOLW\ RI WKH RXWHU VORSH EHFRPHV OHVV ZKLFK FRXOG



�� �� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN

'LNH 6HFWLRQ :DYH UXQ�XS DQG RYHUWRSSLQJ ,QVWDELOLW\ VWRQH UHYHWPHQW
 ൕ፟ ൗ  ൕ፟ ൗ

� ���� ����(��� �� ���
�$ ���� ����(��� � ���
�% ���� ����(��� � ���
� ���� ����(��� � ���
�$ ���� ����(��� ��� ���� ����(��� � ���
�% ���� ����(��� ��� ���� ����(��� �� ���
� ���� ����(��� ��� ���� ����(��� �� ���
��$ ���� ����(��� ��� ���� ����(��� ���
��% ���� ����(��� � ��� ���� ����(��� � ���
��$ ���� ����(��� � ���
��% ���� ����(��� � ���
�� ���� ����(��� �� ���
WRWDO ���� ����(��� ��� ���� ����(��� ���

7DEOH ����� 5HOLDELOLW\ LQGH[HV� SUREDELOLWLHV RI IDLOXUH DQG UHWXUQ SHULRGV IRU DOO WKH GLNH VHFWLRQV IRU RYHUWRSSLQJ DQG LQVWDELOLW\
RI WKH VWRQHV�

IDLOXUH PHFKDQLVP 5HOLDELOLW\
LQGH[

3UREDELOLW\
RI IDLOXUH

5HWXUQ
SHULRG

RYHUWRSSLQJ ���� ����(��� ���
LQVWDELOLW\ VWRQHV ���� ����(��� ���
WRWDO ���� ����(��� ���

7DEOH ����� 7RWDO SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN IRU WKH FXUUHQW GHVLJQ�

UHVXOW LQ VOLGLQJ RI WKH RXWHU VORSH� 7KLV HIIHFW LV QRW WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ DQG DVVHVVPHQW
VWDQGDUGV EXW LW LV UHFRPPHQGHG WR LQYHVWLJDWH WKLV IRU D PRUH SUHFLVH GHWHUPLQDWLRQ RI WKH SUREDELOLW\
RI IDLOXUH�

$V VWDWHG EHIRUH WKH OHQJWK HIIHFW KDV D ODUJH LQIOXHQFH RQ WKH UHVXOWV IURP 3&�5LQJ� 7KH OHQJWK RI
WKH GLIIHUHQW GLNH VHFWLRQ LV VKRZQ LQ )LJXUH ����� 6RPH RI WKH UHVXOWV IRU WKH PHFKDQLVP RI ZDYH
RYHUWRSSLQJ FDQ EH H[SODLQHG E\ WKH OHQJWK RI WKH GLNH VHFWLRQV� ,I ZH ORRN DW DOO WKH GLNH VHFWLRQV
WKDW DUH VSOLW XS LQ DQ $ DQG % SDUW� ZH VHH GLIIHUHQFH EHWZHHQ WKH WZR SDUWV IRU WKH SUREDELOLW\ RI
IDLOXUH� %HFDXVH WKH FURVV VHFWLRQV WKDW DUH XVHG DV DQ LQSXW DUH WKH VDPH WKH GLIIHUHQFH LQ WKH UHVXOWV
LV FDXVHG E\ VRPHWKLQJ HOVH� %HVLGHV WKH GLIIHUHQW LQSXW ORFDWLRQV IRU WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV
LW LV FOHDU WKDW WKH SDUWV ZLWK VPDOOHU OHQJWKV DOVR KDYH D VPDOOHU SUREDELOLW\ RI IDLOXUH�

$QRWKHU UHVXOW LV WKH SUREDELOLW\ RI IDLOXUH GXH WR RYHUWRSSLQJ IRU GLNH VHFWLRQ �� &RPSDUHG WR WKH RWKHU
GLNH VHFWLRQV LW KDV D SUREDELOLW\ RI IDLOXUH ZKLFK LV XS WR ��� WLPHV VPDOOHU WKDQ WKH RWKHU VHFWLRQV�
7KLV LV H[SODLQHG E\ WKH OHVV VHYHUHU K\GUDXOLF ERXQGDU\ FRQGLWLRQV DW WKLV ORFDWLRQ DQG WKH IDFW WKDW LW
KDV D YHU\ ZLGH EHUP ZKLFK UHGXFHV WKH DPRXQW RI ZDYH UXQ�XS DQG WKHUHIRUH RYHUWRSSLQJ� 7KH FURVV
VHFWLRQ RI VHFWLRQ � LV VKRZQ LQ $SSHQGL[ )�

$V H[SHFWHG WKH VHFWLRQ ZLWK WKH KLJKHVW SUREDELOLW\ RI IDLOXUH LV VHFWLRQ �%� 7KH SUREDELOLW\ RI IDLOXUH
RI WKLV VHFWLRQ KDV D ODUJH LQIOXHQFH RQ WKH FRPELQHG SUREDELOLW\ RI IDLOXUH IRU WKH IDLOXUH PHFKDQLVP RI
ZDYH UXQ�XS DQG RYHUWRSSLQJ� 7KH DPRXQW RI LQIOXHQFH RI WKH ZHDNHVW OLQN� GLNH VHFWLRQ �%� RQ WKH WRWDO
SUREDELOLW\ RI IDLOXUH LV GLVFXVVHG IXUWKHU LQ WKLV SDUDJUDSK WDNLQJ WKH OHQJWK HIIHFW LQWR DFFRXQW�

)RU WKH IDLOXUH PHFKDQLVP RI LQVWDELOLW\ RI WKH VWRQHV GLNH VHFWLRQ �% LV QRW WKH ZHDNHVW OLQN� 7KH
SUREDELOLWLHV RI IDLOXUH IRU WKH GLNH VHFWLRQV ��$ DQG ��% DUH PXFK KLJKHU ZLWK D IDFWRU RI � XS WR D
IDFWRU RI ��� 7KLV LV H[SODLQHG E\ WKH IDFW WKDW DW WKHVH VHFWLRQV WKH ZHDNHVW UHYHWPHQW SDUWV FRQVLVW RI
VWRQHV SODFHG GLUHFWO\ RQ FOD\ ZKLOH DW WKH RWKHU GLNH VHFWLRQV WKH\ DUH SODFHG RQ D JUDQXODU ILOWHU� 7KH
YDOXHV IRU WKHVH UHYHWPHQW VHFWLRQV DUH IURP DQ DVVHVVPHQW IRU WKH $IVOXLWGLMN ZKLFK LV GRQH ZLWK WKH
VSUHDGVKHHW 6WHHQWRHWV �.OHLQ %UHWHOHU� ������ $Q RYHUYLHZ RI WKH UHYHWPHQW EORFNV IURP GLNH VHFWLRQ
�$ XS WR ��% LQ WKH VSUHDGVKHHW 6WHHQWRHWV LV VKRZQ LQ $SSHQGL[ *�

7KH UHVXOWV IRU WKH WRWDO SUREDELOLW\ RI IDLOXUH IRU WKH $IVOXLWGLMN DUH FORVH WKH DVVXPHG SUREDELOLW\ RI



���� 3UREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN ��

)LJXUH ����� /HQJWK RI WKH GLNH VHFWLRQV RI WKH $IVOXLWGLMN�

IDLOXUH RI WKH $IVOXLWGLMN LQ DQ HFRQRPLF RSWLPL]DWLRQ VWXG\ IRU WKH /DNH ,-VVHO UHJLRQ �=ZDQHYHOG DQG
9HUZHLM� ������ ,Q WKLV VWXG\ LW LV DVVXPHG WKDW WKH $IVOXLWGLMN LQ ���� KDV D VWUHQJWK RI ����� SHU \HDU�
ZKLFK LV FORVH WR WKH ����� IRXQG LQ WKLV 06F UHVHDUFK�

7KH UHVXOWV IURP WKH FDOFXODWLRQ ZLWK 3&�5LQJ GLIIHU D ORW IURP WKH UHVXOWV WKDW DUH REWDLQHG ZLWK WKH
PRGHO XVHG LQ WKLV 06F UHVHDUFK� ,Q 7DEOH ���� WKH GLIIHUHQFH EHWZHHQ WKH UHVXOWV IRU VRPH GLNH
VHFWLRQV DUH VKRZQ� 7KH GLIIHUHQFH EHWZHHQ WKH UHVXOWV IURP 3&�5LQJ DQG WKH 0DWODE PRGHO LV DOVR
VKRZQ LQ )LJXUH �����

'LNH 6HFWLRQ 3&�5LQJ 0DWODE PRGHO
ൕ፟ ൗ ൕ፟ ൗ

� ����(��� � ��� ����(��� � ���
�% ����(��� ��� ����(��� � ���
��$ ����(��� � ��� ����(��� � ���
��% ����(��� � ��� ����(��� � ���

7DEOH ����� 'LIIHUHQFH EHWZHHQ WKH PRGHOV IRU � GLNH VHFWLRQV LQFOXGLQJ WKH OHQJWK HIIHFW�

$ PD[LPXP GLIIHUHQFH ZLWK D IDFWRU RI DURXQG � EHWZHHQ 3&�5LQJ DQG WKH PRGHO FDQ EH H[SODLQHG E\
WKH OHQJWK HIIHFW LQ D GLNH VHFWLRQ� 7R VKRZ WKLV HIIHFW VRPH FDOFXODWLRQV DUH GRQH ZLWK 3&�5LQJ IRU
GLIIHUHQW OHQJWKV RI WKH GLNH VHFWLRQV� 7KH UHVXOWV DUH VKRZQ LQ 7DEOH �����

)URP 7DEOH ���� LW LV REVHUYHG WKDW WKH OHQJWK RI D GLNH VHFWLRQ KDV D ODUJH LQIOXHQFH RQ WKH WRWDO
SUREDELOLW\ RI IDLOXUH� ,I ZH FRPSDUH WKH UHVXOWV IURP D FDOFXODWLRQ LQ 3&�5LQJ IRU VKRUW GLNH VHFWLRQV
ZLWK D OHQJWK RI ��� PHWHU ZLWK WKH UHVXOWV IURP WKH PRGHO WKH GLIIHUHQFHV DUH PXFK VPDOOHU� VKRZQ LQ
7DEOH ���� DQG )LJXUH �����

:LWK D PD[LPXP GLIIHUHQFH IDFWRU RI ��� EHWZHHQ 3&�5LQJ DQG WKH PRGHO LW FDQ EH FRQFOXGHG WKDW WKH
OHQJWK HIIHFW KDV D PDMRU LQIOXHQFH RQ WKH WRWDO SUREDELOLW\ RI IDLOXUH� $OVR WKH UHVXOWV IURP 3&�5LQJ DQG
WKH PRGHO XVHG LQ WKLV 06F UHVHDUFK DUH PRUH UHOLDEOH DV WKH\ DUH FORVH WR HDFK RWKHU�

7KH OHQJWK HIIHFW EHWZHHQ WKH GLIIHUHQW GLNH VHFWLRQV KDV DOVR DQ LQIOXHQFH RQ WKH WRWDO SUREDELOLW\
RI IDLOXUH RI WKH $IVOXLWGLMN� )RU WKH FULWLFDO GLNH VHFWLRQ �% �ZLWK WKH PRVW VHYHUH K\GUDXOLF ERXQGDU\
FRQGLWLRQV� D SUREDELOLW\ RI IDLOXUH IRU WKH PHFKDQLVP RYHUWRSSLQJ LV ����� SHU \HDU� 7KH FRPELQHG
SUREDELOLW\ RI IDLOXUH RI DOO WKH GLNH VHFWLRQV LV D IDFWRU ��� KLJKHU� 7KLV UHVXOW FDQ EH XVHG LQ WKH
RSWLPL]DWLRQ RI WKH DOWHUQDWLYH LQ &KDSWHU ��



�� �� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN

)LJXUH ����� 'LIIHUHQFH EHWZHHQ WKH UHVXOWV LQFOXGLQJ WKH OHQJWK HIIHFW LQ 3&�5LQJ�

'LNH 6HFWLRQ /HQJWK $FWXDO OHQJWKV ���� PHWHU ��� PHWHU
ൕ፟ ൗ ൕ፟ ൗ ൕ፟ ൗ
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WRWDO ����(��� ��� ����(��� ��� ����(��� ���

7DEOH ����� ,QIOXHQFH RI WKH OHQJWK HIIHFW RQ WKH SUREDELOLW\ RI IDLOXUH GXH WR RYHUWRSSLQJ�

'LNH 6HFWLRQ 3&�5LQJ 0DWODE PRGHO
ൕ፟ ൗ ൕ፟ ൗ

� ����(��� � ��� ����(��� � ���
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7DEOH ����� 'LIIHUHQFH EHWZHHQ WKH PRGHOV IRU � GLNH VHFWLRQV H[FOXGLQJ WKH OHQJWK HIIHFW�

:LWK (TXDWLRQ '�� DQG D VDIHW\ VWDQGDUG IRU WKH $IVOXLWGLMN WKH VWDQGDUG IRU DQ LQGLYLGXDO GLNH VHFWLRQ
SHU PHFKDQLVP FDQ EH FDOFXODWHG� 7KLV HTXDWLRQ FDQ DOVR EH ZULWWHQ DV�

ൕ፞ ።፬�፝፬፧  
ൕ፧፨፫፦ ॲ ဋ


LQ ZKLFK 1 LV WKH IDFWRU WKDW WDNHV WKH OHQJWK HIIHFW LQWR DFFRXQW DQG ဋ WKH IDFWRU WKDW WDNHV WKH LQIOXHQFH
RI WKH IDLOXUH PHFKDQLVP LQWR DFFRXQW� 6R IRU WKH IDLOXUH PHFKDQLVP RI ZDYH UXQ�XS DQG RYHUWRSSLQJ
ZH DVVHVV DV D UHDVRQDEOH HVWLPDWH IRU WKH IDFWRU 1 D YDOXH RI DURXQG ��� IRU WKH $IVOXLWGLMN�

7KH IDFWRU 1 ZLWK D YDOXH RI ��� KDV WR EH LQYHVWLJDWHG IXUWKHU EHFDXVH LI WKH GHVLJQ RI WKH ZHDNHVW



���� 3UREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN ��

)LJXUH ����� 'LIIHUHQFH EHWZHHQ WKH UHVXOWV ZLWKRXW WKH OHQJWK HIIHFW LQ 3&�5LQJ �OHQJWK RI GLNH VHFWLRQV  ��� PHWHUV��

VHFWLRQ� LQ WKLV FDVH VHFWLRQ �%� LV UHLQIRUFHG LW LV QRW WKH ZHDNHVW OLQN DQ\PRUH� 7KLV UHVXOWV LQ D
KLJKHU IDFWRU IRU 1 ZKLFK KDV DQ LQIOXHQFH RQ WKH GHVLJQ VWDQGDUG� )RU D KLJKHU IDFWRU RI 1 WKH
DOORZHG SUREDELOLW\ RI IDLOXUH LV VPDOOHU� UHVXOWLQJ LQ D VWURQJHU DQG PRUH UREXVW GHVLJQ� 7KHUHIRUH LW LV
UHFRPPHQGHG WR LQYHVWLJDWH WKH IDFWRU 1 ZLWK WKH UHFRPPHQGHG GHVLJQV WR VHH WKH LQIOXHQFH RI WKH
VWUHQJWKHQLQJ RI WKH ZHDNHU VHFWLRQV�

7KH UHVXOW RI WKLV FRPELQHG SUREDELOLW\ RI IDLOXUH LV DOVR FKHFNHG ZLWK WKH FULWLFDO GLNH VHFWLRQ �%� ,W FDQ
EH VWDWHG WKDW WKLV ZHDNHVW FURVV VHFWLRQ ZLOO DOZD\V IDLO ILUVW DQG WKDW WKH FKDQFH RI D EUHDFK DW DQRWKHU
ORFDWLRQ GXULQJ D VLQJOH VWRUP HYHQW LV QHJOLJLEOH� :LWK WKLV DVVXPSWLRQ WKH OHQJWK RI GLNH VHFWLRQ �%
LV FKDQJHG WR WKH WRWDO OHQJWK RI WKH $IVOXLWGLMN �ZKLFK LV DERXW �� NP�� %HFDXVH LW LV VXEMHFWHG WR WKH
VDPH VHYHUH K\GUDXOLF ERXQGDU\ FRQGLWLRQV� EXW QRZ IRU D OHQJWK RI ��NP WKLV PD\ UHVXOW LQ D ODUJHU
SUREDELOLW\ RI IDLOXUH� 7KHUHIRUH DQRWKHU FKHFN LV GRQH ZKHUH DOO WKH GLNH VHFWLRQV DUH JLYHQ WKH VDPH
JHRPHWU\ DV GLNH VHFWLRQ �%� EXW WKH\ VXIILFH OHVV VHYHU K\GUDXOLF ORDGV WKDQ LQ GLNH VHFWLRQ �%� 7KH
UHVXOWV IRU WKHVH WZR PHWKRGV DQG IRU WKH QRUPDO FDOFXODWLRQ DUH VKRZQ LQ 7DEOH �����

0HWKRG LQ 3&�5LQJ ൕ፟ ൗ
QRUPDO ����(��� ���
GLNH VHFWLRQ �% ZLWK D OHQJWK RI ���� NP ����(��� ���
FURVV VHFWLRQ RI �% IRU DOO GLNH VHFWLRQV ����(��� ���

7DEOH ����� 'LIIHUHQFH EHWZHHQ WKH PRGHOV IRU � GLNH VHFWLRQV LQFOXGLQJ WKH OHQJWK HIIHFW�

)URP 7DEOH ���� LW LV FRQFOXGHG WKDW WKH UHVXOWV IRU WKH WKUHH GLIIHUHQW PHWKRGV DUH FORVH WR HDFK RWKHU�
7KHUHIRUH D ILUVW FKHFN LQ 3&�5LQJ IRU WKH RSWLPL]DWLRQ RI D DOWHUQDWLYH LV GRQH IRU GLNH VHFWLRQ �% ZLWK
D OHQJWK RI ���� NP�

:LWK WKH FRUUHODWLRQ DQG OHQJWK HIIHFW WDNHQ LQWR DFFRXQW ZLWK 3&�5LQJ WKH ILQDO UHVXOWV VKRZ WKDW WKH
FXUUHQW FRQILJXUDWLRQ RI WKH $IVOXLWGLMN KDV D SUREDELOLW\ RI IDLOXUH RI ����� SHU \HDU� $V VWDWHG DERYH
WKLV SUREDELOLW\ LV GRPLQDWHG E\ WKH IDLOXUH PHFKDQLVP ZDYH UXQ�XS DQG RYHUWRSSLQJ� +RZHYHU LQ WKLV
FDOFXODWLRQ IDLOXUH RI WKH VOXLFH FRPSOH[HV LV QRW WDNHQ LQWR DFFRXQW� ,Q UHDOLW\ WKLV SUREDELOLW\ RI IDLOXUH
LV WKHUHIRUH KLJKHU� $V VWDWHG EHIRUH WKH OHQJWK HIIHFW KDV D ODUJH LQIOXHQFH RQ WKH WRWDO SUREDELOLW\ RI
IDLOXUH� 7KHUHIRUH LW LV UHFRPPHQGHG WR LQYHVWLJDWH WKH SRVVLELOLWLHV WR UHGXFH WKH XQFHUWDLQW\ LQ WKH
YDULDEOHV WKDW DUH XVHG WR FDOFXODWH WKH SUREDELOLW\ RI IDLOXUH� )RU H[DPSOH PRUH GHWDLOHG PHDVXUHPHQWV
RI WKH GLNH KHLJKW UHVXOW LQ ORZHU XQFHUWDLQWLHV ZKLFK UHVXOWV LQ D VPDOOHU GHYLDWLRQ DQG WKLV ZLOO ILQDOO\
UHVXOW LQ D ORZHU SUREDELOLW\ RI IDLOXUH�

7KH FRQVHTXHQFHV RI D EUHDFK VRPHZKHUH LQ WKH $IVOXLWGLMN DUH QRW DV VHYHUH DV IDLOXUH RI D UHJXODU GLNH
ZLWK YDOXDEOHV HQ LQKDELWDQWV LQ WKH KLQWHUODQG� ,Q FDVH RI D EUHDFK LQ WKH $IVOXLWGLMN WKH ZDWHU OHYHO RQ



�� �� &XUUHQW GHVLJQ RI WKH $IVOXLWGLMN

/DNH ,-VVHO ZLOO ULVH� 7KH UDLVH RI WKH ZDWHU OHYHO RQ /DNH ,-VVHO UHVXOWV LQ ODUJHU K\GUDXOLF ORDGV RQ WKH
IORRG GHIHQFHV DORQJ /DNH ,-VVHO ZKLFK UHVXOWV LQ KLJKHU SUREDELOLWLHV RI IDLOXUH RI WKRVH IORRG GHIHQFHV�
+RZ PXFK WKLV SUREDELOLW\ RI IDLOXUH ZLOO LQFUHDVH GHSHQGV RQ WKH DPRXQW RI ZDWHU IORZLQJ LQWR /DNH
,-VVHO LQ FDVH RI IDLOXUH RI WKH $IVOXLWGLMN DQG WKH JURZWK RI WKH EUHDFK LWVHOI� $Q LQYHVWLJDWLRQ RQ WKLV LV
GRQH �:LMEHQJD DQG 0HLMHU� ����� ZKLFK VKRZV WKDW WKH ZDWHU OHYHO RQ /DNH ,-VVHO ZLOO ULVH ZLWK � WR
�� FP �GHSHQGLQJ RQ WKH ORFDWLRQ�� 7KH LQIOXHQFH RI WKLV KLJKHU ZDWHU OHYHO RQ WKH IORRG GHIHQFHV KDV
WR EH LQYHVWLJDWHG EHIRUH GHILQLWH FRQFOXVLRQV RQ WKH FXUUHQW SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN DUH
GUDZQ� $OVR WKH K\GUDXOLF VWUXFWXUHV KDYH WR EH WDNHQ LQWR DFFRXQW LQ WKLV LQYHVWLJDWLRQ�

7KH FXUUHQW VDIHW\ VWDQGDUG IRU WKH $IVOXLWGLMN LV VDIHW\ DJDLQVW K\GUDXOLF ORDGV ZLWK DQ H[FHHGDQFH
IUHTXHQF\ RI �������� SHU \HDU� $FFRUGLQJ WR WKLV VWDQGDUG WKH FXUUHQW VDIHW\ RI WKH $IVOXLWGLMN LV LQ�
VXIILFLHQW DQG LPSURYHPHQW LQ WKH GHVLJQ LV QHHGHG� ,Q WKH FXUUHQW VDIHW\ VWDQGDUG WKLV H[FHHGDQFH
IUHTXHQF\ LV FKRVHQ WR FRPSO\ ZLWK WKH DGMDFHQW IORRG GHIHQFHV� UHJDUGOHVV RI WKH SRVVLEOH FRQVH�
TXHQFHV RI IDLOXUH RI WKH $IVOXLWGLMN� ,Q WKH QHZ VDIHW\ VWDQGDUGV WKHVH FRQVHTXHQFHV ZLOO EH WDNHQ
LQWR DFFRXQW ZKLFK FRXOG UHVXOW LQ ORZHU SUREDELOLWLHV RI IDLOXUH� $Q HFRQRPLF RSWLPL]DWLRQ IRU WKH VWDQ�
GDUG RI WKH $IVOXLWGLMN LV GRQH �=ZDQHYHOG DQG 9HUZHLM� ����� ZKLFK UHVXOWV LQ DQ RSWLPDO GHVLJQ RI
WKH $IVOXLWGLMN ZLWK D SUREDELOLW\ RI IDLOXUH RI �������� 7KLV LQYHVWLJDWLRQ LV EDVHG RQ XQFHUWDLQ IDFWRUV
DQG WKHUH VWLOO UHPDLQV GLVFXVVLRQ DERXW WKLV SURSRVHG VWDQGDUG IRU WKH $IVOXLWGLMN� +RZHYHU LW FDQ EH
FRQFOXGHG WKDW WKH FXUUHQW FRQILJXUDWLRQ RI WKH $IVOXLWGLMN ZLWK D SUREDELOLW\ RI IDLOXUH RI DURXQG �����
SHU \HDU LV LQVXIILFLHQW� 7KHUHIRUH LPSURYHPHQW RI WKH $IVOXLWGLMN LV QHHGHG DQG WKH QHZ GHVLJQV E\
:�% DUH HYDOXDWHG DQG RQH UHIHUHQFH DOWHUQDWLYH LV RSWLPL]HG LQ &KDSWHU ��



�
1HZ GHVLJQ RI WKH $IVOXLWGLMN

,Q WKLV FKDSWHU WKH DOWHUQDWLYHV WKDW DUH GHVLJQHG DFFRUGLQJ WR D V\VWHP GHVLJQ RI WKH $IVOXLWGLMN �6\V�
WHHP 2QWZHUS 'LMNOLFKDDP �62'� LV WKH 'XWFK DFURQ\P IRU V\VWHP GHVLJQ GLNH� DUH GHVFULEHG� $ IXOO
UHSRUW RI WKH 62' LV VKRZQ LQ �:LWWHYHHQ � %RV� ������ 2QH RI WKH DOWHUQDWLYHV LV FKRVHQ IRU IXUWKHU
GHWDLOHG LQYHVWLJDWLRQ LQ WKLV 06F UHVHDUFK�7KH DOWHUQDWLYH WKDW LV RSWLPL]HG LV WKH UHIHUHQFH DOWHUQDWLYH
SURSRVHG E\ :LWWHYHHQ�%RV� 7KH SUREDELOLW\ RI IDLOXUH RI WKLV DOWHUQDWLYH LV DVVHVVHG DQG WKLV UHIHUHQFH
DOWHUQDWLYH LV XVHG DV D VWDUWLQJ SRLQW IRU DQ RSWLPL]DWLRQ� 7KH VDIHW\ VWDQGDUG LQ WKLV RSWLPL]DWLRQ LV
DVVXPHG WR EH ��� ��� SHU \HDU� ZKLFK LV D SURSRVHG VDIHW\ VWDQGDUG DIWHU DQ LQYHVWLJDWLRQ E\ WKH
&3% �=ZDQHYHOG DQG 9HUZHLM� ������ 7KH DLP LV WR ILQG D GHVLJQ WKDW PHHWV WKLV VDIHW\ VWDQGDUG ZLWK
PLQLPXP FRVWV�

)LQDOO\ LQ WKLV FKDSWHU VRPH VROXWLRQV IRU WKH XQFHUWDLQW\ RI WKH SURSRVHG VDIHW\ VWDQGDUG DUH SURSRVHG�
%HFDXVH LW LV VWLOO XQFOHDU ZKDW WKH QHZ VDIHW\ VWDQGDUG ZLOO EH IRU WKH $IVOXLWGLMN LQ WKH IXWXUH VRPH
SRVVLEOH DGMXVWPHQWV WR WKH RSWLPL]HG GHVLJQ DUH SURSRVHG� 7KHVH DGMXVWPHQWV DLP DW �UHODWLYHO\ ODUJH�
UHGXFWLRQV RI WKH SUREDELOLW\ RI IDLOXUH ZLWK PLQLPDO FRVWV DQG ZLWKRXW PDMRU LPSDFWV RQ WKH GHVLJQ DQG
ODQGVFDSH YDOXH RI WKH $IVOXLWGLMN�

���� DOWHUQDWLYHV IRU WKH $IVOXLWGLMN �62'�
,Q WKLV VHFWLRQ WKH DOWHUQDWLYHV DUH GHVFULEHG� 7KHVH DOWHUQDWLYHV DUH GHVFULEHG WR VKRZ SRVVLEOH VR�
OXWLRQ IRU WKH VWUHQJWKHQLQJ RI WKH $IVOXLWGLMN� )LQDOO\ WKH UHIHUHQFH DOWHUQDWLYH LV FKRVHQ IRU IXUWKHU
RSWLPL]DWLRQ�

������ *HQHUDO GHVFULSWLRQ 62'
,Q ���� DQ DVVHVVPHQW RI WKH $IVOXLWGLMN SRLQWHG RXW WKDW LW GRHV QRW PHHW WKH VDIHW\ VWDQGDUGV DJDLQVW
IORRGLQJ IURP WKH :DGGHQ 6HD� 7KLV LV WKH FDVH IRU ERWK WKH GLNH ERG\ DQG WKH VOXLFH VWUXFWXUHV DW
'HQ 2HYHU DQG .RUQZHUGHU]DQG� ,Q ���� WKH 'XWFK *RYHUQPHQW GHFLGHG WR LQYHVW LQ D UHQRYDWLRQ
RI WKH $IVOXLWGLMN� ,Q WKLV \HDU WKH 1DWLRQDO 6WUXFWXUH 9LVLRQ $IVOXLWGLMN �'XWFK DFURQ\P� 6WUXFWXXUYLVLH
7RHNRPVW $IVOXLWGLMN �67$�� ZDV PDGH LQ ZKLFK D SUHIHUHQFH DOWHUQDWLYH LV GHVFULEHG� 7KLV UHIHUHQFH
DOWHUQDWLYH FRQVLVWV RI D SKDVHG FRQVWUXFWLRQ RI D RYHUWRSSLQJ UHVLOLHQW GLNH ERG\ ZLWK D JUHHQ FKDUDFWHU
DQG D ELF\FOH SDWK DW WKH VLGH RI /DNH ,-VVHO� %HVLGHV WKLV WKH K\GUDXOLF VWUXFWXUHV DUH XSJUDGHG VR
WKH $IVOXLWGLMN LV DEOH WR ZLWKVWDQG D ZDWHU OHYHO DQG ZDYH KHLJKW ZLWK D SUREDELOLW\ RI RFFXUUHQFH RI
���� ��� SHU \HDU XQWLO DW OHDVW ����� ,Q WKH FXUUHQW SODQV WKH RYHUWRSSLQJ UHVLOLHQW GLNH ERG\ WKDW FDQ
ZLWKVWDQG ODUJH YROXPHV RI RYHUWRSSLQJ ZDYHV LV QR ORQJHU LQ VLJKW�

7KH SUHIHUHQFH GHFLVLRQV DERXW WKH ZDWHU VDIHW\ DQG WKH GLVFKDUJH YROXPH RI RXW RI /DNH ,-VVHO DUH
PDGH VHSDUDWHO\� %HFDXVH WKH\ VWURQJO\ UHODWH ZLWK HDFK RWKHU LW LV GHFLGHG WR FRPELQH WKHVH WZR
LVVXHV LQWR RQH VLQJOH SURMHFW $IVOXLWGLMN� ,Q WKH 62' WKH VROXWLRQ VSDFH IURP WKH ILUVW SKDVH LV UHGXFHG�
EDVHG RQ WKH �SURYLVLRQDO� GHFLVLRQ IRU WKH GLNH ERG\ RI WKH V\VWHP $IVOXLWGLMN� :LWKLQ WKLV UHGXFHG
VROXWLRQ VSDFH D UHIHUHQFH DOWHUQDWLYH LV PDGH� 7KH UHIHUHQFH DOWHUQDWLYH LV QRW WKH ILQDO GHVLJQ EXW LW

��



�� �� 1HZ GHVLJQ RI WKH $IVOXLWGLMN

LV WR VKRZ WKH IHDVLELOLW\ DQG DIIRUGDELOLW\ RI WKH UHQRYDWLRQ� ,Q WKLV 06F UHVHDUFK WKH IRFXV ZLOO EH RQ
WKH GHVLJQ RI WKH GLNH ERG\ RI WKH $IVOXLWGLMN�

7KH GHVLJQ RI WKH GLNH ERG\ PXVW PHHW WKH IROORZLQJ IXQFWLRQDO UHTXLUHPHQWV�
�� 5HWDLQLQJ KLJK ZDWHU�
�� 5HWDLQLQJ ZDWHU �WR PDLQWDLQ ZDWHU OHYHOV LQ /DNH ,-VVHO��
�� 6HSDUDWLRQ RI IUHVK DQG VDOW ZDWHU�
�� :LWKVWDQG WUDIILF ORDG�
�� SURYLGH KDELWDW IRU IORUD DQG IDXQD�
�� 3URYLGH ODQGVFDSH YDOXH�

,Q D GHVLJQ DQG DVVHVVPHQW PHPRUDQGXP IURP SKDVH � WKH VROXWLRQ VSDFH� LV ILOOHG ZLWK FRQFUHWH
DOWHUQDWLYHV� $�� %�� %�� &� DQG '�� 7KHVH DOWHUQDWLYHV PXVW PHHW WKH IXQFWLRQDO UHTXLUHPHQWV DQG
DUH VHW XS WR ILQG WKH FRUQHUV RI WKH VROXWLRQ VSDFH� 7KH VROXWLRQV RI WKH DOWHUQDWLYHV DUH GHVFULEHG
ZLWK WKUHH অGHVLJQ URWDULHVঅ�

�� 0HDVXUHV RQ WKH LQQHU VORSH RI WKH GLNH�
�� +HLJKWHQLQJ RI WKH FURZQ�
�� $GMXVWLQJ WKH SURWHFWLRQ RQ WKH RXWHU VORSH RI WKH GLNH�

,Q )LJXUH ��� WKH H[LVWLQJ GLNH SURILOH RI WKH $IVOXLWGLMN LV VKRZQ E\ WKH QXPEHU � DQG WKH VROXWLRQV
VSDFH E\ QXPEHU �� 7KH GHVLJQ URWDULHV DUH DOVR VKRZQ LQ WKLV )LJXUH�

)LJXUH ���� 'HVLJQ URWDULHV IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN�

)URP WKH DVVHVVPHQW RI WKH SURWHFWLRQ RQ WKH RXWHU VORSH LW IROORZV WKDW WKH FXUUHQW UHYHWPHQW GRHV
QRW PHHW WKH VDIHW\ VWDQGDUG LQ WKH GHVLJQ SHULRG� 7KH EDVDOW EORFNV WKDW DUH FXUUHQWO\ SODFHG RQ
WKH RXWHU VORSH FDQ QRW EH UHXVHG� 7KLV PHDQV WKDW WKH WKLUG অGHVLJQ URWDU\অ DOZD\V KDV WR EH XVHG
LQ WKH DOWHUQDWLYHV� $ GHVFULSWLRQ RI WKH GLIIHUHQW DOWHUQDWLYHV LQ WKH 62' LV JLYHQ LQ WKH IROORZLQJ
VXEVHFWLRQ�

������ 'HVFULSWLRQ RI WKH DOWHUQDWLYHV IRU WKH $IVOXLWGLMN
$�� 5HWDLQ WKH FXUUHQW JHRPHWU\
7KLV DOWHUQDWLYH LV EDVHG RQ WKH JRDO WR PLQLPL]H WKH DGMXVWPHQWV WR WKH FXUUHQW GLNH SURILOH DQG UHWDLQ
WKH FXUUHQW JHRPHWU\� 7KH RXWHU VORSH RI EDVDOW ZLOO EH FRYHUHG ZLWK DQ DVSKDOW OD\HU� ZKLFK UHVXOWV LQ
D VPRRWK RXWHU VORSH OHDGLQJ WR KLJK RYHUWRSSLQJ GLVFKDUJHV LQ WKH RUGHU RI ��� O�V�P �ZLWK D ���� ���
SHU \HDU SUREDELOLW\�� 7KLV PHDQV WKDW WKH WKH FURZQ DQG WKH LQQHU VORSH PXVW EH PDGH RYHUWRSSLQJ
UHVLOLHQW� 7KLV LV GRQH E\ DQ DVSKDOW XQGHUOD\HU� FRYHUHG ZLWK D JURXQG OD\HU ZLWK JUDVV RQ WRS RI LW�
7KH EHUPV RQ WKH VLGH RI WKH URDG DQG WKH ELF\FOH SDWK ZLOO EH FRQVWUXFWHG ZLWK RSHQ VWRQH DVSKDOW WR
JXDUDQWHH WKH RYHUWRSSLQJ UHVLVWDQFH� ,Q )LJXUH ��� DQ RYHUYLHZ LV VKRZQ ZLWK LQ WKH IURQW WKH FXUUHQW
SURILOH RI WKH GLNH ERG\ DQG WKH QHZ GHVLJQ EHKLQG�

�7KH VROXWLRQ VSDFH LV GHILQHG DV D VHW RI YDULDEOH UHTXLUHPHQWV WKDW WKH VROXWLRQ KDV WR PHHW�



���� DOWHUQDWLYHV IRU WKH $IVOXLWGLMN �62'� ��

)LJXUH ���� $ VFKHPDWLF RYHUYLHZ RI DOWHUQDWLYH $��

%�� $GMXVW WKH LQQHU VORSH
7KLV DOWHUQDWLYH LV GHULYHG IURP WKH UHIHUHQFH DOWHUQDWLYH IRU DQ RYHUWRSSLQJ UHVLOLHQW GLNH SUHVHQWHG LQ
WKH 67$� 7KLV VROXWLRQ LV EDVHG RQ D UHGXFWLRQ RI WKH DQJOH RI WKH LQQHU VORSH WR LPSURYH WKH VWDELOLW\�
7KH VSDFH WKDW LV QHHGHG WR GR WKLV ZLOO EH FUHDWHG E\ PRYLQJ WKH ORFDWLRQ RI WKH ELF\FOH SDWK WR /DNH
,-VVHO VLGH�

7KH RXWHU VORSH ZLOO EH FRYHUHG ZLWK UXEEOH� ZKLFK UHGXFHV WKH RYHUWRSSLQJ GLVFKDUJH WR WKH RUGHU RI
�� O�V�P� :LWK WKLV RYHUWRSSLQJ GLVFKDUJH WKH LQQHU VORSH FDQ EH FRYHUHG E\ JUDVV� 7KH FURZQ RI WKH
GLNH ZLOO EH ZLGH DQG FRQVLVWV RI SDUWO\ UXEEOH DQG SDUWO\ JUDVV� 7KH DQJOH RI WKH LQQHU VORSH ZLOO EH
UHGXFHG WR ��� DQG ZLOO EH JUDVV FRYHUHG�

7KH ELF\FOH SDWK ZLOO EH UHSODFHG WR D � PHWHU ZLGH EHUP DW WKH VLGH RI /DNH ,-VVHO� 7KH VORSH RQ WKLV
VLGH ZLOO KDYH D UHYHWPHQW RI FRQFUHWH FROXPQV DQG WKH ELF\FOH SDWK ZLOO EH FRQVWUXFWHG ZLWK DVSKDOW�
$Q RYHUYLHZ LV JLYHQ LQ )LJXUH ����

)LJXUH ���� $ VFKHPDWLF RYHUYLHZ RI DOWHUQDWLYH %��
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%�� $GMXVW WKH LQQHU VORSH
7KLV DOWHUQDWLYH LV IRFXVVHG RQ UHWDLQLQJ WKH ELF\FOH SDWK DW WKH WKH 1RUWKHUQ VLGH RI WKH KLJKZD\ $� WR
SUHYHQW VSDFH RFFXSDQF\ LQ /DNH ,-VVHO� 7KLV DOVR VROYHV WKH ERWWOHQHFN LQ DOWHUQDWLYH %�� ZKLFK LV WKH
FURVVLQJ RI WKH ELF\FOH SDWK ZLWK WKH K\GUDXOLF VWUXFWXUH DW WKH /DNH ,-VVHO VLGH� 7KH EHUP RQ WKH LQQHU
VORSH LV SULPDULO\ SODFHG IRU VWDELOLW\ EXW ZLWK WKH ELF\FOH SDWK RQ WKH EHUP WKH GHVLUH LV PHW WR SURYLGH
D YLHZ WR ERWK VLGHV RI WKH $IVOXLWGLMN IRU F\FOLVWV� 7KH VWUHQJWKHQLQJ RI WKH RXWHU VORSH LV VLPLODU WR
DOWHUQDWLYH %�� UHVXOWLQJ LQ D RYHUWRSSLQJ GLVFKDUJH LQ WKH RUGHU RI �� O�V�P� 7KH VORSH DW /DNH ,-VVHO
VLGH ZLOO UHPDLQ WKH VDPH� $Q RYHUYLHZ LV JLYHQ LQ )LJXUH ����

)LJXUH ���� $ VFKHPDWLF RYHUYLHZ RI DOWHUQDWLYH %��

&�� 6WHHSHQ DQG KHLJKWHQ WKH RXWHU VORSH
7KLV DOWHUQDWLYH LV GHYHORSHG IURP WKH LGHD WR SURYLGH D VWURQJ SURWHFWLRQ DJDLQVW WKH KLJK ZDYH LPSDFW
RI ZDYHV ZLWK D VLJQLILFDQW ZDYH KHLJKW �്፬  ��� P ZLWK D ���� ��� SHU \HDU SUREDELOLW\�� 7KH RXWHU
VORSH UHYHWPHQW FRQVLVWV RI FRQFUHWH LQWHUORFN HOHPHQWV ZKLFK UHGXFH WKH RYHUWRSSLQJ GLVFKDUJH WR DQ
RUGHU RI �� O�V�P� :LWK WKLV UHYHWPHQW W\SH WKH RXWHU VORSH FDQ EH VWHHS HQRXJK �VORSH LV ������ WR
SUHYHQW VSDFH RFFXSDQF\ RI WKH :DGGHQ 6HD� $OVR WKH FURZQ DQG WKH LQQHU VORSH GR QRW KDYH WR EH
DGMXVWHG� 2Q WKH QHZ FURZQ D ELF\FOH SDWK LV FRQVWUXFWHG ZLWK D VPDOO ZDOO ZKLFK LV FRQVWUXFWHG DV D
VHSDUDWLRQ EHWZHHQ WKH LQWHUORFNLQJ HOHPHQWV DQG WKH ELF\FOH SDWK� 7KH UHVW RI WKH QHZ FURZQ ZLOO EH
FRYHUHG ZLWK JUDVV DQG WKH ROG ELF\FOH SDWK ZLOO UHPDLQ WKH VDPH� $Q RYHUYLHZ LV JLYHQ LQ )LJXUH ����

'�� $GMXVWLQJ WKH RXWHU VORSH ZLWK D EHUP
$ EHUP LV DQ HIIHFWLYH PHDVXUH WR UHGXFH WKH ZDYH UXQ�XS DQG RYHUWRSSLQJ� 7KLV EHUP ZLOO EH FRQ�
VWUXFWHG RQ WRS RI WKH FXUUHQW RXWHU VORSH ZKLFK PHDQV WKDW WKH QHZ FRQILJXUDWLRQ ZLOO WDNH XS VSDFH
LQ WKH :DGGHQ 6HD� ,Q WKLV DOWHUQDWLYH WKH SURWHFWLRQ RI WKH RWKHU VORSHU ZLOO EH FRPSOHWHO\ QHZ ZLWK D
SURWHFWLRQ RI FRQFUHWH FROXPQV EHORZ WKH EHUP� $ERYH WKH EHUP GLIIHUHQW OHQJWKV RI WKH FROXPQV DUH
XVHG WR LQFUHDVH WKH URXJKQHVV DJDLQVW ZDYH UXQ�XS DQG RYHUWRSSLQJ� 2Q WKH EHUP D ELF\FOH SDWK LV
FRQVWUXFWHG WR SURYLGH D YLHZ WR WKH :DGGHQ 6HD� %HFDXVH WKLV ELF\FOH PD\ QRW EH DFFHVVLEOH DOO \HDU
URXQG GXH WR WKH IDFW WKDW LW LV D SRVVLEOH EUHHGLQJ DUHD IRU ELUGV� 7KHUHIRUH WKH FXUUHQW ELF\FOH SDWK
ZLOO UHPDLQ LQWDFW� $Q RYHUYLHZ RI WKLV DOWHUQDWLYH LV JLYHQ LQ )LJXUH ����



���� DOWHUQDWLYHV IRU WKH $IVOXLWGLMN �62'� ��

)LJXUH ���� $ VFKHPDWLF RYHUYLHZ RI DOWHUQDWLYH &��

)LJXUH ���� $ VFKHPDWLF RYHUYLHZ RI DOWHUQDWLYH '��

������ (YDOXDWLRQ DOWHUQDWLYHV
$IWHU DQ HYDOXDWLRQ VRPH GHFLVLRQV DUH PDGH ZKLFK UHGXFH WKH VROXWLRQ VSDFH� 2QH RI WKHVH GHFLVLRQV
LV WKDW WKH RYHUWRSSLQJ GLVFKDUJH PD\ QRW H[FHHG DSSUR[LPDWHO\ �� O�V�P� )XUWKHU LQYHVWLJDWLRQ LV GRQH
DW WKH PRPHQW WR GHWHUPLQH WKH WKH DOORZHG RYHUWRSSLQJ GLVFKDUJH� %HFDXVH DOWHUQDWLYH $� KDV DQ
DVSKDOW OD\HU RQ WKH RXWHU VORSH WKLV UHVXOW LQ KLJK RYHUWRSSLQJ GLVFKDUJHV DQG D PDMRU LPSURYHPHQW
PD\ EH QHHGHG EHFDXVH WKLV DVSKDOW OD\HU LV QRW VWUHQJWK HQRXJK DQ\PRUH LQ ����� %HFDXVH WKH
ODUJH RYHUWRSSLQJ GLVFKDUJH UHVXOWV LQ LPSURYHPHQWV RI WKH LQQHU VORSH DV ZHOO DOWHUQDWLYH $� LV QRW WKH
FKHDSHVW VROXWLRQ� %DVHG RQ WKHVH IDFWV LW LV GHFLGHG WR UHGXFH WKH DOORZHG RYHUWRSSLQJ GLVFKDUJH WR
�� O�V�P�

)RU WKH VSDFH RFFXSDQF\ LQ WKH :DGGHQ 6HD WKH VROXWLRQ VSDFH LV UHGXFHG WR DQ H[WUD RFFXSDQF\ RI
WKH :DGGHQ 6HD RI ��� PHWHUV LQWR WKH :DGGHQ 6HD IURP WKH VORSH DW D OHYHO RI ���� P 1$3� )RU
WKH SURWHFWLRQ RI WKH RXWHU VORSH QR H[SOLFLW UHVWULFWLRQV DUH LQWURGXFHG� 7KH SURWHFWLRQ PXVW SURYLGH
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VWDELOLW\ XQWLO WKH \HDU ���� DQG WKH ZDYH UXQ�XS DQG RYHUWRSSLQJ PXVW EH UHGXFHG WR WKH DERYH
PHQWLRQHG OLPLW RI �� O�V�P�

$QRWKHU GHFLVLRQ LV WKDW WKH ELF\FOH SDWK PXVW EH RQ WKH 1RUWK VLGH RI WKH $�� $OVR WKH VROXWLRQ IRU WKH
LQFUHDVH RI WKH VDIHW\ RI WKH GLNH PXVW EH 1RUWK RI WKH $�� VR QR PDMRU LPSDFWV RQ /DNH ,-VVHO VLGH
DUH LQWURGXFHG� :LWK WKH UHGXFWLRQ RI WKH VROXWLRQ VSDFH VRPH RI WKH DOWHUQDWLYHV DUH GLVPLVVHG� 7KH
UHGXFWLRQ RI WKH VROXWLRQ VSDFH UHVXOWV LQ WKH IROORZLQJ FRQFOXVLRQV�

 DOWHUQDWLYH $� LV H[FOXGHG EHFDXVH WKH RYHUWRSSLQJ GLVFKDUJH LV ODUJHU WKDQ �� O�V�P DQG WKH
DVSKDOW OD\HU LV XQGHVLUDEOH IURP DQ HFRORJLFDO SRLQW RI YLHZ� $OVR WKH ODQGVFDSH YDOXH RI WKLV
DOWHUQDWLYH LV ORZ FRPSDUHG WR WKH RWKHU DOWHUQDWLYHV�

 DOWHUQDWLYH %� LV H[FOXGHG EHFDXVH WKH ELF\FOH SDWK LV ORFDWHG 6RXWK RI WKH $� DQG VSDFH RFFXSDQF\
LQ /DNH ,-VVHO LV QHHGHG� $OVR WKH KLJK FRVWV RI WKH ELF\FOH SDWK DUH D UHDVRQ WR H[FOXGH WKLV
DOWHUQDWLYH�

 DOWHUQDWLYH %� LV D SRVVLELOLW\ NHHSLQJ LQ PLQG WKH W\SH RI UHYHWPHQW ZLWK UHVSHFW WR WKH RYHUWRSSLQJ
GLVFKDUJH DQG KDELWDW�

 DOWHUQDWLYH &� LV D SRVVLELOLW\ NHHSLQJ LQ PLQG WKH W\SH RI UHYHWPHQW ZLWK UHVSHFW WR WKH RYHUWRSSLQJ
GLVFKDUJH DQG KDELWDW�

 DOWHUQDWLYH '� LV D SRVVLELOLW\ EXW WKH H[SDQVLRQ LQWR WKH :DGGHQ 6HD PD\ EH D ULVN GXH WR WKH
1DWXUD ���� DUHD��

7R GHYHORS D QHZ UHIHUHQFH DOWHUQDWLYH RQH RI WKH SRVVLEOH DOWHUQDWLYH LV XVHG DV D VWDUWLQJ SRLQW�7KH
SRVVLEOH DOWHUQDWLYHV DUH DOWHUQDWLYH %�� &� DQG '�� &� LV QRW IDYRUDEOH EHFDXVH LW GRHV QRW PHHW DOO
WKH GHVLUHV IRU WKH QHZ GHVLJQ� DOWHUQDWLYH '� KDV D KLJK OHJDO ULVN EHFDXVH RI WKH 1DWXUD ���� DUHD�
7KHUHIRUH DOWHUQDWLYH %� LV FKRVHQ DQG IXUWKHU RSWLPL]HG LQ WKH UHIHUHQFH DOWHUQDWLYH %��

7KH RSWLPL]DWLRQ RI DOWHUQDWLYH %� LV EDVHG RQ WKH UHGXFWLRQ RI RYHUWRSSLQJ DQG HVWKHWLF GHPDQGV�
7KHUHIRUH WKH UXEEOH PRXQG FRYHU LV UHGXFHG XQWLO WKH GHVLJQ ZDWHU OHYHO �0+:�� 7KH WRS RI WKLV
UXEEOH PRXQG FRYHU FDQ EH XVHG DV DQ LQVSHFWLRQ�PDLQWHQDQFH URDG HQ LW SURYLGHV VSDFH IRU D SRVVLEOH
ELF\FOH SDWK� $ERYH 0+: WKH FXUUHQW EDVDOW FRYHU PXVW EH UHSODFHG� 7R PHHW WKH GHVLUHV D QHZ SODFH
VWRQH FROXPQ UHYHWPHQW LV FKRVHQ� 7R PHHW WKH PD[LPXP RYHUWRSSLQJ GLVFKDUJH SRVVLEO\ GLIIHUHQW
OHQJWKV KDYH WR EH XVHG� $ FURVV VHFWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH LV JLYHQ LQ )LJXUH ���

)LJXUH ���� $ FURVV VHFWLRQ VFKHPDWL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH %��

������ )XUWKHU RSWLPL]DWLRQ UHIHUHQFH DOWHUQDWLYH
$W WKLV PRPHQW WKH UHIHUHQFH DOWHUQDWLYH LV XQGHU GHYHORSPHQW E\ :�% DQG WKH GHVLJQ LV FRQVWDQWO\
FKDQJHG� $Q RYHUYLHZ RI WKH FXUUHQW VWDWH RI WKH GHVLJQ RI DOWHUQDWLYH %�� LV VKRZQ LQ )LJXUH ����

�1DWXUD ���� DUHDV DUH SDUW RI DQ (XURSHDQ QHWZRUN RI SURWHFWHG DUHDV WR LPSURYH QDWXUH� KDELWDW DQG UHFUHDWLRQ LQ WKH :DGGHQ
6HD�



���� 3UREDELOLW\ RI IDLOXUH RI UHIHUHQFH DOWHUQDWLYH ��

)LJXUH ���� $ FURVV VHFWLRQ VFKHPDWL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH %���

,Q WKLV UHIHUHQFH DOWHUQDWLYH WKH EDVDOW UHYHWPHQW DW WKH XSSHU SDUW RI WKH VORSH LV UHSODFHG E\ SODFHG
VWRQH EORFNV ZLWK GLIIHUHQW OHQJWKV WR LQFUHDVH WKH IULFWLRQ� :LWK WKH XVH RI GLIIHUHQW OHQJWKV RI WKH
VWRQHV� DOVR FDOOHG D FKHFNHUERDUG SDWWHUQ� WKH IULFWLRQ FRHIILFLHQW FDQ GURS WR D YDOXH RI ���� �LQVWHDG
RI ��� $W WKH ORZHU SDUW RI WKH VORSH D EHUP LV FRQVWUXFWHG RI UXEEOH RQ WRS RI WKH H[LVWLQJ GLNH
SURWHFWLRQ� 7KH KHLJKW RI WKH EHUP LV ORFDWHG DW ���P 1$3 DQG KDV D ZLGWK RI �� PHWHUV� 7KH IULFWLRQ
RI WKH UXEEOH DQG WKH EHUP UHGXFH WKH ZDYH UXQ�XS DQG RYHUWRSSLQJ VLJQLILFDQWO\�

7KH SODFHG UHYHWPHQW FRQVLVWV RI EDVDOWRQ EORFNV ZLWK D GHQVLW\ RI ���� NJ�P� DQG ZLWK DQ DYHUDJH
KHLJKW RI ��� P� 7KH UXEEOH SODFHG GLUHFWO\ RQ WKH H[LVWLQJ VORSH FRQVLVWV RI UHODWLYHO\ VPDOO VWRQHV ZLWK
ZHLJKW FODVV ������ NJ DQG RQ WRS RI WKDW UXEEOH ZLWK D FODVV RI ��� WRQ LV XVHG WR ZLWKVWDQG WKH ZDYH
LPSDFWV�

7KH VROXWLRQ VSDFH RI WKH ILQDO DOWHUQDWLYH LV ERXQGHG E\ WKH UHG DUURZV� 7KLV PHDQV WKDW WKH UHGHVLJQ
LV IRFXVVHG RQ LPSURYHPHQW RI WKH RXWHU VORSH DQG PLQLPXP DGMXVWPHQWV WR WKH LQQHU VORSH �XS WR
WKH KLJKZD\�� 7KH DPRXQW RI VSDFH WKDW PD\ EH RFFXSLHG E\ WKH GLNH GHVLJQ LQ WKH :DGGHQ 6HD LV
OLPLWHG GXH WR OHJDO ERXQGV� ,Q WKH RSWLPL]DWLRQ RQO\ WKH RXWHU VORSH LV DGMXVWHG VR WKH OLPLW IRU WKH
VROXWLRQ LV WKH OHIW UHG DUURZ� 7KLV ERXQGDU\ LV ORFDWHG DW ���� PHWHUV IURP WKH FXUUHQW $IVOXLWGLMN DW �
P 1$3�

���� 3UREDELOLW\ RI IDLOXUH RI UHIHUHQFH DOWHUQDWLYH
7KH SUREDELOLW\ RI IDLOXUH RI WKH UHIHUHQFH DOWHUQDWLYH LV DVVHVVHG LQ WKH 0DWODE PRGHO GHYHORSHG LQ WKLV
06F UHVHDUFK DQG LQ 3&�5LQJ� 7KH UHVXOWV IRU WKH SUREDELOLW\ RI IDLOXUH IRU WKH IDLOXUH PHFKDQLVP RI
ZDYH UXQ�XS DQG RYHUWRSSLQJ DUH VKRZQ LQ 7DEOH ���� 7KH UHVXOWV DUH IRU WKH GLNH VHFWLRQ �% ZLWK D
OHQJWK RI ���� PHWHUV�

0RGHO 3I >��\HDU@ 5 >\HDUV@
0DWODE ����(��� �� ���
3&�5LQJ ����(��� �� ���

7DEOH ���� 3UREDELOLW\ RI IDLOXUH RI WKH UHIHUHQFH DOWHUQDWLYH IRU ZDYH UXQ�XS DQG RYHUWRSSLQJ�

7KH VWDQGDUG WKDW LV XVHG WR DVVHVV WKH UHIHUHQFH DOWHUQDWLYH LV D SUREDELOLW\ RI IDLOXUH RI ��� ��� SHU
\HDU IRU WKH WRWDO $IVOXLWGLMN� 7R WUDQVODWH WKLV LQWR D SUREDELOLW\ RI IDLOXUH IRU WKH FURVV VHFWLRQ LQ WKLV
DVVHVVPHQW DQG IRU WKH IDLOXUH PHFKDQLVP ZDYH RYHUWRSSLQJ WKH IROORZLQJ IRUPXOD LV XVHG�

ൕ፞ ።፬�፝፬፧  
ൕ፧፨፫፦ ॲ ဋ


LQ ZKLFK ൕ፞ ።፬�፝፬፧ LV WKH IDLOXUH SUREDELOLW\ RI IDLOXUH IRU RQH IDLOXUH PHFKDQLVP DQG RQH FURVV VHFWLRQ�
7KH IDFWRU  LV GHWHUPLQHG LQ SDUDJUDSK ����� DQG LV DVVXPHG WR EH ��� IRU WKH $IVOXLWGLMN� 7KH IDLOXUH
PHFKDQLVP EXGJHW ဋ LV DFFRUGLQJ WR WKH 2,���� ��� �VHH SDUDJUDSK '�� )RU WKH $IVOXLWGLMN WKHVH
EXGJHWV DUH QRW DSSOLFDEOH EHFDXVH WKH IDLOXUH LV PDLQO\ GRPLQDWHG E\ ZDYH UXQ�XS DQG RYHUWRSSLQJ
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DQG SLSLQJ GRHV QRW RFFXU� 7KHUHIRUH LW LV DVVXPHG WKDW WKH IDLOXUH PHFKDQLVP EXGJHW IRU RYHUWRSSLQJ
LV HTXDO WR ���� :LWK WKHVH QXPEHUV WKH VWDQGDUG IRU WKH FURVV VHFWLRQ LV HTXDO WR�

ൕ፞ ።፬�፝፬፧  
��� ��� ॲ ���

���  ���� ��� ࣵ ���� ���

7KH EXGJHWV IRU SLSLQJ �VHH 7DEOH '�� LQ SDUDJUDSK ���� IRU WKH GLNH VHFWLRQ DQG WKH K\GUDXOLF VWUXFWXUHV
DUH DGGHG WR WKH IDLOXUH EXGJHW RI RYHUIORZ DQG RYHUWRSSLQJ UHVXOWLQJ LQ WKH DVVXPHG YDOXH IRU ဋ RI
���� 7KLV DVVXPSWLRQ LV DQ XSSHU OLPLW DQG IXUWKHU UHVHDUFK LV QHHGHG WR VHH LI WKLV YDOXH LV XVDEOH IRU
WKH GHVLJQ RI WKH $IVOXLWGLMN� ,I WKH GLNH LV UHLQIRUFHG DQG WKH SUREDELOLW\ RI IDLOXUH GXH WR RYHUWRSSLQJ LV
UHGXFHG WKH YDOXH RI WKLV IDLOXUH EXGJHW IRU RYHUWRSSLQJ LV SUREDEO\ ORZHU WKDQ WKH DVVXPHG XSSHU OLPLW
RI ���� 7KHUHIRUH LW LV UHFRPPHQGHG WR LQYHVWLJDWH WKH SURSRVDO IRU WKH IDLOXUH EXGJHWV DQG GHWHUPLQH
QHZ YDOXHV IRU WKH $IVOXLWGLMN IRU WKH ILQDO GHVLJQ RI WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN�

,W LV FRQFOXGHG WKDW ZLWK WKH DVVXPHG YDOXHV IRU  DQG ဋ WKH UHIHUHQFH DOWHUQDWLYH LV QRW VDIH HQRXJK
DFFRUGLQJ WR WKH QHZ VWDQGDUG� 7KHUHIRUH DQ RSWLPL]DWLRQ LV GRQH WR ILQG D DOWHUQDWLYH WKDW LV VDIH
HQRXJK� $OVR WKH FRVWV DUH PLQLPL]HG LQ WKLV RSWLPL]DWLRQ WR ILQG D SRVVLEOH DOWHUQDWLYH WKDW PD\ EH
FKHDSHU WKDQ WKH UHIHUHQFH DOWHUQDWLYH� 7KH VWDQGDUG IRU D VLQJOH FURVV VHFWLRQ ZLWK D SUREDELOLW\ RI
IDLOXUH RI ���� ��� SHU \HDU LV DOVR XVHG LQ WKH RSWLPL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH�

���� 2SWLPL]DWLRQ IRU WKH GHVLJQ RI WKH $IVOXLWGLMN

7KH RSWLPL]DWLRQ RI WKH DOWHUQDWLYH LV RQO\ GRQH IRU WKH PHFKDQLVP ZDYH UXQ�XS DQG RYHUWRSSLQJ� 7KH
FODVV RI WKH UXEEOH DQG WKH GLPHQVLRQV RI WKH EDVDOWRQ EORFNV DUH VHW DW WKH JLYHQ YDOXHV LQ WKH UHIHUHQFH
DOWHUQDWLYH DQG DUH QRW LQYHVWLJDWHG IXUWKHU� 7KH VWDELOLW\ RI WKH UHYHWPHQW LV KRZHYHU RI LPSRUWDQFH
IRU WKH ILQDO GHVLJQ� VR WKH ILQDO RSWLPDO GHVLJQ PXVW EH FKHFNHG IRU VWDELOLW\ RI WKH UHYHWPHQW DV
ZHOO�

,Q 3&�5LQJ WKH FURVV VHFWLRQ RI WKLV DOWHUQDWLYH LV FDOFXODWHG WR VHH ZKLFK LQIOXHQFH IDFWRUV KDYH WKH PRVW
LPSDFW RQ WKH WRWDO SUREDELOLW\ RI IDLOXUH� $ VFKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ LV VKRZQ LQ )LJXUH ���
DQG WKH YDOXHV IRU WKH LQSXW SDUDPHWHUV DUH VKRZQ LQ 7DEOH ����

)LJXUH ���� 6FKHPDWL]DWLRQ RII WKH FURVV VHFWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH %��� 7KH YDU\LQJ YDULDEOHV IRU WKH RSWLPL]DWLRQ ZLWK
WKH PRVW LQIOXHQFH RQ WKH SUREDELOLW\ RI IDLOXUH DUH EDVHG RQ WKLV GHVLJQ�



���� 2SWLPL]DWLRQ IRU WKH GHVLJQ RI WKH $IVOXLWGLMN ��

6\PERO 8QLW 1DPH 0HDQ YDOXH 6SUHDG
൲ൠ൬�፮፩፩፞፫� ࢿ XSSHU VORSH ��� 9  ����
൲ൠ൬�፥፨፰፞፫� ࢿ ORZHU VORSH ����� 9  ����
് ൫ EHUP KHLJKW ��� စ  ���
േ ൫ EHUP ZLGWK �� စ  ����
്፫፨፰፧ ൫ FURZQ KHLJKW ���� စ  ���
፟ �፮፩ ࢿ IULFWLRQ FRHIILFLHQW XSSHU VORSH ���� ࢿ
፟ �፥፨፰ ࢿ IULFWLRQ FRHIILFLHQW ORZHU VORSH ���� ࢿ

7DEOH ���� 3DUDPHWHUV XVHG WR GHWHUPLQH IDLOXUH GXH WR RYHUWRSSLQJ IRU WKH UHIHUHQFH DOWHUQDWLYH�

:LWK WKH UHVXOWV IURP D FDOFXODWLRQ LQ 3&�5LQJ LW LV REVHUYHG WKDW WKH IROORZLQJ YDULDEOHV KDYH WKH PRVW
LQIOXHQFH RQ WKH SUREDELOLW\ RI IDLOXUH IRU WKH IDLOXUH PHFKDQLVP ZDYH UXQ�XS DQG RYHUWRSSLQJ�

 +HLJKW RI WKH FURZQ RI WKH GLNH
 +HLJKW RI WKH EHUP
 :LGWK RI WKH EHUP
 $QJOH RI WKH VORSH DERYH WKH EHUP
 $QJOH RI WKH VORSH EHORZ WKH EHUP

7R ILQG DQ RSWLPDO GHVLJQ WKH YDOXHV IRU WKHVH ILYH YDULDEOHV DUH YDULHG WR ILQG DQ RSWLPDO GHVLJQ� 7R
VHH ZKDW WKH LPSDFW LV RI HDFK YDULDEOH RQ WKH SUREDELOLW\ RI IDLOXUH WKH UHIHUHQFH DOWHUQDWLYH LV XVHG DV
D VWDUWLQJ SRLQW� )RU HDFK YDULDEOH WKH LQIOXHQFH RQ WKH SUREDELOLW\ RI IDLOXUH LV VKRZQ LQ )LJXUHV �����
����� ���� DQG ����� ,Q WKHVH ILJXUHV WKH YDOXH RI WKH YDULDEOHV LV VKRZQ RQ WKH [�D[LV DQG WKH UHWXUQ
SHULRG �LQYHUVH RI WKH SUREDELOLW\ RI IDLOXUH� LV VKRZQ DW WKH \�D[LV�

$V ZH FDQ VHH LQ )LJXUH ���� WKH SUREDELOLW\ RI IDLOXUH LV DV VXVSHFWHG �VHH )RUPXOD %��� LQ $SSHQGL[ %�
H[SRQHQWLDOO\ UHODWHG WR WKH KHLJKW RI WKH GLNH� 7KH UHWXUQ SHULRG RQ WKH \�D[LV LV SORWWHG RQ D ORJDULWKPLF
VFDOH WR VKRZ WKLV H[SRQHQWLDO UHODWLRQVKLS� ,Q WKH RSWLPL]DWLRQ WKH KHLJKW RI WKH GLNH LV YDULHG IURP
� WR ��� PHWHUV ZLWK D VWHS VL]H RI ���� P� 7KHVH OLPLWV DUH FKRVHQ LQ VXFK D ZD\ WKDW WKH SURSRVHG
VDIHW\ VWDQGDUG RI ������ SHU \HDU FDQ EH PHW �ZLWK WKH YDULDWLRQ RI RWKHU YDULDEOHV� DQG WKDW WKH WRWDO
FRVWV GR QRW UHDFK H[WUHPH YDOXHV �ZKLFK LV WKH FDVH IRU ODUJH GLNH FURZQ KHLJKWV��

)LJXUH ����� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH KHLJKW RI WKH FURZQ RI WKH GLNH�

,Q )LJXUH ���� WKH LQIOXHQFH RI WKH EHUP KHLJKW RQ WKH SUREDELOLW\ RI IDLOXUH LV VKRZQ� $ FOHDU UHODWLRQVKLS
LV QRW IRXQG EXW LW FDQ EH FRQFOXGHG WKDW WKHUH LV DQ RSWLPDO EHUP KHLJKW� ,Q WKH FDVH RI WKH UHIHUHQFH
DOWHUQDWLYH WKLV RSWLPDO EHUP KHLJKW LV DURXQG � PHWHUV� 7KLV RSWLPDO EHUP KHLJKW GHSHQGV RQ WKH
RWKHU YDULDEOHV DV ZHOO WKHUHIRUH WKH KHLJKW RI WKH EHUP LV YDULHG IURP � WR � PHWHUV ZLWK D VWHS VL]H
RI � PHWHU�
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)LJXUH ����� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH KHLJKW RI WKH EHUP�

,Q )LJXUH ���� WKH LQIOXHQFH RI WKH ZLGWK RI WKH EHUP LV VKRZQ� 7KH SUREDELOLW\ RI IDLOXUH UHGXFHV ZLWK
DQ LQFUHDVLQJ EHUP ZLGWK XQWLO D FHUWDLQ SRLQW LV UHDFKHG ZKHUH WKH ZLGWK RI WKH EHUP KDV QR PRUH
LQIOXHQFH RQ WKH SUREDELOLW\ RI IDLOXUH� 7KLV LV DURXQG �� PHWHUV LQ FDVH RI WKH UHIHUHQFH DOWHUQDWLYH�
7KH VDPH DV ZLWK WKH EHUP KHLJKW WKLV RSWLPDO ZLGWK GHSHQGV RQ WKH RWKHU YDULDEOHV DV ZHOO� %HFDXVH
WKHUH LV OLPLWHG VROXWLRQ VSDFH IRU WKH GHVLJQ RI WKH $IVOXLWGLMN WKH PD[LPXP EHUP ZLGWK LV VHW DW ��
PHWHUV� ,Q WKH RSWLPL]DWLRQ LW LV YDULHG IURP � PHWHUV WR WKLV PD[LPXP YDOXH RI �� PHWHUV ZLWK D VWHS
VL]H RI � PHWHUV�

)LJXUH ����� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH ZLGWK RI WKH EHUP�

$ GHFUHDVH RI WKH VORSH UHVXOWV LQ ORZHU SUREDELOLWLHV RI IDLOXUH� 7KLV LV ERWK WKH FDVH IRU WKH VORSHV
EHORZ DQG DERYH WKH EHUP� DV VKRZQ LQ )LJXUH ����� %RWK WKH [� DQG \�D[LV DUH SORWWHG RQ D ORJDULWKPLF
VFDOH� $ YHU\ JHQWOH VORSH UHVXOWV LQ D VPDOO SUREDELOLW\ RI IDLOXUH EXW WKH FRVWV LQFUHDVH VLJQLILFDQWO\
ZLWK D GHFUHDVLQJ VORSH� 7KHUHIRUH WKH XSSHU OLPLW RI WKH VORSH LV VHW DW ��� LQ WKH RSWLPL]DWLRQ� 7KH
ORZHU OLPLW LV VHW DW ��� DQG LQ WKLV GLPHQVLRQ RI ��[ IRU WKH VORSH WKH VWHS VL]H LV VHW DW [ ��

$Q RYHUYLHZ RI WKH UDQJH� VWHS VL]H DQG WRWDO QXPEHU RI YDOXHV IRU HDFK YDULDEOH LV VKRZQ LQ 7D�
EOH ����



���� 2SWLPL]DWLRQ IRU WKH GHVLJQ RI WKH $IVOXLWGLMN ��

)LJXUH ����� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH DQJOH RI WKH XSSHU DQG ORZHU VORSH�

9DULDEOH 6WDUW YDOXH (QG YDOXH ́ VWHS 1XPEHU RI VWHSV
GLNH KHLJKW � ��� ���� �
EHUP KHLJKW � � � �
EHUP ZLGWK � �� � �
XSSHU VORSH � � � �
ORZHU VORSH � � � �

7DEOH ���� 6WHSV IRU WKH YDULDEOHV XVHG LQ WKH RSWLPL]DWLRQ IRU RYHUWRSSLQJ�

7KH WRWDO QXPEHU RI FDOFXODWLRQV WKDW LV GRQH LQ WKLV RSWLPL]DWLRQ HTXDOV WKH SURGXFW RI WKH WRWDO QXPEHU
RI YDOXHV IRU HDFK YDULDEOH�

ፚ፥፮፥ፚ፭።፨፧፬  � ॲ � ॲ � ॲ � ॲ �  ����

,Q 3&�5LQJ FDOFXODWLRQ ZLWK YDU\LQJ YDOXHV LV RQO\ SRVVLEOH IRU RQH YDULDEOH� 7KH UHVXOWV RI VXFK D
FDOFXODWLRQ DUH JLYHQ LQ D WH[W ILOH ZKLFK KDV WR EH FRQYHUWHG LQWR D VSUHDGVKHHW IRUPDW� LQ ZKLFK WKH
WRWDO FRVWV DUH FDOFXODWHG �VHH SDUDJUDSK ����� IRU D GHVFULSWLRQ RI WKH FRVW HVWLPDWLRQ�� 7KLV PHDQV
WKDW D ODUJH DPRXQW RI PDQXDO ODERXU LV QHHGHG WR JHW UHVXOWV IURP 3&�5LQJ� $OVR WKH FDOFXODWLRQ WLPH
LQ 3&�5LQJ IRU D VLQJOH FDOFXODWLRQ LV DURXQG ��� PLQXWHV ZKLFK LV QRW DQ H[WUD DGYDQWDJH FRPSDUHG WR
WKH FDOFXODWLRQ WLPH ZLWK WKH 0DWODE PRGHO�

7KH PRGHO GHYHORSHG LQ WKLV 06F UHVHDUFK IRU WKH IDLOXUH PHFKDQLVP ZDYH UXQ�XS DQG RYHUWRSSLQJ
LV XVHG LQ WKH RSWLPL]DWLRQ� 7KH IRUPXODV DQG WKH PHWKRG RI WKLV PRGHO DUH GHVFULEHG LQ $SSHQGL[ %
DQG WKH 0DWODE VFULSW IRU WKLV FDOFXODWLRQ LV JLYHQ LQ $SSHQGL[ (� ,Q 0DWODE WKH ILYH HDUOLHU PHQWLRQHG
YDULDEOHV DUH GHILQHG DV FKDQJLQJ YDOXHV� UHVXOWLQJ LQ DQ RXWSXW VSUHDGVKHHW FRQVLVWLQJ RI � ��� YDOXHV
IRU WKH SUREDELOLW\ RI IDLOXUH� (DFK LQGLYLGXDO FDOFXODWLRQ LV GRQH ZLWK WKH 0RQWH &DUOR PHWKRG ZLWK
� ��� ��� VDPSOHV XVHG LQ HDFK FDOFXODWLRQ� )RU DFFXUDWH UHVXOWV ZLWK WKH 0RQWH &DUOR PHWKRG WKH
PLQLPXP DPRXQW RI VDPSOHV LV HTXDO WR�

ፚ፥፮፥ፚ፭።፨፧፬  
�

ൕ፟ ॲ ���

,I ZH WDNH SUREDELOLWLHV RI IDLOXUH LQWR DFFRXQW RI ���� ��� WKLV ZRXOG OHDG WR D PLQLPXP DPRXQW RI VDP�
SOHV RI � ��� ���� 7R VDYH FDOFXODWLRQ WLPH WKH DPRXQW RI VDPSOHV LV FKRVHQ DW � ��� ��� ZKLFK UHVXOWV
ZLWK DQ DYHUDJH FDOFXODWLRQ WLPH RI �� VHFRQGV LQ D WRWDO FDOFXODWLRQ WLPH RI ��� ��� VHFRQGV�



�� �� 1HZ GHVLJQ RI WKH $IVOXLWGLMN

������ &RVW HVWLPDWLRQ DOWHUQDWLYH
7KH DOWHUQDWLYH LV RSWLPL]HG ZLWK D FRVW PLQLPL]DWLRQ� )RU WKH DOWHUQDWLYHV WKDW PHHW WKH VWDQGDUG WKH
FRVWV DUH HVWLPDWHG ZLWK WKH FRVW QXPEHUV JLYHQ LQ 7DEOH ���� 7KHVH QXPEHUV DUH URXJK HVWLPDWHV
IRU WKH FRVWV JLYHQ E\ :LWWHYHHQ � %RV� 7KHVH QXPEHUV DUH WKH VR�FDOOHG GLUHFW FRVWV WKDW FRQVLVW RI
WKH ODERXU� PDFKLQHU\ DQG PDWHULDOV� 7R FDOFXODWH WKH EXLOGLQJ FRVWV DQG WKH WRWDO LQYHVWPHQW FRVWV WKH
GLUHFW FRVWV DUH PXOWLSOLHG ZLWK WKH IDFWRUV JLYHQ LQ 7DEOH ����

'HVFULSWLRQ FRVWV 9DOXH 8QLW
UHPRYH EDVDOW DQG UH�XVH LQ ZRUN � ভ�WRQ
WUDQVSRUW DQG DSSO\ GLNH FOD\ �� ভ�P�

WUDQVSRUW DQG DSSO\ JUDQXODU ILOWHU �� ভ�WRQ
WUDQVSRUW DQG LQVWDOODWLRQ FRQFUHWH FROXPQV �JDPPD  ���� NJ�P� K ��� P� ��� ভ�P�

WUDQVSRUW DQG LQVWDOODWLRQ UXEEOH �FODVV ����� NJ XS WR ��� WRQ� ����� ভ�WRQ
IDFWRU IRU EXLOGLQJ FRVWV ���� >�@
IDFWRU IRU LQYHVWPHQW FRVWV �LQFOXGLQJ HQJLQHHULQJ DQG RYHUDOO SURMHFW FRVWV� ��� >�@

7DEOH ���� &RVW QXPEHUV IRU WKH FRVW HVWLPDWLRQ RI WKH DOWHUQDWLYHV�

:LWK WKHVH QXPEHUV WKH GLUHFW FRVWV DUH HVWLPDWHG� 7KH IROORZLQJ LWHPV DUH FDOFXODWHG SHU XQLW RI
OHQJWK IRU HDFK DOWHUQDWLYH WR HVWLPDWH WKH WRWDO FRVWV�

 $UHD RI UHPRYLQJ ROG EDVDOW EORFNV >P�@
 9ROXPH RI GLNH FOD\ WKDW LV SODFHG >P�@
 $UHD IRU SODFHPHQW RI JUDQXODU ILOWHU >P�@
 $UHD IRU SODFHPHQW RI FRQFUHWH FROXPQV >P�@
 9ROXPH RI UXEEOH WKDW LV SODFHG >P�@

7R HVWLPDWH WKH FRVWV VRPH RI WKH FRVWV QXPEHUV DUH WUDQVIRUPHG LQWR WKH XQLWV WKDW DUH JLYHQ DERYH�
7KH VWHSV WKDW DUH QHHGHG LQ WKHVH WUDQVIRUPDWLRQV DUH WKH GHQVLW\ DQG LQ VRPH FDVHV WKH KHLJKW RI
WKH GLIIHUHQW YDULDEOHV� 7KH FRVWV QXPEHUV DQG WKH WUDQVIRUPDWLRQV IRU DOO WKH YDOXHV DUH JLYHQ LQ
7DEOH ����

'HVFULSWLRQ FRVWV 9DOXH 8QLW 'HQVLW\ >WRQ�P�@ +HLJKW >P@ 9DOXH 8QLW
EDVDOW � ভ�WRQ ��� ��� ���� ভ�P�

GLNH FOD\ �� ভ�P� � � �� ভ�P�

JUDQXODU ILOWHU �� ভ�WRQ � ���� ��� ভ�P�

FRQFUHWH FROXPQV ��� ভ�P� � � ��� ভ�P�

UXEEOH ����� ভ�WRQ � � ����� ভ�P�

7DEOH ���� 7UDQVIRUPHG FRVW QXPEHUV IRU WKH FRVW HVWLPDWLRQ RI WKH DOWHUQDWLYHV�

,Q WKH RSWLPL]DWLRQ RI WKH DOWHUQDWLYH RQO\ WKH LQYHVWPHQW FRVWV DUH FRQVLGHUHG� ,QWHUHVW� PDLQWHQDQFH
FRVWV DQG SUHVHQW YDOXH DUH DOO IDFWRUV WKDW DUH QRW WDNHQ LQWR DFFRXQW LQ WKLV RSWLPL]DWLRQ� 7KH DLP LV
WR ILQG D FRVW HIIHFWLYH GHVLJQ ZLWK WKH ORZHVW LQYHVWPHQWV FRVWV DW WKLV PRPHQW� $OVR WKH FRQVLGHUDWLRQ
EHWZHHQ LQYHVWPHQW ULJKW QRZ DQG LQYHVWPHQWV LQ WKH IXWXUH LV QRW WDNHQ LQWR DFFRXQW� ,Q UHDOLW\ DOO
WKHVH IDFWRUV KDYH DQ LPSDFW RQ WKH FKRLFH RI WKH DOWHUQDWLYH� VR LW LV UHFRPPHQGHG WR WDNH WKLV LQWR
DFFRXQW EHIRUH WKH ILQDO GHVLJQ LV FKRVHQ�

7KH FDOFXODWHG YDOXHV IRU DUHDV DQG YROXPHV WKDW GHWHUPLQH WKH FRVWV DUH EDVHG RQ WKH DGDSWLRQ RI
WKH FXUUHQW SURILOH RI WKH $IVOXLWGLMN DQG WKH GHILQLQJ SDUDPHWHUV RI WKH DOWHUQDWLYH� ZKLFK DUH WKH GLNH
FURZQ KHLJKW� WKH EHUP KHLJKW� WKH EHUP ZLGWK DQG WKH DQJOH RI WKH XSSHU DQG ORZHU VORSH� ,Q WKH
FDOFXODWLRQ RI WKHVH DUHDV DQG YROXPHV WKH IROORZLQJ WKLQJV DUH WDNHQ DV DVVXPSWLRQV�

 7KH ZLGWK RI WKH FURZQ RI WKH GLNH LV DW OHDVW ��� PHWHUV�
 7KH LQQHU VORSH LV QRW FKDQJHG�
 7KH GLNH FRUH �FOD\� KDV DQ DQJOH RI ����� EHORZ WKH EHUP KHLJKW �ZKLFK LV WKH FXUUHQW VORSH��
 7KH ROG EDVDOW EORFNV DUH UHPRYHG IURP WKH EHUP KHLJKW XS WR WKH WRS�



���� 2SWLPL]DWLRQ IRU WKH GHVLJQ RI WKH $IVOXLWGLMN ��

 ,I H[WUD FOD\ KDV WR EH SODFHG EHORZ WKH EHUP WKH ROG EDVDOW EHORZ WKH EHUP LV UHPRYHG �LQ FDVH
RI KLJK GLNH FURZQV DQG�RU D YHU\ JHQWOH XSSHU VORSH��

7R VKRZ WKH LPSDFW RI WKHVH DVVXPSWLRQV WZR VFKHPDWLF FURVV VHFWLRQV DUH VKRZQ LQ )LJXUH ���� DQG
����� LQ ZKLFK WKH ROG GLNH SURILOH LV VKRZQ LQ \HOORZ� WKH QHZ GLNH SURILOH LQ WXUTXRLVH DQG WKH UXEEOH
EHUP LQ RUDQJH� 7KHVH VFKHPDWL]DWLRQV DUH QRW UHDOLVWLF DOWHUQDWLYHV EXW WKH\ VKRZ WKH LPSDFW RI WKH
DVVXPSWLRQV WKDW DUH XVHG LQ WKH GHILQLWLRQ RI WKH FURVV VHFWLRQ�

)LJXUH ����� 6FKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ RI D SRVVLEOH DOWHUQDWLYH WR VKRZ WKH LPSDFW RI WKH GLIIHUHQW YDOXHV IRU WKH
YDULDEOHV�

)LJXUH ����� 6FKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ RI D SRVVLEOH DOWHUQDWLYH WR VKRZ WKH LPSDFW RI WKH GLIIHUHQW YDOXHV IRU WKH
YDULDEOHV�

������ 2SWLPL]DWLRQ DOWHUQDWLYH
7R ILQG DQ RSWLPDO GHVLJQ WKH DLP LV WR PLQLPL]H WKH FRVWV IRU GHVLJQV WKDW PHHW WKH VDIHW\ VWDQGDUG�
7KH ORFDWLRQ RI WKH FURVV VHFWLRQ WKDW LV RSWLPL]HG LV GLNH VHFWLRQ �%� 7KH RSWLPL]DWLRQ LV GRQH IRU WKH
IDLOXUH PHFKDQLVP RI ZDYH RYHUWRSSLQJ� EHFDXVH WKLV KDV WKH ODUJHVW LQIOXHQFH RQ WKH WRWDO SUREDELOLW\
RI IDLOXUH� 7KH GHVLJQV WKDW IROORZ IURP WKH RSWLPL]DWLRQ FDQ UHVXOW LQ XQVWDEOH GHVLJQV RU GHVLJQV
ZLWK LQVXIILFLHQW VWUHQJWK RI WKH UHYHWPHQW� 7KHUHIRUH RQO\ UHDOLVWLF GHVLJQV DUH WDNHQ IXUWKHU LQWR
DFFRXQW�



�� �� 1HZ GHVLJQ RI WKH $IVOXLWGLMN

,Q WKH RSWLPL]DWLRQ WKH VDPH K\GUDXOLF ORDGV IURP WKH DVVHVVPHQW RI WKH SUREDELOLW\ RI IDLOXUH RI WKH
$IVOXLWGLMN DUH XVHG� 7KH GHVLJQ OLIHWLPH IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN LV VHYHUDO GHFDGHV VR WKHVH
K\GUDXOLF ORDGV DUH SUREDEO\ ODUJHU WKDQ WKH FXUUHQW ORDGV� 7KLV LV GXH WR WKH FOLPDWH FKDQJH ZKLFK
FDXVHV D ULVH RI WKH VHD OHYHO DQG LQFUHDVLQJ ZDYH ORDGV� ,Q WKH GHYHORSPHQW RI WKH UHIHUHQFH DOWHUQDWLYH
E\ :�% WKH :� VFHQDULR� LV XVHG� ZKLFK SUHGLFWV D VHD OHYHO ULVH EHWZHHQ �� DQG �� FHQWLPHWHU LQ
����� ,Q WKLV WKHVLV WKHVH DGMXVWHG K\GUDXOLF ORDGV DUH QRW XVHG� VR WKH UHVXOWV REWDLQHG LQ WKLV WKHVLV
DUH QRW FRPSOHWHO\ DFFXUDWH� 7KHUHIRUH LW LV UHFRPPHQGHG WKDW LQ D IXUWKHU RSWLPL]DWLRQ LQ ZKLFK RWKHU
IDLOXUH PHFKDQLVPV DUH WDNHQ LQWR DFFRXQW DV ZHOO WKH LQFUHDVH RI WKH K\GUDXOLF ORDGV LV WDNHQ LQWR
DFFRXQW DV ZHOO�

$OO WKH DOWHUQDWLYHV ZLWK D SUREDELOLW\ RI IDLOXUH WKDW LV KLJKHU WKDQ ���� ���� DUH GHOHWHG IURP WKH
VHOHFWLRQ� )RU WKH UHPDLQLQJ SRVVLEOH DOWHUQDWLYH WKH FRVWV DUH HVWLPDWHG DQG WKH DOWHUQDWLYHV ZLWK
WKH ORZHVW FRVWV DUH HYDOXDWHG� $V VWDWHG EHIRUH VRPH FRPELQDWLRQV RI YDULDEOHV OHDG WR XQUHDOLVWLF
GHVLJQV LI ZH ORRN DW WKH IDLOXUH PHFKDQLVPV RI PDFUR LQVWDELOLW\ DQG IDLOXUH RI WKH UXEEOH DQG SODFHG
VWRQHV� 7KH WHQ UHDOLVWLF DOWHUQDWLYHV ZLWK WKH ORZHVW FRVWV DUH VKRZQ LQ 7DEOH ���� ZLWK WKH YDULDEOHV�
WKH UHWXUQ SHULRGV DQG WKH LQYHVWPHQW FRVW HVWLPDWLRQ� 2Q WKH ERWWRP RI WKLV 7DEOH DOVR WKH UHVXOWV IRU
WKH UHIHUHQFH DOWHUQDWLYH DUH VKRZQ WR FRPSDUH LW ZLWK WKH RSWLPL]DWLRQ�

߶፫፨፰፧ >P@ ߶ፁ >P@ േ >P@ ൲ൠ൬�፮፩�ዅኻ >�@ ൲ൠ൬�፥፨፰�ዅኻ >�@ ൗ >\HDUV@ LQYHVWPHQW
FRVWV >ভ�P@
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7DEOH ���� &RVW HVWLPDWLRQ IRU WKH WHQ DOWHUQDWLYHV ZLWK PLQLPDO FRVWV�

7KH LQYHVWPHQW FRVWV SHU XQLW RI OHQJWK JLYHQ LQ 7DEOH ��� DUH EDVHG RQ WKH DGDSWLRQ RI GLNH VHFWLRQ �%�
7R FDOFXODWH WKH WRWDO LQYHVWPHQW FRVWV IRU WKH $IVOXLWGLMN LW LV QRW SRVVLEOH WR PXOWLSO\ WKHVH FRVWV ZLWK
WKH WRWDO OHQJWK RI WKH $IVOXLWGLMN� 7KLV LV EHFDXVH IRU HDFK GLNH VHFWLRQ DQ RSWLPL]DWLRQ RI WKH FURVV
VHFWLRQ UHVXOWV LQ RWKHU YDOXHV IRU WKH GLIIHUHQW YDULDEOHV� +RZHYHU WKLV RSWLPL]DWLRQ JLYHV DQ LGHD RI
WKH DPRXQW RI PRQH\ WKDW FDQ EH VDYHG�

:LWK WKH UHVXOWV IURP WKH RSWLPL]DWLRQ VRPH FRQFOXVLRQV DUH GUDZQ ZLWK UHVSHFW WR WKH UHIHUHQFH DOWHU�
QDWLYH� 7KH FURZQ KHLJKW RI WKH GLNH LV IRU WKH WRS WHQ DOWHUQDWLYHV LQ WKH RSWLPL]DWLRQ KLJKHU WKDQ WKH
UHIHUHQFH DOWHUQDWLYH� $ KLJKHU GLNH FURZQ UHVXOWV LQ ORZHU SUREDELOLWLHV RI IDLOXUH EXW PRUH LQYHVWPHQW
FRVWV DUH QHHGHG� 7KHVH LQYHVWPHQWV FRVWV FDQ EH VDYHG E\ UHGXFLQJ WKH RWKHU YDULDEOHV� OLNH WKH
ZLGWK RI WKH EHUP �ZKLFK VDYHV LQYHVWPHQW FRVWV RQ UXEEOH�� 7KHUHIRUH D FRQVLGHUDWLRQ LV QHHGHG EH�
WZHHQ LQIOXHQFH RQ WKH SUREDELOLW\ RI IDLOXUH RI WKH GLIIHUHQW YDULDEOHV DQG WKH FRUUHVSRQGLQJ LQYHVWPHQW
FRVWV�

7KH KHLJKW RI WKH EHUP LQ WKH WRS WHQ RI WKH RSWLPL]DWLRQ YDULHV EHWZHHQ � DQG � PHWHUV� &RPSDUHG WR
WKH UHIHUHQFH DOWHUQDWLYH ZLWK D EHUP KHLJKW RI ��� PHWHUV WKLV LV LQ WKH VDPH UDQJH� )RU HDFK GHVLJQ
DQ RSWLPDO EHUP KHLJKW FDQ EH HVWLPDWHG LQ WHUPV RI WKH ORZHVW SUREDELOLW\ RI IDLOXUH� +RZHYHU WKH
LQYHVWPHQW FRVWV DUH DOVR QHHGHG LQ WKH GHWHUPLQDWLRQ RI WKH RSWLPDO GHVLJQ� 7KH LQYHVWPHQWV FRVWV
VWURQJO\ GHSHQG RQ WKH FRVWV IRU WKH KDUG GLNH SURWHFWLRQV �UXEEOH DQG EDVDOWRQ EORFNV�� 7KH EHUP
KHLJKW LQIOXHQFHV ERWK WKHVH YDULDEOHV EHFDXVH WKH KHLJKW RI WKH EHUP GHWHUPLQHV WKH DPRXQW RI UXEEOH
DQG EDVDOWRQ EORFNV WKDW DUH QHHGHG� $ KLJKHU EHUP OHDGV WR PRUH LQYHVWPHQW FRVWV IRU WKH UXEEOH EXW

�7KH :� VFHQDULR LV GHVFULEHG E\ WKH 5R\DO 1HWKHUODQGV 0HWHRURORJLFDO ,QVWLWXWH DQG LW LV RQH RI IRXU VFHQDULRV WKDW SUHGLFW
IXWXUH ZHDWKHU FRQGLWLRQV�
�7KLV VWDQGDUG LV GHWHUPLQHG LQ SDUDJUDSK ���



���� 2SWLPDO GHVLJQ UHFRPPHQGDWLRQ ��

IRU ORZHU LQYHVWPHQW FRVWV IRU WKH EDVDOWRQ EORFNV� $ FOHDU FRQFOXVLRQ RQ WKH EHUP KHLJKW FDQ QRW EH
GUDZQ IURP WKHVH UHVXOWV�

7KH ZLGWK RI WKH EHUP LV IRU DOO WKH RSWLPDO DOWHUQDWLYHV ORZHU WKDQ WKH UHIHUHQFH DOWHUQDWLYH� $ FRQ�
FOXVLRQ LV WKDW ORZHU SUREDELOLWLHV RI IDLOXUH DUH UHDFKHG ZLWK D VPDOOHU EHUP� ZKLFK LV FRPSHQVDWHG E\
WKH RWKHU YDULDEOHV �IRU LQVWDQFH D KLJKHU GLNH FURZQ�� 7KH LQYHVWPHQW FRVWV IRU UXEEOH KDYH D ODUJH
LQIOXHQFH RQ WKH WRWDO LQYHVWPHQW FRVWV VR VPDOOHU EHUPV UHVXOW ORJLFDOO\ LQ ORZHU LQYHVWPHQW FRVWV�
+RZHYHU LQYHVWLJDWLRQ RQ WKH VWDELOLW\ RI WKH UXEEOH LV QHHGHG IRU VPDOOHU EHUPV�

7KH LQYHVWPHQW FRVWV IRU WKH KDUG GLNH SURWHFWLRQ GHSHQG EHVLGHV WKH EHUP KHLJKW RQ WKH DQJOH RI WKH
VORSHV DV ZHOO� &RPSDUHG WR WKH UHIHUHQFH DOWHUQDWLYH WZR GLIIHUHQFHV DUH QRWLFHG� ,Q WKH RSWLPL]DWLRQ
WKH XSSHU VORSHV DUH �PRVW RI WKH WLPH� VWHHSHU DQG WKH ORZHU VORSHV DUH PRUH JHQWOH� 7KH VWHHSHU
XSSHU VORSHV FDQ UHVXOW LQ LQVWDELOLW\ RI WKH EDVDOWRQ UHYHWPHQW� VR LW LV UHFRPPHQGHG WR LQYHVWLJDWH WKLV
EHIRUH D GHILQLWH GHVLJQ LV FKRVHQ� 7KH ORZHU VORSHV DUH LQ WKH RSWLPDO GHVLJQV JHQWOHU ZKLFK UHVXOWV LQ
D PRUH VWDEOH VLWXDWLRQ� +RZHYHU D PRUH JHQWOHU VORSH UHVXOWV DOVR LQ KLJKHU LQYHVWPHQW FRVWV EHFDXVH
PRUH PDWHULDO LV QHHGHG�

$QRWKHU RSWLRQ LV WR LQYHVWLJDWH WKH SRVVLEOH DOWHUQDWLYHV ZLWK UHODWLYHO\ ORZ SUREDELOLWLHV RI IDLOXUH DQG
ORZHU LQYHVWPHQW FRVWV WKDQ WKH UHIHUHQFH DOWHUQDWLYH� )URP DOO WKH SRVVLEOH DOWHUQDWLYHV ZLWK ORZHU
LQYHVWPHQWV FRVWV WKDQ WKH UHIHUHQFH DOWHUQDWLYH DQG ZLWK UHWXUQ SHULRGV WKDW DUH WZLFH DV KLJK DV WKH
VWDQGDUG ����� ���� WKH WRS WHQ LV VKRZQ LQ 7DEOH ����
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7DEOH ���� &RVW HVWLPDWLRQ IRU WKH WHQ DOWHUQDWLYHV ZLWK UHWXUQ SHULRGV KLJKHU WKHQ �� ��� \HDUV DQG ORZHVW FRVWV�

&RPSDUHG WR WKH UHVXOWV IURP WKH RSWLPL]DWLRQ ZLWK PLQLPDO FRVWV QR FOHDU GLIIHUHQFHV DUH GHSLFWHG�
H[FHSW IRU WKH ZLGWK RI WKH EHUP� ,Q WKHVH UHVXOWV WKH EHUP ZLGWKV DUH DOO � PHWHUV EXW WKLV FDQ UHVXOW
LQ LQVWDELOLW\ RI WKH UXEEOH� VR H[WUD LQYHVWLJDWLRQ LV QHHGHG� +RZHYHU ZH VHH WKDW VWLOO IRU VPDOOHU
DPRXQWV RI PRQH\ D ORW KLJKHU VDIHW\ OHYHOV DUH UHDFKHG� XS WR D IDFWRU RI � WLPHV DV VDIH DV WKH
UHIHUHQFH DOWHUQDWLYH�

���� 2SWLPDO GHVLJQ UHFRPPHQGDWLRQ
7DNLQJ WKH UHVXOWV RI WKH RSWLPL]DWLRQ LQWR DFFRXQW DQ RSWLPDO GHVLJQ LV UHFRPPHQGHG� )LUVW RI DOO
IURP WKH UHVXOWV LW LV FRQFOXGHG WKDW D KLJKHU GLNH FURZQ KDV D PDMRU LQIOXHQFH RQ WKH ORZHULQJ RI WKH
SUREDELOLW\ RI IDLOXUH� 7KHUHIRUH D KLJKHU GLNH FURZQ LV UHFRPPHQGHG� 2QH RI WKH GHVLUHV IRU WKH GHVLJQ
RI WKH $IVOXLWGLMN LV WKDW LW KDV D XQLIRUP GHVLJQ DOO DORQJ WKH FRPSOHWH GLNH ERG\� 6RPH GLPHQVLRQV FDQ
YDU\ VOLJKWO\ DORQJ WKH GLNH ERG\ IRU GLIIHUHQW GLNH VHFWLRQV EXW PDMRU GLIIHUHQFHV DUH QRW GHVLUDEOH� )RU
WKH GLNH FURZQ KHLJKW D YDULDWLRQ DORQJ WKH GLNH GRHV QRW KDYH D PDMRU LPSDFW RQ WKH FKDUDFWHU RI WKH
$IVOXLWGLMN VR D KLJKHU GLNH FURZQ KHLJKW� DW OHDVW IRU GLNH VHFWLRQ �%� LV UHFRPPHQGHG�

:LWK D KLJKHU GLNH FURZQ KHLJK WKH ZLGWK RI WKH EHUP FDQ DOVR EH UHGXFHG FRPSDUHG WR WKH UHIHUHQFH
DOWHUQDWLYH� 7KH UHGXFWLRQ RI WKH EHUP ZLGWK UHVXOWV LQ ORZHU LQYHVWPHQW FRVWV� KRZHYHU WKH VWDELOLW\
RI WKH UXEEOH PXVW EH JXDUDQWHHG� $OVR D ZLGHU EHUP UHVXOWV LQ ORZHU SUREDELOLWLHV RI IDLOXUH� $V DQ
DYHUDJH RI WKH ILUVW RSWLPL]DWLRQ WKH EHUP ZLGWK LV VHW DW D PLQLPXP YDOXH RI ��� PHWHUV� $OVR D PRUH



�� �� 1HZ GHVLJQ RI WKH $IVOXLWGLMN

JHQWOH ORZHU VORSH UHVXOWV LQ ORZHU SUREDELOLW\ RI IDLOXUH� $W WKH VDPH WLPH D PRUH JHQWOH VORSH UHVXOWV
LQ PRUH VWDELOLW\ RI WKH UXEEOH�

.HHSLQJ WKLV LQ PLQG DQ H[WUD RSWLPL]DWLRQ LV GRQH ZLWK VPDOOHU VWHS VL]HV DQG VPDOOHU UDQJHV IRU WKH
GLIIHUHQW YDULDEOHV� 7KH YDOXHV DQG VWHS VL]HV DUH VKRZQ LQ 7DEOH ����

9DULDEOH 6WDUW YDOXH (QG YDOXH ́ VWHS 1XPEHU RI VWHSV
GLNH KHLJKW � ���� ���� �
EHUP KHLJKW ��� ��� ��� �
EHUP ZLGWK ��� ���� ��� �
XSSHU VORSH � � ��� �
ORZHU VORSH � � ��� �

7DEOH ���� 6WHSV IRU WKH YDULDEOHV XVHG LQ WKH GHWDLOHG RSWLPL]DWLRQ IRU RYHUWRSSLQJ�

,Q 7DEOH ��� WKH ILYH DOWHUQDWLYHV ZLWK UHDOLVWLF GHVLJQV DQG WKH ORZHVW FRVWV DUH VKRZQ� 7KH UHVXOWV RI
WKHVH IXUWKHU RSWLPL]DWLRQ DUH KLJKHU WKDQ WKH RSWLPL]HG DOWHUQDWLYH LQ WKH SUHYLRXV SDUDJUDSK� 7KLV LV
SDUWO\ EHFDXVH WKH PLQLPXP EHUP ZLGWK LV VHW DW ��� PHWHUV LQ VWHDG RI � PHWHUV ZKLFK UHVXOWV LQ H[WUD
FRVWV�
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7DEOH ���� &RVW HVWLPDWLRQ IRU ILYH UHDOLVWLF DOWHUQDWLYHV ZLWK WKH ORZHVW FRVWV�

:LWK DOO WKH UHVXOWV WDNHQ LQWR DFFRXQW LW LV FRQFOXGHG WKDW WKHUH LV VWLOO URRP IRU LPSURYHPHQW RQ
WKH UHIHUHQFH DOWHUQDWLYH LI RQO\ WKH IDLOXUH PHFKDQLVP RI ZDYH UXQ�XS DQG RYHUWRSSLQJ LV WDNHQ LQWR
DFFRXQW� 7R PDNH VXUH WKLV RSWLPDO GHVLJQ LV VDIH HQRXJK IXUWKHU LQYHVWLJDWLRQ RQ WKH VWDELOLW\ RI WKH
UXEEOH DQG WKH EDVDOWRQ UHYHWPHQW LV QHHGHG� $OVR D ILQDO FKHFN RQ WKH PDFUR VWDELOLW\ LV QHHGHG EHIRUH
WKLV RSWLPL]HG DOWHUQDWLYH LV GHILQLWHO\ VDIH HQRXJK IRU WKH VWDQGDUG RI ��� ��� SHU \HDU�

7KLV VDIHW\ VWDQGDUG� SURSRVHG E\ D VWXG\ E\ WKH &3%� LV DV VWDWHG EHIRUH XQVXUH DQG LW UHPDLQV XQFOHDU
ZKDW WKH VDIHW\ VWDQGDUG LV JRLQJ WR EH LQ WKH IXWXUH� 7KH UHIHUHQFH DOWHUQDWLYH DQG WKH QHZ GHVLJQ DUH
EDVHG RQ WKH ROG VWDQGDUG� ZKLFK SUHVFULEHV WKDW WKH $IVOXLWGLMN KDV WR DEOH WR ZLWKVWDQG D VWRUP ZLWK
DQ H[FHHGDQFH IUHTXHQF\ RI ���� ��� SHU \HDU� ,I WKLV VWDQGDUG LV XVHG DV D VWDUWLQJ SRLQW WKH GHVLJQ
LV PRVW OLNHO\ VDIH HQRXJK IRU WKH SURSRVHG VWDQGDUG ZLWK D SUREDELOLW\ RI IDLOXUH RI ��� ��� SHU \HDU�
+RZHYHU WKLV VWDQGDUG PD\ EH ORZHU RU KLJKHU LQ WKH IXWXUH�

%HVLGHV WKH XQFHUWDLQW\ LQ WKH QHZ VDIHW\ VWDQGDUG WKHUH LV D ORW RI XQFHUWDLQW\ LQ WKH GHWHUPLQDWLRQ
RI WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH� 7KH VWUHQJWK RI WKH LQQHU VORSH� WKH SXOVDWLQJ FKDUDFWHU RI WKH
RYHUWRSSLQJ ZDYHV DQG QRQ ZDWHU UHWDLQLQJ REMHFWV DOO KDYH LQIOXHQFH RQ WKH YDOXH IRU WKH FULWLFDO
RYHUWRSSLQJ GLVFKDUJH� 6WDQGDUGV IRU WKLV FULWLFDO RYHUWRSSLQJ GLVFKDUJH DUH RQO\ IRU GLNH ZLWK VLJQLILFDQW
ZDYH KHLJKWV XS WR � PHWHU� 7KH $IVOXLWGLMN LV DWWDFNHG E\ HYHQ KLJKHU ZDYHV VR WKHVH VWDQGDUGV GR
QRW DSSO\ WR WKH $IVOXLWGLMN� ,Q )LJXUH ���� WKH VHQVLWLYLW\ RI WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH LV VKRZQ
IRU WKH UHIHUHQFH DOWHUQDWLYH�

)URP WKLV )LJXUH LW LV FOHDU WKDW LI D KLJKHU YDOXH LV অFKRVHQঅ DV D VWDQGDUG WKLV UHVXOWV LQ ORZHU SUREDELOLW\
RI IDLOXUH� 7KHUHIRUH WKH XQFHUWDLQW\ LQ WKH GHWHUPLQDWLRQ RI WKH YDOXH RI WKH FULWLFDO RYHUWRSSLQJ GLV�
FKDUJH LQ WKH IXWXUH DOVR LPSOLHV XQFHUWDLQWLHV� $V WKH IDLOXUH PHFKDQLVP ZDYH UXQ�XS DQG RYHUWRSSLQJ
KDV WKH ODUJHVW LQIOXHQFH RQ WKH SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN WKLV XQFHUWDLQW\ LV DQ LVVXH WKDW
FDQ QRW EH QHJOHFWHG�

,Q WKH RSWLPL]DWLRQ D YDOXH RI �� O�V�P LV XVHG� EXW LQ DQ HDUOLHU 06F WKHVLV RQ WKH $IVOXLWGLMN �/DQGD�
����� LW LV VWDWHG WKDW WKH $IVOXLWGLMN LV DEOH WR ZLWKVWDQG RYHUWRSSLQJ GLVFKDUJHV XS WR �� O�V�P� )URP



���� 2SWLPDO GHVLJQ UHFRPPHQGDWLRQ ��

)LJXUH ����� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH KHLJKW RI WKH EHUP�

D VHQVLWLYLW\ DQDO\VLV LQ WKLV 06F UHVHDUFK LW LV FOHDU WKDW WKLV FDQ UHVXOW LQ D SUREDELOLW\ RI IDLOXUH ZKLFK
LV IRXU WLPHV ORZHU� 7KH XQFHUWDLQW\ LQ WKH GHWHUPLQDWLRQ RI WKH FULWLFDO RYHUWRSSLQJ FDQ KDYH D PDMRU
LQIOXHQFH RQ WKH GHVLJQ RI WKH $IVOXLWGLMN ZKLFK PXVW EH NHSW LQ PLQG GXULQJ WKH GHYHORSPHQW RI
D GHVLJQ IRU WKH $IVOXLWGLMN� $OVR WKH YDOXH RI WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH ZKHUH LQLWLDO GDPDJH
RFFXUV LV ORZHU WKDQ WKH YDOXH ZKHUH D EUHDFK VWDUWV WR GHYHORS� 7KH FKRLFH IRU WKH DOORZDEOH DPRXQW RI
GDPDJH WKHUHIRUH DOVR KDV DQ LQIOXHQFH RQ WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH WKDW LV XVHG LQ GHVLJQ DQG
DVVHVVPHQW VWDQGDUGV� 7KHUHIRUH LW LV UHFRPPHQGHG WR LQYHVWLJDWH WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH
IXUWKHU�

:LWK WKHVH XQFHUWDLQWLHV LQ PLQG LW LV UHFRPPHQGHG WR PDNH DQ HDVLO\ DGDSWDEOH GHVLJQ WKDW LV QRW
VDIHU WKDQ UHTXLUHG DW WKLV PRPHQW� 7KLV LV UHFRPPHQGHG WR VDYH PRQH\ RQ WKH VWUHQJWKHQLQJ RI
WKH $IVOXLWGLMN DW WKLV PRPHQW� ,W LV SRVVLEOH WKDW WKH QHZ VDIHW\ VWDQGDUG ZLOO EH ORZHU WKDQ WKH
UHFRPPHQGHG SUREDELOLW\ RI IDLOXUH RI ��� ��� SHU \HDU RU WKDW WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH� ZKLFK
LV QRZ VHW DW �� O�V�P� PD\ EH KLJKHU DIWHU QHZ LQVLJKWV DQG�RU UHVHDUFK� 7KH GHVLJQ KRZHYHU PXVW
EH HDVLO\ DGDSWDEOH DQG LPSURYHPHQWV ZLWK ORZ LQYHVWPHQW FRVWV EXW D KLJK LQIOXHQFH RQ WKH ORZHULQJ
RI WKH SUREDELOLW\ RI IDLOXUH DUH QHHGHG WR EH UHDG\ IRU IXWXUH FKDQJHV�

7KH GHVLJQ RI WKH UHIHUHQFH DOWHUQDWLYH LV D JRRG H[DPSOH RI DQ DGDSWDEOH DOWHUQDWLYH� LQ ZKLFK WKH
KHLJKW DQG WKH ZLGWK RI WKH EHUP DUH HDVLO\ DGDSWDEOH E\ DGGLQJ PRUH UXEEOH� $OVR WKH ORZHU VORSH
LV HDVLO\ DGDSWDEOH� +HLJKWHQLQJ RI WKH GLNH FURZQ RU DGMXVWPHQWV WR WKH XSSHU VORSH DUH D ORW KDUGHU
ZLWK WKLV GHVLJQ� &KDQJLQJ WKH XSSHU VORSH RU WKH KHLJKW RI WKH GLNH FURZQ UHVXOWV LQWR FKDQJHV WR WKH
ORZHU SDUW DV ZHOO� ,I WKLV LV GRQH WKH UXEEOH KDV WR EH UHPRYHG EHIRUH FKDQJHV FDQ EH PDGH ZKLFK
ZLOO FRVW H[WUD PRQH\�

,Q WKH GHVLJQ RI WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN WKH VXVWDLQDELOLW\ DQG WKH ODQGVFDSH YDOXH DOVR SOD\
DQ LPSRUWDQW UROH� ,Q WKLV WKHVLV WKHVH IDFWRUV DUH QRW WDNHQ LQWR DFFRXQW EHFDXVH WKH FRQFHSW RI WKH
DOWHUQDWLYH LV WKH VDPH DV WKH UHIHUHQFH DOWHUQDWLYH %�� GHYHORSHG E\ :�%� )RU WKH ILQDO GHVLJQ LW LV
UHFRPPHQGHG WR LQYHVWLJDWH WKHVH IDFWRUV DV ZHOO WR JXDUDQWHH D VXVWDLQDEOH GHVLJQ WKDW অILWVঅ LQ WKH
ODQGVFDSH DV ZHOO�

)RU WKH GHVLJQ RI WKH $IVOXLWGLMN LW LV UHFRPPHQGHG WR PDNH D GHVLJQ ZLWK D KLJKHU GLNH FURZQ KHLJKW
RI DW OHDVW � PHWHU� 7KLV LV EHFDXVH LW LV KDUGHU WR FKDQJH DIWHU WKH UXEEOH LV SODFHG LQ IURQW RI WKH GLNH�
%HFDXVH WKH GLNH LV KLJKHU D VWHHSHU XSSHU VORSH FRPSDUHG WR WKH UHIHUHQFH DOWHUQDWLYH FDQ EH XVHG
�������� )XUWKHUPRUH LW LV UHFRPPHQGHG WR SODFH UXEEOH ZLWK D EHUP DW � � P 1$3 ZLWK D ZLGWK RI ���
PHWHUV DQG D ORZHU VORSH RI ������ $ FRVW HVWLPDWLRQ RI WKH DOWHUQDWLYH LV VKRZQ LQ 7DEOH ���� DQG D
VFKHPDWL]DWLRQ RI WKLV DOWHUQDWLYH LV VKRZQ LQ )LJXUH �����
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7DEOH ����� &RVW HVWLPDWLRQ IRU WKH UHFRPPHQGHG DOWHUQDWLYH DQG WKH UHIHUHQFH DOWHUQDWLYH�

7KH VDIHW\ LQ WKH IXWXUH LV LQFUHDVHG E\ FKDQJLQJ RQH RU PRUH RI WKH IROORZLQJ YDULDEOHV�

 EHUP KHLJKW
 EHUP ZLGWK
 ORZHU VORSH

)LJXUH ����� 6FKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ RI WKH UHFRPPHQGHG DGDSWDEOH DOWHUQDWLYH�

)LJXUH ����� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH KHLJKW RI WKH EHUP IRU WKH UHFRPPHQGHG DOWHUQDWLYH�

,Q )LJXUH ���� WKH LQIOXHQFH RI WKH EHUP KHLJKW RQ WKH WRWDO SUREDELOLW\ RI IDLOXUH IRU WKH UHFRPPHQGHG
GHVLJQ LV VKRZQ� ,W FDQ EH FRQFOXGHG WKDW LQFUHDVLQJ WKH EHUP KHLJKW FDXVHV D GHFUHDVH RI WKH VDIHW\�
VR WKLV LV QRW IDYRUDEOH� $OWKRXJK WKH RSWLPDO EHUP KHLJKW LQ WHUPV RI VDIHW\ LV DURXQG � � WR � ��� P
1$3 D KHLJKW IRU WKH UHFRPPHQGHG DOWHUQDWLYH LV FKRVHQ DW � P� 7KLV LV GRQH EHFDXVH WKLV LV FKHDSHU
�EDVDOWRQ UHYHWPHQW DERYH WKH EHUP LV PRUH H[SHQVLYH WKDQ UXEEOH� DQG LW LV HIIHFWLYH DJDLQVW VHD OHYHO
ULVH� 7KH HIILFLHQF\ RI D EHUP GHSHQGV RQ WKH VWLOO ZDWHU OHYHO GXULQJ D VWRUP HYHQW� VR WDNLQJ WKH IXWXUH
VHD OHYHO ULVH LQWR DFFRXQW D KLJKHU EHUP LV PRUH HIIHFWLYH�



���� 2SWLPDO GHVLJQ UHFRPPHQGDWLRQ ��

)LJXUH ����� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH ZLGWK RI WKH EHUP IRU WKH UHFRPPHQGHG DOWHUQDWLYH�

,Q )LJXUH ���� WKH LQIOXHQFH RI WKH EHUP ZLGWK RQ WKH WRWDO SUREDELOLW\ RI IDLOXUH LV VKRZQ� :LGHQLQJ
RI WKH EHUP IXUWKHU WKDQ ���� PHWHUV LV QRW HIIHFWLYH DQ\PRUH� DV VKRZQ LQ WKLV )LJXUH� ,QYHVWLQJ LQ
H[WUD EHUP ZLGWK XS WR WKLV OLPLW UHVXOWV LQ VLJQLILFDQW ORZHU SUREDELOLWLHV RI IDLOXUH�

,Q )LJXUH ���� WKH LQIOXHQFH RI WKH DQJOH RI WKH ORZHU VORSH RQ WKH WRWDO SUREDELOLW\ RI IDLOXUH LV VKRZQ�
$ PRUH JHQWOH VORSH� XS WR D VORSH RI ����� UHVXOWV LQ VLJQLILFDQW GHFUHDVHV RI WKH SUREDELOLW\ RI IDLOXUH�

)LJXUH ����� 5HWXUQ SHULRGV RI IDLOXUH IRU GLIIHUHQW YDOXHV IRU WKH ORZHU VORSH IRU WKH UHFRPPHQGHG DOWHUQDWLYH�

,W FDQ EH FRQFOXGHG WKDW RQO\ WZR PHDVXUHV DUH HIIHFWLYH LQ UHGXFLQJ WKH SUREDELOLW\ RI IDLOXUH RI WKH
UHFRPPHQGHG GHVLJQ� :LGHQLQJ RI WKH EHUP DQG GHFUHDVLQJ WKH DQJOH RI WKH ORZHU VORSH DUH WZR
VROXWLRQV WKDW DUH HIIHFWLYH� ,Q )LJXUH ���� WKH LQYHVWPHQW FRVWV IRU WKH H[WUD UXEEOH DUH VKRZQ IRU ERWK
WKH VROXWLRQV�

7R FRPSDUH KRZ HIIHFWLYH WKHVH PHDVXUHV DUH LQ WHUPV RI LQYHVWPHQW FRVWV WKH FRVWV RI H[WUD UXEEOH
IRU ERWK WKH VROXWLRQV DUH SORWWHG DJDLQVW WKH UHWXUQ SHULRG RI IDLOXUH� VKRZQ LQ )LJXUH ����� )URP WKLV
)LJXUH LW LV FRQFOXGHG WKDW ERWK WKH VROXWLRQV RI ZLGHQLQJ RI WKH EHUP DQG GHFUHDVLQJ WKH ORZHU VORSH
KDYH WKH VDPH HIILFLHQF\ XQWLO WKH HIIHFW RI ZLGHQLQJ RI WKH EHUP LV JRQH�
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)LJXUH ����� ,QYHVWPHQW FRVWV IRU LQFUHDVLQJ EHUP ZLGWK DQG PDNLQJ WKH ORZHU VORSH PRUH JHQWOH�

)LJXUH ����� (IIHFW RI WKH LQYHVWPHQW FRVWV RQ WKH UHWXUQ SHULRG RI IDLOXUH�

7R VHH LI ERWK PHDVXUHV DUH HYHQO\ HIIHFWLYH ZH ]RRP LQ RQ WKH ORZHU OHIW FRUQHU RI WKH SUHYLRXV )LJXUH�
,Q WKLV HQODUJHG SORW� VKRZQ LQ )LJXUH ���� ERWK WKH JUDSKV IRU WKH ZLGHQLQJ RI WKH EHUP DQG WKH
GHFUHDVH RI WKH ORZHU VORSH IROORZ PRUH RU OHVV WKH VDPH OLQH� 7KHUHIRUH LW LV FRQFOXGHG WKDW ERWK
PHDVXUHV KDYH WKH VDPH HIILFLHQF\ XS WR WKH SRLQW RI DQ H[WUD LQYHVWPHQW RI ভ� ���� ,I WKH SUREDELOLW\
RI IDLOXUH KDV WR EH UHGXFHG WR D YDOXH ORZHU WKDQ ����� ��� SHU \HDU LW LV PRUH HIIHFWLYH WR LQYHVW LQ D
GHFUHDVH RI WKH ORZHU VORSH�



���� 2SWLPDO GHVLJQ UHFRPPHQGDWLRQ ��

)LJXUH ����� =RRPHG HIIHFW RI WKH LQYHVWPHQW FRVWV RQ WKH UHWXUQ SHULRG RI IDLOXUH�



�
&RQFOXVLRQV� UHFRPPHQGDWLRQV DQG

GLVFXVVLRQ

7KH UHVHDUFK TXHVWLRQ IRU WKLV 06F WKHVLV LV IRUPXODWHG DV IROORZV�

ঈ:KDW LV D SUREDELOLVWLF� FRVW�HIIHFWLYH DQG DGDSWDEOH GHVLJQ IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN"উ

,Q WKLV FKDSWHU FRQFOXVLRQV DUH GUDZQ IURP WKH REWDLQHG UHVXOWV WR DQVZHU WKLV UHVHDUFK TXHVWLRQ� )RO�
ORZLQJ IURP WKHVH FRQFOXVLRQV VRPH UHFRPPHQGDWLRQV DUH GRQH IRU WKH IXWXUH GHVLJQ RI WKH $IVOXLWGLMN
WDNLQJ WKH QHZ VDIHW\ VWDQGDUG LQWR DFFRXQW� $IWHU WKLV SDUDJUDSK WKH UHVXOWV REWDLQHG LQ WKLV 06F
UHVHDUFK DUH GLVFXVVHG WR SRLQW RXW XQFHUWDLQWLHV DQG WKH UHOLDELOLW\ RI WKH UHVXOWV�

���� &RQFOXVLRQV
%HIRUH WKH ILQDO FRQFOXVLRQ LV PDGH ZKLFK DQVZHUV WKH PDLQ UHVHDUFK TXHVWLRQV WKH VXE TXHVWLRQV DUH
DQVZHUHG ILUVW� 7KHVH VXE TXHVWLRQV GLYLGH WKH SUREOHP LQ VPDOOHU SDUWV ZKLFK DUH HDVLHU WR DQVZHU
DQG WKLV IRUPV D FRPSOHWH EDFNJURXQG IRU WKH ILQDO FRQFOXVLRQ RI WKLV 06F UHVHDUFK�

������ 5HVHDUFK VXE TXHVWLRQV
�� :KLFK IDLOXUH PHFKDQLVP DUH RI LPSRUWDQFH IRU WKH $IVOXLWGLMN"
,Q WKLV 0VF UHVHDUFK WKH IRFXV LV RQ WKH GLNH ERG\ RI WKH $IVOXLWGLMN� 7KH VOXLFH FRPSOH[HV DUH QRW WDNHQ
LQWR DFFRXQW DQG WKHUHIRUH IDLOXUH PHFKDQLVPV IRU WKHVH K\GUDXOLF VWUXFWXUHV DUH QRW LQYHVWLJDWHG� )RU
WKH GLNH ERG\ LWVHOI WKH PRVW OLNHO\ IDLOXUH PHFKDQLVPV WKDW KDYH DQ LQIOXHQFH RQ WKH SUREDELOLW\ RI
IDLOXUH DUH LQYHVWLJDWHG� 7KHVH IDLOXUH PHFKDQLVPV DUH WKH IROORZLQJ�

 ZDYH UXQ�XS DQG RYHUWRSSLQJ
 LQVWDELOLW\ RI WKH UHYHWPHQW RQ WKH RXWHU VORSH
 PDFUR LQVWDELOLW\ RI WKH LQQHU DQG RXWHU VORSH
 SLSLQJ DQG KHDYH

5HVXOWV IURP FDOFXODWLRQV ZLWK WKH 0DWODE PRGHO VKRZ WKDW WKH IDLOXUH PHFKDQLVP ZLWK WKH ODUJHVW
LQIOXHQFH RQ WKH SUREDELOLW\ RI IDLOXUH LV ZDYH UXQ�XS DQG RYHUWRSSLQJ� 7KH VHFRQG PRVW LPSRUWDQW
IDLOXUH PHFKDQLVP LV WKH LQVWDELOLW\ RI WKH UHYHWPHQW RQ WKH RXWHU VORSH� 7KH SUREDELOLWLHV RI IDLOXUH
RI WKH IDLOXUH PHFKDQLVPV RI PDFUR LQVWDELOLW\ DQG SLSLQJ DQG KHDYH DUH YHU\ VPDOO FRPSDUHG WR WKH
RWKHU WZR IDLOXUH PHFKDQLVPV DQG WKH\ KDYH DQ LQIOXHQFH RQ WKH WRWDO SUREDELOLW\ RI IDLOXUH WKDW FDQ EH
QHJOHFWHG�

,Q WKLV WKHVLV RQO\ WKH IDLOXUH PHFKDQLVPV RI ZDYH UXQ�XS DQG RYHUWRSSLQJ DQG LQVWDELOLW\ RI WKH UHYHW�
PHQW RQ WKH RXWHU VORSH DUH FRQVLGHUHG� ,Q WKH DVVHVVPHQW RI WKH SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN�
WDNLQJ WKH FRUUHODWLRQ DQG OHQJWK HIIHFW LQWR DFFRXQW LQ 3&�5LQJ� ERWK WKHVH IDLOXUH PHFKDQLVPV DUH FDO�
FXODWHG� )URP WKH UHVXOWV LQ WKH 0DWODE PRGHO DQG IURP WKH UHVXOWV LQ 3&�5LQJ LW LV FRQFOXGHG WKDW

��



���� &RQFOXVLRQV ��

WKH IDLOXUH PHFKDQLVPV RI ZDYH UXQ�XS DQG RYHUWRSSLQJ KDV D VLJQLILFDQW ODUJHU LQIOXHQFH RQ WKH WRWDO
SUREDELOLW\ RI IDLOXUH� 7KHUHIRUH RQO\ WKLV IDLOXUH PHFKDQLVP LV WDNHQ LQWR DFFRXQW LQ WKH RSWLPL]DWLRQ
RI WKH DOWHUQDWLYH IRU WKH UHVWUHQJWKHQLQJ RI WKH $IVOXLWGLMN�

�� :KDW LV WKH SUREDELOLW\ RI IDLOXUH RI WKH H[LVWLQJ $IVOXLWGLMN"

,Q HDUOLHU DVVHVVPHQWV RQ WKH VDIHW\ WKH $IVOXLWGLMN LV GLVDSSURYHG� 7KHUHIRUH D UHVWUHQJWKHQLQJ GHVLJQ
LV GHYHORSHG WR JXDUDQWHH WKH VDIHW\ DJDLQVW IDLOXUH DJDLQ� 7KHVH DVVHVVPHQWV DQG WKH QHZ GHVLJQ DUH
EDVHG RQ WKH FXUUHQW VWDQGDUG DQG WKH DOWHUQDWLYHV WKDW DUH GHYHORSHG DW WKLV PRPHQW GR QRW WDNH WKH
QHZ VDIHW\ VWDQGDUG LQWR DFFRXQW� ,W LV SRVVLEOH WKDW WKH H[LVWLQJ $IVOXLWGLMN LV VDIH HQRXJK IRU WKH QHZ
VDIHW\ VWDQGDUG� VR WKH FXUUHQW SUREDELOLW\ RI IDLOXUH LV DVVHVVHG�

7R DVVHVV WKH SUREDELOLW\ RI IDLOXUH RI WKH H[LVWLQJ GHVLJQ RI WKH $IVOXLWGLMN RQO\ WKH GLNH ERG\ LV LQYHV�
WLJDWHG� 7KH VOXLFH FRPSOH[HV DUH RXWVLGH WKH VFRSH RI WKLV 06F UHVHDUFK� %HFDXVH WKH GLNH VHFWLRQV
DURXQG WKH VOXLFH FRPSOH[HV DUH SURWHFWHG E\ EUHDNZDWHUV WKH K\GUDXOLF ORDGV DUH OHVV VHYHUH� 7KH K\�
GUDXOLF ORDGV DUH QRW NQRZQ IRU WKHVH ORFDWLRQV VR WKHVH GLNH VHFWLRQV DUH QRW WDNHQ LQWR DFFRXQW�

7KH UHVW RI WKH GLNH VHFWLRQV DUH DOO DVVHVVHG RQ WKH SUREDELOLW\ RI IDLOXUH GXH WR RYHUWRSSLQJ� $V
H[SHFWHG EHIRUH WKH GLNH VHFWLRQ ZLWK WKH PRVW VHYHUH K\GUDXOLF ORDGV �GLNH VHFWLRQ �%� KDV WKH ODUJHVW
SUREDELOLW\ RI IDLOXUH� ZKLFK LV ����� SHU \HDU� )RU DOO WKH GLNH VHFWLRQV FRPELQHG WKH WRWDO SUREDELOLW\
RI IDLOXUH GXH WR RYHUWRSSLQJ LV ����� SHU \HDU�

)RU WKH IDLOXUH PHFKDQLVP RI LQVWDELOLW\ RI WKH VWRQH UHYHWPHQW DURXQG ��� RI WKH GLNH VHFWLRQV LV
FDOFXODWHG� 7KLV VHOHFWLRQ LV EDVHG RQ D VFUHHQLQJ PHWKRG SURSRVHG E\ WKH 91. SURMHFW� 7KH VHOHFWLRQ
RI WKH GLNH VHFWLRQV LV GRQH E\ VHOHFWLRQ WKH GLNH VHFWLRQV ZLWK WKH PRVW VHYHUH K\GUDXOLF ERXQGDU\
FRQGLWLRQV DQG�RU WKH ZHDNHVW UHYHWPHQW VHFWLRQV� )RU WKH $IVOXLWGLMN WKH GLNH VHFWLRQV ZLWK WKH PRVW
VHYHUH K\GUDXOLF ERXQGDU\ FRQGLWLRQV DUH VHOHFWHG �GLNH VHFWLRQ �$ XS WR ��%�� 7KH ZHDNHVW UHYHWPHQW
VHFWLRQ LV LQ GLNH VHFWLRQ ��$� ZKHUH EDVDOW EORFNV DUH SODFHG GLUHFWO\ RQ FOD\� 7KH SUREDELOLW\ RI IDLOXUH
DW WKLV ORFDWLRQ GXH WR LQVWDELOLW\ RI WKH EDVDOW EORFNV LV ����� SHU \HDU� )RU WKH GLNH VHFWLRQV FRPELQHG
WKH WRWDO SUREDELOLW\ RI IDLOXUH IRU WKLV IDLOXUH PHFKDQLVP LV ����� SHU \HDU�

7KH WRWDO SUREDELOLW\ RI IDLOXUH RI WKH H[LVWLQJ $IVOXLWGLMN LV IRXQG DIWHU FRPELQLQJ WKH UHVXOWV IRU RYHU�
WRSSLQJ DQG LQVWDELOLW\ RI WKH UHYHWPHQW� 7KLV UHVXOWV LQ D WRWDO SUREDELOLW\ RI IDLOXUH RI DURXQG �����
SHU \HDU� 7KH FXUUHQW VDIHW\ VWDQGDUG IRU WKH $IVOXLWGLMN LV VDIHW\ DJDLQVW K\GUDXOLF ORDGV ZLWK DQ H[�
FHHGDQFH IUHTXHQF\ RI ���� ��� SHU \HDU� ,Q WKH FXUUHQW VDIHW\ VWDQGDUG WKLV H[FHHGDQFH IUHTXHQF\ LV
FKRVHQ WR FRPSO\ ZLWK WKH DGMDFHQW IORRG GHIHQFHV� UHJDUGOHVV RI WKH SRVVLEOH FRQVHTXHQFHV RI IDLOXUH
RI WKH $IVOXLWGLMN�

,Q WKH QHZ VDIHW\ VWDQGDUGV WKHVH FRQVHTXHQFHV ZLOO EH WDNHQ LQWR DFFRXQW ZKLFK FRXOG UHVXOW LQ ORZHU
SUREDELOLWLHV RI IDLOXUH�7KH FRQVHTXHQFHV RI D EUHDFK VRPHZKHUH LQ WKH $IVOXLWGLMN DUH QRW DV VHYHUH DV
IDLOXUH RI D UHJXODU GLNH DV RQO\ WKH ZDWHU OHYHO RI /DNH ,-VVHO ZLOO ULVH �XS WR �� FP IRU D VLQJOH VWRUP
HYHQW �:LMEHQJD DQG 0HLMHU� ������� $Q HFRQRPLF RSWLPL]DWLRQ IRU WKH VWDQGDUG RI WKH $IVOXLWGLMN LV GRQH
�=ZDQHYHOG DQG 9HUZHLM� ����� ZKLFK UHVXOWV LQ DQ RSWLPDO GHVLJQ RI WKH $IVOXLWGLMN ZLWK D SUREDELOLW\
RI IDLOXUH RI ��� ���� 7KH UHVXOWV RI WKLV LQYHVWLJDWLRQ DUH WKH EHVW HVWLPDWLRQ DW WKLV PRPHQW DQG LW
FDQ EH FRQFOXGHG WKDW WKH FXUUHQW FRQILJXUDWLRQ RI WKH $IVOXLWGLMN ZLWK D SUREDELOLW\ RI IDLOXUH RI DURXQG
����� SHU \HDU LV LQVXIILFLHQW� 7KHUHIRUH LPSURYHPHQW RI WKH $IVOXLWGLMN LV QHHGHG�

�� :KDW IORRG VDIHW\ VWDQGDUG �SUREDELOLW\ RI IDLOXUH� IRU WKH $IVOXLWGLMN LV PRVW OLNHO\ WR EH
LQWURGXFHG ZLWK WKH QHZ VWDQGDUG"

$V FRQFOXGHG DERYH WKH $IVOXLWGLMN KDV WR EH LPSURYHG EHFDXVH WKH SUREDELOLW\ RI IORRGLQJ LV WRR KLJK
DW WKLV PRPHQW� 7R GHYHORS D GHVLJQ LW LV XVHIXO WR NQRZ ZKDW WKH QHZ VWDQGDUG LV JRLQJ WR EH� ,Q WKH
DQVZHU RQ WKH SUHYLRXV TXHVWLRQ DQ HFRQRPLF RSWLPL]DWLRQ IRU WKH IORRG VDIHW\ VWDQGDUG RI WKH $IVOXLWGLMN
LV PHQWLRQHG �=ZDQHYHOG DQG 9HUZHLM� ������ ,Q WKLV LQYHVWLJDWLRQ DQ HFRQRPLF RSWLPDO GHVLJQ IRU WKH
$IVOXLWGLMN LV IRXQG ZLWK D SUREDELOLW\ RI IDLOXUH RI ��� ��� SHU \HDU� 7KLV LQYHVWLJDWLRQ LV EDVHG RQ
XQFHUWDLQWLHV DQG WKHUH VWLOO UHPDLQV GLVFXVVLRQ DERXW WKLV SURSRVHG VWDQGDUG IRU WKH $IVOXLWGLMN� $W



�� �� &RQFOXVLRQV� UHFRPPHQGDWLRQV DQG GLVFXVVLRQ

WKH PRPHQW QR RWKHU VWXGLHV KDYH LQYHVWLJDWHG WKH VDIHW\ VWDQGDUG IRU WKH $IVOXLWGLMN VR LQ WKLV 06F
UHVHDUFK WKH SURSRVHG SUREDELOLW\ RI IDLOXUH RI ��� ��� SHU \HDU LV XVHG�

�� :KDW LV WKH SUREDELOLW\ RI IDLOXUH RI WKH UHIHUHQFH DOWHUQDWLYH WKDW LV GHYHORSHG DW WKLV
PRPHQW"

,Q WKH DVVHVVPHQW DQG WKH RSWLPL]DWLRQ RI WKH DOWHUQDWLYH RQO\ WKH IDLOXUH PHFKDQLVP RI ZDYH UXQ�XS
DQG RYHUWRSSLQJ LV FRQVLGHUHG� :LWK WKH GHVLJQ LQVWUXPHQW RI 2,���� DQG HDUOLHU UHVXOWV WKH VWDQGDUG
IRU D VLQJOH GLNH VHFWLRQ IRU D VLQJOH IDLOXUH PHFKDQLVP LV GHWHUPLQHG� 7KH VDIHW\ VWDQGDUG �ൕ፧፨፫፦�
IRU WKH WRWDO IDLOXUH RI WKH $IVOXLWGLMN LV PXOWLSOLHG E\ D IDLOXUH PHFKDQLVP EXGJHW �ဋ� DQG GLYLGHG E\ D
IDFWRU �� WR WDNH WKH FRUUHODWLRQ DQG OHQJWK HIIHFW LQWR DFFRXQW�

ൕ፞ ።፬�፝፬፧  
ൕ፧፨፫፦ ॲ ဋ


)URP WKH UHVXOWV D YDOXH RI ��� LV DVVXPHG IRU ဋ� ��� IRU  DQG ZLWK D VWDQGDUG RI ��� ��� SHU \HDU
WKH VWDQGDUG IRU D VLQJOH GLNH VHFWLRQ IRU WKH IDLOXUH PHFKDQLVP RI ZDYH RYHUWRSSLQJ LV D SUREDELOLW\ RI
IDLOXUH RI DURXQG ���� ��� SHU \HDU�

7KH UHIHUHQFH DOWHUQDWLYH %�� WKDW LV GHYHORSHG E\ :�% LV ERWK FDOFXODWHG LQ WKH 0DWODE PRGHO DQG
3&�5LQJ� 7KH UHVXOWV DUH JLYHQ LQ 7DEOH ����

0RGHO 3I >��\HDU@ 5 >\HDUV@
0DWODE ����(��� �� ���
3&�5LQJ ����(��� �� ���

7DEOH ���� 3UREDELOLW\ RI IDLOXUH RI WKH UHIHUHQFH DOWHUQDWLYH IRU ZDYH UXQ�XS DQG RYHUWRSSLQJ�

,W LV FRQFOXGHG WKDW WKH SUREDELOLW\ RI IDLOXUH RI WKLV GHVLJQ LV ORZHU WKDQ WKH VWDQGDUG� :LWK WKH
DVVXPHG VDIHW\ VWDQGDUG WKLV GHVLJQ LV QRW VXIILFLHQW HQRXJK DQG WKH GHVLJQ PXVW EH LPSURYHG� ,Q
WKH RSWLPL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH WKH SUREDELOLW\ RI IDLOXUH RI ���� ��� LV VHW DV D ORZHU
OLPLW�

�� +RZ FDQ WKH GHVLJQ RI WKH UHIHUHQFH DOWHUQDWLYH EH RSWLPL]HG"

7KH DLP RI WKH RSWLPL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH LV WR PLQLPL]H WKH LQYHVWPHQW FRVWV IRU D GHVLJQ
WKDW PHHWV WKH VDIHW\ VWDQGDUG RI ���� ��� SHU \HDU IRU WKH IDLOXUH PHFKDQLVP RI RYHUWRSSLQJ� ,Q WKH
RSWLPL]DWLRQ ILYH YDULDEOHV WKDW KDYH WKH PRVW LQIOXHQFH RQ WKH SUREDELOLW\ RI IDLOXUH DUH YDULHG UHVXOWLQJ
LQ SRVVLEOH DOWHUQDWLYHV� 7KH YDULDEOHV ZLWK WKH ODUJHVW LQIOXHQFH FRHIILFLHQWV DUH�

 GLNH KHLJKW
 EHUP KHLJKW
 EHUP ZLGWK
 XSSHU VORSH
 ORZHU VORSH

:LWK YDU\LQJ YDOXHV IRU WKHVH YDULDEOHV D WRWDO RI � ��� DOWHUQDWLYHV DUH DVVHVVHG RQ WKH SUREDELOLW\
RI IDLOXUH� )URP DOO WKHVH SRVVLEOH DOWHUQDWLYHV WKH RQHV ZLWK D SUREDELOLW\ RI IDLOXUH KLJKHU WKDQ WKH
UHTXLUHG VWDQGDUG DUH GHOHWHG� )RU DOO WKH SRVVLEOH DOWHUQDWLYHV OHIW WKH LQYHVWPHQW FRVWV DUH HVWLPDWHG�
LQ ZKLFK WKH UXEEOH EHUP DQG WKH EDVDOWRQ EORFNV KDYH WKH ODUJHVW LQIOXHQFH RQ WKH WRWDO FRVWV� /RRNLQJ
DW WKH GHVLJQV ZLWK WKH ORZHVW FRVWV VRPH DOWHUQDWLYHV DUH QRW UHDOLVWLF EHFDXVH RI YHU\ VWHHS VORSHV RU
D UXEEOH EHUP WKDW LV QRW ZLGH HQRXJK WR SURYLGH VDIHW\ DJDLQVW WKH LQVWDELOLW\ RI WKH UHYHWPHQW� 7KHVH
QRW UHDOLVWLF DOWHUQDWLYHV DUH DOVR GHOHWHG IURP WKH VHOHFWLRQ�

7KH SRVVLEOH DOWHUQDWLYHV ZLWK WKH ORZHVW FRVWV DUH IRXQG WR EH FKHDSHU WKDQ WKH UHIHUHQFH DOWHUQDWLYH�
ZKLOH KDYLQJ D ODUJHU VDIHW\ DJDLQVW IORRGLQJ� 7KH UHVXOW RI WKH FKHDSHVW SRVVLEOH DOWHUQDWLYH DQG WKH



���� &RQFOXVLRQV ��

UHIHUHQFH DOWHUQDWLYH LV VKRZQ LQ 7DEOH ���� ,W LV FRQFOXGHG WKDW RSWLPL]DWLRQ RI WKH GHVLJQ UHVXOWV LQ
ORZHU LQYHVWPHQW FRVWV ZKLOH LPSURYLQJ WKH VDIHW\ DJDLQVW IDLOXUH GXH WR RYHUWRSSLQJ� +RZHYHU D FKHFN
RQ WKH VWDELOLW\ RI WKH UHYHWPHQW DQG WKH VORSH RI WKH RSWLPL]HG DOWHUQDWLYH LV QHHGHG WR JXDUDQWHH WKDW
WKH VWDQGDUG IRU WKH WRWDO SUREDELOLW\ RI IDLOXUH LV PHW�

DOWHUQDWLYH ߶፫፨፰፧ >P@ ߶ፁ >P@ േ >P@ ൲ൠ൬�፮፩�ዅኻ
>�@

൲ൠ൬�፥፨፰�ዅኻ
>�@

ൗ >\HDUV@ LQYHVWPHQW
FRVWV >ভ�P@

2SWLPL]HG � � ��� ��� ��� �� ��� �� ���
%�� ���� ��� �� � ��� �� ��� �� ���

7DEOH ���� &RVW HVWLPDWLRQ IRU WKH DOWHUQDWLYH ZLWK PLQLPDO FRVWV DQG WKH UHIHUHQFH DOWHUQDWLYH %���

�� +RZ FDQ WKH XQFHUWDLQW\ RI WKH QHZ ULVN DSSURDFK EH WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ
RI WKH $IVOXLWGLMN"

7R FRSH ZLWK WKH XQFHUWDLQW\ RI WKH QHZ VWDQGDUG IRU WKH $IVOXLWGLMN D GHVLJQ LV QHHGHG WKDW LV HDVLO\
DGDSWDEOH IRU FKDQJHV LQ WKH IXWXUH� %\ QRW LQYHVWLQJ WRR PXFK PRQH\ DW WKLV SRLQW� NHHSLQJ SRVVLEOH
DGDSWLRQV LQ WKH IXWXUH LQ PLQG� SRVVLEOH XQQHFHVVDU\ H[SHQGLWXUHV FDQ EH VDYHG� ,W LV SRVVLEOH WKDW
WKH QHZ VDIHW\ VWDQGDUG ZLOO EH ORZHU �RU KLJKHU� WKDQ WKH UHFRPPHQGHG SUREDELOLW\ RI IDLOXUH RI
��� ��� SHU \HDU� 7KHUHIRUH LW LV UHFRPPHQGHG WR LPSOHPHQW D GHVLJQ WKDW LV HDVLO\ DGDSWDEOH DQG
LPSURYHPHQWV ZLWK ORZ LQYHVWPHQW FRVWV EXW D KLJK LQIOXHQFH RQ WKH ORZHULQJ RI WKH SUREDELOLW\ RI
IDLOXUH DUH UHFRPPHQGHG WR EH UHDG\ IRU IXWXUH FKDQJHV�

7KH GHVLJQ RI WKH UHIHUHQFH DOWHUQDWLYH LV D JRRG H[DPSOH RI DQ DGDSWDEOH DOWHUQDWLYH� LQ ZKLFK WKH
KHLJKW DQG WKH ZLGWK RI WKH EHUP DUH HDVLO\ DGDSWDEOH E\ DGGLQJ PRUH UXEEOH� $OVR WKH ORZHU VORSH
LV HDVLO\ DGDSWDEOH� +HLJKWHQLQJ RI WKH GLNH FURZQ RU DGMXVWPHQWV WR WKH XSSHU VORSH DUH D ORW KDUGHU
ZLWK WKLV GHVLJQ� &KDQJLQJ WKH XSSHU VORSH RU WKH KHLJKW RI WKH GLNH FURZQ UHVXOWV LQWR FKDQJHV WR WKH
ORZHU SDUW DV ZHOO� ,I WKLV LV GRQH WKH UXEEOH KDV WR EH UHPRYHG EHIRUH FKDQJHV FDQ EH PDGH ZKLFK
ZLOO FRVW H[WUD PRQH\�

������ )LQDO FRQFOXVLRQ
7KH ILQDO FRQFOXVLRQ WKDW KDV WR EH PDGH LV WKH DQVZHU WR WKH PDLQ UHVHDUFK TXHVWLRQ� %\ WDNLQJ WKH
SUHOLPLQDU\ FRQFOXVLRQ IURP WKH VXE TXHVWLRQV LQWR DFFRXQW D ILQDO FRQFOXVLRQ LV GUDZQ�

:KDW LV D SUREDELOLVWLF� FRVW�HIIHFWLYH DQG DGDSWDEOH GHVLJQ RI WKH $IVOXLWGLMN"

7KH QHZ VDIHW\ VWDQGDUG WKDW LV SODQQHG WR EH LPSOHPHQWHG LQ ���� LV EHLQJ GHYHORSHG DW WKLV PRPHQW�
)RU DOO WKH GLNH ULQJV LQ WKH 1HWKHUODQGV WKH SURMHFW 91. JDLQHG LQVLJKWV LQ WKH SUREDELOLWLHV RI IORRGLQJ
DQG WKH SRVVLEOH FRQVHTXHQFHV RI D IORRG� 7KLV LV GRQH ZLWK SUREDELOLVWLF PHWKRGV� ZKLFK LV LQ OLQH ZLWK
WKH QHZ IORRG VDIHW\ VWDQGDUG� 7KH UHVXOWV IURP WKLV 91. SURMHFW DUH YHU\ XVHIXO LQ WKH GHYHORSPHQW
RI WKH QHZ VDIHW\ VWDQGDUG IRU IORRG GHIHQFHV� $OO WKH GLNH ULQJV DORQJ /DNH ,-VVHO DUH DVVHVVHG ZLWK
WKH DVVXPSWLRQ WKDW WKH $IVOXLWGLMN ZLOO QRW IDLO� 7KHUHIRUH WKH $IVOXLWGLMN LWVHOI LV QRW LQYHVWLJDWHG LQ WKH
91. SURMHFW� 7KHUHIRUH WKHUH DUH QR UHVXOWV DYDLODEOH WKDW DUH XVHIXO WR FRPH WR D FRQFOXVLRQ DERXW WKH
VDIHW\ RI WKH $IVOXLWGLMN DW WKLV PRPHQW� RU WKH SRVVLEOH IXWXUH VDIHW\ VWDQGDUG�

$V WKH $IVOXLWGLMN LV D YHU\ XQLTXH GLNH LW GHPDQGV D XQLTXH DSSURDFK WR GHWHUPLQH WKH QHZ GHVLJQ�
%HFDXVH WKH $IVOXLWGLMN GRHV QRW SURWHFW GLUHFW KLQWHUODQG EXW /DNH ,-VVHO� D FKRLFH EHWZHHQ LQYHVWLQJ
LQ WKH $IVOXLWGLMN LWVHOI DQG LQYHVWLQJ LQ GLNH ULQJV DORQJ /DNH ,-VVHO KDV WR EH PDGH� ,Q D VWXG\ RI WKH
/DNH ,-VVHO UHJLRQ HFRQRPLF RSWLPDO IORRGLQJ SUREDELOLWLHV IRU DOO WKH GLNH ULQJV DURXQG /DNH ,-VVHO DUH
SURSRVHG� LQFOXGLQJ WKH $IVOXLWGLMN� 7KLV VWXG\ LV EDVHG RQ XQFHUWDLQWLHV DQG WKHUH LV GLVFXVVLRQ DERXW
WKH UHOLDELOLW\ RI WKH UHVXOWV� 7KH UHVXOWV RI WKLV VWXG\ DUH XVHIXO LQ WKH GHYHORSPHQW RI WKH QHZ VDIHW\
VWDQGDUG IRU WKH $IVOXLWGLMN EXW IXWXUH UHVHDUFK PD\ UHVXOW LQ GLIIHUHQW SURSRVDOV IRU WKH VWDQGDUG�

7R FRSH ZLWK WKHVH XQFHUWDLQWLHV LW LV UHFRPPHQGHG WR PDNH DQ HDVLO\ DGDSWDEOH GHVLJQ IRU WKH UHQRYD�
WLRQ RI WKH $IVOXLWGLMN� $ FRQFOXVLRQ IURP WKH UHVXOWV LV WKDW WKH UHIHUHQFH DOWHUQDWLYH WKDW LV GHYHORSHG
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E\ :LWWHYHHQ�%RV LV DQ HDVLO\ DGDSWDEOH GHVLJQ EHFDXVH LQ WKH GHVLJQ D EHUP LV FRQVWUXFWHG RII UXEEOH�
ZKLFK FDQ HDVLO\ EH DGGHG WR ZLGHQ WKH EHUP DQG�RU GHFUHDVH WKH ORZHU VORSH� 7KHUHIRUH WKH PDLQ
FKDUDFWHULVWLFV RI WKH GHVLJQ RI WKH UHIHUHQFH DOWHUQDWLYH DUH JRRG WDNLQJ WKH QHZ VDIHW\ VWDQGDUG LQWR
DFFRXQW� 2SWLPL]DWLRQ RI WKH GLPHQVLRQV RI WKH UHIHUHQFH DOWHUQDWLYH FRXOG UHGXFH FRQVWUXFWLRQ FRVWV
RI WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN�

7R DQVZHU WKH PDLQ UHVHDUFK TXHVWLRQ WKH RSWLPL]HG DOWHUQDWLYH VKRZQ LQ )LJXUH ��� LV D FRVW�HIIHFWLYH
DQG DGDSWDEOH GHVLJQ IRU WKH UHQRYDWLRQ RI WKH $IVOXLWGLMN� ,Q WKH QH[W \HDUV WKH IORRG VDIHW\ VWDQGDUG
IRU WKH $IVOXLWGLMN LV FKRVHQ DQG WKLV GHVLJQ FDQ HDVLO\ EH DGDSWHG WR PHHW WKH IXWXUH XQFHUWDLQ VWDQ�
GDUG� 7KH SUREDELOLVWLF GHVLJQ PHWKRG XVHG LQ WKLV 06F WKHVLV LV SDUWO\ GHULYHG IURP WKH WHPSRUDU\
IORRG GHIHQVH GHVLJQ LQVWUXPHQW 2,���� DQG LW LV VKRZQ WKDW IXUWKHU LQYHVWLJDWLRQ LV QHHGHG� ,Q WKLV
LQYHVWLJDWLRQ WKH IDLOXUH PHFKDQLVP EXGJHWV ဋ DQG WKH FRUUHODWLRQ DQG OHQJWK�HIIHFW IDFWRU  QHHG WR
EH GHULYHG WR LPSURYH WKH DFFXUDF\ RI WKH UHVXOWV� %HVLGHV WKH XQFHUWDLQW\ LQ WKHVH IDFWRUV RQO\ WKH
IDLOXUH PHFKDQLVP RI ZDYH RYHUWRSSLQJ LV WDNHQ LQWR DFFRXQW DQG WKH LQFUHDVLQJ LQFUHDVLQJ K\GUDXOLF
ORDGV �GXH WR FOLPDWH FKDQJH� DUH QRW WDNHQ LQWR DFFRXQW�

)LJXUH ���� 6FKHPDWL]DWLRQ RI WKH FURVV VHFWLRQ RI WKH UHFRPPHQGHG DGDSWDEOH DOWHUQDWLYH�

7KH ILQDO FRQFOXVLRQ LV WKDW WKH UHIHUHQFH DOWHUQDWLYH %�� GHYHORSHG DW WKLV PRPHQW LV D JRRG FRQFHSW
IRU WKH UHQRYDWLRQ GHVLJQ RI WKH $IVOXLWGLMN� 7KH GHVLJQ LV HDVLO\ DGDSWDEOH EXW LPSURYHPHQW FDQ UH�
VXOW LQ D PRUH FRVW�HIIHFWLYH VROXWLRQ� 7R ILQG D ILQDO VROXWLRQ IXUWKHU LQYHVWLJDWLRQ LV QHHGHG ZKLFK LV
UHFRPPHQGHG LQ WKH QH[W SDUDJUDSK�

���� 5HFRPPHQGDWLRQV
,Q WKLV SDUDJUDSK UHFRPPHQGDWLRQV DUH JLYHQ IRU IXUWKHU UHVHDUFK DQG LQYHVWLJDWLRQ� 7KH UHVXOWV RE�
WDLQHG LQ WKLV 06F UHVHDUFK DUH REWDLQHG XQGHU DVVXPSWLRQV DQG LQ PRVW RI WKH FDVHV IXUWKHU UHVHDUFK
LV UHFRPPHQGHG WKDW FDQ LQFUHDVH WKH UHVXOWV� %HVLGHV WKLV VRPH UHVXOWV LQ WKLV 06F UHVHDUFK EULQJ
XS TXHVWLRQV WKDW DUH RXWVLGH WKH VFRSH RI WKLV 06F UHVHDUFK� 7KHUHIRUH IXUWKHU LQYHVWLJDWLRQ RQ WKRVH
WRSLFV LV VRPHWKLQJ WKDW LV UHFRPPHQGHG DV ZHOO LQ WKLV SDUDJUDSK� )XUWKHUPRUH D SDUW RI WKLV 06F
UHVHDUFK IRFXVVHV RQ WKH UHIHUHQFH DOWHUQDWLYH WKDW LV XQGHU GHYHORSPHQW DW WKH PRPHQW DQG VRPH
UHFRPPHQGDWLRQV IRU WKLV UHIHUHQFH DOWHUQDWLYH DUH JLYHQ DV ZHOO�

������ 5HFRPPHQGDWLRQV IRU IXUWKHU UHVHDUFK
 ,QYHVWLJDWH WKH HFRQRPLF RSWLPDO GHVLJQ RI WKH $IVOXLWGLMN E\ DQDO\]LQJ WKH FRPSOHWH /DNH ,-VVHO
UHJLRQ� 7KH VWXG\ E\ WKH &3% �=ZDQHYHOG DQG 9HUZHLM� ����� LV EDVHG RQ QXPHURXV DVVXPSWLRQV
DQG GLVFXVVLRQ UHPDLQV DERXW WKH UHOLDELOLW\ RI WKH UHVXOWV�

 $VVHVV WKH SUREDELOLW\ RI IDLOXUH IRU WKH VOXLFH FRPSOH[HV� 7KH K\GUDXOLF VWUXFWXUHV DUH QRW FRQ�
VLGHUHG LQ WKLV 06F UHVHDUFK EXW WKH\ KDYH DQ LQIOXHQFH RQ WKH WRWDO SUREDEO\ RI IDLOXUH�

 ,QYHVWLJDWH WKH UHVLGXDO VWUHQJWK RI WKH LQQHU VORSH DQG WKH GLNH FURZQ IRU WKH IDLOXUH PHFKDQLVP



���� 5HFRPPHQGDWLRQV ��

RI RYHUWRSSLQJ� ,Q WKH 91. PHWKRG WKH &,5,$ PRGHO LV XVHG� ZKLFK LV D PRGHO WKDW LV QRW XS�WR�
GDWH DQG PRUH GHWDLOHG PRGHOV DUH DYDLODEOH QRZDGD\V�

 ,QYHVWLJDWH WKH IDLOXUH PHFKDQLVP RI PDFUR VWDELOLW\ IRU PRUH FURVV VHFWLRQV DQG FDOFXODWH WKH
WRWDO SUREDELOLW\ RI IDLOXUH LQ 3&�5LQJ� ,Q 3&�5LQJ WKH SUREDELOLWLHV RI IDLOXUH DW GLIIHUHQW ZDWHU
OHYHOV DUH WDNHQ LQWR DFFRXQW LQ D PRUH DFFXUDWH ZD\ UHVXOWLQJ LQ PRUH UHOLDEOH UHVXOWV�

 ,QYHVWLJDWH WKH FRUUHODWLRQ DQG OHQJWK HIIHFW FRHIILFLHQWV IRU DOO WKH VWRFKDVWLFV XVHG LQ WKH 91.
PHWKRG� $V VKRZQ LQ WKLV 06F UHVHDUFK WKH FRUUHODWLRQ DQG OHQJWK HIIHFW KDV D ODUJH LQIOXHQFH
RQ WKH UHVXOWV� 5HVHDUFK PD\ UHVXOW LQ GHFUHDVH RI WKH YDULDWLRQ DQG FRUUHODWLRQ DQG OHQJWK HIIHFW
FRHIILFLHQWV� UHVXOWLQJ LQ ORZHU SUREDELOLWLHV RI IDLOXUH�

 ,QYHVWLJDWH WKH IDFWRU  WKDW WDNHV WKH OHQJWK HIIHFW LQWR DFFRXQW IXUWKHU� :LWK D QHZ GHVLJQ WKH
SUREDELOLWLHV RI IDLOXUH IRU WKH GLIIHUHQW GLNH VHFWLRQV DUH FORVHU WR HDFK RWKHU� UHVXOWLQJ LQ D IDFWRU
RI 1 ZKLFK LV SUREDEO\ KLJKHU WKDQ WKH HVWLPDWHG YDOXH RI ��� IRU WKH ZHDNHVW GLNH VHFWLRQ �%�

 ,QYHVWLJDWH WKH IDLOXUH EXGJHW PHFKDQLVPV ဋ SURSRVHG LQ WKH 2,���� IRU WKH $IVOXLWGLMN� ,Q WKLV
06F UHVHDUFK LW LV DVVXPHG WKDW EHFDXVH SLSLQJ GRHV QRW SOD\ D UROH DQG RYHUWRSSLQJ KDV WKH
ODUJHVW LQIOXHQFH RQ WKH WRWDO SUREDELOLW\ RI IDLOXUH WKH EXGJHW IRU SLSLQJ FDQ EH DGGHG WR WKH
EXGJHW IRU RYHUWRSSLQJ�

 ,QYHVWLJDWH WKH LQIOXHQFH RI VHD OHYHO ULVH DQG LQFUHDVLQJ ZDYH ORDGV� )RU WKH IXWXUH GHVLJQ D
ULVLQJ VHD OHYHO UHVXOWV LQ PRUH VHYHUH K\GUDXOLF ERXQGDU\ FRQGLWLRQV ZKLFK FRXOG UHVXOW LQ KLJKHU
SUREDELOLWLHV RI IDLOXUH�

 ,QYHVWLJDWH WKH K\GUDXOLF ORDGV DQG WKH VWUHQJWKV RI WKH GLNH VHFWLRQV WKDW DUH SURWHFWHG E\ EUHDN�
ZDWHUV LQ IURQW RI WKH $IVOXLWGLMN� 7KHVH VHFWLRQV DUH GLNH VHFWLRQV � WR � DQG DQG �� WR ���

 ,QYHVWLJDWH WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH WKDW LV FKRVHQ LQ WKH GHVLJQ DQG DVVHVVPHQW VWDQ�
GDUGV IRU WKH IDLOXUH PHFKDQLVP RI ZDYH UXQ�XS DQG RYHUWRSSLQJ�

 ,QYHVWLJDWH WKH LQIOXHQFH RI WKH FXPXODWLRQ HIIHFW RI PXOWLSOH IDLOXUH PHFKDQLVPV� $ VWDUWLQJ
IDLOXUH PHFKDQLVP PD\ KDYH DQ LQIOXHQFH RQ RWKHU IDLOXUH PHFKDQLVPV ZKLFK SRVVLEO\ LQFUHDVHV
WKH WRWDO SUREDELOLW\ RI IDLOXUH�

 ,QYHVWLJDWH WKH SRVVLELOLWLHV WR UHGXFH WKH XQFHUWDLQW\ RI WKH VWRFKDVWLF YDULDEOHV WKDW DUH XVHG
DV DQ LQSXW� :LWK LQFUHDVHG PHDVXUHPHQW WKH XQFHUWDLQW\ RI VRPH VWRFKDVWLFV FDQ EH UHGXFHG�
UHVXOWLQJ LQ D ORZHU YDULDWLRQ ZKLFK UHVXOWV LQ D ORZHU SUREDELOLW\ RI IDLOXUH�

 $VVHVV WKH FXUUHQW VWUHQJWK RI DOO WKH GLNH VHFWLRQV IRU WKH IDLOXUH PHFKDQLVP RI LQVWDELOLW\ RI WKH
UHYHWPHQW RQ WKH RXWHU VORSH� ,Q WKLV 06F UHVHDUFK D VHOHFWLRQ LV PDGH LQ ZKLFK WKH GLNH VHFWLRQV
ZLWK WKH PRVW VHYHUH ERXQGDU\ FRQGLWLRQV DUH VHOHFWHG WR FDOFXODWHG WKH SUREDELOLW\ RI IDLOXUH
IRU WKLV PHFKDQLVP� +RZHYHU ZHDNHU UHYHWPHQW VHFWLRQV FDQ EH SUHVHQW RQ RWKHU GLNH VHFWLRQV
DOWKRXJK WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV DUH OHVV VHYHUH�

 ,QYHVWLJDWH WKH GHYHORSPHQW RI D EUHDFK LQ WKH $IVOXLWGLMN� 6RPH UHVHDUFK LV GRQH ��9LVVHU� �����
DQG �:LMEHQJD DQG 0HLMHU� ������ EXW PRUH GHWDLOHG VWXGLHV FDQ UHVXOW LQ EHWWHU NQRZOHGJH RQ
WKH JURZWK RI D EUHDFK LQ WKH $IVOXLWGLMN�

 ,QYHVWLJDWH WKH HIIHFWV RI WKH HQWHULQJ RI VDOW ZDWHU LQ /DNH ,-VVHO RQ WKH IORUD DQG IDXQD DQG IUHVK
ZDWHU VXSSO\� $OWKRXJK D EUHDFK LQ WKH $IVOXLWGLMN PD\ QRW KDYH D ODUJH HIIHFW RQ WKH VDIHW\ RI
WKH IORRG GHIHQFHV DORQJ /DNH ,-VVHO WKH HQWHULQJ RI VDOW ZDWHU PD\ KDYH VHYHUH QHJDWLYH HIIHFWV
RQ WKH HQYLURQPHQW�

 ,QYHVWLJDWH WKH FRUUHODWLRQ EHWZHHQ WKH GLIIHUHQW YDULDEOHV RI WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV�
,Q WKLV 06F UHVHDUFK WKH ZDYH KHLJKW GHSHQGV RQ WKH ZDWHU OHYHOV IRU WKH IDLOXUH PHFKDQLVP RI
RYHUWRSSLQJ� )RU WKH IDLOXUH PHFKDQLVPV RI LQVWDELOLW\ RI WKH UHYHWPHQW WKHVH WZR YDULDEOHV DUH
QRW OLQNHG WR HDFK RWKHU EXW LQ ERWK FDVHV WKH ZDYH SHULRG GHSHQGV RQ WKH ZDYH KHLJKW� )XUWKHU
UHVHDUFK PXVW VKRZ LI WKHVH GHSHQGHQFLHV EHWZHHQ WKH YDULDEOHV DUH FRUUHFW�

������ 5HFRPPHQGDWLRQV IRU WKH GHVLJQ RI WKH $IVOXLWGLMN
 ,QYHVWLJDWH WKH SUREDELOLW\ RI IDLOXUH RI WKH RSWLPL]HG UHIHUHQFH DOWHUQDWLYH IRU RWKHU IDLOXUH PHFKD�
QLVPV DV ZHOO� ,Q WKLV 06F UHVHDUFK WKH DOWHUQDWLYH LV RSWLPL]HG IRU WKH IDLOXUH PHFKDQLVP RI ZDYH
UXQ�XS DQG RYHUWRSSLQJ WR JHW DQ LGHD RI WKH SRVVLEOH RSWLPL]DWLRQ RI WKH DOWHUQDWLYH� KRZHYHU
IXUWKHU UHVHDUFK LV UHFRPPHQGHG WR JXDUDQWHH D VDIH GHVLJQ�

 ,QFUHDVH WKH KHLJKW RI WKH GLNH FURZQ LQ WKH UHVWUHQJWKHQLQJ GHVLJQ RI WKH $IVOXLWGLMN� 7KH GLNH



�� �� &RQFOXVLRQV� UHFRPPHQGDWLRQV DQG GLVFXVVLRQ

FURZQ KHLJKW KDV D ODUJH LQIOXHQFH RQ WKH VDIHW\ DJDLQVW RYHUWRSSLQJ DQG WDNLQJ LQWR DFFRXQW
WKDW KHLJKWHQLQJ RI D GLNH LV KDUGHU DIWHU WKH LQVWDOODWLRQ RI UXEEOH LW LV UHFRPPHQGHG WR LQYHVW LQ
KLJKHU GLNH FURZQ ULJKW QRZ�

 0DNH XVH RI DQ HDVLO\ DGDSWDEOH GHVLJQ OLNH WKH UHIHUHQFH DOWHUQDWLYH� %\ DGGLQJ PRUH UXEEOH
WR WKLV GHVLJQ WKH EHUP FDQ EH ZLGHQHG RU KHLJKWHQHG UHVXOWLQJ LQ ORZHU SUREDELOLWLHV RI IDLOXUH
ZLWKRXW UDGLFDO PHDVXUHV� ,W LV UHFRPPHQGHG WR PDNH D GHVLJQ WKDW LV QRW RQ WKH VDIH VLGH RI WKH
FXUUHQW VWDQGDUG� ,I WKH IXWXUH VWDQGDUG WXUQV RXW WR EH VWULFWHU WKDQ WKH FXUUHQW VWDQGDUG H[WUD
UXEEOH FDQ HDVLO\ EH DGGHG� :LWK D OHVV FRQVHUYDWLYH GHVLJQ PRQH\ LV VDYHG� $ UHFRPPHQGHG
GHVLJQ IROORZLQJ IURP WKH RSWLPL]DWLRQ LQ WKLV 06F UHVHDUFK KDV WKH IROORZLQJ YDULDEOHV�
ঀ GLNH FURZQ KHLJKW  � � P 1$3
ঀ EHUP KHLJKW  � � P 1$3
ঀ EHUP ZLGWK  ��� P
ঀ XSSHU VORSH  �����
ঀ ORZHU VORSH  �����



%LEOLRJUDSK\

%DNNHU� +�/� 2PUHNHQHQ VFKXLIVWHUNWHSDUDPHWHUV YRRU 0�3URVWDE HQ 8SOLIW 9DQ 3UREDELOLVWLF� 7HFKQLFDO
UHSRUW� 91.� �����

&RPPLVVLH /RUHQW]� � 9HUVODJ YDQ GH 6WDDWVFRPPLVVLH � *HYROJ YDQ GH DIVOXLWLQJ YDQ GH =XLGHU]HH�
7HFKQLFDO 5HSRUW 6HSWHPEHU� �����

GH 9DON� &�)� /RDG PRGHOV IRU UHOLDELOLW\ DQDO\VLV RI VL[ GLNH VHFWLRQV DORQJ WKH :HVWHUVFKHOGH� 7HFKQLFDO
UHSRUW� $5*266� �����

GHQ +HLMHU� &� 5HOLDELOLW\ PHWKRGV LQ 2SHQ(DUWK7RROV 2FWREHU ����� 7HFKQLFDO 5HSRUW 2FWREHU� 'HOIW
8QLYHUVLW\ RI 7HFKQRORJ\� �����

)RUVWHU� 8�� YDQ GHQ +DP� *�� &DOOH� (�� DQG .UXVH� *� 2QGHU]RHNVUDSSRUW =DQGPHHYRHUHQGH :HOOHQ�
7HFKQLFDO UHSRUW� 5LMNVZDWHUVWDDW� �����

+DL 7UXQJ� /� 2YHUWRSSLQJ RQ JUDVV FRYHUHG GLNHV� 3K' WKHVLV� 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\� �����

.LQG� -� 0DDWVFKDSSHOLMNH NRVWHQ�EDWHQDQDO\VH :DWHUYHLOLJKHLG ��H HHXZ� 7HFKQLFDO UHSRUW� 'HOWDUHV�
�����

.OHLQ %UHWHOHU� 0� +DQGOHLGLQJ 6WHHQWRHWV����� 7HFKQLFDO UHSRUW� 'HOWDUHV� �����

/DQGD� 3�0� :DYH 2YHUWRSSLQJ 5HVLOLHQW $IVOXLWGLMN� �����

0LQLVWHULH YDQ ,0� � 6WUXFWXXUYLVLH 7RHNRPVW $IVOXLWGLMN � 2QWZHUS� 7HFKQLFDO UHSRUW� �����

0LQLVWHULH YDQ ,0� DQG 0LQLVWHULH YDQ (=� � 'HOWDSURJUDPPD ���� � :HUN DDQ GH GHOWD� �����

0LQLVWHULH YDQ 9:� � /HJJHU DIVOXLWGLMN� 7HFKQLFDO 5HSRUW QRYHPEHU� 0LQLVWHULH YDQ 9:� �����

3URMHFWEXUHDX 91.�� � 9DQ UXZH GDWD WRW RYHUVWURPLQJVULVLFR� 7HFKQLFDO 5HSRUW 6HSWHPEHU� 5LMNVZD�
WHUVWDDW� �����

6WHHQEHUJHQ� +�0�*�0� DQG 9URXZHQYHOGHU� $�&�:�0� 7KHRULHKDQGOHLGLQJ 3&�5,1* � 'HHO &� 5HNHQ�
WHFKQLHNHQ� 7HFKQLFDO UHSRUW� 712� ����D�

6WHHQEHUJHQ� +�0�*�0� DQG 9URXZHQYHOGHU� $�&�:�0� 7KHRULHKDQGOHLGLQJ 3&�5,1* � 'HHO %� 6WDWLVWLV�
FKH PRGHOOHQ� 7HFKQLFDO UHSRUW� 712� ����E�

6WHHQEHUJHQ� +�0�*�0�� 9URXZHQYHOGHU� $�&�:�0�� DQG .RVWHU� 7� 7KHRULHKDQGOHLGLQJ 3&�5LQJ � 'HHO
$� 0HFKDQLVPHQEHVFKULMYLQJHQ� 7HFKQLFDO UHSRUW� 712� �����

6WLFKWLQJ &85� � 3UREDELOLWLHV LQ FLYLO HQJLQHHULQJ� 3DUW �� 3UREDELOLVWLF GHVLJQ LQ WKHRU\� �����

6WLMQHQ� -�:�� 7KRQXV� %�,�� 'LHUPDQVH� )�/�0�� *HHUVH� &�3�0�� YDQ +DDUHQ� '�� DQG 1LFRODL� 5�3� )XQF�
WLRQHOH GRFXPHQWDWLH +\GUD�.� �����

7URPSLOOH� 9�� (HUQLQFN� 1�/�0�� 0RUVFK� )�0�� %HVW� +�� DQG YDQ GHU 0HLM� 5� '�*HR 6WDELOLW\ PDQXDO�
7HFKQLFDO UHSRUW� 'HOWDUHV� �����

YDQ GHU 0HHU� -�:� 7HFKQLVFK 5DSSRUW *ROIRSORRS HQ *ROIRYHUVODJ ELM 'LMNHQ� 7HFKQLFDO UHSRUW� 7HFK�
QLVFKH $GYLHVFRPPLVVLH YRRU GH :DWHUNHULQJHQ� �����

YDQ GHU :RXGHQ� )� DQG *UDVKRII� 3�6� *HEUXLNHUVKDQGOHLGLQJ 3&�5LQJ� 7HFKQLFDO 5HSRUW 6S �� 'HPLV�
�����

��



�� %LEOLRJUDSK\

YDQ ,HUODQG� (�� .RRSPDQV� &�� 5LHWYHOG� 3�� DQG YDQ GHU 9HHQ� $� $GYLHV YDQ GH FRPPLVVLH YDQ
HFRQRPLVFKH GHVNXQGLJHQ RYHU GH &3% VWXGLH ঈ(FRQRPLVFK RSWLPDOH ZDWHUYHLOLJKHLG LQ KHW ,-V�
VHOPHHUJHELHGউ� 7HFKQLFDO UHSRUW� �����

9LVVHU� 3�-� *URHL EUHV LQ $IVOXLWGLMN QD GLMNGRRUEUDDN� 7HFKQLFDO 5HSRUW 6HSWHPEHU� 78 'HOIW� �����

:HLMHUV� -� DQG 7RQQHLMFN� 0� /HFWXUH QRWHV &7���� � )ORRG 'HIHQFHV� 1XPEHU )HEUXDU\� �����

:LMEHQJD� - + $ DQG 0HLMHU� . /� +\GUD�0 $FKWHUODQG � &RQVHTXHQWLHV IDOHQ $IVOXLWGLMN HQ +RXWULEGLMN�
7HFKQLFDO UHSRUW� +.9� �����

:LWWHYHHQ � %RV� � 1RWD YDQ XLWJDQJVSXQWHQ HQ UDQGYRRUZDDUGHQ GLMNOLFKDDP HQ NXQVWZHUNHQ�
$IVOXLWGLMN� 7HFKQLFDO UHSRUW� 5LMNVZDWHUVWDDW� �����

:LWWHYHHQ � %RV� � 6\VWHHPRQWZHUS 'LMN �FRQFHSW ����� 7HFKQLFDO UHSRUW� 5LMNVZDWHUVWDDW� �����

=ZDQHYHOG� 3� DQG 9HUZHLM� *� (FRQRPLVFK RSWLPDOH ZDWHUYHLOLJKHLG LQ KHW ,-VVHOPHHUJHELHG� �����



$
+\GUDXOLF ERXQGDU\ FRQGLWLRQV

,Q WKLV FKDSWHU WKH PHWKRG RI GHULYLQJ WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV LV GHVFULEHG� )RU WKH SUHYLRXV
DVVHVVPHQW RI WKH $IVOXLWGLMN LQ ���� WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV ZHUH GHULYHG ZLWK +\GUD�
.� +\GUD�. LV GHVFULEHG LQ WKH ILUVW SDUDJUDSK� ,Q WKH VHFRQG SDUDJUDSK WKH PHWKRG WR GHULYH WKH
K\GUDXOLF ERXQGDU\ FRQGLWLRQV IRU WKH SUREDELOLVWLF FDOFXODWLRQ RI IDLOXUH RI WKH $IVOXLWGLMN LV GHVFULEHG�
,Q WKH WKLUG SDUDJUDSK WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV IRU WKH GLIIHUHQW GLNH VHFWLRQV RI WKH $IVOXLWGLMN
DUH JLYHQ�

'HVFULSWLRQ RI +\GUD�.
+\GUD�. LV D VRIWZDUH PRGXOH ZKLFK FDQ EH XVHG WR DVVHVV WKH SULPDU\ IORRG GHIHQFHV DORQJ WKH 'XWFK
FRDVW� )RU WKH IDLOXUH PHFKDQLVPV ZDYH UXQ�XS� ZDYH RYHUWRSSLQJ DQG LQVWDELOLW\ RI WKH UHYHWPHQWV
WKH FXUUHQW IORRG GHIHQFHV FDQ EH DVVHVVHG� +\GUD�. FDQ DOVR EH XVHG WR JHQHUDWH ZDWHU OHYHOV DQG
ZDYH FRQGLWLRQV IRU WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV� +\GUD�. LV DEOH WR PDNH IRXU W\SHV RI FDOFXOD�
WLRQV�

 3UREDELOLW\ RI IDLOXUH IRU D VSHFLILF IDLOXUH PHFKDQLVP�
 'HWHUPLQDWLRQ RI GHVLJQ SDUDPHWHUV IRU D VSHFLILF IDLOXUH PHFKDQLVP IRU D JLYHQ IDLOXUH IUHTXHQF\�
 &DOFXODWLRQ RI DQ LOOXVWUDWLRQ SRLQW �IRU WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV��
 'HWHUPLQLVWLF YDOLGDWLRQ FDOFXODWLRQ�

+\GUD�. LV GHYHORSHG IRU WKH :7,����� $OVR +\GUD�. LV XVHG WR GHULYH WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV
�+5����� IRU WKH OHJDO DVVHVVPHQW RI WKH IORRG GHIHQFHV LQ WKH :HVWHUQ 6FKHOGW DQG WKH :DGGHQ 6HD�
+\GUD�. LV XVHG E\ 5LMNVZDWHUVWDDW WR DVVHVV WKH IORRG GHIHQFHV DORQJ WKH 'XWFK FRDVW� 7KH VRIWZDUH
LV GHYHORSHG E\ +.9 FRPPLVVLRQHG E\ 5LMNVZDWHUVWDDW� )RU WKH FRPSOHWH EDFNJURXQG RI +\GUD�. VHH
�6WLMQHQ HW DO�� ������

7KH XVHG PHWKRG IRU WKH GHWHUPLQDWLRQ RI WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV RQ WKH VHD GHIHQFHV FDQ
EH GLYLGHG LQ IRXU VWHSV�

 'HWHUPLQDWLRQ RI WKH VWDWLVWLFV RI HDFK RI WKH IRXU YDULDEOHV RQ GHHS ZDWHU� 7KHVH YDULDEOHV
DUH WKH ZLQG VSHHG� ZDWHU OHYHO� VLJQLILFDQW ZDYH KHLJKW DQG WKH ZDYH SHDN SHULRG� $OO WKHVH
YDULDEOHV DUH GHWHUPLQHG IRU GLIIHUHQW ZLQG GLUHFWLRQV� 7R WKHVH VWDWLVWLFV D VHULHV RI VLPXOWDQHRXV
REVHUYDWLRQV RI VWRUP VXUJH FRQGLWLRQV DUH DGGHG� :LWK WKHVH H[WUHPH FRQGLWLRQV WKH FRUUHODWLRQ
RI WKH YDULDEOHV LV GHWHUPLQHG�

 7UDQVODWLRQ RI WKH SK\VLFDO SDUDPHWHUV RQ GHHS ZDWHU �RIIVKRUH� WR YDOXHV WKDW RFFXU �� PHWHUV
IURP WKH WRH RI WKH GLNHV �QHDU VKRUH��

 3UREDELOLVWLF FDOFXODWLRQ RI WKH H[FHHGDQFH SUREDELOLW\ RI WKH IDLOXUH FULWHULXP� ,Q WKLV FDOFXODWLRQ
WKH FRPSOHWH VWDWLVWLFV RI WKH SDUDPHWHUV DUH XVHG� :LWK D GHWHUPLQLVWLF VWUHQJWK PRGHO LW LV
GHWHUPLQHG LI IDLOXUH RFFXUV�

 &DOFXODWLRQ RI WKH LOOXVWUDWLRQ SRLQWV IRU D JLYHQ GLNH SURILOH�

��



�� $� +\GUDXOLF ERXQGDU\ FRQGLWLRQV

+\GUD�. XVHV D SDUDPHWHU IUHH PHWKRG WR HVWLPDWH WKH IDLOXUH IUHTXHQFLHV RI IORRG GHIHQFHV� FDXVHG
E\ PXOWLSOH ORDGV� +\GUD�. LV EDVHG RQ PXOWL GLPHQVLRQDO H[WUHPH YDOXH VWDWLVWLFV� 7R FDOFXODWH WKH
IDLOXUH IUHTXHQFLHV PHWKRG 'H +DDQ LV XVHG� 0HWKRG 'H +DDQ VKLIWV WKH REVHUYDWLRQV GLDJRQDOO\ XQWLO
D VSHFLILHG DPRXQW RI REVHUYDWLRQV LV LQ WKH IDLOXUH SODQH� 7KH IDLOXUH IUHTXHQF\ FDQ EH GHWHUPLQHG E\
WKH QXPEHU RI REVHUYDWLRQV LQ WKH IDLOXUH SODQH� WKH WRWDO WLPH RI WKH REVHUYDWLRQV DQG WKH VL]H RI WKH
VKLIW RI REVHUYDWLRQV�

0HWKRG 'H +DDQ

7KH GHWHUPLQDWLRQ RI WKH IDLOXUH IUHTXHQF\ ZLWK WKH PHWKRG 'H +DDQ LV GRQH ZLWK D VSHFLDO W\SH RI
WKH 0RQWH &DUOR VLPXODWLRQ� LPSRUWDQFH VDPSOLQJ� ,Q LPSRUWDQFH VDPSOLQJ GUDZV IRU WKH 0RQWH &DUOR
VLPXODWLRQ DUH GRQH LQ WKH DUHD ZKHUH WKH OLPLW VWDWH IXQFWLRQ LV DURXQG ]HUR� 7KLV LV GRQH ZLWK WKH XVH RI
D WUDQVIRUPDWLRQ �OLNH WKH VKLIW RI WKH REVHUYDWLRQV GHVFULEHG LQ WKH SUHYLRXV SDUDJUDSK�� $Q DGYDQWDJH
RI WKH PHWKRG 'H +DDQ LV WKH UHODWLYHO\ VPDOO QXPEHU RI UHDOL]DWLRQV DQG DQ HIILFLHQW FDOFXODWLRQ� 7KH
PHWKRG FDQ RQO\ EH XVHG LI WKH GLIIHUHQW YDULDEOHV DUH DV\PSWRWLFDOO\ GHSHQGHQW�

$V\PSWRWLFDOO\ GHSHQGHQF\ LV D VSHFLDO W\SH RI GHSHQGHQF\ LQ ZKLFK WKH YDULDEOHV DUH �DOPRVW� FRP�
SOHWHO\ GHSHQGHQW LQ WKH H[WUHPH YDOXH DUHD� 7KLV WRWDO GHSHQGHQF\ PHDQV WKDW ZLWK RQH REVHUYDWLRQ
RI DQ H[WUHPH YDOXH RI D VWRFKDVWLF WKH RWKHU YDOXHV RI WKH YDULDEOHV FDQ EH GHWHUPLQHG ZLWKLQ D UHO�
DWLYHO\ VPDOO XQFHUWDLQW\ ERXQGDU\� 7KH DVVXPSWLRQ RI DV\PSWRWLFDOO\ GHSHQGHQF\ PXVW DOZD\V EH
YDOLGDWHG� 3UHYLRXV UHVHDUFK �GH 9DON� ����� KDV VKRZQ WKDW IRU WKH ZLQG GLUHFWLRQV EHWZHHQ ࣅ��� DQG
ࣅ��� WKH ZDWHU OHYHO DQG ZLQG VSHHG DUH LQGHHG DV\PSWRWLFDOO\ GHSHQGHQW� $V LQ H[WUHPH YDOXH HYHQWV
WKH GLUHFWLRQ RI WKH ZLQG LV LQ EHWZHHQ WKRVH ERXQGDULHV WKH PHWKRG 'H +DDQ FDQ EH XVHG�

0HWKRG 'H +DDQ FRQVLVWV RI WKUHH VWHSV�

 �2PQL�GLUHFWLRQDO H[WUHPH YDOXH VWDWLVWLFV IRU WKH LQGLYLGXDO VWRFKDVWLF YDULDEOHV�
 ([WUDSRODWLRQ RI WKH FRUUHODWLRQ VWUXFWXUH RI WKH VLPXOWDQHRXV REVHUYDWLRQV RI WKH VWRFKDVWLF YDUL�
DEOHV�

 9DOLGDWLRQ RQ DV\PSWRWLFDO LQGHSHQGHQF\�

,Q +\GUD�. IRXU VWRFKDVWLF YDULDEOHV DUH WDNHQ LQWR DFFRXQW� ZLQG VSHHG� VWLOO ZDWHU OHYHO� VLJQLILFDQW
ZDYH KHLJKW DQG ZDYH SHULRG� 7KHVH YDULDEOHV DUH FRQGLWLRQDOO\ GHSHQGHQW RQ WKH ZLQG GLUHFWLRQ� ,Q
+\GUD�. WZHOYH GLIIHUHQW ZLQG GLUHFWLRQV DUH VHSDUDWHG� )RU D GHVFULSWLRQ RI KRZ WKH ZLQG GLUHFWLRQ LV
WDNHQ LQWR DFFRXQW VHH �6WLMQHQ HW DO�� ������

7KH ILUVW VWHS LQ PHWKRG 'H +DDQ LV WR GHWHUPLQH H[WUHPH YDOXH VWDWLVWLFV� %HFDXVH WKHUH DUH QR
REVHUYDWLRQV RI H[WUHPH VWRUP FRQGLWLRQV WKH REVHUYDWLRQV RI QRUPDO VWRUP FRQGLWLRQV DUH H[WUDSRODWHG�
$IWHU WUDQVIRUPDWLRQ RI WKH REVHUYDWLRQV WKH YDOXHV DUH VKLIWHG LQ WKH H[SRQHQWLDO VSDFH� 7KLV UHVXOWV
LQ JRRG H[WUHPH YDOXH VWDWLVWLFV ZLWK DV\PSWRWLFDOO\ GHSHQGHQW YDULDEOHV�

7KH H[FHHGDQFH IUHTXHQF\ LV JLYHQ E\ WKH WRWDO LQGHSHQGHQW VWRUPV SHU \HDU� 7KH ZDWHU OHYHOV� ZDYH
KHLJKWV DQG ZDYH SHULRGV DUH VHOHFWHG LQ VXFK D ZD\ WKDW IRXU WLGDO SHULRGV EHIRUH DQG DIWHU WKH
REVHUYDWLRQ QR KLJKHU YDOXHV DUH REVHUYHG� )RU WKH ZLQG VSHHG KRXUO\ REVHUYDWLRQV DUH XVHG LQVWHDG
RI LQGHSHQGHQW VWRUPV� )RU HYHU\ YDULDEOH WKH PDUJLQDO GLVWULEXWLRQ IXQFWLRQV DUH GHWHUPLQHG EHIRUH
WKH\ DUH FRPELQHG LQWR WKH PXOWL YDULDEOH H[WUHPH YDOXH VWDWLVWLFV�

,I WKHVH VWRFKDVWLF YDULDEOHV DUH GHVFULEHG E\ WKH VDPH GLVWULEXWLRQ IXQFWLRQ WKH VHFRQG VWHS LV GRQH
LQ WKH PRVW HIILFLHQW ZD\� ,Q +\GUD�. WKH FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ LV XVHG� 7KLV GLVWULEXWLRQ LV
GHILQHG DV�

ൕ>൚ ! ൠ_൚ ! ဋ@  ൶൮ ᗟࢿᓋൠစᓏ
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LQ ZKLFK�



��

ൕ>൚ ! ൠ_൚ ! ဋ@ SUREDELOLW\ WKDW VWRFKDVWLF YDULDEOH ൚ LV ODUJHU WKDQ ൠ� JLYHQ WKDW ൚ LV
ODUJHU WKDQ ဋ

ോ>൚ ! ൠ@ � �ൠ�� IUHTXHQF\ RI VWRFKDVWLF YDULDEOH ൚ H[FHHGLQJ YDOXH ൠ
ോ>൚ ! ဋ@ � ဃ� VWRUP IUHTXHQF\ �RI WKUHVKROG YDOXH ဋ�
൚ VWRFKDVWLF YDULDEOH
ൠ UHDOL]DWLRQ RI VWRFKDVWLF YDULDEOH ൚
 VKDSH SDUDPHWHU
စ VFDOH SDUDPHWHU
ဋ WKUHVKROG YDOXH

7KH SDUDPHWHU YDOXHV IRU WKH FRQGLWLRQDO :HLEXOO GLVWULEXWLRQV DUH XVHG DV LQSXW IRU +\GUD�.� 7KH LQYHUVH
RI WKH FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ LV XVHG IRU WKH WUDQVIRUPDWLRQ IURP WKH H[SRQHQWLDO VSDFH WR WKH
:HLEXOO VSDFH DQG LV JLYHQ E\�
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,Q WKH VHFRQG VWHS �H[WUDSRODWLRQ RI WKH FRUUHODWLRQ VWUXFWXUH� WKH PRVW XQIDYRUDEOH ORDG FRPELQDWLRQ
RI YDULDEOHV LV XVHG� 7KLV FRPELQDWLRQ GHSHQGV RQ WKH IDLOXUH PHFKDQLVP� ,Q FDVH RI ZDYH UXQ�XS DQG
RYHUWRSSLQJ WKH DQJOH RI ZDYH LPSDFW DOVR SOD\V D UROH� 7KH H[WUDSRODWLRQ LV GRQH E\ VKLIWLQJ RI WKH
VLPXOWDQHRXV REVHUYDWLRQV WR H[WUHPH YDOXHV DURXQG WKH IDLOXUH DUHD RI WKH IORRG GHIHQVH� 7KH DPRXQW
RI VKLIWLQJ LV GHQRWHG E\ D VKLIW YHFWRU ࣄ DQG LV WKH VDPH IRU DOO WKH VLPXOWDQHRXV REVHUYDWLRQV� %\
LWHUDWLRQ ࣄ LV FKDQJHG XQWLO D SUH VSHFLILHG DPRXQW RI SRLQWV DUH LQ WKH IDLOXUH DUHD� ,Q WKH PHWKRG 'H
+DDQ LW LV DVVXPHG WKDW WKH FRUUHODWLRQ VWUXFWXUH UHPDLQV WKH VDPH IRU H[WUDSRODWLRQ LQ WKH H[SRQHQWLDO
OLQHDU VSDFH RI WKH H[FHHGDQFH IUHTXHQFLHV�

7KH IDLOXUH IUHTXHQF\ FDQ EH REWDLQHG E\ WKH VLPXOWDQHRXV REVHUYDWLRQV� ZLWKRXW WKH GHWHUPLQDWLRQ RI
WKH PXOWL GLPHQVLRQDO VWDWLVWLFV E\�

   ॲ ൶൮�ࢿࣄ�
́ �$���

LQ ZKLFK�
 IDLOXUH IUHTXHQF\ SHU \HDU
 QXPEHU RI SRLQWV LQ IDLOXUH DUHD
ࣄ VKLIW YHFWRU LQ H[SRQHQWLDO OLQHDU GRPDLQ
́ OHQJWK RI SHULRG LQ ZKLFK REVHUYDWLRQV DUH JDWKHUHG

7KH IDLOXUH IUHTXHQF\ FDQ EH WUDQVIRUPHG LQWR D SUREDELOLW\ RI IDLOXUH�

ൕ፟  � ࢿ ൶൮�ࢿ� �$���

7KH ILQDO VWHS LV WKH FKHFN RQ DV\PSWRWLFDO LQGHSHQGHQF\� 7KLV LV WKH FDVH ZKHQ WKH H[WUHPH YDOXHV RI
VWRFKDVWLF YDULDEOHV UHPDLQ EHWZHHQ D XQFHUWDLQW\ ERXQGDU\�7KH GHSHQGHQF\ FDQ EH DVVHVVHG LQ WKH
OLQHDU H[SRQHQWLDO VSDFH E\ WKH FRQGLWLRQDO SUREDELOLW\�

ൕ>൚ኼ ! ൠ_൚ኻ ! ൠ@  
ൕ>൚ኼ ! ൠ ࣖ ൚ኻ ! ൠ@

ൕ>൚ኻ ! ൠ@
ZLWK� ൕ>൚ኻ ! ൠ@  ൕ>൚ኼ ! ൠ@ �$���

LQ ZKLFK ൚ኻ DQG ൚ኼ DUH H[SRQHQWLDOO\ GLVWULEXWHG VWRFKDVWLF YDULDEOHV� $V\PSWRWLFDO GHSHQGHQF\ LV WKH
FDVH LI WKH OLPLW RI WKH FRQGLWLRQDO SUREDELOLW\ LV D SRVLWLYH YDOXH ZKHQ ൠ DSSURDFKHV LQILQLW\� ,I WKLV OLPLW
LV HTXDO WR ]HUR WKH YDULDEOHV DUH DV\PSWRWLFDOO\ LQGHSHQGHQW�

)RU WRWDO LQGHFHQF\ WKH IROORZLQJ IRU WKH VWRFKDVWLF YDULDEOHV DSSOLHV�

ൕ>൚ኼ ! ൠ_൚ኻ ! ൠ@  
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:KHQ ൠ DSSURDFKHV LQILQLW\ WKLV SUREDELOLW\ LV HTXDO WR ]HUR�
)RU WRWDO GHSHQGHQF\ WKH IROORZLQJ IRU WKH VWRFKDVWLF YDULDEOHV DSSOLHV�

ൕ>൚ኼ ! ൠ_൚ኻ ! ൠ@  � �$���



�� $� +\GUDXOLF ERXQGDU\ FRQGLWLRQV

)RU SDUWLDO GHSHQGHQF\ RI WKH VWRFKDVWLF YDULDEOHV D PHWKRG LV XVHG WR GHWHUPHQW WKH DV\PSWRWLFDO
GHSHQGHQF\� $ অVORSHঅ က DQG D GHSHQGHQF\ IXQFWLRQ တኺ� DUH GHILQHG IRU ൠ DSSURDFKLQJ LQILQLW\�

က  ൪൭൦�ൕ>൚ኼ ! ൠ_൚ኻ ! ൠ@�
൪൭൦�ൕ>൚ኻ ! ൠ@�

�$���

တኺ� ࢵ >���� �@ �$����

,W KROGV WKDW�
က  �တኺ� ࢿ � �$����

2QO\ LI တኺ�  ��� DQG DFFRUGLQJ WR WKDW က  � DV\PSWRWLFDO GHSHQGHQF\ LV WKH FDVH� ,Q DOO WKH RWKHU FDVHV
WKH YDULDEOHV DUH DV\PSWRWLFDOO\ LQGHSHQGHQW� ,Q +\GUD�. LV LV DVVXPHG WKH YDULDEOHV DUH DV\PSWRWLFDOO\
GHSHQGHQW VR WKLV YDOLGDWLRQ LV QRW SDUW RI WKH +\GUD�. PRGXOH�

8SVFDOLQJ RI WKH VWRUP EXLOG XS
)RU WKH IDLOXUH PHFKDQLVPV ZDYH UXQ�XS DQG ZDYH RYHUWRSSLQJ WKH PD[LPXP ORDG LV QRUPDOO\ PRUH RU
OHVV ZKHQ WKH ZDWHU OHYHO UHDFKHV D PD[LPXP �LQ D VLQJOH VWRUP HYHQW�� )RU WKH IDLOXUH PHFKDQLVPV
LQVWDELOLW\ RI WKH UHYHWPHQW WKLV LV QRW WKH FDVH� HVSHFLDOO\ QRW IRU UHYHWPHQWV RQ WKH ORZHU VORSHV RI
IORRG GHIHQFHV� 7KHVH SDUWV PD\ EH XQGHU WKH 6:/ GXULQJ WKH PD[LPXP RYHUWRSSLQJ ORDG RI D VWRUP�
7KH PD[LPXP ORDG IRU WKRVH UHYHWPHQWV PD\ RFFXU GXULQJ WKH EXLOG XS RI D VWRUP� VR WKH FRPSOHWH
VWRUP HYHQW PXVW EH WDNHQ LQWR DFFRXQW� 7KLV PHDQV WKDW WKH XSVFDOLQJ PXVW EH GRQH IRU D FRPSOHWH
VWRUP HYHQW�

7KH XSVFDOLQJ LV GRQH ZLWK D XSVFDOLQJ WULDQJOH� 7KH XSVFDOLQJ YDOXH IRU WKH PD[LPXP ZDWHU OHYHO LV
GHILQHG ZLWK PHWKRG 'H +DDQ� 7KLV PHDQV WKDW WKH PD[LPXP ZDWHU OHYHO LV GHWHUPLQHG DFFRUGLQJ WR
WKH H[FHHGDQFH IUHTXHQF\� 7KH XSVFDOLQJ YDOXH LV WKH GLIIHUHQFH EHWZHHQ WKH PD[LPXP ZDWHU OHYHO
EHIRUH DQG DIWHU H[WUDSRODWLRQ ZLWK PHWKRG 'H +DDQ� 7KH XSVFDOLQJ YDOXHV DW WKH EHJLQ DQG DW WKH HQG
RI D VWRUP HYHQW DUH HTXDO WR ]HUR� 7KLV XSVFDOLQJ WULDQJOH LV DGGHG WR WKH ZDWHU OHYHOV WR GHWHUPLQH
WKH H[WUHPH YDOXHV IRU D FRPSOHWH VWRUP HYHQW� $Q H[DPSOH RI DQ XSVFDOLQJ WULDQJOH IRU D VWRUP DW
+DUOLQJHQ LQ )HEUXDU\ ���� LV VKRZQ LQ )LJXUH $��� 7KH VDPH XSVFDOLQJ WULDQJOH LV XVHG WR GHWHUPLQH
WKH ZLQG VSHHG� LQ VSLWH RI WKH IDFW WKDW WKH PD[LPXP ZLQG VSHHG PD\ EH DW D GLIIHUHQW WLPH WKDQ WKH
PD[LPXP ZDWHU OHYHO�
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Storm build−up at Harlingen February 1990
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)LJXUH $��� 6WRUP EXLOG XS ZLWK DQ XSVFDOLQJ WULDQJOH IRU D VWRUP DW +DUOLQJHQ� )HEUXDU\ �����
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7UDQVODWLRQ RIIVKRUH�QHDUVKRUH
7R GHWHUPLQH WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV IRU D IORRG GHIHQVH WKH FDOFXODWHG H[WUHPH YDOXHV IRU
WKH GLIIHUHQW YDULDEOHV RIIVKRUH �ZLWK PHWKRG 'H +DDQ� DUH WUDQVODWHG LQWR QHDUVKRUH YDOXHV� 7R GR WKLV
WKH VKLIWHG SRLQWV DUH WUDQVODWHG ZLWK D QXPHULFDO ZDYH PRGHO �H�J� 6:$1� WR WKH ORFDWLRQV RI WKH IORRG
GHIHQFHV� 7R SUHYHQW XQQHFHVVDU\ FDOFXODWLRQ ZRUN D PDWUL[ RI ORDG FRPELQDWLRQV LV FDOFXODWHG ZLWK D
WUDQVODWLRQ IURP RIIVKRUH WR QHDUVKRUH ZDWHU LQ SUHSDUDWLRQ RI D +\GUD�. FDOFXODWLRQ� )RU HYHU\ ORFDWLRQ
D VHSDUDWH PDWUL[ LV GHWHUPLQHG DQG ZLWK WKHVH PDWULFHV WKH GHSHQGHQFLHV EHWZHHQ WKH YDULDEOHV IRU
RIIVKRUH DQG QHDUVKRUH ZDWHU DUH GHULYHG ZLWK PXOWLOLQHDU LQWHUSRODWLRQ� 'H WUDQVIRUPDWLRQ RI WKH ORDG
YDULDEOHV IURP RIIVKRUH WR QHDUVKRUH ZDWHU FRQVLVWV RI WKH IROORZLQJ VWHSV�

�� 5HODWH WKH RIIVKRUH ZDYH KHLJKW DQG SHULRG ZLWK WKH RIIVKRUH ZLQG VSHHG� 6HW WKH GLUHFWLRQ RI WKH
ZDYHV WR WKH VDPH GLUHFWLRQ RI WKH ZLQG� $VVXPH WKDW WKH RIIVKRUH DQG QHDUVKRUH ZLQG GLUHFWLRQ
LV HTXDO�

�� ,QWHUSRODWH DQG H[WUDSRODWH WKH QHDUVKRUH KLJK ZDWHU OHYHO IRU HDFK ZLQG GLUHFWLRQ OLQHDU EDVHG
RQ WKH DYDLODEOH QHDUVKRUH DQG RIIVKRUH KLJK ZDWHU OHYHOV�

�� 7UDQVIRUP WKH QHDUVKRUH ZDYH GLUHFWLRQ E\ WDNLQJ WKH VLQH DQG WKH FRVLQH� 7R SUHYHQW GLYLGLQJ
E\ ]HUR LQWHUSRODWLRQ LV GRQH ZLWK UHJDUG WR WKH DUFWDQJHQW�

�� $ UHODWLYH VLJQLILFDQW ZDYH KHLJKW LV XVHG ZKLFK LV WKH TXRWLHQW RI WKH VLJQLILFDQW ZDYH KHLJKW DQG
WKH ORFDO ZDWHU GHSWK� 7KLV LQFUHDVHV WKH DFFXUDF\ GXULQJ LQWHU� DQG H[WUDSRODWLRQ�

�� ([WUDSRODWH WKH QHDUVKRUH UHODWLYH VLJQLILFDQW ZDYH KHLJKWV DQG QHDUVKRUH ZDYH SHULRGV ERRU ORZ
QHDUVKRUH KLJK ZDWHU OHYHOV DQG ZLQG VSHHGV� E\ DVVXPLQJ WKDW WKH QHDUVKRUH ZDYH SDUDPHWHUV
DUH OLQHDU GHSHQGHQW WR WKH QHDUVKRUH KLJK ZDWHU OHYHO HQ WR WKH ORJDULWKP RI WKH QHDUVKRUH ZLQG
VSHHG�

�� )RU KLJK QHDUVKRUH KLJK ZDWHU OHYHOV DQG ZLQG VSHHGV WKH H[WUDSRODWLRQ LV GRQH ZLWK D OLQHDU
GHSHQGHQF\ IRU ERWK WKH VLJQLILFDQW ZDYH KHLJKW DQG WKH ZDYH SHULRG�

�� $SSO\ PXOWL OLQHDU LQWHUSRODWLRQ IRU WKH LQWHUPHGLDWH QHDUVKRUH UHODWLYH VLJQLILFDQW ZDYH KHLJKWV�
ZDYH SHULRGV DQ WKH WUDQVIRUPHG ZDYH GLUHFWLRQV�

0HWKRG IRU GHWHUPLQDWLRQ RI WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV
IRU WKH $IVOXLWGLMN
7R GHWHUPLQH WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV IRU WKH GLIIHUHQW GLNH VHFWLRQV RI WKH $IVOXLWGLMN +\GUD�
. LV XVHG� :LWK +\GUD�. IRU GLIIHUHQW GHVLJQ H[FHHGDQFH IUHTXHQFLHV WKH FRUUHVSRQGLQJ YDULDEOHV DUH
FDOFXODWHG� 7KLV LV GRQH DW WKH GLIIHUHQW ORFDWLRQV WKDW UHSUHVHQW WKH GLNH VHFWLRQV RI WKH $IVOXLWGLMN� 7KH
UHSUHVHQWDWLYH GLNH VHFWLRQ ��D� IRU WKH $IVOXLWGLMN LV XVHG DV DQ H[DPSOH LQ WKLV DSSHQGL[� ,Q 7DEOH $��
WKH YDOXHV RI WKH YDULDEOHV DUH JLYHQ IRU GLIIHUHQW UHWXUQ SHULRGV�

5HWXUQ SHULRG >\HDU@ 6:/ >P@ +V >P@ 7P���� >V@
� ���� ���� ����
� ���� ���� ����
�� ���� ���� ����
�� ���� ���� ����
��� ���� ���� ����
��� ���� ���� ����
� ��� ���� ���� ����
� ��� ���� ���� ����
�� ��� ���� ���� ����
�� ��� ���� ���� ����
��� ��� ���� ���� ����

7DEOH $��� 5HWXUQ SHULRGV IRU WKH KLJK ZDWHU OHYHO� VLJQLILFDQW ZDYH KHLJKW DQG PHDQ HQHUJ\ ZDYH SHULRG�

$V GHVFULEHG DERYH WKH YDULDEOHV DUH GHSHQGHQW LQ WKH H[WUHPH YDOXH DUHD� 7KHUHIRUH ZH HVWLPDWH D
GLVWULEXWLRQ IRU WKH ZDWHU OHYHO DQG ILQG UHODWLRQV EHWZHHQ WKH ZDWHU OHYHO DQG WKH RWKHU YDULDEOHV� ,I IRU



�� $� +\GUDXOLF ERXQGDU\ FRQGLWLRQV

DOO WKH YDULDEOHV GLIIHUHQW GLVWULEXWLRQV DUH GHULYHG WKLV ZLOO UHVXOW LQ D PXFK ORZHU SUREDELOLW\ RI IDLOXUH
ZKHQ WKH 0RQWH &DUOR PHWKRG LV XVHG� %HFDXVH LQ D 0RQWH &DUOR VLPXODWLRQ YDOXHV DUH UDQGRPO\ GUDZQ
IURP WKH VWRFKDVWLF YDULDEOHV WKH FKDQFH WKDW IRU ERWK WKH ZDWHU OHYHO DQG WKH ZDYH KHLJKW H[WUHPH
YDOXHV DUH GUDZQ LV YHU\ VPDOO� +RZHYHU DV GHVFULEHG DERYH WKH ZDYH KHLJKW DQG WKH ZDWHU OHYHO DUH
GHSHQGHQW DQG IRU H[WUHPH YDOXHV RI WKH ZDWHU OHYHO DOVR H[WUHPH YDOXHV IRU WKH ZDYH KHLJKW RFFXU�
6R WKHUHIRUH RQO\ D VWRFKDVWLF YDULDEOH IRU WKH ZDWHU OHYHO LV HVWLPDWHG DQG WKH RWKHU YDULDEOHV DUH
GHVFULEHG ZLWK D UHODWLRQVKLS WR WKH ZDWHU OHYHO�

7KH GLVWULEXWLRQ W\SH RI WKH VWLOO ZDWHU OHYHO LV D FRQGLWLRQDO :HLEXOO ZKLFK FDQ EH HVWLPDWHG IURP WKH
H[FHHGDQFH IUHTXHQF\ YDOXHV ZLWK (TXDWLRQ $��� 7KLV HVWLPDWLRQ LV GRQH LQ 0DWODE ZLWK WKH OVTFXUYHILW
IXQFWLRQ ZKLFK VROYHV QRQ�OLQHDU OHDVW VTXDUH SUREOHPV� )RU WKH YDOXHV JLYHQ LQ 7DEOH $�� WKH IROORZLQJ
SDUDPHWHUV IRU WKH FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ DUH IRXQG�

3DUDPHWHU 9DOXH
ဋ ����
ဃ ����
 ����
စ ����

,Q )LJXUH $�� WKH GDWD SRLQWV REWDLQHG IURP +\GUD�. DQG WKH FRQGLWLRQDO :HLEXOO ILW DUH VKRZQ�
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Data points obtained from Hydra−K
Fitted distribution (conditional Weibull)

)LJXUH $��� )LWWHG FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ DFFRUGLQJ WR WKH H[FHHGDQFH IUHTXHQF\ YDOXHV JLYHQ E\ +\GUD�.�

7R REWDLQ WKH UHODWLRQVKLS EHWZHHQ WKH ZDWHU OHYHO DQG WKH ZDYH KHLJKW WKH IROORZLQJ IRUPXOD LV
XVHG�

്፬  ൈኻ൪൭൦�൘൜� � ൈኼ �$����

:LWK WKH GDWD REWDLQHG IURP WKH +\GUD�. WKH FRQVWDQWV ൈኻ DQG ൈኼ DUH HVWLPDWHG LQ 0DWODE ZLWK WKH
OVTFXUYHILW IXQFWLRQ� 7KH HVWLPDWHV RI WKH FRQVWDQWV DUH�

&RQVWDQW 9DOXH
ൈኻ ����
ൈኼ �����

7KH GDWD SRLQWV IURP +\GUD�. IRU WKH UHODWLRQVKLS EHWZHHQ WKH ZDWHU OHYHO DQG WKH ZDYH KHLJKW DQG
WKH HVWLPDWHG ILW DUH VKRZQ LQ )LJXUH $���
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Relationship between water level and wave height
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Data points obtained from Hydra−K
Fitted relationship

)LJXUH $��� )LWWHG FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ DFFRUGLQJ WR WKH H[FHHGDQFH IUHTXHQF\ YDOXHV JLYHQ E\ +\GUD�.�

7KH ILQDO UHODWLRQVKLS WKDW LV HVWLPDWHG LV WKH UHODWLRQVKLS EHWZHHQ WKH VLJQLILFDQW ZDYH KHLJKW DQG WKH
PHDQ HQHUJ\ ZDYH SHULRG� )RU WKLV UHODWLRQVKLS WKH IROORZLQJ IRUPXOD LV XVHG�

൙፦ዅኻ�ኺ  ᔄ
്፬
ൈኽ

�$����

7KH HVWLPDWLRQ RI ൈኽ LV GRQH ZLWK WKH OVTFXUYHILW IXQFWLRQ LQ 0DWODE DQG WKH HVWLPDWH LV�
&RQVWDQW 9DOXH
ൈኽ ����

7KH GDWD SRLQWV IURP +\GUD�. IRU WKH UHODWLRQVKLS EHWZHHQ WKH ZDWHU OHYHO DQG WKH ZDYH SHULRG DQG
WKH HVWLPDWHG ILW DUH VKRZQ LQ )LJXUH $��� ,W LV REVHUYHG WKDW WKH ORZHVW GDWD SRLQW LV QRW FORVH WR
WKH ILWWHG OLQH� 7KLV FDQ EH H[SODLQHG E\ WKH IDFW WKDW WKH GHSHQGHQF\ LV IRU H[WUHPH YDOXHV GXH WR
DV\PSWRWLFDOO\ LQGHSHQGHQFH� 7KLV PHDQV WKDW IRU WKH YDOXHV ZLWK VPDOOHU UHWXUQ SHULRGV �VR IRU WKLV
ORZHVW GDWD SRLQW� WKH GHSHQGHQF\ LV QRW FHUWDLQ�

7KH GLVWULEXWLRQ RI WKH ZDWHU OHYHO� ZDYH KHLJKW DQG ZDYH SHULRG FDQ EH VKRZQ IURP WKH UHDOL]DWLRQV
E\ WKH 0RQWH &DUOR VLPXODWLRQ� 7KH JHQHUDWHG YDOXHV LQ WKLV VLPXODWLRQ DUH SORWWHG DV D KLVWRJUDP�
VHH )LJXUH $��� $�� DQG $��� :LWK WKHVH GLVWULEXWLRQV YDOXHV IRU WKH UHWXUQ SHULRGV DUH GHULYHG DQG
FRPSDUHG ZLWK WKH YDOXHV REWDLQHG ZLWK +\GUD�.� 7KH HUURU EHWZHHQ WKH ILWWHG GLVWULEXWLRQV DQG WKH
REWDLQHG YDOXHV ZLWK +\GUD�. LV H[SUHVVHG DV WKH VTXDUHG GLIIHUHQFH� 7KH UHVXOWV DUH VKRZQ LQ 7DEOH $��
DQG DV ZH FDQ VHH WKH HUURUV DUH UHODWLYHO\ VPDOO�

7KH 0DWODE IXQFWLRQ ILOH WKDW LV XVHG WR GHWHUPLQH WKH FRQVWDQWV IRU WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV
LV JLYHQ LQ $SSHQGL[ (�

+\GUDXOLF ERXQGDU\ FRQGLWLRQV IRU WKH $IVOXLWGLMN
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)LJXUH $��� )LWWHG FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ DFFRUGLQJ WR WKH H[FHHGDQFH IUHTXHQF\ YDOXHV JLYHQ E\ +\GUD�.�
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)LJXUH $��� 'LVWULEXWLRQ RI WKH VLJQLILFDQW ZDYH KHLJKW IURP WKH UHODWLRQVKLS ZLWK WKH ZDWHU OHYHO�
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)LJXUH $��� 'LVWULEXWLRQ RI WKH ZDYH SHULRG IURP WKH UHODWLRQVKLS ZLWK WKH VLJQLILFDQW ZDYH KHLJKW�



�� $� +\GUDXOLF ERXQGDU\ FRQGLWLRQV

5HWXUQ
SHULRG
>\HDU@

6:/
>P@

ILW 5� +V >P@ ILW 5� 7P����
>V@

ILW 5�
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7DEOH $��� 5HWXUQ SHULRGV IRU WKH KLJK ZDWHU OHYHO� VLJQLILFDQW ZDYH KHLJKW DQG PHDQ HQHUJ\ ZDYH SHULRG ZLWK WKH FRUUHVSRQGLQJ
ILWWHG GLVWULEXWLRQV DQG WKH VTXDUHG HUURU�



%
3UREDELOLVWLF DSSURDFK IDLOXUH

PHFKDQLVPV

7R GHWHUPLQH WKH SUREDELOLW\ RI IORRGLQJ IRU WKH $IVOXLWGLMN WKH SRVVLEOH IDLOXUH PHFKDQLVPV IRU HYHU\ GLNH
VHFWLRQ DUH WDNHQ LQWR DFFRXQW� ,Q WKLV DSSHQGL[ WKH PHWKRG RI DVVHVVPHQW RI WKH SUREDELOLW\ RI IDLOXUH
IRU WKHVH IDLOXUH PHFKDQLVPV DUH GHVFULEHG� 7KHVH PHWKRGV DUH XVHG WR FDOFXODWH WKH WRWDO SUREDELOLW\
RI IDLOXUH RI WKH $IVOXLWGLMN� ,Q WKH ILUVW VXEVHFWLRQ WKH JHQHUDO SUREDELOLVWLF PRGHO LV GHVFULEHG WKDW
FDOFXODWHV WKH SUREDELOLW\ RI IDLOXUH IRU HDFK IDLOXUH PHFKDQLVP� ,Q WKH VXFFHVVLYH VHFWLRQV WKH WKHRU\
RI WKH IDLOXUH PHFKDQLVPV LV GHVFULEHG DQG WKH VWRFKDVWLF YDULDEOHV DQG OLPLW VWDWH IXQFWLRQV DUH JLYHQ�
7KHVH YDULDEOHV DQG WKH OLPLW VWDWH IXQFWLRQ DUH WKH LQSXW IRU WKH SUREDELOLVWLF FDOFXODWLRQ� )RU WKH IDLOXUH
PHFKDQLVP PDFUR VWDELOLW\ WKLV SUREDELOLVWLF PRGHO LV QRW XVHG EXW D SUREDELOLVWLF PRGXOH RI WKH VRIWZDUH
SURJUDP 0VWDE� LV XVHG�

3UREDELOLVWLF PHWKRG IRU GHWHUPLQDWLRQ RI SUREDELOLW\ RI IDLOXUH
7KH PHWKRG XVHG WR GHWHUPLQH WKH SUREDELOLW\ RI IDLOXUH LV WKH FUXGH 0RQWH &DUOR PHWKRG� 7KLV PHWKRG
DQG WKH IRUPXODV XVHG LQ WKLV SDUDJUDSK DUH GHVFULEHG LQ PRUH GHWDLO LQ �6WLFKWLQJ &85� ������ ,Q WKLV
PHWKRG WKH SRVVLELOLW\ RI GUDZLQJ UDQGRP QXPEHUV IRUP D XQLIRUP SUREDEO\ GHQVLW\ IXQFWLRQ EHWZHHQ
]HUR DQG RQH LV XVHG� 7KH QRQ�H[FHHGDQFH SUREDELOLW\ RI DQ DUELWUDU\ UDQGRP YDULDEOH LV XQLIRUPO\
GLVWULEXWHG EHWZHHQ ]HUR DQG RQH� UHJDUGOHVV RI WKH GLVWULEXWLRQ RI WKH YDULDEOH�

ോፗ�൝�  ൝፮ �%���

LQ ZKLFK ൝ፔ LV WKH XQLIRUPO\ GLVWULEXWHG YDULDEOH EHWZHHQ ]HUR DQG RQH DQG ോፗ�൝� LV WKH QRQ�H[FHHGDQFH
SUREDELOLW\ ൕ�൶ � ൝�� 6R IRU WKH YDULDEOH ;�

൝  ോዅኻፗ �൝፮� �%���

,Q ZKLFK ോዅኻፗ �൝፮� LV WKH LQYHUVH RI WKH SUREDELOLW\ GLVWULEXWLRQ IXQFWLRQ RI ;� $ UDQGRP QXPEHU ൝ FDQ EH
JHQHUDWHG IURP DQ DUELWUDU\ GLVWULEXWLRQ ോፗ�൝� E\ GUDZLQJ D QXPEHU ൝፮ IURP WKH XQLIRUP GLVWULEXWLRQ
EHWZHHQ ]HUR DQG RQH�

:LWK WKLV PHWKRG IRU HYHU\ YDULDEOH D UDQGRP YDOXH FDQ EH GUDZQ IURP WKHLU FRUUHVSRQGLQJ GLVWULEXWLRQ
IXQFWLRQV� OHDGLQJ WR D YHFWRU ZKLFK LV XVHG DV LQSXW WKH OLPLW VWDWH IXQFWLRQ� 7KH UHVXOWLQJ YDOXH RI WKH
YHFWRU LV FDOFXODWHG DQG LI WKLV OLPLW VWDWH IXQFWLRQ LV VPDOOHU WKDQ ]HUR IDLOXUH RFFXUV� %\ UHSHDWLQJ WKLV
SURFHGXUH D ODUJH QXPEHU RI WLPHV WKH SUREDELOLW\ RI IDLOXUH FDQ EH HVWLPDWHG DV IROORZV�

ൕ፟ ࣵ ൬፟
൬ �%���

�0VWDE LV D SUHYLRXV YHUVLRQ RI '�*HR� ZKLFK LV VRIWZDUH WR FDOFXODWH PDFUR LQVWDELOLW\� ,W LV GHYHORSHG E\ 'HOWDUHV� IRU D PRUH
GHWDLOHG GHVFULSWLRQV VHH 6HFWLRQ %�

��



�� %� 3UREDELOLVWLF DSSURDFK IDLOXUH PHFKDQLVPV

LQ ZKLFK�
൬፟ LV WKH QXPEHU RI VLPXODWLRQ IRU ZKLFK WKH OLPLW VWDWH IXQFWLRQ LV VPDOOHU WKDQ ]HUR
൬ LV WKH WRWDO QXPEHU RI VLPXODWLRQV

7R REWDLQ D UHVXOW ZLWK D UHOLDELOLW\ RI ��� WKH WRWDO QXPEHU RI VLPXODWLRQV LV�

൬ ! ���� �ൕ፟ ࢿ �� �%���

7R GHWHUPLQH WKH SUREDELOLW\ RI IDLOXUH IRU RQH FURVV VHFWLRQ DQG RQH IDLOXUH PHFKDQLVP SUREDELOLVWLF
WRROV �GHQ +HLMHU� ����� IURP 2SHQ(DUWK DUH XVHG� 2SHQ(DUWK � LV D IUHH DQG RSHQ VRXUFH LQLWLDWLYH
WR GHDO ZLWK GDWD� PRGHOV DQG WRROV LQ HDUWK VFLHQFH DQG HQJLQHHULQJ SURMHFWV� &XUUHQWO\ 2SHQ(DUWK
LV PDLQO\ IRFXVVHG RQ PDULQH DQG FRDVWDO HQJLQHHULQJ� 2SHQ(DUWK SURYLGHV D SODWIRUP WR DUFKLYH DQG
KRVW GDWD� PRGHO V\VWHPV DQG WRROV IRU SUDFWLFDO DQDO\VLV� 2SHQ(DUWK LV� DPRQJVW RWKHUV� VXSSRUWHG E\
WKH HIIRUW IURP SURIHVVLRQDOV IURP 'HOWDUHV� 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\ �+\GUDXOLF (QJLQHHULQJ DQG
(QYLURQPHQWDO )OXLG 0HFKDQLFV VHFWLRQV�� 9DQ 2RUG 'UHGJLQJ DQG 0DULQH &RQWUDFWRUV� $UFDGLV�$ON\ORQ
DQG 81(6&2�,+(�

7KH SUREDELOLVWLF WRROV LQ 2SHQ(DUWK DUH GHYHORSHG IRU 0DWODE LQ ZKLFK D SUREDELOLVWLF FDOFXODWLRQ FDQ
EH GRQH ZLWK D )250 RU 0RQWH &DUOR DQDO\VLV� 7ZR VFULSWV PXVW EH JHQHUDWHG LQ 0DWODE�

 $ IXQFWLRQ ILOH WR GHWHUPLQH WKH VWRFKDVWLF YDULDEOHV�
 $ IXQFWLRQ ILOH ZKLFK GHVFULEHV WKH OLPLW VWDWH IXQFWLRQ�

,Q WKH ILUVW IXQFWLRQ ILOH D VWUXFWXUH ZLWK ILHOGV LV JHQHUDWHG�

 1DPH� D XQLTXH QDPH IRU HDFK VWRFKDVWLF YDULDEOH
 'LVWU� IXQFWLRQ KDQGOH RI WKH FRUUHVSRQGLQJ GLVWULEXWLRQ IXQFWLRQ �H�J� #QRUPBLQY�
 3DUDPV� SDUDPHWHUV DV LQSXW IRU WKH FRUUHVSRQGLQJ GLVWULEXWLRQ IXQFWLRQ
 SURSHUW\1DPH� LQGLFDWH KRZ WR DQDO\VH YDULDEOH LQ =�IXQFWLRQ

7KH GLVWULEXWLRQ IXQFWLRQV WKDW FDQ EH XVHG DUH VKRZQ LQ 7DEOH %���

'LVWULEXWLRQ )XQFWLRQ KDQGOH 3DUDPHWHUV
1RUPDO #QRUPBLQY � စ
([SRQHQWLDO #H[SBLQY � ဍ
7ULDQJXODU #WULDQBLQY D� E� F
/RJQRUPDO #ORJQBLQY � စ
8QLIRUP #XQLIBLQY D� E
&RQGLWLRQDO :HLEXOO #FRQGLWLRQDO:HLEXOO ဋ� ဃ� � စ
'HWHUPLQLVWLF #GHWHUPLQLVWLF [

7DEOH %��� $YDLODEOH GLVWULEXWLRQ IXQFWLRQ LQ WKH SUREDELOLVWLF WRROV LQ 2SHQ(DUWK�

7KH K\GUDXOLF ERXQGDU\ FRQGLWLRQV DUH UDQGRP YDULDEOHV ZLWK D FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ� $F�
FRUGLQJ WR 91.� �3URMHFWEXUHDX 91.�� ����� RWKHU YDULDEOHV KDYH D QRUPDO RU D ORJQRUPDO GLVWULEXWLRQ�
7KHUHIRUH WKHVH WKUHH GLVWULEXWLRQV DUH XVHG LQ WKH SUREDELOLVWLF WRROV� 0RUH LQIRUPDWLRQ DERXW WKH K\�
GUDXOLF ERXQGDU\ FRQGLWLRQV DQG WKH FRQGLWLRQDO :HLEXOO GLVWULEXWLRQ FDQ EH IRXQG LQ $SSHQGL[ $�

$ QRUPDO GLVWULEXWLRQ LV GHILQHG E\ PHDQ YDOXH  DQG D VWDQGDUG GHYLDWLRQ စ DQG WKH GHQVLW\ IXQFWLRQ
KDV D V\PPHWULFDO VKDSH� $ ORJQRUPDO GLVWULEXWLRQ KDV DQ DV\PPHWULFDO VKDSH DQG KDV D PLQLPXP�
FRQWUDU\ WR D QRUPDO GLVWULEXWLRQ ZKLFK KDV QR ERXQGDULHV� 7KHUHIRUH WKH ORJQRUPDO GLVWULEXWLRQ LV
XVHG IRU YDULDEOHV WKDW FDQ QRW EH QHJDWLYH� OLNH GLPHQVLRQV �OHQJWK� ZLGWK� KHLJKW�� PRGHO IDFWRUV�
FRHIILFLHQWV DQG GLVFKDUJHV� 7KH GLIIHUHQW VKDSHV RI WKH WKH QRUPDO DQG ORJQRUPDO GLVWULEXWLRQ IRU WKH
VDPH SDUDPHWHUV  DQG စ DUH JLYHQ LQ )LJXUH %���
7KH LQSXW RI WKH PHDQ YDOXH  DQG WKH VWDQGDUG GHYLDWLRQ စ LV LQ WKHVH SUREDELOLVWLF WRROV �DQG DOVR
LQ 3&�5LQJ�� GLIIHUHQW IRU WKH ORJQRUPDO GLVWULEXWLRQ� 7KH PHDQ YDOXHV DQG VWDQGDUG GHYLDWLRQV IRU
�6RXUFH� KWWS���SXEOLFZLNL�GHOWDUHV�QO�GLVSOD\�2(7�2SHQ(DUWK
�3&�5LQJ LV D VRIWZDUH PRGXOH XVHG IRU 91.� WR FDOFXODWH ULVNV RI IORRG GHIHQFHV LQ WKH 1HWKHUODQGV

http://publicwiki.deltares.nl/display/OET/OpenEarth
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)LJXUH %��� 3UREDELOLW\ GHQVLW\ IXQFWLRQV IRU WKH QRUPDO DQG ORJQRUPDO GLVWULEXWLRQ IXQFWLRQV ZLWK VHYHUDO SDUDPHWHUV�

ORJQRUPDO GLVWULEXWHG YDULDEOHV DUH GHILQHG DV YDOXHV IRU WKH SDUHQW QRUPDO GLVWULEXWLRQ LQ WKH 91.�
PDQXDO �3URMHFWEXUHDX 91.�� ������ +RZHYHU� LQ WKH SUREDELOLVWLF WRROV LQ 2SHQ(DUWK  DQG စ PXVW
EH GHILQHG DFFRUGLQJ WR WKH ORJQRUPDO GLVWULEXWLRQ� 6R WKH YDOXHV IURP PXVW EH WUDQVODWHG EHIRUH WKH\
FDQ EH XVHG� 7KLV WUDQVODWLRQ LV JLYHQ E\�

  ൪൬� ൫ኼ
൱ኼࣇ � ൫ኼ

� �%���

စ  ᔄ൪൭൦� ൱
ኼ

൫ኼ � �� �%���

ZLWK�

 WKH PHDQ YDOXH RI WKH ORJQRUPDO GLVWULEXWLRQ XVHG DV LQSXW IRU WKH FDOFXODWLRQV
စ WKH VWDQGDUG GHYLDWLRQ RI WKH ORJQRUPDO GLVWULEXWLRQ XVHG DV LQSXW IRU WKH FDOFXOD�

WLRQV
൫ WKH PHDQ YDOXH
൱ WKH VWDQGDUG GHYLDWLRQ

,I WKHVH YDOXHV DUH QRW WUDQVODWHG LQWR WKH ULJKW YDOXHV IRU WKH ORJQRUPDO GLVWULEXWLRQ WKLV UHVXOWV LQ
H[WUHPH YDOXHV WKDW DUH LQFRUUHFW� 'XULQJ WKH 06F UHVHDUFK H[WUHPH UHVXOWV ZHUH REWDLQHG IRU WKH
SUREDELOLW\ RI IDLOXUH� HVSHFLDOO\ IRU WKH IDLOXUH PHFKDQLVP LQVWDELOLW\ RI WKH UHYHWPHQW� %HFDXVH D
ORW RI YDULDEOHV DUH GHILQHG E\ D ORJQRUPDO GLVWULEXWLRQ LQ WKLV IDLOXUH PHFKDQLVP WKH ZURQJ LQSXW
SDUDPHWHUV UHVXOWHG LQ H[WUHPH YDOXHV IRU WKH VWUHQJWK SDUDPHWHUV� ZKLFK OHG WR D YHU\ VPDOO SUREDELOLW\
RI IDLOXUH� $IWHU PRGLI\LQJ WKH IXQFWLRQ ILOH IRU WKH ORJQRUPDO GLVWULEXWLRQ �ZLWK WKH WUDQVODWLRQ DFFRUGLQJ
WR (TXDWLRQ %�� DQG %�� EXLOG LQWR WKH IXQFWLRQ ILOH� WKH UHVXOWV ZHUH UHDOLVWLF YDOXHV� 7KH H[WUHPH VSUHDG
RI WKH ZURQJ LQSXW FDQ EH VHHQ LQ )LJXUH %�� �HVSHFLDOO\ LQ FRPSDULVRQ WR )LJXUH %�� ZHUH WKH VDPH
SDUDPHWHUV DUH XVHG��

,Q WKH VHFRQG IXQFWLRQ ILOH WKH OLPLW VWDWH IXQFWLRQ LV GHVFULEHG ZKLFK XVHV WKH VDPSOHV IURP WKH
YDULDEOHV WKDW DUH GHILQHG LQ WKH SUHYLRXV IXQFWLRQ ILOH� 7KLV OLPLW VWDWH IXQFWLRQ ILOH LV GHILQHG DV
ൟ VDPSOHV�ൗ � VDPSOHV�൘� 7KH VDPSOHV DUH ORDGHG IURP WKH VWUXFWXUH DV LQSXW LQ WKLV IXQFWLRQ ILOH
DQG WKH RXWSXW LV D VLQJOH YDOXH IRU WKH =�IXQFWLRQ� 7KH QXPEHU RI VDPSOHV FDQ EH GHILQHG WR JHW DQ
HVWLPDWH RI WKH SUREDELOLW\ RI IDLOXUH�
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)LJXUH %��� 3UREDELOLW\ GHQVLW\ IXQFWLRQV IRU WKH QRUPDO DQG ORJQRUPDO GLVWULEXWLRQ ZLWKRXW WUDQVODWHG SDUDPHWHUV�

2YHUWRSSLQJ
7KH PHWKRG IRU GHWHUPLQLQJ WKH DPRXQW RI RYHUWRSSLQJ LV GHVFULEHG LQ �YDQ GHU 0HHU� ������ 7KLV
PHWKRG LV DOVR XVHG LQ WKH 3&�29(56/$* VRIWZDUH PRGXOH� ZKLFK LV XVHG LQ WKH 91.�SURMHFW� 7KH
FDOFXODWLRQ PHWKRG IRU ZDYH UXQ�XS DQG ZDYH RYHUWRSSLQJ DUH GHVFULEHG DV IROORZV�

�� 'HWHUPLQDWLRQ RI WKH ZDYH ERXQGDU\ FRQGLWLRQV DW WKH WRH RI WKH GLNH �്፬ DQG ൙൫ዅኻ�ኺ��
�� &DOFXODWLRQ RI WKH LQIOXHQFH IDFWRU IRU WKH DQJOH RI ZDYH LPSDFW �ᎏ��
�� $GMXVW WKH ZDYH ERXQGDU\ FRQGLWLRQV LI ᎏ ! �ࣅ��
�� &DOFXODWLRQ RI WKH DYHUDJH VORSH �൲ൠ൬��
�� &DOFXODWLRQ RI WKH ZDYH UXQ�XS ZLWKRXW EHUP DQG URXJKQHVV FRHIILFLHQWV �൸ኼ��፬፦፨፨፭፡��
�� &DOFXODWLRQ RI WKH URXJKQHVV FRHIILFLHQW �፟ ��
�� &DOFXODWLRQ RI WKH ZDYH UXQ�XS ZLWK URXJKQHVV FRHIILFLHQW �൸ኼ��፫፨፮፠፡��
�� &DOFXODWLRQ RI WKH LQIOXHQFH FRHIILFLHQW RI WKH EHUP UHGXFWLRQ ���
�� &DOFXODWLRQ RI WKH WRWDO ZDYH UXQ�XS �൸ኼ���
��� &DOFXODWLRQ RI WKH ᎏ IRU ZDYH RYHUWRSSLQJ�
��� &DOFXODWLRQ RI WKH ZDYH RYHUWRSSLQJ ZLWK ፟ DQG �
��� &DOFXODWLRQ RI WKH RYHUWRSSLQJ YROXPH SHU ZDYH�

7KH UHODWLYH ZDYH UXQ�XS LV GHILQHG DV D IXQFWLRQ RI WKH VXUI VLPLODULW\ SDUDPDWHU �RU EUDNLQJ SDUDPHWHU��
ZKLFK LV GHILQHG DV�

ကኺ  
൲ൠ൬
൱ኺࣇ

�%���

ZLWK�

൱ኺ  
�ဂ്፬
൦൙ኼ፦ዅኻ�ኺ

�%���

LQ ZKLFK�
ကኺ >�@ VXUI VLPLODULW\ SDUDPHWHU
 @ࣅ< DQJOH RI WKH VORSH
൱ኺ >�@ ZDYH VWHHSQHVV
്፬ >P@ VLJQLILFDQW ZDYH KHLJKW
൙፦ዅኻ�ኺ >V@ VSHFWUDO ZDYH SHULRG
൦ >P�Vኼ@ JUDYLWDWLRQDO DFFHOHUDWLRQ



��

7KH DYHUDJH ZDYH UXQ�XS LV JLYHQ E\�

൸ኼ�  ൈኻ፟ ᎏကኺ്፬ �%���

ZLWK D PD[LPXP RI�

൸ኼ�  ፟ ᎏ�
ൈኼ ࢿ ൈኽ
ᔂကኺ

�്፬ �%����

LQ ZKLFK�
൸ኼ� >P@ OHYHO RI �� ZDYH UXQ�XS DERYH VWLOO ZDWHU OHYHO
്፬ >P@ VLJQLILFDQW ZDYH KHLJKW
 >�@ LQIOXHQFH IDFWRU IRU WKH EHUP UHGXFWLRQ
፟ >�@ LQIOXHQFH IDFWRU IRU WKH IULFWLRQ
ᎏ >�@ LQIOXHQFH IDFWRU IRU WKH DQJOH RI ZDYH DWWDFN
ൈኻ >�@ FRQVWDQW � ���� LQ D SUREDELOLVWLF FDOFXODWLRQ�
ൈኼ >�@ FRQVWDQW � ��� LQ D SUREDELOLVWLF FDOFXODWLRQ�
ൈኽ >�@ FRQVWDQW � ��� LQ D SUREDELOLVWLF FDOFXODWLRQ�

7KH WRWDO UHGXFWLRQ LV ERXQGHG WR D PLQLPXP�

 ॲ ፟ ॲ ᎏ ऒ ��� �%����

7KH DYHUDJH DQJOH RI WKH VORSH LV GHWHUPLQHG DV IROORZV�

൲ൠ൬��  ���്፬ � ൸ኼ�
፬፥፨፩፞േ

�%����

LQ ZKLFK�
፬፥፨፩፞ >P@ WKH KRUL]RQWDO OHQJWK RI WKH VORSH IURP ൘൜ ࢿ ���്፬ WR ൘൜ � ൸ኼ�
േ >P@ ZLGWK RI WKH EHUP

%HFDXVH ൸ኼ� LV QRW NQRZQ LQ WKH EHJLQQLQJ D ILUVW YDOXH LV HVWLPDWHG DW ൸ኼ�  ���്፬� :LWK DQ LWHUDWLRQ
WKH ILQDO YDOXH FDQ EH GHWHUPLQHG�

)RU WKH ZDYH UXQ�XS DQG ZDYH RYHUWRSSLQJ GLIIHUHQW UHGXFWLRQ IDFWRUV IRU WKH DQJOH RI ZDYH DWWDFN
DSSO\� 7KH UHGXFWLRQ IDFWRU IRU WKH ZDYH UXQ�XS LV GHWHUPLQHG DV�

ᎏ  ᒼ
� ࢿ ������__ ࣅ�� ऑ __ ऑ �ࣅ��
� ࢿ ������ ॲ �� �__ ऒ �ࣅ�� �%����

7KH DQJOH RI ZDYH DWWDFN UHGXFWLRQ IDFWRU IRU ZDYH RYHUWRSSLQJ LV GHILQHG DV�

ᎏ  ᒼ
� ࢿ ������__ ࣅ�� ऑ __ ऑ �ࣅ��
� ࢿ ������ ॲ �� �__ ऒ �ࣅ�� �%����

7KH UHGXFWLRQ IDFWRU RI WKH EHUP GHSHQGV RQ WKH WRWDO ZLGWK RI WKH EHUP DQG WKH OHYHO RI WKH EHUP
ZLWK UHVSHFW WR WKH VWLOO ZDWHU OHYHO� 7KH UHGXFWLRQ IDFWRU RI WKH EHUP LV GHILQHG DV�

  � ࢿ ൰ፁ�� ࢿ ൰፝ ፡� �%����

ZLWK�

൰ፁ  
േ

൰൫
�%����

DQG�

൰፝ ፡  ��� ࢿ ���ൢ൭൱�ဂ
ൣ፡
൶ � �%����

LQ ZKLFK�



�� %� 3UREDELOLVWLF DSSURDFK IDLOXUH PHFKDQLVPV

ൣ፡  ൘൜ ࢿ ്ፁ
൶  ൸ኼ� LI ൸ኼ� ! ፡ൣࢿ ! � �EHUP DERYH 6:/�
൶  �്፬ LI �്፬ ! ፡ൣࢿ ऒ � �EHUP EHORZ 6:/�
൰፝ ፡  � LI ፡ൣࢿ ऒ ൸ኼ� RU ൣ፡ ऒ �്፬ �RXWVLGH LQIOXHQFH ]RQH�

7KH UHGXFWLRQ IDFWRU IRU WKH EHUP LV ERXQGHG E\ ��� ऑ  ऑ ����
7KH IULFWLRQ IDFWRU WDNHV WKH IULFWLRQ RI GLIIHUHQW PDWHULDOV LQWR DFFRXQW WKDW UHGXFH WKH UXQ�XS DQG
RYHUWRSSLQJ� )ULFWLRQ IDFWRUV DUH GHWHUPLQHG HPSLULFDO IRU GLIIHUHQW PDWHULDOV� ,I D VORSH FRQVLVWV RI
GLIIHUHQW W\SH RI PDWHULDOV �OHDGLQJ WR GLIIHUHQW IULFWLRQ IDFWRUV� WKH IULFWLRQ IDFWRU LV GHWHUPLQHG DV
IROORZV�

፟ ።፟ࢾ  �።
ࢾ ።

�%����

LQ ZKLFK WKH ። LV WKH OHQJWK RI VHFWLRQ ൧ ZLWK FRUUHVSRQGLQJ IULFWLRQ IDFWRU ፟ �።�

7R GHWHUPLQH WKH ZDYH RYHUWRSSLQJ ILUVW D GLPHQVLRQOHVV ZDYH RYHUWRSSLQJ LV FDOFXODWHG� 7KHUH DUH
GLIIHUHQW GLPHQVLRQOHVV ZDYH RYHUWRSSLQJ IRUPXODV IRU EUHDNLQJ DQG QRQ�EUHDNLQJ ZDYHV� 7KH IRUPXODV
IRU WKH GLPHQVLRQOHVV ZDYH RYHUWRSSLQJ DUH�

ൖ  
�����
൲ൠ൬ࣇ

ကኺ൶൮�ࢿൈኾ
߶፤
്፬

�
ကኺ፟ ᎏ

� �%����

ൖ፧  ���൶൮�ࢿൈ
߶፤
്፬

�
፟ ᎏ

� �%����

LQ ZKLFK�
ൖ >�@ GLPHQVLRQOHVV ZDYH RYHUWRSSLQJ GLVFKDUJH IRU EUHDNLQJ ZDYHV
ൖ፧ >�@ GLPHQVLRQOHVV ZDYH RYHUWRSSLQJ GLVFKDUJH IRU QRQ�EUHDNLQJ ZDYHV
ൈኾ >�@ QRUPDOO\ GLVWULEXWHG FRQVWDQW � ��� DQG စ LV �����
ൈ >�@ QRUPDOO\ GLVWULEXWHG FRQVWDQW � ��� DQG စ LV �����
߶፤ >P@ KHLJKW RI WKH FURZQ RI WKH GLNH

7KH RYHUWRSSLQJ GLVFKDUJH ൯ኺ�ZLWK D GLPHQVLRQ RI ൫ኽ�൫�൱� LV JLYHQ E\�

൯ኺ  ൫൧൬�ൖ� ൖ፧�ᔃ൦്ኽ፬ �%����

$ ILUVW FDOFXODWLRQ LV PDGH IRU D W\SLFDO FURVV VHFWLRQ RI WKH $IVOXLWGLMN� 7KH XVHG YDULDEOHV DQG WKHLU
GLVWULEXWLRQV DQG SDUDPHWHUV DUH VKRZQ LQ 7DEOH %��� 7KHVH YDULDEOHV DUH GHILQHG LQ WKH VWUXFWXUH
IXQFWLRQ ILOH LQ PDWODE� 7KH PDWODE VFULSW ZKLFK GHVFULEHV WKH OLPLW VWDWH IXQFWLRQ LV JLYHQ LQ $SSHQGL[ (�

7KH FULWLFDO RYHUWRSSLQJ GLVFKDUJH FDQ EH FDOFXODWHG ZLWK D JUDVV VWUHQJWK PRGHO �6WHHQEHUJHQ HW DO��
������ ZKLFK XVHV D UHODWLRQVKLS DFFRUGLQJ WR D &,5,$�UHVHDUFK� 7KH IRUPXOD IRU WKH FULWLFDO RYHUWRSSLQJ
GLVFKDUJH LV JLYHQ E\�

൯  
൴ኽ

൲ൠ൬�።�ൈኼ
�%����

LQ ZKLFK ൴ LV WKH FULWLFDO IORZ YHORFLW\� ። WKH DQJOH RI WKH LQQHU VORSH DQG ൈ WKH &KH]\ URXJKQHVV IDFWRU�
7KH URXJKQHVV IDFWRU RQ WKH LQQHU VORSH LV GHWHUPLQHG E\�

ൈ  ��ᗛ ൯൩൴
ᗜ
ኻ�ዀ

�%����

LQ ZKLFK ൩ LV WKH 6WULFNOHU URXJKQHVV IDFWRU� $Q DOWHUQDWLYH IRU WKH URXJKQHVV IDFWRU LV WKH 0DQQLQJ
IDFWRU ൬� 7KH UHODWLRQVKLS EHWZHHQ WKH 0DQQLQJ IDFWRU DQG WKH 6WULFNOHU IDFWRU LV JLYHQ E\�

൬  ൩ኻ�ዀ
�� �%����



��

6\PERO 8QLW 1DPH 'LVWULEXWLRQ 3DUDPHWHUV
 ࣅ DQJOH RI ZDYH DWWDFN QRUPBLQY   � စ  ���

P്൫ኺ ࢿ PRGHOIDFWRU ZDYH KHLJKW QRUPBLQY   � စ  ����
P൙൫ኺ ࢿ PRGHOIDFWRU ZDYH SHULRG QRUPBLQY   � စ  ����
൘൜ ൫ VWLOO ZDWHU OHYHO FRQGLWLRQDO:HLEXOO ဋ  ���� ဃ  ������   

������ စ  ������
፮፩፩፞፫ ��൲ൠ൬�ࣅ� XSSHU VORSH QRUPBLQY   ��� ൛  ����
፥፨፰፞፫ ��൲ൠ൬�ࣅ� ORZHU VORSH QRUPBLQY   ��� ൛  ����
൦ ൫�൱ኼ JUDYLWDWLRQDO DFFHOHUDWLRQ GHWHUPLQLVWLF ൶  ����
് ൫ EHUP KHLJKW QRUPBLQY  ����ࢿ  စ  ���
േ ൫ EHUP ZLGWK QRUPBLQY   � စ  ����

്፫፨፰፧ ൫ FURZQ KHLJKW QRUPBLQY   ��� စ  ���
፟ ࢿ IULFWLRQ FRHIILFLHQW GHWHUPLQLVWLF ൶  �
ൈኻ ࢿ FRHIILFLHQW GHWHUPLQLVWLF ൶  ����
ൈኼ ࢿ FRHIILFLHQW GHWHUPLQLVWLF ൶  �
ൈኽ ࢿ FRHIILFLHQW GHWHUPLQLVWLF ൶  ���
ൈኾ ࢿ FRHIILFLHQW QRUPBLQY   ��� စ  ����
ൈ ࢿ FRHIILFLHQW QRUPBLQY   ��� စ  ����
P൯ ࢿ PRGHOIDFWRU FULWLFDO RYHU�

WRSSLQJ GLVFKDUJH
ORJQBLQY   � စ  ���

P൯ኺ ࢿ PRGHOIDFWRU RYHUWRSSLQJ
GLVFKDUJH

ORJQBLQY   � စ  ���

7DEOH %��� 3DUDPHWHUV XVHG WR GHWHUPLQH IDLOXUH GXH WR RYHUWRSSLQJ�

(TXDWLRQ %��� DQG %��� FRPELQHG OHDG WR WKH IROORZLQJ IRUPXOD�

൯  
൴�ኼ ൩ኻ�ኾ

���൲ൠ൬�።�ኽ�ኾ
�%����

7KH FULWLFDO IORZ YHORFLW\ ൴ WKDW UHVXOWV LQWR IDLOXUH RI WKH JUDVV FRYHU DIWHU D FHUWDLQ DPRXQW RI WLPH ൲፞
LV JLYHQ E\�

൴  ፠
���

�� � ���ኻኺ൪൭൦൲፞�
�%����

LQ ZKLFK ፠ LV D IDFWRU IRU WKH TXDOLW\ RI WKH JUDVV� YDU\LQJ IURP ��� IRU EDG JUDVV XS WR ��� IRU JRRG
TXDOLW\ JUDVV� 7KH TXDOLW\ RI WKH JUDVV DQG WKH HURVLRQ UHVLVWDQFH DUH VWURQJO\ FRUUHODWHG� WKHUHIRUH D
UHODWLRQVKLS EHWZHHQ ൢ፠ DQG ፠ LV XVHG� 7KLV UHODWLRQVKLS LV JLYHQ E\�

ൢ፠  � ॲ ��ኻ�፠ ࢁ ፠  ᓋ
ൢ፠

� ॲ �� ᓏ
ኼ�ኽ

�%����

7KH QHHGHG WLPH IRU IDLOXUH ൲፞ LV JLYHQ E\�
൲፞  ൕ፭൲ፑፓ�።፧፧፞፫ �%����

LQ ZKLFK ൕ፭ LV WKH SHUFHQWDJH RI WLPH ZKHUH RYHUIORZ�RYHUWRSSLQJ RFFXUV DQG ൲ፑፓ�።፧፧፞፫ VWDQGV IRU HURVLRQ
UHVLVWDQFH RI WKH JUDVV FRYHU� ZKLFK LV GHILQHG E\�

൲ፑፓ�።፧፧፞፫  
ൢ፠ൣ፰

ൢ፠ൣ፰ � ����ൢፑፊፊ�።፧፧፞፫�
൲፬ �%����

LQ ZKLFK ൣ፰ LV WKH URRW OHQJWK RI WKH JUDVV� ൢፑፊ LV D IDFWRU IRU WKH HURVLRQ UHVLVWDQFH RI WKH FOD\ FRYHU�
ፊ�።፧፧፞፫ LV WKH ZLGWK RI WKH FOD\ FRYHU DQG ൲፬ LV WKH VWRUP GXUDWLRQ�

$ ILUVW FDOFXODWLRQ LV PDGH IRU D W\SLFDO FURVV VHFWLRQ RI WKH $IVOXLWGLMN �VHFWLRQ �E�� 7KH XVHG YDULDEOHV
DQG WKHLU GLVWULEXWLRQV DQG SDUDPHWHUV DUH VKRZQ LQ 7DEOH %��� 7KHVH YDULDEOHV DUH GHILQHG LQ WKH
VWUXFWXUH IXQFWLRQ ILOH LQ PDWODE� 7KH PDWODE VFULSW ZKLFK GHVFULEHV WKH FULWLFDO RYHUWRSSLQJ GLVFKDUJH
LV JLYHQ LQ $SSHQGL[ (�



�� %� 3UREDELOLVWLF DSSURDFK IDLOXUH PHFKDQLVPV

6\PERO 8QLW 1DPH 'LVWULEXWLRQ 3DUDPHWHUV
፠ ࢿ HURVLRQ UHVLVWDQFH JUDVV QRUPBLQY   ��� စ  ����
ൣ፰ ൫ KHLJKW JUDVV URRWV QRUPBLQY   ��� စ  ����
ൢፑፊ ൫൱ HURVLRQ UHVLVWDQFH FOD\ FRYHU QRUPBLQY   ����� စ  ���

ፊ�።፧፧፞፫ ൫ OHQJWK RI FOD\ FRYHU QRUPBLQY   � စ  ��
൩ ൫ 6WULFNOHU URXJKQHVV IDFWRU ORJQBLQY   ����� ൛  ����
። ��൲ൠ൬�ࣅ� LQQHU VORSH QRUPBLQY   ��� ൛  ����
൲፬ ൱ VWRUP GXUDWLRQ ORJQBLQY   ��� ࣄ ���� ൛  ����

7DEOH %��� 3DUDPHWHUV XVHG WR GHWHUPLQH FULWLFDO RYHUWRSSLQJ GLVFKDUJH�

6WRQH UHYHWPHQW IDLOXUH DQG HURVLRQ RXWHU VORSH
:DYH DWWDFN FDQ FDXVH HURVLRQ RI WKH RXWHU VORSH� 7KLV HURVLRQ FDQ UHVXOW LQ FROODSVH RI D GLNH� ,I WKH
ZDYH DWWDFN LV QRW WRR ELJ D JUDVV FRYHU RQ D FOD\ OD\HU LV RIWHQ XVHG� ,Q FDVH RI ODUJHU ZDYHV WKH GLNH LV
SURWHFWHG DJDLQVW ZDYH DWWDFN E\ D VWRQH RU DVSKDOW UHYHWPHQW� 7KH WRWDO IDLOXUH GHSHQGV WKHUHIRUH RQ
IDLOXUH RI WKH UHYHWPHQW�JUDVV FRYHU DQG WKH HURVLRQ RI WKH GLNH ERG\� ZKLFK UHVXOWV LQ WZR OLPLW VWDWH
IXQFWLRQV� 2QH IRU WKH HURVLRQ RI WKH GLNH ERG\ DQG� LI DSSOLFDEOH� RQH IRU WKH IDLOXUH RI WKH UHYHWPHQW�
7R FDOFXODWH WKH SUREDELOLW\ RI IDLOXUH IRU WKH $IVOXLWGLMN WKH PHFKDQLVPV DQG FRUUHVSRQGLQJ OLPLW VWDWH
IXQFWLRQV WKDW DUH XVHG DUH GHVFULEHG LQ WKH 91.� PDQXDO �6WHHQEHUJHQ HW DO�� ������

7KHUH DUH WKUHH W\SHV RI FRYHUV WKDW FDQ EH FDOFXODWHG DFFRUGLQJ WR WKLV PRGHO�

�� JUDVV FRYHU
�� SODFHG VWRQH EORFN UHYHWPHQW
�� DVSKDOW FRYHU

)RU WKH $IVOXLWGLMN WKH QRUPDWLYH FURVV VHFWLRQ ZLWK WKH KLJKHVW SUREDELOLW\ RI IDLOXUH LV FRQVWUXFWHG ZLWK
D SODFHG VWRQH �EDVDOW� EORFN UHYHWPHQW� )RU WKLV W\SH RI FRYHU D GLVWLQFWLRQ LV PDGH EHWZHHQ WKH
SODFHPHQW RI WKH EORFNV GLUHFWO\ RQ FOD\ RU ZLWK DQ JUDQXODU ILOWHU LQ EHWZHHQ� ,Q FDVH RI WKH $IVOXLWGLMN
D JUDQXODU ILOWHU LV SUHVHQW VR RQO\ WKH PHWKRG IRU WKLV W\SH RI UHYHWPHQW LV GHVFULEHG�

7KH WUDQVLWLRQ EHWZHHQ GLIIHUHQW W\SHV RI UHYHWPHQWV LV D ZHDN VSRW LQ WKH FRYHU� ,Q WKLV 06F UHVHDUFK
WKH WUDQVLWLRQV EHWZHHQ WKH GLIIHUHQW W\SHV RI UHYHWPHQWV LV QRW WDNHQ LQWR DFFRXQW� 7KH UHVXOWV RI
WKLV PRGHO DUH FRPSDUHG WR D FDOFXODWLRQ ZLWK 3&�5LQJ� D VRIWZDUH PRGXOH WKDW LV XVHG LQ WKH 91.�
PHWKRG� %HFDXVH WKHVH WUDQVLWLRQV DUH QRW WDNHQ LQWR DFFRXQW LQ WKLV PRGHO WKH\ DUH QHJOHFWHG LQ WKLV
06F UHVHDUFK DV ZHOO WR EH DEOH WR FRPSDUH WKH UHVXOWV�

,Q WKLV 0VF UHVHDUFK WKH ZHDNHVW UHYHWPHQW DUHD IRU HDFK FURVV VHFWLRQ GHWHUPLQHV WKH SUREDELOLW\ RI
IDLOXUH� 7KH WRWDO SUREDELOLW\ RI IDLOXUH ZLOO EH KLJKHU LQ UHDOLW\ EHFDXVH RI WKH WUDQVLWLRQV LQ WKH GLIIHUHQW
W\SHV RI UHYHWPHQWV�

)DLOXUH RI WKH UHYHWPHQW
$V PHQWLRQHG HDUOLHU IDLOXUH RFFXUV LI ERWK WKH FRYHU IDLO DQG WKH GLNH ERG\ ZLOO HURGH� )LUVW ZH ORRN DW
WKH IDLOXUH RI WKH VWRQH EORFN UHYHWPHQW� 7R SUHYHQW IDLOXUH WKH VWRQHV PXVW PHHW WZR FRQGLWLRQV� 7KH
ILUVW FRQGLWLRQ LV GHVFULEHG E\ WKH IROORZLQJ OLPLW VWDWH IXQFWLRQ�

ൟ፟  
ൢ፟́ኻ�ዀ̀ኻ�ዀ
�͈൲ൠ൬�፮��ኺ�ዀ

ࢿ ൰്፬൰፡
�൰൘፨፩�ኺ�ኽኽ

�%����

LQ ZKLFK�
ൢ፟ >�@ FRHIILFLHQW IRU WKH VWUHQJWK RI WKH SODFHG VWRQH UHYHWPHQW
́ >�@ UHODWLYH GHQVLW\
 >P@ WKLFNQHVV RI WKH VWRQH UHYHWPHQW
̀ >�@ LQIOXHQFH IDFWRU IRU WKH IULFWLRQ EHWZHHQ WKH VWRQHV� IORZ DQG LQHUWLD
͈ >P@ OHDNDJH OHQJWK
፮ @ࣅ< DQJOH RI RXWHU VORSH
൘፨፩ >�@ ZDYH VWHHSQHVV



��

7KH ZDYH VWHHSQHVV ൘፨፩ LV GHILQHG E\�
൘፨፩  

�ဂ്፬
൦൙ኼ፩

�%����

,Q ZKLFK ൙፩ LV WKH SHDN ZDYH SHULRG DQG ൦ LV WKH JUDYLWDWLRQDO DFFHOHUDWLRQ� 7KH UHODWLYH GHQVLW\ LV JLYHQ
E\�

́  ፬ ࢿ ፰
፰

�%����

,Q ZKLFK ፬ LV WKH GHQVLW\ RI WKH VWRQH EORFNV DQG ፰ WKH GHQVLW\ RI ZDWHU� 7KH OHDNDJH OHQJWK LV JLYHQ
E\ WKH IROORZLQJ HTXDWLRQ�

͈  ᔃ൩ൣ፟�൩ᖣ �%����

ZLWK�

൩  
ൠ፟ࢿ � ᔃൠኼ፟ � �ൡ፟

���ൡ፟

൩ᖣ  ൢ፟
ൠᖣࢿ � ൠᖣኼࣇ � �ൡᖣ

�ൡᖣ

ൠ፟  ൢፚ
����� ࢿ ൬�ኼ
൦൬ኽኼ፟ኻ

ൡ፟  ൢ
���

൦൬ኼ፟ኻ

ൠᖣ  ��൪
൦൱ኼ �

൪൱ൠ፟
ဂ ൪൬ ᗛ ൪൱

ဂ൰፦።፧
ᗜ

ൡᖣ  ൪ኼ
�൦ ᓌᗛ

�
൬ ࢿ �ᗜ

ኼ
� �ᓐ � ൪൱ൡ፟ဂ ᗛ ൪൱

ဂ൰፦።፧
ࢿ �ᗜ

൪  േ
േ൱ � ൱

൰፦።፧  ൫ൠ൶����፟ኻ� ���൱�
LQ ZKLFK�

ൢፚ >�@ FRHIILFLHQW IRU WKH GHWHUPLQDWLRQ RI WKH OHDNDJH OHQJWK
ൢ >�@ FRHIILFLHQW IRU WKH GHWHUPLQDWLRQ RI WKH OHDNDJH OHQJWK
ൢ፭ >�@ FRHIILFLHQW IRU WKH GHWHUPLQDWLRQ RI WKH OHDNDJH OHQJWK
േ >P@ ZLGWK RI WKH VWRQH EORFNV
 >P@ OHQJWK RI WKH VWRQH EORFNV
൱ >P@ ZLGWK RI WKH VSOLWV EHWZHHQ WKH VWRQHV
൬ >�@ SRURVLW\ RI WKH ILOWHU
ൣ፟ >P@ WKLFNQHVV RI WKH ILOWHU OD\HU
፟ኻ >P@ JUDLQ VL]H RI WKH �� � ZHLJKW IUDFWLRQ RI WKH ILOWHU PDWHULDO
 >Pኼ�V@ NLQHPDWLF YLVFRVLW\ RI ZDWHU

7R PHHW WKH VHFRQG FRQGLWLRQ IRU WKH VWRQH EORFNV WKH IROORZLQJ OLPLW VWDWH IXQFWLRQ LV GHILQHG�

ൟ  ൢ፠፟ ᓌ
൲ൠ൬�፮�
ᔂ൘፨፩

ᓐ
ዅኼ�ኽ

ࢿ ്፬൰፡́ �%����

LQ ZKLFK ൢ፠ LV D FRHIILFLHQW IRU WKH VWUHQJWK RI WKH SODFHG VWRQH EORFN UHYHWPHQW� 7KH RWKHU YDULDEOHV
LQ WKLV IRUPXOD KDYH EHHQ GHVFULEHG IRU WKH OLPLW VWDWH IXQFWLRQ ൟ፟�
$ ILUVW FDOFXODWLRQ LV PDGH IRU D W\SLFDO FURVV VHFWLRQ RI WKH $IVOXLWGLMN� 7KH XVHG YDULDEOHV DQG WKHLU
GLVWULEXWLRQV DQG SDUDPHWHUV DUH VKRZQ LQ 7DEOH %��� 7KHVH YDULDEOHV DUH GHILQHG LQ WKH VWUXFWXUH
IXQFWLRQ ILOH LQ PDWODE� 7KH PDWODE VFULSW ZKLFK GHVFULEHV WKH OLPLW VWDWH IXQFWLRQ LV JLYHQ LQ $SSHQGL[ (�



�� %� 3UREDELOLVWLF DSSURDFK IDLOXUH PHFKDQLVPV

6\PERO 8QLW 1DPH 'LVWULEXWLRQ 3DUDPHWHUV
ൢ፠፟ ࢿ FRHIILFLHQW ORJQBLQY   ��� ൛  �����
፬ ൩൦�൫ኽ GHQVLW\ VWRQH EORFNV QRUPBLQY   ���� ൛  ����
፰ ൩൦�൫ኽ GHQVLW\ ZDWHU QRUPBLQY   ���� ൛  ����
̀ ࢿ FRHIILFLHQW GHWHUPLQLVWLF ൶  �
፮ ࣅ XSSHU VORSH QRUPBLQY   ������ ൛  ����
്፬ ൫ VLJQLILFDQW ZDYH KHLJKW FRQGLWLRQDO:HLEXOO ဋ  ���� ဃ  ������   

������ စ  ������
൦ ൫�൱ኼ JUDYLWDWLRQDO DFFHOHUDWLRQ GHWHUPLQLVWLF ൶  ����
ൢፚ ࢿ FRHIILFLHQW ORJQBLQY   � ൛  ����
ൢ ࢿ FRHIILFLHQW ORJQBLQY   � ൛  ����
ൢ፭ ࢿ FRHIILFLHQW ORJQBLQY   � ൛  ����
 ൫ WKLFNQHVV VWRQH EORFNV ORJQBLQY   ��� ൛  ����
൪ ࢿ LQYHUVH RSHQ DUHD LQ VWRQH

UHYHWPHQW
GHWHUPLQLVWLF ൶  ����

൱ ൫ ZLGWK RI WKH VSOLWV ORJQBLQY   ����� ൛  ����
൬ ࢿ SRURVLW\ RI ILOWHU GHWHUPLQLVWLF ൶  ����
ൣ፟ ൫ WKLFNQHV ILOWHU OD\HU ORJQBLQY   ���� ൛  ����
፟ኻ ൫ ��� ZHLJKW IUDFWLRQ JUDLQ

VL]H RI ILOWHU
ORJQBLQY   ���� ൛  ���

 ൫ኼ�൱ NLQHPDWLF YLVFRVLW\ RI ZDWHU GHWHUPLQLVWLF ൶  ��� ॲ ��ዅዀ

7DEOH %��� 3DUDPHWHUV XVHG WR GHWHUPLQH IDLOXUH RI WKH VWRQH SODFHG EORFNV RQ D ILOWHU�

(URVLRQ RI WKH GLNH ERG\
%HIRUH IDLOXUH RFFXUV WKH GLNH ERG\ LWVHOI KDV WR EH HURGHG DV ZHOO� 7KLV VWURQJO\ GHSHQGV RQ WKH VWRUP
GXUDWLRQ DQG WKH SURSHUWLHV RI WKH GLNH ERG\� 7KH OLPLW VWDWH IXQFWLRQ RI WKH HURVLRQ RI WKH GLNH ERG\ LV
JLYHQ E\�

ൟ  ൲ፑፒ � ൲ፑፊ � ൲ፑፁ ࢿ ൲፬ �%����

LQ ZKLFK ൲ፑፒ LV WKH UHVLGXDO VWUHQJWK RI WKH VWRQH EORFNV RQ D JUDQXODU ILOWHU� ൲ፑፊ WKH UHVLGXDO VWUHQJWK
RI WKH FOD\ OD\HU� ൲ፑፁ WKH UHVLGXDO VWUHQJWK RI WKH GLNH ERG\ DQG ൲፬ WKH VWRUP GXUDWLRQ� 7KH UHVLGXDO
VWUHQJWK IRU WKH VWRQH EORFNV RQ WKH JUDQXODU ILOWHU LV JLYHQ E\�

൲ፑፒ  �� ॲ ��ኽ൙፩ዅᔂፇᑤፋᑠᑡ� �%����

LQ ZKLFK ൙፩ LV WKH ZDYH SHDN SHULRG� ്፬ LV WKH VLJQLILFDQW ZDYH KHLJKW� ፨፩ LV WKH ZDYH OHQJWK DQG D
FRHIILFLHQW ൢ� 7KH ZDYH OHQJWK  LV JLYHQ E\�

፨፩  
൦
�ဂ൙

ኼ፩

7KH UHVLGXDO VWUHQJWK RI WKH FOD\ FRYHU LV JLYHQ E\�

൲ፑፊ  
���ፊൢፑፊ
൰ኼ്ኼ፬

�%����

LQ ZKLFK ፊ LV WKH ZLGWK RI FOD\ FRYHU� ൢፑፊ LV DQ HURVLRQ UHVLVWDQFH FRHIILFLHQW DQG ൰ LV D UHGXFWLRQ
IDFWRU�

7KH UHVLGXDO VWUHQJWK RI WKH GLNH ERG\ LWVHOI LV GHILQHG E\�

൲ፑፁ  
���ፁൢፑፁ
൰ኼ്ኼ፬

�%����

LQ ZKLFK ፁ LV WKH ZLGWK RI WKH GLNH ERG\ DW WKH RFFXUULQJ ZDWHU OHYHO� ൢፑፁ LV DQ HURVLRQ UHVLVWDQFH
FRHIILFLHQW DQG ൰ LV D UHGXFWLRQ IDFWRU� 7KH ZLGWK RI WKH GLNH FRUH ፁ LV GHILQHG E\ WKH KRUL]RQWDO



��

GLVWDQFH EHWZHHQ WKH SRLQW ZKHUH WKH HURVLRQ EUHDNV WKURXJK WKH FOD\ FRYHU DQG WKH LQQHU FURZQ
SRLQW� ,W LV JLYHQ E\�

ፁ  
߶፤ ࢿ ߶ � ����്፬

൲ൠ൬�� ࢿ ፊ � േ ऒ േ �%����

,Q ZKLFK ߶፤ LV WKH KHLJKW RI WKH EURZQ DQG ߶ WKH VWLOO ZDWHU OHYHO� ERWK ZLWK UHVSHFW WR 1$3� ,Q WKH
UXGLPHQWDU\ HURVLRQ PRGHO DQ DGDSWLRQ WR WKH WKH IDFWRU ൢፑፁ LV SURSRVHG �6WHHQEHUJHQ HW DO�� ������
7KLV FRHIILFLHQW LV GHILQHG E\ WKH WKH HURVLRQ RI WKH FRYHULQJ FOD\ OD\HU�

ൢፑፁ  
ൢፑፊ
൴ፙፁ

�%����

LQ ZKLFK ൴ፙፁ LV DQ DFFHOHUDWLRQ IDFWRU IRU WKH HURVLRQ VSHHG RI WKH FRUH ZLWK UHVSHFW WR WKH FOD\ FRYHU�
EHFDXVH WKH FRUH FRQVLVWV RI VDQG� 7KLV IDFWRU FDQ EH PRGHOHG DV�

൴ፙፁ  �� � ፙ൰ፙ�߶ፙ �%����

ZLWK ፙ D FRHIILFLHQW IRU WKH DFFHOHUDWLRQ RI WKH HURVLRQ� ൰ፙ WKH DYHUDJH DPRXQW RI VDQG LQ WKH HURVLRQ
SURILOH RI WKH GLNH DQG ߶ፙ D UHWDUGDWLRQ IDFWRU� 7KH IDFWRU ፙ LV GHWHUPLQHG E\ WKH W\SH RI PDWHULDO RI
WKH LQQHU FRUH E\�

ፙ  � IRU WKH VDPH TXDOLW\ RI FOD\ LQ WKH FRUH
ፙ  � IRU D ORZHU TXDOLW\ RI FOD\ LQ WKH FRUH
ፙ  � IRU D VDQG FRUH

7KH DPRXQW RI VDQG LQ WKH HURVLRQ SURILOH ൰ፙ LV IRUPXODWHG E\ WKH IROORZLQJ IRUPXOD�

൰ፙ  
���൲ൠ൬���ኼፁ ࢿ േኼ�

���൲ൠ൬���ኼፁ ࢿ േኼ� � ^�ፁ ࢿ േ��ൢ൭൱�� � േ` ൣ൩
ऒ � �%����

LQ ZKLFK േ LV WKH ZLGWK RI WKH GLNH FURZQ DQG ൣ፤ LV WKH WKLFNQHVV RI WKH FOD\ FRYHU� 7KH UHWDUGDWLRQ
IDFWRU ߶ፙ WDNHV LQWR DFFRXQW WKDW WKH HURVLRQ SURFHVV ZLOO WDNH ORQJHU LI WKH WRWDO YROXPH WKDW KDV WR EH
HURGHG LV ODUJHU� 7KLV SDUWO\ GHSHQGV RQ WKH KLJKW RI WKH GLNH ZLWK UHVSHFW WR WKH 6:/� 7KH UHWDUGDWLRQ
IDFWRU LV IRUPXODWHG E\�

߶ፙ  ፡
ፁൣ፤�ൢ൭൱��

���൲ൠ൬���ኼፁ ࢿ േኼ� � ^�ፁ ࢿ േ��ൢ൭൱�� � േ` ൣ൩
ऒ � �%����

LQ ZKLFK ፡ LV D IDFWRU LQ ZKLFK WKH HURVLRQ VSHHG GHFUHDVHV ZLWK WKH KLJKW�
$ ILUVW FDOFXODWLRQ LV PDGH IRU D W\SLFDO FURVV VHFWLRQ RI WKH $IVOXLWGLMN� 7KH XVHG YDULDEOHV DQG WKHLU
GLVWULEXWLRQV DQG SDUDPHWHUV DUH VKRZQ LQ 7DEOH %��� 7KHVH YDULDEOHV DUH GHILQHG LQ WKH VWUXFWXUH
IXQFWLRQ ILOH LQ 0DWODE� 7KH 0DWODE VFULSW ZKLFK GHVFULEHV WKH OLPLW VWDWH IXQFWLRQ LV JLYHQ LQ $SSHQGL[ (�

6\PERO 8QLW 1DPH 'LVWULEXWLRQ 3DUDPHWHUV
ൢ ࢿ FRHIILFLHQW ORJQBLQY   ��� စ  ����
፮ ࣅ XSSHU VORSH QRUPBLQY   ������ ൛  ����
്፬ ൫ VLJQLILFDQW ZDYH KHLJKW FRQGLWLRQDO:HLEXOO ဋ  ���� ဃ  ������   

������ စ  ������
൦ ൫�൱ኼ JUDYLWDWLRQDO DFFHOHUDWLRQ GHWHUPLQLVWLF ൶  ����
ൢፑፊ ࢿ FRHIILFLHQW ORJQBLQY   ����� ൛  ���
ፊ >P@ OHQJWK FOD\ FRYHU ORJQBLQY   � စ  ���
൲፬ >V@ VWRUP GXUDWLRQ ORJQBLQY   � ॲ ���� ൛  ����
ፊፁ >P@ ZLGWK GLNH FURZQ ORJQBLQY   � စ  ���
፡ >�@ UHWDUGDWLRQ IDFWRU ORJQBLQY   ��� စ  ���
߶፤ >P@ KHLJKW RI WKH FURZQ QRUPBLQY   ���� စ  ���

7DEOH %��� 3DUDPHWHUV XVHG WR GHWHUPLQH IDLOXUH GXH WR HURVLRQ RI GLNH ERG\�
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0DFUR LQVWDELOLW\ �LQQHU DQG RXWHU VORSH�
,Q WKLV IDLOXUH PHFKDQLVP D GLNH IDLOV EHFDXVH D SDUW RI WKH GLNH EHFRPHV XQVWDEOH DQG LW VOLGHV DZD\�
7KLV SKHQRPHQRQ FDQ RFFXU ERWK RQ WKH LQQHU DQG RXWHU VORSH RI D GLNH� 1RUPDOO\ RQO\ IDLOXUH RI WKH
LQQHU VORSH LV WDNHQ LQWR DFFRXQW EHFDXVH LQVWDELOLW\ XVXDOO\ RFFXUV RQ WKH VLGH ZLWK ORZ ZDWHU OHYHOV
�DQG KLJK ZDWHU OHYHOV LQVLGH WKH GLNH LWVHOI�� )DLOXUH RI WKH RXWHU VORSH PD\ RFFXU LI DIWHU SHULRGV RI KLJK
ZDWHU WKH ZDWHU OHYHO GURSV IDVW DQG WKH UHPDLQLQJ ZDWHU LQVLGH WKH GLNH ERG\ ZLOO FDXVH RYHUSUHVVXUH
ZKLFK FDQ UHVXOW LQ LQVWDELOLW\�

7R FDOFXODWH WKH SUREDELOLW\ RI IDLOXUH GXH WR PDFUR LQVWDELOLW\ 0�3URVWDE LV XVHG� 7KLV LV D VRIWZDUH
PRGXOH GHYHORSHG E\ 'HOWDUHV WKDW LV XVHG WR FDOFXODWH WKH SUREDELOLW\ RI IDLOXUH ZLWK WKH %LVKRS PHWKRG�
7KH VOLS FLUFOH PHWKRG RI %LVKRS LV EDVHG RQ D PRPHQW HTXLOLEULXP RI WKH ZKROH VOLS FLUFOH DQG YHUWLFDO
IRUFH HTXLOLEULXP RI WKH LQGLYLGXDO VOLFHV� 7KH %LVKRS PHWKRG FRQVLGHUV WKH GULYLQJ PRPHQWV RI WKH VOLFHV
E\ VRLO ZHLJKW� ZDWHU SUHVVXUHV DQG ORDGV DURXQG WKH FHQWHU RI D VOLS FLUFOH �VHH )LJXUH %����

6WDELOLW\ UHTXLUHV WKDW WKH VXP RI WKHVH GULYLQJ PRPHQW LV HTXDO WR �RU OHVV WKDQ� D FHUWDLQ UHVLVWLQJ
PRPHQW� 7KLV UHVLVWDQFH PRPHQW LV GHWHUPLQHG E\ WKH VKHDU VWUHQJWK RI WKH VRLO DORQJ WKH VOLS FLUFOH
�DQG D SRVVLEOH DGGLWLRQDO FRQWULEXWLRQ IURP JHRWH[WLOHV��

)LJXUH %��� 6OLS SODQH ZLWK WKH YHUWLFDO VOLFHV DFFRUGLQJ WR WKH %LVKRS PHWKRG�

7KH FHQWHU RI WKH VOLS FLUFOH DQG WKH UDGLXV RI WKH VOLS FLUFOH GHWHUPLQH WKH VDIHW\ IDFWRU� 7R ILQG WKH
QRUPDWLYH VOLS FLUFOH UDGLXV DQG FHQWHU FDOFXODWLRQ PXVW EH PDGH XQWLO D ORZHVW YDOXH LV IRXQG� :LWK WKH
XVH RI 0�3URVWDE D VWDUWLQJ JULG RI WKH FHQWHU RI WKH VOLS FLUFOH DQG GLIIHUHQW KRUL]RQWDO VOLS OLQHV �ZKLFK
GHWHUPLQH WKH UDGLXV RI WKH VOLS FLUFOH� DUH GHILQHG WR VWDUW D FDOFXODWLRQ� ,I D ORZHVW VDIHW\ IDFWRU LV
IRXQG DW WKH HGJHV RI WKH FHQWHU JULG RU DW WKH ERXQGDU\ RI KRUL]RQWDO OLQHV 0�3URVWDE DXWRPDWLFDOO\
H[WHQGV WKH UDQJHV� 7KLV ZLOO JXDUDQWHH WKH VOLS FLUFOH ZLWK WKH ORZHVW VDIHW\ IDFWRU ZLOO EH IRXQG�

7KH VKHDU VWUHQJWK LV EDVHG RQ GUDLQHG SDUDPHWHUV IRU WKH FRKHVLRQ ൢᖣ DQG LQWHUQDO DQJOH RI IULFWLRQ တᖣ
DFFRUGLQJ WR WKH IRUPXOD�

ဆ  ൢᖣ � �စ ࢿ ൳�൲ൠ൬�တᖣ� �%����

LQ ZKLFK ဆ LV WKH VKHDU VWUHQJWK DORQJ WKH ERWWRP RI D VOLFH� စ WKH WRWDO QRUPDO SUHVVXUH RQ WKH ERWWRP
RI D VOLFH DQG ൳ WKH ZDWHU SUHVVXUH� 7KH VKHDU VWUHQJWK SDUDPHWHUV ൢᖣ �FRKHVLRQ� DQG တᖣ �LQWHUQDO
IULFWLRQ� FDQ EH GHWHUPLQHG E\ WULD[LDO WHVWV� FHO WHVWV DQG GLUHFW RU VLPSOH VKHDU WHVWV�

,Q D SUREDELOLVWLF FDOFXODWLRQ WKH K\GUDXOLF ERXQGDU\ FRQGLWLRQV DUH VWRFKDVWLFV� ,Q 0�3URVWDE KRZHYHU
D FDOFXODWLRQ LV PDGH IRU RQH ZDWHU OHYHO ZLWK D FRUUHVSRQGLQJ SUREDELOLW\ RI IDLOXUH� 7KH RWKHU YDULDEOHV
VXFK DV VRLO SDUDPHWHUV DUH GHILQHG DV VWRFKDVWLF YDOXHV� EXW IRU HDFK ZDWHU OHYHO D QHZ FDOFXODWLRQ KDV
WR EH PDGH�

$FFRUGLQJ WR WKH 91. PHWKRG �3URMHFWEXUHDX 91.�� ����� WKH VKHDU VWUHQJWK SDUDPHWHUV PXVW EH
FRQYHUWHG EHIRUH WKH\ DUH XVHG LQ 0�3URVWDE� )RU D FRUUHFW GHWHUPLQDWLRQ RI WKH GLVWULEXWLRQ RI WKH
VWUHQJWK SDUDPHWHUV RULJLQDO XQPRGLILHG ODE UHVXOWV DUH QHHGHG� ,Q SUDFWLFH WKHVH UHVXOWV DUH PRVWO\
QRW DYDLODEOH DQG WKHUHIRUH WKH SDUDPHWHUV WKDW DUH DYDLODEOH PXVW EH DGDSWHG�



���

7KH VKHDU VWUHQJWK FDOFXODWHG IURP DYHUDJHV� VWDQGDUG GHYLDWLRQV DQG D FRUUHODWLRQ FRHIILFLHQW LV LQ
JHQHUDO QRQ�OLQHDU� ZKLOH WKH FKDUDFWHULVWLF VKHDU VWUHQJWK� ZKLFK LV QRUPDOO\ UHSUHVHQWHG E\ FKDUDF�
WHULVWLF YDOXHV RI WKH FRKHVLRQ DQG DQJOH RI LQWHUQDO IULFWLRQ� LV OLQHDU� 7KLV UHVXOWV LQ DQ HUURU EHWZHHQ
WKH VWDUWLQJ FKDUDFWHULVWLF YDOXH DQG WKH FKDUDFWHULVWLF ဆ ࢿ စ UHODWLRQ EDVHG RQ DYHUDJHV DQG VWDQGDUG
GHYLDWLRQV�

7ZR VSUHDGVKHHWV DUH GHYHORSHG ZKLFK PRGLI\ WKH VKHDU VWUHQJWK SDUDPHWHUV VR WKH\ FDQ EH XVHG LQ
0�3URVWDE� 7KHVH VSUHDGVKHHWV DUH IRFXVVHG RQ GHWHUPLQLQJ WKH DYHUDJH YDOXHV DQG VWDQGDUG GHYLD�
WLRQV RI ൢ DQG တ ZLWK D PLQLPXP HUURU� $ GHWDLOHG GHVFULSWLRQ RI WKLV FRQYHUVLRQ LV JLYHQ LQ �%DNNHU�
������

)RU WKH QRUPDWLYH FURVV VHFWLRQ FDOFXODWLRQV DUH PDGH IRU ZDWHU OHYHOV IURP 1$3 XS WR WKH ZDWHU OHYHO
WKDW RFFXUV ZLWK D SUREDELOLW\ RI ���� ��� SHU \HDU� ZLWK DQ LQWHUYDO RI RQH PHWHU� )RU WKH PD[LPXP
ZDWHU OHYHO WKH VOLS FLUFOHV IRU WKH LQVWDELOLW\ RI WKH LQQHU DQG RXWHU VORSH DUH JLYHQ LQ )LJXUH %�� DQG
%���

)LJXUH %��� 6OLS SODQH IRU WKH LQQHU VORSH ZLWK K\GUDXOLF ERXQGDU\ FRQGLWLRQV ZLWK D SUREDELOLW\ RI �������� SHU \HDU�

3LSLQJ DQG KHDYH
3LSLQJ LV D PLFUR�LQVWDELOLW\ SURFHVV DV VPDOO SDUWLFOHV DUH HURGHG IURP XQGHUQHDWK D FRKHVLYH OD\HU LQ
WKH VXEVRLO� 7KH VHHSDJH ZDWHU HURGHV SDUWLFOHV IURP XQGHUQHDWK WKH GLNH LI WKH K\GUDXOLF KHDG LV ODUJH
HQRXJK� 7KH HURVLRQ IRUPV D SLSH ZKLFK JURZV IURP WKH LQQHU WR WKH RXWHU VLGH DQG WKLV FDQ OHDG WR D
VHWWOHPHQW DQG IDLOXUH RI WKH GLNH� 7KLV PHFKDQLVP FDQ RQO\ RFFXU XQGHUQHDWK D FRKHVLYH OD\HU �FOD\�
RQ WRS RI DQ HURGLEOH DQG SHUPHDEOH VRLO �VDQG��

7KH DVVXPSWLRQ LV WKDW WKH SUREDELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN GXH WR SLSLQJ LV VR VPDOO LW FDQ EH
QHJOHFWHG� ,Q WKLV VHFWLRQ WKLV DVVXPSWLRQ LV YHULILHG� 7KH DVVHVVPHQW PHWKRG IRU SLSLQJ KDV FKDQJHG
DQG ROGHU UXOHV WKDW KDYH EHHQ XVHG LQ WKH SDVW DUH QR ORQJHU YDOLG� 7KHUHIRUH LW LV GHVLUDEOH WR DVVHVV WKH
$IVOXLWGLMN RQ SLSLQJ DQG KHDYH �ZLWKRXW GHWDLOHG FDOFXODWLRQV� ZLWK WKH QHZ DVVHVVPHQW VWDQGDUG�7KH
SK\VLFV RI WKH IDLOXUH PHFKDQLVPV RI SLSLQJ DQG KHDYH DQG WKH DVVHVVPHQW DQG GHVLJQ PHWKRGV DUH
GHVFULEHG LQ �)RUVWHU HW DO�� ������

7R DVVHVV D VRLO VWUXFWXUH RU K\GUDXOLF VWUXFWXUH RQ SLSLQJ VHYHUDO IRUPXODV DUH XVHG� 7KUHH GLIIHUHQW
IRUPXODV DUH GHYHORSHG E\ %OLJK� /DQH DQG 6HOOPHLMHU� $OO WKHVH IRUPXODV DUH EDVHG RQ WKUHH PDLQ
YDULDEOHV�
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)LJXUH %��� 6OLS SODQH IRU WKH RXWHU VORSH ZLWK K\GUDXOLF ERXQGDU\ FRQGLWLRQV ZLWK D SUREDELOLW\ RI �������� SHU \HDU�

 7KH KHDG �GLIIHUHQFH LQ ZDWHU OHYHO� RYHU WKH VWUXFWXUH�
 7KH OHQJWK RI WKH DTXLIHU IURP WKH KLJK ZDWHU HQWUDQFH SRLQW WR RXWIORZ SRLQW �PRVWO\ ZHUH WKH
FOD\ FRYHU LV WKH VPDOOHVW��

 7KH IORZ UHVLVWDQFH RI WKH DTXLIHU�

$ FRQGLWLRQ IRU WKH RFFXUUHQFH RI SLSSLQJ LV WKDW WKH FULWLFDO XSOLIWLQJ IRUFH KDV WR EH UHDFKHG� 7KLV
XSOLIWLQJ LV GHILQHG E\ WKH JURXQG SUHVVXUH DW WKH ERWWRP RI WKH FRYHULQJ OD\HU GLYLGHG E\ WKH ZDWHU
IRUFH DW WKH ERWWRP RI FRYHULQJ OD\HU FDXVHG E\ WKH K\GUDXOLF KHDG� ,I WKH SUHVVXUH RI WKH K\GUDXOLF
KHDG LV ODUJHU WKDQ WKH GRZQZDUG IRUFH RI WKH FRYHULQJ OD\HU XSOLIWLQJ DQG SLSLQJ FDQ RFFXU�

7KH DVVHVVPHQW RI SLSLQJ DFFRUGLQJ WR WKH HPSLULFDO IRUPXOD RI %OLJK LV DV IROORZV�

്́ ऑ ്́  


ൈ፫፞፞፩
�%����

LQ ZKLFK�
്́ >P@ RFFXUULQJ K\GUDXOLF KHDG RYHU VWUXFWXUH
്́ >P@ FULWLFDO K\GUDXOLF KHDG RYHU VWUXFWXUH
 >P@ WRWDO VHHSDJH OHQJWK
ൈ >�@ FUHHS IDFWRU

7KH FUHHS IDFWRU GHSHQGV RQ WKH VRLO OD\HU FKDUDFWHULVWLFV IRU ZKLFK SLSLQJ LV DVVHVVHG� 7KLV FUHHS
IDFWRU GHYLDWHV IURP q� �IRU FRDUVH PDWHULDO� WR q�� �IRU ILQH VDQG DQG VLOW�� $FFRUGLQJ WR %OLJK WKH
WRWDO VHHSDJH OHQJWK LV WDNHQ LQWR DFFRXQW� ERWK YHUWLFDO DQG KRUL]RQWDO OHQJWK� 7KLV PHDQV WKDW LQ FDVH
RI VHHSDJH VFUHHQV WKH WRWDO OHQJWK RI WKHVH VFUHHQV LV WDNHQ LQWR DFFRXQW� $FFRUGLQJ WR /DQH %OLJKঅV
PHWKRG ZDV QRW DFFXUDWH� /DQH VWDWHG WKDW WKH YHUWLFDO VHHSDJH OHQJWK KDV D UHODWLYHO\ ODUJHU LQIOXHQFH
WKDQ WKH KRUL]RQWDO OHQJWK� 7KH IRUPXOD RI /DQH LV DV IROORZV�

്́ ऑ ്́  
�ኻኽ፡ � ፯�
ൈ፫፞፞፩

�%����

,Q ZKLFK WKH KRUL]RQWDO VHHSDJH OHQJWK LV JLYHQ E\ ፡ DQG WKH YHUWLFDO VHHSDJH OHQJWK E\ ፯�
,Q WKH 'XWFK GHVLJQ SKLORVRSK\ WKH IRUPXOD RI %OLJK ZDV UHFRPPHQGHG EHFDXVH LQ WKH GLNHV QR YHUWLFDO
VHHSDJH VFUHHQV ZHUH XVHG� 7KH PHWKRG RI %OLJK ZDV DVVXPHG WR EH D VDIH VLPSOH HVWLPDWLRQ IRU WKH



���

SRVVLEOH SLSLQJ� +RZHYHU WKLV PHWKRG DQG HVSHFLDOO\ WKH FUHHS IDFWRU GR QRW KDYH DQ\ SUREDELOLVWLF
VXSSRUW� $OVR LI WKHUH ZHUH QR GDWD DYDLODEOH RI WKH VRLO WKH FUHHS IDFWRU ZDV DVVXPHG WR EH �� WR
JXDUDQWHH D FRQVHUYDWLYH �DQG VDIH� GHVLJQ�

+RZHYHU UHVHDUFK� VKRZHG WKDW WKH UXOH RI %OLJK LV QRW FRQVHUYDWLYH EXW HYHQ OHVV VDIH WKDQ WKH PHWKRG
RI 6HOOPHLMHU� ZKLFK ZDV XVHG LQ GHWDLOHG DVVHVVPHQW� 7KHUHIRUH WKH PHWKRG RI %OLJK LV QR ORQJHU LQ
XVH� 7KH DVVHVVPHQW RI SLSLQJ LV EDVHG RQ WKH PRGHO RI 6HOOPHLMHU IRU ZKLFK DQ DGDSWHG FDOFXODWLRQ
UXOH LV GHULYHG� 7KH PHWKRG RI 6HOOPHLMHU LV EDVHG RQ UHSUHVHQWDWLYH SDUDPHWHUV ZKLFK PHDQV WKDW
VXIILFLHQW GDWD RI VRLO SDUDPHWHUV PXVW EH DYDLODEOH� 7KH FULWHULXP IRU WKH DVVHVVPHQW RQ SLSLQJ LV DV
IROORZV�
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ZLWK�
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LQ ZKLFK�
്́ >P@ FULWLFDO K\GUDXOLF KHDG RYHU VWUXFWXUH
്́ >P@ RFFXUULQJ K\GUDXOLF KHDG RYHU VWUXFWXUH
ൣ >P@ WKLFNQHVV RI FRYHU OD\HU
፧ >�@ VDIHW\ IDFWRU
 >�@ VFKHPDWL]DWLRQ IDFWRU
ᖣ፩ >N1�Pኽ@ �ᖣ፩  ፩ ࢿ ፰� DSSDUHQW GHQVLW\ VDQG LQ ZDWHU
፩ >N1�Pኽ@ GHQVLW\ RI VDQG
፰ >N1�Pኽ@ GHQVLW\ RI ZDWHU
 @ࣅ< UROOLQJ UHVLVWDQFH DQJOH RI VDQG
 >�@ :KLWH FRHIILFLHQW
 >Pኼ@ LQWULQVLF SHUPHDELOLW\ VDQG
൩ >P�V@ VSHFLILF SHUPHDELOLW\ RI WKH XSSHU VDQG OD\HU
 >Pኼ�V@ NLQHPDWLF YLVFRVLW\ RI ZDWHU
൦ >P�Vኼ@ JUDYLWDWLRQDO DFFHODUDWLRQ
ൣኺ >P@ �� SHUFHQW YDOXH RI JUDLQ VL]H GLVWULEXWLRQ RI VDQG
ൣኺ፦ >P@ �� SHUFHQW YDOXH RI JUDLQ VL]H GLVWULEXWLRQ RI VDQG LQ PRGHO VFDOH WHVWV
 >P@ WKLFNQHVV RI VDQG OD\HU
 >P@ KRUL]RQWDO VHHSDJH OHQJWK

7KH IRUPXODWLRQ RI ോ፠፞፨፦፞፭፫፲ LV RQO\ DSSOLFDEOH LQ FDVH RI VWDQGDUG GLNH JHRPHWULHV� ,I QRQ�VWDQGDUG JH�
RPHWULHV KDYH WR EH DVVHVVHG DGYDQFHG VRIWZDUH �0VHHS� PXVW EH XVHG WR FDOFXODWH ോ፠፞፨፦፞፭፫፲ �
7KH UXOH RI %OLJK WKDW KDV EHHQ XVHG IRU WKH GHVLJQ DQG DVVHVVPHQW RI PDQ\ IORRG GHIHQFHV LQ WKH
1HWKHUODQGV LV QRZ ORQJHU DSSOLFDEOH DQG WKH UXOH RI 6HOOPHLMHU LV DOVR XSGDWHG VR UHVXOWV REWDLQHG ZLWK
WKH ROG 6HOOPHLMHU UXOH DUH QR ORQJHU YDOLG� $ ILUVW VLPSOLILHG DVVHVVPHQW LV GRQH WR DQDO\]H WKH RYHUDOO
VDIHW\ RI WKH VWUXFWXUH� ,Q WKLV VLPSOLILHG DQDO\VLV DW OHDVW WKH IROORZLQJ SDUDPHWHUV DUH QHHGHG�

 7KH PD[LPXP KHDG RYHU WKH VWUXFWXUH�
 7KH RYHUDOO OD\RXW RI WKH VXEVRLO� GHILQHG LQ GLIIHUHQW OD\HUV RI DTXLIHUV DQG DTXLWDUGV�
 *HRPHWU\ RI WKH �VRLO� VWUXFWXUH�
 0LQLPDO WKLFNQHVV DQG GHQVLW\ RI WKH DTXLFOXGH �ORZ ZDWHU SHUPHDELOLW\ OD\HU� RQ WRS RI WKH DTXLIHU�

�6%: 3LSLQJ UHVHDUFK SURJUDP WR LQYHVWLJDWH SLSLQJ DQG KHDYH PHFKDQLVPV DQG LPSURYH VWDQGDUGV�



��� %� 3UREDELOLVWLF DSSURDFK IDLOXUH PHFKDQLVPV

)RU WKH $IVOXLWGLMN WKH DVVXPSWLRQ LV WKDW SLSLQJ LV QRW DQ LVVXH EHFDXVH WKH SUREDELOLW\ RI IDLOXUH GXH
WR SLSLQJ LV YHU\ ORZ FRPSDUHG WR WKH RWKHU IDLOXUH PHFKDQLVPV� 7R DVVHVV LI WKLV DVVXPSWLRQ LV YDOLG
D FDOFXODWLRQ IRU D QRUPDWLYH FURVV VHFWLRQ LV PDGH� 7KH JHRPHWU\� VRLO SDUDPHWHUV DQG K\GUDXOLF
ERXQGDU\ FRQGLWLRQV WKDW DUH XVHG DUH GHVFULEHG LQ WKH ERXQGDU\ FRQGLWLRQV UHSRUW IRU WKH GHVLJQ RI
WKH DOWHUQDWLYHV RI WKH $IVOXLWGLMN E\ :LWWHYHHQ � %RV �:LWWHYHHQ � %RV� ������ $Q RYHUYLHZ RI D WKH
QRUPDWLYH FURVV VHFWLRQ LV VKRZQ LQ )LJXUH %���

)LJXUH %��� 1RUPDWLYH FURVV VHFWLRQ RI WKH $IVOXLWGLMN LQFOXGLQJ VXEVRLO VWUXFWXUH�

$ FRQGLWLRQ IRU WKH RFFXUUHQFH IRU SLSLQJ LV WKDW KHDYH FDQ RFFXU� ZKLFK LV GHILQHG E\ WKH ZHLJKW RI
WKH FRYHULQJ OD\HU DQG WKH K\GUDXOLF KHDG� +HDYH �DQG SLSLQJ� FDQ RFFXU LI WKH IROORZLQJ FRQGLWLRQ LV
PHW�

്́ ऒ ፬ ࢿ ፰
፰

ൣ �%����

$FFRUGLQJ WR �:LWWHYHHQ � %RV� ����� WKH PD[LPXP K\GUDXOLF KHDG ്́ WKDW RFFXUV ZLWK D SUREDELOLW\
RI ���� ��� SHU \HDU LV ���� P� 7KH GHQVLW\ RI WKH FRYHULQJ FOD\ OD\HU ፬ LV HTXDO WR � ��� NJ�Pኽ� WKH
GHQVLW\ RI ZDWHU ፰ LV ���� NJ�Pኽ DQG WKH WKLFNQHVV RI WKH FRYHULQJ FOD\ OD\HU ൣ LV HTXDO WR ��� P�
:LWK WKHVH YDOXHV WKH FRQGLWLRQ IRU KHDYH LV PHW VR D SLSLQJ FDOFXODWLRQ LV QHFHVVDU\�

���� ऒ ���� ࢿ ����
���� ���  ���� �%����

7KH FDOFXODWLRQ RI SLSLQJ LV JLYHQ E\ (TXDWLRQ %���� 7KH SDUDPHWHUV WKDW DUH XVHG DV LQSXW LQ WKLV
IRUPXOD IROORZ IURP �:LWWHYHHQ � %RV� ����� DQG �)RUVWHU HW DO�� ������ 7KH YDOXHV DUH JLYHQ LQ
7DEOH %���

(TXDWLRQ %��� FDQ DOVR EH GHILQHG DV D VDIHW\ IDFWRU E\ GLYLGLQJ WKH OHIW SDUW RI WKH HTXDWLRQ E\ WKH ULJKW
SDUW� :LWK WKH YDULDEOHV IURP 7DEOH %�� WKH WRWDO VDIHW\ IDFWRU IRU D K\GUDXOLF KHDG ZLWK D SUREDELOLW\ RI
�������� SHU \HDU LV HTXDO WR�

൘ോ  ്́��፧ ॲ �
്́ ࢿ ���ൣ ࣵ �
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6\PERO 8QLW 9DOXH
്́ >P@ ����
ൣ >P@ ���
፧ >�@ ����
 >�@ ���
፩ >N1�Pኽ@ ��
፰ >N1�Pኽ@ �����
 @ࣅ< ��
 >�@ ����
൩ >P�V@ ���ॲ��ዅ
 >Pኼ�V@ ����ॲ��ዅዀ
൦ >P�Vኼ@ ����
ൣኺ >P@ �ॲ��ዅኾ
ൣኺ፦ >P@ ���ॲ��ዅኾ
 >P@ �
 >P@ ���

7DEOH %��� 9DOXHV IRU YDULDEOHV LQ WKH SLSLQJ FDOFXODWLRQ�

:LWK WKLV VDIHW\ IDFWRU LW LV VKRZQ WKDW SLSLQJ LV QRW DQ LVVXH IRU WKH $IVOXLWGLMN EHFDXVH LW ZLOO IDLO GXH
WR RWKHU IDLOXUH PHFKDQLVPV EHIRUH SLSLQJ ZLOO RFFXU� 7KHUHIRUH WKH DVVXPSWLRQ WKDW SLSLQJ LV QRW D
UHOHYDQW IDLOXUH PHFKDQLVPV IRU WKH $IVOXLWGLMN LV YDOLG�



&
+\GUDXOLF VWUXFWXUHV

2XWOHW VOXLFHV
$V ZH FDQ VHH LQ )LJXUH ��� WKHUH DUH WZR VOXLFH FRPSOH[HV DW 'HQ 2HYHU �6WHYLQVOXL]HQ�DQG .R�
UQZHUGHU]DQG �/RUHQW]VOXL]HQ�� 7KH UHDVRQ WKDW WKH $IVOXLWGLMN KDV WZR VOXLFH FRPSOH[HV LV IURP D
PLOLWDU\ SRLQW RI YLHZ� 7KH LGHD LV WKDW WZR FRPSOH[HV VSUHDG WKH ULVN LQ FDVH RI DQ DWWDFN� ,QFOXGLQJ
ZLWK GHIHQVH PHFKDQLVPV �.D]HPDWWHQ�� WKH FKRLFH IRU WZR FRPSOH[HV SURYLGHV D KLJKHU VDIHW\ OHYHO
LQ FDVH RI D ZDU�

%RWK WKH VOXLFH FRPSOH[HV FRQVLVW RI RXWOHW VOXLFHV DQG QDYLJDWLRQ ORFNV� 7KH RXWOHW VOXLFHV KDYH WZR
PDLQ IXQFWLRQV�

 'LVFKDUJH ZDWHU IURP WKH ,-VVHO /DNH WR WKH :DGGHQ 6HD�
 5HWDLQ ZDWHU IURP WKH :DGGHQ 6HD�

7KH 5LYHU ,-VVHO FDQ EH DFFRXQWHG IRU DOPRVW ��� RI WKH IUHH ZDWHU VXSSO\ WR /DNH ,-VVHO� 7KH UHPDLQLQJ
��� FRQVLVWV RI SUHFLSLWDWLRQ RQ WKH /DNH� VXUSOXV ZDWHU IURP WKH VXUURXQGLQJ /DNHV DQG ZDWHU WKDW LV
GLVFKDUJHG RXW RI WKH VXUURXQGLQJ SROGHUV E\ SXPSLQJ VWDWLRQV� 2QO\ D VPDOO SDUW RI WKH ZDWHU LQ /DNH
,-VVHO LV HYDSRUDWHG� %HVLGHV HYDSRUDWLQJ WKH VXUURXQGLQJ DUHD WDNHV ZDWHU IURP WKH /DNH DW VFKHGXOHG
WLPHV� EXW PRVW RI WKH ZDWHU LV GLVFKDUJHG WKURXJK WKH RXWOHW VOXLFHV� 7KHVH RXWOHW VOXLFHV DUH XVHG
WR UHJXODWH WKH ZDWHU OHYHO RQ /DNH ,-VVHO� 7KH ZDWHU OHYHO RQ WKH ,-VVHO /DNH KDV D ODUJH LQIOXHQFH RQ
WKH VDIHW\ OHYHO RI WKH VXUURXQGLQJ IORRG GHIHQFHV� 7KH UHJXODWLRQ RI WKH ZDWHU OHYHO RQ /DNH ,-VVHO LV
WKHUHIRUH YHU\ LPSRUWDQW IRU WKH VDIHW\ DJDLQVW IORRGLQJ RI WKH VXUURXQGLQJ DUHDV RI /DNH ,-VVHO�

'LVFKDUJLQJ WKURXJK WKH RXWOHW VOXLFHV LV GRQH E\ IUHH IDOO� 7KLV PHDQV WKDW WKH ZDWHU IORZV IURP WKH
/DNH ,-VVHO WR WKH :DGGHQ GXH WR D GLIIHUHQFH LQ ZDWHU OHYHO� 'XULQJ ORZ WLGH DW WKH :DGGHQ 6HD IUHVK
ZDWHU IURP /DNH ,-VVHO IORZV WKURXJK WKH RXWOHW VOXLFHV LQWR WKH :DGGHQ 6HD� %HFDXVH VDOW ZDWHU LV
KHDYLHU WKDQ IUHVK ZDWHU VDOW ZDWHU FDQ IORZ XQGHUQHDWK WKH RXWOHW IORZ LQWR /DNH ,-VVHO� 7R SUHYHQW
WKLV IURP KDSSHQLQJ GLVFKDUJLQJ LV RQO\ GRQH GXULQJ GHFUHDVLQJ WLGH�

,I WKH RXWOHW VOXLFHV DUH FORVHG ZDWHU LV UHWDLQHG IURP WKH :DGGHQ 6HD� 7KH ZDWHU OHYHO RQ WKH :DGGHQ
6HD LV KLJKHU WKDQ WKH ZDWHU OHYHO RQ /DNH ,-VVHO LQ FDVH RI KLJK WLGH DQG�RU ZLQG VHW�XS� $OVR LQ
H[WUHPH FRQGLWLRQV �VWRUP VXUJHV� WKH RXWOHW VOXLFHV DUH DEOH WR UHWDLQ WKH ZDWHU IURP WKH :DGGHQ 6HD�
,Q )LJXUH &�� D FURVV VHFWLRQ RI WKH RXWOHW VOXLFHV LV VKRZQ LQ DQ RSHQ DQG FORVHG VLWXDWLRQ�

7KH RXWOHW VOXLFH FRPSOH[HV FRQVLVW RI VOXLFH JURXSV� (DFK JURXS FRQVLVWV RI ILYH RXWOHW VOXLFHV� $W 'HQ
2HYHU WKUHH JURXSV IRUP D WRWDO RI ILIWHHQ RXWOHW VOXLFHV DQG DW .RUQZHUGHU]DQG WZR JURXSV IRUP D
WRWDO RI �� RXWOHW VOXLFHV� %HVLGHV WKH IRXQGDWLRQ DOO WKHVH RXWOHW VOXLFHV DUH LGHQWLFDO� ,Q )LJXUH &�� D
FURVV VHFWLRQ RI DQ RXWOHW VOXLFHV LV VKRZQ� (DFK VOXLFH KDV WZR GRRUV DQG IRXU OLIWLQJ WRZHUV �WZR DW
ERWK VLGHV RI WKH VOXLFH�� 7KH WZR GRRUV FDQ EH RSHUDWHG LQGHSHQGHQWO\ IURP HDFK RWKHU� 7KH QRUWKHUQ
GRRUV DW WKH :DGGHQ 6HD VLGH �OHIW LQ )LJXUH &��� KDYH D FHUWDLQ RSHQ SDWWHUQ WKDW LV GHVLJQHG WR UHGXFH
WKH LPSDFW RI WKH ZDYHV� 7KLV UHGXFHV WKH ZDYH ORDGV RQ WKH GRRUV RQ WKH ULJKW� %HFDXVH WKH ZDYH

�$ ND]HPDW LV VLPLODU WR D EXQNHU�

���
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)LJXUH &��� &URVV VHFWLRQ RI DQ RXWOHW VOXLFH LQ FORVHG DQG RSHQ FRQGLWLRQ�

ORDG LV UHGXFHG VLJQLILFDQWO\ WKHVH GRRUV RQO\ KDYH WR ZLWKVWDQG WKH ORDG RI WKH GLIIHUHQFH LQ ZDWHU
OHYHO�

/RFNV

$W 'HQ 2HYHU DQG .RUQZHUGHU]DQG QDYLJDWLRQ ORFNV DUH VLWXDWHG WKDW DUH RSHQ WR FRPPHUFLDO DQG
UHFUHDWLRQDO YHVVHOV� %HVLGHV WKH SDVVDJH RI VKLSV WKH ORFNV DUH DOVR SDUW RI WKH SULPDU\ IORRG GHIHQVH�
$W ERWK WKH QDYLJDWLRQ ORFNV DQ RXWHU KDUERU LV VLWXDWHG ZLWK GLNHV DW ERWK VLGHV RI WKH KDUERU� 2Q WKH
VLGH RI /DNH ,-VVHO KDUERUV DUH ORFDWHG WKDW DFFRPPRGDWH WKH QDYLJDWLRQ ORFNV� $W .RUQZHUGHU]DQG
WZR QDYLJDWLRQ ORFNV DUH VLWXDWHG LQ WKLV KDUERU� 2Q WKH GLNHV DOVR ILIWHHQ KRXVHV DUH ORFDWHG DQG D
.D]HPDWWHQ PXVHXP� $W 'HQ 2HYHU RQH QDYLJDWLRQ ORFN LV VLWXDWHG LQ WKH KDUERU ZLWKRXW DQ\ RWKHU
REMHFWV�

$OO WKH QDYLJDWLRQ ORFNV KDYH WZR UHWDLQLQJ GRRUV DW ERWK HQGV WR UHWDLQ ZDWHU DW KLJK DQG ORZ WLGHV�
$OVR RQ WKH 1RUWKHUQ VLGH VWRUP VXUJH JDWHV DUH LQVWDOOHG WKDW DUH XVHG LQ FDVH RI D VWRUP VXUJH� $ WRS
YLHZ RI D QDYLJDWLRQ ORFN LV JLYHQ LQ )LJXUH &��� ,Q WKLV )LJXUH WKH IROORZLQJ LWHPV DUH GHSLFWHG�

�� 6WRUP VXUJH JDWHV
�� +LJK WLGH JDWHV
�� /RZ WLGH JDWHV
�� 8SSHU ORFN KHDG
�� /RFNLQJ FKDPEHU
�� /RZHU ORFN KHDG

,Q )LJXUH &�� DQ RYHUYLHZ RI WKH VOXLFH FRPSOH[ DW 'HQ 2HYHU LV VKRZQ� 7KH UHG OLQH LQ WKLV )LJXUH
LV WKH OLQH RI WKH SULPDU\ IORRG GHIHQVH� 7KH WKUHH RXWOHW VOXLFH JURXSV DUH ORFDWHG RQ WKH OHIW RI WKLV
SLFWXUH� 7KH ERWWRP OHIW SDUW LQ WKLV )LJXUH LV WKH :DGGHQ 6HD DQG DW WKH WRS OHIW /DNH ,-VVHO LV VKRZQ
ZLWK WKH QDYLJDWLRQ ORFN LQ WKH KDUERU�



��� &� +\GUDXOLF VWUXFWXUHV

)LJXUH &��� 7RS YLHZ VFKHPDWL]DWLRQ RI D QDYLJDWLRQ ORFN�

7KH IROORZLQJ LWHPV DUH GHSLFWHG LQ WKLV )LJXUH�

�� ,QQHU SRUW
�� 'LNHV DORQJ WKH SRUW
�� 8SSHU KHDG QDYLJDWLRQ ORFN
�� /RZHU KHDG QDYLJDWLRQ ORFN
�� /RFNLQJ FKDPEHU
�� 2XWHU SRUW
�� 'DPV DORQJ RXWHU SRUW

)LJXUH &��� $HULDO YLHZ RI QDYLJDWLRQ ORFN DW 'HQ 2HYHU�

,Q )LJXUH &�� DQ RYHUYLHZ RI WKH VOXLFH FRPSOH[ DW .RUQZHUGHU]DQG LV VKRZQ� 7KH WZR RXWOHW VOXLFH
JURXSV DUH ORFDWHG RQ WKH ULJKW RI WKLV SLFWXUH� 2Q WKH OHIW LQ WKLV )LJXUH WKH :DGGHQ 6HD LV ORFDWHG DQG
/DNH ,-VVHO RQ WKH ULJKW�



���

7KH IROORZLQJ LWHPV DUH GHSLFWHG LQ WKLV )LJXUH�

�� ,QQHU SRUW
�� 'LNHV DORQJ WKH SRUW
�� 8SSHU KHDG QDYLJDWLRQ ORFNV
�� /RZHU KHDG QDYLJDWLRQ ORFNV
�� /RFNLQJ FKDPEHUV
�� +RXVHV
�� .D]HPDWWHQ PXVHXP
�� 2XWHU SRUW
�� 'DPV DORQJ RXWHU SRUW

)LJXUH &��� $HULDO YLHZ RI QDYLJDWLRQ ORFN DW .RUQZHUGHU]DQG�

$VVHVVPHQW RI WKH VDIHW\ RI WKH VOXLFH FRPSOH[HV
,Q WKH DVVHVVPHQWV LQ ���� DQG ���� LW ZDV FRQFOXGHG WKDW WKH RXWOHW VOXLFHV DUH QRW VWURQJ HQRXJK
WR ZLWKVWDQG WKH ZDYH ORDGV WKDW RFFXU ZLWK D SUREDELOLW\ RI ���� ��� SHU \HDU� $OVR WKH UHOLDELOLW\ RI
FORVXUH RI WKH JDWHV GXULQJ D FULWLFDO VWRUP FRQGLWLRQ� GXH WR KXPDQ HUURU RU WHFKQLFDO IDLOXUH� LV WRR ORZ
EHFDXVH WKHUH LV RQO\ RQH UHWDLQLQJ GRRU OHIW� 7KH IRXQGDWLRQ RQ SLOHV DW .RUQZHUGHU]DQG LV QRW VWDEOH
GXULQJ D VWRUP ZLWK D SUREDELOLW\ RI ���� ��� SHU \HDU�

7KH XSSHU KHDGV RI WKH WKUHH QDYLJDWLRQ ORFNV DUH QRW VWDEOH GXULQJ K\GUDXOLF FRQGLWLRQV ZLWK D SURE�
DELOLW\ RI ���� ��� SHU \HDU� %HVLGHV WKH LQVWDELOLW\ GXULQJ WKHVH FRQGLWLRQV WKH UHWDLQLQJ KHLJKW RI WKH
KLJK DQG ORZ WLGH JDWHV LV LQVXIILFLHQW� 7KLV LV DOVR WKH FDVH IRU WKH GLNHV DORQJ WKH LQQHU SRUW� $QRWKHU
LVVXH LV WKDW WKH VWRUP VXUJH JDWHV LQ WKH QDYLJDWLRQ ORFNV DUH QRW VWURQJ HQRXJK WR ZLWKVWDQG D VWRUP
ZLWK D SUREDELOLW\ RI ���� ��� SHU \HDU�

,Q WKH FXUUHQW SODQV WKH VOXLFH FRPSOH[HV ZLOO EH LPSURYHG WR ZLWKVWDQG VWRUP FRQGLWLRQV ZLWK D SURE�
DELOLW\ RI RFFXUUHQFH RI ���� ��� SHU \HDU XQWLO ����� $IWHU WKLV WKH VOXLFH FRPSOH[HV KDYH UHDFKHG WKH
HQG RI WKHLU OLIHWLPH DQG QHZ FRPSOH[HV KDYH WR EH EXLOW�

,Q WKLV 06F UHVHDUFK WKH FRQWULEXWLRQ RI WKH IDLOXUH RI WKH VOXLFH FRPSOH[HV RQ WKH WRWDO SUREDELOLW\
RI IDLOXUH RI WKH $IVOXLWGLMN LV QRW WDNHQ LQWR DFFRXQW� 7KH DLP RI WKLV 06F UHVHDUFK LV WR RSWLPL]H D



��� &� +\GUDXOLF VWUXFWXUHV

GHVLJQ IRU WKH GLNH ERG\ WDNLQJ WKH QHZ VDIHW\ VWDQGDUG LQWR DFFRXQW� :LWK WKH SUREDELOLW\ RI IDLOXUH
EXGJHWV GHVFULEHG LQ ��� WKH FRQWULEXWLRQ RI WKH GLNH ERG\ DQG WKH WKH K\GUDXOLF VWUXFWXUHV LV WDNHQ LQWR
DFFRXQW� ,W LV DVVXPHG WKDW WKH SUREDELOLW\ RI IDLOXUH RI WKH FXUUHQW FRQILJXUDWLRQ LV WRR KLJK FRPSDUHG
WR WKH FXUUHQW DQG WKH QHZ VDIHW\ VWDQGDUGV� HYHQ ZKHQ WKH K\GUDXOLF VWUXFWXUHV DUH QRW WDNHQ LQWR
DFFRXQW�

+RZHYHU LW LV UHFRPPHQGHG WR LQYHVWLJDWH WKH FRQWULEXWLRQ RI WKH VOXLFH FRPSOH[HV RQ WKH WRWDO SURED�
ELOLW\ RI IDLOXUH RI WKH $IVOXLWGLMN WR VHH LI LPSURYHPHQWV WR WKH K\GUDXOLF VWUXFWXUHV DUH LQGHHG QHHGHG�
$OVR DQ RSWLPL]DWLRQ IRU WKH GHVLJQ RI WKH K\GUDXOLF VWUXFWXUHV ZLWK WKH QHZ VDIHW\ VWDQGDUG LQ PLQG LV
UHFRPPHQGHG�



'
'HVLJQ LQVWUXPHQWV IRU IORRG

GHIHQFHV ���� �2,�����

,Q ���� WKH VDIHW\ DVVHVVPHQWV DQG GHVLJQ SURFHGXUHV IRU IORRG GHIHQFHV ZLOO EH GHVFULEHG OHJDOO\ E\
WKH :7,����� ,Q WKH )ORRG 3URWHFWLRQ 3URJUDP �Q+:%3� WKH :7,���� PXVW EH WDNHQ LQWR DFFRXQW WR
JXDUDQWHH WKDW GHVLJQV DUH IXWXUH SURRI� )RU WKLV WUDQVLWLRQ SHULRG IURP WKH FXUUHQW VDIHW\ VWDQGDUG WR
:7,���� WKH 2,���� LV GHYHORSHG� EDVHG RQ UHVXOWV IURP 91.�� 7KH 2,���� LV GHYHORSHG LQ VXFK D
ZD\ WKDW LW IROORZV WKH FXUUHQW GHVLJQ LQVWUXPHQWV DV PXFK DV SRVVLEOH�

)URP D JLYHQ VWDQGDUG �SUREDELOLW\ RI IORRGLQJ� IRU HDFK GLNH WUDMHFWRU\ D SUREDELOLW\ RI IDLOXUH IRU HDFK
FURVV VHFWLRQ DQG HDFK IDLOXUH PHFKDQLVP LV GHWHUPLQHG� :LWK WKLV SUREDELOLW\ RI IDLOXUH WKH K\GUDXOLF
ORDGV DQG WKH VDIHW\ IDFWRUV DUH GHULYHG ZKLFK DUH ERWK SDUW RI WKH 2,����� :LWK WKHVH K\GUDXOLF
ORDGV DQG WKH VDIHW\ IDFWRUV D IORRG GHIHQVH FDQ EH GHVLJQHG ZLWK WKH FXUUHQW JXLGHV DQG WHFKQLFDO
UHSRUWV�

2QH RI WKH FRUH LGHDV LQ WKH 2,���� LV WKDW WKH GHVLJQ LQVWUXPHQW LV SUDFWLFDO� XVHIXO DQG DSSOLFDEOH IRU
DOO WKH IORRG GHIHQFHV� ,W DLPV WR SUHYHQW IORRG GHIHQFHV EHLQJ GLVDSSURYHG GXULQJ WKH ILUVW VDIHW\ DV�
VHVVPHQW ZLWK WKH QHZ VDIHW\ VWDQGDUG� ,Q SUDFWLFH WKLV PHDQV WKDW GHVLJQV PDGH DFFRUGLQJ WR 2,����
DUH FRQVHUYDWLYH� EXW WKH FKDQFHV RI GLVDSSURYDO GXULQJ WKH ILUVW VDIHW\ DVVHVVPHQW DUH VPDOO�

7KH GHYHORSPHQW RI WKH 2,���� LV GRQH E\ D JURXS RI H[SHUWV LQ WKH ILHOGV RI SUREDELOLW\ DQG SK\VLFV�
'XULQJ WKLV SURFHVV WKH H[SHUWV ZHUH VXSSRUWHG E\ 5:6� 'HOWDUHV DQG WKH SURMHFW WHDP 91.�� 7KLV
PHWKRG ZLOO DOVR EH IROORZHG GXULQJ WKH RSWLPL]DWLRQ RI WKH UHIHUHQFH DOWHUQDWLYH LQ WKLV 06F UHVHDUFK�
ZKLFK LV GHVFULEHG LQ FKDSWHU ��

)UDPHZRUN
%HIRUH WKH GHYHORSPHQW RI 2,���� WKH IROORZLQJ UHTXLUHPHQWV ZHUH GHILQHG�

 7KH UHIHUHQFH SHULRG� WKDW KDV WR EH XVHG LV RQH \HDU ZKLFK LV WKH VDPH LQ WKH FXUUHQW GHVLJQ
UXOHV� $Q H[FHSWLRQ LV WKH JXLGHOLQH +\GUDXOLF 6WUXFWXUHV� ZKHUH WKH UHIHUHQFH SHULRG HTXDOV WKH
LQWHQGHG OLIHWLPH�

 7KH GHVLJQ LQVWUXPHQW LV EDVHG RQ D VHPL�SUREDELOLVWLF DSSURDFK ZKLFK PHDQV WKDW GHVLJQV DUH
PDGH EDVHG RQ FKDUDFWHULVWLF YDOXHV DQG VDIHW\ IDFWRUV�

 (YHU\ VHPL�SUREDELOLVWLF GHVLJQ UXOH PXVW GHSHQG RQ WKH VWDQGDUG DQG WKH OHQJWK RI WKH WUDMHFWRU\
�EHFDXVH RI WKH OHQJWK HIIHFW��

 )RU HYHU\ IORRG GHIHQVH FDWHJRU\ LW PXVW EH DEOH WR PDNH D GHVLJQ� 7KH VXEGLYLVLRQ LQ FDWHJRULHV
LV QRW UHOHYDQW IRU WKH ZDWHU UHWDLQLQJ IXQFWLRQLQJ RI D IORRG GHIHQVH� 7KLV UHTXLUHPHQW LV PDLQO\
WR SURYLGH WKH K\GUDXOLF ORDG FRQGLWLRQV IRU DOO WKH SULPDU\ IORRG GHIHQFHV�

�7KH UHIHUHQFH SHULRG LV WKH SHULRG LQ ZKLFK WKH SUREDELOLWLHV RI IDLOXUH DUH H[SUHVVHG� ZKLFK LV XVXDOO\ RQH \HDU LQ K\GUDXOLF
HQJLQHHULQJ�

���



��� '� 'HVLJQ LQVWUXPHQWV IRU IORRG GHIHQFHV ���� �2,�����

 )RU HYHU W\SH RI IORRG GHIHQVH LW PXVW EH DEOH WR PDNH D GHVLJQ WDNLQJ HYHU\ UHOHYDQW IDLOXUH
PHFKDQLVP LQWR DFFRXQW�

 $GMXVWPHQWV WR VDIHW\ IDFWRUV� UHVLVWDQFH PRGHOV DQG GHVLJQ ORDGV DUH RQO\ LPSOHPHQWHG LQ WKH
2,���� LI WKHUH DUH JRRG UHDVRQV� ,Q WKH FDVH RI ODFN RI QHZ GDWD WKH FXUUHQW VDIHW\ IDFWRUV�
UHVLVWDQFH PRGHOV DQG GHVLJQ ORDGV DUH XVHG�

,Q WKH GHYHORSPHQW RI WKH 2,���� IRFXV ZDV RQ WKH IROORZLQJ VWDUWLQJ SRLQWV�

 7KH 2,���� RQO\ IRFXVVHV RQ WKH ZDWHU UHWDLQLQJ IXQFWLRQ RI WKH IORRG GHIHQFHV� )RU GHVLJQ
DVSHFWV UHJDUGLQJ RWKHU IXQFWLRQV FXUUHQW JXLGHOLQHV DQG WHFKQLFDO UHSRUWV FDQ EH XVHG�

 7KH GHVLJQ UHTXLUHPHQW WKDW KDV WR EH PHW LV GHILQHG DV D SUREDELOLW\ RI IDLOXUH RQ FURVV�VHFWLRQ
OHYHOV� 7KLV SUREDELOLW\ RI IDLOXUH LV GHULYHG IURP WKH VWDQGDUG �SUREDELOLW\ RI IORRGLQJ� RI WKH GLNH
WUDMHFWRU\�

 7KH GHVLJQ RI D IORRG GHIHQVH KDV WR PHHW WKH PRVW VWULFW UHTXLUHPHQW WKDW IROORZV IURP WKH 'XWFK
%XLOGLQJ 'HFUHH�(XURFRGH RU WKH SURSRVHG �RU GHWHUPLQHG� VWDQGDUG �SUREDELOLW\ RI IORRGLQJ�� )RU
WKH GHYHORSPHQW RI WKH GHVLJQ LQVWUXPHQWV PRGHO WKDW GHVFULEH WKH IDLOXUH PHFKDQLVPV RI IORRG
GHIHQFHV DUH XVHG� *XLGHOLQHV DQG WHFKQLFDO UHSRUWV GHVFULEH WKHVH PRGHOV�

7KH VWDUWLQJ SRLQWV LQ :7,���� DUH DOVR WKH EDVLV IRU 2,����� ,Q :7,���� ERWK WKH VDIHW\ DVVHVVPHQW
JXLGHOLQHV DQG WKH GHVLJQ LQVWUXPHQWV DUH GHVFULEHG� 2QO\ WKH GHVLJQ LQVWUXPHQWV DUH SDUW RI WKH
2,���� DQG WR SUHYHQW FRQIXVLRQV WKH GLIIHUHQFH EHWZHHQ WKH VDIHW\ DVVHVVPHQW JXLGHOLQHV DQG WKH
GHVLJQ LQVWUXPHQWV LV GHVFULEHG� 7KH IROORZLQJ GLIIHUHQFHV DUH UHOHYDQW IRU GHWHUPLQLQJ WKH GHVLJQ
LQVWUXPHQWV EDVHG RQ DVVHVVPHQW VWDQGDUGV�

 ,Q WKH GHVLJQ PRUH IXQFWLRQV EHVLGHV WKH ZDWHU UHWDLQLQJ IXQFWLRQ DUH RI LPSRUWDQFH�
 ,Q WKH GHVLJQ WKH VWUHQJWK RI IORRG GHIHQFHV FDQ EH FKRVHQ EHWZHHQ FHUWDLQ ERXQGDULHV� LQ VDIHW\
DVVHVVPHQWV WKLV VWUHQJWK KDV D SUHIL[HG YDOXH�

 ,Q WKH GHWHUPLQDWLRQ RI WKH GHVLJQ UXOHV PRVW RI WKH WLPHV LW LV HIILFLHQW WR FKRRVH D FRQVHUYDWLYH
�H[WUD VWUHQJWK� GHVLJQ EHFDXVH RI XQFHUWDLQWLHV� ,Q WKH GHVLJQ RI IORRG GHIHQFHV WKH IL[HG FRVWV
DUH NQRZQ DQG RQO\ WKH YDULDEOH FRVWV FDQ EH FKDQJHG� *LYHQ WKLV LW LV PRUH HIILFLHQW WR VWULYH
IRU D VPDOOHU SUREDELOLW\ RI IDOVH SRVLWLYHV� FRPSDUHG WR VDIHW\ DVVHVVPHQWV� ZKLFK UHVXOWV LQ D
ODUJHU SUREDELOLW\ RI IDOVH QHJDWLYHV� ,Q WKLV SURYLVLRQDO GHVLJQ UXOHV D ORW GHSHQGV RQ HQJLQHHULQJ
MXGJHPHQW ZKLFK UHVXOWV LQ XQFHUWDLQW\ LI WKH GHVLJQ UXOHV UH WRR �XQ�VDIH�

 $Q HFRQRPLF RSWLPDO GHVLJQ VWDQGDUG LV VWULFWHU �ORZHU SUREDELOLW\ RI IDLOXUH� WKDQ DQ HFRQRPLF
RSWLPDO DVVHVVPHQW VWDQGDUG� 7KH GHWHUPLQDWLRQ RI WKH GHVLJQ VWDQGDUG LV RXWVLGH WKH VFRSH RI
2,�����

 %HVLGHV WKH VDIHW\ VWDQGDUGV IRU IORRG GHIHQFHV UHTXLUHPHQWV DUH GHVFULEHG IRU WKH VWUXFWXUDO DV�
VHVVPHQW RI K\GUDXOLF VWUXFWXUHV� 7KHVH UHTXLUHPHQW DUH SDUW RI WKH 'XWFK %XLOGLQJ 'HFUHH�(X�
URFRGH DQG DUH OHVV VWULFW WKDQ WKH GHVLJQ UXOHV IRU QHZ VWUXFWXUHV� ,QWHUIHUHQFH EHWZHHQ WKH
GHVLJQ UXOHV DQG WKH VWUXFWXUDO DVVHVVPHQW UXOHV PD\ RFFXU� GHSHQGLQJ RQ WKH GLIIHUHQFH EH�
WZHHQ WKHP�

 ,Q GHVLJQ DQG DVVHVVPHQW UXOHV GLIIHUHQW UHIHUHQFH SHULRGV FDQ EH XVHG� ,I ODUJHU SHULRGV DUH
FKRVHQ WKH FRUUHODWLRQ EHWZHHQ VHSDUDWH \HDUV UHVXOW LQWR ORZHU UHOLDELOLW\ UHTXLUHPHQWV� ,Q WKH
:7,���� DQG WKH FXUUHQW DVVHVVPHQW PHWKRGV WKH UHIHUHQFH SHULRG LV VHW DW RQH \HDU� %HFDXVH
WKH GHVLJQ UXOHV PXVW EH DW OHDVW DV VWUXFW DV WKH DVVHVVPHQW UXOHV WKH UHIHUHQFH SHULRG LQ 2,����
LV DOVR VHW DW RQH \HDU�

 ,Q WKH GHVLJQ XQFHUWDLQWLHV DUH VPDOOHU WKDQ LQ DVVHVVPHQWV� 6RLO VDPSOLQJ DQG WKH FKRLFH RI
SURSHUWLHV RI WKH FRQVWUXFWLRQ UHGXFH XQFHUWDLQWLHV� ,Q WKH DVVHVVPHQW RI H[LVWLQJ �DQG ROG�
VWUXFWXUHV XQFHUWDLQWLHV DUH ELJJHU EHFDXVH OHVV VRLO LQIRUPDWLRQ LV DYDLODEOH DQG LW LV KDUG WR
DVVHVV WKH VWUHQJWK SURSHUWLHV RI ROG VWUXFWXUHV�

 ,Q WKH GHVLJQ WKH H[SHFWHG FKDQJHV DQG WKH VWUHQJWK GXULQJ WKH H[SHFWHG OLIH WLPH DUH RI LPSRU�
WDQFH� ,Q VDIHW\ DVVHVVPHQWV RQO\ WKH FXUUHQW VWUHQJWK LV DVVHVVHG�

,Q SUREDELOLVWLF GHVLJQ WKH IORRG GHIHQFHV DUH GHVLJQHG LQ D ZD\ WKDW WKH SUREDELOLW\ RI WKH ORDG��
VROLFLWDWLRQ �൘� EHLQJ ODUJHU WKDQ WKH VWUHQJWK�UHVLVWDQFH �ൗ� LV VPDOOHU WKDQ D FHUWDLQ SUREDELOLW\ RI
�)DOVH QHJDWLYHV DUH GHVLJQV WKDW DUH GLVDSSURYHG GXULQJ DQ DVVHVVPHQW EXW WKDW DUH DFWXDOO\ DOO ULJKW� )DOVH SRVLWLYHV DUH GHVLJQV
WKDW DUH DSSURYHG GXULQJ DQ DVVHVVPHQW EXW WKDW DFWXDOO\ DUH EHORZ VWDQGDUG�
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ൕ�ൗ � ൘� � ൕፓ �'���

$ SUREDELOLW\ RI IDLOXUH FDQ EH GHWHUPLQHG IRU HYHU\ IDLOXUH PHFKDQLVP IRU HDFK FURVV�VHFWLRQ� 7KHVH
SUREDELOLWLHV RI IDLOXUH FDQ EH FRPELQHG WR GHWHUPLQH WKH SUREDELOLW\ RI IDLOXUH RQ D ODUJHU VFDOH DQG�RU
IRU DOO WKH IDLOXUH PHFKDQLVPV WRJHWKHU� $ SUREDELOLVWLF FDOFXODWLRQ FDQ EH GRQH ZLWK WKH UHTXLUHPHQWV
RQ HYHU\ GHVLUHG OHYHO�

,Q VHPL�SUREDELOLVWLF GHVLJQ WKH IORRG GHIHQFHV DUH GHVLJQHG LQ D ZD\ WKDW D GHVLJQ YDOXH RI WKH ORDG��
VROLFLWDWLRQ �൘፝� LV VPDOOHU WKDQ WKH GHVLJQ YDOXH RI WKH VWUHQJWK�UHVLVWDQFH �ൗ፝��

൘፝ � ൗ፝ �'���

7KHVH GHVLJQ YDOXHV DUH D FRPELQDWLRQ RI D FKDUDFWHULVWLF YDOXH DQG D VDIHW\ IDFWRU� $ FKDUDFWHULVWLF
YDOXH LV IRUPXODWHG DV D YDOXH ZLWK D FHUWDLQ SUREDELOLW\ RI XQGHUVKRRWLQJ �VWUHQJWK� RU SUREDELOLW\ RI
H[FHHGDQFH �ORDG�� 7\SLFDO YDOXHV WKDW DUH XVHG DUH WKH �� DQG ��� IUDFWDOV RI D VWRFKDVWLF YDULDEOH� ,Q
K\GUDXOLF HQJLQHHULQJ WKH FKDUDFWHULVWLF ORDG YDOXHV DUH UHODWLYHO\ VPDOO ZLWK SUREDELOLWLHV UDQJLQJ IURP
����� WR ���� ��� SHU \HDU� %HFDXVH WKHVH FKDUDFWHULVWLF YDOXHV DUH DOUHDG\ IL[HG WKH GHYHORSPHQW RI
D VHPL�SUREDELOLVWLF PHWKRG RQO\ FRQFHUQV WKH GHULYDWLRQ RI VDIHW\ IDFWRUV�

)LJXUH '��� 7KH SUREDELOLW\ GHQVLW\ IXQFWLRQV RI WKH ORDG �ፒ� DQG VWUHQJWK �ፑ� DQG
WKH GHVLJQ YDOXHV RI WKH ORDG �ፒᑕ� DQG VWUHQJWK �ፑᑕ��

,Q )LJXUH '�� WKH SUREDELOLW\ GHQVLW\ IXQFWLRQV RI ORDG �൘� DQG VWUHQJWK �ൗ� DQG WKH GHVLJQ YDOXHV RI
ORDG �൘፝� DQG VWUHQJWK �ൗ፝� DUH JLYHQ� 7KH GHVLJQ YDOXHV PXVW EH FKRVHQ LQ VXFK D ZD\ WKDW ZKHQ WKH
VHPL�SUREDELOLVWLF GHVLJQ VWDQGDUG LV PHW WKH SUREDELOLW\ RI IDLOXUH LV DOVR PHW�

ൕ�ൗ � ൘� � ൕፓ ZKHQ ൘፝ � ൗ፝ �'���

7KH VHPL�SUREDELOLVWLF DVVHVVPHQWV DUH PDGH IRU HDFK IDLOXUH PHFKDQLVP DQG FURVV�VHFWLRQ� 7KHUHIRUH
WKH SUREDELOLWLHV RI IDLOXUH IRU HYHU\ FURVV�VHFWLRQ DQG IDLOXUH PHFKDQLVP PXVW EH NQRZQ WR GHULYH WKH
GHVLJQ YDOXHV� 7KH FXUUHQW VDIHW\ VWDQGDUGV KDYH WKH DSSHDUDQFH RI D VHPL�SUREDELOLVWLF PHWKRG� EXW
WKH OLQN ZLWK SUREDELOLWLHV RI IDLOXUH LV LQ PDQ\ FDVHV QRW FOHDU� 7KLV LV WKH UHDVRQ ZK\ D ORW RI FDOLEUDWLRQ
VWXGLHV DUH GRQH IRU :7,�����

,Q )LJXUH '�� W WKH JUD\ DUHD UHSUHVHQWV WKH IDLOXUH DUHD LQ D SUREDELOLVWLF DSSURDFK� %RWK PHWKRGV XVH
WKH VDPH OLPLW VWDWH IXQFWLRQ �IDLOXUH PHFKDQLVP� DQG WKH VDPH XQFHUWDLQ SDUDPHWHUV �ORDG DQG UHVLV�
WDQFH VWRFKDVWLFV�� 7KH HVVHQWLDO GLIIHUHQFH LV KRZ LV GHDOW ZLWK WKHVH XQFHUWDLQWLHV LQ WKH DVVHVVPHQW
RI WKH IORRG GHIHQFHV�

7R GHYHORS WKH VHPL�SUREDELOLVWLF PHWKRG IRU 2,���� IRXU VWHSV DUH IROORZHG�

�� )URP SUREDELOLW\ RI H[FHHGDQFH WR SUREDELOLW\ RI IDLOXUH�



��� '� 'HVLJQ LQVWUXPHQWV IRU IORRG GHIHQFHV ���� �2,�����

�� 'HWHUPLQDWLRQ RI VDIHW\ IRUPDW IRU WKH VHPL�SUREDELOLVWLF GHVLJQ VWDQGDUG�
�� 'HWHUPLQDWLRQ RI YDOXHV IRU VDIHW\ IDFWRUV�
�� 3ODFH WKH UHVXOWV LQWR SHUVSHFWLYH�

6WHS �� )URP SUREDELOLW\ RI H[FHHGDQFH WR SUREDELOLW\ RI IDLOXUH� ,Q )LJXUH '�� LW LV VKRZQ
KRZ WKH IDLOXUH UHTXLUHPHQWV FDQ EH GHULYHG IURP WKH VDIHW\ VWDQGDUG �SUREDELOLW\ RI IORRGLQJ�� )RU WKH
2,���� WKH GHVLJQ VWDQGDUG LV D JLYHQ� :LWK WKH UHVXOWV RI 91.� SUREDELOLW\ EXGJHWV DUH DVVLJQHG WR
HYHU\ IDLOXUH PHFKDQLVP DQG WKHVH EXGJHWV DUH XVHG LQ :7,����� 7KLV SUREDELOLW\ EXGJHW LV DOVR XVHG
LQ 2,���� WR GHULYH WKH IDLOXUH UHTXLUHPHQWV IRU HYHU\ PHFKDQLVP RQ FURVV�VHFWLRQ OHYHO� 7KH UHVXOW
DUH VKRZQ LQ 7DEOH '���

��
$VVHVVPHQW VWDQGDUG� 3UREDELOLW\ RI IDLOXUH IRU

WKH DVVHVVPHQW IRU DOO FURVV�VHFWLRQV LQ WKH WUDMHF�
WRU\ DQG IRU DOO WKH IDLOXUH PHFKDQLVPV FRPELQHG

�

'HVLJQ VWDQGDUG� 3UREDELOLW\ RI IDLOXUH IRU WKH
GHVLJQ IRU DOO FURVV�VHFWLRQV LQ WKH WUDMHFWRU\
DQG IRU DOO WKH IDLOXUH PHFKDQLVPV FRPELQHG

�

6DIHW\ VWDQGDUG �SUREDELOLW\ RI IDLOXUH� IRU HYHU\ IDLO�
XUH PHFKDQLVP RQ WUDMHFWRU\ OHYHO �SUREDELOLW\ EXGJHW�

�

7DNH OHQJWK�HIIHFW LQWR DFFRXQW� 7KH OHQJWK�HIIHFW
FDQ EH GLIIHUHQW IRU HYHU\ IDLOXUH PHFKDQLVP�

�

3UREDELOLW\ RI IDLOXUH IRU HYHU\ IDLO�
XUH PHFKDQLVP RQ FURVV�VHFWLRQ OHYHO

)LJXUH '��� 5HODWLRQ EHWZHHQ WKH VDIHW\ VWDQGDUG �SUREDELOLW\ RI IORRGLQJ� DQG WKH
UHTXLUHPHQWV �SUREDELOLW\ RI IDLOXUH� IRU HYHU\ IDLOXUH PHFKDQLVP RQ FURVV�VHFWLRQ
OHYHO�

7DEOH '��� 3UREDELOLW\ RI IDLOXUH EXGJHW �PD[LPXP DOORZDEOH SUREDELOLWLHV RI IDLOXUH DV SHUFHQWDJHV RI WKH VDIHW\ VWDQGDUG��

7\SH RI IORRG GHIHQFH )DLOXUH PHFKDQLVP 7\SH RI WUDMHFWRU\
6DQG\ FRDVW 5HPDLQGHU �GLNHV�

'LNH 2YHUIORZ DQG RYHUWRSSLQJ �� ���
3LSLQJ �� ���
0DFUR�VWDELOLW\ LQQHU VORSH �� ��
'DPDJH DQG HURVLRQ �� ���

+\GUDXOLF VWUXFWXUH 1RQ�FORVXUH �� ��
3LSLQJ �� ��
&RQVWUXFWLYH IDLOXUH �� ��

'XQH 'XQH HURVLRQ ��� �� � ��� D

5HPDLQGHU ��� ��� � ���
7RWDO ���� ����

D)RU WUDMHFWRULHV WKDW SDUWO\ FRQVLVW RI GXQHV� WKH GXQH HURVLRQ FRQWULEXWHV D UHODWLYHO\ VPDOO SHUFHQWDJH RI IDLOXUH� 3URSRVHG LV
WR VKLIW ��� IURP WKH UHPDLQGHU WR GXQHV� 7KLV SUHYHQWV WKDW LQ WKHVH VLWXDWLRQV D FRPSOHWHO\ QHZ SUREDELOLW\ EXGJHW KDV WR
EH XVHG�



���

,I WKH SUREDELOLW\ RI IDLOXUH EXGJHW LV EDGO\ FKRVHQ WKLV PD\ UHVXOW LQ XQHFRQRPLFDO GHVLJQ� EXW QRW WR
WUDMHFWRULHV WKDW GR PHHW WKH GHVLJQ UXOHV EXW QRW WR WKH GHVLJQ UHTXLUHPHQWV RQ WUDMHFWRU\ OHYHO �IRU
DOO WKH IDLOXUH PHFKDQLVPV WRJHWKHU�� 7KH XVH RI WKLV IDLOXUH SUREDELOLW\ EXGJHW OHDGV WR D FRQVHUYDWLYH
GHVLJQ DQG DVVHVVPHQW FRPSDUHG WR D IUHH IDLOXUH SUREDELOLW\ GLVWULEXWLRQ� UHJDUGOHVV RI WKH YDOXHV
FKRVHQ LQ 7DEOH '���

,Q 7DEOH '�� WKH E�W\SH RI IORRG GHIHQFHV� LQFOXGLQJ WKH $IVOXLWGLMN� DUH PLVVLQJ� )RU WKH PRYHDEOH
EDUULHUV WKLV LV QRW QHFHVVDU\ EHFDXVH WKHVH GHIHQFHV DUH DVVHVVHG DQG GHVLJQHG LQ D SUREDELOLVWLF ZD\�
)RU WKH IL[HG IORRG GHIHQFHV� OLNH WKH $IVOXLWGLMN� LW LV QRW VWDWHG H[SOLFLWO\ WKDW WKH IDLOXUH SUREDELOLW\
EXGJHW FDQ EH XVHG� ,W LV DVVXPHG WKDW WKH EXGJHW GLIIHUV VLJQLILFDQWO\ IRU WKH GLIIHUHQW E�W\SH IORRG
GHIHQFHV� +RZHYHU LQ 2,���� LW LV SURSRVHG WR XVH WKH EXGJHW RI WKH UHPDLQGHU �GLNHV�� 7KLV LV DOVR
WKH FDVH IRU F�W\SH IORRG GHIHQFHV� 7KLV LV SURSRVHG ZLWK WKH LGHD RI WKH UHODWLYH LQVHQVLWLYLW\ DQG WKH
IDFW WKDW LQIRUPDWLRQ IRU EHWWHU HVWLPDWHV ODFNV�

,Q WKLV 06F UHVHDUFK LW LV QHFHVVDU\ WR GHYHORS D VHPL�SUREDELOLVWLF DSSURDFK IRU WKH GHVLJQ DQG VDIHW\
DVVHVVPHQW RI WKH $IVOXLWGLMN� )XOO\ SUREDELOLVWLF PHWKRGV DUH SUHIHUDEOH EXW WR WDNH WKH FRUUHODWLRQ
DQG OHQJWK�HIIHFW LQWR DFFRXQW D VHPL�SUREDELOLVWLF PHWKRG ZLWK IDLOXUH PHFKDQLVP EXGJHWV LV QHHGHG�
7KHUHIRUH WKH SUREDELOLW\ IDLOXUH EXGJHWV WKDW DUH FKRVHQ LQ 2,���� FDQ EH FRPSDUHG ZLWK WKH EXGJHWV
DQG WKH FRUUHVSRQGLQJ SDUWLDO VDIHW\ IDFWRUV WKDW DUH GHULYHG LQ WKLV 06F UHVHDUFK�

6WHS �� 'HWHUPLQDWLRQ RI VDIHW\ IRUPDW IRU WKH VHPL�SUREDELOLVWLF GHVLJQ VWDQGDUG� 7KH
VDIHW\ IRUPDW IRU WKH VHPL�SUREDELOLVWLF GHVLJQ VWDQGDUG FRQVLVWV RI�

�� 7KH GHILQLWLRQ RI WKH FKDUDFWHULVWLF YDOXH RI WKH VWRFKDVWLF YDULDEOH�
�� 7KH GHWHUPLQDWLRQ RI WKH VDIHW\ IDFWRUV�

7KH FKDUDFWHULVWLF YDOXHV WKDW DUH FXUUHQWO\ XVHG LQ WKH JXLGHOLQHV DQG WHFKQLFDO UHSRUWV DUH XVHG LQ
2,����� +RZHYHU WKHUH DUH VRPH H[FHSWLRQV�

 :KHQ WKH FKDUDFWHULVWLF YDOXHV ZHUH QRW FOHDUO\ GHILQHG DQ RZQ GHILQLWLRQ ZDV FKRVHQ� IROORZLQJ
WKH GHILQLWLRQV GHULYHG LQ :7,�����

 7KH GHVLJQ ZDWHU OHYHO LV FKRVHQ LQ VXFK D ZD\ WKDW WKH SUREDELOLW\ RI H[FHHGDQFH RI ZDWHU
OHYHO HTXDOV WKH SUREDELOLW\ RI IDLOXUH VWDQGDUG �L�H� WKH SUREDELOLW\ RI IDLOXUH UHTXLUHPHQW IRU DOO
PHFKDQLVPV LQ D ZKROH WUDMHFWRU\�� $WWHQWLRQ KDV WR EH SDLG WR�
ঀ ,Q WKH FXUUHQW VDIHW\ VWDQGDUG WKH SUREDELOLW\ RI H[FHHGDQFH KDV D GLIIHUHQW LPSRUWDQFH WKDQ
ZLWK D SUREDELOLW\ RI IORRGLQJ DSSURDFK�

ঀ &KDUDFWHULVWLF YDOXHV DQG SDUWLDO VDIHW\ IDFWRUV DUH FRPPXQLFDWLQJ EDUUHOV� WKH HIIHFW RI ORZ
FKDUDFWHULVWLF YDOXHV FDQ EH FRPSHQVDWHG ZLWK KLJKHU YDOXHV RI VDIHW\ IDFWRUV�

ঀ %\ IROORZLQJ WKH GHILQLWLRQ RI WKH GHVLJQ ORDG WKH FKDUDFWHULVWLF YDOXH RI WKH RXWHU ZDWHU
OHYHO LQFUHDVHV DFFRUGLQJ WR WKH VWDQGDUG OHYHO� ,I WKLV ZRXOG QRW EH GRQH� DQ LQFRQVLVWHQW
VLWXDWLRQ ZRXOG RFFXU ZKHUH WUDMHFWRULHV JHW GLIIHUHQW VWDQGDUGV EXW KDYH WR XVH WKH VDPH
OHYHOV RI H[FHHGDQFH�

ঀ +ROGLQJ RQ WR WKH FXUUHQW SUREDELOLWLHV RI H[FHHGDQFH IURP WKH :DWHU $FW LV QRW DQ RSWLRQ�
7KLV ZRXOG OHDG WR FKDRWLF GHVLJQ LQVWUXPHQWV ZLWK WKH QHZ VDIHW\ VWDQGDUG�

%\ GHWHUPLQLQJ D SDUWLDO VDIHW\ IDFWRU IRU HYHU\ VWRFKDVWLF� WKH VHPL�SUREDELOLVWLF DSSURDFK FDQ IROORZ
WKH UHVXOWV RI WKH IDLOXUH FDOFXODWLRQV DV FORVH DV SRVVLEOH� ,Q VRPH FDVHV WKLV LV QRW WKH PRVW SUDFWLFDO
VROXWLRQ� 7KH FXUUHQW VDIHW\ VWDQGDUG XVHV VDIHW\ IDFWRUV WKDW DUH XVHG DV D EXON�SDUDPHWHU RQ VWUHQJWK
WHUPV� 7KH XVH RI D UHVWULFWHG DPRXQW RI VDIHW\ IDFWRUV PDNHV WKH VHPL�SUREDELOLVWLF DVVHVVPHQW HDVLHU
DQG UHGXFHV WKH FKDQFH RI HUURUV� 7KLV UHGXFWLRQ RI VDIHW\ IDFWRUV FDQ UHVXOW LQ FRQVHUYDWLVP LQ WKH
VHPL�SUREDELOLVWLF DVVHVVPHQW�

,Q JHQHUDO WKH IROORZLQJ W\SHV RI VDIHW\ IDFWRUV DUH XVHG LQ WKH FXUUHQW VDIHW\ VWDQGDUG�

 0RGHO IDFWRUV�
 0DWHULDO IDFWRUV�
 6FKHPDWL]DWLRQ IDFWRUV�



��� '� 'HVLJQ LQVWUXPHQWV IRU IORRG GHIHQFHV ���� �2,�����

 )DLOXUH UHTXLUHPHQW VDIHW\ IDFWRU���GHSHQGHQW VDIHW\ IDFWRU��
,Q WKH GHYHORSPHQW RI WKH 2,���� WKH IROORZLQJ OLQH LV DSSOLHG�

�� ,Q HYHU\ GHVLJQ UXOH DW OHDVW RQH �GHSHQGHQW VDIHW\ IDFWRU ZLOO EH XVHG� 7KH GHVLJQ UXOH IRU ZDYH
RYHUWRSSLQJ LV DQ H[FHSWLRQ RQ WKLV UXOH� ,Q WKH FDVH RI ZDYH RYHUWRSSLQJ RQO\ D FDOFXODWLRQ YDOXH
IRU WKH FULWLFDO GLVFKDUJH ZLOO EH SUHVFULEHG�

�� 'H FXUUHQW W\SHV RI VDIHW\ IDFWRUV UHPDLQ WKH VDPH� ,I D IDFWRU FRXOG EH OHIW RXW LW LV JLYHQ D YDOXH
RI ���� %\ QRW UHPRYLQJ WKH IDFWRU PLVWDNHV DQG�RU HUURUV DUH SUHYHQWHG�

�� 6DIHW\ IDFWRUV ZLOO EH DGGHG LI LW LV VKRZQ LQ :7,���� WKDW LW LV ZLVH WR UHGXFH WKH FRQVHUYDWLVP
LQ WKH VHPL�SUREDELOLVWLF DSSURDFK�

6WHS �� 'HWHUPLQDWLRQ RI YDOXHV IRU VDIHW\ IDFWRUV� )RU WKH GHWHUPLQDWLRQ RI WKH VDIHW\ IDFWRUV
WKH IROORZLQJ GDWD LV QHHGHG�

�� $ UHOLDELOLW\ UHTXLUHPHQW�
�� $ OLPLW VWDWH IXQFWLRQ�
�� 3UREDELOLW\ GLVWULEXWLRQV RI WKH UDQGRP YDULDEOHV�
�� &KDUDFWHULVWLF YDOXHV RI WKH UDQGRP YDULDEOHV�
�� 5HSUHVHQWDWLYH LQIOXHQFH FRHIILFLHQWV�

$V WKH SDUWV � XQWLO � DUH DOUHDG\ JLYHQ RU FKRVHQ� WKH GHWHUPLQDWLRQ RI WKH VDIHW\ IDFWRUV FRQVLVWV LQ
SUDFWLFH RQO\ RI WKH IL[DWLRQ RI WKH UHSUHVHQWDWLYH LQIOXHQFH FRHIILFLHQWV� 2Q D PDLQ EDVLV WKHUH DUH WZR
SRVVLELOLWLHV WR GR WKLV� 7KH ILUVW LV WR XVH WKH VWDQGDUG FRHIILFLHQWV IURP WKH (XURFRGH� 7KH VHFRQG
SRVVLELOLW\ LV WR H[HFXWH D ORW RI SUREDELOLVWLF DQDO\VHV�

,W LV QRWLFHG WKDW WKH FXUUHQW VDIHW\ IDFWRUV LQ WKH VWDQGDUGV DUH QRW FRPSOHWHO\ EDVHG RQ D SUREDELOLVWLF
PHWKRG DQG DUH GHULYHG IURP GLIIHUHQW VWDUWLQJ SRLQWV� 7KLV LV WKH UHDVRQ ZK\ QHZ VDIHW\ IDFWRUV DUH
GHWHUPLQHG IRU :7,�����

$V VWDQGDUG LQIOXHQFH FRHIILFLHQWV KDYH WR EH ZLGHO\ DSSOLFDEOH� WKHLU XVH UHVXOWV PRVWO\ LQ FRQVHUYDWLYH
VHPL�SUREDELOLVWLF JXLGHOLQHV� )RU :7,���� D PRUH GHYHORSHG FDOLEUDWLRQ PHWKRG LV XVHG WKDW LV EDVHG
RQ D ODUJH QXPEHU RI SUREDELOLVWLF DQDO\VHV�

,W ZRXOG EH LGHDO WR XVH WKHVH UHVXOWV IURP :7,���� LQ 2,����� 'XULQJ WKH GHYHORSPHQW RI 2,����
RQO\ SUHOLPLQDU\ VWXGLHV ZKHUH GRQH� 7KHVH VWXGLHV ZHUH IRFXVVHG RQ WKH IHDVLELOLW\ DQG FRUUHFWQHVV
RI WKH FDOLEUDWLRQ SURFHVV DQG WKH HDUO\ LGHQWLILFDWLRQ RI ERWWOHQHFNV GXULQJ WKH H[HFXWLRQ RI WKH VHPL�
SUREDELOLVWLF DVVHVVPHQWV ZLWK WKH FXUUHQW IDLOXUH PHFKDQLVP PRGHOV� ,W LV QRW MXVWLILHG WR XVH WKH
UHVXOWV RI WKH SUHOLPLQDU\ VWXGLHV LQ 2,���� ZLWKRXW DQ\ IXUWKHU LQYHVWLJDWLRQ� 7KH UHODWLYH LPSRU�
WDQFH RI GLIIHUHQW UDQGRP YDULDEOHV LV KRZHYHU RQH RI WKH LQVLJKWV IURP WKHVH VWXGLHV WKDW LV XVHG LQ
2,�����

7KH YDOXHV RI WKH VDIHW\ IDFWRUV DUH GHILQHG DV IROORZV�

 0RGHO IDFWRUV� )L[HG YDOXH� GHULYHG IURP RQH UHOLDELOLW\ LQGH[ UHTXLUHPHQW�
 0DWHULDO IDFWRUV� )L[HG YDOXH� GHULYHG IURP RQH UHOLDELOLW\ LQGH[ UHTXLUHPHQW�
 6FKHPDWL]DWLRQ IDFWRUV� )ROORZV IURP WKH VFKHPDWL]DWLRQ WKHRU\ DQG GHSHQGV RQ WKH VFKHPDWL�
]DWLRQ XQFHUWDLQW\�

 �GHSHQGHQW IDFWRU� 'HSHQGV RQ WKH ZDWHU OHYHO QRUP DQG WKH OHQJWK�HIIHFW�

,Q DFFRUGDQFH ZLWK WKH FXUUHQW GDPDJH IDFWRU IRU PDFUR�VWDELOLW\ IRU LQQHU VORSHV DQG :7,���� WKH
�GHSHQGHQW IDFWRU ZLOO KDYH WKH IROORZLQJ IRUPXODWLRQ�

  ൶ � ൷�፞ ።፬�፝፬፧ ࢿ ൸� �'���

ZLWK�
፞ ።፬�፝፬፧ ൕ፞�ዅኻ͒ࢿ  ።፬�፝፬፧� ZLWK� ൕ፞ ።፬�፝፬፧  ൕ፧፨፫፦ ॲ ဋ

�� ፚॲፋᑣᑚᑟᑘ


�'���

LQ ZKLFK�
�7KLV LV DQ DGMXVWPHQW SDUDPHWHU WKDW WDNHV WKH HIIHFW RI ZDWHU OHYHO QRUP DQG WKH OHQJWK�HIIHFW LQWR DFFRXQW �GDPDJH IDFWRU��



���

൶� ൷� ൸ >�@ &RQVWDQWV
፞ ።፬�፝፬፧ >SHU \HDU@ 5HTXLUHG UHOLDELOLW\ LQGH[ RQ FURVV�VHFWLRQ OHYHO
ൕ፞ ።፬�፝፬፧ >SHU \HDU@ 5HTXLUHG IDLOXUH SUREDELOLW\ RQ FURVV�VHFWLRQ OHYHO
ဋ >�@ )DLOXUH SUREDELOLW\ EXGJHW IDFWRU IRU WKH FRUUHVSRQGLQJ IDLOXUH

PHFKDQLVP
ൠ >�@ )DFWRU IRU WKH OHQJWK HIIHFW WKDW WDNHV WZR SKHQRPHQRQV LQWR

DFFRXQW�

 7KH QRQ VXEVWDQWLDO FRQWULEXWLRQ RI DOO GLNH VHFWLRQV RQ WKH
IDLOXUH SUREDELOLW\ RQ GLNH ULQJ OHYHO

 7KH FRUUHODWLRQ EHWZHHQ WKH GLNH VHFWLRQV

ൡ >P@ 5HSUHVHQWDWLYH OHQJWK IRU WKH DQDO\VLV LQ D FURVV�VHFWLRQ
፫።፧፠ >P@ 7RWDO OHQJWK RI WKH GLNH ULQJ �VHFWLRQ�
ൕ፧፨፫፦ >SHU \HDU@ 0D[LPXP DOORZDEOH SUREDELOLW\ RI IORRGLQJ RI WKH WUDMHFWRU\

7KH IROORZLQJ VWHSV DUH IROORZHG WR GHWHUPLQH WKH VDIHW\ IDFWRUV LQ 2,�����

�� &RPSDUH WKH UHVXOWV IRU HYHU\ VDIHW\ IDFWRU IURP :7,���� ZLWK WKH FXUUHQW VDIHW\ VWDQGDUGV�
�� 'HWHUPLQH LI DGMXVWPHQWV WR WKH VDIHW\ IDFWRUV LV QHFHVVDU\�GHVLUHG�
�� ,QYHVWLJDWH LI FXUUHQW UHVHDUFK PD\ OHDG WR VWULFWHU UHTXLUHPHQWV RQ WKH VWUHQJWK RI IORRG GHIHQFHV�
,I H[WUD VWUHQJWK PD\ EH UHTXLUHG LQ WKH IXWXUH WKLV FDQ EH D UHDVRQ QRW WR DGMXVW�ORZHU VDIHW\
IDFWRUV�

6WHS �� 3ODFH WKH UHVXOWV LQWR SHUVSHFWLYH� ,I DGMXVWPHQWV DUH PDGH WR VDIHW\ IDFWRUV LW LV LQYHV�
WLJDWHG ZKDW WKH LPSDFW ZRXOG EH LQ SUDFWLFH� 7KLV LV QRW D GHWDLOHG UHVHDUFK EXW LW LV LQYHVWLJDWHG PRUH
LQ JHQHUDO RQ D ODUJHU VFDOH�
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&URVV VHFWLRQV RI WKH $IVOXLWGLMN

,Q WKLV $SSHQGL[ WKH FURVV VHFWLRQV RI DOO WKH GLNH VHFWLRQV WKDW DUH XVHG LQ WKLV 06F UHVHDUFK DUH VKRZQ�
7KHVH FURVV VHFWLRQV DQG WKH FURVV VHFWLRQV RI WKH RWKHU GLNH VHFWLRQV DV FDQ EH IRXQG LQ �0LQLVWHULH
YDQ 9:� ������
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,QSXW IRU WKH LQVWDELOLW\ RI WKH VWRQH

UHYHWPHQWV IURP 6WHHQWRHWV

,Q WKLV $SSHQGL[ WKH LQSXW WKDW LV XVHG LQ 3&�5LQJ LV VKRZQ� 7KH LQSXW LV IURP DQ DVVHVVPHQW LQ
6WHHQWRHWV� ZKLFK LV D VSUHDGVKHHW WKDW LV GHYHORSHG IRU WKH DVVHVVPHQW RI IORRG GHIHQFHV LQ WKH
1HWKHUODQGV� )RU WKH GLNH VHFWLRQV �$ XS WR ��% WKH ZHDNHVW UHYHWPHQW VHFWLRQV DUH FKRVHQ WR DVVHV
WKH VWDELOLW\ ZLWK 3&�5LQJ� $ IXOO GHVFULSWLRQ RI 6WHHQWRHWV DQG WKH XVH RI LW FDQ EH IRXQG LQ �.OHLQ
%UHWHOHU� ������
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